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Abstract Global temperatures have raised because of phenomena such as Greenhouse
effect and Global warming. Theses phenomena affect primary producers; plants, on earth.
As health issues become significant in Thai society, variety types of healthy food are
available in Thai markets, Sunflower sprouts are sold among them. The controlled room or
greenhouse became needier in plantation and seedling because air temperatures and
humidity can be adjusted and controlled to suit plants inside the greenhouse, the
temperatures in the greenhouse could be reduced from 2 to 10 Celsius and relative humidity
could be arranged from 70 to 99%RH. This work focused on utilizing the greenhouse
installed with the developed temperature and humidity controller in sunflower seedling for
income earning in a community. A new temperature and humidity controller including
sensors was designed and fabricated to control conditions inside the greenhouse based on
Arduino technology with a low fabrication cost and easy to program as well as maintenance.
The greenhouse investigation was performed by using three different sunflower seedling
nutrient solutions which were affordable and locally available solutions; a commercial
nutrient solution, solutions prepared from cattle and earthworm manure bio-extracts, and
three different seedling materials; cotton balls, coconut coir and loam. The greenhouse was
set 4 Celsius lower than ambient temperatures and temperature and different relative
humidity values compared with the ambient air were set to be between 25 and 35%RH, the
greenhouse performance in this work was indicated by sunflower sprout germination
percentage and germination index. From the experimental results, the maximum sunflower
sprout germination percentage at 91.11% and the maximum germination index at 13.98
were obtained when the sunflower seeds were grown in the coconut coir with the solution
prepared from earthworm manure bio-extracts, the higher germination percentage than that
of a literature. The greenhouse with the developed in-house temperature and humidity
controller has proved its performance in seedling sunflower sprouts and this feasibility
study has shown that it had potentiality to be used in a household seedling application.
Keywords greenhouse, sunflower, seedling, controller and heat and mass transfer

INTRODUCTION
According to the current world’s environment situation, the rising of the world’s temperature
leading to many phenomena (Kelemen et al., 2009). Greenhouse effect and Global warming are
some of the examples that affect the plant, the primary producer and the main source of food for all
living things. Thus, a greenhouse with a temperature and humidity controller is interesting for
farmers in plantation and seedling plants due to its ability to control temperature and humidity for
each plant growing condition. Healthy diets have become significant, especially vegetable which
contains essential nutrition and good for health. One of vegetables that has become more prominent
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is a sunflower sprout. All parts of the sunflower have many economic values and many beneficial
properties, so it has become prominent. The sunflower sprouts are consumed by a group of health
lover consumers due to their rich of essential nutrition that good for health. Bhuwapat et al. (2016)
informed that sunflower sprouts have great scent, crunchy and sweet, and edible both fresh and
cook such as salad, spicy salad, papaya salad, stir fried with oyster sauce, soup, and noodle instead
of bean sprout (Department of Agricultural Extension 2016).
Ugate et al. (2015) presented a study to compare seedling materials and seed soaking periods
that affected increasing of the sprouts in 2 experiments. In the first experiment, the seedling of
sunflower seeds was performed in 13 different materials for 7 days. The experimental results
showed that black husk provided the highest germination rate and the best height and weight
products per 100 seeds. In the second experiment, they soaked sunflower seeds in water in two
different temperatures; 27 °C and 50 °C, for 4, 8, 12 and 16 hours, then, they grew seedlings in
black husk for 7 days. The experiment showed that the soaked seeds in 50 °C water for 16 hours
provided the best products. Kiatsakul (2016) presented a study of material and seedling
methodology of sunflower for commercial purposes. He had soaked sunflower seeds in water for
16 hours, then, he incubated the seeds for 24 hours. The 5-day seedling was performed in four
mixing-seedling materials; compost and coconut coir (1:1), seedling material and coconut coir (1:1)
and (2:1), as well as soil and compost (1:1). In the second experiment, he had soaked sunflower
seeds in the water for 24 hours and he did seedling both floated seeds and sunk seeds. The
experimental results showed that the composition of seedling material and coconut coir (2:1) and
the floated seeds provided 83.33% of sunflower germination and produced the heaviest sprouts.
Threesurn and Junmatong (2017) introduced a study of soaking a seed in Salicylic acid (Salicylic,
SA) that affected germination, growth and ability to be antioxidant of sunflower sprouts. The
results showed that soaking seeds in SA had no effect on sunflower seed germination. Soaking
seeds in the SA solution in the 500-micromole concentration could increase the growth rate of
sunflower. Sunflower sprouts which were grown from soaking in the SA solution had a better
ability to inhibit oxidation than those of the control unit.
Numhormchan and Sareepattananon (2014) designed and developed the temperature and
humidity control system for the hydroponics greenhouse using a water-cooling system with
Programmable Logic Control (PLC) as a controller. The PLC controller received analog signal
from temperature and humidity sensors inside the greenhouse in front of the controlling unit which
was designed to work manually and automatically. The results showed that the automatic
controlled system could turn on and turn off the system perfectly within the assigned time. The
system could order the water-cooling system to work according to the set time and temperature
criteria. Inside the greenhouse, the average temperature was 30.45 °C and the average humidity
level was 80.54%. The water spray worked averagely 10 minutes per day, and the water evaporate
cooling system worked averagely at 6.37 hours per day. Cheng and Wang develop (2016) presented
a distributed and multi-span measurement and control system for a greenhouse. Their system was
based on the Controller Area Network (CAN bus) for communication technology and embedded
technology. They measured temperature, moisture, illumination. They also presented their circuit
software and hardware. They claimed that their control system enabled the greenhouse to work as
their design and goal.
This research focused on developing a greenhouse with a temperature and humidity control
system by using Arduino technology which had a low fabrication cost and low maintenance. The
controlling software was also designed based on Arduino technology to control a water pump and a
fan in an evaporative cooling system. The cooling system was used to reduce heat inside the
greenhouse to bring air temperature inside the greenhouse down. The control system could switch
on and off another fan on top of the greenhouse which took water vapor inside the greenhouse out
to reduce relative humidity of the greenhouse. In this study sunflower sprouts were chosen as a
subject in seedling. All seedling equipment, seedling materials and nutrient solutions could be
found and could be produced locally. All nine experiments were performed to investigate the
greenhouse performance germination percentages and indexes. These parameters were used to
indicate the greenhouse performance in applying for the sunflower seedling. The information from
this work could be used to promote sunflower seedling inside the greenhouse with the affordable
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temperature and humidity controller plantation system in a greenhouse like Evaporative Cooling
was developed and widely used for agricultural purposes.
OBJECTIVE
This research focused on developing a greenhouse with a temperature and humidity controller by
using Arduino technology which had low investment and maintenance cost. In this study sunflower
sprouts were chosen as a subject in seedling. All seedling equipment, seedling materials and
nutrient solutions could be found and could be produced locally. All nine experiments were
performed to investigate the greenhouse performance. Germination percentages and indexes were
used to indicate the greenhouse performance in applying for the sunflower seedling. The
information from this work could be used to promote sunflower seedling inside the greenhouse
with the affordable temperature and humidity controller.
METHODOLOGY
The greenhouse which was studied and developed in this work was 1.8 meters in width, 2.1 meters
in length, 3.1 meters in height and covered with opaque plastic sheets. The temperature and relative
humidity of air inside the greenhouse were controlled by an Arduino based system operated by inhouse commands to control the Arduino board. The set different air temperature between inside
and outside the greenhouse were 3-5 °C, and the set relative humidity levels were 80-98%RH to
keep the temperature inside the greenhouse stable and suitable for the plantation. If the temperature
and humidity were not in the set ranges, a relay would order a fan and/or a water pump to start
working immediately, the temperature and humidity level data were obtained from sensors inside
the greenhouse. When the temperature and humidity levels returned to the set ranges, the fan and
the water pump stopped working. The sunflower seeds were planted inside the greenhouse to
observe the growth of them as the greenhouse performance indexes. The relative humidity and
temperature of air; both inside and outside the greenhouse, were observed and collected. Among 9
experiments, each experiment consisted of 3 replications. Three nutrient solutions were as
following;
1. Commercial nutrient solution (15% by volume of Nitrogen, 15% by volume of Phosphorus and
15% by volume of Potassium): 10 ml of the solution mixed with 20 L of water as the company
suggestion on a label,
2. Cattle manure bio-extract: 1 L of the solution mixed with 5 L of water having pH in the 6.5 -7.5
range, and
3. Earthworm manure bio-extract: 250 ml of the solution mixed with 15 L of water.
Three seedling materials were as following;
1. Cotton,
2. Coconut coir, and
3. Planting soil from local market.
All sunflower seeds were purchased from the local market. The seed had been soaked for 16
hours, incubated for 24 hours and seeded in 29 cm x 17 cm seedling containers for 7 days. Each
maintainer contained 50 seeds to be observed for their growth. During the 7-day seedling period,
the temperature and relative humidity values of air inside and outside the greenhouse were
collected. The sprouts at 7 days old were collected and counted for their amounts. Collected data
during the harvest period were used to calculate germination percentage (G% in a unit of %) and
germination index (dimensionless) as following equations;
Germination percentage =

Germination index 



The number of normalsprouts
 100
The total number of seeds

The number of normalsprouts
The number of seedling days
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RESULTS AND DISCUSSION
The greenhouse, which was installed with the temperature and humidity control system (Fig. 1a),
was shown in Fig. 1b. Two sets of the sensors were placed in the middle and near the back wall of
the greenhouse. We checked temperature distributions inside the greenhouse (Pramuanjaroenkij et
al., 2018) and found that the closer area to the greenhouse wall, the higher temperatures and the
closer area to the cooling pads, the lower temperatures. The temperature and humidity control
system was controlled by the in-house Arduino codes was written and synchronized with and
Arduino board of the controller. In the codes, the temperature was set to turn on the water pump
when the temperature was higher than 30°C to maintain the different temperatures between the
inside and outside greenhouse to be in the range of 3-5 °C. The humidity was set to turn on the
ventilating fan when the relative humidity was higher than 75%RH. The operating results of the
greenhouse was shown in Table 1. From the results, we found that the temperatures and relative
humidity were in the designed ranges, 3-5 °C and 80-98%RH, respectively. Then, the greenhouse
equipped with the control system was investigated for its performance in the sunflower seedling
process.
Table 1 Air temperature and relative humidity inside and outside the greenhouse
Experiment
number
1
2
3

Inside
27.25
26.39
26.81

(a)

Temperature (°C)
Outside
Difference
31.18
3.93
30.50
4.11
30.89
4.07

(b)

Relative humidity (%RH)
Inside
Outside
Difference
93.18
71.10
22.09
86.84
59.33
27.50
88.11
66.38
21.73

(c)

Fig. 1 The greenhouse with the temperature and humidity controller

We put seedling sets outside the greenhouse to evaluate the germination percentages and
indexes of sunflower sprouts. The sprouts outside the greenhouse were damaged and destroyed by
pests; hence we could not compare the percentages and indexes of sunflower sprouts harvested
from outside and inside the greenhouse. The greenhouse performance was shown in Table 2 as
germination percentages and indexes. From the results, the average germination percentages were
higher that 80%. From the Kiatsakul (2016) research, the germination percentages of his sunflower
sprouts planted in the coconut coir were lower than the average germination percentages of this
research. This lower percentage may be caused by black husk in the literature mixture could hold
water less than coconut coir in this research as mentioned in the literature (Kuldilok and Loawsakul,
2000). The germination percentages obtained from the current work were also higher than those
obtained from another literature, Ukate et al. (2015).
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Table 2 Average germination percentage and germination of sunflower sprout
Nutrient solution
Commercial nutrient solution
Cattle manure solution
Earthworm manure solution

Coconut coir
G%
91.11
90.67
90.67

Cotton

GI
13.44
13.45
13.98

G%
86.00
88.00
83.56

GI
12.62
13.52
13.21

Planting soil from
local market
G%
GI
89.78
12.67
90.89
12.84
89.78
12.72

Apart from that, the nutrient solutions, temperatures and relative humidity values were found
as factors that affected the growth of the sprouts too. Figs. 2 and 3 provided the experimental
results; the germination percentages and indexes, obtained from the sunflower seeding process. We
compared the germination percentages and indexes among three seedling materials respectively.

Fig. 2 Germination percentages of sunflower seedlings

Fig. 3 Germination index of sunflower seedlings
CONCLUSION
The research focused on presenting the temperature and humidity control system for the plantation
greenhouse. The greenhouse was utilized in sunflower (Helianthus annuus L.) seedling. The
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greenhouse is 1.8 meters long, 2.1 meters wide, 3.1 meters high and covered with opaque plastic
sheets. The in-house Arduino codes of the in-house controller were written to control the
temperature and relative humidity of air inside the greenhouse. The average temperature and
relative humidity differences were recorded as 4.07 °C and 21.73% RH, respectively, the aimed
conditions were achieved as the plantation conditions. The performance of the greenhouse was
indicated by the germination percentages and indexes of the sunflower sprouts. The germination
percentages and index results obtained from this work were higher than those of the literatures
(Kiatsakul, 2016 and Kuldilok and Loawsakul, 2000). All nine experiments with three replications
were performed. The minimum germination percentage was at 83.56% and the minimum
germination index was at 12.62. While the maximum percentage was at 91.11% and the maximum
index was at 13.98. The developed temperature and humidity control system coupled with the
greenhouse was proved its performance and showed its potential in the sunflower seedling for the
commercial purpose. The investment cost of the greenhouse and control system was 5,800 Baht
(193.33 USD), as the affordable cost at 1,534 Baht per square meter (51 USD per square meter).
From all results, the coconut coir as the seedling material provided the best germination
percentages. Farmers could use cattle and earthworm manure solutions instead of the chemical
nutrient solution in the sunflower seedling because both solutions provided better germination
percentages than that of the chemical one.
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