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Introduction

Hoop house structures are becoming
increasingly popular among growers and horticultural enthusiasts. A
hoop house, also known as a high
tunnel, is defined as “a freestanding or
gutter-connected covered structure,
without heating or electrical power,
using passive ventilation for air exchange and cooling, and an irrigation
system for crop production.” 4 Hoop
house benefits commonly promoted
include season extension1, 2, 5 and
the decrease of diseases, pests and
weeds.1,3,6 While production advantages are promoted, little economic
information exists to support the use
of hoop house plasticulture technology to grow fruits and vegetables.
To provide more economic information to growers and horticultural
enthusiasts, the Noble Foundation
evaluated a year-round cropping
system consisting of a cool-season
crop (spinach) followed by a warmseason crop (tomato). The two crops
were grown in a high tunnel hoop
house.
The objectives were to: determine
the expected cost of production
for each crop; determine the price
growers need to receive for each crop
in order to break even; and determine how breakeven prices change
depending on different yield, expense
and marketing scenarios. Results from
this study are expected to benefit a
diverse audience including profitminded growers, cost-conscious
growers who are interested in the fruit
and vegetable production lifestyle,
and growers who wish to market
the portion of produce not used for
personal household consumption.

Materials and Methods

A randomized and replicated study
was conducted at the Noble Foundation’s Headquarters Farm in Ardmore,
Okla., for the 2007-08, 2008-09 and
2009-10 growing seasons. The spinach/tomato cropping system was produced (replicated) in two high tunnel
hoop houses. Each house was approximately 1,400 square feet in size and
contained four 238-cubic-foot permanent raised growing beds (approximately 60’ x 3.5’ x 1’). Growing seasons
began in August with soil solarization.
Spinach (Melody variety) was established in September and harvested in
November, December, January and
February. Tomato (Mountain Spring
variety) was established in March and
harvested in May, June and July.
During the growing season, crops
were inspected daily, chemical treatments were administered as needed,
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and fertilizer applications were made
according to soil test results. Crops
were watered when a tensiometer
reading indicated approximately 50
percent of available soil moisture
was depleted. Spinach was manually
irrigated using an irrigation wand
while tomato was irrigated using
drip-line irrigation. Temperature and
airflow were regulated manually
using sidewall ventilation techniques.
Data collected for each crop
included quantity and quality
of yield, hours of labor used and
quantity of inputs used (except
water). Yield quality was categorized
as marketable or culled yield. Labor
was categorized as pre-planting,
planting, crop care, hoop house
maintenance, harvesting, sorting
and packaging, or post-crop cleanup
labor activities. Inputs were categorized as either operating expenses4
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Figure 1 . Marketable Yield for Spinach and Tomato by Year (pounds/house)
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Results and Discussion

Three-year average marketable yields
for spinach and tomato crops were
648 and 1,918 pounds per house,
respectively (Figure 1). There was
substantial variation in yield between
the two houses; however, there was
little variation in yield across the
three years, especially for spinach.
This is an indication that growers can
expect minimal production risk from
year to year when growing spinach.
Spinach was not negatively affected
by culling as it is a crop that is edible at all stages of maturity. On the
other hand, 18 percent (429 pounds)
of tomatoes were culled, on average,
due to fruit damage and deformities.
Fruit and vegetable production
in hoop houses is labor intensive.
On average, the spinach/tomato
cropping system required 152 hours
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of labor per house. More than half of
the hours were used to harvest crops
and perform routine crop care during
the growing season (Figure 2). When
evaluated as individual crops, spinach
and tomato required, on average,
80 and 72 hours of labor per house,
respectively. Harvest required the
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Crop care
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Sorting and packaging
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greatest amount of labor (44 percent)
for spinach while crop care required
the greatest amount of labor (38
percent) for tomato (Figures 3 and 4).
Planting required the least amount of
labor (3 percent) for both spinach and
tomato. However, growers should not
underestimate the amount of labor
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Figure 3. Percent of Labor for Spinach by Category

accounted for $1,555 per house while
$2,065 per house was associated with
fixed costs for depreciable assets.
Specifically, the four largest input
categories were labor ($1,128); fixed
costs for the hoop house, growing
beds, plastic and windbreaks ($933);
partial use of a work truck ($667); and

seeds and plants ($222). When evaluated as individual crops, the average
total cost of production for spinach
($1,968) was greater than the average
total cost of production for tomato
($1,652).
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Crop care
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Sorting words,
and packaging
to receive the breakeven price for
Post-crop
each
poundcleanup
of marketable spinach
and tomato yield in order to pay all
expenses, including owner/operator
labor and fixed costs associated with
depreciable assets. The breakeven
price for each crop decreases when
the cost of labor is excluded. Specifically, growers who are able to market
100 percent of the average marketable yield and who do not place
a value
on owner/operator labor
Pre-planting
would only need to receive $2.11 and
59Planting
cents per pound of spinach and
tomato,
respectively, to break even.
Crop care
Results show the breakeven
Hoop
maintenance
price
forhouse
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increases as the
percentage of marketable yield sold
Harvesting
decreases. Growers who choose to
withhold
percent
of produce for
Sorting50
and
packaging
household consumption (or growers
Post-crop
who
lose halfcleanup
of produce due to postharvest waste) and who place a value
on owner/operator labor would need
to receive $6.07 and $1.72 per pound
of spinach and tomato, respectively,
to break even. However, consumers may not be willing to pay prices
that allow growers to break even.
For the spinach/tomato cropping
system to break even, the price for the
second crop (tomato) must increase if
consumers are unwilling to pay breakeven prices for the first crop (spinach).
For example, growers would need to
receive $3.10 per pound of tomato in4
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Figure 4. Percent of Labor for Tomato by Category
19 total hours

10.32%

10.58%

72 total hours

2.69%

7.97%

21.11%
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required prior to planting each crop
since pre-planting required the third
largest amount of labor (11 percent)
for both spinach and tomato.
The average total cost of production for the spinach/tomato cropping
system was $3,620 per house (Figure
5). On average, operating expenses
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Figure 5. Cost of Production for Spinach, Tomato and the Spinach/Tomato Cropping System by Expense Category (dollars per house)
Expense Category

Spinach

Tomato

Spinach/Tomato
Cropping System

Operating Costs:
Fertilizers (N, P, K)

5.68

29.17

34.85

Seeds and plants

65.96

156.43

222.39

3.95

6.04

9.99

71.27

57.53

128.80

599.55

528.94

1,128.49

18.57

11.68

30.25

764.98

789.79

1,554.77

Hoop house, beds, plastic and windbreaks

587.58

345.08

932.66

Work truck (50% allocation)

420.00

246.67

666.67

Tiller, sprayers and other equipment

78.43

137.85

216.28

Irrigation system

26.53

62.02

88.55

Harvest and cleaning equipment

41.10

22.20

63.30

Miscellaneous tools and equipment

49.15

48.17

97.32

Total Fixed Cost

1,202.79

861.99

2,064.78

Total Cost of Production

1,967.77

1,651.78

3,619.55

Pesticides and herbicides
Packaging supplies
Labor
Interest on operating costs
Total Operating Cost
Fixed Costs for Depreciable Assets:

Figure 6. Breakeven Prices for Spinach and Tomato by Assumed Expense and Marketing Scenarios (dollars per pound)
% Marketable Yield Sold; Labor Expense

Spinach

Tomato

100%; with labor

3.04

0.86

75%; with labor

4.05

1.15

50%; with labor

6.07

1.72

100%; without labor

2.11

0.59

75%; without labor

2.82

0.78

50%; without labor

4.22

1.17

Figure 7. Tomato Breakeven Prices by Consumers’ Willingness to Pay for Spinach and by Assumed Expense and Marketing Scenarios
(dollars per pound)
Consumers’ willingness to pay for spinach
% Marketable Yield Sold; Labor Expense

$2.00

$3.00

$4.00

Tomato: 50%; with labor

$3.10

$2.76

$2.42

Tomato: 50%; without labor

$1.92

$1.58

$1.25
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order to break even when consumers
are only willing to pay $2 per pound
of spinach (Figure 7).

Conclusions

The spinach/tomato cropping system
appears to be viable when grown in
hoop houses. Results suggest that
growers can expect minimal production risk from year to year due to relatively consistent crop yields. Annual
profitability for the spinach/tomato
cropping system depends on factors
such as the inclusion of the value of
owner/operator labor in total cost of
production, the quantity of each crop
that is not marketed (either through
household consumption or postharvest waste), and the consumers’

willingness to pay for fresh spinach
and tomatoes. Prior to implementing
this cropping system, growers should
consider that both spinach and
tomato production is labor intensive
and may be considered costly depending on individual budgets. <
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