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     In the early eighties – having spent 
many hours reading through the dusty 
publications and reference books in Dr. 
Ray Neve’s archives, the then director of 
Hop Research at Wye College – I 
produced some parentage charts of hop 
varieties marketed at that time. This 
paper is an update to those previous 
works. 
 
     Prof. E.F. Salmon of Wye College in 
Kent, England, which was inaugurated 
as agricultural college in 1894, has been 
responsible for breeding the varieties 
Brewers Gold and Northern Brewer 
since 1907. These two varieties are not 
only well known all over the world, but 
have been used in breeding processes for 
breeding high bitter and dual purpose 
varieties around the globe (1). 
 
     Prof. Salomon’s publications in the 
Journal of the South-eastern Agricultur-
Brewing are fascinating as he details 
even the names of the brewers and 
breweries who were involved in the 
brewing trials with these varieties. The 
following is an extract from one of these 
publications (2): 
 
     In 1930 Messrs. W.T. Smith and 
A.T.C. Cosbie published the results of 
brewing trials carried out in the brewery 
of Messrs. Truman, Hanbury, Buxton & 
Co., London. OP 21, also called Brewers 
Favorite, was considered to posses a 
“ distinct Oregon flavour” : and to show 
“ promise of utility as a copper hop in 
suitable blends”  but with too harsh a 
flavour for use as dry hops. 
 

     When referring to the aroma of 
Brewers Gold, it is interesting to see 
references such as “Oregon”  or 
“American”  which have been changed 
nowadays to expressions such as “catty”  
and others. Many varieties (although not 
all) bred from Brewers Gold seem to 
have this “catty”  aroma, which I assume 
was inherited from the Manitoban wild 
mother plant (ref. no. BBI). 
 
     Professor W.T. Macoun, Dominion 
horticulturist for Canada, wrote to Prof. 
Salmon in 1916: “The town of Morden is 
situated in southern Manitoba near a 
range of hills. The wild hops grow along 
a creek which flows through the town. 
Old residents in Morden assure me that 
there has never been any introduction of 
cultivated hops in this area. The wild 
variety, growing so abundantly along the 
creek, was transplanted to the town lots, 
especially along the fences, and back 
lanes, to cover unsightly places.”  
 
     It would appear, therefore, that this 
plant, the female parent of C9a, is the 
species Humulus americanus. 
 
     Prof. Salmon, his successors and their 
American hop breeding colleagues seem 
to have kept careful records and regular 
publications of their findings. This, 
unfortunately, does not apply to all 
world hop breeders. 
     Those involved in the American hop 
breeding process such as A. Haunold, 
C.E. Zimmermann, S.T. Likens, C.E. 
Horner, D.D. Roberts, G.B. Nickerson, 
D.S. Kling and U. Gampert tend to 
publish in Brewers Digest or Crop 
Science. 



 
     There are many factors a hop breeder 
needs to take into consideration on 
behalf of the hop growers and brewers. 
This will be discussed first before 
summarizing the present grown 
varieties. 
 
     One needs to appreciate the time 
needed to breed a new variety as hops 
are a dioecious climbing plant. This 
means that there are female plants which 
are fertilized by the pollen of the malt 
plants. When that takes place, the female 
flower (cone) will form seeds. 
 
     If one breeds new varieties, one 
therefore, needs to take great care that 
the female flowers are pollinated with 
the pollen of the malt plan, which one 
wants to use in the breeding process. 
Otherwise, open pollination takes place, 

i.e. the pollen of a wild male hop plant is 
blown by the wind onto the female 
flower; hence, the parentage of that male 
plant is unknown. 
 
     This happened quite frequently in the 
initial breeding processes, which is 
noticeable from “The Parentage Chart of 
English Hop Varieties”  (Figure 1). In 
this and the other parentage charts, X 
means pollinating a female plant with 
the pollen of a male plant. If numbers 
are placed under the cross (X) sign, then 
that was the year the pollination took 
place. 
 
     In 1978, E. Small suggests the 
nomenclature for the genus and genera 
of the family of Cannabinaceae should 
be as sketched out in the “The Botany of 
Hops”  (Figure 2) (3). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 





Factors Affecting the Breeding of New 
Var ieties  
 
     The following are some important 
factors, which the breeder needs to take 
into consideration on behalf of the 
grower and the brewer. 
 
Aroma 
 
     One of the most important 
characteristics of hops is the different 
aroma of the different hop varieties. We 
tend to speak and refer to aroma, bitter 
and dual purpose varieties but, in 
essence, all hop varieties have a specific 
aroma which is liked or disliked, i.e. hop 
aroma is very personal. 
 
     This is one of the reasons why there 
are so many different hop varieties. The 
essential oil, ranging from 0.5 to 5% in 
hops, and the volatile degradation 
products of the resins together are 
responsible for the aroma in hops (4). 
 
 
 
Essential Oils 
 
     The essential oil is a complex mixture 
of compounds, produced in the latter 
stages of ripening of the hop cone. They 
can be separated in two fractions:  
 

(a) The fraction eluted with light 
petroleum which consists of 
hydrocarbons and contains 50 to 
80% of the whole oil with 
compounds such as Myrcene, 
Farnesene, Humulene and 
Caryophyllene. These compounds 
do not end up in the finished beer, 
but their oxidation products are 
more soluble and end up in the 

beer, contributing to hop aroma. It 
is unfortunate that some 
breweries think that American 
hop varieties are too high in 
Myrcene content. This is, 
however, not an inherent 
characteristic of American hops, 
but merely a condition of good 
cold storage facilities where the 
hops are immediately kept after 
harvest; hence, keeping the 
Myrcene at high levels. As 
Myrcene is such a volatile 
compound, a high percentage 
immediately evaporizes when the 
hops are taken out of cold storage 
and also at the beginning of the 
boil in the brewing process. This 
is why a Brewer when dry 
hopping should take his  hops or 
hop pellets out of cold store 24 
hours before using them for dry 
hopping. 

(b) The fraction eluted with either, 
which consists of compounds 
containing chemically bound 
oxygen, such as alcohols (linalool 
and geraniol), esters, and 
carbonyl components. During the 
brewing process, some of theses 
are transformed to other 
compounds which collectively 
could also contribute to aroma. 

 
Soft Resins 
 
     This is the fraction of the total resins 
which is soluble in hexane. They contain 
the alpha acids, the beta acids and the 
uncharacterized soft resins, which will 
be briefly discussed. 
 
Alpha Acids 
 



     The alpha acids consist of the 
following compounds: humulone, 
cohumulone, adhumulone, prehumulone 
and posthumulone. The humulones are 
important because the iso-humulones, 
which are formed during the boil, 
contain the principle form of bitterness 
of the beer. The cohumulones, 
discovered in 1952 by Rigby and 
Bethune, vary in quantities from 20 to 
65%. High levels of cohumulone tend to 
be found in high bittered beers (ales, 
stouts and porters) and are the main 
factor contributing to harsh bitterness 
(5). The oxidation products of iso-alpha 
acids are less bitter. 
 
Beta Acids 
 
     The Beta acids consist of the 
following unknown compounds: 
lupulone, colupulone, adlupulone, 
prelupulone, and postlupulone. No beta 
acids have been found in finished beer, 
but oxidation products of beta acids 
(hulupones) have been, which are bitter 
and some of these could contribute to 
harsh bitterness. The hulupones are 
about twice as bitter as iso-alpha acids in 
beer. Hence, hop addition should be 
based on the original harvest alpha acid 
content. 
 
     High levels of beta acids are to be 
found in the variety Galena. In the new 
(experimental) variety Santiam, the beta 
acids are actually higher than the alpha 
acids (6). 
 
Hop Storage Index 
 
The Hop Storage Index (HSI) is a 
method of measuring the percentage of 
alpha and beta acids which have been 
oxidized.  It measures the optical density 
at 275 nm against that at 325 nm, which 

is the UV maximum for alpha and beta 
acids. This ratio is the Hop Storage 
Index. 
 
 
 
Preservative Value or Antiseptic Power 
 
The soft resins were already considered 
by Prof. Salmon at the earliest stage of 
his hop breeding process. He refers to 
them in 1934 as the most important 
constituents of a hop for brewing 
purposes. He mentions the alpha acid 
and beta fraction which expressed in the 
formula a + b/3 gives the best estimate 
of a hop antiseptic or preservative 
power. 
 
Hop Polyphenols (Tannins) 
 
 Tannins, according to different 
hop varieties, vary from 2-5%.  Present 
research on their role in the brewing 
process is carried out by Dr. Paul 
Hughes of the Brewing Research 
Foundation International. This will be 
complemented by Dr. Jan F. Stevens and 
Dr. Max L. Deinzer of Oregon State 
University, who at present are 
investigating the chemistry of 
polyphenols. 
They will be extending their research 
this year into the influence of these 
compounds in the brewing process. It is 
thought that some of these oxidized 
compounds might affect the smoothness 
or harshness of bitterness and the body 
of the beer. 
Hop polyphenols also play a role in the 
trub formation and in the forming or the 
precipitation of haze. They may have a 
modifying influence on the mouthfeel of 
the beer and. may become of interest to 
the pharmaceutical industry (7). 

 
 



 

Hop Variety Alpha Acid 
Range 

Beta Acid 
Range 

Cohumulone 
as % of 
alpha 

Total 
Oils % 

Resistance to 
Wilt 

Resistance to 
Downey Mildew 

Resistance 
to Powdery 

Mildew 

Ahtanum 3.5-5.5 5.0-5.5 32 1.0- I.5 unknown tolerant moderate 
Cascade 4.4-6.5 4.5-6.5 37 0.8-1.4 fairly tolerant resistant  

Centennial 9.5-ll.5 3.5-4.5 30 1.5-2.3 susceptible susceptible  
Challenger 6.5-8.5 3.2-4.2 22 1.0-1.5 sensitive some tolerance susceptible 

Chinook 12.0-14.0 3.0-4.0 32 1.5-2.5 tolerant moderate  
Cluster 5.5-8.0 3.9-5.7 39 0.4-0.8 Sensitive very susceptible  

First Gold 6.5-8.5 3.0-4.1 33 0.7-1.3 Resistant Susceptible Resistant 
Fuggle 4.0-5.5 2.2-3.1 26 0.7-1.1 Sensitive Some resistance Susceptible 
Galena 11.5-13.5 7.2-8.4 40 0.8-1.2 Sensitive Some resistance  

Goldings 4.5-6.5 2.0-2.8 23 0.8-1.0 Sensitive Susceptible Susceptible 
Hal. 

Tradition 
4.8-6.5 3.7-5.0 28 0.7-1.3 Tolerant Resistant Some 

Resistance 
Hersbrucker 3.0-5.0 3.8-6.2 23 0.6-1.1 Fairly Tolerant Susceptible Susceptible 

Liberty 3.5-6.0 2.9-5.0 27 0.8-1.2 Sensitive Resistant  
Magnum 12.0-14.0 4.2-4.9 25 1.5-2.1 Tolerant Resistant Moderate 
Mt. Hood 4.0-6.5 3.6-5.9 23 1.9-1.3 Sensitive Fairly resistant  

Northdown 7.0-10.0 4.4-6.2 29 1.2-2.2 Sensitive Susceptible Some 
resistance 

Northern 
Brewer 

7.0-9.0 3.2-4.1 29 1.2-1.8 Tolerant Susceptible Susceptible 

Nugget 12.0-13.5 4.0-5.0 27 1.5-2.2 Sensitive Fairly resistant Resistant 
Perle 5.5-8.5 3.1-4.7 29 0.7-1.2 Tolerant Fairly resistant Some 

resistance 
Progress 5.0-7.5 1.8-2.7 27 0.5-0.8 Tolerant Susceptible Susceptible 

Saaz 2.5-4.5 2.8-5.0 26 0.4-0.8 Sensitive Susceptible Susceptible 
Spalter 3.5-5.5 3.5-5.5 26 0.7-0.9 Fairly Tolerant Some resistance Susceptible 
Spalter 
Select 

4.3-5.5 3.3-4.3 23 0.5-0.9 Tolerant Fairly Resistant Some 
Resistance 

Styrian 
Golding 

4.0-6.0 2.0-3.0 28 0.5-1.0 Sensitive Susceptible Susceptible 

Super 
Styrian 

8.0-10.0 3.8-4.8 25 0.9-1.4 Sensitive Susceptible Susceptible 

Target 10.0-12.5 4.5-5.7 35 1.2-1.4 Tolerant Susceptible Resistant 
Tettnanger 3.0-5.0 2.7-4.5 25 0.5-1.0 Tolerant Some resistance Susceptible 
Willamette 4.5-7.0 3.0-4.7 32 0.9-1.5 Susceptible Fairly resistant  

WGV 5.5-7.5 2.0-2.7 27 0.8-1.2 Tolerant Susceptible Susceptible 

 
Table 1 

Important Data and Character istics of Hop Varieties



Resistance to Diseases 
 
With the spread of fungal and viral 
diseases, which has become very topical 
this year with the spread of Powdery 
Mildew to the Yakima Valley, it is 
naturally important to breed varieties 
which are resistant to the main hop 
diseases such as Downy Mildew 
(Pseudoperonospera humuli), Powdery 
Mildew (Sphaerotheca humuli), and 
Verticillium Wilt. Table I shows the 
resistance to these diseases for most 
presently grown varieties. Downy 
mildew was the reason for the decline of 
the hop culture in 1909 in New York 
State, followed in 1929 in Western 
Washington, in 1930 in Oregon, and in 
1932 in California (8). 
 
Resistance to Pests 
 
Wye College have been and still are 
trying to breed varieties resistant to the 
main hop pest, which is DamsonHop 
Aphid (phorodon humuli). Some hop 
varieties tend to be more susceptible 
than others to this pest (9). 

Although there are no records of the first 
appearance of hop aphids in Europe, it 
was stated by C.H. Parker in 1913 that 
they first appeared in 1863 in New York 
state and in 1890 reached the Pacific 
Coast. They have not reached New 
Zealand and affected their hop growing 
area. 
One can control them by chemical 
sprays (which is an expense to the hop 
farmer and an environmental dis-
advantage), by biological control or by 
breeding varieties which are resistant. 
There are hop plants which tend to 
produce an odor that the hop aphid does 
not like, a characteristic useful in the 
breeding process. 
Other common hop pests are the Spider 
Mite (Tetranychus urticae), the Dagger 
Nematode (Xiphinema diversicandatu), 
the Rosy Rustic Moth (Hydroecia 
micacea), the Flea Beetle (psylliodes 
attenuata), and the Earwigs (Forticula 
auricularia). This gives an indication of 
how difficult it must be to grow good 
quality "organic" hops without any 
sprays to combat these pests and 
diseases. 

 
 
Cone Structure 
 
The size and shape of the cone, the 
bracts and the strigs (the central axis of 
the cone) all contribute to the firmness 
of the cone. Firm cones result in a better 
filtration of the wort in traditional 
brewing with whole hops and using a 
hop back. 

They are also easier to harvest during 
hop picking with less waste as the cones 
do not shatter so easily. They tend to 
form less seeds. For the shapes and sizes 
of the different hop varieties see Figure 
3 and Figure 4, which will give some 
idea as to the appearance of cones of 
different hop varieties (10). 

 
 
 
 
 
 



 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Hop Cones of American Grown Varieites 
 

 
Yield 
 
     Depending on the soil type, the 
temperature, humidity, irrigation, 
manuring and chemical sprays used, 
each hop variety will give a different 

rendament in weight of cones per acre. 
This will govern the income per acre, 
hence the price of hops. The best yield 
per acre of hops in the world is at 
present produced in China, whereas 
second best is Washington state (11). 

 
Color of the Cone 
 
     The color of the cone should be pale 
green. Some chromosomes contain 
characteristics of red coloring of strigs, 

which in some instances might affect the 
coloring of the cone, hence affect the 
stability of that variety. Galena is a 
variety which is on the border line for 
that possible problem (12). 
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