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ABSTRACT

The fully and partially controlled protected structures 
can be constructed for providing suitable microcli-
mates for cultivation of vegetables. The fixed and 
operating cost of protected structures affects the 
profitability of cultivated vegetables.  In this study 
protected structures i.e. shade net structure, insect 
proof net structure and polyhouse were constructed to 
study its suitability for round the year vegetables i.e. 
tomato and capsicum cultivation. Based on minimum 
and maximum temperature, it is found that shade net 
structure can be used only during summer season, 
insect proof net can be used during winter season and 
polyhouse can be used during winter and rainy season. 
Due to variation of open field micro climate round 
the year and different working principle of protected 
structures, not a single structure is found suitable for 

round the year cultivation of tomato and capsicum.

Keywords  Protected structures, Temperature, Cul-
tivation, Microclimates, Profitability. 

INTRODUCTION

Protected cultivation is an agro technology wherein 
the microclimate around the plant is controlled fully, 
partially or modified to protect the crop from adverse 
microclimate parameters. The productivity and 
quality of any produce is influenced by the genetic 
characteristics of the cultivar, agronomical and mi-
croclimate management. Under open field cultivation, 
we can best manage agronomical management and 
there is no control on microclimate around the plant 
(Rai 2020). The important microclimate parameters 
are temperature (air temperature (minimum and max-
imum) and soil temperature), light (intensity, quality 
and duration), relative humidity, carbon dioxide and 
air velocity (Rai 2021).

The protected cultivation structures allows regu-
lation of macro and micro environments and facilitate 
optimal plant growth, extension of growing period, 
production of early/off-season crop, reduction in use 
of pesticides and weedicide, efficient uses of resources 
(water and fertilizer), obtaining higher and better 
quality yields (Gruda and Tanny 2015).

The protected structures are used for vegetables 
cultivation predominantly for tomato and capsicum 
(Sabir and Singh 2013). The desired temperature, light 
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intensity and relative humidity required for tomato 
cultivation is varies between 10-280C, 40-60 klux and 
55-65% respectively however for capsicum it varies 
between 12-250C, 40-60 klux and 65-70% (Iyenger 
et al. 2011). The environment condition required for 
cultivation of tomato and capsicum are almost similar 
in nature. The environment condition required for 
tomato and capsicum cultivation also varies with 
growth stages and requirement varies during day and 
night time. It has been reported that based on open 
field microclimate, for cultivation of tomato and 
capsicum, the light intensity is in desirable range but 
there is need to increase the minimum temperature 
during winter season. During summer season there is 
need to reduce the maximum temperature and light 
intensity but during rainy season temperature and 
broadly light intensity is in desirable range required 
for cultivation of tomato and capsicum (Rai 2018).

The various protected structures used for pro-
tected cultivation are polyhouse and net structure 
(shade net structure and insect proof net structure) 
(Rai 2020).The primary reason for using polyhouse 
is protection from low temperature in addition to 
other secondary benefits such as providing suitable 
relative humidity, higher carbon dioxide, protection 
from wind speed, rainfall, hailstorm and insects and 
diseases (Sánchez-Hermosilla et al. 2013, Manon-
mani et al. 2018, Gurav et al. 2022, He et al. 2023). 
There are different types of polyhouse structures are 
available such as low cost/technology, medium cost/
technology and high cost/technology that can be 
utilized as per the requirement. 

The shade net structure reduces the light intensity 
to mitigate the adverse effects of high temperatures 
(Serra et al. 2020) and increases total marketable 
yield during summer season (Kittas et al. 2012). In-
sect proof net structure are designed to protect crops 
from various types of insects by means of physical 
exclusion by adjusting the size of screen holes to the 
size of the targeted pest (physical exclusion) or by op-
tical exclusion by blocking their vision i.e. blocking/
absorbing specific ultraviolet visible radiation spectra 
(Ben-Yakir et al. 2012).

Each protected structures consists of structural 
material, cladding material and gadgets used for 

climate control. The available microclimate inside 
the polyhouse and net structure (shade net structure 
and insect proof net structure) depends upon open 
field microclimate condition, cladding material and 
gadgets used for climate control. Due to different 
cladding material used for each protected structures, 
the available microclimate condition under each 
protected structures varies throughout the year (Rai 
2020). The fixed cost and operating cost, profitable 
crop cycle and utilization period affects the profitabil-
ity of selected protected structure.  

The microclimates parameters especially tem-
perature required for vegetables i.e. tomato and 
capsicum cultivation are considered to study the 
suitability of protected structures for round the year 
cultivation. Among the various microclimate param-
eters, the suitable temperature inside the protected 
structure plays a very important role in selecting the 
appropriate protected structure. Keeping the above 
facts into consideration this study was conducted 
to find out the suitability of protected structures for 
round the year vegetables cultivation.

MATERIALS AND METHODS

The experiment was conducted at research farm (lon-
gitude: 85.318° E, latitude: 23.448° N) of the AICRP 
on Plastic Engineering in Agriculture Structure and 
Environment Management (PEASEM), Department 
of Agricultural Engineering, Birsa Agricultural Uni-
versity, Kanke, Ranchi, Jharkhand. For experiment 
protected structures i.e. shade net structure, insect 
proof net structure and natural ventilated polyhouse 
(NVP) were constructed and different materials used 
were i.e. bamboo, GI wire, coal tar, waste plastic, 
nail, cladding materials [shade net material (color: 
Green, nominal shade rating: 50%, UV stabilized 
insect net proof material (40 mesh) and UV stabi-
lized clear film (200 micron)]. The specification of 
protected structures are, length: 12 m, width: 4.5 m, 
side height: 1.5 m, central height: 2.25 m and door 
width: 1 m and height: 1.5 m.The minimum and 
maximum temperature in open field and protected 
structures were measured using minimum and max-
imum thermometer (ZEAL: UK, range: -40 °C to 50 
°C, least count: 1 °C).
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RESULTS AND DISCUSSION 

Temperature during winter season

The range and mean of minm and maxm temperature 
during winter season for meteorological week (1st to 
9th and 44th to 52nd) under open field and protected 
structures is given in Table 1. The mean of minimum 
temperature for open field, shade net, insect proof net 
and polyhouse are respectively 14.6oC, 12.9oC, 14.8oC 
and 16.2oC. It is clear that there is 1.7oC decrease in 
minimum temperature under shade net structure in 
comparison to open field. The decrease in minimum 
temperature may be due to non availability of solar 
radiation during night period (Stamps 1994, Möller 
et al. 2010). There is 0.2oC increase in minimum 
temperature under insect proof net in comparison to 
open field temperature. It has been reported that due 
to dense mesh configurations of insect proof net, it 
reduces the air exchange rate with the open field and 
the mean air velocity inside insect proof net, resulting 
in higher temperature (Mahmood et al. 2018).

The increase in minimum temperature under 
polyhouse is 1.6oC in comparison to open field 
temperature. It has been reported that the increase in 
minimum temperature under polyhouse is between 1 
to 3oC due to higher heat loss (Rai 2018).

It is clear from Table 1 that there is 1.9oC decrease 

in maximum temperature under shade net structure in 
comparison to open field. Depending upon the shade 
net material used for cladding material, it reduces the 
light intensity/solar energy and hence reduction in 
temperature under shade net structure.  The increase 
in maximum temperature under insect proof net is 
around 1.2oC in comparison to open field and similar 
trends have been reported by other researcher (Guo 
et al. 2015). The increase in maximum temperature 
under polyhouse is 7.1oC in comparison to open field 
and it is widely reported that the increase in maximum 
temperature under polyhouse is between 5 to 10oC 
(Yadav et al. 2014, Badji et al. 2022). Due to green-
house effect, the temperature inside the polyhouse 
is always more than the open field. The greenhouse 
effect in polyhouse is due to two different effects i.e. 
(i) a confinement effect, resulting from the decrease 
in the air exchanges with the outside environment 

Table 1. Mean of minm and maxm  temperature during winter season 
for meteorological week (1st to 9th and 44th to 52nd) under open field 
and protected structures.

Conditions              Minimum temp (OC)   Maximum temp (OC)
                                    Range         Mean         Range         Mean    
     
Open field 4.8 21.2 14.6 29.3 42.4 36.6  
Shade net  4.2 18.8 12.9 28.5 40.1 34.7
Insect proof net 4.8 23.5 14.8 32.8 43.4 37.8
Polyhouse 6.0 22.5 16.2 38.9 49.8 43.7

Fig. 1. Variation for mean of minm and maxm temperature during winter season for meteorological week (1st to 9th and 44th to 52nd) under 
open field and protected structures. 
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and (ii) an effect caused by the existence of a cover 
characterized by its low transparency to far infrared 
radiation (emitted by the crop, the soil and the inner 
greenhouse elements), but its high transparency to 
sunlight (Baudoin et al. 2013). 

It is clear from Table 1 that the minimum tem-
perature in open field varies between 4.8oC to 21.2oC 
with mean of 14.6oC, so depending upon actual open 
field temperature, there is need of protection from 
low temperature when it is less than 10oC. It is very 
clear that polyhouse is more efficient in increasing 
the temperature followed by insect proof net structure 
but shade net structure reduces the temperature. The 
shade net structure apart from reducing the tempera-
ture during winter season, it reduces the light inten-
sity inside the structure, which is not at all desirable 
because during winter season because light intensity 
is in desirable range in open field. The variation for 
mean of minm and maxm temperature during winter 
season for meteorological week (1st to 9th and 44th 
to 52nd) under open field and protected structures is 
given in Fig. 1.

Temperature during summer season

The range and mean of minm and maxm temperature 
during summer season for meteorological week (10th 
to 26th) under open field and protected structures is 

Table 2. Mean of minm and maxm temperature during summer 
season for meteorological week (10th to 26th) under open field and 
protected structures.

Conditions              Minimum temp (OC)   Maximum temp (OC)
                                    Range         Mean         Range         Mean    
     
Open field 20.2 22.3 21.3 29.3 42.5 34.6
Shade net  18.3 21.3 20.3 28.5 41.0 33.5
Insect proof net 21.3 24.5 23.0 32.5 45.5 37.8
Polyhouse 18.3 25.4 23.6 35.5 50.0 42.0

given in Table 2. The mean of minimum tempera-
ture for open field, shade net, insect proof net and 
polyhouse are 21.3oC, 20.3oC, 23.0oC and 23.6oC 
respectively. The decrease in minimum temperature 
under shade net structure is 1.0oC and increase in 
minimum temperature under insect proof net and 
polyhouse are 1.7oC and 2.3oC respectively in com-
parison to open field.

The decrease in maximum temperature under 
shade net structure is 1.1oC and increase in minimum 
temperature under insect proof net and polyhouse are 
3.3oC and 7.4oC respectively in comparison to open 
field. Similar observations are reported during winter 
season for the decrease and increase in minimum and 
maximum temperature respectively under shade net 
structure and insect proof net structure and polyhouse 
in comparison to open field.

Fig. 2. Variation for mean of minm and maxm temperature during summer season for meteorological week (10th to 26th) under open field 
and protected structures.
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It is clear from Table 2 that the minimum tem-
perature in open field varies between 20.2oC to 22.3oC 
with mean of 21.3oC, So depending upon actual open 
field temperature, there is no need for protection from 
minimum temperature when it is more than 10oC. It 
is very clear that both the insect proof net structure 
and polyhouse increases the minimum and maximum 
temperature, which is not desirable during summer 
season because the open field temperature is more 
than required desirable temperature for cultivation 
of tomato and capsicum. During summer season, the 
shade net structure reduces both the temperature and 
light intensity and performs better than insect proof 
net structure and polyhouse. The variation for mean 
of minm and maxm temperature during summer season 
for meteorological week (10th to 26th) under open field 
and protected structures is given in Fig. 2. 

Temperature during rainy season

The range and mean of minm and maxm temperature 
during rainy season for meteorological week (27th to 
43rd) under open field and protected structures is given 
in Table 3. The mean of minimum temperature for 
open field, shade net, insect proof net and polyhouse 
are 9.4oC, 9.1oC, 10.5oC and 11.6oC respectively. The 
decrease in minimum temperature under shade net 
structure is 0.3oC and increase in minimum tempera-
ture under insect proof net and polyhouse are 1.1oC 

Table 3. Mean of minm and maxm temperature during rainy sea-
son for meteorological week (27th to 43rd) under open field and 
protected structures.

Conditions              Minimum temp (OC)   Maximum temp (OC)
                                    Range         Mean         Range         Mean    
     
Open field 4.2 16.7 9.4 23.5 35.5 29.9
Shade net  3.7 18.0 9.1 23.8 35.0 28.6
Insect proof net 4.8 17.5 10.5 27.5 36.5 32.3
Polyhouse 5.2 19.0 11.6 32.0 42.5 37.1

and 2.2oC respectively in comparison to open field. 

The decrease in maximum temperature under 
shade net structure is 1.3oC and increase in mini-
mum temperature under insect proof net structure 
and polyhouse are 2.4oC and 7.2oC respectively in 
comparison to open field. Similar trends have been 
reported during winter and summer season for the 
decrease and increase in minimum and maximum 
temperature respectively under shade net structure 
and insect proof net structure and polyhouse in com-
parison to open field.

It is clear from Table 3 that the minimum tem-
perature in open field varies between 4.2oC to 16.7oC 
with mean of 9.4oC, so depending upon actual open 
field temperature, there is need for protection from 
low temperature when it is less than 10oC. Apart from 

Fig. 3. Variation for mean of minm and maxm temperature during rainy season for meteorological week (27th to 43rd) under open field 
and protected structures.
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temperature, the high rainfall during rainy season is 
major challenge for cultivation of tomato and capsi-
cum and polyhouse works efficiently in protecting 
from rainfall. Due to porous nature of net structure, 
the shade net and insect proof net structure do not 
protect from high rainfall during rainy season. The 
shade net structure has additional challenge during 
rainy season because light intensity in open field is 
already low and shade net material further reduces 
the light intensity inside the structure, which is not 
desirable for cultivation of tomato and capsicum.The 
variation for mean of minm and maxm temperature 
during rainy season for meteorological week (27th 
to 43rd) under open field and protected structures is 
given in Fig. 3.

Suitability of protected structures

It is clear from above discussion that each protected 
structures i.e. shade net structure, insect proof net 
structure and polyhouse has certain challenges in 
cultivation of vegetables i.e. tomato and capsicum 
round the year i.e. winter season, summer season 
and rainy season. 

The shade net structure works efficiently during 
summer season by reducing the temperature and light 
intensity but it faces challenges during winter and 
rainy season for cultivation of tomato and capsicum. 
The insect proof net structure is effective during 
winter season when open field temperature is not 
very severe but it faces challenge during summer 
and rainy season. The polyhouse can be utilized for 
cultivation of tomato and capsicum during winter 
and rainy season but it faces major challenge during 
summer season when even open field temperature and 
light intensity is not suitable for cultivation of tomato 
and capsicum and due to greenhouse effect it further 
increase the air temperature inside the polyhouse.

Depending upon type of protected structures 
i.e. shade net structure, insect proof net structure 
and polyhouse, the fixed cost for constructing the 
structure and operating cost for running the structure 
varies vary widely. The fixed and operating cost of 
constructed structure is very vital component which 
affects the profitability of cultivated crops, so it is very 
essential to minimize the fixed and operating cost. It 

is very essential that the constructed structure should 
provide suitable microclimate for round the year so 
that early/off-season tomato and capsicum production 
cycle can be followed and the constructed structure 
is profitable with lower carbon foot print.

It is possible to cultivate any crops in any region 
of the world, provided that the protected structure is 
properly designed and equipped to provide suitable 
microclimate. The two basic approach followed in 
protected cultivation are (i) choose a species for its 
high economic potential and develop the most suit-
able protection, growing systems and technology (ii) 
choose a crop suitable for existing structures within 
the farm and capitalize on those (Baudoin et al. 2013).

Normally it has been reported that in India second 
approach is followed i.e. first protected structures 
(shade net structure, insect proof net structure and 
natural ventilated polyhouse) are constructed then 
cultivation are done. But we need to follow the first 
approach i.e. there is need to first identify a suitable 
crop for its high economic potential, find out the 
challenges in growing the selected crop in open field 
and based on the challenges, there is need to identify 
suitable protected structure which can provide suit-
able microclimate such as multipurpose greenhouse 
(Rai 2019), temporary shade net structure (Rai 2020), 
plastic low tunnel (Rai 2020), rain shelter and shade 
net structure, protected structure with peripheral in-
sect proof net (Rao et al. 2018, Rai 2021).

The polyhouse can be used for round the year 
cultivation but there is need to find out suitable pas-
sive cooling system for summer season with lower 
fixed and operating cost. Rai (2018) has developed 
a passive cooled detachable roof greenhouse which 
reduces the light intensity and decreases the inside 
polyhouse temperature by 2 to 3°C. Rai (2022) has 
used IR reflective polyhouse film to passively reduce 
the polyhouse temperature during summer season and 
it has been reported that mean temperature during 
summer season under IR reflective film polyhouse 
is 5°C lower than temperature under clear film poly-
house, which is same as open field temperature. Rai 
(2024) has evaluated the performance of detachable 
roof polyhouse with fogger and the reduction in 
temperature is between 2.5-7.5°C with average drop 
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of 6.5°C in comparison to open field.

CONCLUSION

The open field micro climate is not very suitable for 
round the year cultivation of vegetables i.e. tomato 
and capsicum. The fully and partially controlled pro-
tected structures i.e. shade net structure, insect proof 
net structure and polyhouse can be constructed for 
providing suitable microclimates for cultivation of 
vegetables. The minimum and maximum tempera-
ture is recorded both under open field and protected 
structures and it is found that the shade net structure 
works efficiently during summer season by reduc-
ing the temperature and light intensity but it faces 
challenges during winter and rainy season due to re-
duction in temperature and light intensity. The insect 
proof net structure is effective during winter season 
when open field temperature is not very severe but 
it faces challenge during summer and rainy season. 
The polyhouse can be utilized for cultivation during 
winter and rainy season but it faces major challenge 
during summer season. The fixed and operating cost 
of protected structures affects the profitability of cul-
tivated vegetables. There is need to develop suitable 
protected structure which can work round the year and 
if passively cooled polyhouse can provide suitable 
microclimate during summer season it can be utilized 
for round the year cultivation or otherwise based on 
challenges faced during cultivation of tomato and 
capsicum other suitable structure can be utilized.
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