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Summary of Educational Information Presented at Regional Hops Workshops

Rob Holland, David Hughes, David Lockwood, Aaron Smith, Eric Walker and Hannah Wright

The pages that follow represent the slides that were presented during a series of Regional Hops
Workshops that were conducted in five different locations across the state during January, February,
March and April of 2019. The workshops were conducted as part of UT Extension’s project titled
“Opportunities for Specialty Crops in Tennessee: Focus on Hops.”

The locations, dates and hosts of the workshop are provided below:
January 29 — Murfreesboro, TN hosted by Rachel Painter
February 19 — Lafayette, TN hosted by Keith Allen
March 11 — Greeneville, TN hosted by Melody Rose
March 28 — Martin, TN hosted by Jeff Lannom
April 29 — Pikeville, TN hosted by Whitney Simmons

The workshops consisted of the following three presentations:

Assessment of Hops for Tennessee
(page 2-5)
by Dr. David Hughes
Department of Agricultural and Resource Economics

Hop Production
(pages 6-15)
by Dr. Eric Walker and Dr. David Lockwood
Department of Plant Sciences

Hops: Marketing and Cost of Production
(pages 16-21)
by Dr. Aaron Smith
Department of Agricultural and Resource Economics

Note: This project was developed and implemented in cooperation with the Tennessee Department of
Agriculture, Funding for the Opportunities for Specialty Crops in Tennessee: Focus on Hops project was
made possible in part by the US Department of Agriculture’s (USDA) Agricultural Marketing Service
through grant USDA-AMS-SCBGP-2017.



Assessment of Hops for
Tennessee

David Hughes and Hannah Wright,
UTIA Extension

Agricultural & Resource Economics
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WERLITY OF TENNEISED
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* Growth in Craft Beer-Hops
» Nature of plant, processing
* Hops in the Southeast

Hops
* Hops is a flower of Humulus lupulus

» used in beer production as a preservative and
flavor additive

+ Grown as a bine (vine) on a trellis system (16-
18 feet), hops are generally dried and usually
pelletized before use

» wet hops may be a source of demand held by
brewers in the southeast (hops must be used or
dried within in 24-36 hours due to oxidation of
key ingredients)
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Hops Demand
(USA Hop Growers of America)

* Increased demand tied to tremendous growth
in the US craft beer industry
—2016: 25.8 million barrels
—2011: 11.5 million barrels
—2003: 5.5 million barrels
» Hopping rate for craft beer
— 1.24-1.65 pounds per barrel (31 gallons)
— Has been increasing

* $26.0 billion 2017




Growing Industry
* US Production:
—2007:$180m, 30,911 acres, 3 states
—2017:$617.8m, 52,963 acres, 29 states
— 1,959 pounds average yield per acre
— Concentrated in arid parts of PNW
>98% used to brew beer
26 other states 2,504 acres, 750 pounds/acre
Cascade, Centennial, Chinook varieties
* But:

— Estimated loss to pest and diseases is 15%
— Talk of looming “over acreage”
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Hops Flower (Cone)

Hops Yard

Hops Flower

Alpha Acids

» Alpha acids: found in the resin glands of the
flowers of the hop plant and are the source of
hop bitterness.

+ Alpha acids: humulone, adhumulone,
cohumulone, posthumulone, & prehumulone

+ As a % of dried weight level vary by variety
* Cascade 4.5-8%

* Centennial 9-11.5%

* Chinook 12-14%

Other Components

« Essential oils:

— Often add aroma, other attributes
« Flavonoids
* Beta acids




Three Major Categories

« Bittering hops have higher concentrations
of alpha acids
+ Aroma hops:

— Lower concentration of alpha acids (~5%) and
are the primary contributors of hop aroma and
(nonbitter) flavor.

— Often added later in the boiling process

—May be used in dry hopping (added after
cooling-while beer ferments).

* “Dual-use" hops: bittering & aromatic

Drying

= Qasting or drying to appropriate moilsture
content (8-10%)
* Air flow driven by centrifugal fans is key
* Watch, adjust for humidity level
+ Excess moisture can lead to: g
— Mold and mildew
— Loss of lupilin
— General spoilage

Challenges for Southeast Industry

« High establishment cost
* Small size

* Low yields
* Humid environment

—mildews and others diseases
— pests

* Harvest (need labor quickly)

» Lack of industry infrastructure ( custom
machine harvest, drying, pelletizing)

+ Marketing

Harvest, Drying, Pelletizing
(Gorst Valley Hops)
* Cut bines down
» Remove flowers (cones) from stems and bine
+ Sort cones from leaves and stems
* Oxidation of lupilin start immediately

* Dry immediately unless wet hopping (24-36
hour window)

* Subject to food safety regulations

\gﬁ | Pelletizing ’E—i

 Brewers typically prefer to use pellets
* Hammer Mill
* Usually baled after drying
* Pelletizing:
— Breaking bales into powder

— Heat generated activates resins, bind the powder
into pellets i
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Challenges & Possible Solutions: Yields

VA producers 25% of large producers in PNW
(i.e., around 500 pounds / acre) (Dick &
Bresowar)

« Lack of vegetation prior to flowering a likely
cause

* Yields generally highest between 35(?) and 55
latitude

* Possible solutions?

— Light extension-interruption
— Triming




Light Extension-Interruption

= Lack of summer sun an issue

= Several places (VA, FL, SA) looking at night
time light interruption & daylight extension as
ways to increase growth and yields
— Preliminary results from FL appear promising

— Apparently promising in South Africa but
information is proprietary

Pruning as a Way to Increase
Yields?
(source: hopnology)
* Optimal pruning (trimming) based on
flowering date
* Flowering driven by growing degree days
* Some difference by variety and latitude

* Triming limits node “stretching” thereby
generating more and longer sidearms

* More sidearms mean more hops

1.9 (trimmed) vs. 0.88 (not) pounds per plant

Summary, Future Work
* May be an opportunity but many challenges
* NC, VA 30 acres each (2016)
* UTIA Hops Workshops

— Tuesday, Febi'uary 19, Macon County Fairgrounds

— Monday, March 11,UT Research & Education Center
at Greeneville

— Thursday, March 28, UT-Martin Champions Club
* Brewery survey
— Demand for local hops

— Demand for local malting barley
— Demand for other local additives (fruit) d
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Sources Hops

Butler, B. Univenity of Maryland Hops and Presentation at Southcast Hops Conference,
Blacksburg, VA 2018.
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nosuedu’y 2017/05 North-Carolina-Hop-E;
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Dick, J.K. and G. Bresowar. Using Phototherapy o Delay Flowering and Increase Vegetative Growth in
Hops. Poster Presentation Southeast Hops Conference, Blacksburg, VA. 2018,
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w hops. mau.edu.

(hm\hlkyﬂqll)nwln?lml Mcthods Overview. Presentation st Southeast Hops
Conference, Blacksburg, VA. 2018.

Hopnology. Training and Crop Yield. Presentation at Southeast Hops Conference, Blacksburg, VA. 2018,
It swww hopnology com/

Kistler, D. Cost 1o Grow Hops, Marketing & Publicity, Answering Objections. Presentation at Southeast
Hops Conference, Asheville, NC. 2017

Sicgle, L. and H. Scoggins. 2017 Virginia Hop Grower Survey Results. Virginia Cooperative Extension.
Presentation at Southeast Hops Conference, Blacksburg, VA. 2018.

S | RM. 2018, Future of Florids Hops Just Got 1 Lite Brighter Jaly 30
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USA Hop Growers of America. Small Growers Update. Presentation at Southeast Hops Confercnce,
Blacksburg, VA 2018,

Questions, Comments,
Thank You!
David W. Hughes
dhughel 7(@utk.edu
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David W. Lockwood
Eric Walker
Plant Sciences
Univ. of Tennessee

Hop Plants:
(Humulus
lupulus)

* Perennials
+ Produce bines (twining stems) from the crown or rhizomes (permanent rootstock) each
spring
+ Rhizomes persist in the soll for many years
* Dioecious
* Male & female flowers grown on separate plants
* Only the cones produced by the female plants are used in the brewing process
* Bines (aided by trichomes) grow clockwise around strings attached to trellis systems
* Under right conditions, bines can grow upwards of 2 ft./week,
« lateral branches develop on bines & produce clusters of ¥ to 4-inch papery green flowers
(cones)
* Triggered by daylength

Hop vs. Hops

* Hop:
* vine from which hops are obtained
* 3-to-5 lobed leaves

* inconspicuous flowers of which the
pistillate ones are in glandular cone-
shaped catkins

* Hops:

* ripe, dried pistillate catkins of a
perennial north-temperate zone
twining vine (Humulus lupulus) of the
hemp family used especially to impart
a bitter flaver to malt liquors

Bine VS. Vine

* Produces tendrils which bind to the
support (grapevines)

+ Hairy, stiff shoot that climbs by
wrapping around a support. (Hops
wrap in a clockwise direction).

Beer Basics
watory

Deheing Beer
Basr Styles
Choosing

Glosary

Cones

Hop Cone Cutaway View

Enjoy the beer that you deserve.

Lupulin Glands

Lupain glards are e thy yelow Bach found ot the tase of e petas.
o1the hop cone

They contan the sioha scde. beta scds, and bop ol that are se
syl 10 the brewer I adding hoo character to deer

Note thet cones from the make hop plert Gantan rewtvely few Lpuie
gande. Therators. s the fermia plaat that m 0 demend 12 supply hop
Consa for Brawers.

Related larms

Haos

Hop History in the U. S.

* 1648 — Massachusetts Bay Settlement — 45
acres
= 1" documented commercial hops production in
the U. 5.

+ Massachusetts remained the largest hop
producing state for the next 150 years
* By the mid-1800's. New York was the largest
pr%%ycmg state, reaching a peak in the late
H
* Prohibition & downy mildew were credited for the
demise

+ Hop production shifted to the Northwest




2015 North American
Commercial Hop Production

Nashing

15% ——Oregon
708% I - ot states
Idaho

B 6% Canada

45,488 Total Acres

Hop Production in the U. S. - 2017

* U.S. accounts for 42% or world hop production (#1 in the
world)
+ The Northwest produces 98% of the hops produced in the U.S.
+ Washington produces 70% of the hops grown in the U.S.

* U.S. acreage has increased 79.5% since 2012

+ From 2016 to 2017, hop yield jumped 14% due to new plantings
coming into production

* Current market appears to have reached saturation

* Changes:
+ Prior to 2010, % the hops grown in WA were alpha varieties
(bittering agents)
+ In 2017, U.S. farmers grew 80% aroma or dual-purpose varieties

Tri-Cities Area Journal of Business {Columbia Basin)

Challenges for Growing Hopsin Tennessee
* Lack of established markets =

* Changes are occurring with the popularity of local breweries & potential
premiums for locally-grown hops

* Lack of local information (no history of hop production in Tennessee)
* Most information is adapted from the Pacific Northwest

* Increasing amounts of information is being generated in the North Central,
Northeast and Mid-Atlantic areas

+ Daylength

* Hops require long daylengths to flower & produce adequate cone yields
= High rainfall/humidity provides ideal conditions for diseases & pests
* Heat

Wem QuantityfPrice Cont
izomes 800 @ £4 cacl 3,200

Sample Budget ;‘""..'_’f:'.. :‘,ﬁ:,;, E;j;’
for Hop Yard o Hymd
Establishment

Compost 100 yards @ FlOyand  K1,000

s PR L e

Muc. supplies Wire damps, )
-nlu.nm.

Labor Tiole suger, [0
pole setting, wire

Equipment rental Installing wire £SO

Total g T

*Nose- Thin figure suay be redbuced with boss cxpomsive prducts o
f 8 gromcr chenmes to install the hop yand with bisher own cquip-
ment and labor.

Growing Hops Successfully

* Location
* Majority of the world’s hops are grown
between 35° & 55° latitude in both
hemispheres
+ Photoperiod effect - needs long day
lengths to flower & produce adeguate
cone yields
* Have a specific chilling requirement
(needs winter temperatures below 40°
F for 1 to 2 months for proper growth)
+ Needs sufficient moisture in spring
followed by significant periods of summer
sun and heat to ensure ample growth and
full development of chemical compounds

Growing Conditions:

= Will grow in a variety of soils
+ Optimum: well-drained, deep, sandy loam,
pH about 6.5 U8 o Prosucton kreas - 214
. Av_cl:id sites having heavy, poorly-drained
501
« Need supplemental water & nutrients
for growth & cone development

* To flower & produce high cone yields —
+ Need long days and short nights during the
growing season
* Winter temperatures below 40° F for 1 or 2
months
« To achieve this, most hops grown
between 40 and 50 degrees
latitude




F Flowering is cantrolled by day length .
>15 hours for vegetative growth Dav Length & Latitude
US Hon Production Arsas - 2014 <15 hours for fruiting
Seattle, WA 15 hr. 59 min. 18 sec. 476N
Rochaster, NY 15 hr. 22 min. 50 sec. 432N
Bristol, TN 14 hr. 33 min. 57 sec. 366N
Lafayatte, TH 14 hr. 39 min. 24 sec. 365N
_ Martin, TN 14 hr. 38 min. 29 sec. 363N
B Jahnsan City, TN 14 hr. 38 min. 19 sec. 3BIN
e Greeneville, TN 14 he. 37 min. 27 sec. 362°N
Murfreesboro, TN 14 he. 35 min. 37 sec. 8N
Knaxville, TN 14 he. 36 min. 3 sec. 360°N
Raleigh, NC 14 he. 35 min. 7sec. N
Asheville, NC 14he 34 min. 65ec. IEN
5 Tampa, FL Memghis, TN 14 hr 31 min. 41 sec. 31N
= + Jan-June: 10-14 hr Atlanta, GA 14 hr. 24 min O sec. 334N
A + July-Aug: <14 hr Tallahasses, FL 14 hr. 6 min. 55 sec. 305'N

Supplemental lighting
in the hop yard

Stages of Production

times in F

2018 proguczion tnal

Why is height growth limited? : Getting

Started Cultivar Selection

* What da Brewers want?
+ New
+ Local
+ Consisteat Quality

* Public versus private cultivars
+ Public: cammercially avail
+ Private® usually grown on the farm or with s

Shoot apax (growing tp) \’ | neighbars of the breeder
i » Cultivars that seem to do well in NE?
Flower + Cascade

+ Centennial

No more height growtn




Hop Variety | Average Mgha Ackd | Ideal Cimateotes
- . Cascade ey oo wed = 2 dimanes, Suwrptbe © Kphed.
HOp Varieties
= g Centennial 55-115% Grows well 1 3ll CBMates. SUSCrpUtie 1o owny mildew.
(partial list)
Chinook noums Growe weesl in oy, hot comates. Dors not row wedl i motst
Cmates, o mite Great omamentyl |
2 basic categories Solomion 1% Groms wel iy ol chonai, Vigoros bt
. . " 4 Fugghe 4055% Gaomrs woll in dimates. Suffers 2 e i hot dmater.
« Bittering (with high alpha ki ke
acid levels) AR e
+ Magnum Goldig T Grows well in mid, mos] Camates.
+ Aroma S - s ey G
« Cascade Horzon TBIISN ‘Grows wedl i ol Cemates.
Magnum 113140% Grows well i &l chrmates. Good resistance 1 wit and
» Some dual purpose midem Sescrottie oy
varieties exist e N e e g Sie?
+ Nugget Nogget g ‘Grows wel a8 Cimases.
Tettang 4040% Grows, well In 3 moderats cimate.
Sutffers 3 Itle in hot chmates.
‘Willamatte 1040% Growes well 1 8l dimates.

Timeline for Planting Hops

« Site selection — most important decision you will make
* “Live where you farm, don't farm where you live”
« Site preparation — begin a minimum of 6 months to one year in
advance of planting
* The success or failure of a planting is often determined before the first plant
is set
« Order plants well in advance of the time to plant
* Use reputable nurseries
* Build the trellis prior to planting

= Have the irrigation system installed and operational before planting

Orchard Site Score Sheet
Accessibility

.

Full sun
Elevation

.

.

Wildlife

Slope — aspect and steepness

Soil Characteristics — drainage (internal &
surface), potential rooting depth, fertility

Water — quantity & quality

Adjacent agricultural operations

Soils for Hop Production

Poor Vs. Good Internal Drainage

Sandy loam - avoid heavy, poorly
drained soils

Deep — minimum rooting depth
30to 36 inches

Well-drained (internal & surface)
pH6.0t06.5

Medium to high fertility

Site Preparation

+ Soil testing

* Elimination of noxious weeds

* Remove barriers to good air drainage

* Address poor water drainage areas (if
applicable)

+ Remove wild/abandoned vines near the site

* What to Test For: ’

Taking Soil Samples

What NOT to Test For:

— Nitrogen — N levels in soil
can change too quickly to
be of value

— pH - affects availability of
nutrients

— Phosphorus = only opportunity
to adjust P levels in soils
(preplant)

— Potassium — can impact uptake
of certain nutrients (Ca, Mg, N)

= Calcium - calcitic limestone?

— Magnesium - dolomitic
limestone?

— Micronutrients — soil
testing is of questionable
value

— Macronutrients other
than P, K, Ca of Mg unless
you have strong reason to
suspect a problem

Sample at 2 depths:
- Upper 8 inches

— Organic Matter —can helpto [ g4 15 inches

determine nitrogen fertilization
rates




Soil Testing for Hops

Preplant soil testing

— Collect soil samples several months or longer in advance of planting

— Sample areas showing different growing conditions or having a
different cropping history separately

— Amend soils based on soil test recommendations in advance of
plantingus and potassium (deep incorporation of lime, phosphor

— There is no economically effective way to raise subsoil pH once the
planting is in the ground

— Phosphorus broadcast on the soil surface will not move down into
the soil

— Potassium varies with soil type in its ability to move down in the soil

Rate for upper 8"

+
Rate for 8 = 16" depth

Disk or rotatill (mixes lime with scil in
upper 4 -6")

Plow to put amended soil at the
bottom of the furrow

(for high lime rates, apply ~ 2/3 of
total & incorporate, apply remaining
amount & disk into topsoil)

Orchard Nutrition Management - Stiles & Reid

Planting: Rhizomes vs. Propagated Plants

Purchase disease-free propagated plants \_ L4
* Tissue culture .-:
* Virus indexed

Rhizomes — be sure to purchase from a
reputable source

(risk of spreading diseases & viruses

if digging from an existing hop yard)

Hop Plant

« Perennial plant that produces annual bines from a crown & an
overwintering rhizome

« In spring, shoots (bines) grow from rhizome buds
» Bines grow in a clockwise direction around strings attached to the
trellis
+ Trichomes (stout hairs on bines) enable bines to adhere to supports
* Bines may grow upwards of 20+ feet in a growing season
+ Bine extension occurs in the early part of the growing season

* Around the summer solstice, bine extension stops and lateral branches grow
off bines

* Flowers are produced in clusters at the terminal buds

+ Hop rhizomes that are only 1 year old will rarely flower or may flower
very lightly

stages of Planting a New Crop

Production

= New commercial hops come from clonal
sources; genetically identical to parent
material
= Rhizomes
= Cultings

* No matter what form is used, start with
virus and disease free

“ Basic Hop
Physiology
; B T

Aboveground Growth

= Abovegratnd plant is annual

- Dies bagk m fall and plant goes into
dormancy

» Bines grow rapidly in ideal conditions:

= Up to 1825 per season

= Up to ane foot per day

= Wrap clockwise around anything within reach

= Phalotropic (light) and thigmotropic (touch)
mechanism

» Lateral ‘side arms' extend from the bines

10



Planting

« Timing: late winter to early spring
* Rhizomes:
* Cutinto 6-to 8-inch lengths & transplant immediately into hop yards or put in
pots and place in a greenhouse.
* Lay plants horizontally with bud side up and 1 to 2 inches below the soil
surface
+ Softwood cuttings:

* Take from a stem with 1 or 2 nodes & 2 leaves and with 2 to 3 ¥ inches of
wood beneath the nodes.

* Plant in a nursery and grow one season before transplanting to the hop yard

Stages of Production
* Dormancy

* Planting and ' Spring Regrowth
* Vegetative Growth
* Reproductive Growth
» Harvest
= Preparation for Dormancy

?

Functions of the Trellis

The trellis is a long-term investment. It should be built to
last the life of the vineyard

+ Support the vine and the crop
+ Expose fruit and foliage to sunlight
+ Open canopy to air movement and spray penetration
« Facilitate ease of vineyard operations
— Pruning, thinning, pest control, harvest

Selecting the Right Trellis Design

« Some thoughts to immediately discard:

= “Pcles are expensive so let’s really space them out”

*  “don’t need such long poles if | don’t put ‘em 3 feet in the ground™
*  “This thinner wire should work .. .*

+  “the rows have to be really wide ‘cause | got a big tractor”

“let’s grow 10 varieties in 4 rows”

“we won't need irrigation”

“fertilizer is just too expensive.”

“healthy hop plants don’t get bugs or disease.”

“I'm gonna plant the hops first and then put in the trellis and irrigation ..

« If you can't get past these — stop here to prevent wasting a lot of time and your life savings,
otherwise continue reading!

Trellising

* Most hops trained on tall
trellises (18 to 25 ft. tall) to
maximize yields

+ Bines most fruitful in a vertical
orientation

« Trellis is subject to substantial
loads

+ Plant weight = approx. 35
Ibs./plant

* Winds (60 mph wind equivalent to
~ 10 Ibs/ft*

The Trellis

+ Heavy poles set with 3 to 4 ft. below ground
& 18 to 20 ft. above ground

+ Poles spaced every 30 to 60 ft.

* High tensile heavy gauge wire or cable
suspended between poles

+ Earth anchors to tighten wires at each end of
row

= Strings attached to the wire to the ground
near a plant and back to the wire ina "V*
shape
* 2 bines will be attached to the strings by wrapping
in a clockwise manner on each side of the plant
(total of 4 bines/plant)

11
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Tipical hop treliis. End poles are installed
aran angle and secired by giiy wires. Note
there are rwo nwines per hop hill. Height
should be about 13 feer

A N A

\ Teat training: Multiple twines

Trellis Strings for Bine Support
“W" clips “W” clip, string

Coir strings (Hop Yarn)  Tool for Installing
“W” clips

BLE

Inserting the “W” clip

Training the Bines

+ Every year:
* When bines are 1% to 2 ft. in length, select 4 bines from each rhizome to
keep & remove all others
+ Train 2 bines up each of the 2 support strings on the trellis by wrapping in a
clockwise direction.
+ Beginning the 3rd year:
* Remove old bines if present

Irrigation

* Irrigation:

+ Can improve yield & quality of hops

may positively affect alpha acid concentration

* Hops require ~ 27 to 32 inches of water during the growing season
= 2 critical periods for adequate growth:

« In spring as the hop plant begins growth

* Just before flower initiation through cone development
* Supplement rainfall to get 1.0 to 1.5 inches of water/week during dry

+ Prune back new shoots to control time of crop maturation & yields and to .
help reduce disease issues conditions .
+ Once bines reach ~6 ft. in height, strip leaves & lateral shoots off the lower 3 + 1* year hop plantings require more frequent watering, but at lower
ft. to facilitate better air circulation and improve mildew control success amounts
ON Specialty Crops
Acid pH MNeutral pH Alkaline pH
AR 4.0 50 6.0 7.0 8.0 9.0 10.0
Fertilizing hops
T - NI
« Do not base fertilizer rates on postplant soil test o
results Phosphons
+ The correlation between soil test results and the actual nutrient Effects of Potassium and Sulfur
status of the plant can be very poor Soil pH on o
+ The value of postplant soil testing is to monitor soil pH Nutrient Calchim
= Soil pH can affect the availability of nutrients to plants Availability ‘Magnesium
* Use plant tissue testing to determine the actual Te. Cur. Zn, i, Co
nutrient status of the plant and to aid in formulating a ol ten o
fertilizer program for the crop
Boron

12



Hop Aphid

Defining features:

+ Light green

+ Pear shaped

* Cornicles (butt tubes|

‘When do they appear?

= Migrate to hop plants
in May

* Thrive in cool, wet
conditions

Sooty mold:

* Sugary secretions
from hop aphic can
lead to tungal growth

Feeding damage:

* Feeding can remove water and vascular tissue
« Leaf wilt and curl (reduced photosynthesis)
* Unmarketable cones (imp and brown)

Management:
* Increase natural enemy habitat
= Lady beetles, lacewings, parasitoid wasps
= Use of pesticides if populations remain high atter
fowering
* Populations tend to decrease in hot, dry weather

Potato Leafhopper

Defining features:
* Bright green
* Bullet shaped
= Side-to-side scuttling
Management:

Japanese Beetles & Cutworms

‘When do they appear?

* Variable- they arrive
on wind currents
from southern US as
temperatures rise

Hopperburn:
* Veshaped leaf
chiorosis and

abilities

* Give them something tastier (trap cropping)
+ Red clover and alfalfa
* Varietal selection
* Susceptible varieties: Liberty, Mt. Hood,
Fuggle, Tettnang, Santium, Newport
* Increase natural enemy habitat
* Minute pirate bugs, damsel bugs, big-eyed
bugs, lacewings, lady beetles, spiders,
parasitoid wasps

Diseases of Hops

Powdery mildew

Harvest

+ Variety & management dependent (mid-Aug. through late September
in Michigan) Harvest date decisions based on variety, cone moisture
content, weather, disease & pest issues

+ Hops are in prime harvest condition for a short time (7 to 10 days)

« Premature harvest = loss in yields & flavor in the current season &
potential reduced yield in subsequent years

= Harvesting past prime = reduced aroma & brewing quality,
shattering & discoloration

13



Post-Harvest Hops Care

* Dry cones to reduce moisture from about 80% down to 8 to 12% for
storage
* Following drying,
» allow cones to cool purge
* Bale
* Pelletize
* Nitrogen purge
* Frozen storage

Spring Fieldwork

* Pruning mature hop yards from March

Stages of
through Aprl (if necessary)
= Mechani€al, then chemical

Production
= Goal is'fo prepare consistent shool length for

TN "
m ; training @nd o prevent disease

= = Simultaneous weed control
* Dry fertilizer application
» Twining
= |rrigation
* Training

Vegetative Growth

Stages of
Production

* Typically May through July
- From May fo early July, most growth is in
main bine
= In July; Bulk of growth occurs in lateral
produchion
* Yield is determined in the plant very early,
and adding fertilizer at this stage is
essential

Stages of
..Production

Stages of
Production

Stages of
..Production

Dormancy

« Onset:
= Canb@September through November
= Shoots @and fine roots die
= Slorageroots thicken and
» Large fésting buds develop
* Fieldwork:
» Contaimovergrawn roots
= Apply pre-emergent herbicides and compost
= Work the ground
- Set up new hop yards

imulate starch

Spring Fieldwork:
Training

» Critical’é@mponent of maximizing yield
= Too eatly = early bloom risk
- Too 1ale'= not achieving max yield
= Train Aéw, soft shoats
» ~3 binés per siring. but varies depending on
cultivar
+ Additional bottom-growth is controlled
with desiccant later in season

Summer Fieldwork: Pests,
Diseases and Weeds

« Major challenges to quality are pests and
diseases
» OtheriSsues, while impacling yield, may not
impactquality as much
+ Healthy plants have more defenses
« Fertilize
= Irngate
= Spray
+ Scout fields constantly, every day

=2
v
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Stages of
Production

Repraductive Growth

= Typicallyglate July through August
- Trained wegelative growth ceases and is
concenfrated on hop cones
- Maturé€enes can account for up 1o 50% of
aboveground biomass

» Cannot increase number of cones

= Maintaming plant health will maximize cone
reight and quality

Stages of

PFaduction Preparation for Dormancy

* Begins at harvest
= Typicalli'end of August through September
+ Signaled by short days
= Material migration shifts to roats
» Peaks by October
* Keeping roots healthy is important at this
stage
= Preventing drying (imigating)
= Preventing damage

AR HAAS *

Stages of
.Production

Harvest

* Timing dét&rmined by cone mois
. ally mid-August ¥
on region
+ Dry matier measurems
ol or alpha content

+ Many hafvest methods

ill used in addition to a stalionary cleaning
ty or picking machine

*

Fun Facts...

889 plants or “hills” make up one acre of hops, if planted on a
standard 3.5 foot by 14 foot spacing.

In the Pacific Northwest, yields average about 2,000 pounds of dried
hop cones per acre on mature hop yards, or a little over two pounds
per hill (yields vary depending on variety and location).

Hops are typically sold in 200-pound bales.
A bale will yield between 135 - 800 barrels of beer (31 gallons each),

depending on the recipe.
USAHOPS

15



\F‘I ops: Marketing and Cost of

Overview

« Craft industry

» Breweries survey results

+ Cost of production

» Marketing and market opportunities

DrEXTENSION

INSTITUTE OF AGRICULTURE
e

il il By LDrEXTENSIO
INSTITUTE OF AGRICULTUR

B A

Growth in the Craft Brewing Industry from
2011 to 2017

United States Tennessee

2,047 6372 v 24 [= o 82

Craft brewery is defined as:

*Annual production of 6 milion barreis of beer or less (approxmately 3 percent of U.S. annual
sales). Less than 25 percent of the craft brewery s owned of controlled (or equivalent economic
interest) by a beverage  alcohol industry member that is not tself a craft brewer.”

Source: Brewers Associaton

Location of Craft Breweries in Tennessee

prone

= 104 physical locations — several brewenes have multple locatons

= Surveys were 072 g those that were notin
producton, did not have contact informaton or were bringing beer from
outside the state)

- 34 responses were recorded; response rate of 47%
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Demand for hops by craft brewers in Tennessee

SURVEY RESULTS

Life Solutionsa
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2018 Craft Brewery Survey

+ 31 questions on input use, spent grain disposal, and
brewery characteristics
— The size of the craft industry
- Demand for hops and other inputs
—Marketing and value added opportunities

Brewery Business Descriptions, n= 43

Q: Check the
boxes that best
describe your
business (more
than one box can
be checked).

= Brewery ® Brewery with Bar = Brewery with Restaurant and Bar « Other

LDFrEXTENSION

INSTITUTE OF AGRICULTURE

Real Life Solutions

UrEXTENSION
INSTITUTE OF AGRICULTUR

Brewery Survey Respondents' Business
Roles, n=51

Q: Whatis your role of
position in the business
(check a that apply)?

Number of Employees Related to the Brewery
Operation, n= 34

w
S

25
i Q: How many employees does your brewery empicy (this.
& 20 does notinclude empicyees involved with the restaurant
g aspect of your business such as bartenders, watters,
- 15 cooks, busboys, etc.)?
s s
210
E
3
z5

o

o5 6-10 11-15 1620 2125 26-30
= Owner/investor ® Master Brewer & Marketing Other Number of Employees

Expected Sales Increase Over Next
Five Years - Breweries

Annual Gross Alcoholic Beverage Sales
- Breweries, n = 28

Tours Offered Q: Does your craft brewery offer ; 20
= public tours? If yes, indicate the cost
Craft Brewery, n = 33 per person, £
Yes 55% g
No 45% 5 10
Price of Tours !E!E icatfon for hﬁE qrowers: -E 5
Craft Brewery, n = 16 - . =
Avergge $3.81 il (?:‘reg[,tha fiopardibe %0-100,000 “ 100,000-250,000 Lessthan  5%-15% 15%-25%  Greater
Minimum $0.00 Po = 250,000-500,000 * 500,000-1,000,000 5% than 25%
Maximum $12.00 Likely would require partnering with a # 1,000,000 or more Percent Expected Growth
brewers association
Highly dependent on proxamity. Q What was the value of your gross alcoholic beverage Q' How much do you expect your sales to increase over
sales in the last fiscal year? the next five years?
E DFrEXTENSION
i R SRR b INSTITUTE OF AGRICULTURE
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Q: Rank in order of importance factors that may have a negative impact on

Interest in Purchasing Tennessee-Grown Hops, n =

the anticipated growth of your craft brewery (1 is most important, 7 is least 30
i = 14
important). N=31. o ls Q: Please indcate
2 11 your level of interest
2 10 in the following with 1
, e Value . q Eco 2 8 s notinterested at al
o
Economic Gmmmem Industry ’ Quality of Waste ‘s ;nt::iaz‘:am
Downturn  F P Yy Labor Disposal Other 5 85 3 3 3 3 3 Purchasing
35 31 2.0 31 45 55 67 £ 2 Tennatsse. grown
g l . . . . hops for a wet-hops
Z . beer and dry or
Other responses: poor qualdy product, high maintenance equipment companies, breweries that don't know pelieted hops for
what they're doing 1 2 4 5 beer.
Level of Interest
= Wet Hops ® Dry Hops
i g LUrEXTENSION . ‘ X =)
INSTITUTE OF AGRICULTURE INSTITUTE OF AGRICULTURE
Frequency of Responses When Asked Whether Q Piease indcate Willingness to Pay a Price Premium for a Tennessee Malting House Using
Respondents Are Only Interested in Using Pelletized Hops, your level of Tennessee-Grown Barley, n = 26
n=30 agreement with the
folowing statement
12 (1 indicatng o H.a commercial mafing
completely house using Tennessee
i o0 and 5 matting barley was
disag 5
indicating avaiable in Tennessee,
E 8 completely agree). wuuld_ you pay a price
56 -1 am only premium (compared to
H Interested in using your current supplier) for
Ea pelletzed hops malt barley of....
with one being
2 complete
. . disagreement and o%
o five indicating 4 :
1- Completely 5- Completely complets ® Up to a 10% price premium # A 10 to 25% price premium
disagree agree agreement” = A greater than 25% price premium © No price premium
Level of Agreement = Unsure
. g TENSION
Fasl 1% siohronn Mus@ué-gﬁn\%‘ns,l_o_rf INSTITUTE OF AGRICULTURE
Hop Varieties Used at Craft Breweries in
Pounds of Hops Used Annually, n = 30 Tennessee
Wet Hops Dryjpe”itized Hops + The 1»:3: five varieties of hops by frequency (not quantity) were:
1 ascade
Average 46 2,301 2 Cwa
. 3 Mosaic
Maximum 500 16,500 4 Amarilo (T), Centennial (T), Hallertau (T), and Magnum (T),
Minimum 0 100 o Smeo

Q: How many pounds of the folowing categones of hops does your brewery use annually? - Wet hops,
Pelletzed (of dry) hops - Pounds per year

. Othemu Listed: Ace, Apollo, Azacca, Blanc, Brewers, Calypso, Chinook, Columbus,
orado, ekg, Ekuanot, El, Ella, Emgmu Galaxy, Galena, Gem, Gold, Galdl
Ha lertauer, Hood, Loral, Mittiefrub, Motueka, Nelson, Noble, Northern, H?QBL aci
Piney, Rakau, Saaz, Sauvin, Sorachi, Summi, Tentsngar Warrior, and Willamette.

Q Piease Ist the vanetes of hops used at your brewery in order of the largest quantty used to the
smalest quantty used (f you are unsure please indicate “unsure” in kne 1)

XTENSION

INSTITUTE OoF AGRIC,ULTU‘RE
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Gations of Pnmary Product Produced
Last Fiscal Year

Breweries, n =19

Number of Batches Produced Weekly

Cost considerations and revenue expectations: highly variable

COST OF PRODUCTION

fwerage 46 580 Number of Batches Produced
inimum 900 Q: Please provide your E Breweries, n =26
estimated production in Average 2.65 6 1 tha st o
Maximum 384,000 gallons of primary product Minimum 025 m‘any i y:?n.roduce
Current Fiscal Year (Boex) fir the last fecal year Maxiin i per week? And what was the
and predicted producton for Gallons Produced per Batch average batch sze? - Galons
Breweries, n =24 the current fiscal year - Breweries, n =26 pet batch
hverage 50,425 Bear (in galons) - Last fiscal Average 1,873
g year and current fiscal year Minimum 10
Minimum 275 Maximum 36,000
Maxdimum 400,000
These summaries do not include values of zero for breweries that were not in
production for the most recent fiscal year.
OrEXT SION T OIEXTENSION
INSTITUTE OF AGRICULTURE INSTITUTE OF AGRICULTURE
Cost of Production
* Revenue

- Multi-year estimates
- Establishment Cost

- Trellis System

= Planting

~ Irrigation
» Annual Costs

- Pre-harvest

- Harvest
***Tremendous variation in costs and revenue exist***

I
INSTITUTE ©

Hops Revenue

« In General (% of expected yield): Year 1 — negligible; Year 2 —
50%; Year 3 — 75%; Year 4 and beyond — 100%.
+ Yields / Variety
— Cascade, Nugget, Chinook, and Centennial
+ 1,200 to 1,800 Ib established yield?
+ Right new more common 500-1,000 Ib
Prices dried
— 2017 US average: $5.96 per pound
— $7-$15 per pound reported regionally (highly variable)

ESTABLISHMENT COSTS

DrEXTENSION
o INSTITUTE OE“AaE'U:U .TURE

UIEXTENSION

INSTITUTE OF AGRICUL
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T
Pows (Back 9 n - 5 mx 5 20
act Loc b= e .
it e ¢ B e | Planting Cost
tyeom “ ot 5 A8 5 mw (0]
Dider 8oz 2 o $ 3w 5 wm =
.-n‘x:’v‘ : [, : :g ; :: a Planting
D) e el T T o Materiaks Quantity  Unit  Cost/Unit Total Cost
Catee camn (24 P~ preine 5 am 3 e & Rhizomes 800  rhizomes § 200 § 1,600.00
“ oo $smm 5 som = Mulch 20 cubicyards § 1800 5 360.00
i - imm | iues | @ Labor
1 o $ a0 5 e =g 3
1 Sl s sam s Tam - Planting 96 hours §& 725 § 696.00
E = el oo g Mulching 24 hours & 725 5§ 17400
b e s 13 5 ram g Site Prep
i riq < 13l 3 Discing 1 acres § 1500 $ 1500
- b § iz f Total planting costs $ 2,845.00
a e $ 1n $ Jum Sorsa vepa sk
51918300 Tadn ruigs Bt Tl b Bt
Roal' Lif DrEXTENSION " FTEXTENSION
INSTITUTE OF AGRICULTURE Ll INSTITUTE OF AGRICULTURE
rrigation System
Materials Quantity Unit Cost/Unit  Total Cost
Mainline (10' 3/4° Pvc) 40 sectioms § 210 § 8400 i
et Sl oo BT ¢ 0 s Establishment Costs Summary
PVC fittings {risers) 160 fming  $ 049 5 7840 3
Paly tube fittings 40 fitting 5 054 5 21.60 i
Irrigation pump (1 HP) 1 pump § 28000 5 28000 (o] Cost Category 1 Acre Cost
Pump fittings A fming 5 800 § 3200 L
Pressure regulator 1 fiting $ 1250 §  12.50 6-
Mesh filter 1 filter $ 1800 § 18.00 i i
i i b oGl | - B Rpt 3 Total Trellis Construction Costs $19,153.00
Drip emitters (2000 total) 8 bags 5 6250 § 50000
i.‘ (4000 ties) 4 bags  § 2450 § 9800 g) Total Planting Costs $ 2,845.00
Dig mainline trench 12 hours § 725 §  87.00 oy
Install mainline 60 hous § 725 § 43500 @ Total Irrigation System Costs $ 828175
Zip tia laterals 16 hours  § 7.5 § 11600 wn
Install drip emitters 28 hours. 5 725 § 203.00 3
Cistern and pump setup s hours  § 7325 § 3625 Total Establishment Costs $30,279.75
tal ion System Costs S 828175 To vovs e
TRy e DrEXTENSION e SION
S N e s == INSTITUR R R AC Iy L U
Cost of Production Summary
T Vb e ]
+ Pre-Harvest i T i + Estabisnment Costs = $8,000-535,000 per acre
- Fertization Labor 150 + Annual Costs = $8,350-515,500 per acre
- Weed/nsectDisease Control Insoct/Wesd/Disssse Contro o + Revenue: $3,500 ($7/b x 500ib) to $27,000 (1,800 Ib x $15)
- Plantelisfirmigation maintenance Conitanns 1
= Equipment fertsization s
- Land renthaxes ki oot Avarage Low High
- Labor Sotal aies Establishment Costs (annualized): $/acre $3,205 $1,409 $6,484
. Hﬂ?ﬁ o i Annual Costs: $/acre 511,257 $8,350 $15,505
- Lm‘i”""‘ ey L2t Total Cost: $/acre $14,462 $9,759 $21,989
st 1
- Processin, (dm;g b Post Harvest
pelletzing)andingAransportation -
« Marketing e BYanpe :-.”‘ :7::::. .::l * Huge vanatons in reported estabishment and annual costs
+ Retum to management Jemst 3500 + Labor versus capdal cost for harvest and other functons
= T

Ore
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Opportunities |

/
i

Strategies

MARKETING AND OTHER MARKET
OPPORTUNITIES

Other Sources of Revenue

+ Group picks

+ Special events

« Hop yard tours

+ Processing drying / pelletizing / hop extract
« Custom harvesting / machinery share

. INSTITUTE OF

NSION

INSTITUTE OF AGRICULTUR

.

Other Market Opportunities

Craft Breweries

Home Brewing

- Data deficient

Agri-Tourism

Vertical integration of the marketing system
Co-operatives

S. Aaron Smith
Assstant Professor and Extension Economist
D of A I and Resource E:

University of Tennessee Insttute of Agnculture
Emal aaron smith@utk edu

Waebsite: hitp/icropeconomics tennessee edu/
Ph 865.074.7476

Questions and discussions

THANK YOU
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