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ABSTRACT

The importance of protected cultivation is increasing day by day due to its capability of producing
crop all round the year and increase in the crop productivity. This advantage of protected cultivation
can be efficiently achieved by adapting the polyhouse cultivation. To obtain the maximum crop
productivity inside a polyhouse, it is necessary to understand the variability of microclimate inside it.
The present study aims to understand the spatial variability of microclimate inside a naturally
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ventilated polyhouse installed with fog cooling system during summer season. The main aim of the
study is to understand the effect of fogging system in spatial variability of microclimate. For the
study, the data of microclimatic parameters were collected daily from April to June at four different
time intervals 8.30 AM, 12.30 PM, 4.30 PM and 8.30 PM. The data recorded was then analyzed in
Golden Surfer Software to generate contour plots of weekly averages of microclimate parameters.
The analysis revealed that the temperature and relative humidity varied across the polyhouse
depending upon the wind velocity and its distribution pattern. The light intensity varied based upon
the orientation of polyhouse and the position of sun. Carbon dioxide concentration varied based on

temperature, light intensity, crop transpiration and respiration.

It can be concluded that, inside a

naturally ventilated polyhouse, the microclimate varied both spatially and temporally with fogging
system also due to wind effect. Thus, having accurate understanding of the microclimate inside a
polyhouse helps to maintain optimal conditions for plant growth and thus improve crop yield and

productivity.

Protected cultivation;
productivity.

Keywords: foggers;

1. INTRODUCTION

In the last few years, researchers were focusing
to improve the crop growth and yield irrespective
of the season. One way to achieve increased
crop productivity is through protected cultivation
in polyhouses, which provide a controlled
environment for plants to grow [1]. A polyhouse
is defined as a framed or inflated structure
covered with a transparent or translucent
material in which crops can be grown under
controlled conditions and is large enough for
people to enter and perform cultural
operations [2-4]. In India protected cultivation
area is around 30000 ha which contribute 0.23%
of horticulture cropped area Suresh et al., [5] and
is increasing rapidly. The studies and the
growing popularity indicate the ability of
protected cultivation in enhancing the crop
productivity.

While, polyhouse is most effective against
adverse climatic conditions [6], it remains
heterogeneous with irregular temperature,
relative humidity, CO2 concentration, and
irradiation distributions that require management

[7].  This heterogeneity in  microclimate
necessitates the need to analyze the
spatial and temporal variability of the

microclimate since it plays a vital role in
preserving the crop quality and productivity. The
variability of microclimate inside a polyhouse and
its effect on crop growth was studied by many
researchers.

Villagran and Bojaca [8] conducted a study to
determine the microclimatic behavior of a
passive spatial-type greenhouse used in
Colombia for carnation production. The results

polyhouse;

microclimate; spatial variability; crop

revealed that the microclimate generated inside
the greenhouse was not suitable for carnation

production. Suay et al. [9] carried out an
experiment to assess the \variability of
temperature and humidity patterns in a

greenhouse occupied with mature rose crop. The
results derived an analysis explaining the
heterogeneous distribution of microclimate inside
the polyhouse. Jerszurki et al. [10] studied the
vertical profiles of CO:2 concentration, actual
vapor pressure, air, leaf and soil temperatures in
a semi-closed greenhouse and a naturally
ventilated greenhouse and concluded that air
circulation is vital. Soni et al. [11] investigated
vertical air temperature distribution in a
greenhouse with natural ventilation. They
reported that a large temperature gradient was
observed in the vertical direction, and the
maximum temperature difference was
approximately 5 °C. But still, scarce data is
presently available about inside microclimate of
production greenhouses for both day and night
periods [9].

It is well known that greenhouses are
constructed with various models and designs
based on the local climatic conditions. Therefore,
it is necessary to perform a full-size field test of a
particular greenhouse to obtain reliable data [12].
The present study aims to record and analyze
the spatial and temporal variability of
microclimate inside a polyhouse provided with
fog cooling system which was operated for a time
period of 15 minutes with an interval of 1 hour
from 10 AM to 4 PM. The study was conducted in
a naturally ventilated polyhouse to assess the
influence of external climate on greenhouse
microclimate during the summer months (April to
June). The effectiveness of a fog cooling system
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in mitigating the adverse effects of external
conditions and maintaining optimal low-
temperature, high-humidity conditions for crop
growth was also evaluated. For this purpose, the
data on temperature, relative humidity, light
intensity and carbon dioxide concentration was
collected at various location at four different time
intervals of 8.30 AM, 12.30 PM, 4.30 PM and
8.30 PM.

2. METHODOLOGY

2.1 Description of the Study Area

The study was conducted in a naturally ventilated
polyhouse (Fig. 1) located at Dr. NTR College of
Agricultural  Engineering, Bapatla, Andhra
Pradesh, India at latitude 15°53'47” N and
longitude 80°27°37” E which is 8 km away from
Bay of Bengal and at an Altitude of 6 meters
above the mean sea level. The dimensions of the
polyhouse can be described as 20m in length,
12m in width and 2.5m height. The walls of
polyhouse were made of HDPE (High Density
Poly Ethylene) Monofilament Yarn of 50 mesh
size and the covering material was greenhouse
film of 200 micron.

2.2 Data Collection

The data of microclimate includes the data of
temperature, relative humidity, light intensity and
carbon dioxide concentration. The polyhouse
was constructed facing the east, which lets the
wind movement from south to north. The data
points were collected accordingly, which were
greatly influenced by wind distribution. Thus, the
data was collected from the west wall (back wall)
at a distance of 2.7 m and at an interval of 3.8m
up to the east wall and from the north wall, the
data was collected at a distance of 2.1m and at
an interval of 2.8m up to the south wall. The data
collection points were shown in the Fig. 2. The
temperature-relative humidity data were collected
using a temperature and humidity data logger.
The data of light intensity was collected using a
digital lux meter. The amount of carbon dioxide
present in the air was determined using a gas
analyzer. The data was collected for 3 months
April, May and June.

2.3Data  Analysis and Statistics

Generation

Data analysis is the process of inspecting,
cleansing, transforming and modeling data to
discover useful information, inform

conclusions and support decision-making.
The data of the microclimatic parameters
which was collected at various points and

different intervals of time was imported in
excel sheets. Qualitative and Quantitative
data analyses were conducted to identify
the patterns, trends and relationships
among the collected microclimatic
parameters.

For this, the data was imported in excel
sheet on a daily basis. This data was
then rearranged on the basis of daily

microclimate at each point respectively. Then,
this data was quantitatively analyzed by
calculating the weekly averages of each
parameter of every point. This average data was
arranged such that it can be utilized to generate
qualitative data of the microclimate of the
polyhouse on a day at various locations at
different time intervals.

2.4 Microclimate Maps Generation

Qualitative data analysis of greenhouse
microclimate involves interpreting non-
numerical data to gain insights into the
complex interactions and spatial variations
within  the greenhouse environment. To

investigate the microclimate variability of the

greenhouse, Golden Surfer Software was
adapted. Golden Software's Surfer is a
powerful tool designed for data analysis,
particularly in the context of geospatial
data. It offers a range of features that
facilitate the analysis, visualization and
communication of complex datasets. By

analyzing the spatial variability and heterogeneity
of microclimatic parameters, researchers can
assess the effectiveness of various greenhouse
designs, ventilation systems or shading
strategies in creating optimal conditions for crop
production.

This restructured data was imported into the
Golden Surfer Software, to create 2D
visualization of the horizontal variability of the
microclimate across the polyhouse. For this, the
collected data was arranged as the points of a
coordinate system, since it was a geostatistical
analysis. Thus, the points of data collection were
taken as (X, Y) points and the microclimatic
parameters were taken as Z coordinate. This
data generates spatial maps of microclimate
which exhibits the spatial variability in the form of
contours.
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(b)
Fig. 1 (a) Naturally Ventilated Polyhouse, (b) Location of the polyhouse under study

Fig. 2. Data collection points
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3. RESULTS AND DISCUSSION

The microclimate data was imported in the
Golden Surfer Software and contour maps were
generated to analyze the spatial variability of the
greenhouse microclimate across the polyhouse.
The maps were generated for the weekly
average data of the microclimatic parameters.
The data was collected and analyzed for 13
weeks from April to June. The maximum and
minimum values of microclimate parameters of
the weekly averaged data were presented in
Table 1.

For better understanding, the polyhouse was
divided into east, west, north, south and central
parts. The polyhouse is oriented East- West and
the wind direction in the area was South to North.
The evening sea breeze moves from south to
north. The foggers were operated with a run time
of 15 minutes at an interval of 1 hour. The
operation of foggers helped to reduce the
temperature and maintain the relative humidity at
an optimal level inside the polyhouse. The spatial
variability of microclimate in each week was
represented in the form of contour plots. The
contour plots of week 1 to 13 were represented
in Fig. 3 to Fig. 15.

From Fig. 3, it was observed that the
temperature in the morning and afternoon varied
in the similar pattern, high temperatures were
observed in the south and central regions while
low temperatures were observed in the north
zones. Temperature during the evening was
observed to be high in the western part followed
by south and north parts and low temperature
was observed in east part. During the night, high
temperature was observed at the southern end
and also the temperature was uniformly varied
from the south end to the north end. The values

of relative humidity were observed to be higher in
the north end. Humidity was negatively
correlated with temperature. In the evening, the
relative humidity was high in the central region
with nearly spaced contours representing the
narrow range of humidity values. This variability
of humidity can be attributed to the operation of
foggers, due to which humidity was observed to
be high in the central region and less variability
across the polyhouse. Lower values of humidity
were observed in the south end which can be
taken as the immediate effect of the wind
distribution outside the polyhouse. During the
night, it was observed that the relative humidity
was distributed almost uniformly throughout the
polyhouse except some points in the south end.
The light intensity was observed to be high in the
central part during afternoon while it was
observed to be higher in south and east ends
during morning and northern and western ends
during the evening and the light intensity in the
central region was lower in both cases.

The amount of CO2 present during the morning
was observed to be distributed uniformly except
at some points in the north end. While in the
afternoon, it was observed to be high in the south
part, average values in central region and lower
values were observed near the south, west and
east walls of the polyhouse. During evening it
was observed to be high in central part with
nearly spaced contours with decreasing values
towards the walls representing narrow range of
variation. During night, the irregular contour
patterns indicate the variation of CO:2
concentration across the polyhouse with lower
values at the eastern end and increasing
contours towards the western region. The
changes in the contour patterns can be attributed
to the wind velocity patterns and air circulation.

Table 1. Maximum and Minimum values of Microclimate parameters of weekly averaged data

Microclimate Parameters

Week Temperature Relative Humidity Light Intensity CO2 concentration
Max Min Max Min Max Min Max Min
1 36.87 28.77 99.9 60.45 27071.43  3273.33 0.24 0.20
2 36.92 26.94 99.9 69.61 31607.14 2621.43 0.23 0.20
3 36.73 28.41 99.9 58.94 33012.29  4023.00 0.23 0.21
4 37.69 29.04 99.9 59.75 17237.14  3589.48 0.24 0.21
5 37.57 28.86 99.9 60.64 14792.86  2584.76 0.24 0.21
6 37.20 29.14 99.9 58.85 13331.43 2623.71 0.24 0.21
7 37.60 29.27 99.9 60.71 16144.29 1694.86 0.24 0.22
8 38.43 29.76 98.34 59.39 18107.14  2635.90 0.24 0.21
9 36.92 29.91 99.9 62.49 13332.86  2069.24 0.24 0.19
10 37.15 28.90 98.29 61.5 18364.29  2770.62 0.24 0.20
11 37.84  29.98 99.9 60.16 16920.95 2932.62 0.24 0.19
12 36.28 29.73 98.29 62.19 19701.43  2153.57 0.24 0.18
13 37.71 290.88 97.5 96.03 23518.10 2389.86 0.25 0.21
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From Fig. 4, it was revealed that similar trends  humidity were slightly greater than that of week 1
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From the Fig. 5, it was found that the
temperature and CO:z distribution trends are
similar to Week 1 and 2, while relative humidity in
the morning was low in the south west part alone
compared to the other parts of polyhouse with
contours of narrow range distributed uniformly.
Slight variability was observed in the distribution
of sunlight having increased intensities compared
to that of week 2.

It was observed that the variation of light intensity
and CO: concentration of week 4 was in similar
trend as that of week 2 with slightly reduced
values as shown in Fig. 6. While the temperature
was observed to be lower than that of week 3
with lower temperatures spread across the
polyhouse with higher values near the south and
west walls. And the relative humidity was
observed to be spread inversely proportional to
the observed temperature contours.

From Fig. 7, it was observed that the morning
temperature was distributed irregularly forming
cooler region in the central part and warmer
parts near the walls. It was also observed
that afternoon temperature varies similar to
week 2 and the evening and night temperatures,
humidity, light intensity and CO2
concentration were found to vary in similar trend
with week 4 with declination in the observed
values.

From Fig. 8, it was observed that except relative
humidity all the other microclimate parameters
were in similar trend with week 5. The relative
humidity was observed to be low in all the cases
dividing the polyhouse into humid and non-humid
regions with reduced values and irregular
distribution across the polyhouse.

From Fig. 9, the temperature and light intensity
distribution was observed to be in similar trend
with week 4. The CO:z2 concentration was
observed to follow the trend of week 5. The
relative humidity in the morning was observed to
be high in west part of the polyhouse compared
to that of east part.

Light intensity and CO2 concentration distribution
of week 8 across the polyhouse was observed
with slight increment in the numerical values of
week 7. While the temperature and relative
humidity exhibit similar trends with week 3 with
increased values (Fig. 10).

From Fig. 11, it was revealed that the
microclimate parameters were in similar trend

with week 6 except in the case of morning
temperature and relative  humidity. The
temperatures in the morning and afternoon
varied irregularly forming slightly warmer regions
in the central part. And the humidity varied
inversely with temperature.

The temperature, light intensity and CO:
concentration of week 10 varied with a similar
trend of week 8. The relative humidity in the
morning and evening was similar, forming humid
region in the central part of the polyhouse (Fig.
12). In the night, humidity was high near the east,
south and north walls forming a ‘W’ contour with
lower values between the walls and central line.
The microclimate parameters in the morning and
afternoon were in similar trend with that
of week 5. While, the evening and night
microclimate parameters were in similar trend
with that of week 6 with slightly increased values
(Fig. 13).

Form Fig. 14, it was revealed that the light
intensity and CO2 concentration were in similar
trend with week 11. The temperature in the
morning was observed to be uniformly spread
with low values across the polyhouse with
humidity  inversely  proportional to the
temperature. Whereas the temperature and
relative humidity in other intervals followed
similar trend with week 10.

The last week, it was observed that the
microclimatic parameters other than temperature
exhibited similar trend with week 7, but the
distribution of microclimate in the night time was
in similar trend with week 12. The temperature

was observed to follow the temperature
distribution in week 2, but with increased
values.

From the generated contour plots, the general
observations included that the temperature and
relative humidity contours were changing from
south to north. The pattern of these contours can
be attributed to the wind velocity, distribution and
air circulation. Kittas et al., [13] also reported that
the ventilation influences temperature, humidity
and CO:2 concentration, which directly affect the
growth and development of crops. The south end
of the poly house was immediately affected by
the wind movement and thus high temperatures
and low relative humidity levels were observed
compared to that of the north end. Ganesan [4]
also reported that the lower relative humidity
inside the greenhouse may be due to proper
ventilation.

656



Supraja et al.; J. Sci. Res. Rep., vol. 30, no. 10, pp. 643-663, 2024; Article no.JSRR.124520

o-

n
s 2
s s
i
s o233
s
es loax
n
0% a3
s 1
o lazs
s
R% a2
a7 0-
o ¢ o278
e
55 0227
105
os o226
s s
s
oy 0224
s
0z a2
s
H 0222

a2

ek g s nge P @ cwi w9 ad

week 9 moring average (o, concentration

(c) Light Intensity (d) CO2 Concentration
Morning

(a) Temperature

13%00
feuz o201

24

1 12%0 0299
1200 o238

11300 0237

11000 02%

oass

1000 023

20 oo 0231
< e 023
w000 o231

ssc0 o33

o229

pet o228

beoe 0227

00 0226

600 o225

0o o224

R o2y

000 o222

ek ) starmoen sversge bght teesty

ook o e g reetve sty
ek 3 sernoon srerage 5, concentinon

(a) Temperature (b) Relative Humidity (c) Light Intensity (d) CO2 Concentration
. Afternoon

[ _ - - & &
= b
0 i e L on
» 12000
2 11300 o500
11000
2 . " e
i - 10800
me 10000 mr
- » ool o2
5 o0 2
s w50 s
2000
o . 2 e s e
s o0 o
oxc0
. na . oo o223
ss0
oan
n
B ns . o0 o2
o0
2 s o
. ns " 00 o
250
na 5000 o
2
o-
o3 a4 _a__w__u 2

et 9 evering everage st ity
e 3 g v age s sire oot 8 e sowsge vt ety

(a) Temperature (b) Relative Humidity (c) Light Intensity (d) CO2 Concentration

1. Evening
s
e
w5
s
-
s
=
=k
il oo
o
-

ek ght erage temperate

et b e g 3, o et

k3 g g <0, concantration

(@) Temperature (b) Relative humidity (c) CO:2Concentration

Iv. Night
Fig. 11. Spatial variation of microclimate in week 9 inside the polyhouse

657



et 1) i e e s

(a) Temperature

o . =
.
162
e a4 & 8 9w %

ek 10 ssocn everage serrgeritier

(a) Temperature

s
1o
o
ne
s
52
es
5
s
1
sas
14
s
ny
s

vk 10 evening sevrage torparaturn

(a) Temperature

a

!

10 gt veage tmur st

(a) Temperature

Fig. 12.

(b) Relative Humidity

(b) Relative Humidity

Supraja et al.; J. Sci. Res. Rep., vol. 30, no. 10, pp. 643-663, 2024; Article no.JSRR.124520

" i ’ .
> e
3 . e
: =
I e -
t : o
e
» oy
= -
500 jasst
o .
s 7500 o2
s
s td =2
=
= L
e facnd ons
. /
-2 2 o L L8 2 . o . 0 2

ek 10 marsing vernge et ntansty

e 10 erring g €0, condormotion

(d) CO2zConcentration

(c) Light Intensity
Morning

!
e
H : o251
I o256
e
g Vo 0.234
b
o » oan
s oo 023
o =
i 22
s V
e o2
65 3008 S04
e
s [ 0222
Ve
ol oooe 022
s =3 o210
s oass
s oo
B o210
= o o212
b
s oan
w

E A v . 2 HE

ek 10 Mo sver g el bty

s w u
" .1 i e g 44 ety
week 10 afternon average co, concentration

(c) Light Intensity (d) CO2Concentration

Afternoon

.
100 a3t
11000 an
100
10000 o2
oo o2
a2 200 o2z
ef lone
oo
L - o2
E s oo
e 0224
600 ooz
oo
5500 o222
o0 on
300 o2
. o
w00
so0 o
700 o
2 s w0 w o 2 H . s.__»
. . - B .

ook 10 evasing verige A sy ek 10 avering iverage <o, concantration

(c) Light Intensity
) Evening

(b) Relative Humidity (d) COzConcentration

s s
s o2
o 15 jozse
n
e
:‘ l0.228
9y jo2e
3
oz
5 an
2
oo
:;:‘ o222
974 jan
Kl s
s
:;;‘ o204
s aret

ek 10 night average <o, concantration

(c) CO2Concentration

(b) Relative humidity
iv. Night
Spatial variation of microclimate in week 10 inside the polyhouse

658



(a) Temperature

oek 11 s sverage tomsermture

(a) Temperature

ook 11 ereeing sverage trmpersoare

(a) Temperature

ek 11 vight vecage temperstare

(a) Temperature

Supraja et al.; J. Sci. Res. Rep., vol. 30, no. 10, pp. 643-663, 2024; Article no.JSRR.124520

iE3

L

BEEEREEREEY

(c) Light Intensity
_Morning

14500
on e
13300
s -
eas 1500
1000
Juaz. 13500
=N 13000
12500
s 13000
s 3 11300
13000
e 100
623 0500
oes 2000
¥s00
o o
- 00
00
s 60
oo
— 500
¢ T S T T VL .
o . o 2 I

oet 11 srarmn seoage et Aurncity

wesk 11 shermace average St itensty

(c) Light Intensity

(b) Relative Humidity
ii Afternoon

BERBHEREZZIERE

(c) Light Intensity
Evening

™
oo

o
s

ona
1os

onr
s
5 me
0% -
0y J . e
s o3
02 o2
s -
o1 o
005 s
od onn
L d 087

5 A
DS S S S

ek 11 Vgt average relative humisity

(b) Relative humidity
iv. Night

ozn
fsid
o2
| 0273
o
: .
o
oz,
o
o
o
B
| &,
-
S
LA
:

week 13 marmig serage co, concentriton

(d) CO2 Concentration

(d) COzConcentration

o253
o234
o211
0232
om
o2y
o229
0228
0227
o224
0225
0224
0221
0222
020
022
o219

7 0.218
oy

2
o .
o H . . s 1w ow

ek 33 eversrg eetage €0, Goneetr 5N

(d) CO2Concentration

o

ek 11 might sverage co, cencentration

(c) COzConcentration

Fig. 13. Spatial variation of microclimate in week 11 inside the polyhouse

659



Supraja et al.; J. Sci. Res. Rep., vol. 30, no. 10, pp. 643-663, 2024; Article no.JSRR.124520

., 0

ni rp
By
H 220
i o33
it

3188 bprid
e 324
HEN 323
it 222
K

e azn
113 .

s o319
s 31
14 oty
HEd o310
128 0215
H o214
:; :* oty
n I
3 o311

a2

° 3 a e & m
- .

B R T T
et 12 mvering eves g relbive hemidity ek 12 ncring everoge (s, cocontrstan

(a) Temperature (b) Relative Humidity (c) Light Intensity (d) CO2 Concentration
i. Morning

ek 12 e sing semiage T ure

. .
%3 19500 0206
logid = 58
e s
s 2
e 12500
o " am
1 16500 0
% s oan
;::\ o 15500 'bu
na 65 14500 29
wx o2
— 18 -. 1o kg
57 e o
B 12300 oass
B - ey res
nes s 224
w55 10500 oo
i " oon
: 0
e - o
s B 0 021
s oz
w1 s kend 038
B ’
B @ o oy
T T > MY T A N T
. . " . .
o s Wi T A — - p—

ek 12 sharmose sverage tempasstire

(a) Temperature (b) Relative Humidity (c) Light Intensity (d) COzConcentration
ii. Afternoon

. = » »

o o
» e u
2 2 o
s * i
7 2R
16 oo
e s e n o b oo
1255 ns iz
s n
2 [Hlares az ns = 6800
04 n
35 R ewe:
20 . s 20 b oo . oo
132 s 500
11 o o
531 s a0
1305 ..
1 o o
5295 o
s = 1020
1215 feis
3 o
22 oss o0
3 4 6 8w ;DT S VR T Y ¢ 2w w -, T, T VR
B B . . B . B " 0 . B .
N 1 ki i i ot 12 eveiong et sge et baradty ek 12 evening avernge bt tonsky g oo

(a) Temperature (b) Relative Humidity (c) Light Intensity (d) CO2Concentration
ii. Evening

13 g g s B
o 1 g e e Sty

(a) Temperature (b) Relative humidity (c) COzConcentration
iv. Night
Fig. 14. Spatial variation of microclimate in week 12 inside the polyhouse

660



Supraja et al.; J. Sci. Res. Rep., vol. 30, no. 10, pp. 643-663, 2024; Article no.JSRR.124520

o
| -
o i =
24 0
236 >
- e s
s
s ra
b o
pass i
£ v
o " s - . o
s vue
nes L o
e
s
o5
. . ns ¢ s
nas s
- s . o
s e
X
o
o 3 4 & 8w o 4 & & » u

ek 13 moraing sverage relstoe hamsery

SHHHIIIE

U ——

(a) Temperature (b) Relative Humidity (c) Light Intensity
i Morning

1

Cyegrnegesay

]

ek 13 shernoon svcage it osaraty

et 1) e sewrnge temperstire

(a) Temperature (b) Relative Humidity (c) Light Intensity
|| Afternoon

. -
s o
us s s
s g co

.

342 [ w00
. " ol
oy 615 w00
9 672 s
e o
7 jssa o0
s s e

el
s B

=
o s s
- b o

o
351 s 2000
Fe s s
s ua o

S S N W
S S S

(a) Temperature (b) Relative Humidity (c) Light Intensity (d) CO2 Concentration
iii. Evening

(e o e
i . i
b e s =
an 2 ]
b s m
) o s 2
s £
s pss 2
- ' s 1
> s ..
”b o nr
. g 218
o s s
e el 24
s n3 o
ns 2
(s hes: a1t
R s 2t
o - m
s
B
. T ¢ SN T T S

w11 g sewagn o o

(a) Temperature (b) Relative humidity (c) CO2zConcentration
iv. Night
Fig. 15. Spatial variation of microclimate in week 13 inside the polyhouse

661



Supraja et al.; J. Sci. Res. Rep., vol. 30, no. 10, pp. 643-663, 2024; Article no.JSRR.124520

The maintenance of relative humidity in the
optimal range for plant growth was made
possible due to the effect of fog cooling system.
It can be said that the Fog cooling system helped
to maintain optimal conditions in a naturally
ventilated polyhouse [14], while increasing wind
speed and outside relative humidity tended to
counteract the cooling and humidification effects
of fogging system [15]. Since, the current study
focused on the spatial variability of microclimatic
parameters, the efficiency and workability of the
fog cooling system was not discussed. The light
intensity was observed to be high at the south
and east ends in mornings and at the north and
west ends in the evenings. This variability
can be attributed to the orientation of the
polyhouse and the position of sun. Gupta
et al. [16] also claimed that the light intensity
depends upon the factors like sunshine hour,
latitude, orientation and geometry of the
greenhouse and types of cladding material
used. In the case of carbon dioxide
concentration, it was observed that it was high
during the night time which can be interpreted as
a result of crop respiration. This was supported
with the study conducted by Reza et al. [17]
reporting that the CO2 content grew
monotonically as a result of plant respiration.
During the day time, the carbon dioxide
concentration can be said to be affected by the
crop transpiration, photosynthesis, temperature
and light intensity.

The current study indicated that the use of
foggers inside the polyhouse is beneficial.
However, the impact of wind on the walls leads
to an uneven distribution of the microclimate.
This study helps to understand the variability of
microclimate across the polyhouse and thus
adapt the potential control strategies
along with fogging system to obtain uniform
microclimate inside the polyhouse. Finally,from
the study, it was observed that the microclimate
varies spatially and temporally depending on
various factors. Even though, the data was
collected in different heights, there exists the
necessity to study in third dimension also.

Thus, it is necessary to study the vertical
gradients of microclimate along with horizontal
variability to completely understand the
microclimate variability with space and time and
its effect on crop growth. This highlights the need
for 3D analysis of greenhouse microclimate by

adapting the modelling tools and
techniques. A wide range of modellings
tools are available for greenhouse

microclimate of which CFD and Machine learning
models are in prominent use. Considering the
requirements of 3D modeling and available
resources, CFD is more suitable for
understanding the microclimate of naturally
ventilated polyhouse considered in the present
study.

4. CONCLUSION

The current study was carried out to analyze the
spatial variability of the microclimate inside the
greenhouse. In the present study, the data
related to the microclimate was recorded during
the summer season, from April to June. The
variation in microclimate parameters was
then represented using surfer plots. From the
plots, it was observed that the temperature and
relative humidity varied inversely proportional
to each other. The effect of foggers depended
upon wind direction and velocity. It was
observed that the microclimate inside a naturally
ventilated polyhouse was distributed
heterogeneously  which  have a direct
impact on crop growth. This study looks at how
the climate inside a polyhouse changes in
different areas, so we can better manage
and control it to make the conditions more
even. The findings suggest we need to
examine how the climate varies not just
horizontally, but also vertically, to fully
understand how it affects plant growth by
using 3D models to analyze the greenhouse
climate.
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