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Abstract Weather extremes caused by climatic change
considerably affect crops growth. Extreme temperature
change and low water availability represent undesirable
conditions for the growth of amaranth. This study aims to
develop a greenhouse equipped with an automatic control
system for water, humidity, and temperature control of
Amaranth Blitum. Temperature, humidity, and soil
moisture were monitored and maintained within a specific
range. A microcontroller was used to activate a solenoid
for irrigation-based sensor feedback, an exhaust fan, a
cooling fan, and a heater to regulate humidity, and
temperature respectively. The study was done in the month
of July and December 2022. Efficient temperature and
humidity control were demonstrated. The increase in plant
height and diameter was higher for higher moisture content,
a temperature within the 21 - 35<C range, and humidity
within 45-95%. This work demonstrated the utility of
sensor-based approach for monitoring and controlling of
growth of Amaranth under greenhouse cultivation by
applying a rule-based algorithm. The results of this
research could be implemented to reduce plant damage
while increasing yield productivity.

Keywords Smart Greenhouse, Amaranth, Temperature
Control, Humidity, Irrigation Control

1. Introduction

One of the major environmental challenges today is
climate change, which reduces agricultural productivity [1],
[2]. Weather extremes linked to climate change include
severe rain, heavy wind, reduced water, and temperature
rise, which threaten food production worldwide [3], [4].

In most regions of Africa, Amaranthus Blitum is
cultivated in East and Central Africa generally as a
protected weed in backyards and home gardens.

Amaranthus Blitum is rich in dietary fiber, protein, and
micronutrients. It is used as a nutritious additive in other
food such as flour, bread, and noddle [5], [6]. Both the
leaves and the grains are in the food supply. Despite this,
its production remains at a precarious stage due to the
traditional growing styles adopted, resulting in low yields
[71.

Favorable growth requires management of the growth
environment and for this, Amaranth requires
well-moistened soil in the germination phase [8].

As the plant grows, the water demand increases and
environmental conditions change due to transpiration and
photosynthesis [9]. Reduced water slows down growth and
exposes the plant to drought stress [10]. The increase in
temperature leads to a decrease in agricultural production
[11]. This leads to a decrease in crop yield due to plant
damage. Conservation agriculture (CA), has been used as a
solution to promote vegetable cultivation. This practice
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seems inefficient and costs labor. Tewodros et al. [12]
proposed an approach based on conservation agriculture
(CA) coupled with drip irrigation for water management
using Agricultural Policy Environmental Extender (APEX)
model. Reduced water needs were observed (14-35%
reduced). The approach was found to be an efficient
water-saving technology.

Ogunlela et al. [13] evaluated water use efficiency and
yield of Amaranthus cruentus grown under a soil moisture
sensor-based (SMS-based) irrigation system using Field
Capacity (FC), Field capacity refers to the measurement of
the water content held in the soil after excess water has
drained away. It seeks to determine the ability of soil to
absorb water and reveal what plants will grow and not wilt
and decay due to exposure to the higher or lower moisture
content in the soil. The study illustrated the efficiency of
the FC method in irrigation without reducing the yield
compared to manual irrigation.

This method appears to be advantageous for crops that
require specific moisture content in the soil throughout the
growth cycle compared to the conservation agriculture
technique.

Amaranth crops grown in the field experiences violent

winds, too much or too little rain, and pests. Nampeera et al.

[14] investigated practices in the management of insect
pests of leafy Amaranth in Kenya. Four types of insect
pests were reported and managed by synthetic and
nonsynthetic insecticide techniques. Similar work was
done by Atanu Seni [15].

Temperature has a direct impact on the rate of
photosynthesis, and as temperatures increase, so does the
rate of transpiration, which can lead to greater water loss
and increased stress on the plant. On the other hand, high
humidity levels can also increase the risk of plant diseases.
The availability of water is critical for plant growth, as it is
required for photosynthesis and other cellular processes
[10]. Controlling soil moisture can ensure that the plants
receive an adequate amount of water for growth and
development.

Monitoring and Controlling these parameters, as a result,
ensures that the plants receive the necessary conditions for
growth and development. Thus, it could help improve the
quality and quantity of plant growth and yield, which is
crucial for food security and agricultural sustainability.

Research has also been carried out to improve yield of
Amaranth to meet the demand.

Hyun-Hwa Park et al. [16] investigated the effects of
various environmental conditions on the growth of
Amaranthus patulus Bertol caused by increasing
temperature. Plants were grown in multi-room incubators
(growth chambers) at different temperatures (15, 20, 25,
and 35 <C). As a result, plant height, shoot fresh weight,
number of leaves, and leaf area were significant within
temperature conditions of 25<C and 30<C compared to the
conditions of 15<C and 20<C. Although the study aimed to
improve yield production by keeping temperatures at
various levels, soil moisture content and humidity, which

Control and Monitoring of Amaranth Blitum Growth under Greenhouse Cultivation

play an important role during the growing season, were not
investigated.

The use of greenhouses in promoting the growth of
plants and protecting plants from environmental challenges
has been promoted as a means of enhancing crop yields
[17].

Sooriyapathirana et al. [18] compared field and
greenhouse conditions in the growth of regularly consumed
Amaranth varieties, analyzing variations in photosynthesis,
productivity, and organoleptic preference of five species
such as cruentus L, Viridis L spinosus L, Cristata L, and
tricolor L. The result showed higher organoleptic
preference which is the quality of the taste and the distinct
color of the Amaranths for greenhouse-grown plants.

In this project, the main contribution is to develop a
low-cost user-friendly greenhouse for the growth of
Amaranth Blitum under a protected and controlled
environment and design an irrigation system that uses a
soil moisture sensor-based approach and environmental
data collection to reduce water wastage without affecting
yield productivity.

The rest of the paper is organized as follows. The
materials and methods for designing the hardware structure
and system software are presented in Section 2. The results
and discussion are presented in Section 3. Section 4
provides future implications of the findings.

2. Materials and Methods

The developed plastic film greenhouse 2 mx 1 mx 1.5
m) was fabricated using galvanized pipe for the frame, a W
profile, and zigzag wire to connect the green polythene
covering the frame. The experiments were carried out for
two rounds in the month of July and December 2022 at the
Department of Agricultural and Biosystems Engineering of
Jomo Kenyatta University of Agriculture and Technology
(JKUAT) located at 1=11' 0" South, 37°7' 0" East, Juja,
Kenya (Figure 1).

Amaranthus Blitum was planted for the experiment. The
plants were planted in two ranges of five pots. Each pot
was placed 15 cm from the others, and the inter-row space
was 40 cm according to the method used by Dahiru et al.
[19].

The plant height and stem diameter were measured
every day using an electronic caliper to signify the rate of
growth of the plant during the experiment period.

The major environmental factors affecting plant growth
which are temperature, humidity, and soil moisture were
monitored.

The temperature and humidity sensor DHT21 was
placed under the roof of the greenhouse and at 1 m height
from the ground. This was used to measure temperature
and humidity. The DHT21 sends sensed data to the
microcontroller (ATmega2650) that turns on and off the
actuation module. The actuation module was composed of
a cooling fan that draws air in and an exhaust fan that blows
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out air, a heater for heating, and a solenoid valve that opens  microcontroller.
to let water flow. This in return sends a signal to open and closed the

The capacitive soil moisture sensor (range: 0% to 100%)  valves from the water source. Figure 2 shows the location
was introduced in the pots under the growth soil at 5 cm  of the sensors and the actuators.
deep to detect the moisture content and send it to the

Figure 1. Developed greenhouse

Fan

= DHT21 sensor

Figure 2. Location of sensors and actuation modules in the greenhouse
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Figure 3. Block Diagram

Environmental data was collected every 1 min and saved
on an SD card for further analysis and modeling. The
system was powered using a 220 V to 12V, 30A step-down
transformer.

Figure 3 shows the block diagram of the developed
system.

This project uses a rule-based algorithm that
continuously monitors temperature, humidity, and soil
moisture levels using the DHT21 and capacitive soil
moisture sensors connected to the Arduino Mega
microcontroller. The algorithm compares these values to
preset thresholds and, based on deviations from the set

points, the Arduino triggers fans, heaters, and, solenoid
valves as needed to maintain the desired conditions for
plant growth.

The flowchart of the temperature control shown in
Figure 4 operates on the basis of two temperature setpoints.
If the temperature is below the lower setpoint, the heating
is turned on. Conversely, if the temperature is above the
upper setpoint, the cooling fan is turned on. If the
temperature is within the range between the lower and
upper setpoints, the heater and cooling fan will turn off.
This logic ensures that the temperature is maintained
within the desired range.
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T= dht readTemperature()

!

no YES no ‘ yes
Y

Heater Heater
Fan OFF Fan ON OFF ON

Figure 4. Flowchart for temperature control
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Figure 5. Flowchart for humidity control

The flowchart of the humidity control shown in Figure 5
operates on the basis of two humidity setpoints. If the
humidity is below the lower setpoint, the cooling fan turns
on. Conversely, if the humidity exceeds the upper setpoint,

the exhaust fan turns on. If the humidity is within the range
between the lower and upper setpoints, the cooling fan and
exhaust fan are turned off. This logic keeps the humidity
within the desired range.
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Figure 6. Flowchart for soil moisture control

The flowchart of soil moisture control shown in Figure 6
operates on the basis of two sets of soil moisture setpoints,
one for each soil moisture sensor. If soil moisture 1 falls
below the lower common setpoint, solenoid valve 1 is
opened until it reaches the upper setpoint 1. Similarly, if
soil moisture 2 falls below the lower common setpoint,
solenoid valve 2 is opened until it reaches the upper
setpoint 2. If the soil moisture exceeds its respective upper
setpoint, the corresponding solenoid valve is closed. This
logic ensures that both soil moisture levels are maintained
within their desired range by controlling the water flow
through the solenoid valves.

The combination of soil moisture logic with the
temperature and humidity logic described above provides
comprehensive environmental control of the system.

The minimum moisture level in the pots was 45%. For
the first range of experiments, the maximum moisture level
was 85% to represent the rainy season. The second
experiment had a maximum moisture level of 65% to
represent the dry season. The temperature range was 21<C
to 35T [10]. The minimum humidity level in the
greenhouse was 45% to represent the high transpiration
rate while the maximum was 95% to signify the low
transpiration rate [10].

The controls are outlined in Table 1.

In this project, the hysteresis plot approach was applied
to evaluate the performance of the control systems. By
displaying the upper and lower set points and the readings
over time.
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Table 1. Weather conditions and irrigation-based control

Temperature control Humidity control Soil-moisture control
Temperature Heater Fan Humidity | Exhaust fan | Soil-moisture valvel Soil-moisture valve2
21-35C OFF OFF 45-95% OFF 45-85% OFF 45 - 65 % OFF
> 35 OFF ON > 95 OFF > 85 OFF > 65 OFF
<21 ON OFF <45 ON <45 ON <45 ON

Temperature Control with Hysteresis range
35.0 1
32.5 - M

30.0

27.5 1

25.0 4

22.5 4

Temperature (°C)

20.0 A

17.5 1

T T T T
0 5000 10000 15000 20000
Time (min)

Figure 7. Hysteresis graph of the temperature control
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Figure 8. Hysteresis graph of the humidity control

3. Results and Discussion control process. The shaded area between the heating and
cooling setpoints represents the hysteresis range, which is
the temperature range within which the control system
must maintain temperature. The temperature readings were
generally within the hysteresis range, showing that the
control system was able to maintain the temperature within

The hysteresis graph provides a clear visualization of the
temperature control process and enables evaluation of the
accuracy and stability of the system.

Figure 7 shows the hysteresis graph of the temperature



Universal Journal of Agricultural Research 11(2): 403-416, 2023

the desired range. However, some fluctuations were
observed in the heating set point, and some temperature
readings were out of range. This fluctuation could be due to
the heating system possibly not being accurate enough to
maintain it. Overall, the hysteresis plot indicates that the
temperature control system was satisfactory.

Figure 8 shows the hysteresis graph of the humidity
control process. In the case of humidity control, there were
consistent fluctuations in the humidity reading over time.
This could be a result of the control system relying on an
exhaust fan and cooling system rather than a humidifier.
Overall, the hysteresis plot provides valuable information
about the performance of humidity control systems and
helps identify areas for improvement and optimization.

Figure 9 shows the hysteresis graph ranges of moisture
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content from the range (45 - 85 %). The shaded area
represents the soil moisture range within which the control
system must maintain. The control of soil moisture content
was effective overall. Some fluctuations were observed,
this could result from a default in sensor reading. As a
result, soil moisture readings fall out of the range.

Figure 10 shows the hysteresis graph ranges of moisture
content from the range (45 - 65 %). The soil moisture
readings were generally within the hysteresis range,
showing that the control system was able to maintain the
soil moisture within the required range. However, some
fluctuations were observed. This could be a result of
sudden fluctuation of the power source that may affect the
sensor readings. Overall, the hysteresis plot indicates that
the soil moisture control system was satisfactory.

Soil moisture Control with Hysteresis range
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80

75 A

70 A
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60
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15000 20000
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Figure 9. Hysteresis graph of the soil moisture control (45-85%)
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Figure 10. Hysteresis graph of the soil moisture control (45-65%)
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Figure 11 shows the temperature within the greenhouse  indoor temperature.
on three random days in the month of December. There Figure 12 shows the humidity within the greenhouse on
were high temperatures recorded in the month of the randomly three days selected. Low humidity was
December which were controlled adequately and a sudden  observed within the month due to the constant humidity
drop was observed in the graph due to the constant fluctuation and was adequately controlled.
fluctuation of temperature within this month that affects

Three days selected at random from temperature
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Figure 11. Monitoring and control of temperature
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Figure 12. Monitoring and control of humidity
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Figure 13. Monitoring and control of soil moisture

Figures 13 (a), and (b) show the soil moisture within the  growth rate.
greenhouse on the randomly three days selected. This is due to the fact that water, temperature, and
Figures 14 (a), and (b) illustrate the result of the crop  humidity all have an impact on plant growth [20]. When
height from the two different ranges of moisture content. the temperature rises, the humidity decreases, and the
The percentage of moisture from the range (45 - 85 %), stomata on the leaves open to release the water absorbed in
compared to the second range (45 - 65 %) showed a higher  vapor, causing the plant to require more moisture. Because
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plants absorb nutrients in water through the roots to enable
growth, when the moisture is low, the nutrient carried is
low, and the stomata of the leaves close in order to
conserve the water absorbed, which stops transpiration and,
as a result, slows growth [21], [22]. Plants grown in the
month of December had a higher height than those grown
in July.

80

mmm july 2022
_ B December 2022

70 A

60

50

40

30

Plant height(mm)

20 4

10 {—

6 8
Time (Days)

a) Moisture range (45 - 85 %)

mmm July 2022

EEm December 2022

Plant height{mm)

] 2 4 6 8 10 12 14
Time (Days)

b) Moisture range (45 - 65 %)

Figure 14. Height measurement

Figures 15 (a), and (b) show the change in diameter
measured respectively. The higher moisture range had the
largest diameter. This is because when the moisture content
is higher, the growing medium is moist and enough water
is drawn out of the ground via the roots and up the plant via
the stem, causing the stem diameter to increase [23].
December represents the rainy season hence, the air holds
more humidity compared to the month of July. This
increases humidity within the greenhouse drawn in by fans
facilitating stem diameter development. This explains the
width difference between the two months.
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Figure 15. Stem diameter measurement

Figures 16 (a), and (b) show the number of leaves from
the two ranges of moisture content. The leaves are affected
both by the temperature and humidity in addition to the
moisture content.

Water constantly exits the plant through the stomata on
the plant leaves at higher temperatures, causing a high
transpiration rate and, as a result, slower leaf development
[24]. At higher humidity levels in the air, less water from
the plant evaporates, allowing the plant to conserve more
water, resulting in a rise in the photosynthesis rate and, as a
result, an increase in leaf development. The higher the
moisture content, the more water the plant conserves to
facilitate photosynthesis and the faster the leaf develops.
The higher moisture content produces a greater number of
leaves with moisture content (45 - 85%).
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Figure 16. Plant leaves measurement

Figure 17 shows the plant leaf development after the
germination period and during the growing period [18].

Figure 17. Random day growth.

Given that high moisture content is advantageous for
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crop growth, this demonstrates that a controlled
environment (greenhouse) could help achieve the desired
characteristics. This agrees with the studies showing that
Water management directly impacts crop growth [22].

It was noted there was a lot of sensor noise, which
caused a fluctuation in the measurement. This can be
solved by a choice of sensors with more accuracy and
improvement of the time response of the actuation module
before the fluctuation occurrence. On the other hand, the
selection of the actuators and fine-tuning of the control
algorithm could help to achieve more consistent and
precise control, reducing the risk of fluctuations and
improving the overall performance of the system.

The choice of the greenhouse covering material could be
further improved as well. In addition, the results indicate
that with close monitoring of the plant’s needs, it is
possible to further improve the growth of crops. The use of
carbon dioxide and light regulation could also enhance the
growth of Amaranth.

4. Conclusions

A greenhouse was fabricated and tested by applying a
control loop algorithm for monitoring and control of
parameters essential to the growth of amaranth,
temperature, humidity, and moisture content. The moisture
content range of 45 - 85 % produced a high yield compared
to the moisture content range of 45-65%. The temperature
and humidity within the greenhouse were maintained
within the required range which was satisfactory for
growth and hence, a good yield. The soil moisture was
monitored for efficient watering of the soil.

The approach of hysteresis plot was used to evaluate the
performance of the control system by visualizing the
readings fluctuations around the set points.

The choice of the algorithm was essential in achieving
the goal of automated and optimized plant growth
conditions. The recommended technique can help to
reduce plant damage and protect crops from extreme
weather occurrences while increasing yield productivity.

Further research needs to be carried out to regulate the
carbon dioxide and the light intensity that also plays an
important role in photosynthesis inside the greenhouse to
improve growth. Improvement in the choice of the control
algorithm could help to achieve further optimization, and
additional analyses could be investigated to further
evaluate the performance of the control system.
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