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Abstract

Soilless (hydroponic) vegetables and fruits grown in greenhouses are gaining popularity and po-
tentially represent a compliment toward sustainable food sources. Only a few studies have looked
at the nutrient quality of strawberries (Fragaria x ananassa) and raspberries (Rubus idaeus)
grown in soilless systems. Dry weights, content of ascorbic acid, tocopherol, total polyphenolic
compounds, glucose, fructose, and soluble solids (BRIX) of strawberries and raspberries grown in
soilless systems were compared to their counterpart grown in soil. There was no change in dry
weights but BRIX values (28% - 31%), glucose (158% - 175%), and fructose (75% - 102%) content
for strawberries and raspberries respectively were significantly higher for the soil grown berries
compared to soilless grown berries. Contents of ascorbic acid, tocopherol and total polyphenolic
compounds were significantly higher in soilless grown strawberries compared to soil grown
strawberries by 74%, 53%, and 22% respectively, and contents of ascorbic acid and total poly-
phenolic compounds were significantly higher in soil grown raspberries by 83% and 67% respec-
tively compared to soilless grown raspberries. Soilless grown produce warrants future research to
strive toward the potential to provide nutrient dense crops and opportunities toward optimized
sustainable production.
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1. Introduction

The United States Department of Agriculture estimates that 23 million people live in food deserts with inade-
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quate access to healthy, affordable and fresh food [1]. Inadequate access to food, especially fresh fruits and veg-
etables, is a public health concern because the consumption of fruits and vegetables is associated with a de-
creased risk of certain chronic diseases such as cardiovascular disease, type 2 diabetes, obesity and certain types
of cancer [2] [3]. Growing fresh produce in soilless systems may be a potential solution to food insecurity issues
regardless of soil quality, climate or space [4]. Additionally, soilless growing systems can provide several other
environmental benefits such as reduction of water, increased product yields, and less pesticide use. These ad-
vantages allow soilless systems to address several environmental issues while providing sustainable systems in
food deserts, in arid or urban regions.

Recently, several studies have focused on the nutritional content of soilless produce. As soilless food produc-
tion grows in popularity, researching the nutritional composition of soilless compared to traditional farming
methods will be important because nutrition is one of the main drivers of purchasing and consumption [5]. Some
studies indicate that soilless systems provide superior nutrition compared to traditionally grown produce [6]-[9],
while others indicate that no difference or soil grown produce is higher in selected nutritional parameters [10]
[11]. The majority of previous research has focused primarily on lettuce, leafy greens and tomato fruit. Addi-
tionally, several of the previous studies have limitations on the findings because the comparison was conducted
with produce grown in different environments known to affect bioactive compound production in the plant [12]
[13]. The comparison of soilless and soil systems must occur in identical environments [14].

Limited research is available on soilless strawberries and raspberries. The aim of this study was to compare
the differences in nutritional quality, as defined by bioactive compounds, Brix and moisture content of strawber-
ries and raspberries grown in soil and soilless conditions. Strawberries (Fragaria x ananassa) and raspberries
(Rubus idaeus) are a rich source of bioactive compounds and can provide a plethora of health benefits to the
consumer [15]-[17].

We chose to analyze ascorbic acid, a-tocopherol and total polyphenolics because of their role in antioxidant
protection [17]-[19]. Glucose and fructose were analyzed because these two nutrients are the primary sources of
sugars in strawberries and raspberries [20]. Research on sugar content is necessary since it can affect the taste of
the fruit as well as consumer preferences [21]. We analyzed moisture content and Brix in the fruit, which is an
important quality indicator that can influence the texture and flavor of a fruit, as well as shelf life [22].

2. Methods
2.1. Chemicals

Thiourea, copper sulfate, and orthophosphoric acid (85%) were purchased from Fischer Scientific (Fair Lawn,
NJ). Sulfuric acid, trichloroacedic acid, 2,4-dinitrophenylhydrazine, L-ascorbic acid, ferric chloride, xylene, 4,7-
diphenyl-1,10-phanthroline (bathophenanthroline), (+)a-tocopherol, sodium carbonate, Folin-Ciocalteu, trypta-
minehypochloride, hydrochloric acid (HCI), fructose, dinitrosalcylic acid, sodium hydroxide, D(+)-glucose, po-
tassium sodium tartrate, and sodium sulfite were purchased from Sigma-Aldrich Cooperation (St. Louis, MO).
ACS/NSP grade (200 proof) absolute ethanol was purchased from pharmco-AAPER, Kentucky.

2.2. Growing Conditions and Plants

Bare root strawberries and raspberries were ordered from Stark Brothers Nurseries & Orchard Company (Loui-
siana, MO). In both soilless and soil plants, they were planted on the same day in late Winter 2014. Plants were
grown at the University of Nevada, Reno (UNR) Experimental Station. Throughout the growing season, the
greenhouse temperature was maintained at 70°F (5:30 AM to 6:30 PM) during the day and 60°F (6:31 PM to
5:29 AM) at night with a relative humidity averaging at 30%. Soil and soilless buckets were numbered and ran-
domized with the available space in the greenhouse at the UNR Experimental Station. The strawberries were
placed in 8 rows between two tables, and the raspberry barrels were placed on cinder blocks (Reno, NV), in 3
rows of 4 barrels.

2.2.1. Strawberries

Thirty bare root Ozark Beauty (Fragaria x ananassa) strawberry plants were planted in soil conditions grown in
three-gallon nursery pots. Berries were planted in Nevada topsoil mixed with Miracle-Gro potting soil (Mary-
ville, OH) in a 1:1 ratio. The plants were watered by a drip irrigation system for 15 minutes, three times weekly.
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The plants were fertilized with all-purpose Miracle-Gro fertilizer every six weeks. The pH and parts per million
(ppm) of the soil plants was measured with a portable meter before planting and quarterly, averaging at 5.6 and
400 ppm (Oakton Instruments, Vernon Hills, IL).

Thirty bare root strawberry plants were planted in soilless systems. The berries were planted in a bucket sys-
tem using five-gallon paint buckets from a local hardware store (Reno, NV). The buckets were spray painted
black to minimize algae growth. Hydroton, 8-inch netting, a Waterfarm® system pumping column and drip ring
for construction of the bucket system was purchased from a local hydroponics store in Reno, Nevada. The plants
were aerated using an all-purpose pump (Active Aqua AAPA 15L, Reno, NV). The pH of the plants was main-
tained between 6.0 - 6.4. The nutrient solution was a commercial General Hydroponics Flora Series, consisting
of FloraBloom, FloraGrow and FloraMicro (Sebastopol, CA). Throughout the growing season, the nutrient ra-
tios were changed to match the plant development, as indicated by the manufacturer instructions. The ppm av-
eraged at 400. The pH and ppm were monitored and adjusted three times weekly.

2.2.2. Raspberries

Six bare root Heritage (Rubus idaeus) raspberries were planted in 50 gallon barrels. A combination of Nevada
topsoil was mixed with Miracle-Gro potting soil in a 1:1 ratio. The berries were watered one to three times
weekly for 15 minutes with a drip irrigation system. The plants were fertilized with all-purpose Miracle-Gro fer-
tilizer every six weeks. The pH and ppm of the soil was checked before planting and quarterly, averaging a pH
of 5.6 and ppm averaging at 600.

Six bare root Heritage varieties of raspberries were planted in 19 gallon buckets (United Solutions, TU0014,
Reno, NV) using hydroton as the growing medium. Holes were drilled at the bottom of the buckets and were
placed on top of the empty fifty-gallon barrel to create a large-scale version of a bucket system described with
the strawberries. From the 50 gallon barrel, the water drains into a large water reservoir where a water pump
distributes the water to the six soilless buckets via polyvinyl chloride (PVC) and drip tubing (Reno, NV). The
water in the reservoir was maintained at a pH between 5.8 - 6.2. This pH was monitored and adjusted if needed
three times weekly. The nutrients added to the berries were FloraGrow, FloraBloom and FloraMicro and main-
tained averaging at 500 ppm.

To support the berries, a T-hedgerow system was built with string and PVC pipe. A T-hedgerow system has
been shown to have a comparable yield compared to the V-trellis system.

2.2.3. Harvesting Strawberries and Raspberries

The berries were harvested promptly when they visually reached 100% surface red color. The fruit was har-
vested between 7 AM and 8 AM for consistency, placed in a plastic laboratory bag, and immediately brought in
a—70°C Thermo Scientific™ Revco™ high performance lab freezer (Thermo Fisher Scientific, Waltham, MA).
The berries were stored in the freezer until analysis. All berries analyzed for comparisons were harvested on the
same day. Nutrients with time sensitive oxidative properties were analyzed within thirty days of harvest, and
others (i.e., glucose, fructose) were analyzed within sixty days of harvest.

2.3. Sample Preparation

Samples were randomly selected for analysis by hand. Before analysis, berries were rinsed with deionized water,
dried with a paper towel and the stems were manually removed. For all assays, samples were homogenized us-
ing a Brinkmann Instruments Polytron homogenizer (Kinematica, Bohemia, NY).

2.4. Brix and Moisture Content

Brix, or soluble solids, is a common measurement of total dissolved solids in the juice, wine and soft drink in-
dustry, and can be used to approximate total sugar content. An automated digital refractometer (Milwaukee
MAB871, Rocky Mount, NC) was used. Procedures have been described previously [23]. Briefly, 10 grams (g) of
berry samples were homogenized with a pestle and mortar. A double-dilution with an equal part by weight of
distilled water was added to the homogenized berries. The berries were filtered using cheesecloth to remove
seeds and pulp. After the samples were filtered, 1000 uL was extracted and the results were read in triplicate.
Moisture content in fruit was estimated by using a modified version of the Official Methods of Analysis of
AOAC 934.06 for moisture in dried fruit [24]. The protocols’ drying portion was lengthened to 20 hours to ac-
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count for higher moisture content in fresh fruit compared to dried fruit. Briefly, three 10 g portions of samples
were taken and homogenized with a pestle and mortar. The samples were placed in a Lab Line incubator, model
120 (Kerala, India) for 20 hours at 140°F. After drying, the moisture content can be expressed as a percentage of
mass determined by the following equation:

W = Mxloo

1 MO

where W is the moisture content, My is the mass of the weight dish, M, is the mass of the dish and sample before
drying, and M, is the mass of the dish and the test portion after drying.

2.5. Ascorbic Acid Analysis

Ascorbic acid content was determined using a modified protocol from measuring ascorbic acid in animal tissues
[25]. Ten grams of berries were randomly selected and homogenized with 10 mL cold 20% Trichloroacetic acid
(TCA). This mixture was placed into a flask wrapped in aluminum foil with 0.1 grams of activated carbon to
remove color intensity and agitated for 15 minutes, and then was allowed to sit overnight [26]. The mixture was
then filtered using Whatman no. 2 filter paper. A stock solution was created using L-ascorbic acid and standards
were made using 5% TCA with a serial dilution of 0 - 120 pg/mL. After filtering, 100 pL of the liquid was re-
moved and added to new test tubes containing 900 pL of 20% TCA. One mL of a mixture of 2,4-dinitrophenyl-
hydrazine (DNPH), thiourea, copper in the presence of sulfuric acid was added to all samples, standards and
blank. The copper in the solution oxidized the ascorbic acid to dehydroascorbic acid. The DNPH, thiourea and
the sulfuric acid yielded a colored product with minimal interference from other chromogens. The samples,
standards and blank was incubated in a 20 L Fischer Water Bath (Fischer Scientific, New Lawn, NJ) at 37°C for
three hours. After incubation, 1.5 mL of cold 65% sulfuric acid was added to the samples, standards and blank,
and a 30 minute waiting period was observed at 25°C to allow the color to stabilize. The absorbance of the sam-
ples, standards and blank were read at 520 nm with a 110 voltage FinstrumentsMicroplate Reader (Model 314,
McLean, VA) in triplicate. The samples were compared to a linear regression created from the known standards
(y = 0.0102x + 0.0316, R? = 0.9957). The reproducibility was measured by adding a known amount of a stan-
dard to a sample and determining the recovery, which was 110% + 2.1% [27].

2.6. Tocopherol Analysis

Alpha-tocopherol (a-tocopherol) method was derived from Fabinek et al., 1968, using Fe(lll)-bathophenanth-
roline spectrophotometry [28]. Ten grams of berries were randomly selected for analysis and homogenized with
10 mL of absolute ethanol. Xylene (1.2 mL) was added to extract the tocopherols from the samples. The samples
were then centrifuged for 20 minutes at 3500 rpm in a Sorvall RT6000B refrigerated centrifuge at 7°C. After
centrifugation, 100 puL of the organic layer was removed and was added to new test tubes containing 0.4 mL of
bathophanthroline. Ferric chloride (0.4 mL) was then added to the tubes and 0.4 mL of orthophorsphic acid
(85%) was then added to these test tubes to stabilize the color. In similar fashion, standards were made using a
serial dilution between 0 - 50 pg/mL to create a linear regression to estimate a-tocopherol content in the samples
(y = 0.0081x — 0.0053, R? = 0.9927). All samples, standards, and blank were read at 530 nm in triplicate with a
110 voltage FinstrumentsMicroplate Reader (Model 314, McLean, VA). The reproducibility was measured by
adding a known amount of a standard to a sample and determining the recovery, which was 95% * 2.5% [6].

2.7. Total Polyphenolics

Total polyphenolics were determined by using the Folin-Ciocalteu assay. This method has been used in measur-
ing the total reducing capacity in berries by gallic acid equivalents (GAE) [17] [29] [30]. Raspberries (10 g)
were homogenized with 10 mL of ethanol. A volume of 1.58 mL of deionized water was added to all samples
along with 100 uL of the Folin-Ciocalteu reagent. A series of standards were made using the same method
ranging from 0 - 300 mg GAE/L. The solutions were allowed to sit for one minute and then mixed thoroughly.
A volume of 300 puL of 25% sodium carbonate solution was added to the samples, standards and blank and was
placed into a 40°C 20 L Fischer Water Bath (Fischer Scientific, New Lawn, NJ) for 15 minutes and recorded in
triplicate at 690 nm against a 0 GAE mg/L solution FinstrumentsMicroplate Reader, 110 voltage (Model 314,
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McLean, VA). The GAE in the samples was estimated using the linear regression line created from the standards
(y = 0.0021x — 0.0099, R* = 0.9988).

2.8. Fructose

Ten grams of samples were homogenized with 10 mL of deionized water. Samples were then centrifuged for 15
minutes at 3500 rpm in a Sorvall RT6000B centrifuge. Into new test tubes, 100 uL of the supernatant was ex-
tracted and 100 uL of a tryptamine reagent (concentration of 10 mM tryptaminehypochloride in 0.1 M HCI) was
added to each test tube along with 3 mL 36% HCI. For the standards, a series of fructose solutions were made
using serial dilutions ranging from 0 to 1000 pug/mL. All samples and standards were then placed in a 60°C wa-
ter bath for 15 minutes. The samples and standards were then allowed to stand for forty minutes and then the
absorbance was read at 520 nm with FinstrumentsMicroplate Reader, 110 voltage (Model 314, McLean, VA) in
triplicate using deionized water as the blank [31]. Fructose was determined from the calibration curve created
from the standards (y = 0.0008x — 0.0525, R? = 0.98528).

2.9. Glucose

Glucose was estimated from the reducing sugars assay developed by Miller et al. [32]. Ten grams of berries
were homogenized with 10 mL of deionized water. Samples were centrifuged for 15 minutes at 3500 rpm in a
Sorvall RT6000B centrifuge. Dinitrosalicylic acid, sodium sulfite, and sodium hydroxide were combined to
make the 1% dinitroslicylic acid reagent solution [32]. A series of standards using a serial dilution were made
with glucose with concentrations ranging 0 - 1000 pug/mL. All samples, standards and blank were heated in a
90°C water bath for 15 minutes to yield a red-brown color. After heating, 300 uL of 40% potassium sodium tar-
trate solution was added to all samples, standards and blanks to stabilize the color. The solutions were allowed
to stand at room temperature for 30 minutes and then the absorbance was read at 560 nm with a Finstru-
mentsMicroplate Reader, 110 voltage (Model 314, McLean, VA) in triplicate. Glucose concentration was de-
termined from the linear regression created from the standards (y = 0.0006x — 0.0315, R? = 0.9923).

2.10. Statistical Analysis

Statistical analysis was conducted with Graph Pad Prism Version 6.0f. The independent t-test was used to de-
termine differences in soilless and soil grown berries, with a significance level set at p < 0.05. Results are ex-
pressed as mean + standard deviation (SD).

3. Results

3.1. Brix and % Moisture

The results for the moisture content and Brix are shown in Table 1 and illustrated in Figure 1 and Figure 2.
Both the soil strawberries and raspberries had a significantly higher Brix value compared to the soilless straw-
berries and raspberries. The soil grown strawberry had a Brix value 28% higher compared to the soilless straw-
berry. The raspberry grown in soil had a Brix value 31% higher than the soilless raspberry. There were no sig-
nificant differences between the percent moisture content between soilless strawberries and raspberries.

Table 1. Brix measurement and % moisture content (mg/100g) of soil and soilless berries (mean + SD).

Soilless Strawberries Soil Strawberries t p
Brix 75+0.18 9.6+0.23 7.09 <0.0001
% Moisture 90.74 +1.06 89.3+0.88 1.05 0.34
Soilless Raspberries Soil Raspberries t p
Brix 11.7 £ 0.47 8.9+0.25 5.28 <0.0001
% Moisture 86.4 +£0.61 85.8 £0.98 0.55 0.61

N = 3 with 3 replicates.
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Figure 1. Percent moisture. (A) Indicates soil-grown and soilless-

grown strawberries; (B) Indicates soil-grown and soilless-grown rasp-
berries. Star (*) indicates significant differences.
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Figure 2. Brix %. (A) Indicates soil-grown and soilless-grown straw-
berries; (B) Indicates soil-grown and soilless-grown raspberries. Star
(*) indicates significant differences.

3.2. Ascorbic Acid, a-Tocopherol, and Total Polyphenolic Compounds

For ascorbic acid, a-tocopherol and total polyphenolic compounds analyzed, soilless grown strawberries were
significantly higher compared to soil grown strawberries (p < 0.05). For the raspberries, soil grown berries had
higher amounts of bioactive compounds compared to the soilless grown raspberries (Table 2, Figures 3-5).

Ascorbic acid content for the soilless grown strawberries contained 74% more compared to the content found
in soil grown strawberries. The soilless grown raspberries contained 14% less ascorbic acid content compared to
the soil grown raspberries. The a-tocopherol content of soilless grown strawberries was 53% higher compared to
the soil grown strawberries. The soil grown ascorbic acid content of raspberries compared to the ascorbic acid
content of soilless grown raspberries was a 7% higher amount but was not significant, p > 0.05. A significant
difference was observed in total polyphenolics, with soilless grown strawberries having significantly higher
amounts of total polyphenolics and soilless grown raspberries having significantly less total polyphenolics. The
soilless grown strawberries contained 22% higher amounts of total polyphenolic compounds compared to the
soil grown strawberries. The opposite trend was seen with the raspberries. The soilless grown raspberries con-
tained 23% less compared to the soil grown raspberries.

3.3. Fructose and Glucose

Fructose and Glucose results are outlined in Table 3 and are illustrated in Figure 6 and Figure 7. The results
indicated soil grown strawberries and raspberries contained significantly higher amounts of sugars compared to
the soilless grown fruit. The soil grown strawberry contained 75% higher amount of fructose than the soilless
grown strawberry. The soil grown raspberry contained 102% higher amount of fructose compared to the soilless
grown raspberry. The soil grown strawberries contained 158% higher amount of glucose compared to the soil-
less grown strawberries. The raspberries showed a similar trend with the soil grown raspberry containing 175%
higher amount of glucose compared to the soilless raspberry.
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Figure 3. Ascorbic acid concentration. (A) Indicates soil-grown and soilless-grown strawberries; (B) In-
dicates soil-grown and soilless-grown raspberries. Open bar shows soilless-grown berries and dark bar
shows soil-grown berries. Star (*) indicates significant differences.
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Figure 4. a-Tocopherol concentration. (A) Indicates soil-grown and soilless-grown strawberries; (B) In-
dicates soil-grown and soilless-grown raspberries. Star (*) indicates significant differences.
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berries and dark bar shows soil-grown berries. Star (*) indicates significant differences.
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soil-grown and soilless-grown raspberries. Star (*) indicates significant differences.
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Table 2. Ascorbic acid, tocopherol and total phenolic content (mg/100g) of soil and soilless berries (mean + SD).

Soilless Strawberries Soil Strawberries t p
Ascorbic Acid 37.62+0.49 21.52 +0.95 15 <0.0001
a-tocopherol 2.19+0.12 1.40 + 0.05 6.05 <0.0001
Total phenolics 317 +2.35 259 +1.97 18.76 <0.0001
Soilless Raspberries Soil Raspberries t p
Ascorbic Acid 31.47 + .074 36.74 +0.97 43 0.0006
a-tocopherol 1.90 £ 0.85 1.78 £0.19 6.05 0.53
Total phenolics 622 + 20.06 818 +19.28 7.03 <0.0001
N = 3 with 3 replicates.
Table 3. Fructose and glucose content (mg/100g) of soil and soilless berries (mean £ SD).
Soilless Strawberries Soil Strawberries t p
Fructose 2.76 £0.43 4.83+0.28 7.29 <0.0001
Glucose 1.71+0.03 4.42 £0.07 331 <0.0001
Soilless Raspberries Soil Raspberries t p
Fructose 3.48 £ .096 7.04 £0.044 33.8 <0.0001
Glucose 3.02+0.16 1.10+0.15 8.87 <0.0001

N = 3 with 3 replicates.

4. Discussion

Strawberries grown in soilless conditions have higher amounts of bioactive compounds compared to strawber-
ries grown in soil, similar to those who compared bioactive production in produce (Buchanan & Omaye, 2013;
Claudia Kiferle, Mariella Lucchesini, Anna Mensuali-Sodi, Rita Maggini & Pardossi, 2011; Palermo, Paradiso,
De Pascale, & Fogliano, 2012; Premuzic, Bargiela, Garcia, Rendina, & lorio, 1998a). However, bioactive com-
pound contents of raspberries were equal to or greater than soil grown raspberries agreeing with others [10] [11],
reiterating that the nutrient density of plants grown by soilless systems is likely highly dependent on the cultivar

of interest, environmental conditions (i.e., water stress) and fertilizer bioavailability.

Differences in ascorbic acid may be due to the amount of oxidative stress the plant endures, e.g. ascorbic acid
in the biologically active role as an antioxidant. Soilless systems optimize growing conditions, therefore, soilless
grown plants are less likely to undergo oxidative stress endured by environmental causes [33]. Ascorbic acid and
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a-tocopherol work together for antioxidant protection. When tocopherol is oxidized to the tocopheroxy! radical,
ascorbic acid can donate electrons to rejuvenate a-tocopherol. Because of the interaction between ascorbic acid
and tocopherol, concentration changes in one should be reflective of concentration changes in the other. Light-
ing (i.e., shading) and fertilizer application can affect ascorbic acid production in plants. Ascorbic acid is created
during photosynthesis, however, both of our plant growing systems had the same exposure to light therefore it is
more likely the causes were induced by differences in nutrient content. Soilless and soil grown systems are fun-
damentally different, with soilless having more nutrients bioavailable to the plants all the time.

In agreement with our findings previous research has expressed higher rates of fertilizer increased ascorbic
production at the expense of decreasing carbohydrates in the plants [34]. In our soilless system, strawberries,
had significantly higher amounts of ascorbic acid but lower amounts of fructose and glucose (p < 0.05). Another
possible reason for the lower sugar content in the soilless plants compared to soil plants is the potential for high-
er osmotic pressure in soil plants, increasing the sugar content of the plants. This can commonly occur when
plants are drought stressed since plant survival largely depends on carbohydrates [13]. Although our plants were
never intentionally drought stressed, it is possible that compared to the soilless plants, which were continuously
immersed in water, they may have endured some degree of drought stress with being watered three times weekly.
Previous research has indicated a relationship to fertilization and nutritional outcomes in the crop [35]-[39].
Both soil and soilless fertilization concentration was checked using portable ppm meters. The average of the
soilless grown strawberries averaged around 400 ppm, and the soil grown plants averaged around 600 ppm. The
soilless grown raspberries averaged about 500 ppm and the soil grown plants averaged about 600 ppm, which
may influence the differences in nutritional variation within the produce.

5. Conclusion

Other research has shown a difference between soilless growing systems and nutritional content of the plant [40].
In order to optimize plant production as well as provide a nutrient dense crop, more research should be con-
ducted to determine the best methods for strawberry and raspberry production. Further research should evaluate
feasibility as well as nutritional value of soilless raspberries. We have seen that soilless strawberries have the
potential to provide a superior nutrient dense crop compared to soil grown plants. The soilless system has many
environmental benefits to provide sustainable food in arid or urban regions. This, added with superior nutrition
quality, may contribute significantly to environmental and public health issues that we are currently facing.
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