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Introduction 
One of the great concerns worldwide is the production of food under different conditions, 
which range from conventional agricultural practices to protected agriculture; All of these 
trends are aimed at taking care of natural resources such as the proper use of water, the 
reduction of pests and diseases, as well as caring for the environment by eliminating the 
excessive use of pesticides. 
  
Protected agriculture using plant growth rooms allows the development of cultivation 
experiments while maintaining artificial environmental variables within controlled ranges, 
presenting advantages such as the development of crops during all times of the year, this 
because they do not depend on climatic conditions. In addition, these plant growth rooms 
can be installed in different geographical areas, maintaining the growth conditions of the 
plants at the established values and being able to grow plants that would never have 
developed due to the climatic conditions of those places. 
  
The work team made up of Lunar Lynx developed a plant growth room located in Mexico's 
national technological facility in Celaya capable of controlling temperature, relative 
humidity, the flow of photosynthetically active photons, and the photoperiod of light 
energy, as well as monitor all these variables and CO2. This monitoring and control system 
uses Internet of Things technology, which allows knowing the behavior of what happens 
inside the growth room without the need to be physically present in the room. 
  
Using this plant growth room, the Lunar Lynx team obtained the results presented in this 
document, which are based on an Iceberg lettuce cultivation experiment. This cultivation 
experiment used lunar regolith combined with different proportions of substrate (the soil 
additive was composed of a set of organic elements including peat moss (50%), coconut 
fiber (22%), perlite (15%), and vermiculite (13%)) (the soil additive was composed of a set 
of organic elements including peat Moss (50%), coconut fiber (22%), perlite (15%), and 
vermiculite (13%)), generating the soil mixtures for the experimentation, irrigation for the 
plants was done manually, using different concentrations of Steiner nutrient solution. 
  
Throughout the cultivation experiment, the growth of the plants, the pH of the nutrient 
solution, as well as the concentration of chlorophyll, were monitored, determining the 
change between the stages of the selected crop. I consider it important to close the 
introduction by mentioning that such a soil mixture in combination with such a 
concentration of nutrient solution obtained better lettuce growth (biomass) and a higher 
concentration of chlorophyll. 
 
The main goal of this study is to evaluate the impact of both a soil mixture (Lunar regolith 
and soil additive) and the use of a Steiner nutrient solution with different concentrations in 
the cropping process of Iceberg lettuce in a plant growth chamber. This impact will be 
analyzed based on the biomass growth and the chlorophyll pigments quality achieved by 
each crop. 



Theory 
The three main variables that are necessary for photosynthesis to occur: light energy, 
relative humidity of the environment and carbon dioxide, which is represented in equation 
(1). Added to these is temperature, which influences the assimilation activities of carbon 
enzymes, the opening of stomata, the accumulation of metabolites and the composition of 
cell pigments (Zhou, Li, & Wang, 2022). 

 6𝐶𝑂ଶ + 12𝐻ଶ𝑂 + 𝐿𝑖𝑔ℎ𝑡 𝑒𝑛𝑒𝑟𝑔𝑦 → 𝐶଺𝐻ଵଶ𝑂଺ + 6𝑂ଶ + 6𝐻ଶ𝑂
 6𝐶𝑂ଶ + 12𝐻ଶ𝑂 + 𝐿𝑖𝑔ℎ𝑡 𝑒𝑛𝑒𝑟𝑔𝑦 → 𝐶଺𝐻ଵଶ𝑂଺ + 6𝑂ଶ + 6𝐻ଶ𝑂 

(1)  

 
Light is the main source of energy that is required to carry out photosynthesis and many 
other physiological processes related to plant growth (Bayat, et al., 2018) (Miao, et al., 
2023).  There are three main factors in light that affect plant growth. The quality of light or 
spectral distribution, since plants only absorb wavelengths between 400 and 700 nm for 
photosynthesis, known as photosynthetically active radiation (PAR) (Ahmed, Yu-Xin, & 
Qi-Chang, 2020; Wong, Teo, Shen, & Yu, 2020; Wu, Macpherson, & Lefsrud, 2021). 
 
Plants detect two main types of light through their pigment systems: phytochrome, which 
responds best to red and far-red light, while phototropins and cryptochromes absorb blue 
light and ultraviolet A (UV-A) light (Driesen, Van den Ende, De Proft, & Saeys, 2020; Wu, 
Macpherson, & Lefsrud, 2021). Red light is crucial for plant growth, being essential for the 
development of the photosynthetic apparatus and playing an important role in the synthesis 
of chemical compounds. On the other hand, blue light is essential for the development of 
chloroplasts and chlorophyll, the synthesis of anthocyanins, stomatal opening and 
photomorphogenesis (Ahmed, Yu-Xin, & Qi-Chang, 2020).  
  
The second factor is the intensity of light, since this is considered the key factor in the 
photochemical reactions that convert CO2 into carbohydrates (Bayat, et al., 2018). In 
addition, it influences the morphology of plants, as well as their photosynthetic 
characteristics, antioxidant capacity and nutrient content, such as soluble sugar, soluble 
protein and ascorbic acid. These aspects significantly affect the flavor and texture of plants 
(Zhou, Li, & Wang, 2022). At low light intensity, plants do not use all the energy absorbed 
for photosynthesis. If the light intensity is greater than the photosynthetic capacity, plants 
release that energy in the form of heat, generating an effect called “tipburn” or burns on the 
tips of the leaves (Miao, et al., 2023). 
 
The third factor is the duration of light or photoperiod, which refers to the number of hours 
of light a plant receives per day. The photoperiod generates some morphological and 
physiological responses that will also depend on other factors such as temperature (Arregui, 
Gargaglione, & Birgi, 2023).  
 
Temperature is one of the main variables that affect the growth and development of a plant. 
The direct effect is found in air temperature, which directly affects the rate of leaf growth, 
and in the temperature experienced by plant leaves, while the indirect effect is present in 
the absorption and transport of water. and fertilizers through the roots (Ahmed, Yu-Xin, & 
Qi-Chang, 2020). High temperatures affect the structures of chloroplasts, causing 
decomposition and cell death (Soegas, Rodriguez, Velasco, & Cartea, 2018). Low 



temperatures cause a delay in seed germination, reduce the growth rate of plants, even 
under extreme temperatures, freezing damage occurs (Walne & Raja Reddy, 2022) 
 
The relative humidity of the environment is a very important factor for the response of the 
stomata to the presence of CO2, at low relative humidity, the evaporation rate in the leaves 
increases, leading to a loss of water, so the plants close their stomata in search of survival, 
however, this prevents the absorption of CO2, so photosynthesis stops. A relative humidity 
of less than 40% will significantly affect photosynthesis and plant growth (Ryu, et al., 
2014). A relative humidity higher than 85% also leads to the closure of the stomata, as the 
evaporation rate is reduced, leading to water stress (Ahmed, Yu-Xin, & Qi-Chang, 2020). 
 
CO2 represents the raw material used in the photosynthesis process and is highly involved 
in many physiological processes related to plant growth (Chowdhury, et al., 2021). The 
number of leaves, leaf area, plant height, fresh weight, dry weight, photosynthetic rate, 
chlorophyll content, and physiological and chemical defenses of plants increase with an 
increase in parts per million of CO2 in the environment. (Kim et al., 2024). The absorption 
of CO2 by the plant depends on the growth stage, air speed, light intensity and ambient 
temperature (Ahmed, Yu-Xin, & Qi-Chang, 2020). The lack of CO2 produces plants of 
lower quality, lower biomass and lower resistance (Chowdhury, et al., 2021).  
At high CO2 levels, stomata reduce gas exchange, which decreases the transpiration rate, 
limiting mineral absorption and increasing water use efficiency and leaf temperature 
(Holley, Mattson, Ashenafi, & Nyman, 2022). 
 
Steiner Nutrient Solution 
A Steiner nutrient solution was used in this experiment. This solution contains all the 
essential macro- and micro-nutrients for optimal growth of the plants. The Steiner solution 
is composed of 224mg∙L-1 of nitrate (NO3), 14 mg∙L-1 of ammonium (NH4), 47 mg∙L-1 of 
phosphorus (P), 371 mg∙L-1 of potassium (K), 180 mg∙L-1 of calcium (Ca), 24 mg∙L-1 of 
magnesium (Mg), 66.5 mg∙L-1 of sulfur (S), 0.25 mg∙L-1 of boron (B), 2.61 mg∙L-1 of iron 
(Fe-EDTA), 0.357 mg∙L-1 of zinc (Zn-EDTA), 0.179 mg∙L-1 of copper (Cu), 1.39 mg∙L-1 
of manganese (Mn), 0.11 mg∙L-1 of molybdenum (Mo) (Ali Al Meselmani, 2023). Before 
the preparation of the Steiner solution, it is necessary to guarantee that the used water has a 
pH of 6, which is achieved by adding nitric acid with a 70% concentration. Once the water 
has an adequate pH, it is possible to perform the corresponding mixture to obtain an A-B 
mother solution. To consider the nutrient solution as independent variable, the experiment 
considers three different concentrations of 50%, 75%, and 100%. As a reference, a 100% 
solution concentration is composed of 10ml of nutrient solution by each liter of water. 
 
 
The Lunar Regolith 
Lunar soil is a term often used interchangeably with regolith; however, soil is defined as the 
sub centimeter fraction of the regolith (in practice though, soil generally refers to the 
submillimeter fraction of the regolith). Lunar soil contains no organic matter and is not 
formed through biologic or chemical means as terrestrial soils are, but strictly through 
mechanical comminution from meteoroids and interaction with the solar wind and other 
energetic particles. 



Lunar regolith is made up of rock chips, mineral fragments, impact and volcanic glasses 
and a peculiar component only found on the Moon called “agglutinates”. Agglutinates, 
aggregates of mineral fragments held together with glass, are a major component of lunar 
soils, composing up to 60 or 70% of some soils. They are formed when a micrometeorite 
impact melts a small amount of soil (McKay et al., 1991). 
 
Based on the findings of previous studies of lettuce growth, this experiment is focused on 
prove the listed hypotheses next: 

 Soil mixture (M) effect: 
o H0: The lunar regolith and the soil additive mix does not have an effect in 

the biomass growth and in the chlorophyll pigments quality. 
o H1: The lunar regolith and the soil additive mix has an effect in the biomass 

growth and in the chlorophyll pigments quality. 
 Nutrient solution (T) effect: 

o H0: The nutrient solution concentration does not have an effect in the 
biomass growth and in the chlorophyll pigments quality. 

o H1: The nutrient solution concentration has an effect in the biomass growth 
and in the chlorophyll pigments quality. 

 Interaction soil mixture – nutrient solution (M×T) effect: 
o H0: The lunar regolith and the soil additive mix in conjunction with the 

nutrient solution concentration do not have an effect in the biomass growth 
and in the chlorophyll pigments quality. 

o H1: The lunar regolith and the soil additive mix in conjunction with the 
nutrient solution concentration have an effect in the biomass growth and in 
the chlorophyll pigments quality. 

Measurements Methods 
Plant Growth Chamber and Monitoring System 
The experiment was conducted using a plant growth chamber with dimensions of 
3m×3m×3m, which is located at the Instituto Tecnológico de Celaya, Mexico. Figure 1 
shows a diagram with the interaction of the elements that conform the plant growth 
chamber. 
 
The monitoring system was built under a microcontroller architecture linked to a cloud 
server. The microcontroller, an ATmega 2560, oversaw receiving the information from 
sensors measuring the environmental conditions of the chamber. The information was 
received by the microcontroller under a MODBUS-485 protocol, which allows 
interconnectivity from up to 256 devices within a 1200 meters distance. With this 
information, the microcontroller had the capability of taking decisions to perform 
controlled actions. As showed in Figure 1, the environmental variables measured during the 
experiment were temperature, relative humidity, carbon dioxide, and the photosynthetic 
photon flux (PPF). Considering that the monitoring system had a focus on an application 
for agriculture, the sensors were selected to fulfill an Ingress Protection Rating IP67, 
indicating a protection from both dust and temporary submersion in water (Bloch, 2009). 
Therefore, the selected sensors for each variable are indicated in Table 1 with their 
corresponding range. 



 
Figure 1. Plant growth chamber and its elements. 

Table 1. Sensors of the plant growth chamber. 

Model JXBS-3001-TH-RS 
JXBS-3001-

CO2-RS 
RS-UV-N01-

AL 
Environmental 

variable 
Temperature 

Relative 
humidity 

CO2 
PPF 

(400 – 700nm)  

Range -40°C – 80°C 0% – 100% 0 – 5000ppm 
0 – 2500 

µmol*m-2s-1 

* Note: the sensors had a ±5% precision. 
 
To take control of the photoperiod required by the plants there were installed a set of full-
spectrum LED grow lights (model Barrina B07QWV1THV). Consequently, the system also 
included a real time clock (RTC) with the purpose of achieving precise light expositions 
under a schedule. In this schedule, the plants received a light exposition during the night, 
allowing the team to perform different tasks during the day meanwhile the plants were 
“sleeping”. It is important to mention that to facilitate the accessibility and recording of the 
environmental data, an IoT module was implemented to upload the information to 
ThingSpeak under a 5-minute synchronization period. Additionally, a screen was connected 
to the microcontroller to display the environmental variables readings from the chamber. 
By taking advantage of the existing tools of ThingSpeak, a web interphase was also created 
to display graphically the different environmental variables recorded from the growth 
chamber (see Appendix 4). 
 
Finally, to perform the controlling actions of the chamber, it was used a conditioning air 
Mirage X32 to regulate the environmental temperature. Similarly, a 20-liter ultrasonic 
humidifier VEVOR was used to maintain a regular relative humidity in the room. 
 
Measurement Techniques 



For this study was stablished to quantify the growth of the Iceberg lettuce by measuring the 
following characteristics: duration of each growth stage (germination, cotyledon appearance, 
seedling, and vegetative period), the morphology (number of leaves, plant height, and foliar 
area), and the plant´s physiology (biomass production, and chlorophyll concentrations). By 
taking account of these characteristics, it was considered the measuring schedule showed in 
Table 2 for this study. Here, each measured variable is shown with its corresponding stage 
and recording period. 

Table 2. Schedule for experimental measurements. 

Variable Cotyledon 
sprout 

First 
and 
sixth 

leaves 

Number 
of 

leaves 

Plant 
height 

Foliar 
area 

Biomass Yield Chlorophyll 

Stage S S V V V M M M 

Period Daily Daily Daily 
3-day 
basis 

Daily 
3-day 
basis 

3-day 
basis 

Harvest Harvest Harvest 
Weekly 

* For stages consider S as the seeding stage, V as the vegetative stage, and M as the maturation stage. 
 
The cotyledon sprout and the appearance of the first and sixth leaves were visually inspected; 
the day of each event was recorded in the experiment’s database. Similarly, the number of 
leaves were visually inspected and manually counted on a 3-day basis. Then, the identified 
number of leaves per lettuce was registered in the database. In the same period of 
measurement, the height of the lettuce was measured using a rule and by taking as reference 
the base of the stem. After the appearance of the sixth leave, our team started to take a digital 
image from the top view of the lettuce. The collected images were introduced to a Computer 
Vision System to be processed with the purpose of computing the foliar area of each plant. 
 
To measure the pH level of the soil, it was used a set of pH strips that was included in the kit 
of participation (see Figure 2(a)); the measurement was performed on a weekly basis. As 
chlorophyll concentration was of interest for this experiment, a Chlorophyll Concentration 
Meter model MC-100 was used. An example of a measurement can be seen in Figure 2(b). 
This meter has the capability of returning a chlorophyll content index (CCI), which can be 
used to estimate either the SPAD units or the chlorophyll concentration in µmol/m2 (Apogee 
Instruments, Inc., 2024). It is expected that the lettuces have a healthy growth in this 
experiment, which could be reflected by SPAD values ranging from 35 to 55 (Tae-Heon & 
Suk-Man, 2024) 

  
a) Using pH meter b) Using Chlorophyll Concentration Meter 

Figure 2. Examples of pH and chlorophyll concentration measurements. 



Analysis & Results 
Experimental design 
A Factorial Completely Randomized design with two independent factors is considered for 
the development of this study. The first factor is defined for the resulting mix of lunar regolith 
and soil additive with three different rates, i.e. M1, M2, and M3. These rates were proposed 
considering that the regolith had to occupy at least 50% of the total volume in the mix. In 
particular, the soil additive was composed of a set of organic elements including peat moss 
(50%), coconut fiber (22%), perlite (15%), and vermiculite (13%). Then, the concentration 
volumes for the soil mix were considered as follows: 

 M1: 50% Lunar regolith, 50% soil additive. 
 M2: 75% Lunar regolith, 25% soil additive. 
 M3: 100% Lunar regolith, 0% soil additive. 

 
On the other hand, the second factor is defined for the nutrient solution with three different 
concentrations where T1=50%, T2=75%, and T3=100%; the description of the nutrient 
solution composition was described in the Theory section. For each pair of factors, there has 
been established the use of four replicas. Consequently, our experimental design could be 
visualized as showed by Figure 3. 

 
Figure 3. Diagram of the experimental design. 

Based on the controlled variables of the growth chamber for this study (irrigation, 
temperature, relative humidity, and photoperiod) and by considering both the Lunar 
regolith and soil additive mix and the nutrient solution concentration as independent 
variables, it was decided to define as dependent variables the days to germinate, the days to 
maturity, the plant height, the leaf count, the foliar area, the yield, the biomass production, 
the soil pH, and the concentration of chlorophyll; these identified variables are also shown 
in Figure 4. To analyze the recorded data during the experiment, it was used an analysis of 
variance (ANOVA). 



 
Figure 4. Identified variables in the experimental design. 

The monitoring and control of the environmental variables within the plant growth chamber 
was carried out during the 55 days of the experiment, corresponding to the vegetative 
growth and harvest phase, allowing real-time monitoring of their behavior. The graph of 
Figure 5 shows the analysis of the average temperature and humidity variables per day 
throughout the experiment, noting that the temperature ranged between 18.5ºC and up to 
26.9ºC. On the other hand, humidity had an average of 62.6%RH with a maximum of 
71.33%RH and a minimum of 41.55%RH. In the case of CO2, it had a behavior within the 
growth chamber as shown in the Figure 6, where the daily average is 461.82 ppm. 

 
Figure 5. Temperature and relative humidity recorded by the IoT system. 

 



 
Figure 6. Particles per million of CO2 recorded with the IoT monitoring and control system. 

 
Growth evolution and harvest 
After planting seeds of Iceberg lettuce, the experiment was conducted during an 8-week 
grow period to end on their harvesting on November 23rd. The evolution of this grow 
period is exemplified by the timeline shown in Figure 7 for the third repetition of the M1 
composition irrigated with the treatment T3. 

 
  

  
a) Planting b) Germination c) Vegetative 

stage 
d) Head 

formation 
e) Harvesting 

Figure 7. Growth process of the third replica of M1 soil mix under T3 treatment. 

 
In the harvest day (see Figure 8), firstly, each repetition was photographed to measure its 
final foliar area. Secondly, the final plant height and chlorophyll concentration were 
measured. Thirdly, to obtain the fresh weight (FW) of the lettuce, the pot was removed to 
separate the lettuce from both its roots and soil mix by performing a cut at the base of the 
stem. Fourthly, the lettuce was defoliated to count the final number of leaves and stored in a 
separate kraft bag for its later dehydration. Fifthly, the harvested lettuces were dehydrated 
for 48 hours by using a 38-liter incubator set with a temperature of 72°C. Finally, the 
dehydrated lettuces were weighted again to record their dried weight (DW). 



 

 
   

 

Image 
capturing 

Final height 
& CCI 

FW 
weighing 

Leaves count Dehydration DW 
weighing 

Figure 8. Measuring process and activities during harvest. 

 
Phenological characteristics 
To begin, it was analyzed the effect of the soil mix and the treatment in the plant 
germination as well as in the appearance of the first and sixth leaves. The data distribution 
is shown in Figure 9 with a boxplot, meanwhile the average days and their standard 
deviation for all the soil mixes versus the treatments can be appreciated in Table 3. After 
the analysis of variance for the germination days, it was possible to identify only an effect 
of the soil mixture in the days of germination with a resulting F=7.934 (p-value<0.01) as 
can be seen in Table 4. This result was expected in some way as during the plantation and 
germination stages, the seed is irrigated only with water and its development and 
germination rate is more likely to depend on the soil composition. 

 
Figure 9. Boxplot of germination days of soil mixes versus treatments. 

In the case of the appearance of the first leaf, the analysis did not represent an effect by 
either the soil mixtures, the treatment, or their combination with F=2.583 (p-value>0.05), 
F=1.583 (p-value>0.05), and F=1.012 (p-value>0.05) respectively. Similarly, the 
appearance of the sixth leaf was not affected by the soil mixture, the treatment, nor their 
combination. Here, the analysis showed an effect of F=3.112 (p-value>0.05) for the soil 
mixture, F=1.656 (p-value>0.05) for the treatment, and F=0.949 (p-value>0.05). These 
results are grouped in Table 5 for the first leaf and in Table 6 for the sixth leaf. 
 



Table 3. Statistical description for the soil mixes versus all the treatments. 

Stage Soil mix / Treatment T1 T2 T3 

Germination 
M1 M=5, SD=1 M=3, SD=2 M=4, SD=0 
M2 M=5, SD=0 M=5, SD=1 M=5, SD=1 
M3 M=5, SD=1 M=6, SD=1 M=5, SD=0 

First leaf 
appearance 

M1 M=9, SD=1 M=7, SD=5 M=9, SD=0 
M2 M=10, SD=0 M=9, SD=1 M=10, SD=0 
M3 M=9, SD=0 M=9, SD=1 M=9, SD=0 

Sixth leaf 
appearance 

M1 M=17, SD=1 M=12, SD=8 M=16, SD=1 
M2 M=18, SD=1 M=17, SD=0 M=17, SD=1 
M3 M=18, SD=1 M=18, SD=1 M=18, SD=0 

 
Table 4. Analysis of variance for variable germination. 

  Germination (days) 
Source of variation Df SS MS F value Pr(>F) 
Soil Mixtures (M)   2 11.167 5.583 7.934 0.00195 ** 
Nutrient Solution (T)   2     1.167 0.583 0.829 0.44731 
M*T   4    2.667 3.542 0.947 0.45197 
Residuals 27 19.000 3.046   

Df: Degrees of freedom, SS: Sum of Squares, MS: Mean Squares 
Significance levels:  *** 0.001, ** 0.01, * 0.05  

 
Table 5. Analysis of variance for the first true leaf. 

  First-true leaf (days) 
Source of variation Df SS MS F value Pr(>F) 
Soil Mixtures (M)   2 12.06 6.028 2.583 0.0941 
Nutrient Solution (T)   2    7.39 3.694 1.583 0.2238 
M*T   4   9.44 2.361 1.012 0.4187 
Residuals 27 63.00  2.333   

Df: Degrees of freedom, SS: Sum of Squares, MS: Mean Squares 
Significance levels:  *** 0.001, ** 0.01, * 0.05  

 
Table 6. Analysis of variance for the sixth leaf. 

  Sixth-leave appearance (days) 
Source of variation Df SS MS F value Pr(>F) 
Soil Mixtures (M)   2   47.72 23.861 3.112 0.0608 
Nutrient Solution (T)   2    25.39 12.694 1.656 0.2097 
M*T   4   29.11   7.278 0.949 0.4510 
Residuals 27 207.00   7.667   

Df: Degrees of freedom, SS: Sum of Squares, MS: Mean Squares 
Significance levels:  *** 0.001, ** 0.01, * 0.05  

 
The number of leaves had a similar development for all the lettuces without the influence of 
the soil mix, the treatment and their combination. This inference is made based on the 



analysis of both the average number of leaves and the final number of leaves counted 
during the harvest. By one hand, the average number of leaves analysis had effects of 
F=1.065 (p-value>0.05), F=0.651 (p-value>0.05), and F=0.573 (p-value>0.05) for the soil, 
the treatment, and their combination respectively (see Table 7). On the other hand, the final 
number of leaves had similar results, from which it will be mentioned only the combination 
of the soil and treatment with an effect of F=0.544 (p-value>0.05). The remaining results 
are shown in Table 8. 

Table 7. Analysis of variance for the average number of leaves. 

  Average number of leaves 
Source of variation Df SS MS F value Pr(>F) 
Soil Mixtures (M)   2   13.72 6.861 1.065 0.359 
Nutrient Solution (T)   2      8.39 4.194 0.651 0.530 
M*N   4    14.78 3.694 0.573 0.684 
Residuals 27 174.00 6.444   

Df: Degrees of freedom, SS: Sum of Squares, MS: Mean Squares 
Significance levels:  *** 0.001, ** 0.01, * 0.05  

 
Table 8. Analysis of variance for the number of leaves. 

  Average number of leaves 
Source of variation Df SS MS F value Pr(>F) 
Soil Mixtures (M)   2     89.6 44.78 0.756 0.479 
Nutrient Solution (T)   2      64.1 32.03 0.541 0.589 
M*N   4   128.8 32.19 0.544 0.705 
Residuals 27 1599.2 59.23   

Df: Degrees of freedom, SS: Sum of Squares, MS: Mean Squares 
Significance levels:  *** 0.001, ** 0.01, * 0.05  

 
As part of this experiment, it was also analyzed the effect of the independent variables for 
the plant’s characteristics such as height and foliar area. The first characteristic was not 
affected by the independent variables or their combination, as it is indicated for the average 
height with effects of F=0.372 (p-value>0.05) for the soil mix, F=0.647 (p-value>0.05) for 
the treatment, and F=0.468 (p-value>0.05) for their combination. This can be seen in Table 
9, with similar results of the analysis for the final plant height values, as seen in Table 10.  

Table 9. Analysis of variance for the average plant height. 

  Average plant height (cm) 
Source of variation Df SS MS F value Pr(>F) 
Soil Mixtures (M)   2   2.34 1.173 0.372 0.693 
Nutrient Solution (T)   2   4.09 2.043 0.647 0.531 
M*N   4   5.90 1.476 0.468 0.759 
Residuals 27 85.21  3.156   

Df: Degrees of freedom, SS: Sum of Squares, MS: Mean Squares 
Significance levels:  *** 0.001, ** 0.01, * 0.05  

 
 



Table 10. Analysis of variance for the final plant height. 

  Plant height (cm) 
Source of variation Df SS MS F value Pr(>F) 
Soil Mixtures (M)   2   11.93 5.967 0.935 0.405 
Nutrient Solution (T)   2    20.9 2.359 0.369 0.695 
M*N   4   76.7 2.973 0.466 0.760 
Residuals 27 482.8 6.385   

Df: Degrees of freedom, SS: Sum of Squares, MS: Mean Squares 
Significance levels:  *** 0.001, ** 0.01, * 0.05  

 
Finally, the foliar area had a similar development among the different repetitions for each 
soil and treatment combination proposed for this experiment. This is corroborated with the 
variance analysis where the soil mix, the treatment and their combinations did not have a 
significant effect in either the average foliar area or the final foliar areas. It is possible to 
mention an effect of F=1.137 (p-value>0.05) for the treatment as an example, where the 
other independent variables present similar values as can be seen in Table 11 and Table 12. 

Table 11. Analysis of variance for average foliar area. 

  Average foliar area (cm2) 
Source of variation Df SS MS F value Pr(>F) 
Soil Mixtures (M)   2      540   269.8 0.103 0.902 
Nutrient Solution (T)   2    5956 2978.2 1.137 0.336 
M*N   4    1575    393.7 0.150 0.961 
Residuals 27 70698  2618.4   

Df: Degrees of freedom, SS: Sum of Squares, MS: Mean Squares 
Significance levels:  *** 0.001, ** 0.01, * 0.05  

 
Table 12. Analysis of variance for final foliar area. 

  Final foliar area (cm2) 
Source of variation Df SS MS F value Pr(>F) 
Soil Mixtures (M)   2     2299   1150 0.091 0.914 
Nutrient Solution (T)   2   22154 11077 0.874 0.429 
M*N   4   15299    3825 0.302 0.874 
Residuals 27 342334 12679   

Df: Degrees of freedom, SS: Sum of Squares, MS: Mean Squares 
Significance levels:  *** 0.001, ** 0.01, * 0.05  

 
Physiological characteristics 
The resulting fresh and dry weights for the three different soil mixes with their corresponding 
treatment are shown in Figure 10 and Figure 11 respectively. Even though the distribution 
might indicate a difference between the groups, after the analysis of variance in these groups, 
there were not significant differences, from which it is possible to refer as an example the 
case of the combination between the factors with an effect of F=0.953 (p-value>0.05) for the 
fresh weight, and an effect of F=1.915 (p-value>0.05) for the dry weight. The viewed effects 
for these factors when seen as independent present similar results by accepting our hypothesis 
with p-values above 0.05 (Table 13 and Table 14). 



 
Figure 10. Boxplots of fresh weight for soil mix (M) versus treatments (T). 

 
Figure 11. Boxplots of dry weight for soil mix (M) versus treatments (T). 

 
Table 13. Analysis of variance for fresh weight. 

  Fresh weight (g) 
Source of variation Df SS MS F value Pr(>F) 
Soil Mixtures (M)   2   682 341.1 1.300 0.289  
Nutrient Solution (N)   2   292 146.1 0.557 0.579 
M*N   4 1000  249.9 0.953 0.449 
Residuals 27 7082  262.3   

Df: Degrees of freedom, SS: Sum of Squares, MS: Mean Squares 
Significance levels:  *** 0.001, ** 0.01, * 0.05  

 



Table 14. Analysis of variance for dry weight. 

  Dry weight (g) 
Source of variation Df SS MS F value Pr(>F) 
Soil Mixtures (M)   2    13.9    6.93 0.179 0.837 
Nutrient Solution (N)   2       9.7    4.87 0.126 0.882 
M*N   4   296.2  74.05 1.915 0.137 
Residuals 27 1044.3  38.68   

Df: Degrees of freedom, SS: Sum of Squares, MS: Mean Squares 
Significance levels:  *** 0.001, ** 0.01, * 0.05  

 
To illustrate the behavior of the chlorophyll during the development of the crops, it is 
showed Figure 12. Here, the graph shows the measured chlorophyll for the four replicas of 
the three soil mixes under an irrigation with treatment T3. From these soil mixes, M2 (75% 
Lunar regolith, 25% soil additive) slightly stands out above the other mixes with a resulting 
SPAD of 55.125. 

 
Figure 12. Measured chlorophyll concentration for soils treated with T3. 

 
Finally, the analysis of variance for the chlorophyll concentration during the grow period are 
shown in the following tables. From these results is possible to appreciate that the treatment 
had an influence on the chlorophyll concentration with effects of F=6.544 (p-value<0.01) for 
the first record of this variable (see Table 15), and for the average concentration with an 
effect of F=3.393 (p-value<0.05) as shown by Table 18. The remaining variable of soil mix 
and its combination with the treatment did not have a significant difference for the 
chlorophyll concentration. 

Table 15. Analysis of variance for chlorophyll concentration 1. 

  Chlorophyll 1 
Source of variation Df SS MS F value Pr(>F) 
Soil Mixtures (M)   2  147.8  73.9 1.020 0.37409 
Nutrient Solution (N)   2   948.2 474.1 6.544 0.00482 ** 
M*N   4   170.3   42.6 0.588 0.67430 
Residuals 27 1956.2   72.5   

Df: Degrees of freedom, SS: Sum of Squares, MS: Mean Squares 
Significance levels:  *** 0.001, ** 0.01, * 0.05  



 
Table 16. Analysis of variance for chlorophyll concentration 2. 

  Chlorophyll 2 
Source of variation Df SS MS F value Pr(>F) 
Soil Mixtures (M)   2  278.9 139.44 1.815 0.182 
Nutrient Solution (N)   2  311.0 155.52 2.024 0.152 
M*N   4   580.9  145.22 1.890 0.141 
Residuals 27 2074.8    76.84   

Df: Degrees of freedom, SS: Sum of Squares, MS: Mean Squares 
Significance levels:  *** 0.001, ** 0.01, * 0.05  

 
Table 17. Analysis of variance for chlorophyll concentration 3. 

  Chlorophyll 3 
Source of variation Df SS MS F value Pr(>F) 
Soil Mixtures (M)   2   254.7 127.33 1.693 0.203 
Nutrient Solution (N)   2   113.4    56.71 0.754 0.480 
M*N   4   374.2    93.56 1.244 0.316 
Residuals 27 2030.9    75.22   

Df: Degrees of freedom, SS: Sum of Squares, MS: Mean Squares 
Significance levels:  *** 0.001, ** 0.01, * 0.05  

 
Table 18. Analysis of variance for average chlorophyll concentration. 

  Chlorophyll 
Source of variation Df SS MS F value Pr(>F) 
Soil Mixtures (M)   2   223.3 111.65 2.082 0.1442 
Nutrient Solution (N)   2   363.9 181.94 3.393 0.0485 * 
M*N   4   275.2   68.79 1.283 0.3013 
Residuals 27 1447.9   53.63   

Df: Degrees of freedom, SS: Sum of Squares, MS: Mean Squares 
Significance levels:  *** 0.001, ** 0.01, * 0.05  

 

Discussion & Conclusions 
During this study, various aspects of technological development were addressed by 
implementing an IoT-based controlled plant growth system to grow Iceberg lettuce crops. It 
is important to mention that the IoT system allowed the monitoring of key environmental 
variables of the growth chamber such as the temperature, the relative humidity, and CO2. 
Based on this monitoring, it was possible to evaluate the impact of this variables during the 
growing of the crops. After the analysis of the recorded data, it was possible to identify the 
influence of two main aspects during the crop grow: the use of the soil additive mix with 
lunar regolith during the germination and the impact of the treatment (nutrient solution 
concentration) in the chlorophyll concentrations. 



First, during the germination stage, it was possible to identify that the soil composition had 
an effect (F=7.934, p-value<0.01) on the seeding of the lettuce crop. On the contrary, 
neither the treatment nor the combination of factors (soil mix and treatment) had an 
influence on the seeding. This can be explained based on the well-known procedure 
followed in the germination, where the planted seed is exclusively irrigated with water until 
the first true leaf appears. Then, the soil composition is responsible for supplying part of the 
necessary elements to achieve a successful seedling. 

In the vegetative stage was possible to observe that the chlorophyll was influenced by the 
proposed treatments in the study. Even though the first measurements of chlorophyll 
concentration denoted a possible forthcoming influence of the treatment (F=6.544, p-
value<0.01), it did not continue to last for the following measurement periods. However, 
the final analysis from the average chlorophyll concentration gave a conclusive affirmation 
that the nutrient solution influences over it. As the chlorophyll concentration is directly 
related to photosynthesis, it will be interesting to extend the experiment to another 
treatment concentrations and soil mixtures to find an adequate combination to achieve the 
best results in yield. Additionally, this desired effect might be of great benefice as during 
this study was not possible to get a significant difference in the fresh and dry weights of the 
grown crops. 

Conclusively, it was possible to perceive the influence of key factors, such as the 
chlorophyll concentration, during the Iceberg lettuce growth for an 8-week period. 
However, for future studies will be interesting to count on a higher amount of lunar regolith 
to perform several soil mixtures with higher volumes in a similar number of replicas. With 
this, we believe that it will be possible to find an optimized soil mixture and the best 
combination with a nutrient solution irrigation to increase the yield.  
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Appendices 

Appendix 1 Morphological raw data 
Here, the reader can find the registered raw data related to the dates of germination, first 
and sixth leaves appearance, number of leaves, plants’ height, and foliar area. 
 

Replica Soil mix Treatment Germination First leaf Sixth leaf 
1 M3 T2 10/4 10/8 10/17 
1 M2 T1 10/4 10/9 10/17 
1 M2 T3 10/3 10/9 10/16 
1 M3 T1 10/5 10/8 10/17 
1 M3 T3 10/4 10/8 10/17 
1 M2 T2 10/4 10/8 10/16 
1 M1 T3 10/3 10/8 10/15 
1 M1 T2    
1 M1 T1 10/3 10/8 10/16 
2 M3 T2 10/5 10/8 10/16 
2 M1 T1 10/4 10/8 10/17 
2 M1 T3 10/3 10/8 10/16 
2 M2 T3 10/4 10/9 10/16 
2 M3 T1 10/4 10/8 10/17 
2 M2 T2 10/3 10/8 10/16 
2 M1 T2 10/3 10/8 10/15 
2 M2 T1 10/4 10/9 10/16 
2 M3 T3 10/4 10/8 10/17 
3 M1 T3 10/3 10/8 10/15 
3 M1 T2 10/3 10/8 10/15 
3 M3 T1 10/4 10/8 10/17 
3 M2 T3 10/4 10/9 10/16 
3 M2 T1 10/4 10/9 10/17 
3 M1 T1 10/3 10/9 10/15 
3 M3 T3 10/4 10/8 10/17 
3 M2 T2 10/4 10/8 10/16 
3 M3 T2 10/5 10/8 10/16 
4 M2 T2 10/4 10/9 10/16 
4 M2 T1 10/4 10/9 10/16 
4 M1 T1 10/3 10/8 10/16 
4 M1 T2 10/4 10/8 10/16 
4 M2 T3 10/4 10/9 10/15 
4 M3 T3 10/4 10/8 10/17 
4 M3 T2 10/4 10/9 10/17 
4 M3 T1 10/4 10/8 10/18 
4 M1 T3 10/3 10/8 10/15 

Dates relevant



Replica Soil mix Treatment 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 
1 M3 T2 2 3 4 6 7 8 10 10 12 13 13 13 14 14 15 15 15 17 18 19 20 31 
1 M2 T1 2 3 5 6 7 9 10 11 13 13 13 15 15 17 17 18 18 18 20 22 23 34 
1 M2 T3 2 3 5 7 7 8 10 11 13 14 14 15 16 17 18 19 19 19 19 19 19 31 
1 M3 T1 2 3 4 6 6 7 9 11 13 15 15 15 16 16 17 17 17 17 17 17 17 29 
1 M3 T3 2 3 5 6 6 8 10 11 13 15 15 15 15 15 17 19 19 19 19 20 22 32 
1 M2 T2 3 4 5 7 7 9 11 12 13 15 15 15 17 17 19 19 19 19 19 19 19 33 
1 M1 T3 3 4 6 8 8 9 12 12 12 13 13 13 14 16 18 19 19 19 19 19 19 34 
1 M1 T2                       
1 M1 T1 3 4 5 7 7 9 10 12 13 14 14 14 15 16 18 19 19 19 20 22 23 35 
2 M3 T2 2 3 5 7 7 9 9 11 14 15 15 15 17 17 18 18 18 19 19 19 19 19 
2 M1 T1 2 3 4 6 7 7 9 10 12 14 15 17 17 17 17 18 18 19 19 19 20 32 
2 M1 T3 3 4 5 7 8 8 10 11 13 15 15 15 16 17 18 18 19 20 20 20 21 30 
2 M2 T3 2 3 5 7 8 9 12 12 14 15 15 15 15 16 17 19 19 20 20 20 20 32 
2 M3 T1 2 3 4 6 6 7 9 10 11 13 13 13 15 15 17 18 19 20 20 20 21 31 
2 M2 T2 3 4 5 7 8 9 10 11 15 17 17 17 17 17 19 19 19 19 19 19 19 34 
2 M1 T2 3 4 6 8 9 10 11 11 13 15 15 17 18 19 21 21 21 21 21 21 23 35 
2 M2 T1 2 3 5 7 8 9 10 11 14 16 16 16 16 17 19 19 19 19 19 19 19 33 
2 M3 T3 2 3 4 6 7 8 10 10 12 13 13 15 17 17 19 21 21 21 22 24 28 30 
3 M1 T3 2 4 6 7 9 10 10 10 13 15 17 17 17 17 17 17 17 17 19 20 20 34 
3 M1 T2 3 4 6 7 8 8 9 12 14 16 16 16 16 16 18 20 20 20 20 20 21 28 
3 M3 T1 2 3 4 6 7 8 10 10 12 14 14 14 14 14 16 18 18 18 18 18 20 29 
3 M2 T3 3 4 5 7 8 9 9 9 12 14 16 16 16 18 20 22 22 22 22 22 23 29 
3 M2 T1 3 3 5 6 8 9 10 11 13 15 17 17 17 17 17 18 18 18 19 19 21 31 
3 M1 T1 2 4 6 7 8 8 10 11 13 14 16 16 16 16 17 19 19 19 19 19 21 35 
3 M3 T3 2 3 5 6 7 9 10 12 13 13 13 14 14 16 17 17 17 19 19 19 19 33 
3 M2 T2 2 3 5 7 7 10 10 11 14 16 16 16 16 16 18 20 20 20 20 20 20 32 
3 M3 T2 3 3 5 7 7 9 10 10 12 14 14 14 14 15 17 19 19 19 21 23 24 33 
4 M2 T2 2 3 5 7 8 9 10 10 12 14 16 16 16 16 17 17 17 19 19 19 19 31 
4 M2 T1 2 3 5 7 8 10 11 11 13 15 15 15 15 15 17 17 17 19 20 20 20 20 
4 M1 T1 3 4 5 7 8 8 9 10 13 15 15 15 15 15 15 15 15 15 15 15 15 15 
4 M1 T2 2 4 5 7 8 9 10 10 14 14 14 14 16 18 20 20 20 20 20 20 21 32 
4 M2 T3 3 4 6 7 8 10 12 12 14 15 15 16 18 18 20 22 22 22 22 22 22 29 
4 M3 T3 2 3 5 6 7 8 9 11 13 15 15 15 15 16 17 19 20 20 20 20 20 20 
4 M3 T2 2 3 5 6 7 9 10 11 14 14 14 14 15 16 16 16 16 18 18 18 18 18 
4 M3 T1 2 3 4 5 7 8 9 9 11 13 13 14 14 16 17 17 17 18 18 18 18 18 
4 M1 T3 3 4 6 7 8 9 10 11 14 14 14 14 15 15 17 17 17 17 17 17 17 31 

Number of leaves 
 
 



Replica Soil 
mix 

Treatment 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 

1 M3 T2 1.5 3 4.5 6.2 6.5 7.2 7.8 8 8.2 10.7 11 11.1 11.2 11.2 12 12 12.5 12.5 12.7 13 13 13 
1 M2 T1 1.6 2.4 4.4 5.3 7 7.7 8 8.7 8.9 10 10.2 10.5 10.5 11.1 11.5 12 12 13 13 13 13 13 
1 M2 T3 1.4 4 4.5 6.5 6.9 8.7 9 9.2 9.9 11 11.2 11.5 11.7 12.5 13 13 13 13.5 13.5 14 14 14 
1 M3 T1 1.1 2.4 4.3 5 5 6.7 8 8.5 9.5 10.5 11 11.5 12 12.9 13 13 14 14.5 15 15 15 15 
1 M3 T3 1.3 2.6 4 5.5 6.1 7 8.2 8.4 9 9.5 9.7 10 10 10.2 10.3 11 11 11.2 11.5 11.5 12 12 
1 M2 T2 2.1 4 4.8 5.3 5.6 6.4 8 8.4 8.7 8.7 9 9.5 9.7 10 10 10 10.2 10.4 10.4 11 11 11 
1 M1 T3 2.3 4.3 5.6 6.8 7 7.9 8.8 9.4 9.5 9.7 10 10.3 10.5 10.5 10.6 11 11 11 11.5 11.5 11.5 11.5 
1 M1 T2                       
1 M1 T1 2.5 4.1 5.5 5.7 6 7.8 8.5 8.5 9 9 9.5 9.5 9.7 10 10 10.5 10.5 10.7 11 11 11 11 
2 M3 T2 1.2 2.2 4 5.1 6 6.8 7.2 8 8.1 8.8 9.2 9.5 9.5 9.6 10 10 10.5 10.5 11.5 11.5 11.5 11.5 
2 M1 T1 1.3 2.4 3.9 4 7 8 9 9 9.5 9.5 9.6 9.7 10 10 10 10.5 10.5 11 11.5 11.5 12 12 
2 M1 T3 2 4.4 5.7 7.5 7.6 8.2 9.5 9.6 10 10.5 10.5 11 11.3 11.5 11.5 11.7 12 12.2 12.5 12.5 12.5 12.5 
2 M2 T3 1.1 2.9 5 6.3 8.5 9 9.2 9.6 10 10.3 10.5 10.5 11 11 11.2 11.5 11.5 11.5 12 12 12 12 
2 M3 T1 1.2 1.4 4.4 5.6 5.9 7 7 7.8 8.2 8.2 10.2 10.7 11.3 11.5 11.5 11.5 11.9 12 12 12.5 12.5 13 
2 M2 T2 1.7 3.5 5 5.2 5.5 6.7 7.5 8.3 8.5 9 9.6 10.3 11 11.5 11.5 11.6 12 12 12 12.5 12.5 12.5 
2 M1 T2 2.9 4.5 5.2 6.5 7.4 8.5 9.7 10.5 11 11.4 12 12.1 12.5 13 13 13.5 13.5 13.5 13.5 14 14 14 
2 M2 T1 1.3 3 4.7 5 6 7.6 8 8.5 8.7 8.9 9.5 9.7 9.8 10 10 10 10.5 10.5 11 11 11 11 
2 M3 T3 1.1 2.2 5.5 6.1 8 8.3 9 9.8 10 10 10.5 10.6 11 11.6 12.2 12.3 12.5 12.9 13 13 13.5 14 
3 M1 T3 2.7 4.3 5.4 5.7 6 8 8.3 8.5 9.5 9.5 9.8 10.2 10.4 10.5 10.5 10.5 10.8 11 11 11 11.5 11.5 
3 M1 T2 2.4 4 4.6 5.3 6 6.5 8.4 9.5 10 10 10 10 10.5 10.5 11 11.5 11.5 11.5 12 12 12 12.1 
3 M3 T1 1 2.5 3.6 5 5.7 6.5 7.3 7.3 7.5 8.6 8.6 8.7 9 9 9.5 9.5 9.5 9.5 10 10 10 95 
3 M2 T3 1.7 3.4 5.3 6.3 7.4 9 9.3 9.4 9.7 11.5 11.7 12 12 12 12 12.5 12.5 12.5 12.5 12.7 13 14.5 
3 M2 T1 1.4 3 5.6 6 7.2 8 8.5 9 9 9.2 9.2 9.3 9.6 9.8 10 10.5 10.5 10.5 10.5 10.5 10.5 11 
3 M1 T1 2.7 3.9 4.9 5 5.5 8 8.6 8.6 9 9.4 9.5 9.5 9.6 10 10.3 10.5 10.5 10.5 10.5 10.5 11 11 
3 M3 T3 1.1 2 3.8 4.2 6.5 7.1 7.2 8.5 8.5 9 9.6 10.2 10.4 10.5 10.5 11 11 11 11.5 11.5 11.5 12 
3 M2 T2 2.2 4.1 5.1 5.5 7.8 8.4 8.6 9 9.7 10.5 10.6 10.7 11 11 11.1 11.5 11.5 11.5 11.5 11.7 12 14 
3 M3 T2 1.6 2.4 4.8 6 6.5 7.5 8.4 8.7 9 10.5 10.5 10.6 11 11.4 11.5 11.5 11.7 11.9 12 12 12.5 13 
4 M2 T2 1.9 3.4 4.3 4.5 7.7 8 8 8.6 9.5 11 11 11 11.2 11.5 11.5 11.5 11.7 12 12 12.5 13 13 
4 M2 T1 1.2 2.5 6 6 7.7 8.5 8.5 8.5 9 9.3 9.4 9.5 9.5 9.5 9.5 9.6 9.8 10 10 10 10 10 
4 M1 T1 2.5 4.3 4.4 4.9 5.9 7.5 8 8.3 10.2 10.2 10.3 10.4 10.5 10.5 10.5 11 11 11 12.2 12.2 12.2 12.2 
4 M1 T2 2 4.5 6.5 7.7 8 8.4 8.5 9.2 9.5 11 11 11.2 11.5 11.5 11.6 12 12 12 12 12 12.5 13 
4 M2 T3 1.7 3.5 5 6 6.4 8.6 9 9 9 9.5 9.6 9.9 10 10 10 10 10.3 10.5 11 11 11 11 
4 M3 T3 1.1 3 4.3 4.9 7.1 8.5 8.6 8.8 9 9.5 9.5 9.5 10 10.3 10.5 10.5 10.5 10.6 11 11 11 11 
4 M3 T2 1.3 2.5 4.9 5.4 8 8.2 8.5 8.7 9 10 10.3 10.5 11.1 12 12 12.5 12..5 12.5 13 13 13 13 
4 M3 T1 1.1 1.5 5.1 5.4 5.4 7.5 8 8.5 8.7 9 9.2 9.5 9.5 9.6 9.7 10 10.3 10.5 10.5 10.5 10.5 10.5 
4 M1 T3 2.3 4 5.5 6 7.5 8.3 9 9 9.2 10.7 10.9 11 11 11 11.2 11.5 11.5 11.5 12 12 12 13 

Plant’s height 
 



Replica Soil 
mix 

Treatment 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 M3 T2 1.1 3.9 12.5 50.2 99.6 112.5 154.9 159.1 211.4 327.5 416.7 431.3 445.5 
1 M2 T1 1.2 54 16.8 61 120.5 144.9 148.2 208.6 250.7 304.1 339.5 386.7 480.2 
1 M2 T3 1.9 6.5 22.9 71.9 120.1 153.9 190.4 208.9 302.0 432.1 446.6 480.9 491.5 
1 M3 T1 0.7 2.3 9.6 37.8 86.8 130.0 156.1 237.1 288.5 398.2 415.8 457.3 469.1 
1 M3 T3 1.1 4.8 18.2 54.7 103.0 128.0 171.4 184.7 339.4 449.0 458.2 464.2 479.4 
1 M2 T2 2.4 10.2 31.5 82.8 126.1 172.2 196.1 201.1 217.7 304.6 347.6 357.9 376.0 
1 M1 T3 2.7 12.4 40.4 84.9 149.1 216.0 227.4 244.9 290.2 368.1 387.6 490.5 508.9 
1 M1 T2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
1 M1 T1 2.4 10.6 32.0 73.6 155.6 189.8 195.1 220.8 269.8 341.2 344.4 557.7 569.5 
2 M3 T2 1.1 3.8 11.2 44.3 92.2 131.1 153.3 168.4 227.9 314.6 319.2 333.3 345.4 
2 M1 T1 0.7 2.8 9.9 35.9 115.8 149.7 222.5 245.0 301.2 385.3 379.6 442.3 458.1 
2 M1 T3 1.9 11.3 33.6 75.4 156.6 222.4 253.4 298.2 353.5 468.8 477.5 491.0 498.4 
2 M2 T3 1.0 5.7 17.0 70.7 133.3 208.5 213.0 228.7 266.2 334.5 338.9 406.6 425.8 
2 M3 T1 0.6 2.6 9.3 23.4 88.1 114.2 182.1 187.2 284.4 378.6 401.7 483.0 502.9 
2 M2 T2 1.6 6.4 22.1 70.1 111.0 152.5 163.7 195.6 262.1 320.5 363.4 377.2 395.1 
2 M1 T2 2.2 12.3 39.4 98.2 170.6 227.9 267.3 297.5 388.4 535.3 560.5 579.8 595.5 
2 M2 T1 1.5 6.3 19.5 66.9 109.4 169.7 169.8 199.6 226.6 282.5 303.8 335.9 352.0 
2 M3 T3 1.0 3.6 14.9 34.7 103.8 172.0 223.2 233.2 381.8 447.7 500.1 506.1 527.9 
3 M1 T3 2.6 14.3 34.7 80.2 122.3 170.7 185.7 204.3 262.1 313.1 337.0 395.4 416.2 
3 M1 T2 2.6 14.3 34.4 78.3 146.5 178.3 200.4 203.6 313.1 426.7 449.3 479.8 496.7 
3 M3 T1 0.9 4.5 10.9 48.6 94.5 132.6 146.4 167.3 188.7 230.7 273.4 283.1 295.5 
3 M2 T3 1.6 8.9 23.1 77.1 126.4 175.7 194.7 220.6 381.4 498.1 505.8 521.0 531.0 
3 M2 T1 0.9 4.6 12.0 53.2 116.8 178.0 205.7 243.9 274.9 325.9 341.1 355.6 364.9 
3 M1 T1 2.6 14.3 34.7 80.2 122.3 170.7 185.7 204.3 262.1 313.1 337.0 395.4 416.2 
3 M3 T3 0.6 2.8 9.4 30.2 82.4 140.4 179.0 199.2 218.9 305.0 351.2 453.5 481.1 
3 M2 T2 1.5 7.6 19.5 76.0 110.6 194.5 208.7 218.5 325.6 389.8 436.1 455.1 472.8 
3 M3 T2 0.9 3.8 11.7 53.5 115.7 167.0 169.5 195.1 312.4 417.7 469.4 494.0 506.3 
4 M2 T2 1.5 6.3 25.3 77.8 106.4 160.8 189.0 213.0 318.0 406.0 422.1 457.4 471.7 
4 M2 T1 1.3 4.7 15.3 70.9 134.9 148.8 162.6 189.9 212.8 272.8 294.2 306.9 322.1 
4 M1 T1 3.1 11.0 31.2 75.1 110.4 113.0 161.7 182.0 224.5 271.9 326.1 361.7 368.7 
4 M1 T2 2.1 10.5 30.5 84.5 149.5 179.5 262.8 279.1 362.1 459.7 479.2 502.4 516.1 
4 M2 T3 1.8 8.8 26.5 82.2 152.0 173.6 230.7 242.4 278.2 347.3 375.4 393.3 405.7 
4 M3 T3 0.8 3.9 13.9 40.4 85.4 133.9 179.4 200.7 258.5 347.0 367.1 386.6 398.8 
4 M3 T2 1.0 5.1 10.6 57.2 108.4 161.9 202.1 210.0 335.7 451.6 470.3 500.7 518.3 
4 M3 T1 0.9 3.5 6.6 41.4 108.9 124.8 147.4 195.9 198.0 259.9 294.0 294.6 309.5 
4 M1 T3 2.8 11.7 39.3 80.6 132.7 146.7 183.1 244.1 323.9 465.7 496.0 439.6 458.4 

Foliar area 
 



Appendix 2 (Phenological) raw data 
Include raw data related to chlorophyll and biomass (fresh and dried mass). 

Replica Soil mix Treatment Fresh weight Dried weight 
1 M3 T2 78 20.0772 
1 M2 T1 90 19.7823 
1 M2 T3 88 18.3841 
1 M3 T1 94 23.8763 
1 M3 T3 78 19.8902 
1 M2 T2 73 21.3172 
1 M1 T3 96 17.1782 
1 M1 T2   
1 M1 T1 86 22.7075 
2 M3 T2 80 20.2048 
2 M1 T1 71 24.1572 
2 M1 T3 68 21.3309 
2 M2 T3 77 16.1532 
2 M3 T1 68 18.732 
2 M2 T2 81 13.6229 
2 M1 T2 78 23.7412 
2 M2 T1 80 19.2263 
2 M3 T3 90 24.7322 
3 M1 T3 66 21.3575 
3 M1 T2 74 16.7542 
3 M3 T1 64 18.9855 
3 M2 T3 56 19.2514 
3 M2 T1 62 22.4842 
3 M1 T1 78 19.9565 
3 M3 T3 87 18.4022 
3 M2 T2 77 20.2939 
3 M3 T2 83 21.9998 
4 M2 T2 82 29.3271 
4 M2 T1 76 19.5422 
4 M1 T1 84 24.1011 
4 M1 T2 80 23.7175 
4 M2 T3 65 19.841 
4 M3 T3 88 19.8754 
4 M3 T2 82 21.7896 
4 M3 T1 92 18.2701 
4 M1 T3 76 24.1109 

 
 



 

Appendix 3 Soil and watering raw data 
Replica Soil mix Treatment 1 2 3 4 5 

1 M3 T1 9 8 6 7 8 

1 M2 T3 8 8 6 7 8 

1 M3 T2 8 8 6 7 8 

1 M2 T1 8 7 6 7 8 

1 M3 T3 9 7 6 6 7 

1 M2 T2 0 0 0 0 0 

1 M2 T2 8 7 6 7 7 

1 M2 T1 8 7 6 7 7 

1 M2 T3 8 7 7 7 8 

2 M3 T1 9 8 6 7 7 

2 M2 T3 8 7 6 7 8 

2 M2 T2 8 7 7 7 7 

2 M3 T3 9 7 6 7 6 

2 M2 T3 7 8 7 6 8 

2 M3 T2 8 9 6 6 8 

2 M2 T1 8 7 7 7 8 

2 M2 T2 9 7 6 7 7 

2 M2 T1 8 7 7 7 7 

3 M2 T2 8 7 6 7 7 

3 M3 T2 9 9 6 7 7 

3 M2 T3 8 7 6 7 7 

3 M2 T2 8 8 7 7 6 

3 M2 T3 8 8 6 7 7 

3 M2 T1 8 7 5 6 8 

3 M2 T1 8 8 6 7 7 

3 M3 T1 9 7 6 6 8 

3 M3 T3 8 8 6 6 6 

4 M2 T2 9 7 6 6 7 

4 M3 T2 8 9 7 7 7 

4 M2 T2 8 7 7 7 7 

4 M2 T3 8 8 7 7 8 

4 M3 T1 9 7 7 6 6 

4 M2 T3 8 8 7 6 7 

4 M3 T3 7 7 7 6 6 

4 M2 T1 7 7 7 6 7 

4 M2 T1 7 7 7 6 8 
pH 

 



 

Replica Soil mix Treatment 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 

1 M3 T1 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

1 M2 T3 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

1 M3 T2 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

1 M2 T1 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

1 M3 T3 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

1 M1 T2 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

1 M2 T2 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

1 M1 T1 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

1 M1 T3 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

2 M3 T1 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

2 M1 T3 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

2 M1 T2 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

2 M3 T3 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

2 M2 T3 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

2 M3 T2 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

2 M2 T1 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

2 M2 T2 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

2 M1 T1 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

3 M2 T2 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

3 M3 T2 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

3 M2 T3 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

3 M1 T2 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

3 M1 T3 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

3 M2 T1 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

3 M1 T1 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

3 M3 T1 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

3 M3 T3 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

4 M2 T2 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

4 M3 T2 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

4 M1 T2 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

4 M1 T3 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

4 M3 T1 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

4 M2 T3 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

4 M3 T3 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

4 M2 T1 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

4 M1 T1 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

5 M2 T3 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

5 M1 T3 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

5 M2 T1 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

5 M1 T2 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

5 M1 T1 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

5 M2 T2 7 15 0 15 19 16 10 9 14 13 14 15 16 10 10 15 20 0 35 35 35 30 30 35 35 35 30 30 30 40 45 65 60 60 60 60 60 60 60 100 100 100 100 100 100 60 60 60 60 60 60 60 60 

Irrigation



 

Appendix 4 Web application for monitoring the plant growth 
chamber 
The information collected by the system is sent via HTTP protocols to the ThingSpeak 
website, which was used for storing and analyzing the collected data. A responsive web 
application was developed that allows users to visualize the stored data of the environmental 
variables of the growth chamber through graphs. Additionally, a mobile application for 
Android was designed for the same purpose. A fault alert system was implemented that 
notifies via email if any issue occurs that prevents data transfer to the website for more than 
30 minutes. 

 
Web application and mobile application developed. 

 
For the crop surveillance system, a Boeroy Mzb10 video camera was used, which features 
an integrated microphone. This device allows connection to the V380 Pro mobile application, 
enabling real-time viewing of the crop's status and allowing verification of the proper 
functioning of the grow lamps. 



 

Appendix 5 Maximum, minimum, and average environmental 
variables obtained per day 
 

Date 
Average  

temperature  
(ºC) 

Maximum  
temperature 

(ºC). 

Minimum  
temperature 

(ºC). 

Average  
Humidity  

Maximum  
Humidity 

Minimum  
Humidity 

Average  
CO2 

(ppm) 

Maximum  
CO2 

(ppm) 

Minimum  
CO2 (ppm) 

9/30/2024 23.4 24.8 22.6 60.5 69.3 57.4 607.8 1482.0 247.0 
10/1/2024 23.5 25.8 22.3 57.7 74.6 54.0 496.3 2130.0 239.0 
10/2/2024 24.9 25.9 23.1 51.9 62.9 46.4 472.3 1773.0 239.0 
10/3/2024 25.0 26.0 23.2 49.1 60.7 43.3 563.7 1804.0 243.0 
10/4/2024 25.2 26.2 23.3 50.0 58.0 44.2 522.9 1851.0 239.0 
10/5/2024 25.6 26.9 23.9 49.1 53.8 44.8 344.7 599.0 239.0 
10/6/2024 26.5 26.9 24.5 49.5 53.4 48.2 354.7 394.0 252.0 
10/11/2024 24.9 25.3 23.9 42.3 46.2 39.7 353.2 577.0 239.0 
10/12/2024 23.8 25.3 22.5 41.6 58.1 38.4 405.5 2192.0 239.0 
10/13/2024 23.2 24.0 22.0 46.0 54.7 42.1 347.8 971.0 239.0 
10/14/2024 24.1 25.2 22.4 55.2 64.5 47.5 329.3 839.0 239.0 
10/15/2024 24.4 25.5 22.2 62.6 72.4 57.5 574.2 2427.0 258.0 
10/16/2024 24.6 25.7 22.8 62.7 66.8 58.4 442.2 1796.0 239.0 
10/17/2024 24.7 25.6 22.6 63.2 72.0 58.1 483.5 2398.0 239.0 
10/18/2024 24.5 25.5 18.3 62.5 70.0 56.7 430.9 1589.0 239.0 
10/19/2024 24.7 25.4 22.7 60.2 72.0 50.7 486.8 1983.0 239.0 
10/20/2024 24.2 25.2 22.6 57.5 81.9 50.6 360.7 1299.0 239.0 
10/21/2024 24.5 25.2 23.1 63.5 75.4 59.1 516.4 1928.0 239.0 
10/22/2024 24.5 25.3 23.2 61.9 72.4 59.1 463.3 1917.0 239.0 
10/23/2024 24.3 25.2 22.4 62.3 67.9 57.2 516.6 1796.0 239.0 
10/24/2024 24.2 25.1 22.5 61.5 65.5 57.9 407.6 1157.0 239.0 
10/25/2024 24.0 25.0 22.3 62.5 70.9 55.4 411.8 2042.0 239.0 
10/26/2024 23.9 24.7 22.6 61.7 70.9 57.0 578.7 2432.0 239.0 
10/27/2024 23.8 24.6 22.0 60.7 69.5 57.9 411.1 1668.0 239.0 
10/28/2024 23.7 24.6 21.9 61.4 66.4 58.2 425.2 1299.0 239.0 
10/29/2024 23.9 24.5 22.2 62.3 67.4 57.5 541.7 1930.0 239.0 
10/30/2024 23.9 24.7 22.1 61.9 71.0 57.4 451.3 1682.0 239.0 
10/31/2024 24.5 25.7 22.6 62.0 68.6 57.7 596.8 2115.0 239.0 
11/1/2024 24.6 25.9 21.8 70.3 92.0 46.9 724.3 3023.0 239.0 
11/2/2024 23.7 24.9 21.8 67.8 77.7 53.6 555.2 2214.0 239.0 
11/3/2024 23.2 24.8 21.0 67.8 78.3 52.4 449.0 2010.0 239.0 
11/4/2024 22.7 23.9 20.9 68.5 78.2 57.8 428.1 1090.0 239.0 
11/5/2024 22.7 23.8 20.8 70.6 78.6 58.5 505.4 1855.0 239.0 
11/6/2024 22.8 23.9 21.5 69.2 79.1 59.5 464.1 1592.0 239.0 
11/7/2024 22.7 24.0 20.5 71.1 80.8 59.7 571.9 2484.0 239.0 
11/8/2024 22.7 24.1 20.5 71.3 80.6 59.1 505.4 1781.0 239.0 



 

11/9/2024 22.9 24.1 21.0 70.6 80.6 60.4 402.3 1347.0 239.0 
11/10/2024 22.9 24.2 20.7 71.2 80.5 60.0 416.7 1562.0 242.0 
11/11/2024 22.9 24.1 21.4 69.5 79.8 60.4 422.3 1342.0 239.0 
11/12/2024 22.8 24.2 20.7 70.2 79.1 60.1 554.2 1659.0 239.0 
11/13/2024 22.5 24.0 21.0 70.2 80.3 60.4 526.9 2022.0 239.0 
11/14/2024 22.3 23.3 20.6 71.2 81.1 60.9 361.6 860.0 239.0 
11/15/2024 21.8 23.2 18.8 67.0 83.0 59.2 489.5 1820.0 239.0 
11/16/2024 21.4 22.3 19.9 67.9 79.6 56.7 537.7 2714.0 239.0 
11/17/2024 21.5 22.3 19.8 69.1 78.1 62.4 444.5 1682.0 239.0 
11/18/2024 21.5 22.4 19.9 69.4 77.8 61.7 453.7 1578.0 239.0 
11/19/2024 21.6 22.4 20.1 69.8 78.0 61.9 373.9 975.0 239.0 
11/20/2024 21.6 22.5 20.3 70.1 77.6 62.1 378.2 791.0 239.0 
11/21/2024 21.4 22.3 19.9 68.6 78.6 60.3 365.3 1020.0 239.0 
11/22/2024 21.3 22.1 20.5 68.3 78.3 58.9 366.8 888.0 239.0 
11/23/2024 21.4 22.1 20.3 60.4 73.2 38.4 360.6 474.0 242.0 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Appendix 6 Photos of the experiment. 

 
Taken on October 17th. 

 

 
Taken on October 23rd. 

 



 

 
Taken on October 26th. 

 

 
Taken on November 2nd. 

 



 

 
Taken on November 23rd. 

 

 
Taken on November 23rd. 

 
 
 


