Integrated greenhouse microclimate management: A review

Abstract

The normal development of plants and an increase in yield depend on the
microclimate in a greenhouse being controlled. Key microclimate factors, like carbon
dioxide, temperature, sunlightand relative humiditycould be alteredby a variety of
control actions such as humidification and dehumidification, heating, natural or forced
ventilation and concentration of carbon dioxide. Factors like effective natural
ventilation in greenhouses, considering factors like temperature differences, wind
velocity, and appropriate ventilator area, are crucial for regulating internal climate,
reducing energy use, and ensuring healthy plant growth.However, these modifications
result in higher energy and fuel consumption throughout the manufacturing process.
Thus, appropriate management is obligatory to perform the intricate operations related
to balancing energy, i.e., lowering the emanations and reducing the cost of
production, even though severe climatic conditions could adversely affectthe
microclimate inside the greenhouse. This review document will provide concise
information on the management of greenhouse microclimate, focusing on different
factors that affect crop growth and how these factors can be managed.
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Introduction

The use of artificial environments for crop production has been increasingly popular
during the past two decades (Wittwer and Castilla, 1995; Sabir and Singh, 2013).
There is a growing awareness of the importance of enhancing intensive agricultural
systems to provide for the expanding requirements of the world's population without
depleting the finite supply of renewable resources (Doran, 2002; Sassenrathet al.,
2008; Barea, 2015). Producing food crops outside of their growing season and with
greater yield than that produced with conventional growing systems is made possible
by greenhouse agriculture (Kalbandeet al., 2013; Sabir and Singh, 2013; Silva et al.,
2017). Protected agriculture is a method of increasing agricultural productivity while
maintaining a plant-friendly environment (Chimankareet al., 2024; De-Pascale and
Maggio, 2004; Ishii, et al., 2016). This has led to an increase in the popularity of
growing vegetables in greenhouses. Planting an improved variety and keeping
climatic conditions ideal are both necessary for increasing crop vyield and
quality.Different plant types and phases of development require slightly different
microclimates (Katsoulas and Kittas, 2008). When plants are grown in a protected
environment, abiotic stresses that reduce growth but boost quality are sometimes seen
as an asset (Hashimoto, 1989). In order to grow plants year-round and harvest them
reliably, specialised structures called greenhouses are used (Von Elsneret al., 2000;
Jensen, 2001).Light, temperature, humidity, the concentration of carbon dioxide and
air composition are just some of the aspects that affect the greenhouse’s internal
environment and, as a result, must be managed to ensure optimal plant growth and
development (Shamshiri and Ismail, 2013; Santosh et al., 2017). The impact of



greenhouse conditions on crop growth, maturation and yield arethe subject of a great
deal of research.Principally, the production of crops is governed by response crop
plants to the growing conditions (Ellis et al., 1980; Allen Jr, 1990). Light is the most
reliable predictor of crop growth and output (Demotes-Mainard et al., 2016) and plant
reactions to temperature have a significant impact on harvest time and yield (Pearson
et al.,, 1995; Fahad et al., 2017). The light transmission ability of the covering
material also affects the internal environment of the greenhouse (Papadopoulos and
Hao, 1997; Cemek and Demir, 2005; Al-Helal and Alhamdan, 2009; Abdel-Ghanyet
al., 2012).

Since poor temperature management, greenhouse humidity and carbon dioxide
additions can significantly affect crop output or even lead to crop loss, microclimate
control in the greenhouse is of the utmost importance even when crops have great
genetic features. There are several internal and external variables that affect the
greenhouse's microclimate (Santosh et al., 2017).Environment variables like as
temperature, humidity, solar radiation, wind speed and direction and cloud cover are
examples of external elements; internal variables include greenhouse geometry,
heating and ventilation placement, soil type, crop variety and genetics (Dix et al., 2024;
Panwaret al., 2011). It is possible to improve harvest by a factor of several by careful
management of the greenhouse's microclimate while plants are being grown
(Ganesan, 2002).By creating a climate-controlled environment and making optimal
use of resources like water, fertiliser, seeds and pesticides, greenhouses make it
possible to grow four or five crops every year (Kumar et al., 2022). Increased
agricultural yields can be achieved using a variety of protective structures. Low poly-
tunnels, on the other hand, can be an inexpensive solution for marginal farmers to
establish a suitable growing state around the crops by altering temperature and
reutilizing the released carbon dioxide inside the tunnels, thusenhancing the plants’
photosynthesis and the productivity of the crops (Kumar et al., 2017). Additionally,
the adaptation of plants developed through tissue culture under the project of
pioneering research and the production of top quality crops under protected conditions
can be automated with the help of computers and artificial intelligence by irrigating or
fertigating automatically, applying precise or need-based amounts of other inputs and
regulating environmental conditions.

Microclimate parameters in greenhouses

Maximizing growth and yield of the growing crops is a primary objective of
controlling microclimate inside the greenhouse (Radojevic et al., 2014).Several
climatic factors are required to promote plant growth and development through
photosynthesis. Somecritical microclimate parameters liketemperature, sunlight,
carbon dioxide and humidity inside the greenhouseare importantfactors that are
discussed as under in detail.
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Solar radiations

The amount of dry matter produced by plants decreases linearly as sun radiation
decreases. In high latitudes during the winter, dry matter synthesis is unlikely to be
effective without the aid of artificial lighting (Hemming, 2009). The merely minimum
sunlight is needfor ensuring optimumgrowth and development. In order to stimulate
flowering in long-day plants, it is common practise to supplement natural light with
artificial sources (Runkle and Heins, 2005).

Impact of temperature and its regulation

The temperature is the utmost important component, which should be regulated inside
greenhouse as itregulatesthe normal functioning of allterrestrial plants,
i.e.,germination, respiration, transpiration, photosynthesisand floweringviaopening
and closing of stomata. The basic determinant of greenhouse temperature
requirements is the type of crop being grown (Ponce et al., 2014). Temperature
characteristics, such as the maximum and minimum day and night temperature and
the variation in temperature of day and night, should be prominently considered (Jain
et al., 2017).Many of thewarm temperature requiring crops that are well acclimatized
to 20 to 30°C temperature with lower and upper limits of 10 and 35°C temperature,
respectively, arecultivated in the greenhouse(Zhanget al., 2022). If the minimum
temperature outside the greenhouse is less than 10°C, the atmosphere inside the
greenhouse needs to be warmed up, while the outside greenhouse temperature is
>27°C, ventilation should be increased formaintainingoptimum temperature inside the
greenhouse in daytime,though the greenhouse inside temperature goes beyond 27-
28°C, unnatural cooling is needed (Santosh et al., 2017).Severalcrops are damaged
iftemperature inside the greenhouse becomes more than 35°C.Greenhouses are used
for growing most types of warm-season crops, which thrive in temperatures ranging
from around 10 to 35 °C (50 to 95 Fahrenheit) (Zhang et al., 2022). When the outside
temperature drops below 10 °C, heating the greenhouse is necessary; when the outside
temperature rises above 27 °C, ventilation keeps the internal temperature from



increasing too much in daytime though the temperature inside the greenhouse goes
beyond 27-28 °C, lowering of temperature by non-naturalmeans is necessary (Santosh
et al., 2017). When the temperature inside the greenhouse rises above 35 °C, most of
the plants inside are affected.

Relative humidity

Transpiration rate in plants is closely associatedwith relative humidity of the air,
hence humidity has a significant impact on the progress and maturation of a harvest
(Jain et al., 2017). Humidity levels between 60 and 90 percent are optimal for plant
growth. Humidity levels above 95% inhibit photosynthesis, slow plant growth and
promote the spread of pathogens like Botrytis cinerea. However, low humidity (below
60%) can have adverse impacts on plant growth through mechanisms including
dehydration, water stress and stunting (Kittaset al., 2012; Santosh et al., 2017).
Daytime humidity levels can be lowered by using greenhouse ventilation. Most plant
diseases do not cause noticeable development problems until after prolonged exposure
to high humidity, thus we tend to ignore the detrimental effects of moisture on plant
growth until disease onset (He and Ma, 2010). Regulating humidity inside the
greenhouse is essential for making the cultivation of vegetable crops in greenhouse
successfulsince it affects the growth, flowering and yield of everyvegetable crop in
greenhouse(Bakker, 1991).

Intensity of light

Photosynthesis, photomorphogenesis and photoperiodism are the three key light-
controlled mechanisms that drive plant growth. These are immediately affected by
any shift in lighting conditions. The process of photosynthesis, which requires light,
converts the CO; into biological compounds and then emits O,, which is an essential
reaction andsunlight is the foremostsource of energy that makes the oxidative reaction
possible.Plant responds to different wavelengths of light in unique ways and this
process is called photomorphogenesis. Photoperiodism, on the other hand, is the study
of how day length affects a plant's decision to blossom (Santosh et al., 2017).In many
regions of the country, the amount of natural light is sufficient for the production
agricultural crops andproviding supplemental light is required for all agricultural and
horticultural crop plants that needlengthier day. Size and weight of fruits are both
increased by using supplemental LED lighting, which produces a positive impact on
plant growth and its productivity (Pauceket al., 2020). More research is needed to
fully understand the impact of light quality on plants because it controls various plant
growth pathways and responses vary depending on the type of plant.

Carbon dioxide (CO,) concentration

When the crop is cultivated very densely, the level of carbon dioxide ingreenhouse is
dropped down significantly than the outdoor carbon dioxide levels, even though the
ventilation in greenhouse is properly maintained. Mornings see the highest
concentration of carbon dioxide in the greenhouse and as the day progresses that
concentration gradually decreases due tooptimum rate of ventilation, reaching its
lowermostlevel in noon hours (Akilliet al., 2000). Carbon dioxide lowers
photosynthesis in most vegetable species, reducing productivity. Crop development
and output appear to be maximised at a carbon dioxide concentration from 700 to 900



pumolper mol (De Pascale and Maggio, 2008; Santosh et al., 2017). Increases in
greenhouse carbon dioxide levels, either continuously or intermittently, have been
shown to enhance the production of fruits by more than 20%. (Shanchez-Guerrero et
al., 2005). Plants absorb carbon dioxidethrough opening and closing of stomata and
how well they take in CO; in a greenhouse depends on a variety of factors, including
the weather.

Tools toregulate greenhouse microclimate

Distinct kinds of protected structures are best suited for controlling microclimate in
various climates (Kumar et al., 2022). The greenhouse’s microclimate is regulated by
adjusting the temperature of pipes and vents, as well as the position of the
greenhouse's curtains (Shamshiri and Ismail, 2013; Santosh et al., 2017; Kumar et al.,
2022). To maximise production, it is important to maintain the ideal values for each
microclimate parameter based on the specifics of the crop and its location.
Ventilation cooling and shading

Air circulation is something that needs to be considered all through the year
(Kalbandeet al., 2013). Management of climate inside greenhouse under hot
conditions focuses on minimisation of heating load, which could be done
vialesseningthe entering of sunlightin greenhouse and eliminating excess heat through
air exchange. Roof vents, a front door and exhaust fans can all work together to keep
greenhouse air circulating (Radojeviet al., 2014). Currently, the most popular means
for blocking the sun's rays include using shading nets or painting surfaces white.
When air temperature outside the greenhouse is lower than temperature inside the
greenhouse,aeriationby opening ventilators can remove extra heat from the
greenhouse effectively with theexchange of air. In order to decrease the sensible heat
load, evaporative cooling is commonly used to increase portion of the dissipated heat
(Santosh et al., 2017). Although heat evacuation pumps and heat exchangers exist,
they are not commonly used due to their high initial cost, especially in India (Kittaset
al., 2012).

Natural-ventilation

When the level of solar radiation is high, it is important to remove surplus heat from
the greenhouse by circulating air from out to inside consistently. One of the main
ways is to reduce the amount of carbon dioxide inside greenhouse (Lorenzo et al.,
1990). Lack of ventilation leads to overheating and excessive transpiration, causing
water deficit condition and biological abnormalities like splitting or cracking of fruits,
dropping of flower buds and fruitsand other issues with the plant. Because hot air
rises toward the ceiling and wind develop gradients of air pressure and air deficiton
leeward side of the ridge, and simultaneously, wind plays an important role in
ventilation (Shamshiri and Ismail, 2013; Nemali, 2022). Air exchange and humidity
levels are maintained by opening the ridge vent in the greenhouse roof. If natural
ventilation is used, the airflow from the fans should not be horizontal, as this would
merely redistribute the heated air that has risen to the greenhouse's ceiling. Insects can
be prevented from entering the greenhouse by covering the windows and vents with
plastic mesh screens. The greenhouse’s internal climate can be altered using natural
ventilation (Kittaset al., 1996). Better temperature regulation and less energy use are



two benefits of a thoughtfully planned ventilation system.In addition, the level of
carbon dioxide in the air, the relative humidity and the temperature all have an impact
on the development and growth of the crop, which is closely connected to ventilation
(Kittaset al., 2005). The effectiveness of a greenhouse's natural ventilation system
depends on factors such as outside-to-inside temperature difference, the velocity and
direction of the prevailing winds, the greenhouse's layout and crop presence (Ould-
Khaouaet al., 2006).Ventilator area of the total floor-area for natural ventilation
should lie between 15 and 30 percent, beyond which, the extra ventilation-area impact
on temperature becomes minimal (Kittaset al., 2012; Santosh et al., 2017). When
solar radiation intensity and temperature inside the greenhouse are high, adequate
ventilation is extremely important for fostering healthy plant growth.

Forced ventilation

The purposeof forced ventilation is to mingle air in the whole greenhouse, with air
circulation provided by the assembly of intake and exhaust fans (Shamshiri and
Ismail, 2013). Forced air circulationby using fans is one of the most impactfulmethods
for removing heat and gases from the greenhouse, however, it is a procedure of
intense energy consumption. Exhaust fans are installed to keep humidity and
temperature constant inside the greenhouse. Fresh air is allowed to enter the
greenhouse from one side, which replaces hot air from opposite side (Santosh et al.,
2017).For efficient forced ventilation, the exhaust fans are installed on leeward side of
the greenhouse. Capacity of the fans must be raised at least 10%. Forced ventilation
works best when the fans are not more than 25 feet apart, and the open space is kept
in front of them four to five times the diameter of the fan (Nemali, 2021). The
maximum air velocity in a crop-containing greenhouse must not be more than 0.5 ms
' All the ventilatorsshould close robotically when the exhaust fans are switched off
(Santosh et al., 2017).

Shading covers

Because ofhigh temperature in the country, circulating cool air within greenhouses is
one of the top priorities. Greenhouses gain most of their heat from the sun in this
method. Unwanted light and heat can be blocked by employing shade or reflective
measures. Greenhouses can be shaded in several ways, such as with paint, external
shading cloth, mess of varying colour, partly reflecting shading nets, a water-film on
therooftop, or liquid foams in spaces between the walls of greenhouse (Kittaset al.,
2012; Santosh et al., 2017).However, lessening light andventilation rates caused by
shading may have negative effects on plant growth and photosynthesis. Therefore,
care must be taken while selecting the type of shade and the accompanying control
mechanisms. In hot, sunny climates, shading nets are more successful at reducing heat
stress and increasing crop yields (Briassouliset al., 2007). (Al-Helal and Abdel-
Ghany, 2010). There is currently a plethora of plastic netting options on the market,
each with its own unique set of optical qualities. Growers can enhance crop yields by
using shadinggridshaving unique visual quality to modify the entering of solar energy
in greenhouse (OrenShamir et al., 2001). Absorption, reflection and transmission of
short and long-wave radiations are affected by the transparency and colour of the
plastic sheet (Robledo and Martin, 1981).Protected crops grown under coloured shade



nets experience a range of beneficial morphological and physiological responses,
leading to higher-quality harvests (Shahaket al., 2002). Even while shading nets
lessen the greenhouse's radiation load, understanding how plants react to different
levels of light is essential for successful greenhouse cultivation. Reduced sunlight will
likely increase canopy temperature by slowing the rate at which leaves transpire
(Jaksonet al., 1981).

Evaporative cooling

Greenhouses can be protected against overheating in hot weather using evaporative
cooling systems, which regulate humidity and temperature (Montero, 2006). High
solar thermal load is a defining feature of greenhouse crop cultivation in hot climates
and it presents significant challenges environment inside the greenhouse and severely
restricts growth of crop plants (Misra and Ghosh, 2018). The most effective way to
deal with the weather is to use an evaporative cooling system, which relies on
transfering of sensible to latent heat through the water evaporation introduced
viafogging or misting inside the greenhouse through evaporative or wet pads
(Montero, 2006). For the fogging system to work, water must be sprayed in the form
of extremely fine precipitationswithtoo muchcompression into the air on top of above
the cultivated plants. Too muchevaporation efficiency of water is achieved while the
foliage is kept dry due to sluggish freefall velocity of the droplets and air streams
inside greenhouse effortlessly carrying them.There are several different fogging
techniques that may be utilised to chill the greenhouse while increasing relative
humidity. The cooling system is frequently employed in greenhouse for growing
horticultural crops (Kittaset al., 2012). Although they do not require forced ventilation
or an airtight enclosure fogging systems but they have one advantage over wet-pad
system as in that they developeven conditions in the whole greenhouse (Baezaet al.,
2007; Shamshiri and Ismail, 2013). The major bottleneck in this system is that the
installation and operational costs are significantly high, including supply of water and
electricity,upkeep charges, etc. (Santosh et al., 2017). In addition, the evaporative
cooling of rooftop involves misting water on top of the roof, leaving a thin water film
there. Itfunctions best in hot and dry areas because it lowers the greenhouse's ability
to transmit solar radiation and raises evaporation rates, which lower water
temperatures and nearby air temperatures.

Greenhouse heating

A properly planned and installed heating system will allow for consistent
temperatures in the entire greenhouse. Both the intended crops and the proposed
window materials will dictate the heating system that will be required (Akpenpuunet
al., 2023; Kalbandeet al., 2013). In colder parts of the country, greenhouse heating is
required by law and the high cost of heating has a major impact on greenhouse output
and profitability. Ozgener and Hepbasli (2005) stated that a wide range of heating
technologies are utilized to keep up with the cooling and heating demands of modern
greenhouse. Unit heater is utmostprevalent and affordable heating option. Unit heaters
with their own fireboxes are strategically placed around the greenhouse to distribute
heat evenly, with each heating system responsible for an area between 180 and 500
square metres (Kittaset al., 2012; Santosh et al., 2017). An annual inspection of your



unit heater is necessary to guarantee its continued reliability. Maintenance of cooling
system before the start of hotsummer is ideal. It is important to check the exhaust
vent, fuel lines, valves and blower (Nemali, 2021).

Central boiler systems, in contrast to unit heaters, distribute some of their heat
to the root of the crops and the crown zone, where it can have a positive effect on crop
growth and disease prevention. Wall pipe coils can assist create a more consistent
temperature throughout the greenhouse by providing heat to the perimeter walls.
Overhead piping coils running the greenhouse length provide loss of heat through
gables and roofs. The location of these coils above the plants makes them an
unappealing heat source. It is more efficient to heat the plants throughpipe coils below
the beds than in overhead coils, as this allows for better air circulation and results in
less dampness around the plants' roots (Kittaset al., 2012; Santosh et al., 2017). The
microclimate around plants is positively impacted by the consistent heating provided
by pipe/rail heating systems. Such systems are suitable for the production of vegetable
crops in greenhouse where heating system isused to prevent the freezing of their
crops. Keeping the greenhouse's air temperature above condensation limits is another
application (Santosh et al., 2017).

Solar radiation filtration

Three types of solar radiation, i.e., near-infrared, photosynthetically active
andultraviolet light make up the total amount of sunlight that enters a greenhouse
from the entire planet. Much of the sun's ultraviolet rays are absorbed by Earth's
atmosphere. Plants' photosynthetic function can deteriorate from prolonged exposure
to UV light. Only the photosynthetically active part of the incoming radiation is
utilized by plants as it is essential for photosynthetic reactions and plant growth,
signifying that alteration of radiation entering the greenhouse can be useful(Von
Elsneret al., 2000; Lamnatou and Chemisana, 2013). Due to the increased absorption
of near-infrared radiation by the structure of greenhouse and installed equipment
instead by the plant, the temperature inside the greenhouse rises. The temperature
inside the greenhouse can be regulated by switching out the cover. Some types of
plastic cellophane, movable screens and NIR filtering shading paint can also be used
to block out the sun's rays in the near infrared spectrum.

Carbon dioxide enrichment

The systems that increase carbon dioxide have been demonstrated to upsurgethe
growth crop plants by enhancing photosynthesis in several scientific investigations.
Liquid carbon dioxide, pumped from containers through a fertigation-style pipeline
network, is the purest type of CO, enrichment (Kumar et al., 2022). To detect
potential gas threats, special gauges measure the quantity of carbon dioxide in the
distribution pipes (Mukazhanovet al., 2017).Very high price of containers for
transporting gas is one major drawback of the technique. By-products of the fuels’
burning of kerosene, propane-butane gas, or natural gas include carbon dioxide during
gas emanationsthrough the burners. The heat production is usually a driving force
behind the need for such an arrangement. The systems’ constraint is that carbon
dioxide can only be introduced in the greenhouse when heat is needed.Fuel selection



depends on several factors, including the ease of acquisition, the unit price and quality
of the gas emanations. Dosing in the greenhouse must be accurately managed as per
the environmental factors such as lighting, temperature and air circulation. In order to
keep the greenhouse's carbon dioxide concentration at the same as outside, some
researchersapprove the supply ofCO; even when the ventilation system is functional
(Nederhoff, 1994) and enriching the greenhouse with CO,, i.e., 700-800 umolper mol,
when the greenhouse is kept closed, typically in late afternoon and early morning
(Kittaset al., 2012).

Lighting system

Light intensity has a major effect on the greenhouse's temperature and humidity.
When natural light is insufficient, or when the space is too heavily shadowed, people
turn to artificial illumination (Radojeviet al., 2014). Where the daily average sunshine
duration is lower than 4.5 hours, commercial greenhouse output benefits greatly from
the use of supplemental illumination (Santosh et al., 2017). The usage of special lights
is essential throughout the winter and on overcast days to ensure that crops receive the
necessary amount of light for optimal growth. A few examples of efficient lighting
systems are light emitting diode-bulbs, fluorescent-lamps, heating lamps, metal-halide
lamps and tube lamps.

Air humidifier

Humidification in a closed greenhouse will be accomplished in the same way as in an
open greenhouse; that is, by heating the area and then introducing water vapour to it
using fogging system. Humidification devices were categorised by Shelly et al.
(1988) as either cold water humidifiers, hot water humidifiers, or nebulizers. In cold-
water humidifiers, the air is filtered via the water in the tank. The temperature may be
steady or fluctuate very slightly. A cold-water humidifier works on a simple and
affordable concept. A hot water humidifier is like a cold-water humidifier in that both
utilise water to create moisture in the air but hot-water humidifiers employ a heater
for the creation of saturated vapours at outlet (Vadiee and Martin, 2012; Kumar et al.,
2022). The nebulizers will not generate water vapour but rather a mist of water
droplets that are supersaturated. In this technique, water droplets are formed into an
aerosol by an oscillating plate at an ultrasonic frequency (Vadiee and Martin, 2012).
In colder climates, boilers for steam production are frequentlyinstalledfor generating
heat or regulating humidity in greenhouse in addition to fogging system installation
for cooling and humidity control. These heaters generate saturated vapour injected
into the greenhouse. The commonly used overhead watering pulsators add moisture to
the air in the greenhouse.

Dehumidification

Since ventilation cannot be employed in a closed greenhouse, dehumidification is the
primary climate management difficulty (Vadiee and Martin, 2012; Soussiet al., 2022).
However, in a semi-enclosed greenhouse, ventilation can serve as a dehumidification
method. There are two main types of dehumidification systems: refrigeration and
desiccant. Condensation occurs in a refrigeration-based system, which cools the air to
the point of saturation in order to remove moisture and then reheats the air once this
process is complete (Kumar et al., 2022). Therefore, dehumidification and cooling



can be done simultaneously in many instances. Desiccant systems, on the other hand,
remove moisture from the air in its vapour phase directly, without producing a cooling
effect, leading to air that is hotter than normal due to the heat of adsorption and hence
has a lesser humidity level (Harriman et al., 1997).

Automatic climate control systemingreenhouse

Computerization in greenhouse is all about precise, cutting-edge, intense farming that
makes good use of all available resources, reuses data inside the system and makes
bold claims about increasing output without negatively impacting the ecosystem
(Shamshiri and Ismail, 2013). Growing managers can benefit from better ventilation
and heating systems and designers can create more efficient structures, if they can
anticipate the microclimate inside a greenhouse (Singh et al., 2016, 2018). Internal
microclimate can be studied by experimentation and modelling. Simulation
approaches are more efficient than doing actual experiments because of their speed,
low cost and replicability. Energy and mass balance would be much improved if
transpiration by the crop and ventilation were more accurately accounted for than in
most current models (Kumar et al., 2022). The primary goal of the earliest greenhouse
microclimate studies was to quantify the thermal behaviour of a greenhouse (Walker,
1965).To characterise the typical behaviour of a given component in greenhouse, the
researchers used numerous simple models with static energy balancing (Joliet, 1991).
If the response time of greenhouse is analogousto time change rates of the borderline
conditions, then a static model becomes less useful. Therefore, severalmodels for
climate change inside the greenhouse have been developed (Zhang et al., 1997).

The microclimate dynamic behaviour is the outcome of various processes
including transfer of energy and mass balancing. External environmental conditions,
greenhouse construction, crop kind, crop growth stage and the impact of control
actuators all have an impact on these procedures. Because of the system's intricacy,
growers have had to rely heavily on empiricalprinciples based on their own
understandingwhen designing climate control systems.Adaptive control (Sigrimis and
Rerras, 1996), optimal control (Tap et al., 1996), feed-forward control (Rodriguez,
2001), robust control (Moreno et al., 2002) and predictive control (Pinon et al.,
2002)have beenemployed in recent years to address such issues. Many people have
worked on creating high-tech greenhouse climate control systems that are run by
computers. Important optimal control approaches have been proposed (loslovichet al.,
2009) to implement cutting-edge methods like adaptive, non-linear, predictive
androbust control, including the use of artificial intelligence,
fundamental,imitativeand relative controller tools like artificial neural networks, fuzzy
logic systems and genetic algorithms.

Low-priced greenhouse with microclimate regulation

Most western forcing systems, including as greenhouses, polyhouses and net houses,
are too expensive for small and marginal farmers (Kumar et al., 2022). Another
strategy for maximising crop yields and profits is using low tunnel technology to
protect thecrop from frost and catch early market before peak of the growing season
(Lodhiet al., 2015). The ability to easily set up and break down poly-tunnels is



another benefit of this technology (Laktionovet al., 2023; Kumar et al., 2015). As a
result of the increased heat and trapped carbon dioxide, photosynthetic activity and
yield are increased in plants grown in these tunnels. The microclimate they produce
around the plants is conducive to growth, shielding them from frost and pests while
also limiting water evaporation (Bhat et al., 2024).To give seedlings a head start and
warm their environment, low tunnels are employed in the spring (Kumar et al., 2017).
These tunnels are used to grow high-quality crops including tomato, cucurbits and
sweet pepper. Even though these covers are perforated to facilitate airflow, it is
nevertheless recommended that they be removed when temperatures rise.

Conclusion

The greenhouse farming industry is one of the most dynamic and competitive in the
agricultural market. Protected buildings' form and function are greatly influenced by
weather conditions. In this research, we looked at how to regulate the microclimate of
a greenhouse to ensure optimal growth of crops. Temperature and humidity are the
most important factors that affect plant growth.Temperature, humidity and other
practical characteristics have proven difficult to control and maintain economically,
despite much research in many different locales. However, automatic irrigation and
fertigation system, data loggers andmicroprocessors make it possible to regulate every
aspect of the growing environment, from the temperature and humidity to the fertiliser
and watering schedules. As a result, scientists need to look at low-cost greenhouse
designs that can be employed in many climates due to their ability to regulate their
internal microclimate.
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