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Hops 

Taxonomy 

 

Dicotyledon 

 Family:   Cannabaceae 
 

 Genus & species:  Humulus lupulus L. 
 

 Related species: Hemp, marijuana 



Hops 

Origin & History 

 

Center of origin has been reported as the Mediterranean or 

China centers 
 

Purdue claims hops are from the “Eurosiberian Center of 

Diversity” 
 



Hops 



Hops 

Origin & History 

 

Earliest recorded mention of hops in Pliny the Elder’s 

Naturalis Historia (~77-79 AD) 
 

Earliest mention of cultivation in 736 AD in Hallertau region 

of Germany 
 

Earliest recorded use of hops in beer in 822 in Picardy 

region of France 
 

Germany did not begin using hops in beer until mid-12th 

century 



Hops 

Botany 

 

Thought to be 3, maybe 4, species of hops 

  H. lupulus L. (Common hop) 

  H. yunnanensis Hu. (Yunnan hop) 

  H. scandens (Lour.) Merr. (Japanese hop) 

  H. americanus Nutt. (American hop) 
 

Within common hop, probably 5 varieties: 

  lupulus, cordifolius, lupuloides (H. americanus), 

 neomexicanus, pubescens 



Hops 

Botany 

 

Dioecious 



Hops 

Botany 

 

Perennial, climbing vine 
 

 Annual above ground 
 

 Perennial below ground 

  Allows for clonal propagation 
 

 Support system required for  

 cultivation 
 

 Photoperiod sensitive 



Hops 

Genetics 

 

Generally diploid 
 

Triploid cultivars are seedless 

 Higher value 



Hops 

Annual vs. Perennial 

 

Above-ground portion of stem is annual, dies off at 

dormancy 
 

Root is perennial, survives low  

winter temps, requires a  

dormant period 
 

Plant produces rhizomes 

 Buds become new stems 

 Easily propagated from  

 cuttings 



Hops 

Propagation 

 

Propagation for commercial  

production is entirely vegetative 

  Root cuttings 

  Layering 

  Softwood cuttings 

 

Resulting plants are genetically 

identical to parent material 



Hops 

Trellising 

 

Wild hops climb on companion species 
 

In cultivation a trellis system is used 

 Trellis 15’ to 25’ high 

 Plant spacing at 3.5’x14’ –or– 7’x7’ 

  889 plants per acre 

 Alternative systems exist for low trellising 
 

Vines wrap around the string clockwise 

 Due to phototropism and thigmotropism 



Hops 

Dioecious nature 

 

Separate male and female plants  

 Only necessary when grown from seed 
 

Commercial value derived entirely from  

female plant 

 Strobiles or “cones” 
 

Male plants used for breeding/ 

hybridization only 



Hops 

Cones 

 

Strobiles, or cones, produce 

commercially important chemistry 
 

Cones contain lupulin glands (modified 

vine hairs) 
 

Lupulin glands produce over 100 

compounds that contribute to aroma 
 

Soft resins: alpha and beta acids 
 

Lupulin accounts for 20-30% of cone 

weight 



Hops 

Lupulin glands 

 





Hops 

Physiological/production stages 

 

Main stages of growth 
 

 Dormancy 
 

 Spring regrowth 
 

 Vegetative growth 
 

 Reproductive growth 
 

 Preparation for dormancy 



Hops 

Dormancy 

 

October through February 
 

 Late summer the plant allocates 

starches to storage roots 
 

 Starch is converted to soluble 

sugars 
 

 Sugars necessary for Spring 

regrowth 



Hops 

Dormancy 

 

October through February 
 

 Compost applications 
 

 Tillage 
 

 Prepping new vineyards 



Hops 

Spring regrowth 

 

March through May 
 

 Plant utilizes soluble sugars to emerge from dormancy 
 

 Initial regrowth is rapid producing vines unsuitable for crop 

production 
 

 Plant relies almost entirely on energy reserves through 

May, when starch and sugar levels hit bottom 



Hops 

Spring regrowth 

 

March through May 
 

 Pruning to maximize consistency for 

training 

 Weed control 

 Dry fertilizer 

 Twining 

 Training 

  Timing is cultivar specific and critical 

  Target 3 vines per string 

 Irrigation begins 



Hops 

Photoperiod sensitivity 

 

Under a critical number of light hours (more accurately it is 

the length of the dark period)-floral initiation. 
 

Also node dependent. 
 

Over the critical amount, vegetative growth. 
 

In shorter day areas, flowering occurs as soon as the node 

requirement is met-yield not maximized. 
 

In longer day areas-vegetative growth is maximized prior to 

shortening days of mid to late summer. 



Hops 

Vegetative growth 

 

May through July 
 

Two phases: 

 May - June/July: 

  Primary growth in main vine  

 and leaves 
 

 July: 

  Lateral production 



Hops 

Vegetative growth 

 

At 3’, apical bud contains initial 

cells for lateral branches 
 

At 12’, apical buds of vine and 

laterals have cells for flowering 

branches 
 

At 16’, cone braches have been 

fully determined in laterals 



Hops 

Vegetative growth 

 

Critical phase for crop success 
 

 Plants’ reserves are spent 
 

 Ultimate yield determined 

during vegetative growth 
 

  Aggressive management of 

 plant health 
 

  Maximize health while keeping 

 the plant growing 



Hops 

Vegetative growth 

 

Controlled growth, internode length is key 
 

 Internode length too long = brushy top crop 
 

 Internode length too short = maximized lateral number 

and even distribution 
 

 Control growth by: 

  Pruning 

  Nutrient  management 

  Crossing fingers – you cannot control the weather 



Hops 

Vegetative growth 

 

Monitor, monitor, monitor 
 

Pest/disease/weed control 
 

Irrigation 
 

Fertility 



Hops 

Physiological/production stages 

 

Main stages of growth 
 

 Dormancy 
 

 Spring regrowth 
 

 Vegetative growth 
 

 Reproductive growth 
 

 Preparation for dormancy 



Hops 

Reproductive growth 

 

End of July, floral production begins 
 

 Plants redirect energy to cones 
 

 Photosynthetic capacity maximized 
 

 At maturity, cones weight ≈ 50% of 

above ground dry matter 
 

 Cannot increase cone #, manage 

for cone weight and resin/oil 



Hops 

Preparation for dormancy 

 

August through September 
 

 Photosynthate production exceeds 
plant needs 

 

 Excess transported to roots 
 

 Root dry weight and starch content 

peak by October 
 

 Short days and cooler 
temperatures trigger transition and 
dormancy 



Hops 

Harvest 

 

Vines cut and transported to picker 

 Or, use field strippers 
 

Cones separated from vines 
 

Cones dried 8-12 h to 10% moisture 
 

Dry cones cooled for 12-24 h 
 

Baled and transported to cold 

storage 



Hops 

Harvest 

 

Mechanization improves economic 

outcomes 
 

Cones mechanically sorted from 

leaves and vine 
 

Cones dried w/ forced air (50 cfm/ft2) 

at 130-150 oF 
 

Compressed into 200 lb bales @ 10-

12 lb/ft2, requiring 5.5 yds burlap 



Hops 

Production summary 

 

Understand stages of development 

to properly manage crop 
 

Each stage of growth is unique 
 

Yield determined as early as April or 

May 
 

Many factors are cultivar specific 



Hops 

Varietal issues 

 

Realize MAXIMUM genetic potential 
 

Maximum genetic potential cannot be achieved in all 

environments 
 

So, select or breed varieties for the environment 



Hops 



Hops 

Aroma vs. Alpha 

 

Hops sold into two distinct markets: 
 

 Alpha/Bitters: 

  Processed hops 

  Yield measured in weight of Alpha acids per acre 

  Typically high alpha varieties 
 

 Aroma: 

  Minimal processing 

  Yield measured in pounds per acre 

  Typically aroma varieties 



Variety 
Acid range 

(Alpha %) 
Flavor perception 

Amarillo® 8-10% A flowery, citrus-like aroma with medium bittering value that is gaining acceptance as a substitute for Cascade due to its hardy nature. 

Cascade 4-7% 
Flowers, citrus & spice with grapefruit the noticeable fragrance quite often. This medium aroma balances the low bittering value. Very 

popular hop among craft brewers. 

Centennial 8-11% Flowers & citrus most evident. A medium aroma with mid to high bittering value makes it a dual purpose choice. 

Chinook 11-13% 
A pine forest washed with exotic spice and infused with grapefruit. This alluring aroma and a high bittering value has gained this hop 

full respect from craft & major brewers. 

Columbus 14-17% High on the bittering scale yet also valued for its oil content creates a hop that is an interesting dichotomy of sharp and herbal. 

Crystal 3-5% 
Genteel, continental lady meets American belle with a delicate blend of spices and flowers. Low bittering value adds to the charm. 

Craft brewers love her style. 

Fuggle 4.0-5.5% 
Classic English aroma hop with moderate bittering value. Pleasant wood and fruit tones will have you heading off to the hunt. Tally-ho, 

old boy! 

Hallertau 5-6% 
Named for its origins in the Hallertauer region of Germany, this is a noble aroma hop with ever-so-subtle flower and spice fragrances 

defining its “über alles” superiority. Very low bittering value. 

Kent Golding 3-5% The refined older English gentleman with his flowery tones that have produced some of England’s best bitters. 

Liberty 2-6% American cousin to Hallertau with very similar flower and spice characteristics. Best used as a finishing hop in German-style lagers. 

Magnum 12-17% 
A German thoroughbred with limited Pacific Northwest plantings. Prized for its high bittering value, the aromatic nature is one of spice 

and citrus. 

Mosaic® 11-13% 
New in 2012! Simcoe's daughter with earthy, grassy, herbal, citrus, cedar, tropical, spice and stone fruit notes adding to the pine-

based pungency! A complex modern gal! 

Mt. Hood 4-5% Hybrid of Hallertau with similar mild flower/spice aroma characteristics with a hint more of the forest. “Clean” commonly describes it. 

Northern Brewer 7-11% 
A plucky American filly found herself an affable English suitor and the happy union was this well-adapted hop with its neutral, clean 

aroma and slightly higher-than-average bittering value. Dual purpose. 

Nugget 11-16% 
Strong herbal/slight spice aroma and high bittering value (along with desirable growing traits) has brought this hop variety to the 

forefront of the industry. 

Perle 7-8% A palate-pleaser with its moderate, clean bittering qualities and refreshing, spicy aroma. 

Saaz 3-5% 
The Old World steadfast standby made famous by Pilsner Urquell possesses the aromatic blend of earth and spice notable in 

European nobles. Low bittering value. 

Simcoe® 12-14% 
A hop variety less than 10 years old that is quickly finding its way into the hearts of bitter-loving craft brewers. Intense pine aroma 

adds to the fresh, youthful vigor. Dual purpose but generally considered a bittering hop. 

Sorachi Ace  13-16% A Japanese winner by all counts with its powerful lemon aroma, high bittering value and flavorful personality. 

Sterling 6-9% 
Herbs and spices dominate, flowers and citrus around the fringes. Moderate bittering values with a mix of Saaz and Mt. Hood 

properties. 

Summit (Dwarf)  17.5–19.5% 
Quite new on the scene (2003) but the consensus is very positive with its “peak” bittering value coupled with robust citrus notes of 

orange, tangerine and grapefruit. Receiving accolades as an ideal hop for the ultimate Pale Ale. 

Warrior 14.5- 17.0% Its high bittering value and very mild aroma offers new dimensions to IPA & Double IPA brewers. 

Willamette 4-6% The king of aroma hops in the U.S. with its modest bittering value and the joyous harmony of flowers, fruit, earth and spice. 



Hops 
2009              2010              2011             2012              2013 



Hops 
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Hops 

  IDAHO: 8.5% 

  OREGON: 12.3% 

  WASHINGTON: 79.2%_ 

  PNW TOTAL: 100% 
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Hops 

QUESTIONS? 





Mint 

Taxonomy 

 

Dicotyledon 

 Family:   Lamiaceae 
 

 Genus & species:  Mentha piperita L. (peppermint) 

    Mentha spicata L. (spearmint) 
 

 Related species: Thyme, rosemary, oregano, basil, 

   lemon balm, purple deadnettle, lamb’s 

   ear, and many, MANY more. 



Mint 

Origin & Distribution 

 

Center of origin Mediterranean or Turkey-Iran 
 

Current distribution is worldwide, widely naturalized in 

metropolitan regions. 
 



Mint 

Origin & History 

 

Earliest recorded mention of 

peppermint use in Egypt (~1550 BCE) 
 

Human cultivation probably started long 

before 
 

Early Romans thought mint would 

improve intelligence 
 

Earliest mention of use in Europe in 

1240 in Iceland 
 

 



Mint 

Botany 

 

Thought to be dozens of species 

of mint 
 

At least 10 commercially 

significant hybrids 
 

Mint oils are extracted from whole 

plant, though leaf tissue is 

maximized in production 



Hops 

Botany 

 

Low-growing (1-3 ft) perennial herb 
 

Speads via rhizomes 
 

Extremely fast growing 
 

Prefers moist, shaded conditions 
 

Home growers should consider 

growing mints in containers to 

prevent escape 



Mint 

Propagation 

 

Propagation for commercial  

production is entirely vegetative 
 

Resulting plants are genetically 

identical to parent material 
 

Propagules are “dibbled” into 

field at 1.5 ft in-row spacing, 

and spread vigorously 



Mint 

Mint oil production 

 

Grows best above 41st parallel 
 

State-certified propagules used for 

planting 
 

Requires near-constant moisture 
 

Whole plants harvested in 2nd year 
 

Oil yields of ~ 76 lb/acre 



Mint 

Harvest 

 

July 4 through September 
 

Plants are windrowed and dried in-field (as hay) 
 

Dried hay is put into specialized wagons 
 

Wagons are connected to steam extractor and mint hay 

steamed in the wagon. 



Mint 

Note wheel 



Mint 

Distillation 

 

Steam distillate (from wagons) 

transferred to separator. 
 

Oil floats on water and is skimmed 

off 
 

Transferred to 55 gallon drums and 

shipped 



Mint 

Uses of mint oil 

 

One 55-gallon drum (400 lbs) will 

produce 
 

 400,000 tubes of toothpaste 
 

 5,000,000 sticks of gum 
 

 20,000,000 mint candies 



Mint 

Uses of mint oil 

 

In reality: 
 

 55% goes to toothpaste 
 

 30% goes to gum 
 

 10% goes to candies 
 

 5% goes to other random  

stuff 



Mint 

Washington mint industry 

 

#1 in mint oil production 
 

$69.7 million production 
 

1,121 Washington jobs 
 

$46.7 million in wages 
 

$57.7 million value added 
 

$150.9 million total impact 



Mint 


