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ABSTRACT

The greenhouse which is a building used to manipulate the micro-climate is an essential building for plant
growth. Greenhouses have one or more devices that are used to monitor their internal environments against
changes in micro-climate. The problem is that some devices are metal-based devices and plastics that can be
deformed, such as electronic devices, one of which is a micro-climate monitoring device, so a shield that can
protect the device but does not interfere with the sensor readings is needed. The purpose of this study was to
make and test a plastic-based container called Duradus Junction Box, which has six removable ventilation
openings to measure the micro-climate data. This study uses five Duradus Junction Boxes with different
numbers of ventilation openings, a micro-controller connected to the air temperature and relative humidity
sensor, and a MicroSD module to record all micro-climate data, all devices being then tested simultaneously
for 30 days. Statistically, after using One Way ANOVA, this study found that micro-climate measurements result
for actual devices data can be considered similar because the P-value for temperature (0.886) and relative
humidity (0.917) is greater than alpha level of 0.05. However, when reading the recorded data for both
parameters, it can be seen that micro-climate data inside all shields are slightly higher than actual microclimate
data ranging from 1 to 2°C for air temperature and 1 to 3% for air relative humidity.

ABSTRACT

Rumah kaca yang merupakan bangunan yang digunakan untuk mengatur iklim mikro adalah sebuah bangunan
yang sangat penting untuk pertumbuhan tanaman. Pada rumah kaca umumnya terpasang satu atau lebih
perangkat yang digunakan untuk memantau lingkungan internalnya terhadap perubahan iklim. Masalahnya
beberapa perangkat tersebut berbahan metal atau plastik yang dapat berubah bentuk dan rusak bila terpapar
air dan sinar matahari terus menerus, terutama perangkat pemantauan iklim mikro, sehingga diperlukan
pelindung yang dapat melindungi perangkat dari kondisi lingkungan tanpa mengganggu pembacaan sensor.
Tujuan penelitian ini adalah menguiji kontainer yang disebut Duradus Junction Box, yang memiliki enam buah
ventilasi yang dapat dibuka tutup. Pengujian dilakukan pada lima buah Duradus Junction Box dengan jumlah
bukaan ventilasi yang berbeda yang didalamnya sudah terpasang mikrokontroler, sensor temperatur dan
kelembaban relatif udara, dan modul MicroSD sebagai perekam data iklim mikro, dan semua perangkat dalam
Duradus diujikan bersamaan selama 30 hari. Perhitungan dengan ANOVA Satu Arah menunjukkan bahwa
hasil pengukuran dapat dikatakan serupa antara data iklim mikro aktual dan kelima perangkat uang diujikan
walau jumlah bukaannya berbeda mengacu pada nilai P temperatur (0.886) dan kelembaban relatif (0.917)
yang lebih besar dibandingkan tingkat alfa 0.05. Walaupun secara kasat mata data kedua parameter terlihat
berbeda dengan data aktual, dengan perbedaan berkisar antara 1 sampai 2 °C untuk temperatur, dan 1 sampai
3 % untuk kelembaban relatif udara.

INTRODUCTION

In recent years, some tropical countries farmers have changed the way they manage their agriculture,
from using agricultural land to indoor farming; the cause of this trend is high rainfall and humidity, which can
cause crops damage and crops are more easily exposed to pests and diseases, leading to increased use of
pesticides, of crops failure (Akpenpuun & Mijinyawa, 2018; Shamshiri & Ismail, 2014), with the same thing also
happened in Indonesia, a tropical country in Southeast Asia.
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Indoor agricultural management is usually carried out in a building called a greenhouse (Bafdal &
Ardiansah, 2020). In the four-season country, this greenhouse is used in fall or winter, so that plants can grow
even though the temperature outside the greenhouse is shallow (Lim et al., 2020).

Greenhouses are used to control several environmental conditions in plant growth ecosystems such as
temperature, relative humidity and sunlight, which is referred to as microclimate. The reason crops are grown
in this way is to extend the crop productivity period, change the cropping cycle to increase yields and crop
quality, and to produce a sustainable harvest (Sahdev et al., 2017). In Indonesia, the temperature inside the
greenhouse is always higher than the outside temperature, which can lead to spending up evapotranspiration
and plant wilting (Ardiansah et al., 2020; Bafdal et al., 2019).

Academic Leadership Grant Universitas Padjadjaran (ALG Unpad) Greenhouse is a research
greenhouse used to grow tomato plants, also has the same problem where air temperature which can reach
40°C in the dry season whereas the air temperature should be between 28°C to 32°C to optimize tomato plants
growth (Bafdal & Dwiratna, 2018), so that the Greenhouse is now integrated with several automatic devices to
monitor and manage micro-climate condition based on Arduino NANO, using air temperature and relative
humidity sensor, and a misting system (Hafiz et al., 2020). All devices are placed inside the Greenhouse and
not protected from moisture and sunlight exposure, which makes all devices vulnerable.

Devices that are expected to detect micro-climate condition accurately require a cover or shield that can
protect it from direct sunlight but still have a ventilation opening capable of circulating air because poor
ventilation conditions will cause the shield inside became warmer than the actual data and result in inaccurate
measurements (Buisan et al., 2015; Harrison, 2010). A commonly used protector to cover the microclimate
measurement device is called Stevenson Screen, which is made from painted white wood, although there is
still a difference of 0.5 to 2.5°C between outside and inside of it (Harrison, 2010). The problem with the
Stevenson screen is that it is large, heavy, and permanently installed, so it is not suitable for greenhouses with
limited space (Li & Song, 2017).

The need for accurate micro-climate data measurements became an idea to seek a shield that could
protect micro-climate measurement devices, could circulate air, be water-resistant and tinted white to reflect
light (Ma et al., 2019).

MATERIALS AND METHODS

This study was conducted for thirty days using an experimental design with a randomized design (CRD)
method inside Research Greenhouse (Figure 1), a greenhouse with a size of 14.5 x 9 x 3 m3which has been
built and is ready to use in the research premise with a table placed in the greenhouse centre to place all
monitoring devices. Five monitoring devices were made with different numbers of ventilations ranging from
two to six ventilations coded A, B, C, D, E to determine the effect of the number of ventilations on sensor data
reception. A Thermo hygrometer coded (Q) is used to measure actual micro-climate data inside the
Greenhouse.

Fig. 1 - Research Greenhouse Layout

Components Selection

These micro-climate data monitoring devices are placed on a table and positioned in the centre of the
Greenhouse. The table itself has a height of 75 cm. For portability, all devices must be capable of running on
batteries, capable of storing thousands of micro-climate data, and easy to move to download stored data.

398



Vol. 63, No. 1/2021 INMATEH — icultutal

Based on these specifications, Arduino Nano is selected as a processing unit, which has a size of 1.8
cm to 4.5 cm, has an operating voltage of 5V with pin current requirement of 40 mA; Arduino Nano is a variant
of the Arduino micro-controller board product. The Arduino Nano is the smallest Arduino board, using the
ATMega328 micro-controller for Arduino Nano version 3 and ATMegal68 for the Arduino Nano version 2. This
variant has the same circuit as the Arduino UNO, but with a different PCB size and design. Arduino Nano is
not equipped with a power socket, but there is a pin for the external power supply or you can use the power
supply from the Mini or Micro USB port. (Bt Mohd Shuib et al., 2018; Kumar et al., 2019). With specifications
like this, the power supply can be fulfilled by using a 210000mAh power bank.

The MicroSD card is then connected to record measured micro-climate data; those data are retrieved
from sensors every 20 minutes. The sensors used are DHT22, which have a digital output and require 1.5mA
current. DHT22 detects temperature in Celsius units with a range of -40°C to 80°C and relative humidity
between 0 and 100% (Bogdan, 2016; Koestoer et al., 2019). These components are assembled using a
breadboard and jumper cables, as shown in Figure 2a, with all sensors already tested and calibrated before
use. Meanwhile, the data traffic flow starting from micro-climate detection to data recording can be seen in
Figure 2b.
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Fig. 2 - (a) Device Component Layout; (b) Device Flow Diagram

Five devices are built using the same specifications, and then those devices are inserted into the shield
by positioning the sensor towards the ventilation openings (Astutik et al., 2019) to make it easier for the sensor
to detect micro-climatic conditions and not degraded by the heat generated by the micro-controller. All devices
are then connected to the power bank using 5 ports USB Hub (Figure 3).

7

Fig. 3 - Devices Connected to Power Bank
Shield Options
All monitoring devices must be protected from direct sunlight exposure and water droplets coming from
the misting system, so it is necessary to choose a shield that is designed to be enclosed, watertight but has
sufficient ventilation openings to avoid hot air caught inside the shield (Burt & de Podesta, 2020). Based on a
market survey, one suitable material called Duradus Junction Box is then selected because it is made of thick
white plastic, has lids that can be removed on each side with its shape, as it can be seen in Figure 4.

399



Vol. 63, No. 1/2021 INMATEH — icultutal

-3z

Fig. 4 - Duradus Junction Box Dimension
Experiment Procedure

Each monitoring device is put inside the shield with a different number of ventilation openings coded
Shield A (2 ventilations) to Shield E (6 ventilations) then placed on the table as in Figure 1.

Data were monitored every day from 07.00 to 17.00 and recorded every 20 minutes using Comma-
Separated Values (CSV) format for more accessible data processing and were downloaded at the end of every
day. The power bank is replaced every other day to avoid running out of power when collecting data. Data
series collected were plotted based on mean values, variance and standard deviation using a spreadsheet
application based on their average.

The research was conducted for 9 hours (540 minutes), which produced 27 data per device every day
which was guided by the research conducted by (Hoover & Yao, 2018), where the researcher took data every
30 minutes, and the research carried out by (Strangeways, 2019) using the same sensor but with 10-minute
intervals. The two previous researches conclude that there is no definite determination about the amount of
data and the interval used for data retrieval with the DHT22 sensor; therefore, this study takes the middle value
of the two studies using an interval of 20 minutes.

RESULTS AND DISCUSSION

The study was carried out inside Research Greenhouse in December 2019 for thirty days, by measuring
micro-climate data for each shield and simplifying it to 27 data. The hypothesis used in this study is that the
more ventilations the shield has, the more accurate the reading of micro-climate data and closer to the actual
data measurement. Shield E, which has six vents, is considered the best model for use as a shield.

The statistical analysis used is One Way Analysis of Variance (ANOVA). ANOVA is a statistical analysis
that examines the mean differences between groups. The group here can mean a group or type of treatment
with a test procedure similar to the t-test, but the advantage of ANOVA is that it can test the difference of over
two groups. In contrast to the independent sample t-test, which can only test the mean difference between the
two groups. The result of the ANOVA analysis is the P-value or F-value, if the p-value is smaller than the 5%
error rate, it can be concluded that H1 is accepted and HO is rejected, meaning that there is a significant
difference in the mean in all groups. ANOVA analysis is often used in experimental research where there are
several treatments and is used to test whether there are significant differences between these treatments
(Wahid et al., 2018), (Pujar et al., 2020), (Hong & Hsieh, 2016).

This study will compare two groups of data, viz.:

1) Actual air temperature data (Q) against air temperature detected inside shields A to E using the
following hypothesis:
HO:A=B=C=D=E
H1:A#B#C#D#E

2) Actual air relative humidity data (Q) against air relative humidity detected inside shields A to E using
the following hypothesis:
HO:A=B=C=D=E
H1:A#B#C#D#E
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ANOVA calculations for temperature data Q and shield A to E can be seen in Table 1; also, this table
displays all average calculation results, which show that the difference in the average temperature of each
shield is only less than 1°C even though it has a different number of ventilation openings, and the actual
temperature having only 1.1°C difference when compared to the average temperature of shield (A), which has
the least ventilation. Table 1 also shows that the actual temperature (Q) has an average temperature value
lower than all shields temperature and is more stable than shielded devices. This happens because the
shielded devices have a slower response, according to the statement given by (Harrison, 2010; Li & Song,
2017; Benyezza et al., 2018).

Table 1
One Way ANOVA for 20 Minutes Temperature using 0.05 Alpha Level
Groups Count Sum Average  Variance STDev

Q 27 915.5867 33.91062 9.798062 3.130186

A 27 945.42 35.01556 15.57806 3.946905

B 27 941.2033 34.85938 14.66141 3.829022

C 27 940.9633 34.85049 15.62036  3.95226

D 27 932.2267 34.52691 15.89865 3.987311

E 27 925.02 34.26 13.02072 3.608424
ANOVA

Source of Variation SS df MS F P-value F crit

Between Groups 24.12934 5 4.825869 0.342352 0.886531 2.272137
Within Groups 2199.009 156 14.09621
Total 2223.138 161

Based on the P-value listed in Table 1, it can be concluded that HO is accepted, and H1 is rejected for
27 gained data; this means that the results of measuring the actual temperature Q and the temperature inside
shield A to E can be said to be the same based on ANOVA, although visually, in Figure 5, it can be seen that
the line temperature values for shields A to E only approach the temperature Q and rarely touch the Q line.
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Fig. 5 - Comparison of Devices Temperature Values every 20 Minutes

Figure 5 also noted that the actual temperature value (Q) is lower than the temperature value inside all
shields for the average data; this happens because the air inside all shields does not completely circulate

(Benyezza et al., 2018).
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ANOVA calculations for air relative humidity data Q and shield A to E can be seen in Table 2; it also
displays the average calculation results similar to air temperature, which show that the difference in the
average relative humidity of each shield is only less than 3% even though it has a different number of ventilation
openings, as well as the actual relative humidity which has only 3% difference when compared to the average
relative humidity of shield (A) which has the least ventilation. This means that the actual relative humidity (Q)
average also has a slightly lower value, which shows that the air in all shields has more water, which can
happen because of minimal air exchange (Acquah et al., 2018).

Table 1
One Way ANOVA for 20 Minutes Relative Humidity using 0.05 Alpha Level
Groups Count Sum Average Variance STDev
Q 27 1311.867 48.58765 87.93454 9.377342
A 27 13879 51.4037 110.6763 10.52028
B 27 1378.947 51.0721 89.23243 9.446292
C 27 1378.187 51.04395 102.284 10.11356
D 27 1373.033 50.85309 106.7055 10.32983
E 27 1372.127 50.81951 83.40752 9.132772
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 141.0016 5 28.20031 0.291607 0.917056 2.272137
Within Groups 15086.25 156 96.70671
Total 15227.25 161

Like the ANOVA test for temperature, the P-value for air relative humidity in Table 2 also has a value
higher than 0.05; this result indicated that hypothesis HO is accepted, and H1 is rejected for the total 27 data,
and actual relative humidity (Q) data has the same value as data that comes from Shield A to E.
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Fig. 6 - Comparison of Devices Relative Humidity Values every 20 Minutes

In contrast to the ANOVA calculation results, Figure 6 above shows that the actual relative humidity
value (Q) is lower than that of shield A to E. This shows that shield humidity is slightly higher than relative
humidity inside the greenhouse, this happens because more vapour is trapped inside shields (Benyezza et al.,
2018).
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CONCLUSIONS

In the course of developing greenhouse automation device using Arduino UNO, DHT22 sensor and
MicroSD module, it is discovered that the instruments used have material that rusts easily, so it is important to
utilize a piece of equipment that can protect all instruments from water and sunlight exposure. Duradus
Junction Box made of plastic is one option to protect those instruments, especially because Duradus has six
removable ventilation openings that can be used as means for air circulation. The study was conducted by
developing five microclimate monitoring devices with the same specifications and placed in five Duradus
Junction Boxes with different numbers of ventilation openings, then placed in the same place inside the
greenhouse. Sensor acquired data then stored them in the form of a CSV file which is then processed
statistically.

Based on statistical value, there was no significant difference between the real microclimate data (Q)
and those measured in shield A to E because One Way ANOVA gave results that Ho was accepted and H:
was rejected after comparing the P-value to an alpha level of 5%. Also, based on collected data, it can be seen
that the air temperature data in shields A to E is slightly higher than the real temperature, with a difference of
1.1°C, The same thing happens in shields A to E air relative humidity data, which was also higher than the real
(Q) data although the difference is less than 3%. These results showed that the Duradus Junction Box could
be a shield for micro-climate monitoring devices in tropical greenhouses while considering that the differences
in recorded data, although minimal, may affect plant growth.

ACKNOWLEDGEMENTS

The authors would like to acknowledge the contributions of Ramadhoni Huznuzhan, Muhammad Hafiz,
Endryaz Vergian and the technical working group for their contributions to this project. Thanks to Direktorat
Riset dan Pengabdian Masyarakat Universitas Padjadjaran (DRPM Unpad), and Badan Riset dan Inovasi
Nasional (BRIN) for funding this project. We also thank the reviewers for their insightful comments and
suggestions.

REFERENCES

[1]  Acquah, S. J., Yan, H., Zhang, C., Wang, G., Zhao, B., Wu, H., & Zhang, H. (2018). Application and
evaluation of Stanghellini model in the determination of crop evapotranspiration in a naturally ventilated
greenhouse. International Journal of Agricultural and Biological Engineering, 11(6), 95-103.
https://doi.org/10.25165/j.ijabe.20181106.3972

[2]  Akpenpuun, T.D., & Mijinyawa, Y. (2018). Evaluation of a Greenhouse under Tropical Conditions Using
Irish Potato (Solanum Tuberosum) as the Test Crop. Acta Technologica Agriculturae, 21(2), 56—62.
https://doi.org/http://dx.doi.org/10.2478/ata-2018-0011

[3] Ardiansah, I., Bafdal, N., Suryadi, E., & Bono, A. (2020). Greenhouse Monitoring and Automation Using
Arduino: a Review on Precision Farming and Internet of Things (IoT). International Journal on Advanced
Science Engineering Information Technology, 10(2).

[4]  Astutik, Y., Murad, Putra, G. M. D., & Setiawati, D. A. (2019). Remote monitoring systems in greenhouse
based on NodeMCU ESP8266 microcontroller and Android. AIP Conference Proceedings, 2199,
030003 (14 pp.). https://doi.org/10.1063/1.5141286

[5] Bafdal, N., & Ardiansah, I. (2020). Smart Farming Berbasis Internet of Things dalam Greenhouse (T.
Perdana (ed.); 1st ed.). Unpad Press.

[6] Bafdal, N., & Dwiratna, S. (2018). Water Harvesting System As An Alternative Appropriate Technology
To Supply Irrigation On Red Oval Cherry Tomato Production. International Journal on Advanced
Science, Engineering and Information Technology, 8(2), 561-566.

[7] Bafdal, N., Dwiratna, S., & Sarah, S. (2019). Impact of Rainfall Harvesting as a Fertigation Resource
using Autopot on Quality of Melon (Cucumis melo L). International Conference on Food Agriculture and
Natural Resources (FAN), 194(FANRes 2019), 254-257.

[8] Benyezza, H., Bouhedda, M., Zerhouni, M. C., Boudjemaa, M., & Dura, S. A. (2018). Fuzzy Greenhouse
Temperature and Humidity Control based on Arduino BT - 2018 International Conference on Applied
Smart Systems, ICASS 2018, November 24, 2018 - November 25, 2018. et al.; IEEE; IEEE Algeria
Section; Laboratoire d’. https://doi.org/10.1109/ICASS.2018.8652017

[9] Bogdan, M. (2016). How to Use the DHT22 Sensor for Measuring Temperature and Humidity with the
Arduino  Board. Acta Universitatis  Cibiniensis.  Technical  Series, 68(1), 22-25.
https://doi.org/10.1515/aucts-2016-0005

403



Vol. 63, No. 1/2021 INMATEH — icultutal

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

Bt Mohd Shuib, F. M., Abd Wahab, S. B., Mat Sulaiman, A. H. B., Ibrahim, M. N. I. B., Othman, M., Md
Ali, S. H., & Hamzah, A. A. (2018). Performance comparison on current consumption between arduino
nano and arm coretex M3 for portable dialysis system BT - 13th IEEE International Conference on
Semiconductor Electronics, ICSE 2018, August 15, 2018 - August 17, 2018. IEEE International
Conference on Semiconductor Electronics (ICSE), 2018-Augus, 148-151.
https://doi.org/10.1109/SMELEC.2018.8481308

Buisan, S. T., Azorin-Molina, C., & Jimenez, Y. (2015). Impact of two different sized Stevenson screens
on air temperature measurements. International Journal of Climatology, 35(14), 4408-4416.
https://doi.org/10.1002/joc.4287

Burt, S., & de Podesta, M. (2020). Response times of meteorological air temperature sensors.
https://doi.org/10.1002/qj.3817

Hafiz, M., Ardiansah, |., Bafdal, N., Info, A., & Control, M. (2020). Website Based Greenhouse
Microclimate Control Automation System Design. JOIN (Jurnal Online Informatika), 5(1), 105-114.
https://doi.org/10.15575/join.v5i1.575

Harrison, R. G. (2010). Natural ventilation effects on temperatures within Stevenson screens. Quarterly
Journal of the Royal Meteorological Society, 136(646), 253—259. https://doi.org/10.1002/qj.537

Hong, G. Z., & Hsieh, C. L. (2016). Application of Integrated Control Strategy and Bluetooth for Irrigating
Romaine Lettuce in Greenhouse. IFAC-PapersOnLine, 49(16), 381-386.
https://doi.org/10.1016/j.ifacol.2016.10.070

Hoover, J., & Yao, L. (2018). Aspirated and non-aspirated automatic weather station Stevenson screen
intercomparison. International Journal of Climatology, 38(6), 2686-2700.
https://doi.org/10.1002/joc.5453

Koestoer, R. A., Pancasaputra, N., Roihan, I., & Harinaldi. (2019). A simple calibration methods of
relative humidity sensor DHT22 for tropical climates based on Arduino data acquisition system. AIP
Conference Proceedings, 2062, 020009 (7 pp.). https://doi.org/10.1063/1.5086556

Kumar, N. K., Vigneswari, D., & Rogith, C. (2019). An Effective Moisture Control based Modern Irrigation
System (MIS) with Arduino Nano. 5th International Conference on Advanced Computing &
Communication Systems (ICACCS), 70-72. https://doi.org/10.1109/ICACCS.2019.8728446

Li, Z., & Song, Y. (2017). Optimization for Low Cost and Handmade Radiation Shields in Tests of
Outdoor Air Temperature. Construction Conserves Energy, 45(2). https://search-proquest-
com.aurarialibrary.idm.oclc.org/docview/1891877229?accountid=14506

Lim, T., Baik, Y.-K., & Kim, D. D. (2020). Heating performance analysis of an air-to-water heat pump
using underground air for greenhouse farming. Energies, 13(15). https://doi.org/10.3390/en13153863
Ma, D., Carpenter, N., Maki, H., Rehman, T. U., Tuinstra, M. R., & Jin, J. (2019). Greenhouse
environment modeling and simulation for microclimate control. Computers and Electronics in
Agriculture, 162, 134-142. https://doi.org/10.1016/j.compag.2019.04.013

Pujar, P. M., Kenchannavar, H. H., Kulkarni, R. M., & Kulkarni, U. P. (2020). Real-time water quality
monitoring through Internet of Things and ANOVA-based analysis: a case study on river Krishna.
Applied Water Science, 10(1). https://doi.org/10.1007/s13201-019-1111-9

Sahdev, R. K., Kumar, M., & Dhingra, A. K. (2017). A comprehensive review of greenhouse shapes and
its applications. Frontiers in Energy, 13(3), 427-438. https://doi.org/10.1007/s11708-017-0464-8
Shamshiri, R., & Ismail, W. I. W. (2014). Investigation of Climate Control Techniques for Tropical
Lowland Greenhouses in Malaysia. Journal of Applied Sciences (Faisalabad), 14(1), 60. https://search-
proquest-com.aurarialibrary.idm.oclc.org/docview/1534843183?accountid=14506

Strangeways, |. (2019). The replacement of mercury thermometers in Stevenson screens. Weather,
74(4), 145-147. https://doi.org/10.1002/wea.3443

Wahid, Z., Latiff, A. I., & Ahmad, K. (2018). Application of one-way ANOVA in completely randomized
experiments BT - 4th International Conference on Mathematical Applications in Engineering 2017,
ICMAE 2017, August 8, 2017 - August 9, 2017. 4th International Conference on Mathematical
Applications in Engineering 2017 (ICMAE’17), 949(1).

404



