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Abstract 
Obtaining nutritious food is becoming increasingly difficult due to the grow-
ing urban population and the degradation of soil, water, and air from mecha-
nized and industrialized agricultural techniques. More than half the global 
population resides in urban areas, with not enough surrounding agricultural 
land to meet food requirements. Food traveling long distances, an average of 
1020 miles, has resulted in increased food miles for the average food item in 
the United States of America, representing wasted resources. The novel 
GREENBOX technology was invented in response to increasing pressures on 
food security. Previous studies conducted on GREENBOX technology as-
sessed the technical feasibility of utilizing Lettuce Lactuca sativa ‘Rex Butter-
head’. We at the APS Laboratory for Sustainable Food at Florida Gulf Coast 
University assessed the technical feasibility of growing different leafy green 
vegetable crops. GREENBOX technology consists of thermally insulated cli-
mate-controlled enclosures, an artificial lighting source, a soilless cultivation 
method (hydroponics), and environmental control modules. We assembled 
two GREENBOX units to assess the environmental conditions and growth 
performance of Brassica rapa var. chinensis ‘Li Ren Choi’, Spinach Spinacia 
oleracea ‘Auroch’, Arugula Eruca sativa ‘Astro’, and Mizuna Brassica Brassica 
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rapa var. japonica. Plugs were cultivated and then transplanted in a rando-
mized manner to the nutrient film technique (NFT) channels, subsequently 
grown for 30 days to full bloom and ready for harvest. Fertigation was carried 
out using a standard concentration nutrient solution. Crops were arranged in 
twelve blocks of four species each. We collected environmental data including 
daily light integral (DLI, mol/m2∙d), temperature (˚C), relative humidity (%), 
and vapor pressure deficit (VPD, kPa). Collected biomass data included wet 
weight (g), dry weight (g), leaf area (cm2), and chlorophyll concentration 
(mg/cm2). We then derived the Specific Leaf Area (SLA, cm2/g). Descriptive 
statistics were utilized to understand the differences in biomass parameters 
between the four crops grown. We also compared the performance parameters 
of our crops with existing peer-reviewed literature and found it superior, if not 
comparable to commonly found industrial output. We determined that all 
crops grew to full bloom, demonstrating that GREENBOX technology may be 
used to grow a variety of different leafy green vegetable crops. 
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1. Introduction 

The security of food production systems is under increasing pressure from a va-
riety of factors as discussed below. The global population has increased from 2.5 
billion in 1950 to a projected population of 11.2 billion nearing 2100 [1]. A result 
of global population growth is an unprecedented increase of pressure on food 
production systems [2]. As the population grows, it does not spread evenly and 
is more concentrated in urban areas. According to the United Nations, 2007 
marked the first time in history the number of residents in urban areas was 
greater than that in rural areas, and urban populations are expected to continue 
increasing to over 60% by 2030 [3] [4]. There are increased pressures on global 
food security [5] as the two major agricultural powers in war, Russia and Ukraine, 
both provide crucial agricultural products to global markets [6].  

With more residents in urban areas than ever before, food deserts are becom-
ing more prominent accompanied by rising food insecurity. Food deserts are 
identified as urban areas with lower accessibility to fresh foods which primarily 
affect socio-economically disadvantaged people [7]. Food insecurity is a term 
that describes the phenomenon of people in food deserts having limited access to 
adequate, safe, and nutritious food for daily needs and healthy living [8] [9]. 
Major chain supermarkets are oftentimes unwilling to locate their stores in the 
inner city or low-income neighborhoods due to obstacles such as lower profita-
bility from high overhead costs and low profit margins, increased crime rates, 
and cultural biases [10] [11] [12] [13]. The absence of supermarkets and fresh 
produce in food deserts allow an abundance of readily available calorie-dense 
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foods that are nutrient poor to be present in food deserts [14]. A nutrient rich 
balanced diet is essential to human health and since these foods cannot be easily 
obtained by people living in food deserts, they are more likely to develop obesity 
and diabetes, which together account for $395 billion in annual medical costs 
and lost productivity [15] [16]. Decreased security of food production systems is 
the result of urban population growth and food deserts. As of 2018, 11% of the 
United States population faced food insecurity and this number continues to in-
crease [17]. 

Traditional soil-based agriculture requires an immense amount of space for 
efficient crop production, currently encompassing an area of 48 million km2 
[18]. With industrial farming moving farther from urban areas, food must be 
transported longer distances to reach consumers. The number of miles food 
must travel from its origin to consumer is termed food miles [3]. On average, 
food travels over 1020 miles (1640 kilometers) from source to consumer in the 
United States of America [3]. 

According to the Food and Agricultural Organization (FAO), meeting the 
demand for a rapidly growing population requires a 70% increase in food pro-
duction capacity between 2005 and 2050, despite the declining arable land per 
capita [19]. Although immense increases in food productivity are necessary, 
there are many threats to conventional agriculture which include soil, air, and 
water pollution, soil salinization from excessive fertilizer use, desertification, 
climate change induced droughts, extreme variation in temperatures, extreme 
variation in solar radiation, and the spread of pests [20]. As natural resources 
deplete, the current global agricultural system cannot be sustained, and food 
production demands cannot be met, creating a need for a more resource efficient 
avenue of fresh food production. 

Controlled environment agriculture (CEA) may serve as an alternative avenue 
for crop production. The term, controlled environment agriculture, was first 
conceptualized in the 1960s, but had minuscule applications in the agricultural 
industry [21] [22]. CEA is defined as a closed-system farming method that uses a 
smaller footprint to grow crops [23]. The six main features commonly found in 
CEA setups include: 1) a structure that is thermally insulated with non-trans- 
parent walls; 2) a multi-tiered system that accommodates crops and lighting; 3) 
pumps to remove heat generated by lights and dehumidify the unit; 4) carbon 
dioxide delivery unit to enhance photosynthesis; 5) nutrient delivery system; and 
6) environmental control units for electrical conductivity and pH regulation to 
support nutrient flows [24]. CEA commonly uses soilless cultivation systems 
such as hydroponics, aeroponics, or aquaponics [25]. 

GREENBOX technology was developed using principles of CEA by the Yang 
Laboratory at the University of Connecticut using novel low-cost independently 
functioning units capable of fresh crop production in warehouse settings [26]. 
Technical feasibility studies were carried out [27] [28] [29] and found GREENBOX 
technology to be technically viable for crop production year-round. The perfor-
mance was comparable to greenhouse production [30] [31] and found to be fi-
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nancially feasible, costing $400 a unit [32]. 
Previous studies on crop production using GREENBOX technology grew Let-

tuce Lactuca sativa ‘Rex Butterhead’. We at the APS Laboratory for Sustainable 
Food at Florida Gulf Coast University were interested in determining the tech-
nical performance of different leafy vegetable crops using GREENBOX technol-
ogy. The main aim of this experiment was to assess the environmental condi-
tions and biomass performance of Brassica rapa var. chinensis ‘Li Ren Choi’, 
Spinach Spinacia oleracea ‘Auroch’, Arugula Eruca sativa ‘Astro’, and Mizuna 
Brassica Brassica rapa var. japonica. Results from this study will help expand the 
scope of applicability using GREENBOX technology for different types of crop 
production. 

2. Materials and Methods 
2.1. Location 

The experiments were carried out at Florida Gulf Coast University (FGCU) in 
the Aquarium Room 114 of Academic Building 9. The experiment location was 
maintained between 20.5˚C and 22.2˚C by the Work Management Center. As 
with previously conducted studies on GREENBOX technology at the University 
of Connecticut, the laboratory had warehouse-like conditions defined by tall 
ceilings and fewer windows. The climate of Southwest Florida is characterized by 
a tropical climate, with a wet summer season and a contrasting dry season from 
mid-fall to late spring [33]. The average annual temperature in Fort Myers was 
24.5˚C with a low temperature of 18.8˚C in the month of January and a high 
temperature of 28.7˚C in the month of August [34]. 

2.2. Experimental Setup 

Our experimental setup was similar to previously conducted studies of GREENBOX 
technology [27] [28] [29], which included two thermally insulated grow tents, 
light emitting diodes (LED) lighting elements, a nutrient film technique (NFT) 
hydroponic system, a nutrient reservoir, and environmental control modules. 

We assembled two thermally insulated grow tents (The Original Gorilla Grow 
Tent® 5 × 5, Gorilla Inc., Santa Rosa, California) which had dimensions of 1.52 × 
1.52 × 2.12 m and weighed 33.9 kg. Constructed with dense 1680D fabric ma-
terial, each tent was free of disturbance from external influences allowing for a 
uniform controlled environment throughout the growth process. 

To facilitate photosynthesis for our chosen crops, we installed four light fix-
tures (FREELICHT 4 ft LED Grow Light 60 W, Amazon, Seattle, Washington) in 
each GREENBOX unit. Each light fixture had three LED bead colors of white, 
yellow, and red. Lights were attached to the ceiling of the tent by support rat-
chets (Heavy-Duty Stainless-Steel Gear Ratchets, AC Infinity, Los Angeles, Cali-
fornia) which collectively produced 12,000 lumens of light and 14,000 K color 
temperature. We used a programmable timer (Mechanical 24-Hour Programm-
able Dual Outlet Timer, BN Link, Santa Fe, California) with LED light sources to 
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control light duration throughout the entire growth process. The lights were po-
sitioned 0.31 m above the crop canopy. 

Two Fans (CLOUDLINE T6, 6” Inline Duct Fan with Temperature Humidity 
Controller, AC Infinity, Los Angeles, California) were utilized to establish a ven-
tilation system in the two GREENBOX units. The fans had duct openings that 
measured 0.15 m in diameter, an airflow capacity of 11.38 cubic meters per 
minute (CMM), and a power rating of 38 watts. A single fan was placed in the 
top vent of each GREENBOX unit in a position that directed airflow outwards. 
The bottom vent was left open to provide air intake, creating recirculating air 
movement in the tents. The built-in environmental sensors were placed in the 
center of the grow tents at the same elevation as the crops and continuously 
recorded humidity, temperature, and vapor pressure deficit every 15 minutes 
throughout the growth cycle which represented critical environmental condi-
tions the crops were exposed to [35]. We utilized light sensors (FUTUREHORTI 
Light PAR Meter PPFD Tester, Amazon Inc., Seattle, Washington) to collect da-
ta on the photosynthetic photon flux density (PPFD, µmol/m2∙s) and daily light 
integral (DLI, mol/m2∙d). Monitoring the DLI of each GREENBOX unit allowed 
us to ensure plants were receiving sufficient light for growth. 

The soilless cultivation system in each GREENBOX unit consisted of four 
Nutrient Film Technique (NFT) hydroponic channels (HydroCycle 4” Pro NFT 
Series 4’ Channels, FarmTek®, Dyersville, Iowa) that were uniformly placed 0.3 
m apart on a tray stand (SKU number HGC706122, Fast Fit Ltd., Hawthorne 
Gardening Company, Vancouver, Washington) with 1.22 × 1.22 m dimensions. 
Each channel was made with UV stabilized plastic and had dimensions of 0.10 × 
0.05 × 1.22 m. Each NFT channel had six square holes that were 0.15 m apart 
where the crops were placed. 

We measured the pH and electrical conductivity using a portable pH/EC me-
ter (CANNABMALL TDS PPM pH Meter, Amazon Inc., Seattle, Washington) to 
ensure the nutrient solution stayed within the desired pH and EC range. The 
nutrient solution was placed in a reservoir (Hudson Exchange High Density Po-
lyethylene 7 Gallon Bucket, Amazon Inc., Seattle, Washington). 

A submersible pump (Active Aqua AAPW400 Submersible Water Pump, Hy-
drofarm®, Petaluma, California) was placed in the nutrient solution reservoirs. 
With a power rating of 25 W and 120 V, the pump circulated 25 L of nutrient 
solution per minute into the NFT channels providing the crops with the neces-
sary water and nutrient requirements for growth. The NFT channels were posi-
tioned with a slight incline allowing gravity to carry the nutrient solution from 
the inflow to the outflow tubing and back into the nutrient reservoir, establish-
ing a closed system of nutrient solution flow. The nutrient solution to support 
crop growth was formulated by utilizing a combination of (Jack’s Nutrients 
5-12-26 Part A FeED, JR Peters Inc., Allentown, Pennsylvania) and (Jack’s Nu-
trients 15-0-0 Calcium Nitrate Part B, JR Peters Inc., Allentown, Pennsylvania). 

We used four different crops in this experiment which included Brassica rapa 
var. chinensis ‘Li Ren Choi’, Spinach Spinacia oleracea ‘Auroch’, Arugula Eruca 
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sativa ‘Astro’, and Mizuna Brassica Brassica rapa var. japonica, all grown from 
seeds (Johnny’s Selected Seeds, Fairfield, Maine). We chose these leafy green 
vegetables because they possess favorable characteristics for growth in controlled 
environments which includes a maximum height of roughly thirty centimeters 
and a relatively short growth cycle between ten to thirty days [36] [37]. Figure 1 
illustrates the experimental setup. 
 

 
(Side View) 

 
(Top View) 

 

Figure 1. The experimental setup for crop production of Brassica rapa var. chinensis ‘Li 
Ren Choi’, Spinach Spinacia oleracea ‘Auroch’, Arugula Eruca sativa ‘Astro’, and Mizuna 
Brassica Brassica rapa var. japonica using GREENBOX technology. 
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2.3. Experimental Procedure 

We conducted our experiments between February and April 2023 which in-
cluded a plug preparation stage followed by a 30-day growing period. We first 
began by sowing the four different crop seeds in a starter growth medium (Hor-
ticube XL 104-Cell Sheets, Oasis® Grower Solutions, Kent, Ohio) with dimen-
sions of 2.54 × 3.18 × 3.81 cm. After saturating the Horticube with plain reverse 
osmosis (RO) water, we placed a single seed in each cell of the Horticube, total-
ing 27 of each crop. We covered the seeds with a layer of newspaper and put the 
covered tray inside the GREENBOX unit in complete darkness for 48 hours. 

After uncovering, LED lighting elements were programmed to provide 16 
hours of light per day from 06:00 to 22:00 which remained consistent for the rest 
of the growth cycle. We fertigated the seeds with a starter synthetic fertilizer so-
lution which was formulated by mixing 3.6 grams of “Jack’s Nutrients Hydro-
ponic 15-0-0” (calcium nitrate) and 3.8 grams of “Jack’s Nutrients Part A 
5-12-26” in every 10 L of RO water. We irrigated the seedling tray by adding 100 
- 400 mL of starter solution daily to maintain saturation of the Horticube until 
two leaves after the cotyledons had developed for each crop type indicating they 
were ready for transplant into the NFT channels. 

Once plugs were prepared and ready for transplantation, we randomly se-
lected 12 plugs of each plant species to be placed in each GREENBOX unit, giv-
ing preference to healthier looking plugs. In a randomized manner, we then 
placed one of each crop species per row of the GREENBOX units and began fer-
tigation. The nutrient solution utilized in the GREENBOX unit was formulated 
by mixing 9 grams of “Jack’s Nutrients Hydroponic 15-0-0” (calcium nitrate) 
and 9.4 grams of “Jack’s Nutrients Part A 5-12-26” for every 10 L of RO water. 

We checked the pH and EC of the nutrient solution every five days. We en-
sured the nutrient solution stayed within the desired pH range of 5.8 ± 0.2 Stan-
dard Units (SU) and EC range of 1.5 to 2.0 mS. If the pH fell below the desired 
range, we added 0.5 M NaOH solution using a pipette until the pH rose to 5.8 
SU. Similarly, if the pH rose above the desired range, we added 0.5 M HCl solu-
tion to the nutrient reservoir until the pH lowered back to the desired range. To 
maintain the EC range of 1.5 to 2.0 mS, we added fertilizer solution when the EC 
was lower than desired and added RO water to dilute the nutrient reservoir 
when the EC was greater than 2.0 mS. Crops were monitored daily for 30 days 
until they reached full maturity. We did not utilize Integrated Pest Management 
(IPM) techniques during the growth cycle as our crops did not exhibit signs of 
disease or pest infestation, however, bio-controls may be utilized [27]. 

2.4. Data Acquisition 

To collect environmental data, we utilized the built-in environmental sensor of 
the fans (CLOUDLINE T6, 6” Inline Duct Fan with Temperature Humidity 
Controller, AC Infinity, Los Angeles, California). The sensor of this fan recorded 
the temperature, relative humidity, and vapor pressure deficit (VPD) every 15 
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minutes of the growth cycle. To collect light data, we utilized light sensors 
(FUTUREHORTI Light PAR Meter PPFD Tester, Amazon Inc., Seattle, Wash-
ington) every sampling event to determine the photosynthetic photon flux den-
sity (PPFD) and daily light integral (DLI) the crops were exposed to in the 
growth cycle. Monitoring the DLI of each GREENBOX unit allowed us to ensure 
plants were getting sufficient light for growth. 

To evaluate the growth performance of each crop species, we collected bio-
mass data every 5 days of the growth period by harvesting one of each crop spe-
cies per GREENBOX unit. On the 30th day, we harvested the remaining crops 
and described the growth trends for each crop. 

For each sampling event, we utilized numerous destructive methods to obtain 
biomass data which included total leaf area (cm2), wet weight (g), dry weight (g), 
and total chlorophyll content (mg/cm2). Wet weight was found by gently pulling 
the crop from the NFT channel, separating the remaining Horticube material 
and root material, and weighing the samples. Separation of root and Horticube 
material was performed before each weighing event because the root mass con-
tained varying amounts of saturated Horticube material, which if included in the 
weight, would lead to an inconsistent analysis of the biomass. Wet weight was 
measured first and immediately after harvest for each crop to ensure minimum 
water loss through evapotranspiration, which would dry out the crop samples 
and lead to inaccurate measurements that are lower than the actual value. 

After wet weight was obtained, we utilized a chlorophyll meter (atLEAF CHL 
Plus Chlorophyll Meter, FT Green LLC, Wilmington, Delaware) to find the total 
chlorophyll content of each crop sample. We took four readings per crop speci-
men and after averaging the four values obtained, converted the average value to 
SPAD (Soil Plant Analysis Development) units and subsequently to total chlo-
rophyll content (mg/cm2). Total chlorophyll content values were calculated by 
converting the atLEAF CHL values to SPAD units. Once converted to SPAD 
units the relationship between chlorophyll content and SPAD units is used to 
find the total chlorophyll content for each crop species [38]. 

To calculate the total leaf area for each plant, we installed the Leafscan app on 
a mobile device (iPhone 11, Apple Inc., Cupertino, California). We separated 
each leaf of the crop and laid them out on a white sheet with a 10.5 × 10.5 cm 
reference square. Utilizing the camera on the mobile device to take a picture, the 
Leafscan application ran an algorithm that measures the green leaf area in com-
parison to the blank white area, thus generating a total leaf area value [39]. The 
Leafscan app calculated the area inside the leaf contours in pixels, and by using 
the 10.5 cm reference square, converted the leaf pixel area into the total surface 
area [39]. We collected the total leaf area of each GREENBOX unit crop sample 
and exported the area values in a comma-separated values (csv) format. The 
Leafscan app measured the leaf area in square centimeters (cm2) with an accura-
cy of 0.01 cm2 [39]. 

The dry weight of each crop was calculated by placing the sample in an indi-
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vidually labeled brown paper bag. The paper bags containing the different crops 
were then placed in a drying oven set at a temperature of 65˚C for six days. After 
six days in the oven, we returned to weigh the completely dried crop samples 
and recorded their weights. 

2.5. Data Processing and Statistical Analysis 

We processed the collected environmental data as described in the previous sec-
tion to determine the environmental conditions the crops were exposed to 
throughout the growth cycle. By utilizing the built-in environmental sensor of 
the fan component in each GREENBOX unit, we obtained the relative humidity, 
temperature, and VPD every 15 minutes of the growth cycle. We exported these 
values in a csv format. We then derived the average, minimum, and maximum 
values of the three critical environmental parameters which allowed us to eva-
luate the ideal environmental conditions for crop production. 

Utilizing data collected throughout the growth cycle, we derived the specific 
leaf area (SLA, cm2/g) and total chlorophyll content (mg/cm2). Specific leaf area 
is derived from considering the ratio of the total leaf area (cm2) to the dry weight 
(g) for each sample. To find the total chlorophyll content (mg/cm2) of each dif-
ferent crop, we utilized a chlorophyll meter (atLEAF CHL Plus Chlorophyll Me-
ter, FT Green LLC, Wilmington, Delaware). The atLEAF chlorophyll meter de-
termines the transmittance of light through the leaf surface in wavelengths (660 
to 940 nm) associated with chlorophyll to find a value [38]. By employing use of 
the calculations performed by Zhu et al. [38], we found that SPAD values (r2 = 
0.78) and the values computed by the atLEAF chlorophyll meter (r2 = 0.72) have 
a strong correlation. The correlation between SPAD and atLEAF values was used 
to convert the computed atLEAF value to the corresponding SPAD unit value 
which was then converted to total chlorophyll content (mg/cm2) using the for-
mula (y = 5.52E−04 + 4.04E−04x + 1.25E−05x2) described by Richardson et al. 
[40]. 

We compared the biomass output of each crop species to previous studies to 
determine if Brassica rapa var. chinensis ‘Li Ren Choi’, Spinach Spinacia oleracea 
‘Auroch’, Arugula Eruca sativa ‘Astro’, and Mizuna Brassica Brassica rapa var. 
japonica production was feasible using GREENBOX technology. We processed 
the data collected and used descriptive statistics to demonstrate our results. 

3. Results 

By the 30th day of the growth cycle using GREENBOX technology for fresh crop 
production, we found that it was able to provide the required environmental 
conditions for the successful production of Brassica rapa var. chinensis ‘Li Ren 
Choi’, Spinach Spinacia oleracea ‘Auroch’, Arugula Eruca sativa ‘Astro’, and 
Mizuna Brassica Brassica rapa var. japonica. We determined the DLI ranged 
from 7.3 to 9.9 mol/m2∙d with an average of 8.3 mol/m2∙d which fell within the 
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minimum recommended range of 6.5 - 9.7 mol/m2∙d [41]. The temperature va-
ried between 20.7˚C and 27.2˚C with an average value of 24.1˚C. The VPD in 
each GREENBOX unit varied between 0.37 and 1.99 kPa with an average value 
of 1.4 kPa. The relative humidity over the growth period varied between 38.6% 
and 88.0% with an average value of 54.0%. 

We compared our collected biomass data with biomass data from previous 
studies that grew the same crop species to determine the technical feasibility of 
crops grown using GREENBOX technology. Table 1 summarizes the average 
wet weights, dry weights, total chlorophyll contents, total leaf counts, and spe-
cific leaf areas (SLA). 

“Li Ren Choi” crops grown using GREENBOX technology had the second 
largest wet weight output at 292.79 g. A study conducted by Song et al. [42] grew 
“Li Ren Choi” crops in soil for 45 days which yielded crops with an average wet 
weight of 100 - 110 g. Utilizing GREENBOX technology, we grew “Li Ren Choi” 
crops that were 187.79 grams heavier than crops grown using soil in relatively 
the same growth period. Regarding “Li Ren Choi”, this difference in biomass in-
dicated that GREENBOX technology is a comparable if not superior method 
cultivation for this crop with respect to wet weight. 

With a wet weight of 194.21 g, “Auroch” Spinach produced the smallest wet 
weight value of all four crops using GREENBOX technology. Although “Au-
roch” Spinach had the smallest wet weight when evaluating the biomass perfor-
mance of all four crops, another study by Janeczko et al. [43] grew “Auroch” 
Spinach with a wet weight of 151.2 g. The study conducted by Janeczko et al. 
[43] also utilized a hydroponic nutrient delivery system, but produced crops that 
were 43.01 g less than crops grown utilizing GREENBOX technology. 

At harvest, “Astro” Arugula produced crops with a wet weight of 197.71 g. 
Under similar conditions, a study by Silva et al. [44] grew “Astro” Arugula crops 
to full bloom in soil. After 37 days of growth using traditional soil-based cultivation, 
the study recorded crops with an average wet weight of 37.2 g. Utilizing GREENBOX 
technology provided ideal environmental conditions and nutrient delivery which 
resulted in “Astro” Arugula crops 160.51 g heavier than the crops grown using 
the traditional method of soil. GREENBOX technology was able to grow crops 
that met or exceeded the biomass performance of crops grown in other fashions 
in less time. 

The wet weights of each crop varied from 194.21 to 1031.71 g, with Mizuna 
Brassica (Brassica rapa var. Japonica) producing the highest wet weight. A simi-
lar study that grew Mizuna Brassica produced a crop with a wet weight of 162.58 
g [45]. Utilizing GREENBOX technology, we were able to grow Mizuna Brassica 
to a wet weight 869.13 g heavier than in the study conducted by Adİloğlu et al. 
[45]. Another study that grew Mizuna Brassica (Brassica rapa var. Japonica) in 
soil for 45 days, produced an average wet weight value of 49.66 g [46]. Utilizing 
GREENBOX technology for the cultivation of Mizuna Brassica produced a wet 
weight value that was 982.05 g heavier than the soil grown Mizuna Brassica in 
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relatively the same growth period. A superior wet weight indicates that Mizuna 
Brassica can be viably grown using GREENBOX technology to a biomass that 
exceeds average wet weights of Mizuna Brassica grown in other fashions. 

When evaluating the biomass performance of the four chosen crops over the 
complete growth period, we found that each crop had a consistent growth rate. 
We observed no indication of inhibited growth factors such as disease and pests 
at any point in the 30-day growth period. Figure 2 illustrates the wet and dry 
weight growth trends of the crops over the 30-day growth period to produce our 
chosen crops using GREENBOX technology. 
 

 
 

 

Figure 2. Wet and dry weight (g) trends of Brassica rapa var. chinensis ‘Li Ren Choi’, 
Spinach Spinacia oleracea ‘Auroch’, Arugula Eruca sativa ‘Astro’ and Mizuna Brassica 
Brassica rapa var. japonica using GREENBOX technology over the course of the 30-day 
growth period. 
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Table 1. Wet weight (g), dry weight (g), total leaf count (n), specific leaf area (SLA) (cm2/g), 
and total chlorophyll content (mg/cm2) of the four crops grown using GREENBOX tech-
nology. 

Plant Species 

Wet 
Weight 

Dry 
Weight 

Leaf 
Count 

Specific 
Leaf Area 

(SLA) 

Total 
Chlorophyll 

Content 

(g) (g) (n) (cm2/g) (mg/cm2) 

Li Ren Choi 
“Brassica rapa var. Chinensis” 

292.79 12.23 33 219.67 0.055 

Auroch Spinach  
“Spinacia oleracea” 

194.21 11.28 50 248.13 0.043 

Mizuna Brassica 
“Brassica rapa var. japonica” 

1031.71 58.54 167 269.05 0.037 

Astro Arugula “Eruca sativa” 197.71 14.89 60 202.48 0.051 

4. Conclusion 

The main aim of this study was to determine the technical feasibility and per-
formance of different leafy vegetable crop production using GREENBOX tech-
nology. Our results have determined that GREENBOX technology may provide 
optimal environmental conditions and successfully produce “Li Ren Choi”, 
“Auroch” Spinach, “Astro” Arugula, and Mizuna Brassica. All four crops grew to 
full bloom with superior, if not comparable, biomass productivity in the 30-day 
growth period. Since all four crops grew to full bloom and reached a superior 
wet weight value, we can conclude that GREENBOX technology is a viable cul-
tivation method for these leafy green vegetable crop species. Further studies may 
investigate the production of fruiting or ornamental crops using GREENBOX 
technology.  
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