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A B S T R A C T 

Consumption of strawberries has been asserted to have many health promoting bioactive compounds including 
antioxidants.  Growing fruits and vegetables hydroponically represent a possible opportunity towards sustainable 
crop production; it would be beneficial to examine the feasibility and the potential ability to replace soil systems for 
growing strawberries.  Unlike leafy greens, the root structures, stalk, and fruit are more complex and require more 
physical support. In this study, hydroponic strawberries were higher in terms of fruit yield and plant survival rate. In 
soil-grown strawberries, the overall mass was significantly higher by 23%, but there was a larger variation of fruit size 
indicated by a large standard deviation. Startup costs for growing strawberries in hydroponic systems can be more 
than soil systems. Growing strawberries in hydroponic systems are feasible, at reasonable cost and more sustainable 
compared to traditionally soil grown systems.  Future research should investigate various hydroponic growing 
methods and the feasibility of growing at the commercial level. 
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INTRODUCTION  

Hydroponic food production, or growing food without 

soil, is increasing worldwide ad seem to have a positive 

overtone as consumers are becoming more aware of the 

environmental benefits (Jensen, 1999). Hydroponics can 

be grown in arid or urban conditions regardless of soil 

quality, making hydroponics advantageous for growing 

food closer to the consumer (Bellows et al., 2003). The 

hydroponic system has several advantages such as; 

conserving water, allowing for year-round production, 

increasing yields, and minimizing use of pesticides (Resh 

& Howard, 2012). Additionally, hydroponic fruits and 

vegetables have been documented in the literature as 

having higher nutritional value and more desirable 

sensory attributes compared to soil grown produce 

(Buchanan & Omaye, 2013; Gichuhi, et al., 2009; Selma et 

al., 2012; Sgherri et al., 2010).  

The majority of previous hydroponic research has focused 

on leafy greens, peppers and tomato fruit (Arias et al., 

2000; Buchanan & Omaye, 2013; Gruda, 2009; Koyama et 

al., 2013).  However, research evidence regarding 

hydroponic strawberry production under hydroponic 

systems has been seen as scanty. Strawberries are 

nutritious fruits containing high antioxidant 

concentration and health promoting bioactive 

compounds. The consumption of strawberries is 

associated with several health benefits including: 

lowering of cholesterol, improvement of vascular 

endothelial function and anti-inflammatory biomarkers, 

and reduction of oxidative stress mediated diseases such 

as cancer (Giampieri et al., 2012; Hannum, 2004; Meyers 

et al., Zhang et al., 2008). Therefore, growing strawberries 

hydroponically would have several health advantages to 

the consumer and be environmentally resourceful, i.e., 

less water and pesticide consumption.  

There are some limitations for comparing soil and 

hydroponic growing systems because they are 

fundamentally different; however, the most reliable way 

for comparison is to place both systems under optimal 

growing conditions (Gruda, 2009).  The goal of this one-

year study was to observe the feasibility of growing 
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strawberries as measured by; the differences in yields, 

monthly distributions of fruit production, and plant 

survival rates in hydroponic conditions compared to 

conventionally soil-grown strawberries. We compared the 

differences between start-up costs, maintenance costs, 

and upkeep time between the two systems.  

METHODOLOGY 

Hydroponic and soil plants were grown and maintained at 

the University of Nevada, Reno (UNR) Agricultural 

Experimental Station Greenhouse Complex. The 

Agricultural Experimental Station Greenhouse Complex is 

a state of the art facility, equipped with automatic heating 

and cooling systems. No supplemental light was used for 

either system due to the 340 days of sunlight that 

Northern Nevada experiences per year. The greenhouse 

temperature was maintained at 70°F during the day (5:30 

AM to 6:30 PM) and 60°F (6:31 PM to 5:29 AM) at night 

with relative humidity averaging at 30%. Sixty bare-

root, ever-bearing strawberry plants (‘Ozark Beauty,’ 

Fragaria x ananassa) were purchased from Stark 

Brothers Nurseries & Orchard Company (Louisiana, 

MO). Thirty strawberries were planted in hydroponic 

conditions and thirty strawberries were planted in soil 

conditions. The soil plants and the hydroponics plants 

were randomized and placed in eight rows on two 

tables, as outlined in Figure 1. Both the hydroponic and 

the soil-grown plants were numbered for recording and 

monitoring plant health. In both growing conditions, first-

buds and runners were manually removed to increase 

fruit production.  

                  

 
 

Soil system: The Ozark Beauty strawberries were 

planted according to manufacturing instructions, in 3-

gallon black plastic nursery pots with drainage holes in 

the bottom of the pots. Two strawberries were planted 

in each pot, approximately 10” apart. The soil was a 

mixture of 1:1 ratio of Miracle-Gro potting soil 

(Marysville, OH) and Nevada topsoil. The pH of the soil 

was monitored using a portable pH meter before 

planting and during the season (Oakton Instruments, 

Vernon Hills, IL). The pH of the soil was typically 

between 5.5-5.7. The plants were watered using a drip-

irrigation system for 15 minutes three times a week. The 

plants were fertilized with Miracle-Gro all-purpose 

fertilizer (Marysville, OH) every six weeks.  

Hydroponic system: The hydroponic strawberry 

systems were grown in recirculating hydroponic bucket 

systems. A series of 15 buckets were constructed. 

Orange, five-gallon paint buckets were purchased from a 

local hardware store and spray-painted black to 

decrease light transmission that may promote algae 

growth within the system. Fifteen 8-inch net pots were 

purchased from the local hydroponics store, along with 

pearlite used as the growing medium (Reno, NV). The 

bare-root strawberries were planted in the pearlite 

according to the instructions provided by the nursery. 

Hydroponic plants can generally be planted closer 
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Figure 1. Design for experimental treatments. Schematic illustrates the randomization of the hydroponic (H) and soil-

grown (C) growing conditions. Water reservoir is indicated by ‘R’.  
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together compared to soil grown plants (Resh & 

Howard, 2012); for this reason, two strawberries were 

planted in each 8-inch net. The roots were fanned out 

with the crown at the line of the pearlite. The 

Waterfarm® system was used to deliver water from the 

bucket to the plants by utilizing a pumping column and 

drip ring (Reno, NV). 

The plants were aerated using an all-purpose 

hydroponics pump (Active Aqua AAPA 15L, Reno, NV). 

The systems were aerated 23 hours a day. One hour per 

day, the system was stopped to decrease algae growth 

that is produced with continuous water movement. The 

pH of the plants was maintained between 6.0 – 6.4 and 

adjusted, if necessary, three times a week. The nutrient 

solution used was a commercial General Hydroponics 

Flora series solution (Sebastopol, CA). During initial 

stages of growth, the nutrients were added in a 1:1:1 

ratio. The macronutrient concentration of nitrogen, 

phosphorus and potassium was 22:36:31 ppm/L. During 

the early bloom phase, the nutrients were added in a 

3:1:5 ratio; during the late bloom phase, the nutrients 

were added in a 1:0:2 ratio. The average ppm of the 

plants was 400 ppm, adjusted three times weekly if 

necessary. This is considerably lower than manufacturer 

instructions; however, previously reported literature 

indicated that a lower nutrient solution concentration 

does not affect plant growth (Ferguson, Saliga III, & 

Omaye, 2014). Every four weeks, the systems were 

cleaned by spraying off any algae buildup in or around 

the buckets or media, and the nutrient solutions were 

replaced.  

Pest maintenance: In the UNR greenhouse, aphids and 

spider mites infected the plants. Spider mites, when 

present, were sprayed with PyGanic®(MGK, 

Minneapolis, MN) bimonthly. Fungas gnats were present 

in both soil and hydroponic plants because they feed off 

of algae and plant roots. The gnats were effectively 

controlled by yellow sticky whitefly trap (Seabright 

Laboratories, Emeryville, CA) placed around and above 

the tables. Aphids were treated first by physical methods 

of integrated pest management. However, more 

aggressive approaches were necessary; thus, one 

teaspoon of dish soap was mixed with one liter of water 

and sprayed on the plants with the aphid infection once 

per month. The solution was allowed to sit on the plants 

for 30 minutes, and then thoroughly rinsed with water.   

Statistical analysis: Statistical analysis was conducted 

with Graph Pad Prism Version 6.0f. The independent t-

test was used to determine differences in berry mass, 

with a significance level set a p<0.05. Results are 

expressed as mean ± standard deviation (SD).  

RESULTS AND DISCUSSION  

Fixed and variable cost comparisons: The fixed and 

variable costs for the hydroponic plants compared to the 

soil-grown plants are outlined in Table 1 and Table 2. 

The hydroponic system has a higher startup cost 

compared to the soil system. It is important to note that 

the hydroponic system would last through multiple 

seasons without the need to replace the soil. The soil for 

the soil system would eventually have to be replaced, 

fertilized and other efficient management practices, such 

as crop rotation, would need to be considered. These are 

factors that could be avoided with hydroponic farming. 

The soil system had a lower cost, but used 30% more 

water compared to the hydroponic system. Another 

important factor to consider when choosing a growing 

system is labor costs. Soil-grown produce is more often 

cited for having increased labor costs because of 

weeding, watering, and spraying of pesticides (Resh & 

Howard, 2012). With our system, we found the soil 

strawberries to have increased weeds compared to 

hydroponic strawberries. However, the hydroponic 

system overall was more labor intensive because of the 

time required to check and monitor the pH and ppm of 

the solutions. Additionally, each month it took about 1.5 

hours to change and replace the nutrient solutions in the 

hydroponic buckets; the soil strawberries did not 

necessitate extra monthly maintenance routines.  

Economic models have been developed to estimate 

profitability associated with hydroponic lettuce, and it has 

been modified to fit different scenarios (Coolong, 2012; 

Donnell et al., 2011). When considering hydroponic food 

production on a commercial scale, developing an 

economic model to determine cost-benefit analysis for 

optimum economic feasibility would aid both the 

commercial and small-scale farmer. A decade ago, it was 

assumed hydroponic lettuce and tomatoes would be the 

only crops to be economically feasible for hydroponic 

food production (Jensen, 2013); however, since then, food 

prices have more than doubled and the economic revenue 

for different crops should be investigated for the 

commercial and small scale farmer (Jensen, 2013).  

Strawberry yields and weights: The strawberry yields 

and weights are outlined in Table 3, and shown in Figure 

2. The total yield of the soil-grown strawberries was 70 

strawberries. 
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Table 1. Fixed and Variable Costs for Hydroponic Grown Strawberries. 

Fixed Costs 

Item N Price Sub Total 

5-gallon paint bucket 15 $2.97 $44.55 
Hydroton 50 L bag $87.00 $87.00 

pH and ppm meter 2 $55.00 $110.00 

8-inch netting  15 2.25 $33.75 

Drip ring 15 5.95 $89.25 
Pumping column 15 5.95 $89.25 

Air pump 4 $20 $80 

Electric cords and power strips MISC $60 $60 

Total - - $593.80 

Variable costs 

Item N Price Sub Total 

Nutrientsa 2 liters $4.20/liter $8.40 

pH adjuster 0.1/liter $8.20/liter $0.82 
Bare root plants 30 $11.99/25 plants $14.39 

Electricityb 201.48 kWh $0.118/kWh $23.77 

Waterc 360 gallons - - 
Heat Unknown - - 

Total - - $47.38 
aAmount estimated from General Hydroponic Nutrients, Flora series 

bEnergy cost was estimated by the following equation Cost($/day) = E(kWh/day) × Cost(cent/kWh), where E= .552 

kWh/day (4 air pumps operating at 6 watts/air pump) and Cost= Northern Nevada is about $0.118 kWh/hour. 

Electricity was estimated at 24 watts (6 watts/air pump) operating at 23 hours/day for a total energy usage of 0.552 

kWh/day. 0.552 kwH/day x 365 days/year x $0.118 kWh = $23.77.  
cWater was calculated by adding 2 gallons/bucket x 15 buckets, replacing water 12 times yearly.  

Table 2. Fixed and Variable Costs for Soil Grown Strawberries. 

Fixed Costs 

Item N Price Sub Total 
3-gallon buckets 15 $1.91 $28.65 

Potting soil 2/2.5 cubic feet $13.97 $27.94 
Plumbing MISC MISC $125.00 
Water reservoir 1 $20 $20 
Water pump 1 $69.00 $69.00 
Electric cords and power strips MISC $20 $20 

Total   $270.59 

Variable costs 

Item N Price Sub Total 
Fertilizera 1 pound $5.98 $5.98 

Bare root plants 30 $11.99/25 plants $14.39 
Electricityb 0.93 kWh $0.118/kWh $0.11 
Waterc 520 gallons - - 
Heat Unknown - - 

Total   $20.48 
aAll-purpose Miracle Gro fertilizer was used, once every 6 weeks.  
bEnergy cost was estimated by the following equation: Cost($/day) = E(kWh/day) × Cost(cent/kWh), where E= 0.018 

kWh/week, and Cost= Northern Nevada is about $0.118 kWh/hour. Electricity was estimated at 24 watts operating at 

0.75 hours/week for a total energy usage of 0.018 kWh/weeks x 52 weeks/year x $0.118 kWh = $0.11. 
cWater was estimated by visual inspection of water level of from the 25 gallon reservoir, approximately 10 gallons/week.  
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The hydroponic strawberries had a 17% higher yield 

compared to the soil grown strawberries. The 

distributions of the monthly weights from the 

strawberries are shown in Figure 3. In general, the 

average weight of the strawberries was at its highest at 

the beginning of the harvesting season and decreased as 

the season progressed, with its lowest point being at the 

end of the season. 

In August, hydroponic strawberries had a mean weight of 

6.2 g/strawberry and decreased to 4.1 g/strawberry in 

March. The same trend was seen in soil-grown 

strawberries, with a mean mass of 9.9 g/strawberry in 

August decreasing to 3.1 g/strawberry in March. 

Strawberry weights were significantly higher in those 

soil-grown, with a mean mass of 7.1 g/strawberry 

compared to 5.4 g/strawberry in those hydroponically 

grown. In the totality of strawberries grown both 

conventionally and hydroponically, the standard 

deviation was large, indicating a wide variation of weights 

in all harvested strawberries; however, standard 

deviation in weight was smaller comparatively between 

hydroponic strawberries (3.0 vs. 3.7) and soil-grown 

strawberries.  

Hydroponically grown plants are thought to have 

increased yields because of the precise control over the 

nutrient solution and the ability for them to be in their 

optimum growing conditions. Stress may be an important 

factor for hydroponic strawberry production since it 

increases fruit size. Hydroponic plants are generally less 

stressed than soil-grown plants since the plants are in 

their optimum growing conditions all the time. Further 

research, such as investigating stress factors, should be 

conducted to discover the variables in hydroponic 

strawberry production that may yield larger fruit sizes.  

Table 3. Yields and Mean Mass of Hydroponic and Soil Strawberries. 

 Total yield (n) Mean mass (g) ± SD t p 

Soil-grown Strawberries 70 7.1 ± 3.7 3.03 0.0028 

Hydroponic Strawberries 85 5.4 ± 3.0 
 

Plant survival: Plant survival rates for both growing 

conditions are shown in Table 4. Hydroponic plants had a 

higher survival rate at 80% compared to the soil-grown 

strawberries, which survived less than 50%. Lower soil-

grown plant survival rates are attributed to increased pest 

issues with the strawberries grown in soil compared to 

the hydroponic. Although both growing systems received 

identical integrated pest management treatments, the soil 

plants suffered more and the pests thrived in the soil-

grown strawberries, especially the aphids and spider 

mites. This can be attributed to increased beneficial 

bacteria and microbes that pests thrive on in soil 

conditions (Resh & Howard, 2012).  Although the pests 

did affect some of the hydroponic plants, the pests did not 

thrive in the hydroponic conditions. With the higher plant 

survival rate, the hydroponic system could save money in 

the long run since our study showed hydroponics are 

more resistant to aphids, spider mites and fungus gnats. 

Pest infections are a large source of economic losses for 

farmers, and research for best pest management methods 

for hydroponic food production is warranted. Pesticide 

usage is a concern for many consumers – buyers are 

health and environmentally conscious regarding pesticide 

usage.  

The results found in this study suggest that using 

hydroponic systems on a large scale has the potential to 

reduce pesticide usage. Accomplishing this would provide 

the farmer with higher economic benefits.  

Table 4. One-year plant survival rate. 

 Starting plants (N) Plants surviving 1 year (N) % survival rate 

Soil-grown Strawberries 30 14 46% 

Hydroponic Strawberries 30 24 80% 
 

CONCLUSION AND RECOMMENDATIONS  

Although hydroponic food production seems to have a 

positive overtone because of the numerous 

environmental benefits, it is important to consider the 

obstacles that small scale and commercial farmer may 

encounter. The initial higher investment may be a barrier 

for the adaptation of hydroponic food production for 

business owners. Further research should investigate 

economic and crop yields feasibility – determining these 

factors can provide resources to farmers interested in 

hydroponic food production. Agricultural extensions can 

play a key role in the adaption of hydroponic growing 

methods by providing evidence-based educational tools in 

a clear language to farmers without a formal education. 

Agricultural extension can also play a vital role in 

educating business owners on the economic and 
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environmental benefits of growing hydroponically.  

Although hydroponic strawberries seem to be a relatively 

feasible option to grow in otherwise non-farmable land, 

other factors can influence the quality of the produce and 

should be considered for further research. The 

hydroponic farmer has vast choices when growing, such 

as media, different system types and nutrient solutions. 

Our method was chosen for the simplicity of design and 

relatively low costs compared to a large, custom-built 

system. However, other designs with perhaps one 

reservoir could potentially lower labor, saving time and 

money. In addition to researching multiple growing 

systems in hydroponic strawberry production, future 

research should also compare the nutritional composition 

and sensory attributes of the strawberries for each 

system. 

Acknowledgements: We thank Eric Horton for technical 

and maintenance assistance. We acknowledge the Nevada 

Agricultural Experiment Station, University of Nevada, 

Reno for the support of this study.  HATCH #0745. The 

research was done and reported to partially fulfill 

dissertation requirement of C. Treftz. 

REFERENCES 

Arias, R., Lee, T. C., Specca, D., & Janes, H. (2000). Quality 

comparison of hydroponic tomatoes (Lycopersicon 

esculentum) ripened on and off vine. Journal of 

Food Science, 65(3), 545–548.  

Bellows, A. C., Brown, K., & Smit, J. (2003). Health Benefits 

of Urban Agriculture. Community Food.  

Buchanan, D. N., & Omaye, S. T. (2013). Comparative Study 

of Ascorbic Acid and Tocopherol Concentrations in 

Hydroponic- and Soil-Grown Lettuces. Food and 

Nutrition Sciences, 04(10), 1047–1053. 

Coolong, T. (2012). Hydroponic Lettuce. Univeristy of 

Kentucky Cooperative Sxtention Service, pp. 1–4. 

Donnell, M., Short, T., Moore, R., & Draper, C. (2011). 

Hydroponic Greenhouse Lettuce Enterprise Budget. 

Columbus, OH. 

Giampieri, F., Tulipani, S., Alvarez-Suarez, J. M., Quiles, J. L., 

Mezzetti, B., & Battino, M. (2012). The strawberry: 

composition, nutritional quality, and impact on 

human health. Nutrition, 28(1), 9–19.  

Gichuhi, P. N., Mortley, D., Bromfield, E., & Bovell-

Benjamin, A. C. (2009). Nutritional, physical, and 

sensory evaluation of hydroponic carrots (Daucus 

carota L.) from different nutrient delivery systems. 

Journal of Food Science, 74(9), 403–412. 

Hannum, S. M. (2004). Potential impact of strawberries on 

human health: a review of the science. Critical 

Reviews in Food Science and Nutrition, 44(1), 1–17.  

Jensen, M. (2013). What Is Hydroponics? | Controlled 

Environment Agriculture Center. Retrieved from 

http://ag.arizona.edu/ceac/what-hydroponics 

Jensen, M. H. (1999). Hydroponics worldwide. Acta 

Horticulturae, 481, 719–729. 

Koyama, M., Nakamura, C., & Kozo, N. (2013). Changes in 

phenols contents from buckwheat sprouts during 

growth stage. Journal of Food Science and 

Technology, 50(1), 86–91. 

Meyers, K. J., Watkins, C. B., Pritts, M. P., & Liu, R. H. 

(2003). Antioxidant and Antiproliferative Activities 

of Strawberries. Journal of Agricultural and Food 

Chemistry, 51(23), 6887–6892.  

Resh, H. M., & Howard, M. (2012). Hydroponic Food 

Production: A Definitive Guidebook for the 

Advanced Home Gardener and the Commercial 

Hydroponic Grower. In Santa Bárbara, California 

EUA (Sixth). 

Selma, M. V., Luna, M. C., Martínez-Sánchez, A., Tudela, J. A., 

Beltrán, D., Baixauli, C., & Gil, M. I. (2012). Sensory 

quality, bioactive constituents and microbiological 

quality of green and red fresh-cut lettuces (Lactuca 

sativa L.) are influenced by soil and soilless 

agricultural production systems. Postharvest 

Biology and Technology, 63(1), 16–24.  

Sgherri, C., Cecconami, S., Pinzino, C., Navari-Izzo, F., & 

Izzo, R. (2010). Levels of antioxidants and 

nutraceuticals in basil grown in hydroponics and 

soil. Food Chemistry, 123(2), 416–422.  

Zhang, Y., Seeram, N. P., Lee, R., Feng, L., & Heber, D. 

(2008). Isolation and identification of strawberry 

phenolics with antioxidant and human cancer cell 

antiproliferative properties. Journal of Agricultural 

and Food Chemistry, 56(3), 670–675.  

 


