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ABSTRACT

This project conducted an experiment testing the beneficial effects of growing
hops in a greenhouse versus outside. The experiment consisted of four total plants; two
varieties with one of each inside the greenhouse and one outside. The research scale
experiment was able to show that for the first year of growth, hood hops grown in a
greenhouse were able to grow taller and produce more cones. Hood hops in the
greenhouse produced 25% more cones than its counterpart while the centennial did not
see a significant difference. Based on a one acre hop farm, the increase in growth from
the greenhouse did not justify the cost that it would take to construct a greenhouse. More
experimentation along a longer period of time would be needed to more closely portray
the effects that a greenhouse has on producing hops.
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Jus****~~“jon. The purpose of this project is to compare the growth of a variety of hop
plants 1n a greenhouse and in an outside environment. Greenhouses on a large scale can
be very expensive and require a lot of maintenance to regulate the temperature and
humidity, but they have the potential to increase the quality and the quantity of the crop.
This project will look to determine whether the greenhouse will increase productivity
enough to offset the cost of purchasing and maintaining the greenhouse.

Objr~*ve. The objective of this project is to plant and grow two different types of hop
plants and compare the growth and number of buds per plant produced in the greenhouse
verses the outside environment. An evaluation will be performed determining if an
increase in production from hops grown in the greenhouse will offset the cost of
purchasing that greenhouse. To conclude whether or not there was a significant
difference between the greenhouse and outside, a statistical T-test will be performed
comparing the two sets of data.












Row Spacing: 14’

Plant Spacing: 3.5

Pole Spacing: 42°

Pole Height: 18’ above ground, 3’ below

Cable Pattern: Perpendicular to row weight bearing cable, with parallel to row
cab o support twine and plant growth

. Anchorage: 4° deep with 4’ disc anchors

Figure 5. A newly planted hop field with accompanying trellis system.

Depending on any certain geographical location the growing period for any particular
crop or flower will greatly vary. For instance the number of days above 85 degrees
Fahrenheit in Arizona will be much greater than that of Washington for any given year.
This being said, certain plant varieties have become known to grow better in different
climates. Based on numerous factors including temperature, amount of sunshine, and
external factors including wind and frost, individual plants have a certain growing niche
that they prefer. Due to the environmental restraints only certain plants were able to be
grown in specific areas. This made gardening and even small scale agriculture very
difficult in many areas up until the creation of the greenhouse. The idea for greenhouses
was conceived a long time ago but didn’t start really making a name for itself until it
“appeared in Netherlands and ther ™ 1gland in the 17" century™(Wiki Greenhouse). The
idea was to close up a contained area at night and “winterize” it during the winter. There
was a lot of problems trying to maintain an adequate amount of heat in the controlled
environment rendering it nearly useless. The problem was heat was escaping through
cracks and holes and there was simply no effective way to keep the heat in. One of the
most important aspects and the main advantage of greenhouses are the ability to control
an environment and be able to manipulate the climate to fit the plant or crop that you are
growing so without this element the greenhouse is no longer beneficial.



Greenhouses are useful for a variety of reasons including extending the growing season
to produce more product. With the ability to produce for a longer period of time the
effectiveness of each plant dramatically increases. By increasing the effectiveness of the
plant the harvest will similarly see an increase which increases yield values. The yield
values are important for crops that are commercially sold and will dictate how successful
a particular plant may be. According to Garden Guides, “greenhouses are used to grow
more varieties of vegetation because of the ability to precisely control climate and soil”
(Garden Guides, 2007). Having a diverse garden or diverse greenhouse minimizes the
potential of low yield because with a variety of plants the probability of all of them
failing dramatically decreases. A potential reason for a low crop yield could result from
pests and diseases. In a greenhouse environment, the inside atmosphere is controlled by
the user and is protected from outside factors so there is a great reduction in pests and
disease. Properly maintaining and operating a greenhouse will not only extend growing
and harvesting periods but also increase crop quality and productivity.

The hop cones will be ready to harvest in late August but it is important that the cones are
100% ready to be picked before cutting and using them. To make sure that a cone is
ready, a simple squeeze with the hand can test the hardiness of the cone. If the cone stays
compressed when squeezed and has a damp feel to it, the hop bud is not ready to harvest.
A ready hop bud will be springy, sticky to the touch, and dry signifying that it is ready to
harvest (Northwest Hops 2014). And once ready to harvest, the procedure is to cut down
the bine and lay them on the ground so that the plant will not die and will sprout next
year. You are then free to dry and preserve the hops.

Breweries such as the Russian River Brewery in Santa Rosa, CA. grow their own hops to
get the irresistible flavor that many beer connoisseurs are looking for. The uniqueness of
home grown hops mixed with the intellect of world renowned brew master’s has really
sparked the mirco-brewing industry. The Russian River Brewing Company holds an
annual release of a beer that draws consumers from all around the United State and even
the world. The beer requires very precise and tedious labor to produce the “perfect” hop
that is exclusively chosen to make this one in a lifetime beer. The beer is released in only
one location and for only two weeks at the brewery in Santa Rosa. Over the years it has
been rated the best beer in the world and won many prestigious awards only adding to the
small brewery’s success.
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Figure 8. Measuring the height of each hop plant with a tape measure.

The earliest that the cones started to appear was in week 6 so the data for cone counts
does not begin until then. To make the data easier to interpret and easy to compare each
plant to the next, the number of cones was recorded as a summation of each plant. This
being the total number of cones on the plant during that specific observation. The total
number of cones was counted and recorded for the weeks that they did appear and put
into Table 2 in Appendix C. After the experiment concluded the cones were collected
and separated based on which plant they came from and prepared for drying.

Mot NDunnnccina
'

There are numerous ways to dry home brewed hops, but most of them can be expensive
and require additional appliances so being cost efficient, this project air dried the hop
cones. According to Freshops, with dry weather and enough sunlight, the hops will be
completely dry in three days. It is also important to turn and stir the hops to ensure that
every cone is dry.

To accurately record the weights a digital scale was used that measured to the nearest
hundredths place. This way the user can be sure to record enough data to see a
significant difference between the plant’s productions. To use the scale I place a plastic
weigh boat on top and pressed the tare button to reset the scales reading to 0. What this
does is account for the weight of the weigh boat while allowing me to add my hops while
the scale begins its count at 0. This way I am only recording the total weight of the hops.
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RESULTS

P.,,-‘,l../‘o-:,\,. hntﬁ

After completing a 20 week growing period for the four individual hop plants, some very
valuable data was collected. Figure 9 shows the height of each plant measured across the
months of May to October. Figure 10 shows the plants as they were observed over the
same time frame but instead indicates the number of hop cones per vine that were
produced.

Figure 9.  Growth in inches of each hop plant across the 20 measured weeks.

Number of e

Figure 10. Cumulative cone production over the duration of the study.
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DISCUSSION

Se~tisticn! Comr=-ri~~-

The experiment conducted for this report used only four different plants and two different
varieties. The results in this experiment were based upon a very small sample size and
the discussion will be based on the assumption that these values would hold true over a
much larger population sample. The method used to test whether there was a significant
difference between the greenhouse plants and their counterparts, a statistical “T-test”.
The student's t-test is a statistical method that is used to see if two sets of data differ
significantly (Explorable 2010). The T-test uses a hypothesis called a null hypothesis
which is setat| 05 and compares each set of data points against it. This test assumes
that the results are normally distributed and is a comparison to determine whether the
means, or averages, are significantly different. This test cannot be used to prove any
claims as there i1s always a chance of experimental error and errors in data collection, but
it can be used to support a hypothesis.

After running the T-test with the hypothesis: if the hops are grown in a greenhouse, then
they will grow taller and produce more cones; the results revealed that the centennial hop
plant in the greenhouse and the centennial plant outside showed no significant difference.
However, the hood hop plants did have a significant difference. As seen above in Table
1, the p-value statistic is the value that will either reject or fail to reject the claim that the
two data sets are different. The p-value recorded in the two tailed T-test for the
centennial hops was 0.56 indicating that the null hypothesis would be rejected. By
rejecting the null hypothesis it is concluded that the means of the centennial plants when
compared to each other were not significantly different. However, despite the centennial
plants having no difference, the hood plants did show an interesting result where the p-
value was 0.00 which leads to a failure to reject the null hypothesis indicating that there
was a significant difference between the means. Because the p-value was 0.00, we can
support the claim that for the hood hops only, growing in a greenhouse will produce taller
bines and more cones. The positive results show that it is possible to produce more with
the use a greenhouse, so a cost analysis will be provided based upon a | acre farm. The
farm will be constructed on 1.1 acres of land that needs to be prepared and installed with
a drip irrigation system to water the hops.

anf A ""l]fSiS

The cost of establishing and producing a 1 acre hop field will be largely based upon a
similar study conducted by Washington State where a newly planted hop field was
broken down into capital costs, variable costs, and fixed costs. The establishment cost is
a cost that will only been seen in year | because after the field has been prepared with
disking and plowing, the irrigation can be installed and will not have to be re-installed in
following years. The layout of field will be 1.1 acres as it takes 1.1 acres of land to grow
1 acre of hops after all of the roads and buildings have been accounted for (Galinato and
George and Hinman). Using a similar setup to the study conducted in Washington, the
total land preparation costs will be $149 while the capital costs for the trellis system and
the irrigation will be $5,724 for a total establishment cost of $5,873 (Galinato and George



and Hinman). The next costs that will be considered are the fixed costs that will be
present in each year which include operating costs such as licenses, parts and repairs, fuel
and oil, and packaging costs. Taken from the Washington State study conducted by
Galinto, George, and Hinman, the yearly total for operating costs will be $7,875 and this
cost will be seen as the cash outflow which appears in every year of operation. The
following equation will demonstrate the costs associated with growing hops and payback
period using a national average Lbs./Acre of 2,383 acquired from the USDA. In equation
| below the cash inflow will be the product of the national average in Lbs./acre and the
price per pound of hops ($3.59) referenced from the USDA website.

Initial Payment $5,873

Payback —_ »Ee g )
aybac (vash Injiow — Casn Outflow) ($5,554 $/,575) 8.6 years  (2)

This calculation shows the amount of time that it will take in order for the hops to return
the initial investment that was needed to establish the field. With this being considered,
the hops only become profitable after year 9. The greenhouse used in this experiment
was able to increase the productivity for the hood variety hops 34% more than the
average of the other three plants. This number will be applied to the national average
yield per acre and another payback period will be generated taking into consideration the
price of installing a greenhouse.

» Number nf sq. ft.

N
Initial Payment + (<

)
SG.j1 aAlr e
— VA — 3
Payback (Casn mmjiow — Lasn vuryow) years @)
€” A2 SAN
$5873+ (. Tal o0 St
Payback = _ 33 years (4)

($11,4063 —2/,6/0)

The greenhouse will cost $2.5 per square foot (Ranger Series Greenhouse), so the total
cost of the greenhouse will be $109,771 to completely cover one acre of hops. The
abnormally large cost of the greenhouse will not be fully paid back until year 33 of
operation which poses many problems. The lifespan of hops will not exceed 15 years of
regrowth so through the course of paying back the greenhouse, the hops would need to be
re-planted only adding to the cost of production (Northwest Hops 2014).
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RECOMMENDATIONS

Growing a plant of any type will always be a challenge due to the high number of variables that
go into growing and sustaining the health. With thousands of different diseases and hundreds of
different growing climates, no two experiments are going to be alike, however they can be
closely replicated or reproduced to try and bring about similar results. Taking into consideration
that no two plants will behave in the same way, it is advised to recreate this experiment but on a
much larger scale. Due to the confined space of a backyard experiment, the number of plants
that were able to be used was much smaller than an ideal sample size that could yield more
consistent results. Instead of using only one of each variety, it is recommended that at least 20 of
each plant be used in its respective growing habitat that is to say 20 centennial hops in a
greenhouse and 20 hood hops in a greenhouse with 20 of each also growing outside. This larger
population would decrease the possibility of any outliers that could potentially skew the data.

Based on the results, the use of a greenhouse was able to aid the growth of the hood hops, but it
was not substantial enough to take the experimental to a larger scale. The price of the
greenhouse was far greater than that of the extra product that it was able to produce and so it is
not recommended to proceed to with design of a full scale hop field with a greenhouse until more
small scale experiments have been performed.

The results displayed in Figure 8 show an interesting relationship between the centennial plant in
the greenhouse and the centennial plant outside. The centennial plant in the greenhouse begins
to grow more rapidly than the centennial plant outside, however when it reaches week 13, the
outside centennial passes it and in fact continues to increase growth while the greenhouse plant
does not. The recommendation based on this finding 1s to plant the centennial plant in the
greenhouse and transplant it outside after 13 weeks in order maximize the growing cycle as seen
in this experiment.
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Syste~- *ppre~~h.  The project involves the integration of managing and designing
systems to optimize the growth potential of hops for hop farmers.

Int~-*:seintimnpr Bo~tgres.  The project touches on agricultural safety and the
management ot production in the field of agriculture.

Spe~i~ti~ed A ~=mu'e-' r~'~*1e. The project applies specialized knowledge in the
field ot growing, harvesting, and processing of hops as well as the use of statistical
inference to compare data sets as they relate to production value
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