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Abstract: High tunnels have been reported to extend the harvest season for fruits and vegetables in 

several North American regions. This study was conducted to evaluate whether there are additional 

economic returns from strawberries produced in high tunnel structures compared to open-field in 

the Commonwealth of Virginia. A total of eight strawberry cultivars were evaluated in a random-

ized complete block under high tunnel and open-field conditions. Total costs were estimated for all 

eight cultivars under high tunnel and open-field, and gross and net revenues from all cultivars were 

estimated over three marketing strategies (pre-pick wholesale, pre-pick retail, and U-pick) for both 

high tunnel and open-field. The average net revenues per hectare in the high tunnel were −$62,077 

(−$25,122 ac−1), −$15,151 (−$6131 ac−1), and −$27,938 (−$11,306 ac−1) for pre-pick wholesale, pre-pick 

retail, and U-pick, respectively, compared to open-field net revenues of $39,816 ($16,113 ac−1), 

$112,102 ($45,366 ac−1), and $81,850 ($33,123 ac−1) for wholesale, pre-pick retail, and U-pick, respec-

tively. Net revenues in the high tunnel were lower due to lower yields and higher production costs 

including overhead cost of the high tunnel structure. Almost all cultivars in the high tunnel gener-

ated negative net revenues regardless of the marketing strategy. The exceptions were ‘Camino Real’ 

which generated positive net revenues with U-pick and pre-pick retail marketing and ‘Merced’ 

which generated positive net revenues for pre-pick retail marketing. In contrast, net revenues from 

open-field cultivars were always positive. Results imply that growers should focus on open-field 

rather than high-tunnel strawberry production. Results are from one season of production. Repli-

cation of the study under one or more production seasons would contribute to more robust findings 

of the economic viability of strawberry production under a high tunnel. 

Keywords: annual hill plasticulture; cultivar; cost; revenue; strawberry; net revenue; pre-pick; 

wholesale; retail; U-pick; economic comparison 

 

1. Introduction 

In 2018, 19,919 hectares (49,220 ac) of strawberries were harvested in the United 

States of America. California harvested 72.7% of the total area with 14,488 hectares (35,800 

ac)), followed by Florida (19.9%). Oregon, Washington, North Carolina, and New York 

accounted for approximately 7.4% of total strawberry production with 1465 hectares (3620 

ac) [1]. South Atlantic states (Alabama, Georgia, North Carolina, South Carolina, and Vir-

ginia) collectively produce strawberries on 948 hectares (2342 ac) [2]. In the Common-

wealth of Virginia, strawberries occupied about 158 hectares (391 ac) in 2017 [3]. 

Strawberry yield varies depending on the production region. In 2018, the total na-

tional utilized yield was 1,295,049 mt (fresh equivalent), which generated approximately 

$2,670,523,000 revenue. The average strawberry yield was 10.66 mt per hectare (29.03 t 

ac−1) fresh equivalent, and yields ranged from 90.4 metric tons per hectare (40.3 t ac−1) in 

California to 5.5 metric tons per hectare (2.5 t ac−1) in New York [1]. The main reason for 

the yield differences across different states is climate conditions. California weather 
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allows it to produce strawberries all year round, resulting in higher yields. At the same 

time, other states are limited to short growing seasons with harvest lasting approximately 

one to five months [3]. The short production season in states with colder climates is asso-

ciated with lower prices received by growers. The retail price of strawberries is usually 

higher during the off-season and can even double in December. However, this gap has 

declined due to improved trade and increased year-round supply [4]. 

The demand for strawberries has increased drastically in the past decades. Consump-

tion per capita increased from approximately 0.9 kg (2 lbs) per year in 1980 to 3.6 kg (7.9 

lbs) per year in 2013. This increase is due to the awareness of strawberries’ health benefits 

and increased strawberry availability all year round due to increased domestic production 

and increased imports [5]. In addition to the increase in per capita strawberry consump-

tion, there is an upward trend in consumers’ demand for locally grown food, presenting 

an opportunity for local producers to receive premium prices. Between 1994 and 2014, 

farmers’ markets increased from 1755 to 8284 [6]. 

Most strawberries grown in the mid-south US are sold directly to local markets and 

contribute to agritourism activities. In a survey conducted by Virginia Cooperative Exten-

sion, 79% of strawberry growers stated that they sell their berries through pre-pick retail 

and U-pick outlets [7]. In the City of Virginia Beach, the highest producer of strawberries 

in Virginia, an estimated 20% of the yield is sold pre-picked at farmers’ markets, and the 

remaining portion of the harvest is sold through U-Pick [8]. 

An increase in local food demand is an opportunity for strawberry producers to 

adopt technology such as high tunnels that help expand their production and extend their 

season. High tunnels are unheated, polyethylene-cover, greenhouse-like structures [9]. 

They offer protection from unfavorable weather conditions such as high wind, frost, hail, 

and precipitation, and they are reported to extend the harvest season for many crops, al-

lowing the growers to gain early entry into the market when consumers are most excited 

about berry consumption and picking [9]. A study in Utah reported that high tunnels ad-

vanced June-bearing strawberry production by 4 to 5 weeks [10]. The noted benefits from 

high tunnels, coupled with their low installation costs compared to other protected struc-

tures, have stimulated interest among high-value crop growers [11]. 

Previous analyses of high tunnel vs. open-field production have yielded mixed re-

sults. Some studies in North America reported the role of high tunnels in improving the 

productivity and quality of high-value crops and the possibility of allowing producers to 

access offseason premium prices [12–15]. However, a study in Tennessee [16] reported 

lower net revenue from strawberries produced under a high tunnel compared to open- 

field production. An Arkansas study of primocane-fruiting blackberries found that open- 

field production was more profitable than high tunnel production [17]. A Michigan study 

of high tunnel and open-field raspberry production found higher insect pest pressure un-

der high tunnels compared to open-field [18]. Another study [19] notes that while in-

creased strawberry yield would not justify the cost of a high tunnel, growers point out 

that the main advantage of a high tunnel is the reliability of production regardless of rain 

events during harvest. Further research is needed to determine how strawberry net reve-

nues in the southeastern U.S. are affected by high tunnel production and what factors 

contribute to the change in net revenues. As strawberry producers explore alternatives to 

conventional open-field production to expand their growing season, little is known as to 

whether high tunnel benefits observed in other regions can be translated to the southeast-

ern U.S. and whether potentially higher yields and price premiums obtained during the 

offseason would increase the revenue enough to cover initial installation costs. The effect 

of different strawberry cultivars on high tunnel versus open-field comparison is also un-

known. We conducted this study with the primary objective of learning whether there are 

additional returns from strawberry cultivars grown in high tunnels compared to those in 

open-fields in the Southeast and specifically Virginia and what factors contribute to the 

change in net returns from high tunnel production. Secondly, we were interested in learn-

ing and identifying the interaction of strawberry cultivars with the high tunnel versus 
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open-field economic returns. Finally, we were interested in learning the sensitivity of ad-

ditional returns to the market price. 

2. Materials and Methods 

2.1. Horticultural Design 

The horticultural study was conducted at Virginia Tech’s Hampton Roads Agricul-

tural Research and Extension Center (AREC) in Virginia Beach, Virginia, during the 

2019/20 season. The soil was tetotum loam with a non-amended pH of 5.9 and 5.1 for the 

land with and without strawberry history, respectively. Lime was applied at a rate of 2241 

kg ha−1 (2000 lb ac−1) to land with strawberry history and 5043 kg ha−1 (4500 lb ac−1) to land 

without strawberry history to adjust the pH of both land types to a 6.2 level. Eight straw-

berry cultivars were evaluated in a randomized complete block. Five cultivars were short-

day (June bearing), and three were day-neutral (spring and fall-bearing). The June-bearing 

cultivars were ‘Rocco’ [20], ‘Ruby June’ [21], ‘Camino Real’ and ‘Merced’ [22], and ‘Chan-

dler’ [23]. The day-neutral cultivars were ‘San Andreas’ [22], ‘Sweet Ann’ (Lassen Canyon 

Nursery; 2009), and ‘Albion’ [22]. 

The strawberry plugs of all cultivars were ordered from the same nursery. They were 

planted in the first week of October 2019 and transplanted in annual hill plasticulture beds 

with 36 cm (14 in) in-row spacing in a staggered manner. A total of 8 rows 21 m (70 ft) 

long and 1.8 m (6 ft) center were planted. Four rows were inside a 9 × 45 m (30 × 148 ft) 

high tunnel, and four others were outside in the open-field. Each cultivar was planted on 

a 2 m2 (21 ft2) block and replicated four times in both high tunnel and open-field. The total 

area used for the trials in each environment was 195.1 m2 (2100 ft2). The planted area was 

78 m2 (840 ft2), another 78 m2 was for the alley-ways, and the remaining 49 m2 (420 ft2) was 

the buffer area used to separate cultivars in the trial. We ignored this buffer area in our 

analysis because it would not be present on a commercial operation. Therefore, we con-

sidered the area used for the trials in each environment to be 156 m2 (1680 ft2). 

Temperature, light intensity, and plant health were monitored throughout the study. 

Temperature probes were placed at canopy levels and 15.2 cm (6 in) depth under the soil 

(root zone) in each bed row. Light intensity at canopy levels was recorded throughout the 

season, and plant runner counts were recorded monthly for each replicate using a rating 

from 1 to 5, 1 being for rare runners and 5 for the most runners. Similarly, plant health 

rating was done on a monthly basis using a rating from 0 to 10, 0 meaning all plants dead 

in a replicate, and 10 meaning extremely vigorous and healthy appearing plants in a rep-

licate. Strawberry plant development was monitored by measuring plant canopy diame-

ter early in the growing season, mid-season, and toward the end of the growing season. 

Field plots were harvested two to three times per week by project personnel. 

2.2. Economic Analysis 

Marketable and nonmarketable yields per block were recorded by harvest date for 

each cultivar in both high tunnel and open-field environments. We added monthly mar-

ketable yield from each of the four blocks of the same cultivar in each environment to 

obtain the monthly yield per cultivar. Then, we extrapolated the yield to a per hectare 

basis. 

For each cultivar, we calculated total costs, gross revenues, and net returns (revenue 

generated minus production cost) per hectare for three marketing strategies in both high 

tunnel and open-field. In the first strategy, producers pre-pick their berries and sell them 

at a wholesale market (pre-pick-wholesale). In the second, they pre-pick and retail berries 

(pre-pick-retail); in the third strategy, consumers pick the berries for themselves (U-pick). 
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2.2.1. Gross Revenue 

To calculate the seasonal gross revenue, we added the products of monthly market-

able yield per cultivar in kilograms and the estimated monthly price per kilogram during 

the 2019–20 harvest season. Estimated monthly prices differ by marketing strategy. The 

same monthly price is used for all cultivars with high tunnel or open-field production, 

except that January, February, and March monthly prices are not used for open-field pro-

duction as there are no yields in those months. To account for inflation, all prices were 

expressed in terms of the purchasing power of money in 2020 (2020 dollars) using U.S. 

GDP implicit price deflators obtained from the Federal Reserve Bank of St Louis website 

(https://fred.stlouisfed.org, accessed on 3 March 2021). To convert dollars for a cost or rev-

enue item from a given quarter and year to 2020 dollars, we find the ratio of the deflator 

for the second quarter of 2020 and the deflator of the quarter in the year under considera-

tion. This ratio is multiplied by a price reported in that year to convert it to 2020 dollars. 

The result was a set of prices expressed in 2020 dollars. 

To estimate the monthly price received by producers in the southeastern US at the 

wholesale market, we found the 4-year average North Carolina strawberry prices (ex-

pressed in 2020 dollars) at the Baltimore Terminal Market (2017–2020). The terminal mar-

ket price dataset was obtained from the USDA (AMS) website (https://www.market-

news.usda.gov, accessed on 3 March 2021). This dataset reported weekly low, high, 

mostly low, and mostly high prices per flat 8 0.45 kg (1 lb) container with a lid. We took 

the average of the mostly high and mostly low prices for each month and converted these 

average prices to 2020 dollars, as described above. We took the average of the mostly high 

and mostly low prices in order to capture the range of prices observed without being 

overly influenced by outliers that might have been introduced with inclusion of the high 

and low price categories. 

The USDA dataset for Baltimore Terminal Market price contained only information 

on April through June prices. We obtained a dataset of monthly southeastern US retail 

prices per kilogram for five years (2016–2020) from the USDA website (https://www.mar-

ketnews.usda.gov, accessed on 4 March 2021). We converted all prices to 2020 dollars as 

described above and then used the average price for each month over the five years to 

estimate wholesale prices for January through March. First, we calculated the average 

percent retail margin over the terminal market price for April through June. The resulting 

average percent retail margin was used to estimate the average wholesale terminal market 

price for January, February, and March based on the retail prices for each month. 

Prices for pre-pick retail and U-pick operations were obtained by finding an average 

of prices reported by local Virginia producers who responded to an online survey admin-

istered in 2021. Respondents market their berries via pre-pick retail or U-pick outlets. Sur-

vey respondents were asked to report their prices as dollars per pound or dollars per 4-

quart basket. 

2.2.2. Cost 

We used the costs recorded in trials at the AREC in Virginia Beach. Since the trials 

were conducted on a 156 m2 (1680 ft2) area with eight cultivars under high tunnel and 

open-field, we extrapolated the costs to a per-hectare basis. Some production labor costs 

were based on North Carolina State extension budgets, rather than experimental observa-

tions, to more accurately reflect production conditions on a commercial operation [24]. In 

addition, other supplementary cost information was also obtained from the North Caro-

lina extension budgets [24]. All costs were expressed in 2020 dollars using the procedure 

described above for prices. 

Costs are divided into production and overhead. Production costs were reported by 

strawberry production stages: land preparation, transplant, dormant, harvest, and post-

harvest. Except for the harvest stage, all production stages started and ended around the 

same time in the open-field and the high tunnel. Costs for all activities that occurred 



Horticulturae 2022, 8, 1139 5 of 16 
 

 

between the first and the last harvest days were classified in the harvest production stage 

except the labor cost spent for the actual picking of the berries, which was classified in a 

separate harvest labor category. 

For each production stage, reported production costs include labor, materials, and 

machinery variable costs. Production costs of the high tunnel differ from those of the 

open-field. Cultivars grown within the open-field (high tunnel) have the same costs with 

the exception of harvest labor costs, which vary by yield and by the marketing strategy. 

We used harvest labor reported in the trials for the pre-pick wholesale and retail opera-

tions, and we assumed the U-pick harvest labor to be 20% of the pre-pick harvest labor. 

Overhead costs include interest, depreciation, and repairs for all irrigation, machin-

ery, and high tunnel infrastructure. Overhead costs differ between the high tunnel and 

open-field but are the same for all cultivars within the open-field (high tunnel). The high 

tunnel structure cost was depreciated for ten years based on the Internal Revenue Ser-

vices’ 2012 Farmers Tax Guide, which states that horticultural structures’ lifetime is ten 

years [25]. Maintenance and interest costs were, respectively, four and five percent of the 

average costs of the structure. 

2.2.3. Net Revenues 

Net revenues per hectare from eight strawberry cultivars under each marketing strat-

egy and under open-field and high tunnel production were estimated by subtracting the 

total per hectare cost from gross revenues. 

3. Results 

3.1. Gross Revenues 

3.1.1. Budget Analysis 

Gross revenues depended on cultivars, production environment, and marketing 

strategy. Figure 1 shows monthly revenue from each cultivar in the high tunnel (a) and 

open-field (b) for a pre-pick-wholesale price. ‘Camino Real’ generated the highest revenue 

in the high tunnel with annual revenue of $73,287 ha−1 ($29,659 ac−1), followed by ‘Merced’ 

and ‘Ruby June’ with gross revenues of $58,839 ha−1 ($23,812 ac−1) and $56,366 ha−1 ($22,811 

ac−1), respectively. ‘Albion’ generated the lowest revenue of $36,578 ha−1 ($14,803 ac−1). In 

the open-field, ‘Rocco’ generated the highest revenue of $106,243 ha−1 ($42,996 ac−1) fol-

lowed by ‘Sweet Ann’ and ‘Chandler’ with revenues of $94,715 ha−1 ($38,331 ac−1) and 

$89,925 ha−1 ($36,392 ac−1), respectively. Similar to the high tunnel result, ‘Albion’ gener-

ated the lowest revenue of $47,519 ha−1 ($19,231 ac−1). 

Overall, revenues from cultivars grown in the open-field were higher than those from 

high tunnel regardless of whether producers marketed at a wholesale, retail, or U-pick 

price (Table A1). Depending on the individual cultivar, per hectare revenues from the 

open-field were between $1196 and $62,440 ha−1 ($484 and $25,269 ac−1) higher than those 

from the high tunnel for the pre-pick wholesale marketing strategy. The wholesale price, 

which was the 5-year average price in southeastern U.S stores, varied between $4.59 and 

$5.67 kg−1 ($2.08 and $2.57 lb−1), depending on the month. The revenue difference became 

even wider when strawberries were marketed at a retail ($9.48 kg−1 or $4.30 lb−1) or U-pick 

($6.97 kg−1 or $3.16 lb−1) price. The differences ranged between $2430 and $118,803 ha−1 

($983 and $48,078 ac−1) for the pre-pick retail marketing strategy and from $1786–$87,306 

ha−1 ($723 to $35,332 ac−1) for U-pick. On average, the revenue was $27,873 ha−1 ($11,280 

ac−1), $53,233 ha−1 ($21,543 ac−1), and $39,120 ha−1 ($15,831 ac−1) higher in open-field than in 

the high tunnel for pre-pick-wholesale, pre-pick-retail, and U-pick marketing strategies, 

respectively. 
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(a) (b) 

Figure 1. High tunnel (a) and open-field (b) gross revenues in USD per hectare for eight strawberry 

cultivars marketed at a wholesale price. 

3.1.2. Yield Analysis 

The high tunnel allowed harvest before the normal harvest season (before April), as 

harvest for some cultivars started as early as January. However, the yields were generally 

low compared to the open-field. The total yields for different cultivars ranged between 

9676–21,379 kg ha−1) (8634 and 19,078 lb ac−1) in the open-field and from 7550–14,865 kg 

ha−1 (6737 to 13,265 lb ac−1) in the high tunnel. The average yield per hectare was 1.4 times 

higher in the open-field compared to the high tunnel. The yields were slightly skewed to 

the right in the high tunnel (Figure 2a) and normally distributed in the open-field (Figure 

2b). 

  

(a) (b) 
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Figure 2. Kernel density estimates for high tunnel (a) and open-field yields (b). 

A simple linear regression analysis sheds additional light on the effects of cultivar 

and production environment, namely open-field and high tunnel, on yield. Tables 1 and 

2 report the estimates from ordinary least square regressions (OLS) with yields as the de-

pendent variable and cultivar as the independent variable. Using ordinary least squares 

is justified because data were obtained from experiments where other factors, such as 

weather and soil, were controlled, and endogeneity should not be an issue. Ordinary least 

squares estimation method assumes that errors have a constant variance, homoskedasic-

ity. To ensure this assumption was met in regression models in Tables 1 and 2, we con-

ducted the Breusch-pagan heteroskedasticity test. We failed to reject the null hypothesis 

that homoskedasticity is present in both high tunnel (p = 0.21) and open-field (p = 0.43) 

models. 

The intercepts in Tables 1 and 2 indicate an estimate of the average yields for the base 

variety, ‘Chandler’ under high tunnel and open-field conditions, respectively. Estimates 

for other varieties indicate how much the yield of each variety varies from the estimate 

for ‘ChandIer’. In the high tunnel, the average yield for ‘Chandler’ was 7725 kg ha−1 (6891 

lb ac−1), as indicated by the intercept estimate in Table 1. Only ‘Camino Real’ had a statis-

tically significant higher yield than ‘Chandler’ (p = 0.013). On average, its yield was 4167 

kg ha−1 (3717 lb ac−1) more than ‘Chandler’s’. Similarly, the yield for ‘Chandler’ in the open-

field was 14,527 kg ha−1 (12,959 lb ac−1), as indicated by the estimate for open-field in Table 

2, almost twice the yield reported in the high tunnel. The open-field average yields for 

‘Camino Real’ (p < 0.1), ‘Ruby June’ (p < 0.01), ‘Albion’ (p < 0.001), and ‘Merced’ (p < 0.1) 

were lower than those for ‘Chandler’. 

Table 1. Estimated average yield (kg ha−1) from strawberry cultivars produced in the high tunnel 

with ‘Chandler’ as the base category. 

 Estimate Std. Error t Value Pr (>|t|) 

Intercept 7725 1098 7.04 2.82 × 10−7 *** 

Albion −1686 1552 −1.09 0.288 

Camino Real 4167 1552 2.68 0.013 * 

Merced 1917 1552 1.24 0.229 

Ruby June 1520 1552 0.98 0.337 

Rocco −645 1552 −0.42 0.681 

San Andreas −371 1552 −0.24 0.813 

Sweet Ann −1149 1552 −0.74 0.466 
Signif. codes: ‘***’ 0.001, ‘*’ 0.05. 

Table 2. Estimated average yield (kg ha−1) from strawberry cultivars produced in the open-field 

with ‘Chandler’ cultivar as the base category. 

 Estimate Std. Error t Value Pr (>|t|) 

Intercept 14,527 1215 11.95 1.36 × 10−11 *** 

Albion −6807 1719 −3.96 0.000582 *** 

Camino Real −2963 1719 −1.72 0.097579 

Merced −3252 1719 −1.89 0.070599 

Ruby June −5118 1719 −2.98 0.006545 ** 

Rocco 1351 1719 0.79 0.439687 

San Andreas −2576 1719 −1.50 0.146967 

Sweet Ann 919 1719 0.54 0.597786 

Signif. codes: ‘***’ 0.001, ‘**’ 0.01. 
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3.2. Cost 

3.2.1. Production Cost 

Overall, the production cost, excluding harvest labor for picking berries, was higher 

in the high tunnel than in the open-field across all strawberry production stages except 

for the pre-harvest stage, as presented in Figure 3a,b. Transplanting was the costliest pro-

duction stage in both high tunnel and open-field, and the post-harvest stage was the least 

costly. The transplanting production stage costs $12,414 and $11,458 ha−1 ($5024 and $4637 

ac−1) in the high tunnel and open-field, respectively. The least costly stage was post-har-

vest. It costs $115 ha−1 ($46.50 ac−1) in both high tunnel and open-field. The total per hectare 

production cost (excluding harvest labor for picking berries) was $30,327 ($12,273 ac−1) in 

the high tunnel and $25,829 ha−1 ($10,453 ac−1) in the open-field. 

Expenses for each production stage were categorized into equipment, materials, and 

labor. The materials category was the costliest in both high tunnel and open-field. It costs 

$16,002 and $14,228 ha−1 ($6476 and $5758 ac−1) in the high tunnel and open-field, respec-

tively, equivalent to 52.8% and 55.1% of the production costs in the high tunnel and open-

field, respectively. Equipment cost was the least expensive category, $2270 ha−1 ($919 ac−1) 

and $2241 ha−1 ($907 ac−1) in the high tunnel and open-field, respectively. 

 

(a) (b) 

Figure 3. Estimated production costs in USD per hectare for every strawberry production stage in 

the high tunnel (a) and open-field (b). Labor for the ‘harvest production stage’ does not include 

labor for picking berries. 

3.2.2. Administrative and Cumulative Cost 

The annual administrative cost, including real estate taxes, net land rent, and over-

head, was $378 ha−1 ($153 ac−1) in both high tunnel and open-field (data not shown). Add-

ing this cost to the total high tunnel and open-field production cost, we obtained a cumu-

lative cost of $30,705 ha−1 ($12,426 ac−1) and $26,209 ha−1 ($10,606 ac−1), respectively, exclud-

ing harvest labor. We added $65,331 ha−1 ($26,439 ac−1) to the high tunnel cumulative cost 

for annual ownership cost of the structure resulting in a cumulative cost of $96,039 ha−1, 

($38,865 ac−1) slightly more than three and a half times the cumulative cost of producing 

strawberries in the open-field. 



Horticulturae 2022, 8, 1139 9 of 16 
 

 

3.2.3. Harvest Labor Cost 

The costs of growing different cultivars under the same production environment dif-

fer by harvest labor costs which, in turn, vary by marketing strategy chosen by producers 

and by cultivar. Figure 4 compares the harvest labor cost per hectare in the high tunnel 

and open-field for each individual cultivar and pre-pick marketing strategy. For all culti-

vars, harvest labor costs were higher in the high tunnel than in the open-field. The largest 

difference in harvest labor was recorded for ‘Camino Real’. The average harvest labor in 

the high tunnel was a little over 1.4 times the average in open-field for a pre-pick opera-

tion. This was somewhat unexpected based on the fact that high tunnel strawberry culti-

vars had a lower yield compared to cultivars in the open-field. This higher harvest cost in 

the high tunnel can be explained by the increased number of harvesting times because 

harvest started earlier in the high tunnel compared to the open-field. The patterns in the 

harvest labor for a U-pick operation were similar to those for a pre-pick operation. The 

only difference is that U-pick harvest labor provided by the grower was assumed to be 20 

percent of that in the open-field. 

 

Figure 4. Harvest labor cost in USD per hectare for high tunnel and open-field cultivars and for a 

pre-pick operation. 

The harvest labor cost differs by strawberry cultivar. Yields partially explain cost dif-

ferences. Three of the four highest yielding high-tunnel cultivars had the highest harvest 

labor costs for the high tunnel: ‘Chandler’ ($26,170 ha−1 or $10,591 ac−1), ‘Camino Real’ 

(16,215 ha−1 or $6562 ac−1), and ‘Ruby June’ ($15,385 ha−1 or $6226 ac−1). ‘Albion’ had the 

lowest high-tunnel harvest cost ($10,924 ha−1 or $4421 ac−1) and the lowest yield. However, 

‘Rocco’ had the second-highest high tunnel labor cost ($22,289 ha−1 or $9020 ac−1) but the 

sixth-highest yield. 

The three highest-yielding open-field cultivars had the highest open-field harvest la-

bor costs: ‘Chandler’ ($24,379 ha−1 or $9867 ac−1), ‘Rocco’ ($17,097 ha−1 or $6919 ac−1), and 

‘Sweet Ann’ (10,472 ha−1 or $4238 ac−1). ‘Albion’ had the lowest open-field harvest labor 

cost of $6538 ha−1 ($2646 ac−1) and the lowest yield. However, ‘Ruby June’ had the fourth 

highest labor cost ($9987 ha−1 or $4042 ac−1) but the seventh highest open-field yield. 

The cumulative cost (including harvest labor) for a pre-pick operation ranged be-

tween $106,963 and $122,209 ha−1 ($43,286 and $49,456 ac−1) in the high tunnel, and $32,747 

and $50,590 ha−1 ($13,252 and $20,473 ac−1) in the open-field depending on strawberry cul-

tivars. Similarly, for a U-pick operation, total cost ranged between $98,223 and $101,273 

ha−1 ($39,750 and $40,984 ac−1) in the high tunnel and $27,516–$31,085 ha−1 ($11,135 and 

$12,580 ac−1) in the open-field (Table A2). 
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3.3. Net Revenues 

Net revenues depended on the production environment, strawberry cultivars, and 

market price. Overall, producing strawberries in the high tunnel was not profitable (Table 

A3). When strawberries were marketed at wholesale price, all cultivars in the high tunnel 

generated negative net revenues (Figure 5a). In comparison, all cultivars in the open-field 

generated positive net returns (Figure 5a and Table A3). Net revenues from cultivars pro-

duced in the high tunnel ranged between −$74,638 and −$38,965 ha−1 (−$30,205 and 

−$15,768 ac−1) while those from open-field cultivars ranged between $14,774 and $62,940 

ha−1 ($5979 and $25,471 ac−1). On average, open-field cultivars generated $101,893 ha−1 

($41,235 ac−1) higher net revenues compared to the high tunnel. 

Similarly, when producers marketed their strawberries at a retail price (pre-pick re-

tail) and when consumers picked the berries from the field (U-pick), all high tunnel culti-

vars generated a negative net return, except for ‘Camino Real’ and ‘Merced’. The net rev-

enue from ‘Camino Real’ was $28,689 ha−1 ($11,610 ac−1) and $4295 ha−1 ($1738 ac−1) at pre-

pick-retail and U-pick prices, respectively, and the net revenue from ‘Merced’ was $5338 

ha−1 ($2160 ac−1) at the pre-pick retail price. In contrast, all open-field cultivars generated 

a positive return (Figure 5b,c and Table A3). In both marketing strategies, the loss from 

producing strawberries in the high tunnel was smaller than that incurred when berries 

were marketed at a wholesale price (pre-pick wholesale), but the difference between high 

tunnel and open-field net revenue became wider. On average, the per hectare net revenue 

from open-field cultivars exceeded that from the high tunnel by $127,253 ha−1 ($51,498 

ac−1) for pre-pick retail and $109,788 ha−1 ($44,430 ac−1) for U-pick. 

 

(a) (b) 
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                                                 (c)  

Figure 5. Net revenues in USD per hectare from strawberries produced under a high tunnel and in 

the open-field and marketed at a (a) pre-pick wholesale, (b) pre-pick retail, and (c) U-pick price. 

4. Discussion 

Several studies conducted in different regions in North America reported higher net 

revenues from producing fruits and vegetables in high tunnels compared to the open-field 

[26]. High tunnels extended the harvest season and increased marketable yields resulting 

in higher net returns. In contrast, our study finds lower net returns from high tunnel pro-

duction for all marketing strategies. Lower net returns in the high tunnel compared to the 

open-field can be attributed to two main reasons. First, the high tunnel production cost 

was higher than the cost of the open-field cultivars, as discussed in the previous section 

(Table A2). A major reason for the higher cost is the overhead cost of the high tunnel 

structure, which makes up almost half of the total cost of high tunnel production. Second, 

as a result, the early season strawberry yields and revenues generated from high tunnel 

production compared to open-field production were not enough to offset the higher cost 

of owning the high tunnel structure for any of the three marketing prices used in this 

study. In fact, average yields from the high tunnel were lower than from the open-field 

(Tables 1 and 2). 

The lower yields in the high tunnel compared to the open-field corroborates the find-

ings from a Tennessee study that spring-bearing open-field strawberries produced higher 

yields than winter and spring-bearing high-tunnel strawberries [16]. One possible reason 

for lower high tunnel yields during our trials is herbicide and disease damage resulting 

from cooler conditions in winter and warmer conditions in spring. Early fruiting in the 

high tunnel when conditions were cooler favored the development of diseases in the high 

tunnel at the time when there were no fruits in the open-field. Forcing strawberries to bear 

fruit during the winter months can be a drawback as yield is reduced compared to tradi-

tional spring production [27]. 

The warm conditions in the high tunnel during the spring compared to the open-

field environment favored pests and led to lower yields. This is similar to what Martin 

reported that warm winter temperatures provided insects an overwintering location in 

the high tunnel and caused more damage to the berries during winter and spring produc-

tion [16]. Leach and Isaacs [18] also reported higher pest pressure in high tunnel 
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raspberries compared to open-field production while Ingwell et al. [28] also observed a 

higher pest prevalence in high tunnels compared to open-field plots in a study of toma-

toes, cucumbers, and broccoli. Rodents are also attracted to warm conditions in the high 

tunnel during winter and feed on high tunnel crops [29]. Overhead irrigation was used in 

our study to protect the plants from frost, insect damage, and diseases, but it is clear that 

the yield loss was enlarged compared to open-field production. 

Galitano and Miles [11] also reported a lower profit from lettuce produced in the high 

tunnel than in the open-field. The net revenue from lettuce produced in the high tunnel 

was 30% less per square meter than the net revenue from producing in the open-field. The 

higher yield from the high tunnel observed in their study was insufficient to offset the 

increased costs. This finding suggests that even higher yields in the high tunnel would 

not have been a sufficient condition to guarantee higher net revenues at a low wholesale 

price, but it might have at higher prices for other marketing strategies. Results from pre-

vious studies as well as this study suggest greater attention needs to be given to managing 

strawberry production under high tunnels especially with respect to pest management. 

Focusing on the open-field, where net-revenues were always positive, ‘Rocco’ and 

‘Sweet Ann’ would be the best choices for U-pick and pre-pick retail due to higher net 

revenues (Figure 5b,c). Their yields are higher than ‘Chandler’ yields although the differ-

ences are not statistically significant (Table 1). However, these cultivars are not suitable 

for shipping making them less suited to pre-pick wholesale operations. Additionally, alt-

hough data from research and on-farm trials shows that yield from ‘Rocco’ is similar to 

that of ‘Chandler’, it is still a new cultivar [20]. ‘Sweet Ann’ does not tolerate rain events 

very well due to its thin fruit skin. It did well in the outdoor environment in our trial 

because low rain events and intensity were recorded this season. During harvest seasons 

when there are high rainfall events and intensity, this cultivar may not yield the same 

amount of marketable yield. ‘Chandler’, which ranked third in open-field net revenues 

for pre-pick retail and U-pick, has been grown by southeastern growers for a long time, 

and it has been among the top cultivars with high yields [30] making it favorable for U-

pick and pre-pick retail operations. ‘Camino Real’ ranked fifth in open-field net revenues. 

Previous studies reported that it can yield as well or better than ‘Chandler’ in different 

regions of Eastern Virginia [31]. The high yield potential, rain resistance, ease of picking, 

and good shipping ability makes ‘Camino Real’ a favorable cultivar for pre-pick whole-

sale. 

5. Conclusions 

In this paper, we study and compare cost, revenues, and net revenues from eight 

strawberry cultivars produced under a high tunnel and in the open-field in the Common-

wealth of Virginia. We find that producing in the high tunnel was not profitable for three 

marketing strategies: pre-pick with wholesale marketing, pre-pick with retail marketing, 

and U-pick whereby consumers pick strawberries. 

The total production cost (including harvest, ownership, and administrative costs) 

for the high tunnel averaged $112,223 ($45,415 ac−1) and $99,276 ($40,175 ac−1) for pre-pick 

and U-pick, respectively, and for the open-field averaged $38,204 ($15,460 ac−1) and 

$28,608 ($11,577 ac−1) for pre-pick and U-pick, respectively. Revenues from all eight culti-

vars were lower in the high tunnel than in the open-field, regardless of whether strawber-

ries were sold at a wholesale, retail, or U-pick price. This is a result of lower marketable 

yields from the high tunnel compared to the open-field. High tunnel net revenues were 

negative for all cultivars and marketing strategies, except for ‘Camino Real’ and ‘Merced’. 

The net revenue from ‘Camino Real’ was positive at pre-pick-retail and U-pick prices, and 

the net revenue from ‘Merced’ was positive at a pre-pick retail price. In contrast, net rev-

enues from open-field were positive for all cultivars and marketing strategies. On average, 

net revenue was $101,893, $127,253, and $109,788 ha−1 ($41,235, $51,498, and $44,430 ac−1) 

higher in the open-field than in the high tunnel for pre-pick wholesale, pre-pick retail, and 

U-pick marketing, respectively. 
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Study results imply that growers should focus on open-field production of strawber-

ries rather than under a high tunnel. The most promising cultivars in terms of net returns 

from open-field production are ‘Rocco’, ‘Sweet Ann’, ‘Chandler’, and ‘Camino Real’. 

However, ‘Rocco’ has limitations for shipping and ‘Sweet Ann’ has limitations due to sen-

sitivity to damage from rain events. A limitation to this study was that the economic data 

was run on a field trial based on a single growing season, i.e., 2019–20 growing season. 

Replicating the study might provide additional insights into the effects of growing season 

conditions on the differences in yields from high tunnel and open-field production. 

Further research is also warranted to develop an improved production system for 

strawberries under high tunnels. Disease and insect pest management methods need to 

be adapted to the high tunnel production environment in order to produce the increased 

yields needed to offset the overhead costs of the high tunnel structure. Harvest costs re-

ported in this study may be higher than those realized by commercial growers because of 

experimental methods used to record our harvest labor. Labor inputs were reported for 

small plots, and experiment workers harvested all berries, including non-marketable 

yields. Harvest workers on a commercial operation may be more efficient, resulting in 

lower harvest labor costs, which could be corroborated with further research. Addition-

ally, further research is needed to evaluate the relative profitability of the three marketing 

strategies: U-pick, retail, and wholesale. Such study should consider all marketing costs 

for each marketing strategy. 
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Appendix A 

Table A1. Strawberry gross revenues (estimated yield ∗ estimated price) in USD per hectare by cul-

tivar and marketing strategy in the high tunnel and open-field environment. 

 Pre-Pick Wholesale Pre-Pick Retail U-Pick 

Cultivar High Tunnel Open-Field Difference High Tunnel Open-Field Difference High Tunnel Open-Field Difference 

Albion 36,248 47,521 11,273 71,027 91,743 20,715 52,197 67,420 15,223 

Camino Real 73,289 74,484 1195 140,943 143,373 2430 103,577 105,363 1786 

Chandler 47,571 89,927 42,357 91,560 174,428 82,867 67,286 128,184 60,898 

Merced 58,840 71,914 13,074 114,287 138,367 24,081 83,987 101,684 17,697 

Ruby June 56,368 62,731 6363 109,572 120,355 10,783 80,523 88,447 7924 

Rocco 43,803 106,245 62,442 83,916 202,718 118,803 61,668 148,975 87,306 

San Andreas 44,927 76,613 31,686 87,158 146,793 59,635 64,051 107,876 43,825 

Sweet Ann 40,122 94,719 54,596 78,117 184,670 106,553 57,407 135,711 78,304 

Average 50,146 78,019 27,873 97,073 150,306 53,233 71,337 110,457 39,120 

Min 36,248 47,521 1195 71,027 91,743 2430 52,197 67,420 1786 

Max 73,289 106,245 62,442 140,943 202,718 118,803 103,577 148,975 87,306 

Table A2. Strawberry production costs in USD per hectare (including administrative cost) by culti-

var and marketing strategy in the high tunnel and open-field environment. 

 Pre-Pick U-Pick 

Cultivar High Tunnel Open-field Difference High Tunnel Open-field Difference 

Albion 106,963 32,747 74,216 98,223 27,516 70,707 

Camino Real 112,254 35,635 76,619 99,282 28,094 71,188 

Chandler 122,209 50,590 71,618 101,273 31,085 70,188 

Merced 108,949 34,573 74,376 98,621 27,882 70,739 

Ruby June 111,424 36,196 75,228 99,116 28,206 70,909 

Rocco 118,327 43,305 75,022 100,496 29,628 70,868 

San Andreas 107,953 35,902 72,051 98,421 28,147 70,274 

Sweet Ann 109,710 36,682 73,028 98,773 28,303 70,469 

Average 112,223 38,204 74,020 99,276 28,608 70,668 

Min 106,963 32,747 71,618 98,223 27,516 70,188 

Max 122,209 50,590 76,619 101,273 31,085 71,188 

Table A3. Strawberry net revenues in USD per hectare (gross revenues—production costs) by cul-

tivar and marketing strategy in the high tunnel and open-field environment. 

 Pre-Pick Wholesale Pre-Pick Retail U-Pick 

Cultivar High Tunnel Open-Field Difference High Tunnel Open-Field Difference High Tunnel Open-Field Difference 

Albion −70,714 14,774 85,489 −35,935 58,996 94,931 −46,026 39,904 85,930 

Camino Real −38,965 38,849 77,814 28,689 107,738 79,049 4295 77,268 72,973 

Chandler −74,638 39,337 113,975 −30,648 123,837 154,486 −33,986 97,099 131,085 

Merced −50,109 37,342 87,450 5338 103,795 98,457 −14,633 73,802 88,436 

Ruby June −55,056 26,535 81,591 −1851 84,160 86,011 −18,593 60,241 78,834 

Rocco −74,524 62,940 137,464 −34,411 159,413 193,825 −38,828 119,347 158,174 

San Andreas −63,026 40,711 103,737 −20,795 110,891 131,686 −34,370 79,728 114,099 

Sweet Ann −69,587 58,037 127,624 −31,593 147,988 179,581 −41,366 107,408 148,774 

Average −62,077 39,816 101,893 −15,151 112,102 127,253 −27,938 81,850 109,788 

Min −74,638 14,774 77,814 −35,935 58,996 79,049 −46,026 39,904 72,973 

Max −38,965 62,940 137,464 28,689 159,413 193,825 4295 119,347 158,174 
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