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INTRODUCTION 

s. N. Brooks 

This 1962 annual report of investigations carried out by t he 
regional hop project headquartered at Corvallis, Oregon includes dat a 
collected and summarized during the period March 1, 1962 t o FebruarJ 281 
It includes data in some cases which were collected by personnel at the 
Irrigation Experiment St ation at Prosser, Washington. ·All data are reported 
under one of four main lines of study or line projects. Detailed discussions 
and summarizing data are presented for each experiment or phase as a separate 
section within a line project report. Additional data or notes which are 
important enough to be included as a matter of permanent record are appended 
to the report. 

Some of the line projects are conducted cooperatively by irrvest i gators 
located at Oregon State University. In these cases , it is necessary that a line 
project report be prepared by more than one person. Where this has occurred &""! 
attempt has been made to give each project leader full credit for his contribu-
tion to the report. 

The work surmnarized in this report is supported by public and privat e 
funds. Cooperative research is carried out by Crops Research Division, ARS, 
USDA; Oregon Agricultural Experiment Station; and United States Brewers 
Foundation through the Agricultural Research Foundation under Memorandum of 
Understanding. In addit ion certain phases of the federal breeding program 
are cooperative with the agricultural experiment stations in California, 
Idaho and Washington also under Memorandum of Understanding. This report does 
not summarize work done at any of the institutions which does not involve 
direct cooperation of federal personnel. 

The immediate staff of the hop research project in l96Z consisted 
of the following persons. This list is made up of regularly employed 
personnel who were associated with the cooperative State-Federal hop research 
program and thus contributed directly to the work reported herein. Personnel 
doing independent research at Oregon State University and field assistants 
hired for intermittent or seasonal jobs on the cooperative program are not 
included. 

Brooks# Research Agronomist, USDA, 
Horner; Plant Pathologist, USDA and OSU, 
Likens, Research Chemist, USDA, -
Zimmermann, Research Agronomist, USDA, 

Mr. ·H. ·L • . Dooley, · Asst. in Plant Pathology (part time), osu, 
Mrs. J. M. Barnes, Secretary, USDA, 
Mr. ·Bernes Frey, · Agric. 'Aid, USDA, 
Mrs. Hulda Bauer, Agric. Aide, OSU, 
Miss Gail Nickerson, Research Lab. Tech., osu, 

Richard Avery, Farm Laborer (part-time} 1 OSU 1 Mr. Iver Deudahl; student Help (part-time), OSU1 · 
Miss Judy Maurer, Lab. Assistant (part-time), osu. 
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Following a period of 6 years during which there were .f ew publ ica-
tions , there has been a marked increase during the past 3 years . Fol l 
a list of publications (including abstracts of talks presented at scientifio 
meetings) authored or co-authored by project personnel since 1960 : 

Technical 

Brooks, s. N., and K. R. Keller . Effect of time of applying nitrogen 
fertilizer on yield of hops. Agron. J. 52: 516-518. 1960. 

Likens , S. To Sampli ng hop yards and chemical determination of hop 
maturity. Crops Research, ARS 34- 17o July, 1960. 

Likens, s. To 1 and s. N. Brooks . A method of estimatingO(- and f3- · 
acids in flowers of male hops . Mod. Brewery Age 63(3):· 50-5J o 

Brooks, No of -selection within Fuggle hops 
lupulus L. ) . Crop Sci • .:. :: 1962. 

Bullis, D. E., and s. Te Likens . Hop oil -- past and present. 
Digest 37t Apr1l, 1962. 

Brooks, s. N., and T. Variability of morphologi ca_ and 1 
quality characters in flowers of male hops. Crop Sci. 2: 189- 192 o 1962 0 

Brooks , s. No Association · f quality characters in flowers of hops . 
Sci. 2: 192-196. 1962 . 

Likens , s. To and fate of hop oils. Proc . Mast er Brewers 
Assoc. October, 1962. 

Likens, s. T., and G. B. 
and essential oil in hops. 

Abstracts 

Influence of compression 
Amer. Brewer 96(1) : 50-52 1 

Brooks 1 s. N • Breeding hops for resistance to downy mildew o WSCS Cn>p 
Science Abstracts, P• 14. 1960. (mimeo.) 

Puri1 Y. P., and s. N. Brooks o Pollen germination and longevity .jn 
Humulus lupulus.. WSCS Crop Science Abstracts, p. 19. July 1960. (mimeo . 

Brooks, s. N9 Path coefficient analysis -of quality characters in rna e 
hops. Science Abstracts, P• 6. June, 1961. (mimeo .) 

Brooks, So No Variability of morphological and cnemical .quality 
istics in "flowers of male hops , Humulus lupulus L. Diss. Abs . 22 (4)g 978 0 

Oct. 1961. 

Brooks, s. No Natural conditions influencing pollen shedding in hops . 
WSCS Crop Abstracts , P• 13. Aug. 1962. 

Zimmermann, c. Eo Longevity of .hop pollen in storage. WSCS Crop Science 
Abstracts, P• 12-13o Aug. 1962. (mimeo.) 
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Non-technical or popular 

Brooks , s. ·N., c. E. Horner, and ·s. T. ·Likens . - Hop Production. 
Infoo Bulle 240, ARS, USDA. Nov. 1961. 46 PP• 

Agric. 

Horner; c. E. Hop Diseases . Oregon Plant Disease Control Handbook, 
P• H-4. 1960. 

Brooks, s. N. Hop . Encyclopaedia Britannica, vol. 11, P• 733-735. 1960. 

Brooks; No 
vol. 6, P• 478-479. 

McGraw-Hill Encyclopedia of Science and Technology, 
1960. 

Technical manuscripts awaiting publication 

Horner, c. Eo Chemotherapeutic effects of streptomycin on establishment 
and pro gression of systemic downy mildew infection in hops . (accepted 
for publication in Phytopathology, Vo l . 53, . . 

Likens, s. T., and G. B. Ni ckerson. Two- point conductometric t itration 
of hop o(-acids. (accepted for publication i n tvallerstein Lab. Comm. 
April, Vol. 26, 1963. ) 

Brooks, s. N. Relation of t raining date to poll en shedding in male hops, 
Humulus lupulus L. (accepted for publication in Crop Science , Vol . 3, 
196);} 

Brooks, s. N., and Y. P. Pur i. At mospheric conditions influencing pollen 
shedding in hops . (submitted to Crop Science, February, 1963 . ) 

Skoe, D. E. Resistance in hops to systemic root stock and crown infect ion 
by downy mildew. (M. s . thesis, Oregon State University, Hay, 1960.) 

Zimmermann, c. Eo Factors affecting pollen germination and longevity D 
hops; Hwnulus L. (M.s. thesis , Oregon State University, June , 
l962.) 

Production of hops in 1962-63 amounted to about 165,7101 000 pounds 
in the northern hernisphere and about 5,148,000 pounds in .the southern 
hemisphere fo r a world total of about 160,858,000 pounds. This amount is 
up about 9,118,000 pounds over last year and is 16,500,000 below the 
crop. This increase is largely a -reflection of significant increased pro-
duction in the u . s ., West Germany, · East Germany, and the United Kingdom. 
Despite increased 1..rorld ·production, carryover remains moderate, and hop 
prices continue to r ise. Beer -production continues upHard in all countries 
where statistics are available. Exports of u.s. hops are expected to remain 
steady. 

1962 hop production in the u.s. amounted to 441 2311 000 pounds 
which was 7% below average but up 25% from last year. Hop acreage increased 
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from 22, 900 in 196l to 29, 300 in 1962 and is a reflection of aereaga in:Jrease:':l 
in all 4 states. Yields per acre Here above average in Oregon ca · i.fo:rrr· a ,; 
but the lowest in 40 years in \rJa shington. Yields i n Idaho were aver age 1 
but considerably· above last year' s . Production and · marketing dat a fro:m: SRS 
reports (Dec . 201 1962) are given in Tables 1 and 

Table 1. Hop acreage and yield, 1962, 1961, and 1951-60. 

Acrea ge harvested Yield per a :::·e 

State Average -961 1962 Average 1961 
1951-60 1951-60 

.. - - :pou:::ds 
Idaho 2,; 220 3,;400 1;938 . +;110 
Washington 15;310 ') . P. 0 181000 1;647 1;5'70 -'-'- I -:.> 
Ore gon 6· 72 .3 ; lXX) 3;800 1,221 l .s,430 .P -
Cal ifornia 6, 40'" , 9-.i) 41100 1, 507 1 - .P • 

United States 30, 6_51) 22 , 9 291300 1,545 1, 548 

Table 2. Hop producti.on, prices reeeived1 and fam val ue , 196:::: , 
and 195::-6 o 

P:rodu Gt:i.o:n Price per pound 

l 9o2 

.. 
::; 9'-
- 1 •, ., 

- ·.P 4:-
I' J '""'! \1 ·'-» 

il ·., :) . ... , _ _, .!>. 

V 

State Ave r-age 196!. 1962 1961 1962 1961 
1951-60 

___ ...._ __ ,. 
19o2 

- Thousand pounds - - Cents - --Thousand dollars-

Idaho 4, 213 5, 472 6,596 45.0 49. u 2, 462 "' ::> ,-_ .... _ 
Washington 25,153 20,096 25,380 41.0 43 .0 8, 239 10, 9!..3 
Oregon 8, 274 4, 290 5, 244 46.0 46 .0 , 973 ,... c. , _ c.. 

California 9, 726 5, 596 7,0ll 53.0 59.0 2, 966 4.9:.36 

United States 47 ,366 35, 454 44, 231 46:08. l5, 64G 20, 693 
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Cool, damp w-eather expe r i enced in the spring pr olonged. t he 
period of traini..."lg vines in 1rJashington, and r esulted i n heav-y dmmy mild ew 
infection. Some yar ds we r e near fa i lure and a f evr v1ere abandoned . Poor 
conditions in r eacti vated yar ds cont r i but ed to t.he low average yield i..."l 
1-Jashington. Conditions were favorable fo r mildew in Ore gon , bu t 
control measures effect i v e , and yiel ds were good . were 
favorable for hops in I daho m.t,h Late Cluster yie lding particularly well. 
Some hops were bl o1m do1;,m in Cali fornia, but lo sses were minor, and 
conditions were oo nducive to an excellent crop . data fo r Corvallis, 
Oregon are given in Tabl e 3. 
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Table 3. Climatologica.1 data taken at Hyslop Agronomy Farm, neru:• 
Corvallis, Oregon, in 1962 and duri ng prevlous years . 

Avge Nax. Tempo kl!g. 1tin 41 Temp. AiTg. Mean Temp. Precipi t a·si t; n 
(<7) (oF) (oF) ( i.ncb.es) 

Month 1962 27 -y'ro 1962 27 YT• 1962 27 yz·. l9b2 27 
1961 av[!__ a-vg. avg._ !9.'7'R:o -
Oct. 63.61 64. 67 40 • .58 43 .28 5'2 .1'"' 54 ,r:' • - r ) . '( 3.50 
Nov. 49. 83 5'3 .12 35.33 37.42 41. 68 45.19 6 o79 5.68 
Deco 47. 26 4?o94 34. 8i.> 35. 48 41. 03 41 •. 56 6.21 6. 08 

1962 
Jan. 43.81 45.46 .'32 .56 36. 87 39. 0'-t. 1 ? "c r .:.7 
Feb. so.56 50.62 33 .79 ,..., 

;). • ' I 42 .18 42 .86 .., tf' _., 4! ,(. 5.2.4 
Har. 51.42 55' .12 35 .:2.9 36. 96 46. 6 "') 'I I l.J'I 

. J • .-: LJ .• ... !. ! 
Apr0 62 .50 62 o20 40.60 40.48 51.60 . )'' ... .... .. ...... · 
Hay 59. 48 68 . 26 42 . J9 J.J-+. 85 50. 93 56.54 t: 
June 73. 33 73 • .58 ') . r.; 49.2· 59. 61. _3 .3) 
July 80.48 48 . 68 51.72 64.58 66 • .57 o. 
Aug. 78. 22 81.00 50.03 5l o42 64.13 66.25 ,...,,.., 

o "l • 

Sept . 76. 06 76.57 48 .51' 48 . 70 62. 32 62 . 6'-1, .. , 1 
.-:. o 'JI, ., T 

Yearly 
total } , . 9Ci 

Yearly 
mea."l. 61. 38 63.32 42 .27 50.81 52. 80 

EvaiX> ra- No . cl ear No . pt l y. No . No . k .go"t·rlnd 
®8AM (%) tion (!.11o) . •t ,y 12 ' - - 22-:g 27 . . 7 " 7 ( H ) -
1962 yr. 1962 yr. 1962 yr. 1962 yr. 1962 yr. 1962 yr • . 1962 yr. 

Month 
aiTgo_ avg. __ avg. avg. avg. avg. 

1962 
Apr. 81.92 79 .17 3.240 2.$2 5 9 16 J2 9 9 17 14 2o05 
May 87 .13 ?6.61 1 10 14 12 16 9 24 13 1.66 
June ?9.23 76.12 6871 41:W 13 10 12 11 5 9 3 9 2. 07 
July 76.37 70.5 8.234 15 18 15 lO 1 3 0 3 Aug. 82 . !.:.0 75. 4 6 0 740 6 cffJ2 ,., 17 20 9 4 5 10 3 2.21 I 
Sept. 87 . 03 80.7 5JJ14 3.936 10 15 16 ll 4 .... 6 6 1 .. 90 1. 85 ) 

Tot al 51 79 93 65 39 40 60 48 
Mean 82 .35 76 . 21 5._t;44 h.2$ Bi l J 15! ll 7 10 8 l e72. 10 85 
27 year averages are for 1936 through 1962. 
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CR e5-l (OAES BREEDING AND EVALUATING 
NEW AND IMPROVED VARIETIES OF HOPS 

S. N. Brooks · · 

. The work done under t his line proje ct consist s of development of 
imprq.ved varieties of hops, studies of t echni ques of breeding or evaluating 
genetic basic studie s of inheritance or inherent variation in the plant 

and studie s on the botany of hops. The r eport is divided into three 

(1) that phase dealing wit h c.rossing and initial selection of seedlings, 
(2) pr eliminary and advanced evaluation of selections for field performance, 

and 
(3) t hat phase of this proje ct dealing with botanical and genetic studies. 

BREEDING AND SELECTION 

Exchange of Germ 

As part of t he cont inui ng program of exchange of germ plasm with 
for eign pl ant ing stocks of Density, Defender, and Janus 
(P.I. 284730ll and respectively) were received from East 
Mall ing , England in November and have been planted into 4-hill observation 
plots at Corval l i s. Seeds of Late Cluster were sent to a research station in 

Germany. Cuttings of Earl y Cl uster , Late Cluster, Fuggle, and 
Brewers Gol d were sent t o Czechosl ovakia. Cutt ings of Early Cluster, Late 

Brewer s and 135-I were sent to Poland. 
Cuttings of Late Cluster and Earl y Cluster were sent to Wye College, England. 
Cuttings of and 525-2 (wi ld American) were sent to Belgium. 

Followi ng is a tabul at ion of t he foreign introductions received in 
the l ast 2 years and the plots i nto which t hey were planted for observation. 

l. Observation block of f oreign introductions (planted Dec. 17, 1962)1/ 
Plot No. 
OB201 274519 

202 274520 
203 274521 
204 274522 
205 274523 
206 274524 
207 274525 
208 274567 

OB209 274568 
210 250809 
211 274569 
212 274570 

CZ/C6 
CZ/K23 
D( or P) 
P/Kl 
28/30 
43/7 
45/36 
7 
N/ 16 
Golding 
N 18 
N 34 

213 255973 Savinja-Golding 
214 284730 Defender (D3) 
215 284731 De nsity (Dl) 

286t7R_Janus (J2 ) 
l/ Re ceived under Post entry Permit 

PI 25 5973 which wer e grown under 
1961. 

Agric. Inst . , Pulawy, Poland 
II II II II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

Inst. Plant Ind., 
Dr. H.Gentry(USA), 
Inst. Plant Ind., 

II II " 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

Leningrad, U.S.S.R. 
Ljubljana, Yugoslavia 
Leningrad, U.S.S.R. 

II II 

Inst. za Hmeljarstvo, Yugoslavia 
East Mal ling Res. Sta., England 

II II II II II 

II II II II II 

No. 37-2858 except for PI 250809 and 
quaranti ne at Gl enn Dale, Maryland 1959-
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12.62 Selecti ns 

Selection was made i n the 1960 nursery at Corvallis and in the 
Genetic Block . C60001 through C60007 were plant s i n the 
1960 nurser y. C60008 is a sister-selecti n of OB841» now in preliminary 
testing» which is an apparentl y mildew=resistant Late Cluster seedling. 
C60009 through C60011 are clones which have had little mildew in a genetic 
study over a three-year period . Disposition of these selections is indicated 
in Table 2. 

Material sent to Prosser in 196 was inspected in mid August. It 
was too early to make selection; and it was decided that Mr. Nelson would 
make a more critical evaluation when the pl ants had mat ured. Results of this 
evaluation are given in the appendix. 

Table 2. Selections moved into Observati n Block i n 1962 (pl ant ed Nov . 1962) 

flot Selection and source 

OB846 
847 
848 
849 
850 
851 
852 
853 
854 
855 
856 

C60001 
C60002 
C60003 
C60004 
C60005 
C60006 

· C60007 
C60008· 
C60009 
C60010 
C600ll 

106 X 321=1 (59005) 
106 X )17=J. D2 (59004) 
106 X 421=1 9 2 (59006) 
212 X 317-1» 2 (59019 ) 
212 X 317-1 ;2 (59019) 
25-8 X (59068 ) 
25- S x 317=1 »2 (59068) 
LC x Unkn0wn (58059) 
106 X 221=2 (57002) 
106 X 421-1 9 2 (57005 ) 
25-S 

1962 

Approximately 100 seedlings were sent to C. E. Nelson at Prosser$ 
Washington last spring. They were planted in his nursery area and will be 
evaluated in 1963. This materi al included plants from the 1960 nursery at 
Corvallis$ cuttings of material going into preliminary te sting at Corvallis; 
and several wild American clones . Table 3 lists the material sent to 
Washington in 1962. 
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Table 3. Material sent to Pr osser $ Washington i n 962 f or eval uation 
in single-hill plots . 

No . of Introduction or 
plants 

22 59037 
32 59004 

5 59005 

4 59006 
5 59019 

4 59031 

2 59042 

18 59068 

1 57003 (G2071-3 ) 
1 58059 (OB841) 
1 I60001 (OB840) 
1 58018 (OB843 ) 
1 58006 (OB842) 
1 BB526-5 
1 BB523-l 
1 BB523-4 

_L BB524-5 

Hallerta x C 9040}1 most ly Fuggle ) 
Cl9032 (scme Red Vine) x Cl9041M (some Early Green) 
Cl9032 Red Vine) x Cl9049M (some East 
Kent Go ding and Bavarian) 
Cl9032 (some Red Vi ne) x Cl 9040 Fuggle ) 
Cl9028 'some Gr een and Early Cl • ster) x 
C1904lM (some Early Gree 
Cl9076 (mos 'ly Fuggle ) x Cl9049M (some Early 
Kent and Bavarian 
Cl9067 (some BuL .. i c!i and Kent Go ding) x Cl9041M 
(some Ear ly Green) 
I19120 (mostly Su:-1s.1ine) x C1 9041M ( some Early 
Green) 
Cl90:,.. 2( some Red. i n<>) x Cl904ll'I (some early Gr een) 
Lat a c_ st er X Late c:·· star (? ) 
Shinshuwase 
C50019 some EJsasser an · F ggl e) x O.P. 
Cl9032 (so:me Red Vi.ns) x Cl9041M (some Early Green) 
Wild Ameri ..;an 
Wild .Amer :.can 
Wild kner ".ca 
Wild AmeY'ican lOL __________ 

A seedling nursery of 277 individ .al s f rom 6 · crosses made in 196_ 
was plant ed under low trellis at a 4 1 x 8 1 spa0ing . A p an of the nursery is 
given in Table 4 . 

Table 4. 

49 

59(10) 
60(11) 

61 (12 ) 
62 (13) 

Planting plan of 1962 seedling nursery (rows numbered e ast f r om 
Smith Lane). 

61074- 9; 61084-8; 61085-19; 6 61087-2 ; 61088-1; 61091-2; 
61099-5; 61102-1; 
61025-2; 61027-8; 61035-6 ; 6"'046-2 ; 61052-3 ; 61101=2 . 
61oo1-1; 61002-9; 61003-2 s 61005-1 ; 61009-3; 61011-5; 
61014-1; 61015-1 ; 61028-3 j 
61029-5. 
61030-9; 61033-10 ; 
61032-3 ; 61037-4; 61039-1; 61042-1 ; 61043-1; 61045- 2; 61040-1; 
61048-1; 61049-6; 61055-7; 61056-3 ; 61058- 2; 

61060-2; 6l o63e4, 
61068-2; 61069-4; 61070-2; 61071=2; 61073- 5; 61075-9 ; 

__ .....;12.1076-14; 61077-4; 61078-3 9 61083-t,. 
63(14) 
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Seedling Re action of 1221 Crosse s to Downy Mil dew. 

(C. E. Horner ) 
l-'v • 

Direct crown inoculation was used to evaluate for resistance t o 
systemic downy mildew infection abo t 7000 seed ings repr esenting progenies 
from 103 crosse s and open pol linat ed 

Surface disinfested 9 seeds fr om each cross were 
i ndividually space planted in greenhouse f lats by the pl ant breeder i n 
February, 1962. When seedlings wer e 6- 18 weeks of age (June 20-28) aeri al 
stems were clipped off and the soi pushed away fr om one side of t he crown 
and upper t ap root . Crowns were mostly i t o inch in Ver y small 
or weak seedlings wer e r em vad at t his time» except f or certain backcross 
progenies of particular intera st f or other tests. 

I noculum was obt ained 'cy washing downy mi dew spor angi a f'r :m. 
naturally infected leaf and st em ma 6r i al collect d f rom the fie_d . I noe l·am 
was derived from a wide r ange of l i nEJs and varieties to incl de possibl e r aces 
of the pathogen . Sp wer to remove dirt and debris 9 
then placed at 20°C. to germi nate. When sporangia had r e l eased abundant 
zoospores ..,. inoculation was accomplished by injecting 0 . 05 ml. into the phl oem 
tissue of the crown of each seedling. Greenh0use temperature controls were 
set at 70°F. and plants wat ered and cared f or in the ·s alway. 

Be cause of the time required to individually inoculat e several 
thousand seedlings 9 a compari son t est was made t o determine if simpl y 
pouring a zoospore suspension over t he exposed crown and t ap root wo-uld re sult 
in as good syst emic infe ction as direct crown i!).oculat ion with hypcde!"'nic 
syringe. Two fl ats c'ontaining 48 seed ing each of cross 75 were u sed J one 
flat was inoculat ed by e ach method . we ks after i nocul at ion seedling 
assay showed 46 of 48 plants infe cted by spore drench method and 20 of 48 
infected by direct crown inject ion . 

Immediately af t er t he above re sults were obtained all r emaining 
seedlings wer e reinoculated by pouring a suspensi on cont aining 192 9 000 
zoospores per ml. over the exposed crown and upper t ap root. 

Six to eight weeks after the se cond inoculat ion all plants wer e 
washed and evaluated for systemic crown infection. 

A. Seedlings from Domestic x Domestic. 

Fifty-one crosses yielded 2962 of which 401 showed 
resistance to crown infect ion . of resistant seedling varied 
greatl y among eros se s. For examp e, 5% of the 60 seed __ ings i n cross 46 
were re sist ant; where as 38% of the 79 in cr oss 34 were resistant. One 
hundred e ight resista.."lt seedl ings wer e selected for fur t her observation . 



B. Seedlings from Domest i c x Wi ld American 

Forty-four crosse s yielded 3488 of which 661 showed 
resistance to downy mildew. Certain crosse s (27 9 85 and 86 ) pr oduced 
large numbers of resistant seedlings, but great variability among -rosses 
was again evident . We saved 161 re sistant plant s for further observation. 

C. Wild American x Wild Amer i can 

Eight cros se s yielded 4.33 pl ant s for te stingll .f which 60 showed 
high resistance to downy mildew crown Ei ght een seedlings were 
saved for observation. 

Discussion and Conclusionsg 
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Since many crosses yielded 90=95% suscepti ole seedl i ngs, the 
inoculation procedures were adequate to dete..Jt, witl:. fairl y good accuracy, 
most of the seedlings having a high level of resistance. The new inoculat ion 
procedure used is the most effic ient yet devi sed and will allow us to evaluat e 
large number s of seedlings wi th ease . 

Table 5. Downy mildew reaction of 1962 hop seedlings. 

Res i s t ance to Downy Mildew i n Seedli ngs fr om Wild American 
x Wild American Hops 9 1962 Assay. 

Cross No . 

57 
61 
65 
69 
70 
71 
74 
81 
82 

Seedlings 
_testruL_ 

49 
134 
none 

56 
17 
13 
21 
14 

129 

Total s 433 t ested __ 

Seedlings 
iufe cted 

43 
120 

48 
15 

9 
9 

14 
115 

Seedlings 
I.:.§.Si stant 

6 
14 

8 
2 
4 

12 
0 

14 

Percent 
resi st ant 

12 .2 
10.4 

14.3 
11 . 8 
30 . 8 
57 .1 
o.o 

10.8 

60 r esistant 

Seedlings 
_ 

0 
1 

4 
2 
2 
9 
0 
0 

18 saved ---
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Table 5. (cont. ) 
Resistance to Downy Mildew in Seedlings fr om Domestic 

x Domestic Hops -- 1962 Assay. 
Cross No. Seedlings Seedlings Seedlings Percent Seedl ings 

tested si.l.sEeptible r esistant saved 
1 93 78 5 . 6 . _ 6 
2 207 148 59 28 .5 a , 
3 90 79 11 12 .2 2 
4 10 8 2 20 .0 ., 
7 111 108 3 2.7 0 
9 17 t". .c . . ·. 12 5 29 .4 3 

10 43 42 1 2 • .3 0 
11 243 221 22 9 .0 5 
12 36 36 0 o.o 0 
13 39 35 I 10 .2 0 4 
14 21 18 3 I 

4 • ) 1 
16 2 2 0 o.o 0 
17 19 19 0 0.0 0 
18 82 66 16 19 .5 1 
19 43 38 5 11.6 1 
20 5 ,., 3 60.0 0 1(. 

21 2 0 2 100 .0 0 
24 119 113 6 5. 0 3 
25 BC 10 6 4 40.0 2 
26 BC 13 _o 3 2.3 . 1 
28 115 91 ?" -4 20 .9 4 
29 66 43 23 34 .8 5 
32 159 135 2.4 15 .1 ..; 

33 26 .1.6 38 .5 10 
34 79 49 30 .38 .0 12 
35 BC 25 16 9 J6 .o ; 

0 

36 180 139 41 22 .8 21 
37 235 21) 22 9 .4 5 
38 27 27 0 0 .0 0 
40 l69 165 2 .4 l 
41 166 164 2 1.2 0 
42 178 175 3 1.7 
43 49 45 4 8 . 2 1 
46 60 57 3 5.0 2 
47 25 24 1 4 .0 0 
48 2 1 1 50 . 0 .l. 
50 9 9 0 0 .0 0 
51 38 33 5 13 .1 0 
88 4 .3 1 25 .0 1 
89 7 7 0 0 .0 0 
90 13 13 0 o.o 0 
92 10 10 0 o.o 0 
93 9 9 0 0. 0 0 
94 1 1 0 o.o 0 
96 7 7 0 o.o 0 

100 2 l 1 50.0 0 
103 37 36 l 2.7 0 
104 42 41 1 2 . 1,. 1 
106 1 1 0 o.o 0 
107 2 2 0 0 . 0 0 
108 __1lt _Q. _o.o _Q_ 
Total s 2962 tested 401 resistant 108 saved 
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Table 5. (cont.) 

Resist ance to Downy Mildew in Seedlings from Wild American 
x Domestic Hops, 1962 Assay 

Cross No. Seedlings Seedlings Seedlings Percent Seedlings 
l:a.aia:tlmi sa·;ed 

5 5 2 3 60.0 1 
6 122 90 32 26 .2 5 

15 21 15 6 28 .6 1 
22 16 12 4 25.0 0 
23 56 41 15 26 .8 6 
27 BC 72 36 36 50.0 8 
30 156 12>3 28 17 .9 9 
31 10 8 2 20 .0 0 
39 126 119 7 5.5 1 
44 35 28 7 20.0 0 
45 161 144 17 10.5 2 
49 162 139 23 14.2 6 
52 BC 34 29 5 14.7 3 
53 155 133 22 14.1 3 
54 195 166 29 14. 9 9 
55 20_ 161 40 19 .9 7 
56 21 11 10 47 .6 3 
58 100 96 4 4.0 2 
59 64 59 5 7.8 1 
60 28 24 4 14.3 2 
62 68 66 2 2.9 0 
63 37 29 8 26 . 0 4 
64) 
66 ) no seedlings 
67 ) 
68 54 44 0 18 .5 2 
72 166 142 24 14.4 3 
73 102 90 12 11.8 5 
75 200 156 44 22 .0 8 
76 158 110 48 30 .4 14 
77 18 11 7 38.9 4 
78 302 268 34 11.2 4 
79 62 51 11 17.7 0 
80 65 63 2 3.1 0 
83 2.3 18 5 21.7 4 
84 158 123 35 22 .1 9 
85 105 41 64 60.9 19 
86 14 6 8 57.1 4 
87 35 31 4 11.4 2 
91 70 66 4 5.7 2 
97 none 
99 59 34 25 42.3 5 

101 BC 32 22 10 31.2 2 
102 20 15 :::. 25 .0 1 , .; 

105 _..11Q!!9 
661 resistant-- 161 saved Totals 3488 tested 

Total seedlings tested 6883 --
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Seeds from 45 crosse s were harvest ed in 1962 . Crosses were made 
in 5 groups, :::;"nsist ing of fl ) bac.k::;r sses Lat e Cl Early 
Cl uster, Brewers Gold, and with mildew resistant 
males, (2) cr s ses between Fuggle and wild Am.erican males f::-om 4 sta ':.e:s !J 
(3) crosses among wild American ma .e s and fe:m.a e ss (4) of 
and 135-I, mildew resistant lines, wi.th 2 high al pha=acid males 9 and 
(5) an attempt to re construct Since t he male parent of 128=! has 
long been gone from the breeding 3 males were cr:Jssed on B lli n to 
provide the chance of isolati.ng line s similar t o 28=L 

On February from each cross were treated and pl aced in 
a dark, temperature controlled room at .3°C:. f ur b weeks. This treatment is 
the same as last year (1961 AR 9 p . 12) except no will be 
given on March 20 when the seeds are planted. 

The soil mixture used f or gr wi ng tha seedl ings has been the same 
the past 2 year s, and consists 

8 part s by vel . 9 fine sandy l (la'Cl 
2 part s by vol. s peat moss 
1 part by vol ., leaf mulch 
25 gr aTJls/90 lbs. mix» 13-13=13 fertili zer (about 1000 lb . / A,) 
60 grams/90 lbs. mix 9 hydrated lime (about l. 5 T/ A. 

Planting consist s of placing seeds individually in shal1C'W inder/c. a.tions on 
the soil surface and covering about 1/ 4 inch deep . 

A list af the crosses made i n 1962 is given i n Table 6. 



Table 6. 

62001 BC 

62002 

62003 BG 

62004 BG 

62005 BG 

62006 

62007 BC 

62008 BG 

62009 BG 

62010 BC 

620ll BG 

62012 BG 

62013 BC 

62014 

62015 

62016 

62017 

62018 

62019 

62020 

62021 

62022 

62023 

62024 

62025 

62026 

62027 

62028 

Crosses 1962. 

I 19208 Y 421-11 2 (225)- C 19040 M 

122 - I l 92-J8 x 524-4 - I 580::5 H 

31l - I 19001 x 421 =11 2 (225 ) .. G 19040 11 

311- I x )2c-4 580!5 M 

3ll - I 19001 x 5-29- :!.J. I 19001 X C 19062 M 

- I l 90•J1 x 123-.S C _;r: .. 82 N 

322 - I 56v01 x 526-4 I H 

322 - I 56081 x 123-8 C . :;t::.B·) M 

422 - I 560 2 x (525 C 19062 N 

I 56002 x 2 (22)) G M 

422 • I 56002 x 52£-4 I 58015 M 

422 - I 56002 x 123- S C J..9J .. 82 11 

522 - I 59001 x 2 C 19040 M 

523-l I 5800! X 30-ll Colo • 2-1 

Fuggle I 19209 x 29- 23 N. 11ex. 2-3 

Fu.ggle I x 3C:-l(J Colo . 2-1 

Fuggle I 19209 x 30.15 Co: o. 2-3 

Fuggle I 19209 x 3C- 21 Col o. 

Fuggle I 19209 X 30-24 Colo• 

Fuggle I 19209 x 526-4 I 58015 H 

Fuggle I 19209 x 525...2 I 58010 M 

29-6 Ariz . x 29-23 N. Mex. 2-3 

29-6 Ariz. l-3 x 30-1!. Colo. 2-1 

29-9 Ariz. 1-4 x 29-1 Ar-.i.zo 1-1 

15 
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62029 

62030 

62031 

62032 

62033 

62034 

62035 

62036 

62037 

62038 

62039 

62040 

6204:!. 

62042 

62043 

62044 

62045 

29-J.D .A..""iz. 1-4 x .525-2 I M 

29e:.l8 N • Mex. 2-2 x 525-2 I M 

30..12 Go..._o. 2-2 x I 5801:; M 

1023 D N I 55 81 x l."!.8'".41 5 I 19" ··5 M 

1023 D N I x l:;t ... l 1 2 (5;?.7.) C :90.58 M 

.• 023 D N I .5.508:!. x 2 (5<?.3) 0 :.)'';6C M 

11'3 D N (135 I 

401 - C 190!.'2 x C 19182 M (S ) 

401. - C 19 ;-"!2. x 2 (.521) C l 9·'J.'?8 M (S, 

401 - C x 3I';'- l G l 9C4.":. H (S) 

)1 1·?; .... c ' 90""'' 2"-,.., ..... J..r x · .Le2.: - ::- -- c 5:'.l fi':.. 11 ( s) 

2ro6 C - c")Q·J, - ., " (' 1:.'0 ":' ' · C ·· ··r•r-'8 M 's v • ..L7 '-·4 X ·'-·':? - .:.., .,, .. .. . ) j' , 

(S) Pollen stored in C·"J t ton .... stoppered vials nnde!' 
40% RH at 3°C . 
Pollen f'r·om 123-S and ll9- l 1 1vas s t,ored f o?.' 
24 month::J • 
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EVALUATION 

Ob jectives : 
h -,;.· •• ......... .! •• . 

1. To provide prel imi nary alit y eval uati on of new sel ect i ons and 
make observations on vigor and di sease re action. 

2. To make evaluation· :e f. new sel ections i n 
replicat ed variet y t r i als . 

3. To pr ovide advanced and eval uati n of exper imental 
varieties. 

4. To incr ease planting st ock of promising exper iment al var ieties 
for ultimate dist ribut i on. 

Eval uation 

Ten sampl es from Cor val l is» eight fr om Idaho (R. R. Romanko), and 
four f rom Washington (C. B. Skotland) were pr epar ed f or USBA brewer 
evaluat i on. It was origi nally int ended t o submit 24 Or egon samples , but 
plots of OB 822 , OB 826, OB 827, OB 829, OB 830, and OB 835 unfor tunately 
were accidentally destroyed harve st . Sampl es of OB 812 and 
G 2071-3 were harvested but were consi der ed uns ·itabl e f or evaluation due to 
for eign material. Samples of OB 802» OB 808 and OB 837 were el iminat ed 
because of low resi n cont ent . OB 818 was el iminat ed because it shows l ittle 
promise as a variety be cause of aver age to poor physical quality. A list of 
the samples for evaluation in 1962 with anal ytical dat a supplied by 
S. T. Likens i s given in Tabl e 7 . Result s of USBA evaluat i on are given in 
Tables 8 and 9. Over all eval uation in given i n Table 10. 
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Table 7. Selections for brewer evaluation in 1962. 

Dry wt. basis 
%o( %/3 mls. oil Date 
acid lOOg harvested __ Remarks 

Orego!l 
OB 801 9.3 6.1 1.12 9/7 Promising 19th 1961 
OB 813 8.6 7.0 2.24 9/7 15th 1961 
OB 831 6.2 5.0 1.68 9/11 Promising 19609 6th 1961 
OB 833 6.6 3.8 1.17 9/21 7th 1961 
OB 839 6.4 7.6 0. 89 9/7 1st 1961 
OB 840 6.0 5.2 1.16 9/11 11th 1961 
OB 841 5.5 4.1 1.10 9/4 No previous eval. 
15-S 6.0 6.4 0.28 8/29 Promising 5th 1961 
50- S 9.3 3.1 1.7 9j4 Average 1960 9 3rd 1961 
128-I 10.9 5 ·4 2.12 9/21 Promising 

Idaho l./ 
(9/14 108-.I 5.0 4.7 0.90 

6.5 4.3 1.48 9/1 
0-1 7.4 2.1 1.31 9/2 
0-3 7.8 4.8 1.04 9/2 
0-11 (Batt)l0.5 4.6 1.71 (9/14 
0- ll(Obendorf)lO.l 3.9 1.23 ( 9/14 
0-17 5.3 4.1 0.81 9/21 
0-20 7.0 4.8 1.48 9/21 

L- 1 6.0 4.1 0.48 9/4 
E-2 7.8 5.0 0.59 9/11 
L-8 9.5 5.8 0.69 9/ 13 
E- 21 7.3 4.7 0.60 9/4 

1/ 0-11 and 108-I from bale samples. Other Idaho samples machine picked 
from small plots subject to wind- whip . 
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Table 8 . Hand evaluat ion of 1962 hop samples by member s of t he USBA 
Fixed Hop Commi ttee, Dec . 11, 1962 . 

Sample FLB_ };JS JBli BGW RH BAS lillQ. Avg . ,Eank 
OregQ!l 

38 36.7 OB 801 41.5* 32 38 37 33 41 33 4 
OB 802 11 26* 20 28 (31) ( 1) (14) (2 ) (27) 22 . 2 23 
OB 808 11 35.5* (31) 35 (37 ) 25 35 30 36 33 .1 12 
OB 813 41. 5* 43 38 45 40 39 38 42 40 .8 2 
OB 818 11 29* 24 31 (38) 20 20 24 30 27 .0 19 
OB 831 36* 37 39 (33 ) (10 ) 41 .33 43 34 .0 10 
OB 833 27* 31 33 135 ) 28 34 36 40 33 .0 13 
OB 837 11 33.5* 35 24* 43 21 31 28 47 32 .8 14 
OB 839 33* 42 29* (39) 22 38 .35 4.3 35.1 _, 

OB 840 28* 42 26* (37) (10 ) 39 33 32 30. 9 17 
OB 841 26* 37 (23 ) (41) 50 (28 ) 25 48 34.8 9 
128-I 42 42 48 (43) 45 (35 ) 28 53 42 .0 1 

!:[ashingt on 
E-21 37 40 (35 ) 25 33 35 .38.8 34 .8 7 
E-2 35 42 40 29 41 19 37.3 34.8 8 
L-8 32 39 37 31 39 (22.5) 43 .5 34 .8 6 
L-1 29 40 43 25 41 17 37 .5 33.2 11 

Idaho 
01 29 24 45 (JJ) 23 (10) 19.8 2.3 .8 20 
03 25 55 39 (12 30 18 31.4 16 
05 20 . 5 20 20 (34) (2) 10 (12) 17.3 17 .0 27 
06 20.5 18 42 (29) (0 ) (2) (12 ) 15 17 •. 3 26 
011-B 36.5 22 53 46 36 51 (27.5) 30 .37 .8 3 
011- 0 28 32 42 20 32 (22) 16.7 27 .5 18 
017 29.5 20 26 (32 ) (2) 19 ... 6 (17 ) 20.2 24 
020 12 25 (31) 18 (7) (12) 17 17.4 25 
107-I 23.5 14 35 (27) (4) 21 33 .5 (21) 22 .4 22 
1.08-I 18 33 (31) 27 24 (14) 11.8 22 .7 21 
128-I 41 27 43 (21) 21 23 32 45 31.6 15 

r; To be discarded because of poor quality evaluation for 2-3 years. 

* Graded down in overall desir ability because of seed content . 

( ) Off aroma, zero de sirability, not commer cial, or "would not buy" 
discriminatory r emarks made . Remarks regarding sulphuring , moi sture, 
wind-whip, etc . were not considered. 



Table 9. Hand evaluation of 1962 samples f or each cri ter ion by USBA 

Max. 
score 1\.) 

.QQ§.S i bl e QB 801 OB 802 OB 808 OB 813 OB 818 OB 831 Q!Lill OB 837 OB_§12. 0 
Criterion - -- __ __.....__ 

Appe ar ance 5 2.9 2 2.6 3 2. 2 2.4 2.3 1.6 3.4 
Cone size 5 1./. 2. 5 2.9 1. 6 2. 3 2.6 2.9 2.8 3.1 
Lupulin 15 11.2 6. 5 8.75 11.25 6.75 8.75 9 .4 9.75 9 .25 
Aroma 20 12 . 1 7. 75 11.1 13. 25 9. 25 12 . 11.1 11.6 11.1 
Over all de sirabi l i ty 15 7.5 3. 75 7.5 9.75 6.5 8. 7.4 7. 8.25 

Tot al 60 36 .7 22 . 2 33.1 40 .8 27. 34. 33. 32 .8 35.1 

OB 8M2 OB 8AJ 128- I 1{ash.E2 :.Jash.E21 Wash.Ll Waeh.L8 Idaho 01 I dahQ_Ql 

Appearance 5 2. 9 3. 1 4. 4 . 3. 8 2.9 3. 1 1.9 2. 7 
Cone :size 5 3. 3.5 4. 3.2 3.3 2. 6 3.1 1.8 2.9 
Lupulin 15 7.4 11. 11. 75 8.6 8 . 7 .9.4 10.1 6.1 8.0 
Aroma 20 10. 10.3 12. 9 10. 7 10.1 10.3 10 . 85 8 . 5 11.0 
Overal l desirabil ity 15 7. 6 7. 9. 5 9.4 8.85 8. 7.6 5.5 7. 1 

Total 60 30 .9 34 . 8 42. 34.8 34.8 33 . 2 34. 8 2.3. 8 31.4 

Idaho_Q2 Idaho Idaho Idaho Idaho Idaho Idaho Idaho Idaho 
Qll-0 Qll_ 020 __ ,107- I_ J08- I 

Appe ar ance 5 1.85 1.7 2. 2 3.4 1.7 .8 2.8 1.9 3.1 
Cone size 5 L4 1.5 1.7 2. 7 1.75 l. J 2.6 L4 3.4 
Lupulin 15 3.75 4.1 8 .4 10.25 5.75 6.1 5.6 6 . 7 7.75 
Aroma 20 6.25 6.4 10 . 3 12.0 6.6 6 . 3 6.5 8 . 1 10 .1 
Overall desirabil i ty 15 3.75 3. 6 4.9 9.4 4 .4 3. 1 4.9 4.6 7.25 

Total 60 17.0 17 . 3 27. 6 37.8 20 . 2 17.4 22.4 22.7 31.6 
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Table 10. Overall evaluat i on of 1962 hop sample s. 

USBA % Mls oil/100g Over al l 
Sa;wp1 e l/ score X 5 X 2 sc r e Remarks 

Oregon 

OB 801 36. 7 46 . 5 2. 2 85 .4 Good 
OB 813 40.8 43 . 0 4 . 5 88 . 3 Good 
OB 831 34.0 31.0 3.4 68 .4 Average 
OB 833 33.0 33 . 0 2. 3 68 o3· Aver age 
OB 839 35 . 1 32 . 0 1.8 68 .9 Average 
OB 840 30 .9 30 .0 2. 3 63 . 2 Average 
OB 841 34 .8 27 . 5 2. 2 64. 5 Aver age 
15-S 30 .0 0.6 (5th i n 1961 ) 

46 . 5 3.4 (Jrd i n 1961 ) 
42.0 54. 5 4 . 2 100 . 7 G-ut standing 

Idaho 

108- I 22 .7 45.0 1.8 69 . 5 Aver age 
.31.6 32 .5 3. 67.1 Aver age 
23.8 37 .0 2.6 63 .4 Average 
31.4 39 .0 2.1 72 . 5 Aver age 

O=lJ (B) 37 .8 52 . 5 3.4 93 .? Go. d 
27 .6 50 . 5 2. 5 80 .6 A-:erage 

0-17 20 . 2 26 . 5 2. 6 48 . 3 Poor 
0-20 17 .4 35. 0 3.0 55.4 Po r 

Washington 

L-1 33.2 30. 0 1.0 64 .2 Aver age 
E- 2 34. 8 39 . 0 1.2 75.0 Average 
1=8 34.8 47. 5 1.4 83 . 7 Good 
E-21 .34. 8 .36 . 5 . 2 72 .5 AYe r age 

11 Samples of OB 802, OB 808 , OB 818, OB 837 from Oregon? 0-5, 0-6, and 
107- I fr om Idaho omitted from this summar y be cause of poor qual ity 
of variety or poor sample . 

y Arbitrary r ating: 
Below 60 = Poor 
60- 79.9 : Average 
80- 94.9 =Good 
95 or above = Out standing 
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Pre_imi nary Fi el d EvaluatiQn 

A new pre liminary yield tr i a of 11 selecti ons.P t wo c mmerci.a::i. 
varieties, and 128=I was est ablished i n the fal of 1962. Ei gh of these 
selections have been rated as defini t e_y promis · ng i n USBA evaluat ion in 
1960 or 1961. G2071-3 and OB 822 have not been r at.ed t husly but have 
exhibited extremely good vigor . OB 841 was no· bef ore 962 . I 
i s a sister se l ection of I daho which has exhibited a high degree of 
downy mildew re sistance at Corvalli s . Addi tional dat a on most f these 
lines are given under CRe5- 5. A pl an ing pl an of t he tria i s given in 
Tabl e 11. 

Table 11. Pl anting Pl an 963 Preliminar y Yield Trial 

number ig"replication 
Ent!:L__ I II _ITL __ _rr __ _3_ 

1 OB 826 111 207 308 4n 506 
2 ] 12 2 ... 2 304 402 )0 
3 15=S 102 201 307 412 511 
4 OB 831 106 206 3 2 413 501. 
5 OB 801 105 209 309 405 504 
6 OB 830 114 202 30.3 411 50.3 
7 OB 8.39 110 203 .302 408 51 
8 G 2071- J 107 204 314 414 508 
9 OB 822 L..3 2_4 305 403 51.,. 
10 OB 835 109 21 306 40 510 
11 OB 841 04 210 311 406 5 2 
12 Fuggl e (HL) 101 313 09 50'1 
13 128- I .• .08 208 301 407 512 
14 Br ewers Gold 03 202 _ no 410 
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Advanced Field and 

Off-station yield trials of advanced sele ctions were discontinued 
after the 1961 season. 

An inspection was made of the ff=station plantings of -44=I 
and 128-I in Washington. Neither pl anting looked good. I t would appear 
that neither variety is too well adapted to the Yakima Valley. However : 
128-I may pr ovi de some usef l ne s s on a limited acreage that can be given 
better care than is commonly given to hops in the Yakima Valley. 

The planting at Carl Weathers ' in Oregon was l ayered 
for rhizome increase and rece i ved little cultivation i n t he season 
as a result of it . Downy mildew infection be came severe in June, and t his, 
coupled with a weed pr blem caused the to yield le ss than the potential 
of the variety. Fol lowing ontrol and cl ean up in mid-season t he 
planting improved and yielded about seven bale s per acre. The l ast word 
from the grower indicated t hat considerabl e. care would be given the 
planting next year . 

0one 100-hil l plot of HL Fuggle was grown at the St auffer r anch at 
Hubbard, regan. Since this p anting has not re ached maximum production 
fol lowing est ablishment it, will not furnish a .fair comparison with mature 
Fuggle until 1963 . , the t hird year of producti on. The stock 
furnished Her man Goschie was l ost during t he year hi s hop l ands l aid idl e . 
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BREEDING BEHAVIOR, GENETICS, AND BOTANY 

§:ummary: 

Effect of Delayed Training on Fl owering 
of Male Hop Clones 

An additional year ' s study of t he effects f delayed trai ning on 
poll en shedding of mal e hop i nes confi rmed re sults obt ai ned i n 961D i .e . 
anthesis of early male l ines can be del ayed to coincide with flowering of 
late female lines. 

Ob je ctives g 

To determine the ef fe ct of diffe r ent dates of trai ning on i nitial 
flowering of male hop clones. 

frocedure: 

See 1961 Annual Report p. 27 f or gener al procedure. In 1962 only 
2 dates were used (May 16 or l at er and June 11 or l at er ) D and 2 vines wer e 
trained on each stri ng. 

Dat a f rom 6 of the clones studied last year are il ustrated i n 
Figure 1. Results f r om a 1 clones studied are given in t he appendix . 

Results are simil ar to t hose of last year for the clone s st udied in 
detail. Cl one 106- S, the ear l i est exhibited a delay of about 21 days in 
init ial pol len shedding fol l owing a 26 daydelay in trai ning. This effect 
was somewhat less pronounced t han in 1961 . The effect was onl y sligt t y 
l ess pronounced for 110- S and 217 than it_ was l ast year» but about t he same 
for 123-5 9 518» and Thus» t he concl usi ons reached l ast year appea 
to be reasonably well confirmed by t his year's dat a. The earlier the male JJ 
t he more its pol en shedding period can be de ayed by l ate trai ning. 

begend for Figgre I 

i Date flowered Amount of April 16 

1 Date trained A 6 i nches or l ess 

B 6-18 inches 
I Dat e pruned 

..I. c 18-30 inche s 

Di d not flower D 30 i nche s or more 



Figure 1. Flowering in Male Hop Lines, 1962. 

8/3 

7/2 

7/14 

7/4 

6/24 

6/14 

IMA.,.,. 

25 

8/l":tt--------------------j 

8/3 

7/29 

7/14 

7/4 

6/24 

123 ... 3 217 

r 
I 
I 



26 
Desc:"i ption of Hop Var iet i es 

i n Uni t e d St ates 

Surrmar y and Co lus ionsg 

Col J:' ph togr aphs were .j.. aken cf gr' ;)wing ar-d plant mat8:"ia_ 
o Lat e CJ uster 9 Ear ly Ch :st.sr 9 l?uggle ; Bullion, Brewe::os Gol;:!J) and :28=I. 
Photogr aphs of f resh c ones and latera"' s we::oe made of seed e ss and 
s amples f rom Yakima Valley and Willame t te Va .ley yards " Photogra:,l-."1 
e aves wer e t aken of s ample s e: _ ected in t l-'.e mai n gr owi ng are a of e: a t. 

v ar ie t y. Le af col l e ct i ons f rom e a ch v arie t y for morphological examina Ln 
were t aken fr m several yar ds :n Washington and Oregon . About 20 r- i ed 
cone samp. es f r om several v ar ieties and s6veral are a s wera collect d and 
more are being re ceived per i odically . 

Although the serie s f pho ographs i s i t sh ws 
dif f er'ence s bet ween ,rar i e ties whi ch would e diffi c ' lt 
Origina l l y it wa s plann d to t ake n1y c0lo:::- photog:raphs 9 'but black and 
white c: the se di£'feren.::::es a s we l . • There fo:-e J) t red·.we 
expe.nse i n pr- int · ng bla ::k and whi t e phst0graphs will we t 'i.._tE,d ::...c 
many in st e.r.ces . Addi tiona l pho.:c·graphs will b nbta i ned :!.1:.. 196.3 o c0:mp.:..e· .. e 
t he seri i'O s . 

Nothing ha s ye t been done wi t .'1. t he collecti on of lea'l9 S and :::one.s . 
Morpho ogi cal examinat i on will be made of t he se a s t ime l'"rmit s . Examina ..;ion 
of ··ti s t ype w:Ll bP. needs d for ident · _i :;a t ion p-:.rrpose s aJ.ld t o S' !Jp:a:m .:r/;: 
the ph.togr aphs whi ch are essent ia l y de scriptivt'l . 

Once dat a and photogr aphs are for La and Early Cl ·· s · e r » 
Brewer s Fugg and 28- I t he pr oje t w:n: be 

Ccnsidsrat i on -wi l l be gi ven to obt a ining s :.mil ar i nf'orm.ation en Ha l le:::''ta ·;. 9 
or any g own on l i mi ted acre age s . 

Ob :iective s g 

T furnish a description of t he plant morphological, 
gro\l:ing and brewi ng char a cter i stic s of hop v ar i eti e s now be ir:g gr own in t he 
United S .ate s . 

Ju s t ifi cat ion; 

Det ailed descr i pt i ons cf the curr ent l y grown var i eti e s of hops 
have l ong been needed . Development of a cl a s s i f i cat ion key to var i etie s 
wou l d be of benef it t o al l who ar e a par t of t he hop indus t r y -= t hose 
who ser vice it or who are se r ved by it as well . hop 
brewer s and agronomi s t s ne ed t o be able t r e ognize a ar ie t y f rom i t s 
appearance and the de gree of unif or mit y of that v ar iety when gr own i n the 
fie l d . Secondly, i t i s e ssent i al t o have de s cript i ons of dr ied c one s amp_es 
which will indicate t he origi n and p t enti al brewing val ue of the particul ar 
l ot of hops from which t he samp_e was dr awr... Thirdl y 9 de t ailed dE'script i ons 
of t he peculi ar ities of hop v ar i e t i e s will enab e the hop breeding program 
t o pr ogre ss on a more objective plane . 
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Procedureg 

Th"' end 0f thi"' be a de: t aLed i ll strated 
bookle.._ d the h p ·ar· tie s grown i the Uni te St ates . The b,_,ck et. 
probably "ril be made up i n t :r.xee SE ;;! i ns . (1 ) A botanical se 
rea L hops in gener al with regard to t axonomy and n'"'mencla u:r'e D general 

morp .olo y) and plarlt char a :::te:c:'ce J..C'S . Vari.m:.s bo · c:b a:racter:.. tics 
will be def" ned . (2) Thsre wi 1:?.. be an i:ndiv.:dual trea :ment o.f ea .'h :t p 
varie ty grown in this c:o·.:r1 =7 · This +- re;atment wi -· lnc.' u:1E· histo:cy9 importance» 
di s &nd production rfarmanr.e of Thera wil: b 
a det ailed description of t he morpho .ogical and grow·ing charac"eristics 
of the plant wi t h respe ct to vines 9 leaves 9 and cone s 9 and pl ant 
type . Color and striping pattern and climbing hair characteristics of the 
vines will be de scr ibed . DentationD pubescence type and l obing of t he 
l eaves will al so be de scribed . Condensation 9 angu arity9 and bract scar 
type as well as brac t t ype wn· be de scribed . A.J,. of t his 1,1i l b supported 
by color photographs i llustrat i ng the varie y with r e spect to these 
characteristi cs. Phot ographs will i nc ... ude whol e pl antD conesj) b:t'act sj) 
strigs 9 leaves, and possibl y o her detai ls of seeded and seedl ess hcps. The 
treatment of each hop var i e t y will inc ude chromatogr aphs cf the essent i a 
oils contained in t he cone s 9 brew·ing q ality char acteristi "' S in so far as 
they are and anal ytica dat a on cohumu alpha and bet a acids 9 and 
perhaps other characteristics wherever they are avai l able. (3 ) The t hird 
section of t his bookl et will be a classification key by -w·hich identification 
of varieties can be made on t he basis of plant characteristics and on the 
basis of morphological and o her charac ' eristi cs of the dried c ne samp es. 
With the present know edge i t is doub ful that a key can be 

because of t he variation f ound within var i et ies and because of 
lack of knowledge of definite char acteri st i cs which lend themselves t o 
classification . a sincere a tempt will be made t o cons ruct such 
a cl assification key from da· -a a ready avai able and fr ::n dat a whi cn wi 1 
a.r'i se during the course of t he study. I f the constructi n of a classification 
key proves to be imposi i ble 9 the booklet. will cont ain the ill• st r a · ed and 
det ailed t r eatment of each hop variety and botani .al es-:::;:ip •. b n f h p 
plant itself . 

The r eferences to be used as in t his study are g 

Davi s , E. L. J) Morphol ogical Complexes in Hops (Humulus lupulus L) Wi th 
Speci al Reference to the American Race . Ann. Missouri Bot. Gardens 44(4)g 
271- 294, Nov . 1957. 

Davis 9 E. L. 9 Typing Hop Sample s by Microscopic Techni ques. First Te chnical 
Session MBAA 69 h Anniversary Convention. 

Kat he , 
16 and 19 . 

Die deutschen Hopfensorten. 
June 1 to Oct . l s 1948 . 

Hopfen Rundschau 11 9 129 139 

G. A. 9 and D. A. Re id 9 Cl assificat i on of Barley Varieties Grown in 
the United St ates and Canada in 1958. USDA Tech. Bul. 1224s Feb . 96 • 

brewers 9 dealers and research scient i sts wi ll be called upon for 
assist ance . 
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l 
Most effort expended i n 1962 in collecting leaf specimens and 

obtaining a photographic series. Photographs of leaves of LC 9 EC9 Bu 9 BG9 
and 128-·I obtained. Photographs of fresh cones of EC 

(seedless)» LC (seeded and seadless)» Bu {seeded and seedless 9 BG (seeded 
and seedless) 9 Fu (seeded and seedless) 9 and 128-·I (seedle ss ) were obtained . 
Photographs of pl ant s of all varieties except BG were obtained . 
Photographs of l ateral s or l ateral sections obtaine1 for mos varieties . 
Photographs t aken t o date are included in the following sever&l plates . 
Color transparencies are avail able for most of the photographs shown. 



Early Cluster (Yakima Valley) 

PLATE I 

Late Cluster (Yakima Valley) 

/'.) 

P.l 



Bullion (1V'illarrette Valley) 128-I (vlil.l.arootte Valley) 

PLATE II 



Fuggle (\vi.ll.aitette Valley) 

Fuggle (Hilla.rette Valley) 128-I (Willamatte Valley) 

PLATE III 



Early Cluster (Yak:ima Valley) Bullion (\villanette Valley) 

Late Cluster (Yald.ma Valley) Brewers Gold (Willarootte Valley) 

PLATE IV 



Late Cluster (Yald.ma Valley seedless) Fuggl.e (Wi 1 1 a.mette Valley seedless) 

Late Cluster (Wil.l.arootte Valley seeded) Fuggle (Willa.rrette Valley seeded) 

PLATE V 



Bre1-rers Gold Valley seedless) Bullion (WiJ.l.azrJ3tte Valley seeded) 

Gold (Hillazootte Valley seeded) 128-I (\olilla.IOOtte Valley seedless) 

PLATE VI 



Late Cluster (Yakima Valley seedless) 

Late Cluster (Hillam3tte Valley seeded) 

PLATE VII 

Early Cluster (Yaldma Valley seedless) 

Early Cluster (Hilla.matte Valley seeded) 

1\J 
(;.) 

C'1 



Bullion (Yald.ma Valley seedl.ess) Brewers Gold (Hill anette Valley seedless) 

Bullion Valley seeded) Brewers Gold (Willalr2tte Valley seeded) 

PLATE VIII 



1 - r ,..,v .. · 
•• , 

Fuggle (lililla.mtte Valley seecUess) 128-I (WiJ..l.a.m3tte Valley seedless) 

Fuggle (Willanette Valley seeded) 128-I (Yald.ma Valley seedless) 

PLATE IX 
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Inhe:d t anc.:J of SEoveral Tr aits in Hops 

To study segre gation in progeni es of parental clone s selected on 
basis of downy mildew re acti on f or se·•Teral traits 9 most of whi ::;h are of 
economic and to determine as wel l as possibls gene aetions 
involved in inheritance of t hese t r ai t s . 

22 crosses and t heir 6 male and 6 femal e par ents were planted in 
a triple l attice experi.'llent of three r eplications in 1958 . A.'1 additional 
three replications of 11 crosse s and 9 parents were planted at the same tima. 
A planting pl an of thi s trial i s given in t he Appendix (pages 117-119) of 
the 1958 Annual Report of Hop Investigat i ons. 

Since 1959, data have been alpha- acid and beta=acid 
(one year, 8 crosses) ; l eaf color t st em color , and str i pe col or (one year 9 

all crosses ) ; sex (one year , all cr sse s); f l oweri ng date of males and 
females and coning dates and maturit y date s of f emale s (one 8 crosses). 
Following field inoculat ion in 1962 » extensive dat a were collected on downy 
mildew reaction. 

Data will be studied on t he basis of frequency 
heritabilities and calculated expected gains from selection3 trait 
corr elations, and regression of single crosse s on parents . Dialle l analysis 
will be made of most of the dat a in 2 x 2, 3 x 3, and other combi nations 
(the ful l set of diallels was not obtained) . The dat a have all been enter ed 
on IBM cards and are now undergoing analysis . 

Eesultsg 

No summarie s have been compl eted a t this wr·iting . 

Survival Study of Bagged Laterals 

(C. E. 

This study was i nitiated to determine if survival could be 
increased when the amount of ve getat i on under t he bag was reduced e ither by 
removing leaves or restricting the elongation of the l aterals . 

Reasons for undertaking the 

Flowering l aterals are bagged during the l ast we eks of June, 
prior to the time inflorescences become reneptive to ferti lizat i on . 
Parchment bags remain on l aterals f or approximately t wo months and r emoved 
after cones are no longer receptive to pollen . The breeding block is planted 
under a twelve f oot trelli s as a safe t y me asure, since all breeding wor k 
involves a l adder. Laterals bagged on t he upper one-third of the plant 
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produce more seed from art ficial po linat ion than the lower po.tion of 
the vine. Generally 9 less than 50% of t he bagged laterals on a vine are 
alive when harvested . Lat er als which do not survive limit the scope of 
t he breeding program as well as any other study conducted with pollinat ion 
work. At maturity an unbagged lateral will attain a length of thirty inchesD 
with several nodes and an aver age o.f eight cones borne on each node. At 
bagging l aterals have an average length of le ss t han eighteen inches 
and with four visible nodes . 

frocedure g 

Five femal e genotypes with a wide range in flowering dat es wer e 
selected f or t he study. Each genotype had one plant which represent ed a 
treatment and had three l aterals agged with one of the three bagging 
methods. The t hree bagging methods employed were as f l lows g 

Entr y lD Later a cut back to three nodes and leaves ramo ed from 
each node . 

Entry Apical bud r emoved from l ateral (leaving three to six 
nodes with leaves ) . 

Entry 39 Lateral intact D but l eaves removed only from first 
t hree nodes . 

Bagged l ateral s were not pollinat ed 9 s i nce survival was considered the 
preliminary to seed set . Bags wer e removed approximately two months after 
initial bagging9 and each l ateral was evaluated f or cone developmen and 
overall survival . 

Results and discussion g 

Results of the bagging methods are summarized in t he follow:tng 
table g 
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Table 12. Survival of female hop laterals bagged for two months. Each 
treatment represented one pl ant with three bagged laterals. 

No. of 
laterals Green Dead Undeveloped Seed bearing 

Genotype Entry _alive_ Burrs cone s cones 

1 3 3 1 2 1 
307 2 3 3 2 1 2 

3 3 3 0 1 3 

1 3 3 0 3 0 
314 2 ":l 3 2 1 1 ./ 

3 2 2 0 2 2 

1 2 2 2 2 2 
210 2 (1)* (1) 1 0 0 

3 0 0 0 0 0 

1 2(1) 1(2) 3 1 0 
403 2 3 (3) .3 0 0 

3 1 1) 1 0 0 

1 1 (1) 1 1 0 
404 2 2(1) 1(2) 1 1 1 

3 3 2(1) 0 3 2 

* Numbers in parentheses note the number of l aterals t hat were dead at 
the apex or had partially dead leaves. 

Since a breeding program depends on the production of seed» it is reasonable 
to assess a bagging method by the production of potential seed bearing cones. 
Data show that the removal of l eaves from the first three nodes (entry 3) 
produced the greatest number of seed bearing cones in r elation to the number 
of laterals alive. Entry one and twq gaye simil ar since in both 
methods the apex of the laterals was A common observation was the 
presence of dead burrs following a two month bagging period, but with 
the removal of leaves from the first three nodes a substantial decrease in 
dead burrs occurred nnder the bags in comparison with the .other two methods. 
It appeared that the removal of the apex was detrimental i n the production 
of cones and may also be harmful to seed production» since the primary 
source of auxin production has been removed from the lateral. 

A preliminary study using different bagging methods on female 
laterals indicated that an increase in cone production can be obtained 
with the removal of leaves from the l ateral nodes prior to bagging. 



32 

CR e5- 2 (OAES Bot.:36) HOP DISEASES 
THEIR ETIOLOGY, EPIPHYTOLOGY AND CONTROL . 

C. E. Horner 

and Breeding 
Li nes t o Downy Mildew . 

Advantage was t aken of an exceptionally severe natural infection by 
downy mildew in the spring of 1962 to obtain extensive records on t he field 
reaction of many variet i es and breeding lines of hops. 

1961 Annual p . 37. 

Procedure : 

Each hill of each cl ne was examined and t he number of systemi cal ly 
infected shoots counted and r ecorded. The clone was then rated as Resi st ant 
(R), Intermediate (I ), or Susceptible (S) based on the number of infected 
shoots. In some cases the categories I1 and I2 were used to designat e a 
particular type of re action that sometimes occurred. I1 : systemical l y 
infected shoots pr esent but t he fungus failed to sporulate because of an 
apparently hypersensi tive r eact ion which resulted i n death of the shoots 
before sporulation . Actually this reaction represents a high l evel of field 
resistance. I 2 :: infe cted shoot s wi th hypersensitive reaction but sporulation 
occurred befor e shoot de ath. 

Of 187 clones evaluated in t he breeding block, 82 wer e r esist ant, 
46 susceptible and 59 intermedi ate in downy mildew reaction. A detailed t able 
of the reaction by clones is f ound i n the appendix to this report . 

The evaluat ion of 33 clone s of wild American hops collected from 
the Rocky Mountains i n 1957 and 1960 showed that al l but 1 (Colorado 5- l) 
were quite susceptible to systemic shoot infection. Detailed data are 
tabulated in the appendix to this report. 

An evaluation of about 20 male lines showed that many had good 
resistance to systemic shoot i nfection. Data on downy mildew reaction were 
obtained also from material in the 1962 observation block and the seedling 
nursery. These data are tabulated in the appendix. 

Evaluat i on of Advanced Lines for 
Vertici l lium Wilt Resistance 

In 1962 several small infestations of Verticillium wilt were found 
in Or egon. All were in the Fuggl e variety except in 1 case where an 
experimental pl anting of 135-I was made in a wilt infested area. 135- I in 
this case showed severe wi lt symptoms . Be cause of the widespread di stri -
bution of Verticillium in potential soils a greenhouse te st was 
undertaken to determi ne the reaction of certai n advanced l ines of hops to 
several prevalent strains of Verti cillium. 
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Verticillium dahl iae strains from hop and y. 
from potato were increased on sterile barley straw in the laboratory. 

The infested straw containi ng microsclerotia of y. dahl iae and dark 
mycelium of y. albo-atrum was used to infest greenhouse potting soil at the 
rate of 0.3 gms per 6 inch pot . Rooted tip c ttings of the commercial hop 
varieties Fuggl e, Brewers Gold and Late and of 7 experimental 
lines (107, 108, 135» 139 and 144) were planted in the infested 
soil. Non-inoculated controls were provided for each hop line. Each line 
was replicated 4 times. 

Results: 

After 3 months growth, none of the plants showed clear cut symptoms 
of wilt. Stems of each plant were assayed for infection in the laboratory. 
A few stems were systemical ly infected. The strain of gahliae 
from hops infected one plant each of lines 135 and 144, 2 plants of l ine 
108, and 1 plant of the Fuggle variety. The strain of y. dahliae from mint 
infected one plant each of Brewers Gold and Late Cluster hops. The strain of 
Y dahliae from potato and the strain of y. also from 
failed to infect any of the lines tested. 

The low i ncidence of i nfection obtained could indicate a high 
degree of tolerance by the lines tested to the fungal strains used. It 
could also indicate an inadequate testing procedure. For this reason» 
conclusion will be wi theld until the experiment has been repeated. 
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CR (OAES FC gJ6) IMPROVING YIELD AND QUALITY 
OF HOPS BY PRODUCTION AND MANAGEMENT PRACTICES . 

C. E. Zimmermann 

Previous agronomic trial s on hops have involved nume "O s . tudi s 
concerned with cropping and management practices. The need f or modifying 
these practices still remai ns but the approach has be come more efficient 
with the use of re cent fQndamental knowl edge. The purpose of this line 
project is to provide these modifications, but the approach has b en alter ed 
to include physiological studies i n conjunction with agronomic trials . 

(1) 
(2) 
(3) 
(4) 
(5) 
(6) 

In 1962 agronomic studies were confined to si x lines of work g 
Effect of commer i ally formul ated gibberell ic acid (GA3)on 
Maturation study of GA3 t r eated hops, 
Effect of trelli s heights on performance of hop varieties 9 
Test conducted with a chemical 
Date of pruning and traini ng on Late and 
Two stringing studies . 

Effects of Gibberellic Acid on Fuggle Hops. 

To determine the effe ct of three formulat i ons of gibbere: ic acid 
(GA3) on seeded Lops . 

Reasons for undert aking the work g 

Foll owi ng the f avorabl e response noted in a previous trial conducted 
with te chnical GA3 9 it '..ras necessary to determine the activity of commercial 
formulations of GA3 which contain wetting agents. Surfactants or wet ting 
agents increase the adsorption and uptake of the chemical applied t o t he 
plant. Therefore the addition of these agents can alter pl ant response with 
a given quantity of chemical. 

Nature and extent of previous work : 

See 1961 Annual Report, p. 39. 

Two commercial formulations of GA3 obtained from Merck & Co. Inc. 
for this trial were "Gibrel" a 0.5% solution of potassium gibberellate and 
"Gibrelate 400" a 4% liquid concentrate of ethylene glycol monobutyl ether 
gibberellate. The ot her chemical used in t his trial was the te hnical grade 
of potassium gibberel l ate which was f ormulated in our l aboratory with 
ethanol. The treatments used in 1962 are given in Table 1. 
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Table 1. GA treatment s on seeded Fuggl e hops 2 1962. 

l 2 ppm t e chni cal GA3 
2 5 ppm te chnical GA3 
3 15 ppm GA3 
4 2 ppm 11Gibrel " 
5 5 ppm II 

6 15 ppm II 

7 2 ppm 11Gibr elate 11 

8 5 ppm II 

9 15 ppm II 
____ _JQ_ ___ _ _ _ _ 

The ten entries consist i ng of five hill plots were replicated six times in 
a randomized bl ock de sign. Chemical t reatments were appli ed with a knapsack 
sprayer and each plot was isolated with a pl astic sheet barr ier at the time 
of applicat ion. Al l plots were treated on June 7th, at which time hop vines 
were approximately five f eet i n height . One gallon of aqueous sol ution 
was used on t he 30 hill s of each t reat ment. 

Experimental 

Data were obtai ned on yields, cone size and floweri ng date. 
Quality data were provided by S. T. Li kens. 

Table 2. Data obtai ned i n gibberelli c acid t r i al on seeded Fuggle$ 1962. -

Treatment 
stage 

2 ppm T GA3 
5 II II II 

15 II " " 2 11 11Gibrel 11 

5 II II 

15 " " 2 11 Gibrelat e 
5 II II 

15 II II 

Check 

Mean 
LSD ( .05) 
.QY.j%) 

Yie ld 

1590 
1560 
1610 
1580 
1640 
1610 
1610 
1490 
1700 
1590 

1610 
N.S. 
2·6 

Ave . cone wt. 
_ _imgl_ 

161 abc 
132 de 
132 de 
156 be 
143 cd 
118 e 
172 ab 
15.3 bed 
1.39 cde 
178 a 

148 
21 

Ave . cone l gt h. Ml s.oil % cr %t3 
__imm,) ac.id acid 

32 ab 0.98 6. 13 2. 30 
28 cd 0. 97 6.84 2.06 
29 bed 0.95 6.05 2.41 
.30 be 0.97 5.88 2.5.3 
29 bed 0.94 6.28 2. 4.3 
26 d 0 .97 6. 04 2 • .32 
.3 .3 a 0. 95 6 . 20 2.42 
30 be 0.92 5.95 2.53 
.30 be LOO 6.12 2.40 
.32 ab 0.94 6 .68 2. 12 

30 o.96 6.22 2.36 
2 N.S. N.S. N .S • 

2_ . 7 10.2 11. Q._J,L£t 

Four off- st ati on tri als wer e conduct ed at t hree l ocations with t he different 
formul ations of gibber ellic acid . These r esults ar e given i n Table 3. 
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Table .3 Summary of off- station gibberellic acid t rial on hops 9 1962. 0' 

Yield/ Ac Cone Cone Ml.oil %c( %f3 
1J::.aatment bale wt. (mg) l OOg acid acid __ % __ -----

Kerr ' s Seeded Brewers Gold Trial (Harvest 130 H' s each) 

Rn9 5 ppm @ 5 ft . & 5 ppm @ cone Gibrel 12 . 1 197 31 2.58 8 . 1 .3 .8 28 . 2 
Rn 11 5 ppm 5 ft . - Gibre l 12 .4 180 30 2.47 8 . 2 4 .0 28 . 2 
Rn 13 5 ppm @! 5 ft . & 10 ppm ·@ cone - Gi bre l 11.2 188 .33 2. 53 7 . 7 4 . 2 28 . 1 
Rn 14 Check 11.9 206 .32 2. 65 8 .7 3 .8 29 .4 
Rn 15 5 ppm @ 5 ft . - Gibrelat e 12 .0 197 .31 2.68 9 .4 3 . 9 29 . 3 
Rn 17 10 ppm ,@ cone Gibre1 11 .2 212 .34 2.59 7 . 8 4 .2 29 . 2 

Kerr ' s Seeded Fuggle Trial (Harvest 160 H1 s each ) 

1 5 ppm @ 5 ft. & 5 ppm @ cone Gibrel 7 .5 151 .3.3 0.58 6.9 2.6 25.6 
2 5 ppm 5 ft. - Gibrel 6.7 1.33 .32 0.66 6.9 2.7 22.1 
.3 Check 7.7 13.3 29 0.74 7.2 2.5 24.0 

Fuggle Trial (Harvest 8- 2.3, 112 H' s each) 

Row 6 5 ppm@ 5 ft. - Tech. Gibrel '5.2 140 25 0.67 4-4 2. 2 28 . 2 
Row 12 Check 5.6 139 .30 0. 82 5. 1 2. 2 27.1 
Row 16 5 ppm@ 5 ft. - Gibrel 4-4 139 27 0.73 4.7 2 • .3 25 .4 
Row 81 Check 6 .4 16.3 30 0.92 6 . 1 2 .5 26 . 8 
Row 86 5 ppm @ 5 ft. - Gibrelate 6. 1 15.3 28 0 .83 6. 0 2.5 27 .6 

Lewis Brown Seedless Fuggle Tri al (Harvest 6 H1 s each) 

1 5 ppm @ 5-ft . - Gibrel 7.4 97 18 0. 58 4 . 8 2.3 26 . 1 
2 5 ppm @ 5 ft . = Tech. GA 6 .4 93 8 1.62 5. 6 2. 2 26 .4 
.3 5 ppm 5 ft . = Gi brelate 8 . 2 91 18 1.50 5. 8 2 .2 25.0 
4 Check 7.0 114 21 1.50 5.4 2.6 26 .9 



37 

Two of the trials were conducted on the Ray Kerr one trial on t he 
John Schwabauer Ranch, and the other on the Pro ject' s Seedl ess Yard. The 
latter t rial was the only one i n which hop project personnel were involved at 
application time . Treatment s at t he Ray Kerr Ranch were applied with a 
commercial sprayer , whereas treat ments at the other two l ocations ware appl i ed 
with a knapsack spr ayer . Approximatel y 35 gallons f so""'ation were appli ed 
at the 5 foot stage on the Kerr Ranch and 175 gallons at t he cone stage . 
Applications of 20 gallons per acre -w·ere app_i d for ea ·h treatment at the 
Schwabauer Ranch, and 35 gallons per acre were applied for ea h t reat ment 
at the Lewis Brown Yar d. 

Tr eatment of hops at the 5- foo+:. stage of growth with three different 
formulations of GA3 did not re sult in a yield change. The differ ence in 
yield r esponse from that obtained in the previous t rial wit h GA'3 may be 
attributed t o two f actors. First, t he solution was applied witn a knapsack 
sprayer as compared wit h a spr inkling can in the previous trial 9 and 
the solution was applied at a l ater time during the growing season due to a 
late spring infection of downy mildew whi ch required r etrai ni ng t he plots. 

The same amount of solution was applied with the knapsack spr ayer 
as that applied with the sprinkling can, but with the spr ayer only a small 
percentage of the mist act ally adsorbed to t he hop foli age 9 whereas wi th 
the sprinkling can all of t he sol,tion either adhered t o t he vi ne foli age or 
to the sucker growth due t o t he overhead type application . This difference 
is important since it appear s that a given q •ant ity of GA3 i s ne cessar y per 
plant to achieve the response of i ncreased cone set . The downy mi l dew 
inf ection ne cessitat ed re t raining some of the vine s due to an i nf ection 
in the apical bud which caused an uneven maturity when the five f oot stage 
of growth was treated. The cone size appear ed t o be the only f actor which was 
al tered by applicati ons of GA3 and it was simil ar to that not ed in a pr evious 
trial. An obvious decrease :i.n cone size 9 re adily noted in t he field, was 
related to an increase in cone set with higher applicat ions of GA3 . 

Variable results obt ained on off station t rial s with gibberellic 
acid could again be rel ated t o the technique i n applying the solution, 
since all plots were treated with a spray t ype applicator in which there was 
a quanti tative lack of contr ol in amount of chemical applied per hill. Yield 
differences on the Kerr trial with Brewers Gold were small, but it appear ed 
that the five ppm at f ive feet resulted i n a small i ncrease and the applica-
tion at coning reduced yields in all treatments . T:b.ree individual s r ated 
each treatment of the Kerr trial as to its machine pickabi lity and they unan-
imously agreed that range 9, 13 and 17 picked hard, in that t he vines were 
not clean, more hops went on to the di scard belt, and shattering was pro-
nounced. In all three cases the treatments r eceived an application of Gibrel 
at the coning stage. Range 13 produced hops that were r at ed as the hardest 
picker, and Range 15 as t he easi est. These observations are similar to 
station trials in which the coning treatment produced cones with long, tough 
petiol es. No definit e conclusions could be drawn from t he Kerr or Schwabauer 
trial on Fuggle. Yield differences in the Schwabauer trial could be 
attributed to var i able f ield conditions whi ch wer e noticeable at harvest time . 
A small trial conducted with H-1 Seedless Fuggle resulted in an apparent 
decrease in cone size al ong with a pr obable yie l d increase. 



38 

Foliar applications of 2, 5, and 15 ppm of three formulations of 
GA3 applied at the f ive foot stage did not produce a yield change . No 
differences wer e noted among t r eatments for alpha- and beta- acid or oil . 
Cone size decreased with an increase in GA3 application. Thi s difference 
was evident under field condit ions al ong with an increase in cone number 
per vine. An increase in number of cones from exogenous GA.3 i s probabl y 
related to the quantit y of chemical absorbed per plant. Treatment of 
Brewers Gol d, a hi gh yielding variety, gave a response with various 
treatments similar to that obtained with the Fuggle vari ety. 

Maturation_§tudies on Gibberellic Acid Tr eated HQQ£• 

(C. E. Zimmermann and S. T. Likens) 

See Annual Report» p. 6.3, 1961. 

Studies were conducted on a check and three treatm nts of 
gibberellic acid (GA.3) applied t o seeded Fuggle. The f ollowing chemi cal s 
were applied at the r ate of t en gallons per acre when hops ere f our t o 
five feet in height; 5 ppm Gibrelateg 5 ppm Gibrel» ru1d 5 ppm Technical GA.3. 
Cone samples were periodically harvested by hand from 20 treat ed and 20 
non- t r eated plant s D and t he samples were analyzed for qualit y component s 
and measured for susceptibility to cone br eakage . Sampling f or maturity 
data began as soon as cones were l arge enough to and continued at a 
2- 5 day interval until one month af ter t he normal harvest date. 

Maturity dat a are summarized i n Table 2. Twent y hills were 
harvested from each of the t r eatments on August 22, and these data ar e 
summarized in Table 1 . The qual ity data recorded in Tabl e 1 were 
determined with machine picked hops, whereas the maturit y data reported 
are from hand picked hops. 

Table 1. Data obtai ned f r om 20 hill plot of GA3-treated Fuggle. 

5 ppm at Green Yiel d Mls. oil %OC %13 
5 ft. stage. ___ln 1 bs .!.- lOO_g.!- acid ....!!,gid 

Gibrelate 121 .0 0.92 6.42 2.26 
Gibrel 120. 6 0. 87 6.00 2.33 
Tech. GA.3 108.0 0.92 5.63 2.28 
Check 110 .6 ..-Q:26 6.66 1.80 



Table 2. Summary of Maturity Data on Seeded Fuggle Treated with GA31 1962. 

% shatt er 
L __ I.L III IV L_ _ _lL III IV I II III IV _ .L II Ill___..!Y _I_JI III IV _I_ II III _!Y. 

8/7 17.1 17.6 17.4 17.6 125 118 115 121 38.7 36.3 39.6 46.3 

8/8 0.70 0.30 0.30 0.40 6.07 6.29 6.13 5.30 2.81 2.74 2.60 2.21 16.7 17.5 16. 7 17.6 124 120 112 112 =-

8/10 -- 6 .07 5.67 5.38 4.17 2. 21 2.53 2.65 2.38 17.0 18 .7 20.2 17 .8 - - 45.7 46.6 39.5 45.9 

8/13 0.95 0.85 0.81 0 .84 6 . 39 7.52 6 .83 5.50 2. 58 1 .78 1.77 1.82 19 .3 19 .5 20.5 19. 8 177 139 150 124 56.4 54. 2 55. 0 43. 0 

8/15 1 .42 1 .32 1 .04 0. 85 6 . 67 6 .61 6 . 52 5.57 2. 25 2.46 2. 59 2.37 21.7 21.4 20.0 21.5 148 143 142 124 

8/17 1.33 1.29 1.11 1.10 6.98 6.22 5. 82 5.89 2.53 2.38 2.64 2.91 21.3 22.0 21.0 21.2 169 157 131 131 62 .5 57.2 55.7 55.2 

8/20 2.10 =- -- 1.53 6.62 -- - - 4 .65 2. 28 -- =- 2.15 22.0 -- 22.3 176 136 61.3 57. 2 

8/ 22 2.03 2.02 1. 83 1. 85 5.99 6.69 7. 46 5.22 2.67 2.52 2. 54 2.34 24.6 23 .1 24 .6 24 .3 198 156 165 159 62 .0 63.8 58 . 7 61.5 
Harve st 

8/24 1.84 2. 02 2 . 05 1 . 73 4. 85 6 .13 6.15 4.63 3 . 55 2.18 2.61 2.19 22.7 25.5 25.2 25. 0 171 161 165 150 57. 2 59.0 54.1 58 .7 

8/29 2.08 1.81 2.49 1 . 78 4.90 6.05 7.09 4. 89 2. 30 2.56 1.89 1.90 23.3 23. 9 23.5 24.4 162 155 154 138 68.6 65.4 66. 7 56. 7 

9/7 2.10 2.16 2.49 1.82 5.42 5. 53 5. 58 4.10 2. 52 2.50 2.68 2.62 26 .9 26 . 9 26.8 26. 1 185 175 157 149 66.4 70.2 64 .1 62.7 

9119 2.29 2.42 2.48 2.10 7 . 57 6.17 6.42 6.59 2. 13 2.91 _. 97 27.6 27.6 27.2 26. 9 177 165 161 127 66 .8 74.6 69 .3 66 .0 

Treat ments 
Gibrelate (GA3) @ 5 f oot stage 

II 5 ppm Gibrel (GA3) @ 5 foot stage 
III 5 ppm 5 foot stage 
IV Check 

·--------- · 
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Maturity data from Table 2 show a simil arity i n the initial trend 
of oil synthesis for the four treatments. Gibrel and Gibrelate treated 
hops had a more rapid accumulation of oil that tended to stabilize at harvest 
time. Oil dat a f rom technical t reated hops r epre sent a normal r ate of 
oil synthesis 3 in that maximum oil yield was r eached after the accapt d 
harvest date (8/ 20) » but the oil yield as hi gher than normal. 

Cone dry matters were identi cal for all t r eatments and similar to 
the Fuggle curves obtai ned in previous year s (1960 AR9 page 104). Cone 
weights were quite var iable i n this trial » b t a general increase was noted 
up till harvest time after which the rat e became m ch slower . Tests showed 
that shatter percent age of GA3 treated h ps incr eased from 35 to 70% 
during the season. Difference s in con breakage were not noted prior to 
harvest, whereas afte r t he normal harvest date cones from treat ed hops 
showed a signifi cant suscepti bil i ty to breakage. This diff erence may have 
been due to the larger cones produced by t he treated hops» but it is not 
clear whether this observation is a cause or effect relat i onship. Fuggle 
usually maintain a f ai r l y constant amount of alpha acid during cone deve op= 
ment, and this same trend was not ed by al l treatments but with considerab e 

There is a t endency for the alpha acid content of treat ed hops 
to be higher than that of the but this difference is not observed 

which were machine picke (Tabl e l) . 

The simil arity of yield between treat ed and untr eat ed hops (Table 1) 
and t he dis simil arity of alpha acid and oi l content of treat ed and untreated 
hops (Tab e 2) is in compl ete contrast wi t h dat a obtained in a hree 
trial with gibberelli c acid on hops (1961 AR page 39). Both trials were 
conducted with five ppm of GA3 applied at the five foot stage of but 
two methods of appli cat i on wer e empl oyed. In the pr eviously reported three 
year trial » a sprinkling can was used i n applying the chemical so 
whereas in this as in the t r ial reported previ ousl y i n thi s AR 9 a 
knapsack spr ayer was employed . The appl ication wi th the sprinkl ing can 
applied 35 gallons of sol ution per acre and with the knapsack sprayer onl y 
a ten gallon per acr e applicat ion was applied . This difference in quantity 
of GA1 avail able for plant absorption may be responsible for the diff er ences 
in obtained in this study. The significance of this would be that 
in the application of GA3 to hops it is of the utmost importance to appl y 
a constant amount of available chemical per plant in order t o obtain a 
favorable consistent response . 

Preliminary studie s conducted in 1962 indicated that ten micrograms 
of aqueous GA3 applied to the apex of a hop plant gave a response similar 
to that noted, in a three year when 5 ppm was applied as a spray at 
the 5 foot stage. I t is reasonable to postulate that ten micrograms of GA3 · 
were taken up by the hop plant when 35 gallons of a 5 ppm solution was applied 
with a sprinkling can, since the response was comparable to that obtained 
with the quantitat i ve application of 10 micrograms t o the apex. It is then 
conceivable that an application with a knapsack sprayer applying only ten 
gallons per acre» and with t he solution under that the plant was 
capable of absorbing f ar less than t he 10 micrograms r equired f or a f avorable 
response. 
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Summary : 

The response obtained from GA3 is dependent on the quant ity of 
hormone absorbed by the plant at the time of application. Inconsistent 
results can be explained by differences in hormone upt ake by the pl ant . 
Sub-optimum amounts of GA3 t aken up by the plant produced cones which were 
larger and more susceptible to shat tering . Thi s is a single year 1 s dat a 
and will require additional tests for a firm conclusion. This trial also 
produced hops with an increased amount of oil as well as an increase in alpha 
acid yields. Differences in quality were not evident with machine picked 
hops at harvest time. 

of Trelli s $tudy 
Obje ctives: 

To test the performance of six hop varieties grown under different 
trellis heights . 

Nature and extent of previous work: 

A recent study conducted at Wye College noted a gain i n yie l d per 
hill with an increase in trellis height. The smal l yield increase was due 
to more cones being produced on the upper parts of the vine which did 
not develop on a low trellis due to apical damage. An additional advantage 
noted was the even distribution of laterals on t he vine which facilitat ed 
machine picking . They concluded that a high trellis wirework was most 
advantageous with vigorous hop varieties. 
Procedure g 

Six hop varieties were planted in the early spring of 1961 in a t ria 
replicated three times with three different trellis heights. The varieties 
consisted of three commercial and three experimental l ine s with wide 
differences in their performance. The three trellis heights consisted of 
16, 18 , and 20 feet. Plots were maintained in 1961, but were not harvested, 
therefore data presented in thi s report are from one year old plants which 
have not reached their potential production. Each hill had two vines trained 
on each of the three strings . Harvest weights were obtained in all treatments. 

Results: 

Quality data were provided by S. T. Likens. Yield and quality of 
six hop varieties was not altered when grown under three trellis heights. 
Therefore the data summarized below give an indication only of the differences 
in varietal performance since no significant difference was noted with these 
variabl es when grown under different trellis heights. 
Data obtained from height of t r ellis study conducted with 6 hop varietiesil962. 

Late Brewers 
_Q,olc;L_ ill- I .UH_ 128-I 

Yield/ Ac. ( lbs.) 1120 b 1080 b 1380 b 1760 a 1150 b 1960 a 
5.67 c 6 . 46 c 7.57 b 2 . 94 d 2.67 d 8 .67 a 
2 . 77 c 3 . 22 c 4.16 b 4.63 ab 5.42 a 4.98 ab 

Har-Y.§.§.t da1&__U5 9/2L_ _ _2Ll8 _ _9Lll 9/11 9[21 
Values followed by the same 
different at the 5% level. 

alphabetical are not significantly 
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Though yield and qualit y were not altered by a different he i ght» a 
change was noted i n the growth habits of the six varietie s tested. I t was 
noted with the higher t re· l is heights that ther e was a more even distrib t ion 
of the cone bearing lateral s on the vine, and the absence of the t angled 
"head" characteristic of some varieties . This change in growth was 
characteristic of the more vigorous varieties , name -y La t e Cl ster: Brewers 
Gold, and selection 135- I. These varieties had ess harvest loss from 
machine picking when grown on the hi gher trellis . 

The overall performance of the six varieties \oras considered good» 
especially that of 128-I and 144-I, since the plants w r considered one 
year old stock. 
Summar y: 

Six varieties of hops wer e not influenced by t hr,ee different 
trellis heights dur ing the first year of study . Severa- years u data wi_l be 
needed before conclusions can be drawn r egarding effects of tre llis heights 
and varietal per formance . 

Test with a Chemical 
Qb.iectives g 

See 1959 Annual page 92. 
Nature and Extent of previous workg 

See 1959 Annual Rep. rt , page 92. 
Studies conducted i n 1959 ,,,i th the chemical game· Jocide sho1.>re d. a 

severe phytot xici y wi th concentrat i ons above 0 .50%, henc"' i n 1960 l ow r 
concentrations were empl oyee. with no apparent damage to yitl d . The trea+ments 
were applied at definite dates with no regard t o the fl waring of the hop 
plant; therefore , the r eceptive period and subseq ent polli ation was not 
related with the date of treat ment . Variable re sul ts not ed i n 1960 could 
also have been cau sed by a difference in pollen density dur i ng the re cepti ve 
period of the plants . The trial conducted in 1962 attempted t o control the 
avail ability of pollen and still maintain condit ions similar to that which 
would occur under commercial field conditions . 

Twent y-one Fuggle hills were each bagged with t en parchment bags 
prior to the receptiveness of the female inflorescence. Three concentr ations 
of FW-450 in a water solution; 0.50%, 0.25%, and 0 . 125%, were applied as a 
spray to the plants on two different dates (Tabl e 1). Each concentration was 
applied once, either on 7/10 or 7/17 and twice on 7/10 and 7/ 3. The pl ants 
were uniformly trained and all f lowered during t he 7/8 10. The date 
of pollen availability was accompli shed by artifi cially pol l i nating the bags 
on the date noted in Table 1 prior to their removal . Five bags wer e involved 
with each pollination. Each l at eral was t agged to identify the treatment at 
harvest. An additional f ive l at er als were picked from each plant for com-
parison and these were considered as having unlimited avail ability of pollen 
during the flowering season, s i nce they were not bagged initiall y. Cone 
samples were picked and threshed by hand. 
Experimental 

Data obtained on seed set are l isted in Table 1 . 
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Table 1 Data obtained from gametoci de trial on FuggleD 1962 . 

Cone wt . Seed wt . % Seed 
£2!1£• £ate Date Pollen _(grams) by wt .2.. 

0.50% 7/10 7/ 14 56 .1 9 • .3.3 16 .6 
7/16 3? . 5 2. 87 7.? 

Unlimited 33 .7 .3 .01 8 .9 
0.50% 7/10 7/11 .35 .0 J . ll 8.9 

7/13 9.3 o.:r 3.3 
Unlimited 39.5 2.44 6.2 

0.50% 7/10 
&7/17 7/11 21.3 2. 13 10.0 

7/13 
Unlimited 32 .9 2.14 6 . 5 

0.50% 7/10 7/14 30 .0 1.83 6.1 
&7/17 7/16 1? .0 0. 57 3.4 

Unlimited 27.0 0.45 1.7 
0.25% . 7/10 7/14 40.6 6 .09 15 .0 

7/16 
Unlimited 52 .4 4.05 ry r; 

I o I 

0.25% 7/10 7/11 28 . 5 2. 29 8.0 
7/13 29 .0 2.67 9.2 

Unlimi ted 34.6 2.77 8.0 
0.25% 7/10 7/11 30. 3 2.93 9.7 

&7/17 7/ 13 9.3 0.51 5. 5 
Unlimi t ed 35.4 2.55 7.7 

0.25% 7/10 7/14 
&7/17 7/16 32.0 

Unlimited 30.0 0. 58 1.9 
0.125% 7/10 7/14 15.5 1.91 12.3 

7/16 26.8 1.83 6.8 
Unlimited 38 .9 2.63 6.8 

0.125% 7/10 7/11 16 . .4. 1.65 10 .1 
7/13 7.J 0.52 7.1 

Unlimited 40.9 3.49 8.5 
0.125% 7/10 7/11 22.0 2.53 11. 5 

&7/17 7/13 10.6 0.50 4.7 
Unlimited 39 -4 2.79 7.1 

0.125% 7/10 7/14 67.0 9.11 13.6 
&7/17 7/16 39.8 0.08 0.2 

Unlimited 37.3 1.41 3.8 
0.50% 7/17 7/14 15 .4 1.51 9.8 

7/16 9.0 0.18 2.0 
Unlimited 58.0 4.27 7.4 

0.50% 7/17 7/17 18.0 0.90 5.0 
7/19 18.7 0.97 5.2 

Unlimited 41.0 2.46 6.0 
0.50% 7/17 7/20 35.9 5.36 14-9 

7/22 14.0 0.06 0.4 
Unlimited 50 .0 2.11 4.2 

0.25% 7/17 7/14 41. 5 5.49 13.2 
7/16 19 .2 0.63 3.3 

Unlimited 53 .5 3.70 6.9 
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Table 1 Cont. Data obtained from gametocide t rial on Fuggle D 1962. 

Treatment Cone wt . Seed wt . % Seed 
QatEi Date Pollen Available .(grams} • 

0.25% 7/17 7/17 48 .7 2 .62 5.4 
7/ 9 23. 5 0.2 .. 0 .9 

Unl imi t ed 2 .01 3. 
0.25% 7/17 7/ 20 32 .9 1.68 5.1 

7/22 7.8 0. 05 0.6 
Unlimit ed 7 .8 .25 1.7 

0.125% 7/17 7/14 36. 5 2.64 7.2 
7/16 22.0 0. 36 1.6 

Unlimited 78 .7 3. 53 4.5 
0.125% 7/17 7/17 2.3 .0 2. 58 11. 2 

7/ 19 .32. 5 O. T 2.2 
Unlimited 65 . 5 2 .89 4.4 

0.125% 7/17 7/20 55 .0 7.72 14.0 
7/22 4 .5 0 . 07 1.6 

UnJjmi ted_ .. L J/J 5. 5 

Qiscussion and 

No phytotoxici y was indicat ed with any of the treatments. Yiel d 
data were not obtained» but it appeared t hat all t r eatments had a normal yie l d. 
Untreated plants which were open pol i nated cont ai ned an average of 14.2 seed 
by weight. Though many of the t r eatment s had a seed content which was lo·wer 
than the check, the difference coul d have been caused by a variation i n pollen 
density and a difference in receptiveness. The treatments gave variab e 
results with regard t o pollen availability and t ime of ch mi cal appl i cationp 
but there was an indication t hat seed production was r educed when pollination 
immediately preceded chemical appl ication. Response from t he t hree concentra-
t i ons used in this experiment was similar with the different date s of applica-
tion. 

The chemical gamet ocide FW- 450 (alpha» dich oroisobutyrate) 
is probably most active during the reduction division process in the formation 
of pollen from the pollen mother cell and only limited i nformation is 
available for substantiating proof of ovule steri l ity. I t is assumed from 
previous studies, that foliar appl ications of aqueous sprays are readil y 
translocated upward and downward i n the plant. In this study some l ateral s 
were bagged at the time of chemical application and di d not re ceive a foliar 

but responded simi l ar to those t reated directl y. 

The reduction of seed formation t hrough the use of gametocide 
appeared to be related t o the stage of growth and/or the st age of ovule 
development. This type of response was similar to that noted in 1960 and 
would indicate that the pr esent gametocide treatments would not have 
commercial application in gaining seedl essness . I f seedlessness (less t han 
3% seed by weight) could be obt ained it probabl y would involve a precise 
timing of chemical applications and ovule or p ant development . This problem 
appear s to be insurmount able on a commercial sea e at t h pr esent time. 
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Objectives g 

See 1956 Annual Report, p. 104. 

Reasons for undertaking the work: 

See 1956 Annual Report, p. 104. 

frocedure g 

See 1959 Annual p. 85, for modifications of original 
report. Procedures used i n 1962 are gi ven in Table 1. 

Table 1. Date of pr uning and training trial on Late Cluster 9 1962. 

1 Fall 12/7/61 
2 Fall 12/7/61 

Early vines (;{4) Vines 18 to J6 in. when t rai ned 
Lat e vines (5 10) Vi nes 18 t o 36 i n. when t r ai ned 

3 1/ Early growth (4/5 ) 
4 Early growth (4/ 5) 

Earl y vines (5/16) Vines 24 to 48 in. when trained 
Late vines (5/23) Vines 24 to 36 in. ·when trained 

5 Late growth (5/4) Early vines (5 31) Vines 24 to 36 in. when r ai ned 
.2 Late growth Vines 24 to 48 i n . 111·hen. t r ained 
1/ St andard treatment (check) 

re sul t s g 

Data were obt ained on yield 9 cone weight, cone length and f l owering dat e. 
Quality dat a were provided by S. T. Likens. These data are gi ven i n t he 
following t able . 
Table 2. Dat a obtai ned in date of pruning and training trial on Let e » 

1962. 
Yield Av. cone Av . cone Mls. oil % % Dat e 
lbs/ weight l ength per 100 alpha bet a initial 

(mg ) (rom) !!Cid_ !!Cid _Qyr __ 

1 2070 161 32 0.63 5.73 c 3,76 7/16 
2 1800 168 32 0.67 5.40 c :,o85 7/15 
3 1930 164 32 0.72 5.81 be 3 -77 7/15 
4 2080 175 32 0.75 6.97 a 3.98 7/17 
5 1720 157 30 0.67 6. 71 ab 4.17 7/24 
6 1800 180 32 0.72 7.40 a 3.77 7/29 
Mean 1900 167 31 0.69 6.33 3.88 
LSD( .05) N.S. N.S. N.S. N.S. 0.87 N.S. 
CV(%) 14.8 9. 5 3.8 20.5 9.1 12.6 
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!2iscussiong 

The third year' s results were obtained in the Late Cluster Prune and 
Train Trial and ar e summarized i n Table 2. The trial in 1962 was conducted 
with two strings per hi l l » wi th two vines trained on each as compared 
with three strings per hill in t he previ ous t wo years . This change was 
necessary to e liminate t he entanglement at the wire which caused diffi culty 
at harvest time. 

No significant dif ferences were noted for any treatment var i abl es 
studied, except percent alpha acid. Results indicated t hat an i ncrease of 
alpha acid resulted wi th l at e training. This difference may have resulted 
from a difference of maturity at harvest time. All plots were harve sted 
on September 17t h and at this time wer e t hat the early pruned 
and early trained plots were more susceptible to shattering than the l ater 
trained hops . Cone br eakage at harve st time was relat ed to the diff erence in 
flowering dates and t his loss f actor may have influe11ced t he change in alpha 
acid content. The previ ous t wo year s in which this t rial was conducted did 
not show any significant difference s f or any of the variabl es st died. 

Summary g 

Three years' r e sults i ndicated that wide differ ences in date s of 
pruning and traini ng of Late Cluster had no effect on yie l d9 cone sizev oi l 
content, or content of be ta aci d . Late training increased al pha acid and 
delayed f l owering . The lower al pha acid content of early trained hops could 
have been due to cone breakage observed at harvest t ime. 

Two Stringing Studies Conducted i n 1962. 

I. Chemi cal Treatment of Hop String 

Most of the hops i n t he USA ar e grown on coir hop strings 9 but due 
to variation in price and availability of coconut i t has been 
possible for the i ntroduction of competitive products . Paper twi ne has 
been introduced and has r eceived f avorable acceptance i n most areas due t o 
ease of handl ing and al so its r apid decomposition in which i s an 
advantage to the grower 9 since vines are returned t o t he soil» and t he 
persistence of string woul d be a hindrance to fie l d machinery. Coir string 
has shown a remarkable r esist ance to rot as compared with t he paper twine. 

Normal stri ngi ng practice is to anchor st r i ng ont o a cedar stake 
or a wire stake » but a practice in Calif or nia is t o pl ace t he string six 
to eight i nches int o t he ground and anchor with a metal clip» t hereby 
eliminating the use of a stake. This practice necessitated the use of a 
string resistant t o rot ; therefore» the coir string has dominat ed i n this 
area . 

This study was i nitiated to determine the rot resistance of paper 
string treated with chemical pr eservatives. 
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Procedure: 

1. Untreated 
2. Copper Napthanate (2% in mi neral spirits) 
3. Pentachlorophenol (5% in mineral spirits) 

The basal 20 inches of paper twine (2151 per pound weight ) were 
soaked in the chemical and allowed to dry prior to t heir use . On June 6» 
1962 two strings were strung per hill, and each treatment i nvolved 20 hills 
or a total of 40 strings. Basal ends of twine were covered with six 
inches of soil. Strings were maintained for a five month period and 
subjected to normal climatic conditions and cultural pract iceso 

1. A majority of the strings were r otted f f at the soi l surface 
at the end of three months and after five months all st r ings had rotted . 

2. Pentachlorophenol 50% of the strings had completel y rott ed after five 
months and only six strings had a moderate rot and wo l d have suppor ted 
hops. Vines were not on the strings the l ast six weeks of t he trial and 
some of the results are projected as to what condition might have occurred 
if the vines were present. The remaining strings were severely rotted t o 
the point where they would not have support ed a hop vine. 

3. Copper Napthanate 36 strings out of 40 had little to moderate r ot 9 but 
all would have supported hops. Onl y four st r).ngs wer E1 rot t ed s f f iciently 
that there may have been a question as to whether t hey would have supported 
a hop vine. 

Summary: 

On the basis of this one year trial it w uld appear that copper 
napthanate was effective in retarding rot. the results are not 
extensive enough for a firm conclusion. No phytotoxicity was evident from 
the chemicals, and no noticeable effects were observed o 

II Comparison of String 
Hop selection 128-I has displayed the inability to remain upright 

when grown on paper string. The variety does not posses s the usual number 
of climbing hair found on most varieties and this in turn has added to its 
difficulty in remaining attached to paper string. This study was conducted 
to determine if the coarse surface of coir string would aid in the upright 
growth of this variety. 

frocedure: 
Three blocks of 38 hills each were strung wi t h t hree different 

types of string. The three types included a heavy paper st ring 
(215 feet per pound and flax string (65 t ensile strengt h) o 
Flax string obtained from the Canadian Ribbon Tape Co. 
Canada consisted of 8 strands fused together into a ribbon approximately 
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1/8 inch wide. Two vines wer e trained on each of the two strings per hill. 
All vines were stripped three fee t above ground and arched at the f our foot 
leveL 

Good 

Fair 

Slipped 

Down 

Dead 

Vine evaluation per hi l l at the end of 4 months . 

25 

.3 

9 

8 

2 

13 

5 

0 

6 

10 

7 

5 

Vines were r ated good if they were "ightly around the 
string and had not slipped on any portion of the string . Fair vines were 
those in which the apex had strayed from the string and · atar 
forming a loop somewhere along length of t he str"ng . S ipped vines were 
recorded if the apex had sl i pped 12 11 or more below t he top wir e . Down 
vines consisted of one or both strings on the ground d e t o breakage. 
Flax string usually broke at t he mid point 9 wher eas coir broke at or near 
the attachment on the top wire. The five down hills listed under t he paper 
string did not result f rom breakage of t he string i tsel f but r athe a complete 
slippage of the vine off from t he string. This occurred af r the vin had 
slipped and winds whipped the vine i such a manr1sr as o cause t he stake 
to be pulled from t he ground and t he vine final ly slipped off from the 
unfastened string. The dead vines recorded were caused by a loop i n the 
lower portion of the vine which developed during the movement of the vine on 
the string. This loop appeared t o block water since a gradual 
wilt appeared as a symptom. 

These preliminary observations would indi cate that f l ax ribbonD 
at the present time; does not hold a pot entia· in the hop busi nes s and that 
coir has a definite advantage over paper when used on hops with few or 
small climbing hair. A three acre yard of planted was 
arched at three feet and a field observation i ndi cated no dead vines and a 
few vines that had slipped on the string. 

Paper twine can be sat isfactorily used with most hop varieties 9 
but varieties such as may require a string with a coarse surface 9 
such as coir 9 to aid the apex in maintaining cont act with the string during 
its upward movement . A one year tri al indicated that coir st ring was 
advantageous in the prevention of s i ppage over that of paper or f l ax st ring. 
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CR e5-5 (OAES AC gJ6 ) CHEMICAL INVESTIGATIONS 
RELATIVE TO THE EVALUATION OF HOPS. 

S. T. Likens 

1. To supporJ· t he hr p br eeding program by chemical evaluati n of 
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experiment al ines and paren ' a st-:, k al::. possible quality chara te::-i stics 
and to develop new methods for asse ssing hop qua ity . 

2. To support the hop-pr ducing i ndust ry by initiatingD or cooperating 
in» experiments leading t o be t ter understanding of the production of hops. 
Examples of this type of work i.nclude g 

a. Establishment of maturation characteristics. 

b. Determination of the effects of gibberellic acids or other 
agronomic influences on hop qual ity. 

c. Leaf analysis corr-e l ations wit h fertility pl ots. 

d. Determination of s t"\urce and cause of quality changes during baling 
and storage. 

e. Inve st i gat ion into causes of shat t e_ lr.g. 

3. To support the b:revdng i ndust::'y by or cooperating 
experiments designed to t he degree f pr cision i nvol ved in the 
purchase and use of hops. Exampl.e s of thi t ype of work are g 

a. Clarificat ion of qual i t y st andards pen whi ch pur chases are made. 

b. Development of a me thod determine .i on of the f ate of hOP-Volatile s 
during brewing. 

c . De t ermi nat ion of infl ence of hops on yeast metabolism. 

4. To support hop research i n other states (Washington, Idaho and 
California)» t o t he extent which t ime by analysis. of samples from 
experimental trials. This w r k is rest:::- icted t o trials which will result in 
general benefit t o t he hcp indus r y . 

In order to carry out t he objectives stated above» this line project 
currently maintains 8 lines of work with the following work- pl an numbers and 
titles g 

AC- 2. 

AC- 4. 

Factors influencing storageabi ivY• 
(USBA 8 ) Chara.ct erization of experimental 
of strobile s . 
(USBA 23 ) I solation of hop vol atile s from 
Investigation into analytical me t hods . 

lines by chemical analysis 

brewing products. 
CRe5-5.? AC-1 



50 

AC=5. 

AC- 8. 
AC- 9. 

list. 

Service work for cooper at i ve agronomic and br eeding t r i al s. 
(USBA 20 ) Investigation i nto t he cause of cone-bre akage (shatt.er i ng ) . 
Inf luence of hops on f ermentation product s. 
Quality changes during drying and oal i ng. 

The report which f ollows wi ll be i n t he order of t his work- pl an 

AC- 1 FACTORS INFLUENCING STORAGEABILITY 

§.ununary g 

Although it has been possible t preferent ial y destroy myrcene i n 
the oil of hops by compr essi n (see of t hi s compound has not 
resulted i n improved stor age st abi ity as expe ct ed. With the exception 
of loss of myrcene (not believed t o 1::>€1 a desir at e component f r om the 
point of hop qua ity) 9 neit her the oi nor t he o(or cunt ent 
of hops were f ound to be ser i ously affected by compre ssion during 6 months' 
storage at room t emper ature . 

There appear s to be nQ r e l ation between t he storage stabi lity of 
either 0( =acid or oil content of' Bullio. hops and t he degree f ripeness . 

Qb iect iveg 

To l earn the ident ity uf the f actor (s ) responsi b e for the 
acce l er at ed deter ' oration of the qua: ity components of certain hop va ia t ies. 

Reasons for yndert akiug_t hi s wo:::"kg 

If the ob jective of t hi s work pl an can be accomp i shed 9 pr ocessing 
methods or storage condi tions mi ght be i n a way to ar rest t he 
storage det erior at i on . This wo'llld bring about l ar ge sav·ings t o bre"Wers 9 
i ncr ease the pr eci sion of hoppi ng r a es and permit more general se of 
cer tai n varietie s which grow we 1 but whose sal es ar e l imited as a re sult of 
their poor keepi ng qualities . 

,Nature and extent of pr evious work g 

A great deal of work over t he past 50 year s has been done on this 
problem. Since the det eri has gener ally been accepted as vhemical 
oxidation of most at empts have been by direct assault on t he t wo 
factors g (1) reducing t he r ate of deter i or ation by reducing storage t emper-
at ure ( succe ssful b t only pract.i"al t o a certai n point ) (2) r eduction 
of t he available supply of oxygen» mai nl y by exchange of air with i nert or 
reducing gases (only moderately successf ul) . 

Procedure g 

I t was det ermined t hat l arge 1 sses of hop oil are associat ed wit h 
the dest ruction of lupulin gr anul es incurred during baling (1961 AR v p. 71) . 
Thi s was later shown to be primar ' l y due to the l oss of a s i ngl e component 
myrcene (Thi s AR 9 work pl an 9) . It has furthe r been f ound that t he build-up 
of oil content during mat r at i on is l arge : y a resul t of myrcene acc·amulation 
(Thi s below). Burge ss 1951 Wye Co 1 . Ann. Rpt .) has shown that myrcene 
CRe5- 5» AC-1 
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The work t "" be rep r ted here is a '"est. of th hyvtten:.s t hat 
C( - acid st abil ity can be by g 
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1. Avoiding t he presence o l arge amuuntt=> of TO.Jl'..,Em · 1n . .:..1 by arly 
picki ng . 

2. Prefer ential dest ruction of m:yTc r..e oy _, a sJ..ng ·ca e density { i ncr a sed 
lupulin breakage during comprs ssi cn) . 

3. Addi tional suppor ' by compar.'ng hand=pi cked ho ps (no l '!lpul.tn- bre;,;kage) 
agai nst machi ne= picked hops ( l UF'liv. breakage D"'Cttt·r:tng in the ma hina ) . 

Results and :Qiec1!§si ong 

The first t es t of s to:r age; t.y as :::'e,:ta.te:d p.::.ci:.:ng &at e wa s 
car ried out. over an ext ended :rage · ':t .\:' · •.::rntr ... s a+ }50:F. ·;,ri t h B·, :.l i n 
hops harvest.eo f!'om Aug . 21 to Se;:t e.aice:· ::·:._ D : -;, ·l \f :r ext- ·.:c:'.::D.sLc a.J. !t<e·ch .. :: s 
see AR p . 67) . Dur i ng the 'tr·.e .: ."it.e:ni, r:.se f l'ctrr:. :2 . 6 :1 . 27 
ml. / lOOg. in the gr een hops . As s t.:: .r-eci tl::.c: fres!lly 'oal eri h e. ·6 :I·anged. £'rom 
2.56 t o .3 . 50 ml./l OOg . 0( <=acid J SSf.iS t 'b.e s+oragt:' ; .er ·:!..-'(i :.:·a .g$d .fr·;:,:-.n 
40 t o 50% with the exception of one s a -np1e which ... os t o:nly 1·1% ,. A-.1g . 
Although t he l ess losse s oc ::urred in the sampl e s pi ·ked in Augus:·. than ln 
those picked i n September 9 t he resul ' s certa i nly don · indLa ;:.e a s 
relat i on of oCa.acid. loss with or l g!.na.: -,.:. ('. ·· ·w.itl1 da :a o 

As was pci.nt.ed rJu-1::, l a s t ye ar (196:: .. AR 'f' • 68) 9 :Losse s tn hof oil 
during .Qrocsssing may be : nve::' sely ated tc matu· I f s t 9 is 
apparent y a temporar y sit uation wh ' .h disappe ar s d·..;2:':..ng s torag fo'f' the 
dat a for over al. or s se s ' Table J.) c. _, .. 1:::-':. s·!.!.ch a r··::..a":.ion . 

The mai n t e s ts of (.':D." ce.:1s vs . i:l abi:.i t y) 
were car ried out on l oose vs . sed 24 :l"bdc\l •. f·t . ) s arr.pl s c f · h 
varietie s Br ewers Gol d and Fugg1e . W 11-ripened 9 seedl e ss Brewer s G . d from 
the f ar m was machine=picked on Sept . and one=ha f 
the lot was bal ed the fol owing day in o l . b . sasnp. es at 24 l b. /cu . f t . 
in the l aboratory baler. The plywood C;over s wer 1 ft on the bal e s and a 1 
samples transferr ed to a storage room whose tempe:ra u:re remains quite 
constant f rom 68 to ?0°F. but without humldity ntrol . 

Dupl::\ cate bale s ampl es were •.ri awn a '.:. lnt. rval s and ana .. yzed f or 
C( and oi. c rmtent . At t h same t ime a l. ose s amp e was t aken 

for the oil determination and dup :tcat e oC =a "'ici and anal yse s run 
on it. All oil s ampl es were dried w:i h Na2so, j) se aled in ampou.le s 9 and 
stor ed at until analyses coul d be made . 
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Table l. Deterioration of oC-acid and oil during processing and storage 
(BullionJ Kerr 1961). 

% c(-acid 
Pick c(- acid recovered Oil content recovered af t er g 

____:£ __ after 17 mo. (ml . / l OOg. ) Dry bale stor. Overall 

8/21 Green 9.6 2.60 
Dry 8.6 100 
Bale 1 10. 2 2.56 98 
Bale 2 6.5 64 0.76 30 29 

8/25 Green 9.5 3.08 
Dry 9.5 2.94 95 
Bale 1 9.9 3 .04 100 
Bale 2 8.0 81 _.09 36 35 

8/28 Green 10.3 3·44 
Dry 9.7 3 .24 94 
Bale l 9.7 3.19 98 
Bale 2 6.1 62 1.15 36 33 

9/l Green 9.6 3.72 
Dry 8.2 3 .65 98 
Bale l 10 .0 3.31 91 
Bale 2 4.9 49 0.88 27 24 

9/4 Green 7.9 3.92 
Dry 9.8 3.60 92 
Bale l 9 .9 3 .42 95 
Bal e 2 5.5 56 1.14 33 29 

9/6 Gr een 8.2 4.27 
Dry 10.0 3.78 89 
Bale 1 10.1 3.50 93 
Bale 2 6.2 61 1.37 39 32 

9/ll Green 10.0 3.88 
Dry 9.9 3.86 98 
Bal e 1 10.5 3.39 99 
Bale 2 5.4 51 1.80 59 46 

Green, Dry and Bale, anal yzed Aug. and Sept. 1961. 
Bale 2 analyzed Jan. 1963 (16-17 months at 35°F.) 

CRe5- 5, AC- 1 
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Table 2. Detailed composition of hop oil from l o se and baled 
(24 l b./cu. ft .) Brewer s Gold duri ng 160-day stor ag per iod 
at room temperature. * 

Time Loose 
(gays)Total Myrcene Hum. B-car:J:> !:1Jlli Qt 1 .e r s Total !'f..;y;r.cene Hum. !:.lliJi OtherE 

1 3.19 2.635 .198 .07'7 .016 . 265 2.89 2. 192 .229 .110 .022 . 337 

7 2.95 2.238 .277 .081 .016 • .392 ,.., .. '4 
0 J._.# . 204 .114 . 015 -345 

35 2.45 1.713 . 203 . 124 .025 . 390 l 
0 7.4.3 .177 .085 . 01? . 328 

96 2.04 1.251 . 223 .093 .021 .452 0.99 -443 .175 .o 7 .251 

160 1.25 .716 .154 .053 .CJ19 . 307 0.51 .108 .244 
--------------
* Total and each component expressed ' I "'0 m . • 1 ,J g. dry hops. 

Table 3. Percent o.f the oil and of the myrcene remalnlng during 160-day 
storage per .:od. Brewers Gol d '3 .19 = !..00% oE 9 2.635 :: 100% myr .) 

Time - Loose -- Rating % Myr. baled 
(days) Oil Mvrcene on MYr cene -- % Myr. 1oose. 

1 100 100 90 .6 83.2 .832 

7 92.5 84.9 66.8 55. 3 .651 

35 76.8 65.0 42. 3 28.2 .434 
96 63.9 47.5 31.0 16.8 .354 

160 39 . 2 27.2 16.0 4.1 .151 
--

Table 2 gives the detailed ru1alyses of the oil and these 
data are expressed graphically in figure 1 . I t is cl ear that compre ssion 
accomplished the desired effect of r educing the myrcene content of the 
hops appreci ably in the early stages of the t es t 9 i .e.» prior to the onset 
of deteriorations and that this was not done at the expense of the 
other oil components . Table 3 shows that the proportion of myrcene in the 
oil from baled hops to the oil fr om loose hops kept decreas ing throughout 
the period so that 9 according to the hypothesis 9 a more favorabl e 
environment was continually devel oping for improved 0("- acid stabil ity in the 
baled hops. 

CRe5- 5» AC=l 



. m 
0 
0 

" cL 
t 
0 
0 

..c 
(J 
10 
OJ 

Cl\ -

1=\gvtre I. Compo<ii+ion oF loose aY\d 6a\ed hop oils 

dtAr\(\g (;, fY\Dil+hs room 'St-orage 

LO OSE 

. 
0) 
() 
G 

+ . 

3.0 
£L 

_£ 
(.) 
() 
QJ 

BALED (z4 

2.1. ..-1 
i 

0 < 

Deys 

.. 
1.1"1 

I 
o.o-l----___,..---..,..----r------, 

0 40 !P 12.0 lbO 
Days o 



55 

Table ;. .• Effect of compression on Br we s Go: d 
stored at R.T. 

Storage 13 Oi . cont ent(ml . L OOg.) 
time(days) ba_ed loose baled bal ed 

l 8 .8 8 .6 5.3 i:. ' ) .,J (1 3 .19(2 .61.) 2. 89 (2 . 19) 

7 8 . 5 8 . 5 5.0 5.0 2.96 (2 . 24) 2 .13(1.45) 

35 8 .1 7. 7 3 o8 . ... 2. 5(1.71) o. 74) 4o ..A. 

96 6.5 6 . 3 2.9 2.6 2.04(L25) 0.99(0.44) 

160 4.3 4. 2 2. 3 .• 9 1.25(0.72) o. 5l(o . r ) 

* Values in parent hesis are myrcene in ml./100g. dry hops " 

Table 4 i ncludes the DC= and f3=acid cat.a a."ld it. lear l y est ablishes 
t hat for the variety Brewers Gold 3 ca ed samp:ea a w: .m.Y£cene-Ld not 

an advant age over the loose samoles_ fr:)!!l -he s t andpoint of 
C( or /.3 =acid stabi i t.y during stor age . 

I t i s inter est ing t o n tc. t hat 35°F. stor age i s at.., .. t t d .m s as 
effective fer preserving hop oils as 68 f" g 

7 mont hs at 35°F. 

Loose 
Baled 

81% remaining 
47% remaining 

78% g 
47% remaining 

The data f or 35°F. was f r om t he 196"' e:c-op (AR 196. 9 p. 7 · ) 
and the 68°F. data was graphical ly :l.nt.e pcl at.sd from Table 3. 

Storage t ests with Fuggl e began with t.he harvest f 2 cts of we 1= 
r ipened hops on S p • 9 from the East Farmj) one hand-picked and one machin = 
picked . These were dried at 135=140° and the fol. owing day of each 
lot was baled in 1 lb . units at 24 lb . / cu .ft . and transferred to t he storage 
room (68-70°F.). Anal yse s were begun immediately and contin ed periodica l y. 
Detailed composition of the oils i s given in the appendix and the re sul ts 
are summarized i n the remaining ' ablss. 

Due to use of single samp es t he resu 'ts a:2e more erratic t han uhe 
Brewers Gold dat a but the same indica. i ons ar.EJ evident thus f ar g 

1. The oil content nf t he baled hops diminish s much more r api d. y than t hat 
of loose hops (Table 5). 

2. The loss in oi content i s p ima:tily a r·esul of my.cc ne degreda ion 
(Table appendix). 
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3. There was little loss in the content of hand-picked hops until 
after t he 2nd month but when the oss occurred there was no apparent re l ation-
ship t o compression or to the myrcene ntent (Table 6). 

4. hops began to lose 0(- acid sooner than hand-picked 
but the loss was not associated with compression or myrcene content (Tabl e 7). 

Table 5. Percent of t he oil and of t he myrcene remai ni ng during 164--day 
storage peri od. Fuggle (2 .130 = oil » . 453 = 100% myrcene) 

Hand Picked Machine Pi cked 
RatJ.o 

Time Loose . Bale %Myr . bal e/ 
Oil Oil Myrcene loose 

0 95.3 89 . 1 81 . 2 71 . 2 . 799 

t 94.4 85 .7 75.6 69 .2 

1 94.3 84.9 85.9 71 .5 

2 99.9 91.9 92.9 77 . 9 

4 100.0 89.3 68.0 53.7 

7 100.0 87 . 9 69.4 46.7 

21 100.0 100.0 54.5 39.0 

51 89.6 79 .5 53.5 36.9 

77 84.1 66.3 58 . 2 33.1 

164 62.9 53 . 1 35.2 20.3 

. 807 

.842 

. 847 

.601 

.531 

.390 

.464 

. 499 

. 382 

Loose Bale %Myr. bale/ 
Oil Myrcene Oil Myrcene loose 
92 .5 84. 9 65.7 59.5 .700 

90.6 83.9 76 . 5 64.9 

87. 3 81.0 77.4 62.4 

80 . 3 72 . 1 79.8 64.1 

84.0 58.4 58.1 45.8 

87.8 79.4 61.0 47.3 

77 .9 72 .8 47.4 33 . 8 

80.2 70.6 44.2 25.8 

72.3 65. 5 40.3 25.6 

53.9 42 . 2 27.6 13.2 

.773 

.770 

. 889 

.784 

.595 

.464 

•. 365 

.390 

.312 

In addition 1 this test indicates that a consistent lowering of oil 
content 1 C(- acid content and /.Slacid content results from machine picking. 

/.3 - acid and oil are lowered by 7 to 15% and baling appears to 
aggravate the loss. The suggestion i s that lupulin is physically lost 
during picking to the extent of with an additional 2-5% loss in baling. 
(Table s 8 and 9) 

CRe5-5 1 AC-1 
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Table 6. Effect s of compression on hops stored at R.T. 

Oi QQni-f;mt 
Storage - baled 

baled i:.otal t ot a 

0 6.7 6 . 7 '< 3.1 1.30 1.71 1.03 
1 5.9 7.4 2.8 .3 . 1 2. 01 . 25 .61 1.01 2 

, 6.3 6.8 3.0 3. 2 2.01 1.?..4. 1.83 1.04 .... 

2 6.6 6.5 3.2 3.2 2. 13 1.33 1.98 1.13 

4 6.0 5.7 3.5 .3.6 2.13 1.30 1.45 0.78 

7 6.3 6.6 2.8 3.1 2. 13 1. 28 1.4.8 0.68 

21 6. 3 6.1 3.1 2.6 2. 13 1.45 l .17 8.57 

51 6.6 5.6 2. 3 2. 5 1.91 1.16 0. 54 

77 6.2 5.3 1.9 2.3 1.79 0.96 1.24 0.48 

164 4.5 4.8 1.8 2.0 1.34 0. 77 0.75 0. 30 -
Table 7. Effects of compr ession on machine- £icked hops stored at R.T. 

Oi. content (m. 
Storage _.1 «-acid_ _ __ _ _Qal ed __ 

lO.Q§!! baled l!!W£ total DmG. total 

0 5.3 5.9 2.7 2.8 1.97 1. 23 . • 40 0.86 
1 6.2 6. 5 2.5 2.6 1.93 1.22 1.63 0.94 2 

1 5.9 6.0 2.7 2.8 1.86 1.18 1.65 0.91 

2 6.1 6.0 3.0 2.8 1.71 1.05 1.70 0.93 

4 5.8 6.3 2.8 2.8 1.79 0.85 1.24 0.67 

7 5.9 6.4 2.6 2.9 1.87 1.15 1.30 0.68 

21 6.2 5.2 3.0 2.4 1.66 1.06 1.01 0.49 

51 5.3 5.6 2.2 2.2 1.71 1.03 0.94 0.37 

77 5.0 5. 3 1.9 1.9 L 54 0.95 0.86 0.37 

164 4.0 4.2 1.6 1. 5 1.15 0.61 0.59 0.19 -- ---
AC-1 
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Table 8. Effect of machine=picking on the OC= content of Fuggl e hop. 

%1'3- acid __ 
LOQ§e Bal e _ _ LoQa. __ __ Bal e ___ 

Hand ill.f£ . Band Dif[. Band ljach. Diff. lLau\i Diff . 

0 6.7 5.9 0.8 6 . 7 5 • .3 1.4 3.1 2.7 .4 3o l 2.8 .; 
1 7.4 6. 5 0.9 5.9 6 . 2 0.3 2.8 2. 5 -. 3 .3 .1 2.6 .5 2 

1 6 .8 6.0 0.8 6.3 5. 9 0.4 3 .0 2. 7 .3 3.2 2.8 .4 

2 6.5 6 .0 0 . 5 6.6 6 .1 0. 5 .3 . 2 3. 0 .2 3.2 2.8 .4 

4 5.7 6 . 3 =0 . 6 6 . 0 5.8 0 . 2 3. 5 2.8 .3 3.6 2.8 . 8 

7 6.6 6.4 0. 2 6 . 3 5. 9 0.4 2.8 2.6 .2 3.1 2.9 .2 

21 6.1 5.2 0.9 6. 3 6 . 2 o. :... '2 3.0 - . 1 2.6 2.4 . 2 ....... 

51 5.6 5.6 0 6.6 5.3 1.3 .3 2. 2 .1 2.5 2.2 .3 

77 5.3 5.3 0 6 .2 5.0 0 .8 L9 1.9 0 2.3 1.9 .4 

164 o.Q. 1..§ - .6 bQ b2. .:.2 
Mean Q.Jj_ 0.£.:1 6.1ft 2 .. 
i_loss lo2.§..... ....:1.&!..12§ s _ ...14!....:2§§__ 
Table 9. Effect of on oil content of Fuggl e hops. 

Loose 
Time !!_and Macb . Diff . 

0 2.03 1.97 0. 06 1.71 1.4.0 0 •. 31 

t 2. 01 1.93 0.08 1.61 1.63 

1 2.01 1.86 0.15 1.83 1.65 0.18 

2 2.13 1.71 0. 42 1.98 1.70 0.28 

4 2.13 1.79 0.34 1.45 1.24 0.19 

7 2.13 1.87 0.26 1.48 1.30 0 . 18 

21 2.13 1.66 0. 47 1.17 1.01 0. 16 

51 1.91 1.71 0. 20 1.14 0. 94 0. 20 

77 1.79 1.54 0.25 1.24 0.86 0.40 

164 Wit hl2 M2 0.1£ 
Mean 1.96 1.72 1.44 1.23 0.21 
% loss 12.3% loss 14.6% loss --- ------
CRe5-5» AC-1 



59 

l. The hypothesis that OC storage st abil ity is increased by t he selective 
destr uction of myrcene through compression must be re j ected. Compr ession t o 
24 lb./cu.ft. was shown to effect neither cont ent nor the 
content either initially nor at any poi nt during t he t est period of 5 mont hs 
at r oom t emperature. 

2. Compressi on has an immediate ef fe ct on t he oil content t hrough reducti on 
of myrcene. Other components of hop oil ar e r el ative y st ab e t owards bot h 
compression and storage. 

3. Reduction of storage temperature f rom 68°F. to 35°F. appears t o reduce t he 
deterioration rate of hop oil (myrcene) by a fac t or of 7. 

4. Machine picking reduces the or-acid, and oi content of Fuggl e by 
8 to 10% (probably tl".!I'ough lo ss of lupuli:n) but does not influen c.e tl::.eir 
storageability. 

AC- 1 



60 

AC-2 (USBA 8) CHARACTERIZATION OF EXPERIMENTAL flOP LINES BY CHEMICAL 
ANALYSIS OF STROBILES. 

Objectives g 

1. Characterization of parental stock . 

2. Evaluation of crossing me hods for maintena.'1ce or improvement of quality 
characteristics. 

3. Quality evaluation of lines submit ted f or Brewer s 1 inspection. 

4. Extent of contribution of other bitter ing agents as the need arises. 

5. Complete characterization of lins s r eaching off-station testing. 

For further comment on Q£Wective s 1 guration, etc • . f this 
work plan see AR 1961 pp. 51- 2 or "Progress Report to USBA" dated Nov . 961. 

Snmmary: 

Analysis of 19 lines used in breeding revealed several which contained 
very cont ents . Rejection of the se is being considered by S. N. 
Brooks. 

421 samples from the genet i c trial have been anal yzed for oC- and 
1.3-acids. These ar e being eval uated st atistically for heritability of the se 
characters. 

All line s and se l ections l n the observat ion stage of testing in 
Or egon, Washi ngton and Idaho have been anal yzed for oC - acid , and oil . 
The best of these have been subjected to detailed analyses. 

No wor k has been done on other bit tering agents. 

Idaho 0-11 was sampled per iodically throughout the season and found 
to mature in a similar manner to Late Clust er. 

Results and discussiong 

Seventeen lines (Table 1) used as parental stock in the breeding 
program were harvested, dried, baled. and held in frozen storage until 
analysis. Sampl es were not obtained for 4 additional 107-I, 
Bull ion, and BB 215-2. Two additional samples, G-2071-3 and 128-I have been 
included although they have not yet been used as parents. 

Although a certain lack of confidence is usuall y associated with a 
single year's data, the results of the examination of this material for it13 
OC -acid content i s surely indicat ive in view of the rf' :latively normal or- acid 
values for the commercial varietie s which were grown, processed 9 and analyzed 
under similar conditions. The fal l wing breakdown shows the proportion of 
CRe 5- 5, AC-2 
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Less than 2%0C ? = 

experiment al 6 2 5 

commercial _Q_ .2.. I 
...J:I:_ 

6 4 9 

breeding material which f alls to meet the 4 . 5% O(=aci"l :req nts of new 
line s to be developed from them. The significa c· cf t hese at a cannot be 
clarified until evaluat ion of the heritabilit y of has been compl eted 
on the genetic exper iment by s . N. Br oks . 

The composition of the oC=acids f or t hei · ":;Ohumu one content have 
not been completely determined and will be r eported when fini shed . 

It i s i nteresting t hat while the ma j o:ri t y of the oC- a .... i ds ar 
extremel y the t otal oil content of most r. f t .hs l.:.nes repres nted her·e 
are r elativel y highD i . e . 9 4 ar e lower than Lat e Cl ·ster and only .is lcr;.rar 
t han Early Cluster . 

It is difficult t o compare oil=compcsit i on dat a for many .unes such 
as is given in Table 1 3 therefor e t he composit i cn=profiles are presented in 
Figures 1 and 2. The se ar e entered as a matte:" of r ec rd si nce at the 
present their i nterpretat ion is doubtful. I t can be n t ed 9 however » t hat 
many of the commercial varieties which have been deve'' oped and f ound accept able 
over a long period of year s have ver y profi l es while many of these 
recorded here diverge markedl y. Gas chromatogr aphic condit ions employed f or 
t he profiles shown here Beckman Hydrogen f l ame de act rD 
1/8" by 25' al uminum ctlumn packed with 2% (w/w) b t anediols ·cci nat e on 60/80 
mesh Chromosor b W. Sample size was 0 . 2 mi "rol iter with sp_itt ing r at i o. 
Operating temperature was 130°C9 is thermal . 

Towards accomplishment of objective analyses 
on 421 samples of hops from the genetic experiment have been turned over to 
Dr . Brooks for statistical correlations etc . It has been observed that 
methanol extr acts o.f some of t hese samples have excellent stability when he l d 
at (as i s the case with extr acts of male flowers) whi e others exhibit 
poor stability characterist ics (Tabl e 2) . The se observations will be checked 
and, if found reliabl eD will be used as preliminar y dat a f or fur·ther 
investigation of the cause of varietal differences in stability features. 

CRe5=5» AC-2 



Chemical description of parental stock 1/ 0" 
0 Table 1. 1\) 

::0 Oil ComQosition 
<D c(:acid ComQosition Total % % % % % % V'l 
I Sampl e (H.D.) %0( %t3 % CoH % AdH % H oil Myr. Hum. 13- C MNK ? Others V'l ... --- -- --
> (9/10) 60.2 76.8 0.9 14.7 0 BB 111-2 2.2 2.4 25 .7 14.1 1.51 4.9 2.7 
I 
1\) BB 122(L.C .) (9/4) 7. 0 4.8 35 .2 11.8 52. 5 0.81 79.1 4 .2 i.7 L7 13.3 

BB 203 (9/13) 2.7 27.2 12.4 60.4 1. 50 57.0 23. 3 0.4 10.3 
BB 222(Fu) (8/22 ) 4. 5 L7 24.1 10.6 65.3 1.14 27 .5 10.1 1.5 21.6 
BB 301-1 (9/10) L6 4.3 42.8 17.2 40. 0 1.36 6Ll 14.1 o.5 6.8 ll.4 
BB 3ll(B.G .) (9/4 ) 7.1 3.9 46.1 8.6 45. 3 2.68 67 .8 6.9 4 .3 0.9 2.0 18.1 
BB 316-1 9/21) L4 3.9 14.6 6.8 78.6 0.67 56.9 :J..2.6 3.7 L1 17.4 
BB 322( Ha) (8/31 ) 3.2 3.4 17.0 12.0 70.8 l. 07 44 .8 31.2 8.0 1.6 14.4 
BB 403 (9/18) L3 4.3 44.6 13.9 4L 5 1.60 56 .4 23.8 ? d5 0.7 1L6 
BB 405- 3 (9/ 18) 2. 0 3.8 38.5 16.6 44.9 L?O 62. 9 12.8 0.5 
BB 422(BA) (9/4) 3.7 6.0 35.2 4 .4 60.4 1.07 33.4 44 . 5 9.5 0.1 12. 5 
BB 501- 3 (9/21 ) 4 .6 2.2 35 .1 11.0 53.9 L 04 72. 5 4 .8 L4 0.6 8.7 11.7 
BB 507-3 (9/7) 0. 9 1.9 3L4 21.9 46 .7 0.66 71. 5 10.0 3.0 0.3 3.5 1L7 
BB 511-3 (9/10) 1.7 2.4 41.5 17.7 40 .8 1.33 78.7 6 . 7 2.3 0.2 4 .0 8.1 
BB 522(E.C . ) (9/7) 5.3 3.9 4L3 12.3 46.4 Oo59 64.8 10.7 5.3 2.6 2. 5 14.1 
15-S (8/29 ) 6. 0 6.4 55.0 15.8 29.2 0.28 21.0 37.1 lO. i 1.4 30.4 
50-S (9/4) 9.3 3.1 26.6 8.8 61. 9 1.71 32.2 22.0 4.9 2.1 8.8 
G 2071- 3 5.2 3.6 5.2 7.7 47.1 0.78 50.9 6 .9 3.9 0.4 37.9 
128- I (#164) 10.9 5.4 28.6 11.9 64.5 2.12 51.0 20.7 7.4 0.3 20.6 

---
11 Eliminati n of low OC- acid parent al mate ial is being considered by s . N. Brooks. 
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Table 2 . St ability of methanol ext r act s of some sample s from t he genet i cs 
trial . 

No.days after ext.1 n . 
.Identification 1st anal_ • _gnd anal . _lst anal . 2nd ana 0 1st anaL gnd a.."J.al. 

1073=2 2.56 1.8_ 3 . 88 J .61 . 7 . 15C 
2001=1 1.68 1.69 6 . 80 6 . 1 23 4S 
2051=2 5. 23 4 . 16 2 .00 2 . 8 49 125 
2063-3 4.48 1.'78 .60 1.8.3 7 95 
2082-1 5. 12 5.09 5. 33 4 . 89 26 96 

2.63 2. 51 5.17 4.96 19 96 
3049=3 5.45 4. 09 1.17 1.10 20 95 
3073- 2 4 .77 3 . 80 1.61 1.65 20 101 
3100- 1 3.95 2. 52 2. 69 J . l 2 19 95 
4010-3 2 . 17 1.49 2.51 2 . 35 100 
4018-3 2 .97 2.09 1.88 2. 02 10 173 

4-13 .3 .26 2. 70 2 .90 10 187 
4060-1 3.98 3 .59 1.97 2.03 3 1 3 

Anal ysi s of al l OSU, WSU, and U of I exper iment al lines an 
sel ections have been completed and are summarized f or up t o 3 year s in Tables 
3» 4, and 5. Those lines meri t i ng Brewers i nspection have been s bjected t.o 
detailed analyse s (Table 6 ) . While t he Washi ngt on and Idaho materi al s are 
select ions f rom Ear l y and Lat e Cl ust er and conseq"Jen .,ly of simi ar anal ysis to 
those varietie s, t he Oregon offer ings t o t ht! Brewi ng indust y displ ay a good 
r ange of oils , OC- aci ds 9 and cohumulone r a:.i os f rom mild t o strong . S ch a 
r ange of fer s a good possibili t y for sel ecti n of varietie s which can 
sat i sfy a broader spect r um of Br ewers needs . 

As a re sul t of expr ession of l a ""k of i nt ere s t in bitt er i ng agent s 
ot her than C(:.aci d by t he U3 BA Hop Resear ch Commi ttee » no work of t hi s nature 
was done thi s year . (3 cont ent s have bean r e howev- r » on all 
l i nes and sel ections. The reason f or this i n v i e-w· of sever al r eports 
concer ning t he adver s8 effect of 1-5' - acid on c:::(:.acid i t seems 
desi r able t o maintai n a r ecor d of thi s component until the quest ion i s 
set tled . 

Complete char acterization of l i nes r eaching off - st ation testing was 
confined thi s year t o Cl ust er t ype, being developed by R. R. Romanko 
at the Univ . of Idaho at Parma (Table 7) . 0-11 was gr own in a commerci al yard 
and sampl ed per iodi cal l y. On the basi s of oil anal ysi s 9 cone weight » and 
0{- acid, 0-11 appears to mat ure very si milar l y to the Late Cl ust er i n the 
surrounding yard . has a pot ential f or appr oximat el y twi ce the oi l 
cont ent of Lat e Cl ust er and cont ai ns somewhat more than Late Cl ust er. 
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Table 3. Chemical quality dat a on experimental ine s being devel oped at 
Corvall is, Oregon . 1/ All analyses on dried samples . 

(%D.Jhl (% D. B.) Oil contem1mJJlQQLD. B .e..) 
1960 1221 1960 1961 1962 1960 12£1 1962 

OB-801 8 .7 8 . 2 9. 3 4 .4 4.3 6 .1 0.45 o. 9 l o 2 
OB-802 3.4 4 .6 1 • .3* .3 . 0 3.7 5. 8* 0.31 0.90 1.76 
OB- 808 5.9 3. 2 .3 .4 3.7 4.1 5.6 0.48 0.82 0.98 
OB-812 8.6 8 .0 0 • .35 

5.8 .3 5.3 2.8 1.92 .2 . 24 
OB- 818 5.1 5.0 6 .8 1.7 2.9 3.9 0. 55 0 .89 1.16 
0B=831 6 • .3 6 . 2 4 •. 5.0 .4.3 . 68 
OB-8.33 7.6 5.8 6 .6 ,3.6 3.8 3.8 0. 58 0. 51 1.17 
0B=8.37 4.8 4. 2 4.0 6 .9 0.61 0.66 
OB-8.39 4.9 6 .4 4.6 7.6 0.90 0.89 

4 .8 6.0 3.9 5.2 0.40 0 6 
5. 5 4.1 1.10 

15-S 7.3 6 .1 6 .0 6 . 4 4.4 6.4 0.81 0. 54 0.28 
50-S 8.6 7.2 9.3 2.2 2 •. 3.1 1.02 1..39 1.71 
128- I 10.9 5.4 2.12 

___1.: 1 2· 7 ·"' C. _b6 o' l.O£t 0.78 
11 hop breeding and Yari al improvement program9 St anl ey Brooks . 

Moisture contents on 1962 sample s r ange f rom 9 to 1 %. 
* Anal yses verified by re-run . 

Tabl e 4. Chemical qua ity dat a on experiment al lines or selections be i ng 
developed at Prosser 9 Wash. l/1 A' 1 anal yses on dried samples. 

Q(- acid / OQg D.B.J. 
I dentifi cation ;J.260 1961 l29.g 1960 1.261 1962 1260 1961 1962 
E--1 6 .6 5.7 6 .8 2.6 3 .4 4. 6 0.21 0. 31 . ) 7 
E-2 ?) ? .1 5.2 7.8 2.7 3.1 5. 0 0.23 0 • .30 0. 59 
E- 2 A 7.9 5.3 5.0 2. 3 3 3.7 0.61 0.32 0.41 
E- 5 7.4 5.9 8.6 2.0 3. 2 5.6 0. 22 0.56 0. 51 
E- 9 7.0 6 . 5 6 .9 1.5 3.4 4.4 0.48 0.6.3 0.47 
E- 10 6.5 5.8 8 .1 2. 5 3. 0 4.9 0.36 0.48 0.40 
E- 21?} 5 ·4 5.4 '7 . 3 2. 2 3. 5 4 .7 0.36 0.38 0.60 
E-21 A 5. 2 7.0 3. 3 4.7 0.47 0.63 
L-1 11 6.2 4. 3 6. 0 2.7 ,3 . 1 4 .1 lost 0. 20 0. 48 
L-1 A 5.8 7.9 3.4 4. 7 0.50 0.84 
1-2 5 .o 6. 3 8 . 3 .3 . 1 4.1 5.5 0.22 0. 36 0.55 
1- 2 A 7.0 8 . 7 4.3 5. 7 0. 75 0.88 

5.1 5.6 8. 2 3. 8 3.9 5.5 0.25 0.82 0. 73 
1- 4 5.6 5. 2 8.1 2.5 3.9 5.4 lost 0.28 0. 55 
1-8 ?) 5.9 6 .6 9. 5 4.4 .3.9 5.8 0.40 0.22 0.69 
1- 8 11 7.8 5.3 0.69 
1-9 !J/ 4.8 7.1 3. 2 4.7 0. 51 J.89 
L- 16 a (9/ 4) 5.9 4.5 7. 2 4.2 3.1 5. 2 0.45 0. 35 0. 29 
1-16 b (9/13) 5. 2 8.6 3 •. 3 5.4 0.42 0.67 
1- 6 c -- 8/4 sL4_ 0.44 
ll I rrigation Exper iment St ation, WSU D by C. B. Skotland. 
?J Presented for Brewers Inspection Dec . ll s 1962 at Corvallis. 

Gassel iry 
Row 6, Rep . II. 

CRe5-5 , AC-2 
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Table 5. Chemi cal qual ity dat a on experim.ental l ines of sel ecti ons being 
developed at Parma» Idah 1/ All ana yses on dried samp es. 

9(- acid D.B.l Oil content (ml/lOQg_D .B.) 
Identification ,1961 1262 1961 "961 1262 

1.3.4% M.G. 
01 *5.8 7.4 2. 2 . .. 
0.3 *6 .9 7.8 2. 4 .8 .04 
04 2.6 2. 7 0 . 85 
05 *2 .4 4 . 3 0 .8 2. 2 0. 85 
06 *4.6 4 . 7 .6 1.6 0. 75 
07 5. 2 2. 5 . 82 
09(ear ly pi ck) 5 ? ). 4 Oo80 ·-09 (late pick ) 3. 7 4. . 8 l oE1 - "l '"] 

o -L ! 

010 2. 2. 3 2.4 4o 4 
01 (Bat t ) *5 .5 10 . 5 2. 2 4 .6 _ .. , 

O .. N 0 -
Oll (open) 10. 1 J a9 l o2:j 
015 5.0 2. 1 
017 *-= 5.3 4 . \.- o8:. 
020 7.0 4.8 l o.4.8 

EC 1 6 .0 7.8 2.6 t: . l 
EC 2 5.5 8.6 2.8 4 ., 

o .J.. L09 
EC 3 6.4 9.4 .J a J 4.8 
EC 4 5.9 8 .9 2. 3 4 . 7 l.OJ 
EC 5 6.7 8 •. '3 J .4 
EC 6 8 .9 8 . 2 1.2 J .9 o. 2 
EC 7 6 .1 8 . J .J-4 .3 . 5 0 . 94 
EC 8 6 .0 8 .7 3.4 4.1 0 . 94 
EC 1 4.6 7. 7 2. 8 4c l 

107-I *2.4 4.5 1.8 1 a 0.83 0.19 
*4.8 5.0 4.2 4 . 7 1.07 0.9u 
*6 .0 6 .5 3.4 4 .• 3 0.90 : . 48 

-- ·---------
11 Parma Br anch Experiment Station» u of I s by R. Rob ' t . R manko. 
* Submitted for Brewers i nspection 1962 . 
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Table 6 . Detailed anal ysi s of promising lines or se ections g 

Mls . oi1 Oil compositi on 
/.. OOg %Hum. 

OREGON ( 1961) J} 
OB- 801 0. 49 38 . 4 
OB- 826 2.32 61.5 
OB-830 0. 81 27. 2 

1 .43 43.1 
OB-835 1.12 41. 1 

0 . 90 35.2 
15-S 0 .54 38.2 
50- S 1.39 49.8 
WASHINGTON (1962 ) 
E-2 0.59 51 .6 
E- 21 0.60 4? . 
L-1 0.84 49 .4 
L-8 0.69 50.5 
IDAHO (1960) 

22. 0 
6 .1 

19 . 2 
18 .8 
17 .5 
21.2 
21.9 
15.9 

15. 0 
13 .4 
14.8 
14.7 

7. 8 
2. 2 
7 .8 
7. 1 
9.1 

6 .? 
7 . 3 

6 .1 
6 . 2 
6 .1 
5. 5 

2.5 
1.0 
4 . 5 
1.2 
1.2 
1.6 
3. 8 
1.3 

3 . 0 
2 . 5 
2. 7 
2 . '7 

8 . 2 
8 . 2 
6.6 
6 . 3 
7 .3 
4 . 9 
6.1 
7 . 2 

7 .8 
7. 3 
6. 0 
9.5 

4.4 
4.6 
2.4 
4.0 
2.4 
4.6 
4.4 
2.2 

5.0 
4 . 7 
4. 1 
5.8 

Co H 

. 52 

. 40 

. 9 

.50 

.43 

.44 

.51 

.29 

. 37 

.36 

.46 

.47 

2) 1.23 70 . 2 5.0 3. 1 2. 2 ·· o. :i D9 . l .68 
0- 11 11 1.71 73 . 2 /, , 4 2 . 2 1.8 10 . 599. 2 u50 
108-I Jh20 57.8 1.6 . 7 6.2 __1. 2 _2&_ _ 
J) Samples of 196 line s which were described as pr misi ng in 1960 or 196 • 

Obendorff Ranch 
1/ Batt Ranch 

Table 7. Maturat i on char acteristics of Idaho 0-ll . 1/ 
Q_ne Wt . (mg DM/ con§} Qi l content (m1/100g) oC"acid \%) 

J2at e Q:.ll L. C. 0=11 L.C. 1 L.C. 0-11 L.C. 

S/27 17.4 15. 9 99 89 0. 58 0. 36 8 . 0 6 . 7 
S/ 29 17 . 5 17. 1 0.81 0. 39 9.2 6 . 5 
9/5 21. 4 18 . 6 110 l 02 1.10 0.63 8 .5 5. 2 
9/10 18 .9 23 .4 121 142 1.46 0 .57 6.9 6.1 
9/12 20.3 23.4 125 129 1.64. . 0 .64 9. 5 5.7 
9/19 22.1 21. 2 125 123 1.73 0.98 8.1 5. 9 
9/24 22. 8 21.3 100 106 1.86 0. 98 6 .9 5.5 
9/26 24.6 22.8 129 125 2.13 0.99 9.0 5.3 
J.O/l 28 .2 J.l 6 M,2 ___2.22 1.09 2d 

hand-picked samples to OSU. Cone wt . and Oil cont ent 
determi ned on green hops . CX:- acid determined spectrophot ometrically on dried 
subsamples . 
'Late Cluster' ser ies used for comparison in thi s tab.'"e are the 160 lb . N/A 
samples from I daho fertili ' y trial which was conducted at the same location . 

CRe AC-2 
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AC- 3 ISOLAT ION OF HOP VOLATILES FROM BREWING o 

Summar y g 

Onl y about 1/3 of hop oi l re covered ei ther di stil ations or 
f rom direct ex-tractions is volatile when deal ing 'l.Jith extreme1 y small 
amounts (.20 micro i tars) . RecoYerie.s f r om distr l a i s r ange f rom 3% f or 
myrcene and 29% for !8-caryophyl l ene to 34% f or hum · eae . Dl t i lla i un 
periods over 4 hours do not help appreciabl y . Ra covari s of ho oil by 
direct extraction f rom Yater alcohol mixtures ax f ound to be inversely pro= 
portional to the alcohol content of the aq· eo s .hs.seo A new trap is eing 
built which should improve the extraction eff lc ' ency f or t he distillat'on 
procedure t be used i n recov r y of hop oil fr om beer samples o 

The ob ject of this wor k plan is t o develop a m&thod for tne lsulat ion 
and determination of hop vol atiles in beer in a manne which ·w ' l d be r:, ab e 
for verifying their pr esence bo th qualitat ively ancl q· a titat helyo 

I t is hoped t hat t he objectiYe of thi s work pl an can De achieved 
t o a degree sui able for r outine dete::'minat i on within on or t w.J year s o 

A me Jchod for the qualitative and quantitative esti:mation f hop 
oil from t he product s of vario s stages i s needed before a crit ical examina= 
t ion of its contrib tion to the brewing an be madeo 

Nature and extent of previous workg 

A series of aromatic concentr ates wer e recent l y i solated f rom all 
stages of brewing. Gas chromatogr aphic anal yses of these aoncentrat es f ai ed 
to verify the presence of hop oil. I t is believed 9 however 9 that the f ailure 
re sulted from i nadequate r esolut ion on the chrcmatcgraphic col umn because 
hops boi l ed in pure wat er (to avoid malt=volatile interference ) produce 
aromatic concentrates wit h characteristic hop oil chromatogr ams. 

Two other met hods have teen published for the isolation of aroma= 
concentrates from beer . Harold et a • (1 ) verified the presence of cert ain 
hop oil constituents 9 but their method r equires large volumes of beer and 
several days' work . Strating and Venema (2) used a simp er met hod but did not 
f ind hop oil in t heir concentrates . The method th:i s work pl an i nt ends to 
refine requires only 10 to 15 liters of sample an·· about 5 hours t o produce. 

(1) Har old9 Hildebrand» Morieson 9 and Murr ay 2 J o Inst. Brewo66 z 395=398 1960)o 
(2) Strat i ng and J. Inst o Brewo 67 g 525=528(196l )o 
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Procedure g 

The ' crude' method employs steam distillation of t wo ?-liter 
beer samples (dripping the condensate through about 5 inches of pent ans i n a 
Wright-Cannery trap) for 4 hours. The pentane extracts from each still are 
combined, dried with Na2soL.., the solvent removed. The concentr ate is 

seal ed in a glass ampoule and stored at -5°F. 

Gas chromatography i s isothermal (1600) n a 5% b t anediolsuccinate 
column . 

By this method myrcene i s lost, indicating excessive oxidation. 
This shortcomi ng will be eliminated. At present nothing i s known of the 
degree of recovery under these conditions. Recoveri es will be determined. 
Several methods of improving gas chromatographic resolution will be tried. 
These will in l ude (1) t emperature programming (2) lower coating r ates 9 
(3) longer columns, (4) more selective coat ings and (5) prel iminary separation 
of oxygenated and hydrocar bon fractions. 

Results and discussion g 

Work on t his work-plan i s just beginning. A speci al trap has been 
built which will allow a continual stream of nitrogen to flush the syst em 
throughout the distillation period (Figure 1). 

\) -cr c 
0 

\.J 

Figure 1. Distillation set-up f or isolat ion of hop oil from dil t e 
sol t i ons (3 ppm). 

AC=3 



A recovery using this traps indica .ed extremel y low 
recoveries are ob · ained (Table l ) o The w c i ons (0=4 h _, · s and 
4=7 hours ) indicat e tha t he poor r ecovery i s no+ a matter of at·on 
tiine o 

Table L Recovery of hop oil from 3 ppm solution in water o 

__ _ % r 

3o3 29 34 

0 . ol : o8 

A second al t ernative 9 estab .i s:b.ment of a par tition a - t he 
pent ane g aqueous i nterface m st be r e ·ected» since t he ss co Q. u Tl.a(;"Ci on 
period enjoyed fresh pent ane but aid net contain a suffici e:m- qua.r:rt.J_ty 
oil . The thir d possibil ity» physic a less» has a of s bs ·:an _,· at ion 
in that » after the disti l l ation» he top p rti n of ... 
flask {above the water l e•rel) was c·--,at ed wit h a fiL"D. ::.n::tl:: ath'e 
of polymerized oil o 

A new trap i s being buil which should impr ove extracti n 
ef f i ci ency by preventing re cycling of the oi lo This trap will have 
simultaneous condensat ion of the sampl e distill at e and f on 
t he same cold-finger ::!ondenser. 

7 

The uifficulties which can be expected to ar ise hav b en accented 
by the revel ation of the po r r ecovery of a simpl e ext.r action (by shaking) 
of hop oil f r om concent r ated (1000 ppm) waterg al :oh.::: l sol·,tions 
with pentane (Tab· e 2). I n ·his experimen 10 mls . of pentane wer shaken 
5 minutes with 10 m s. aq e us phase fr m 0 to 7 5% a:. c.:mta " ning 
20 microliter s hop oil . Th choice of volumes was made on th basis of .he 
amounts » and possible alcohol concentrat ions» to be ex_ ectad in t h.e 
act ual trap of the distill ation syst em. 

Table 2. Di stribution of hop oil in the syst em water g a coholg p ntane. 
(10 ml. 10 mlo aqueous phase 9 20 microliters hop oi ) 

Composit i on % r ecove£.L.i.n...J2entane extract 
,aqueous phase tot. oil vol .oil myrcene & car y. MNK 

0 % Et oH 60 22 16 35 23 71 

3 II II 55 17 10 21 22 .38 

75" II 55 .3 8 12 16 .32 - -
It can be seen tha even with pure wat er .30 t o 80% of some 

components are lostD and as t he alcohol content increases (as wi 1 be t he 
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case with beer distillates) 
extractions may sho,,r ed 
content of the aqueous phase . 

ower recoveries can be expected . Success "v'= 
rec \ ery9 especially ith the higher 

In both cases 9 di s i l ation and dir ct the i solate 
produced is on. y about 1/3 vola r e . This indi(;at s hat se.clcus 
deteriorat i on of the oil occurs after distillat i n from the flask. 

Extraction of 1 w c ncentr at ions of hop oil i n 
solutions brings abo ,t spe-..ial probl ems. Possibly th wors: . i s 
resinification and deposit i on onto the glassware of certai n constituents . 
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AC-4 INVESTIGATION INTO ANALYTICAL METHODS. 

Summaryg 

Attempts to duplicate the artificial stor age tests reported by 
Burgess (Wye Ann. Rpt. 1951) using hop extracts i n a heated environment 
were not carried far enough f or useful conclusions. Hop extracts (solvent 
removed) appeared to r equire in exce s s of 1 hour at 80°C. to deteriorate 
sufficiently to evaluate deterioration r ates as t hey might be af f ect. d by 
various treatments. 

Separation of small quantities of hop oil (or isol ates of 
concentrates of beer) into hydrocarbon and oxygenated fractions works very 
well. 

The method of Rigby and Bars (1) was tried and on y minor modifica·-
tions made it suitable for use in our laboratory. 

The conductometric method for determination of isohumulone in b er 
was evaluated and found unsuitable for adaption to the 2- point math d developed 
for hop extracts (AR 196lj 

Object. reasons. etc.: 

See Ann. Rpt. 1959 9 p. 113. 

Results and discussion g 

Artificial storage testsg 

1 ml. of petroleum ether extracts of hops ( 5 g. with 100 ml. solvent ) 
were added to 100 ml volumetric flasks and the solvent removed. These were 
then placed in an 80°C. oven and pair s r emoved at intervals. At the end of the 
test period all were made to 100 ml. with alkaline methanol and the q: and (.? 
acids determined by the U.V. method. 

The oxidation of 0\- acid in this test was le ss than expected and a 
second series was run including added hop oil to one set (0.25% redistilled oil 
added pri or to petroleum ether extraction). 

U.V. absorbing materials resulting from degradation increased the 
A275 readings sufficiently to make the results in Table 2 questionable. When 
ex - acid is calculated as "% remaining" as indicated by t he A325 reading 9 
Table 3 results. 

A single trial on samples from a test group of the Fuggle Baling 
and Storage Experiment (AC-1) was solvent removed with 02 9 

(1) F. L. and Bars, A. Proc . ASBC, pp . 46-50 . 
(2) Hudson and Cooper, J. Inst. Br. 66 g 298-301. 1960. 

CRe5-59 AC- 4 



74 

residues exposed to 80°C. for 90 minutes, then anal yzed by U.V . for 0(- acids 
and The results are in line with t he conclusion in t hat low 
myrcene content resulting from baling is not related to increased 
stability. 

Table l. Deteri oration and (3-acids in hop extracts at 80°C . 

Time 
Min. 
0 
20 
40 
60 
lgQ_ 

Table 2. 
Time 
Min. 
0 
10 
20 
40 
60 
120 
240 

Table 3. 

.'!1Il!e 
0 
10 
20 
40 
60 
120 
240 

Table 4. 

Hand picks 

L.C . il_961L Fuggle 
%0:"" %DC 
4.71 4.20 4.10 2.26 
4 .41 4.28 4.06 2.20 
4.35 4 .18 ,3 .86 2.11 
4.30 4 . 3 3.50 1.95 
4 . 20 3.68 3.3'7 0.28 

Deteriorat i on of Late Cluster extracts in pr esence of added hop oil . 

NQ on O:il added 
%!3 !CC %23 

4.49 3.79 4.21 3.77 
4.39 3. 75 4.41 ,3. 45 
4.21 3.70 4.15 ,3 .14 
4.35 3. 24 4.55 2.99 
4.41 3.39 4.05 1.72 
2 • .39 0 0 0 ) U.V. method 
M4 0 0 1 doubtful 

% A325 remai ning after exposure to 80°C. 

100 
99 
97 
94 
96 
49 
31 

Oil added 
100 

96 
93 
94 
74 
30 
27 

* Effe ct of baling on stability--of andt3- acid in extracts. 
Oil cont. Myrcene 
(ml /lOOgJ (m1/lOOg) 

loose 2.02 1.29 
bale 1.70 1.03 

c.::(" - acid _ !3 - aciL_ 
Qefore after before after 

6.1.3 
6. 14 

6.05 
5.95 

2.82 
2.81 

1.72 
2.19 

Mach. pick 9 loose 1.97 1.23 4 .89 
5.47 

4.91 
5.30 

2.48 
2.55 

l. 57 
1.83 bale 1.40 0.87 

CRe5- 5J) AC- 4 
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Separation of small quantities of hop oil into hydro carbon and 
fractions • 

.QQn,ditions 

lOOfil Fuggle hop oil (MPB-1$ 1.40 ml/lOOg» 61.8% myrceneD 
19.3% humulene, 5.8% 1% MNK, 12.1% others ) 

Fractionating 

Columng 80/150 mesh silicic Acid (Reagent Grade) 32 x 7 mm 
1in 10 ml burette) (covered with pentane) 

Methodg 100 fil hop oil 
2, 2 cc pentane 
3, First 6 mls pentane el uate discarded 
4, Collected 10 mls pentane eluate (in 12 ml conical cent. tube) 
5, Added 2 cc ethyl ether 
6, Collected and discarded next 6 mls after testing 
7, Collected 10 mls ether eluate (in 12 ml conical centrifuge 

tube) 

Concentrated samples from steps 4 and 7, removed sol vent with N2 stream 
and tubes in hot water bath. Found no residue in sampl e collected in 
Step 6. 

Chromatographed whol e hop oil and fractions collected on 1/8" x 25 ' BDS 
(5%) @ 160°C. 23.8 psi He, lg3_ split ratio» 2 x 104 HF (15/15) 

--· . . --- -
Results indicated and sharp separation of the two groups 

of compounds. Method should be excellent for resolving fermentation products 
from hop and malt volatiles from beer. 

Modification of Rigbz- Bars (1) isohumulone and 0(- acid determination in wort. 
I . 

-- . 
Difficulty with emulsions led to experiments with other solvents 

(Table 5) using a rocker-type spout 60 inversions per minute. 

Table 5. Emulsion ratings of various solvents. 

Emulsion flefore centrifuging After centrifuging 

worst cyclohexane cyclohexane 
iso-octane iso-octane 
heptane petroleum ether 
n- hexane heptane 

least petroleum ether n-hexane 

(1) See footnote under "Summary" this section. 

CRe5-5$ AC- 4 
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Further experimentation indicated that emulsions after 
shaking could be broken with a stirring rod and recent rifuged. 

Noted U.V. interference by use of certain neoprene stoppers. 

The me·thod as decided upon WB:!3 as follows g 

50 mls. wort or beer (degassed)_9 3 ml. 6N HC1 9 and 25 ml. iso-
octane into 100 ml glass=stoppered cylinders. Shake 20 minutes and 
transfer contents to centrifuge tube. _Centrifuge 5 minutes at 2000 r.p.m. 
and if emulsion remains» break it with rod and re-centrifuge. 
Transfer 10 ml. iso-octane to test tube containing 10 mls. acid methanol 
and shake. Dilute 5 mls iso- octane layer to 25 mls. with alkaline methanol 
and read A235 and A360· 

Calculate isohumulone and 0(- acid g 

ppm iso. 

ppm o( 

48.5 A235 - 26.5 A360 

8o A36o 

Conductometric of isohumulone _in beer. 

The conductometric method for determination of_ isohumul one in beer (1) 
was studied to determine the applicability of a modification similar 
to that made (1961 AR). _The change in the excess-titrant portion 
of the titration graph was found t9 have too l ow a slope to put sufficient 
reliance in two single readings. It was decided at the present at least 9 
promise of success was too small to justify continuing and the work was 
abandoned. 

(1) Hudson and Cooper» J. Inst. Br. 66 g 1960. 

CRe5- 59 AC- 4 
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AC- 5 SERVICE WORK FOR COOPERATIVE AND AGRONOMIC TRIALS • 

.Summary: 

Analyses on 27 experimental liness 1 mat urity series on a variet y 
and 4 maturity series on a fertility trial were done for R. R. Romanko at 
U of I Branch Station at Parma 9 Idaho. Analyses on 20 l ines and 8 virus 
infected samples were done for C. B. Skotland of WSU Irrigation Experiment 
Station at Prosser» Wash. Analyses were done on 36 sampl es from vari ous 
agronomic trials reported under (Zimmermann) . 

etc .:L 

See AR , 1959. 

IDAHO 

Cooperative work wit h R. R. Romanko (Plant Pathol ogist) U of I 
at Parma ,ll Idaho) included t:X"- acid,ll and oil content determinat ions 
on 27 lines and selections (Tabl e 1), and the maturat ion characteristics of 
Idaho 0-11 (see detailed anal yses of 2 samples of 0- 11 and 1 sample 
of 108-I for cohumulone ratios. and oil composition (see AC-2) » and a series 
of periodic samples of 4 entrie s in a nitrogen f ertilit y trial and 
t3 - acids j) oi l content, cone weight , moistur e content and Kjeldahl nitr ogen 
(Table 2). 

WASHINGTON 

Twenty samples from C. B. Skotland 1 s (Plant Pathologist 9 Irrigation 
Ex2t. Sta. 9 Prosser 9 Wash.) selection program were analyzed 
tf-acid 9 and oil content (see AC-2). Also 8 samples from his disease 
nursery were analyzed for and (.3' -acids (Table 3). 

OREn ON 

Late Cluster pr1me and traj nj ng experiment 

As often happens 9 the 3rd year's data indicates a significant change 
brought about by the treatment after 2 years of non- significant data. Such 
is the case wit h the from samples of this trial, statistical 
manipulation suggests that the content of Late Clusters can be raised 
by late treatment and may be lowered by Fall treatment. If the data for 
the full 3 years (Table 4) is examined it can be seen that the highest 
q--acids have consistently been associated with late pruning and the lowest 
eX - acids with Fall pruning. 

The oil content has consistently shown no tendency to respond to 
any of the treatments. 
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Table 1. Chemical quali ty data on l ines or selections being developed at 
PARMA: Il)AHO. 

Oil content 
D.B.2 D.B.} (ml/lOOg D.B.} 

Identification 1961 1962 1961 1962 1961 1962 

13.4% M.G. 
01 5.8 7.4* 2.1 2.1 1.31 
03 6.9 7.8* 2.1 4 .8 1.04 
04 2. 6 3.7 2.7 3.5 0.85 
05 2.4 4. 3 0.8 2.2 0.85 
06 4.6 4.7 1.6 1.6 0.75 
07 5.2 2. 5 0.82 
09(early pick) 5.2 3.4 0.80 
09(late pick) 3.7 4.1 1.8 1.6 1.17 

010 2.1 2.3 2.4 4.4 0.62 
Oll (Batt) 5.5 10.5* 2.2 4.6 .71 
Oll(Obendorf) 10.1* 3.9 . 23 
015 5.0 2.1 . 0.56 
017 5 4 .1 0.8 . ,., 
020 7.0* 4.8 L48 

EC 1 6.0 7.8 2.6 4.1 0.94 
EC 2 5.5 8.6 2.8 4.1 1.09 
EC 3 6.4 9.4 3.3 4.8 1.00 
EC 4 5.9 8.9 2.3 4.7 1.03 
EC 5 6.7 8.3 3.4 4 .3 0. 90 
EC 6 8.9 8. 2 1.2 3.9 0.72 
EC 7 6.1 8.3 3.4 3.5 0.94 
EC 8 6.0 8.7 3.4 4 .1 0.94 
EC 11 4.6 7.7 2.8 4.1 0.88 

107-I 2.4 4.5 1.8 1.9 0.83 0.99 
108- I 4.8 5.0 4.2 4.7 1.07 0.90 

6.0 6.5 3.4 4.3 0.90 1.48 

* Submdtted for inspection 1962. 

Table 2. The maturation of IDAHO Late Cluster at 4 nitrogen levels* 

Dr;y: matter mg. d.m. Qer cone 
Date gQ.Ji 160 N 200_!1 240 N 120 N 160 N 240-B 
8/17 13.9 4.1 12 .9 13 .1 74 73 72 79 
8/22 14.8 16.4 16.4 16.4 78 90 92 93 
8/27 15.9 16.4 16.0 16.9 81 89 85 79 
8/ 29 17.1 17.1 17.2 17.6 113 107 88 91 
9/3 17.5 16.7 18.0 18.7 124 106 113 107 
9/5 19.7 18.6 20.0 16 .8 93 102 119 102 
9/10 20.0 23 . 4 16.0 18.5 89 142 105 120 
9/12 20.9 23 .4 25 .8 23.9 125 129 154 159 
9/ 19 19.4 2 ...... 2 20.5 20.5 128 123 128 136 
9/24 22.2 21.3 21.8 21.7 129 106 130 133 
9/26 22.6 22.8 21.4 21.6 122 125 119 138 
10/1 23 .8 28.2 22 .8 22.8 124 142 144 143 
10/3 27.5 29.3 25.8 22.5 142 146 129 
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Table 2. of Idaho Late Cluster at 4 nitrogen levels (cont.) 

8/17 
8/22 
8/27 
8/29 

·9/3 
9/5 
9/10 
9/12 
9/19 
9/24 
9/26 
10/l 
10/3 

Date 
8/17 
8/22 
8/ 27 
8/ 29 
9/3 
9/5 
9/10 
9/12 
9/19 
9/24 
9/26 

mls. oil . per lOOg. d.m. 
N 200 N N 

0.1$: 0.12 0.26 0.13 
0.23 0.20 0. 20 o.3o 
b.2i 0.36 0.21 0.30 
0.49 0.39 0.29 0.38 
0.57 0.40 0.56 0.53 
0.51 0.63 0. 58 0.40 
1.08 0.57 0.72 0.72 
1.11 0.64 0.87 0.84 
1.29 0.98 1.05 1.14 
1.08 0.98 1.15 1.03 
1.37 0.99 Ll7 1.39 
1.19 1.09 1.28 1.32 
1.45 1.02 1.22 1.25 

120 N 1.60 N 20Q_] 240 N 
2.9 3.6 4.0 4.1 
3.2 3-4 2.8 3.2 
3.3 5.3 4-5 3.9 
3.2 4.1 3.5 3.9 
2.5 4.0 2.8 3.7 
3.8 4.6 3.9 3.9 
4.0 4.0 4.0 3.7 
4.0 4.1 4-3 5.0 
4.1 4-9 5.4 4-5 
4.1 4.1 3.7 4.1 
4.1 3.7 3.0 4.6 

10/1 4.2 4.1 5.3 3.0 1QLL_L.Q __ = __ ,1:..2 -* Grown single rep. commercial farm. 

5.4 4.2 4.2 3.4 
5.5 5.6 7.3 5.5 
4.7 6.7 5.1 4.6 
6.2 6.5 4.9 6.6 
6.4 6.3 6.5 7.7 
6.5 5.2 6.4 7. 0 
6 .3 6.1 6.6 8.0 
6.9 5.6 6.3 7.1 
6.8 5.9 6.2 7.5 
7.0 5.5 7.8 7.9 
7.7 5.3 7. 5 7.1 
6.9 5.7 7.5 8.5 
7.5 6 .9 6.9 
__ !_Nitrogen (Kjel dahl) 
120 N 160 N .N 2!J,O N 

-------Hand picked and air mailed to OSU. 
% D.M.» cone weight and oil content determined on green hops. Subsamples 
dried (130°F.) 9 baled and held at -5°F. until analysis for OC- and ;.3-
acid and Kjeldahl nitrogen. 
Table 3. Chemical analysis of samples from virus disease nursery, 

PROSSER9 WASH. 

Treatment !..@__ 
Ro-w 1 Rep. II E2 + V2 6.0 3.7 

II 2 II II E2 + V1 8.8 2.7 
II 3 II II E2 or injected roots 7.5 3.9 
II 4 II II E2 + V3 9.0 4.1 
II 5 II II v2 4.2 3.1 
II 6 II II vl 5.8 4.2 
II 7 II II E2 6.9 4.3 
II 8 II II V3 6.8 3.6 

CRe5=5D AC=5 
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Table 4 . 3=year summary of the effect of pruning and trai ni ng on Late 
Cluster . 

Prune t ime 
Fall 

Training 
1st crop 
2nd cr op 

. % 

6.79 5.78 
6.48 

Mls. oi l/ OOg • 

5.73 0. 54 
2.42 0.63 

0. 53 
0. 59 

b.63 
0.67 

Earl y Spring lst crop 
2nd crop 

6.59 
6.52 

6.42 
6. 57 

5.81 0.63 o. 4 0.72 
6.97 0.55 0. 59 0.75 

Lat e Spring lst crop 6.73 7.37 6.71 0.49 0.60 0.67 
____________ ____ 6_.4_9 __ ____ o_.4_9 _____ o_.6 ____ o_. __ 72 

Overall it can be sai d that if pruning practices affe ct 
it \ol'ill be t hat Fall pruning l o\ol'ers t he:m and l ate Spring pruning r ai se s 
t hem. I t seems safe t conclude t hat t he oil c ntsnt of Lat e Cl uster 
is unaffected by a \ol'ide range of pruning and training practices. 

Height of Trelli s Tri al 

No significant differences in the 0(" = or t3 cant nts were 
observed to result from the main tre atment trellis height s 169 and 
20 feet. For full details of this exper iment see (Zimmermann) . 

gibbere lie Acid Trial s 

Anal yses f or OC- and f or oi l content wer e determined 
on the f ollo\ol'ing t rials g 

1. Kerr Ranch Fuggle {seeded)» 
2. Sch\ol'abauer Ranch Fuggle (seeded) .9 

3 . Univ . Farm (L.B.) fuggle (seed ess)9 
4. " II (E.F.) Fuggl e (seeded) MATURITY 
5. II II (E.F.) (seeded) RATE TIME v 
6. Kerr Ranqh Bre\ol'. Gold (seeded) . 

For discussion on these trials see CRe5- 4 (Zimmermann). 

CRe 5-5 9 AC- 5 
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AC- 6 (USBA 20) INVESTIGATION INTO THE CAUSE OF CONE BREAKAGE (SHATTERING). 

Summary g 

Fuggle cones are tougher duri ng the day than during the night . 
rhis not _provide picture no i nformat ion i s avai l able on 
pickabi l ity. It be t hat detachment is easier at night so that night 
picking (commercia! ) could pr oquce shatter • . 

- - - -
The method for testi ng cone breakage in green hops is fe l t t o be 

satisfactor y from t he st andpoint of precision . Correlat ion of r esul t s of 
tests on green and dr y hops were not accomplished t hi s year. 

_ Gibberellic acid has been found t o produce cones whi ch are mor e 
suscepti ble to shattering. This i s a si ngle year ' s dat a and will r equi r e 
additional tests f or a firm conclusion . (Complete report in t hi s CRe5-4) . 

As expected, seedl ess Fuggle was found to produce much tougher 
cones than seeded Fuggle. We hope to pursue t he r el ation between pl ant 
hormones and development of t he cones . 

Measurement of detachment force has been initiated ror 
of completing the picture of cone breakage and bruising incurred _during 
the picking operati on. Initial results indicate the instrument selected f or 
this purpose wil l be adequat e t o measure rel atively small differences in 
pickability. 

Objectives g 

. . . 

A. To establish a method f or the ob jective measurement of suscept-
ibilit y to cone breakage duri ng harvest . 

B. To determine the extent to which various f actors involved in 
the product i on of hops i nfluences t he shattering encountered duri ng 
processing. Tentati vely these wil l 
1. Maturation 
2. Varieties 
3. Fertilit y 

Duration. reasons 9 etc g 

See 1961 AR P• 63. 

Results: 

Tests of cone breakage on Fuggle at 8 A.M.» 11 A.M. and 2 P.M. 
indicated cones were tougher around noon. A similar test series on Aug. 14 
and 15 (1 week prior to maturity) supported this and further indicated that 
cones were appreciably more fragile during the night (Table 1). I t was not 
possible to t ell whether this ef fe ct was relat ed to either temperature or to 
relative humidity . It is probabl e that the ef fe ct is act ually a result of 
turgidity changes associated with active water uptake whi ch is largely 
independent of temper at ure or r elat i ve humi dity. CRe 5_5P AC=6 
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Table 1. Change in cone toughness during a 21 hour period fresh). 

whol e cones 
Time R.H. Temp. % D.M. Samp.l Samp.2 Samp.3 Average 

8AM 60 64 20.1 46.2 45.0 48.7 46 .6 
11 AM 24 77 20.5 51.7 53.0 51.7 52.1 
2PM 20 85 18.8 50.0 51..3 50.? 
lAM 90 64 19.4 .38.4 41.7 40 .0 
5AM 92 57 19 • .3 .36.0 32 .7 .32.0 .3.3 .6 

In this test both whole and broken cones were recovered and weighed. 
It made no difference if the % whole cones were based on the original sample 
weight or on the weight 'Which was recovered. 

The precision of t he method (30 minute tumble with #7 rubber stopper 
beginning .30 minuJ;.es after sample is picked) was f ound t o be in the range n.f 
t.3% (Tabl e 1) which would be adequate for evaluat ion of new varieties. 

Shatter tests were made periodicall y on a check and .3 treat ments of 
ppm gibberellic acid on Fuggle ; 1. Gibrelate 400 (an ester) 9 

2. Gibrel (technical GA.3 with spreader) 9 .3 . Technical GA3• Chemi cal s 
were applied when the hops were 4 to 5 ft. high. For a detailed report of 
this experiment see this AR» CRe5- 4. 

During the season the % whol e cones dropped from 60% to 35%. 

Gibrelate '400 1 and Gibrel produced larger cones but they were mor 
susceptible to shatter than either technical GA3 or the check. I t is not 
clear whether this observation is a cause and effect re l ationship or simple 
coincidence . 

No indication of an 11 optimum11 harvest date during which is 
low was observed although this is generally experienced by hop growers . 

Two samples of seeded and seedl ess Fuggle (Stauffer) were tested f or 
shatter, using the method f or fresh hop. Although there was a substantial 
difference in cone sizes » it would in no way account for the difference in 
shatter. 

Date 
8/23 
8/27 

_ % whole 
Seeded 
28.6 
24 • .3 

cone§._ 
Seedless 

73.6 
70 .1 

A precision-dynamometer was acquired for the purpose of determining 
the detachment force required for cone removal and a special adaptor was built 
to make the instrument suitable for use with hops. Due to the lateness of 
acquisition only very preliminary measurements could be made to determine its 
ability to indicate the differences which are encountered in hop picking. 



Results of the few tests made indicated the f ollowing g 

1. Good reproducibility between flowering branches on the same vine . 

2. Detachment forces required decrease from the apex to t he base of the 
sidearms. 

J. Detachment force decreases from the top of t he vi ne downward . 
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4. There are wide differences between varieties. The det achment f or ces 
from 250 grams to 750 grams and we believe di f ferences of 100 grams could 
be easily detected between treatments. 

AC-6 
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THE INFLUENCE OF HOPS ON THE FERMENTATION PRODUCTS OF BREWERS YEAST . 

Smmnary g 

Using a crude method of isol ation of an aromatic fraction of beer 
which was devel oped for the isolation of hop vol at iles 9 sever al isolates wer e 
made of hopped and unhopped f ermenters. Gas chromatogr ams of these indicated 
the enhancement of at least 9 components by t he presence of hops and 
i nhibition of production of one componen • On t his basis it was concluded 
that hops affect t he metabolism of brewers yeast in a manner whi hresults in 
variation in the product s of fermentation and hence possible var iation in 
flavor and/or aroma of associated brews. 

Objectiveg 

To determine t he extent t o which the presence of hop extrac i es 
modifies the ferment ation products of Brewers yeast. 

Justificationg 

Hops have a wall=known antibiotic af fec+ 9 l argely r esulting from. 
their O("=acid content . activity is " o.f co'U!"se, a manifest ation 
of a cert ain degree of disturbed metabolic activit y in micro-organisms. 
That hops possess this qual ity makes them reasonable suspects as carriers 
of biochemical agents capabl e of influencing the normal metabolic paths i n 
any micro-organism but that the degree or direction of change is not al ways 
del eterious. 

To the brewer the side reactions and excretory products of a coholi c 
f ermentations of yeast == t he higher alcohols 9 aldehydes and organi c 
acids are basic to t he f l avor pr operties of beer . The inYol vement of 
met abolic modifiers f rom hop extractives then becomes important from the 
standpoint of flavor modificat ion. 

Nature and extent of prev·ious wotkg 

Refer ences have been made in several literature sources to the fact 
that hops have an effect on yeast fermentations» but none have followed 
t his up with actual experimental work of any kind until the recent paper of 
Welch» et in The American Brewer (Feb. 1963). A complete literature 
survey is being prepared by J. Harl and Anderson in connection with publication 
of the material reported here and cooperative work in his own laboratory at 
Blitz-Weinhard Brewing Co . 9 Portland» Oregon. 

]2urationg 

After 2 or 3 years (1964 AR or 1965 AR), the accomplishment should 
be valuated and the project if it i s desirable to continue. 

AC-8 ·' 
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Procedure: 

1. Improve the isolation method. Specifically9 this would involve 
ing out the extraction (steam distillation in a re- cycl i ng 
apparatus) under either inert atmosphere or vacuum. 

2. Determination of the type of partition which occurs at the petrol eum 
ether: ethanol- water interface in the trap of "the distillation apparatus. 

3. Comparison of isolates from fermented worts with simil ar isolates 
from simple fermentation for the purpose of establishing a controlled 
environment. 

4. After establishment of a controlled f ermentation environmentg 
tentative identification of major fermentation products by GLPC on 2 columns 
and IR spectra if isolation of sufficient materi al is possible. 

5. Comparison of fermentation products in the absence of hop extracts 
with those in the presence of hop extracts. In the event of a positive 
influence, various fractions of the hops would be examined t o determine i t s 
origin. 

6. Examination of data for evidence of survival of hop oil through 
extraction and fermentation. 

This work would be carried out at O.S.U. with the close cooperativ-e 
efforts of Blitz-Weinhard Brewing Co. so that the facilities of each could be 
used to fullest to accomplish the ob ject i ve . 

B§sults and discussion: 

Isolation of volatile, aromatic concentrates from sampl es of brew 
at various stages of processing (Table 1), was accomplished by the method 
employed for the isolation of hop volatiles described in last year 's AR (p .84). 
The examination of these samples was of preliminary nature to determine whet her 
or not hops exerted sufficient influence on fermentation characteristics to be 
observed by this technique. 

Chromatograms of isolates from samples number lg 4, 6, 14 and 15 
(Table 1) were compared with a chromatogram of pure hop oil from the same 
lot of hops used in the brews for the purpose of establishing the contribution 
of hops to the volatile concentrate. These are displayed in figure 1. 
Careful examination of these led to the conclusion that the test method would 
not show peaks brought about by addition of hops. 

With that information it was possible to compare hopped and unhopped 
fermenters (samples 2 and 8 of Table 1) and hopped and unhopped fermenters -
after ruh (3 and 10, Table 1). These are displayed in figure 2. 

Peaks 1 through 8 arise from malt (see figure 1) and were considered 
suitable for adjusting the size of the samples to be chromatographed so that 
the remaining peaks would be comparable. Peaks 22 and 34 have appeared 
inexplicably in various samples, some prior to fermentation » (figure 1) and » 
at the present s must be considered spurious. 
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Components 29 9 31» 33» 36j 40P 47 D 48 and 52 appear to have 

been enhanced by the presence of hops while production of component 53 was 
severely inhibited. 

Conclusions & 

On the basis of comparisons of chromatograms of isolates from hopped 
versus unhopped fermenters 9 i t must be concluded (at least as a working 
hypothesis) t hat the presence of hops does affect th met abolism of brewers 
yeast in a manner which resilts in variat ions in the aromat ic fractions of 
the resulti ng brew9 and that these changes may very well br i ng about 
variations in the flavor and/or aroma of those brews . 

Table 1. Description of samples taken and amounts of isolate obtained. 
All samples from Brewing Co. 

Sample (4) 
Boil time Date Brewing Chromatographed 

1 
2 
3 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

14 
15 
16 
17 
\lJ 
(2) 
(3) 
(4) 
(5) 

5 min. 
" " 
" 
" If 

If 

II 

" If 

60 min. 
" If 

If 

Figure 1 

5/11 Unhopped wort 
5/ 25 Unhoppad fermented (2) 
6/19 Unhopped Ruh 2) 

(3) 5/2 
6/4 
5/2 
6/ 4 
5/2 
6/19 
5/ 7 
6/27 
5/15 
6/27 

(3) 5/7 
5/7 
5/14 
5/21 

Wort 
" Spent hops 

If 

Ferment ed wort 
II 

Ruh 
II 

Polish 
II 

Wort 
Spent hops 
Fermented wort 
Ruh 

64.6 
50.0 
4.3 .9 

42 .2 
53.5 

193.7 
159.2 
27.8 
35.0 
55.4 

175.4 
49.9 
72.7 

41.4 
169.5 
47.1 
76.6 

Laboratory fermentation in 5 gallon milk cans. 
Hopping rate of 90 lbs./kettle (435 bbls.) on 0.81 g./liter 
14 liter samples 
Figure 2 

(1) 
(5) 
(5 ) 

(1) 

(1) 
(5) 

(5) 

(1) 
(1) 

CRe 5-5 9 AC-8 
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AC-9 QUALITY CHANGES DURING DRYING AND BALING. 

Summary: 

Analyses of oi ls from the bale-density experiment r eport ed l ast 
year indicate t hat oil losses resulting from bal i ng ar e brought about by 
lupulin damage with subsequent preferential di sappear ance of myrcene . 

No new wor k was i nitiated on the 1962 crop . 

Objective : 

To determine factors responsible f or quality losses D especially 
oil content and composit i on» as they are associated with t he production 
processes drying and baling. 

Quration. reasons . et c : 

See AR p. 67. 

Results: 

The etc . reported here is actually a completion of the work 
reported last year (1961 AR p. 70-74) under Factors Influencing St orageabi l i t y . 
Since the change i n oi l content and in t he compositi on of t he oil was a direct 
result of bal ing» it seemed appropriate to put t his dat a under AC=9 t hi s year . 

The amount of oil l ost by 6 lots of hops incl uding 4 variet i es as a 
result of bale=densities fr om loose up to 36 l b./cu.ft . was reported last 
year in Tables 1 and 2 pp. 71 and 73-4. Oil samples collected from 2 widely 
different Late Cluster and Brewers Gol d were analyzed by gas 
chromatography l/. The results (Table 1) indicate that the loss of oil is 
primarily a result of polymerization i n both varieties. 

Photographs of opened cones from looses and 36 lb./cu. ft. 
bales showed clearly that lupulin damage was directly associated with the 
increased density. As suggested last year this fact is undoubtedly associated 
with myrcene exposure and loss. 

No new work was started in 1962 under this work plan but, if time 
some work on maintaining lower temperatures during baling is 

anticipated. 

1/ Conditions: Flame ionization detector. 
column packed wit h 5% butanediolsuccinate. 

2 sample. 1/8 in. 
Temperature, 16oo. 

X 25 ft. 
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Table 1. The composi t i on of oil recovered from hops baled to various 
densities. * (Complete dat a in Appendi x). 

Ml.oil/lOOg .at given bale densit:d lb .Lcu.:t;t . ) 
1.57 (loose) 12.0 24. 0 32.0 Vari ety 

Brewers 
Gol d 

Late 
Cluster 

Component 

Myrcene 
humulene 
1.5-caryophyllene 

methylnonyl ketone 
ot hers 

Total 

Myrcene 
hum.Ulene 
i-3=car yophyllene 

methylnonylketone 
other s 

0.266 
0.141 
0.019 
Q..566 

.3 .800 

0.594 
0 . 095 
0. 0.38 
0. 020 
Q .• 

1.802 1.470 0.909 
0 .206 0.254 0.238 
0.124 0.158 0. 11-:--.3 
0 .019 0.025 0.025 

Q4,87 Q.-4.?8 

2.603 2. 394 1. 793 

0 .473 0.270 0.189 
0. 079 0.090 0. 088 
0 0 03.4. 0.035 0.032 
0 .022 0.019 0. 019 

Qill<t f.h.l4Q 
Total 0. 19 0.771 0. 57:2.___ 0.468. __ _ 

* Al l results except t he l oose sampl es are averages of anal yses o oi l s 
from duplicate bales . 

Table 2. Bale density and oi l composition f or Lat e Clust er and Brewers Gold 
(1961 sample·s 9 see t his rapt. CRe5=5s AC=9) 

ml . oil/ 
Y.ariety lb. /cu. ft. 100 g. % hum. <£3 ::.cary. !_MNK otht:ir 

1.57 3. 80 73 . 9 7.0 3. 7 0.5 14.9 
Gold 12 2. 79 68.3 7.6 4 .6 0. 8 18.7 

12 2.42 70.2 8.3 5.0 0. 7 15 .8 
24 2.45 60.2 11 .4 6.8 1 . 0 20.6 
24 2.34 62.6 9.8 6.4 1.1 20.1 
32 1 .85 53 .7 11.9 7. 3 1.3 25.8 
32 1 .74 47.5 14. 8 8.7 1.5 27. 5 

Late 1.08 0.92 
0.84 
0. 71 
0.60 
0.55 
0 . 51 
0.43 

64.6 
62.6 
59 . 5 
46 .6 
47.4 
40.1 
40.4 

10.4 4 . 1 
4. 2 
4.6 
5. 6 
6. 7 
7.1 
6 .8 

2.2 
2.9 
2.8 
3.4 
3.2 
3. 5 
4.7 

18.7 
20.6 
22.2 
30 . 3 
25. 2 
30 .9 
28.8 

Cluster 12 

100% whole 

12 
20.5 
24.0 
30. 5 
36 

L.C. 12 

100% broken 

0.88 62.5 

9.7 
10.9 
14.1 
17.5 
18.4 
19 • .3 

10. 6 

L.C . 

CRe5- 59 AC- 9 
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Low r ainfall during J'anu.ary and February provided f avor able soil 
condit ions for spring fie l d work . Al:i hops were p' .cn • .rad during 'the f J.rat 
week of Apr il and the f riable soil structure pre BE· .it af·Ger plowing may i n 
part have been due to a loli!"SI" moist,ure level i n the soi l profile j) but another 
factor apparently was the addition of lime in ths f all of 1960 . 

was applied to a.ll plots immediat ely after plowing at 
the rate of 110 pounds of nitrogen and 75 pounds each of phosphorus and 
potassium per acre . The breeding block» nurs8r y stock9 and genetics trial 
received only 75 pounds of nitrogen on an acre basis . All plots were 
by the third week in Apri"' and t r aining was coro.pleted by May 18t h. 

The month of May provided ideal moi sture conditions for downy mildew 
infection with 24 r ainy days recorded during t he mcnth . Initially t he disease 
was curbed by cl ean f arming practice of spika removal followed by hilling t he 
crowns, but the infection per sisted t hroughout the summer and nec.essitated 
the use of dust to avoid cone Di t b.ane was dusted on all hops in 
early July and during the month (:Jf August a }T.r·ogr am. was initi at ed on a 5=day 
schedule with f our applications of Zineb applied pr ior to harvest . Systox was 
applied t o all plots on t he East Farm during t he l atter part of June for aphid 
control. The Lewis Bro'W!l end Smith yard was spr ayed "With Met asystox at the 
rate of 1/2 pound per acre 11 but it appeared that one appl i cation of Metasystox 
was inadequate for aphid control when compared with two applications applied 
in 1961. Systox gave excell ent aphid contr ol except in the Late Cluster 
prune and train trial on whi ch m.o.:ierat e to heavy populations appeared by 
harvest t ime in 

Follo·wing the completion of the irrigation .fertilit y trials a 
preliminary study of hop root distribution reveal ed the presence of a plow 
sole eight to ten inches below t he soil surface . It was apparent t hat t he 
plow sole l imited mo:i.sture movement and al so that it may have affe cted t he 
distribution of hop root s . Thirty ton of st able manure was applied to t his 
area during the month of June 9 i ndicated on t he field map as the Bullion and 
Early Clust er areas. The area was pl owed to a depth of 14 to 16 inche s with 
a single bottom range plow» powered with a tractor cr awler . The area was 
disked and levelled foll owing the pl owing operation. This area was pl anted 
to Bullion and Ear l y Clust er duri ng the l at e fall of 1962. 

Experiment al plots on t he East Farm wer e irrigated only once» with an 
application of f our inches appl ied during l ate June and earl y July. The Smith 
Yard was irri gated t wice 9 once during l ate June and again during 
and each application applied approximately t wo t o tr..:r·ee inches of water. The 
two applications were ne ce ssary due to t he light soil in the yard. The 
observation block and breeding nursery on t he East Farm received three 
irrigations of t wo inches each. This practice was followed to he l p el iminate 
the l oss of cuttings pl anted i n t he spri ng. 

Machine harvest of plots st arted on August 22nd and terminated with 
the harve st of l ate varietie s on September 17th. Harvest was accompl ished 
over a one mont h period due to t he differences i n maturity of treat ments and 
varieties. The actual time spent harve sting was probabl y le ss than one week 
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due to the efficiency of the hop picking machine whi ch is adapted to "spotty" 
harvesting. 

The Lewis Brown yard was di smantled i n t he f al l of 1962 and the 
area returned to the horticulture department of Oregon St ate Universitye 
The -yard was maintained during the last several years as a seedless 
experimental area under a land agreement with the Hort iculture Departme nt . 
The field map of the Smit h Yard is not included in this since the 
outline of the area remained t he same as l ast ye ar . Followi ng the harvest 
of the East Farm the area was limed at t he rate of tons per acre wi t h 
beet lime. This lime is a byproduct of the sugar beet industry and contains 
about 10% added Magnesium Carbonat e which may contribute the ne cessary Mg 
for our soils. 

A pl atform was constructed and adapted t o a hydraulic l ift mounted 
on a Ford tractor. The system is capable of lifting the plat form t o a 
he:ight of 16 feet, which enable s an :individ al o reach a 20 foot t rellis. 
The system was used for hauling hops to the pi cking machine and also f or 
replacing hop poles i n the yard. The efficiency of bot h operations was 
greatly increased with this equipment in comparison with the wooden car t 
used in the past. 
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Downy Mildew Breedi ng Block 9 June 79 1962. (C.E. H.) 

No. Spikes Rating f:.cc . No . Hills Spikrua ga ing 

c 50008 1 7 s c 50054 1 1 I 
c 19012 5 0 R c 19094. 1 1 I 
c 50024 1 1 I c 19027 5 8 I 
c 50040 1 0 R I 1900 5 3 I 
c 19081 1 0 R c 1 074 1 4 I 
c 19086 1 0 R c 19073 1 10+- s 
c 50075 1 0 R c 5 l ot s 
c 19087 1 0 R c 53007 1 2 I 
c 50091 1 2 I c 52018 1 0 R 
c 19022 5 10+ s c 52020 1 10+ s 
c 19069 1 0 R c 19084 1 0 R 
c 1901.3 5 l Q.f. s c 1908.3 1 0 R. 
c 19011 5 0 R c 1907 6 5 10+ s 
c 50028 1 0 R c 19018 5 7 I 
c 53001 1 0 R c 500;52 1 2 I 
c 54002 1 0 R c 53 ..L .·:; l 0 R · 
c 19063 4 10+ s C 54066 M 1 0 R 
c 5400.3 1 3 I C M ,... 10+ s .:. 
c 54004 1 0 R C 5204.6 M 1 0 R 
c 54010 1 0 R I 19003 5 lot s 
c 19014 5 3 I C 19036 M 2 9 s 
c 19070 1 0 R c 19080 1 6 s 
c 53023 1 0 R C 19041 M .... 1::)+ s .:. 

c 19004 5 0 R c 52005 1 2 I 
c 19089 1 0 R C . 9085 M 2 10+ s 
c 19091 1 0 R c 19029 5 10+ s 
c 19032 5 0 R C - 9050 M 2 4 I 
c 54029 1 0 R c 19099 1 4 I 
c 19024 6 4 I c 9097 1 1 I 
c 19020 5 10+ s C 19058 M 2 8 I 
c 51104 1 0 R C 19056 M 1 7 s 
'J 54015 1 10+ s I 19005 M 2 3 I 
c 54014 1 10+- s C 19057 M 2 7 I 
c 54074 1 10+ s c 1905 M 2 10+ s 
c 54006 1 0 R C . 9053 M 2 10+ s 
c 54005 1 0 R C 51061 M 2 10+ s 
c 19065 3 3 I C 19052 M 1 10+ s 
c 50056 1 5 s C 190 '.3 M 2 4 I 
c 19066 1 .3 I C 19045 M 1 .3 I 
c 19 67 1 0 R C 1 046 M 2 7 I 
c 19072 1 1 I C 19044 M 2 9 s 
c 19071 1 0 R C 19037 M 2 0 R 
c 5.30.37 1 1 I C 19006 M 2 10+ s 
c 19026 5 5 I C 52047 M 1 0 R 
c 190.3.3 4 2 I C 52048 M 1 2 I 
c 5.3050 1 0 R C 52040 M 1 0 R 
c 1909.3 1 0 R C 52042 M 1 1 I 
c 19092 1 0 R C 5204.3 M 0 R 
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Downy Mil dew Reading Breeding Block, June 7» 1962 o (cont o) 

Acc o Noo !!ill§. Seikes Rating Acco Noo Hills Seike s Eating 

C 52044 M 1 0 R c 19040 l 1 I 
C 19010 M 2 0 R c 19023 1 0 R 
C 52045 M 1 0 R c 19124 1 0 R 
C 19009 M 2 6 I c 19. 42 1 2 I 
C 19039 M 2 1 I c 19125 1 0 R 
C 19038 M 1 10+ s c 191· 3 l 0 R 
C 19040 M 2 0 R c 19145 1 0 R 
C 19048 M 2 6 I c 19127 1 0 R 
C 58111 M 2 6 I c 19129 2 1 I 
C 19047 M 2 10+ s c 19130 1 1 I 
C 19049 M 1 6 s c 19147 1 0 R 
C 19055 M 1 0 R c 19148 1 0 R 
C 19007 M 2 10+ s c 19132 1 4 I 
C 51101 M 1 10+- s c 19149 1 1 I 
C 51114 M 1 10+ s c 19134 1 0+ s 
C 19054 M 1 2 I c 191.35 1 1 I 
C 19061 M 1 4 I c 19152 2 0 R 
C 19059 M 1 1 I c 19136 1 2 I 
C 19062 M 1 0 R I 19137 1 1 I 
C 19060 M 2 10+ s C 19183 M 0 R 
I 19208 M 5 10-4- s C 19182 M 1 0 R 
I 19120 2 10+ s c 19166 2 3 I 
c 19118 1 0 R c 19164 1 0 R 
c 19117 1 14 s I 19162 1 0 R 
I 19209 5 2 I I 19179 M 1 2 I 
c 19113 1 2 I C 19178 M 1 0 R 
c 19111 1 1 I c 9159 1 2 I 
c 19110 1 0 R C 19176 M 1 0 R 
I 56001 5 1 R C 19175 M 1 0 R 
c 19109 1 Vi rus 0 n 9173 M 1 10 -f-- s \J 

c 19108 1 Virus 1 c 19156 1 0 R 
I 56002 5 3 I c 19155 1 10+ s 
c 19105 1 1 I C 19172 M 1 2 I 
c 19102 1 0 R c 19170 1 2 I 
c 19101 1 2 I I 61-Weed»Jap581 0 R 
I 58001 1 0 R I 58015 M 1 0 R 
I 57001 5 50+ vs I 60 (maybe 
I 58004 1 l Ot- s seedling) l 0 R 
I 58012 1 0 R I 58016 1 0 R 
I 58011 1 10+ s C 19185 M 1 1 I 

. I 58010 1 6 s C 19188 M 1 0 R 
I 56006 M 1 0 R C 19190 M 1 0 R 
c 19138 1 10+- s c 19196 2 0 R 
c 19121 1 0 R c 1 0 R 
c 19122 1 0 R c 19200 1 1 I 
c 19139 1 0 R c 19199 1 9 s 
46 Susceptibl e 128 Femal es R Resist ant 
59 Intermediate ...22 Males s S, sceptib1e 
82 Ri:Hl1 Rt .ant. 187 Tot.a l 1. 1nAS T Tnt .,. 'T"l'!J.ed i A+.A 
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Downy Mildew -- Field Infection on Wild June 8P 1962.(C.E.H.) 

Collecti on & Dow'llY Mildew Collection & Downy Mildew 
Clone No. £ieaction Clone No. Reacti on 

Ariz. Susc. Colo . 2-3 Susc . 
1=2 II 3-1 II 

1-3 II II 

1-4 II 4=1 " N.M. " 5- l Res. 4 hills 
2- 1 " spike 
2- 2 II 6-1 Susc . 

II " II 7- 2 II 

.3-1 II Wyo. 2-l II 

.3-2 II II 

3-3 II Mont. If 

Colo. II I 58006 M II 

1-2 II I 58008 Too sma 
1-3 " I 58004 Susc . 
2-1 " I 58001 " " I 59001 II 
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1962 Downy Mildew Readings -- Male June 79 l962 . (C.E.H. ) 

Plot No. 

ML 101 
102 
10.3 
104 
105 
106 
107 
108 

Mil dew Rati ng 

s 
R 
R 
I 

R 
I 

109 s 
110 R 
111 s 
112 s 
11.3 R 
114 I 
115 I 
116 I 
1 7 I 
118 s 
119 R 
120 I 
201 s 
202 R 
203 I 
204 R 

Plot N • 

ML 311 
312 
313 
314 
315 
3 6 
317 
318 

320 
401 
402 
40.3 
404 
405 
406 
4.07 
408 
409 
ij," 0 
411 
412 
413 
414 

205 I 415 

Mildew Rat ing 

I 
R 
R 
s 
I 
R 
s 
I 
s 
I 
R 
I 
R 
R 
I 
R 
s 
s 
I 
s 
I .,. 
J.. 

I 
I 

206 R 416 S 
207 I 7 
208 I 418 I 
209 R 419 I 
210 S 420 I 
211 R 501 I 
212 I 502 R 
213 R 503 R 
214 I 504 I 
215 s 505 s 
216 R 506 I 
217 R 507 R 
218 S 508 R 
219 R 509 R 
220 I 510 R 
301 I 511 R 
302 S 512 I 
303 R 513 I 
304 s 514 s 
305 I 515 R 
306 R 516 I 
307 I 517 I 
.308 R 518 R 
309 I 519 R 

___ __B 
R Resistant I---rntermediate S Susceptible 
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1962 Downy Mildew Re cords on 1959 Nursery 

Rating Scale g R Resistant 
s Susceptible 
vs Very susceptible 
I Intermediate 
Il Spikes w/o sporul ation 
12 Spikes with sporul a ion 

Row & DM Row & DM Row & DM 
Hill Rating Hill Rating Bi.L Ra 

311 X 121=2) 

5-l s vs 5=35 s 
5- 3 s 5=19 s 5=37 VS 
5-4 s R 5=.38 s 
5-6 I 5···21 s 5=40 JS 
5- 7 vs 5·-23 s 5- 41 s 
5-8 vs 5-24 vs 5=42 I 
5- 9 s 5--26 I .. • > s 
5-10 vs 5=?8 '3 5£...· .... I 
5-11 s vs 5=4 vs 
5-12 s s R 
5- 13 vs 5-32 vs 5.,48 I 
5-11 vs 5-13 I R 
5- 1 s 5- 4 vs R 

Cross # 41 (422 I X 12U _l 

6-1 s 6- 5 vs vs 
6-5 s vs vs 
6-7 vs 6- 7 vs 6c-3l vs 
6-S VS 6- 20 s vs 
6- 9 vs 6-21 I2 6·-33 vs 
6-12 vs 6--22 vs 6=34 vs 
6-13 vs 6-23 vs 6=35 S (Dwarf 311 
6-14 vs 6-25 vs X 42 

Cros s # 2.2 (Late Clust er x Unknown (Reverted)) 

7-1 I2 7=20 vs 7=30 It s 7-21 vs 7--.31 
7-6 s 7=22 I 7=32 R 
7-8 vs 7-24 I 7--35 vs 
7-10 vs 7- 25 s 7--36 vs 
7-12 I vs 7=37 s 
7- 13 s 7=27 s vs 
7-16 vs 7-28 vs vs 
7- 18 s 7=29 vs 7-41 vs 
7-19 vs 

wss # 25 (128 I x OP} 

7-42 vs 7-44 vs 7·=47 vs 
7-43 vs 7=45 vs I 
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1962 Downy Mi l dew Records on 1959 Nurser y. (cont.) 

Row & DM Row & DM Row & DM 
.!!ill Rating ELL Rating Hi ll E§ting 

.Qross # 590,27 (322 I X 421=4n2l 

R 8=.37 s 9=? vs 
8-3 R 8=38 R 9=8 VS 
8-4 s 8=.39 vs 9=9 s 

s 8=40 vs 1=::.0 vs 
8=6 s 8=41 s 9= 1 I 
8=7 I 8=44 R 3 I 
8=8 I 8=45 R 9·= 4 s 
8=12 VS 8=46 R =16 s 
8=17 s 8=·47 R 9=17 s 
8-18 vs 8=48 vs 9=18 I vs R 9=19 s 
8·-21 vs I 9=20 s vs 8=51 R 9=24 s 
8- 26 vs 9=·. R 9=26 I 
8=29 I 9=2 I 9=27 R 
8=33 s 9 •J =,.,. I 9=28 vs s 9=5 s vs 
8-36 s 9=6 vs =J vs 

Cross # 59004 \106 x 

10=1 R 10=2 s _0=45 I 
10=2 I vs 10=-46 s 
10=3 s :0=26 I 10·=47 s s 10=27 vs l J- 48 R 
10-5 s s I 
10- 6 s 10=29 s R 
10- 7 vs 10=)0 s 10- 52 R 
10=10 vs 10=31 vs r-. R 
10-11 s 10- 32 I l-2 R 
10-15 s 10=33 vs 11- 4 s 
10-16 vs 10=34 I 11=6 R 
10=17 VS 10=35 3 11=9 I 
10=18 I 10=36 vs 11-11 I 
10- 19 s 10-38 I 11=12 s 
10-20 vs 10-39 I 11=13 s 
10-21 vs 10=40 I 11=16 R vs 10=42 I 11-22 R 
10=23 vs 10=43 s 11-26 vs 

.Q!:Q.E.§..L22QQ2_j106 X 

11=31 s 11-39 R 11-46 s 
11=32 s 11=40 I 11=47 R 
11=34 R I R 
11-.35 vs 11=44 R 11=50 I 
11=37 R 
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1962 Downy Mildew Records on .l959 Nursery. (cont .) 

Row & DM Row & DM Row & DM 
Hill Ra,ti!lli, Hill Ra.t,ing Hi_L Rating 

Cross # 59006 {106 x 

12-1 R R 2=10 s (dwarf ) 
12-3 I vs 12=12 s 
12- 4 R 12=9 R 12=:2.3 s 

Cross # 59019 (212 x 317=1 n2l 

12-16 s 12- 23 s 2=29 s 
12-18 R s 12=30 vs 
12- 19 I 12- 26 I 12=31 I 
12-20 I vs R 
12- 22 R 12- 28 I . 2=.35 I 

Cross # 59029 <2---14 X 121- 2) 

12-39 s 12- 42 s vs 
12- 40 R 12=43 I R 
12- 41 I 12=44 R 

Cross # 5293Lm4-Ltl21::1l 

13-1 R 3=4 R 13=>7 I 
s s 1.3=8 s 

Cross # 59042 i402- 2 x 317-l sZl 

13-9 R 13-11 R 

13-15 s 13- 27 s 13-40 I 
13-16 R 13- 28 I 13-41 R 
1.3-17 vs 13-29 R 1.3- 42 VS 
1.3-18 vs 1.3-.30 s 1.3-4.3 vs 
1.3-19 vs vs 1.3-44 R 
1.3-21 s 1.3-32 I 1.3-45 R 
1.3-2.3 VS 13-.34 R 1.3-46 R 
1.3- <5 R 1.3- .36 s 13- 49 I 
13-26 R 1.3-.39 R 

Cross # 59062 (25-S .2£..12J.::J.l 
14-2 s 14-5 I 14- 9 s 
14-3 s 14-6 I 14- 10 R 
14- 4 I 14=7 s 



1962 Downy Mildew Records on 1959 Nurseryo (cont o) 

Row & 
HilL 

14-11 
14-13 
14-14. 
14-15 

DM 
Rating 

R 
R 
R 
R 

s 

Row & 
Hill 

Cros§.JL.!i!)Q70 (22::S x 42l=l.n2l 

14-16 R 
14-17 I 
14=18 Il 

Cros§_# 5907i_fComp Wild A x OEl 

_1,3=51 I 

1962 Observation Block - Hop Downy Mildew 1/ June 

Line _...]ill Number Y Line 
No. 1 2 3 4 No . . 

OB 
1 

14=20 
14-21 
14=22 

1:2=22 

2QD 1962 

DM 
Rat ing 

_§ 

{CoEoHo) 

Hill Number Y 
2 3 

101 

4 

OB801 1 R 10+ s lO.r s 10-t- s :21 924 10+ vs 10+ VS Unk .due to drag 
802 3 I 1/1 B 0 B 0 B JJ S25 10+ vs dr ag 10 -f- vs 10· vs 
80.3 = J./ 826 4 s 0 R 0 R 6 R 
804 11 827 0 R 3 I 0 R 0 R 
805 - u 828 4 I 7 s 8 s 3 I 
806 - 'jj S29 0 R 0 R 0 R n RB 
8p.7 - 11 8.30 0 R 1 R 3 I 1 R 
8.08 10+' s 7 s 10 ... s 0 R 831 10+- s 10+ s 10-t- s 10+ s 
809 = 832 = 

810 7 s 2 I 7 s 6 I 833 9 s 1 R 0 B 
Sll 0 R 0 R 2 Il 10+ I2 8.34 = 

812 0 R 0 R 0 R 0 R 835 10+ s 6 · s o · s 10+ s 
813 7 s 3 I 3 I 5 I 836 10+ vs = 

814 10 s 6 s 10+ s 10+ s 837 s lO t s 10 s 10+ s 
815 10+ vs 10+ vs 101- vs 10 s B38 = 
816 0 R 0 R 2 I 4 I '839 2 I 0 R 8 s 5 I 
817 10+ s 10+ s 10+ s 10+ s 840 2 12 1 12 0 R 0 R 
818 2 I 6 I 3 I 10+ s 841 l R 
819 10+ s 8 s 10+ s 9 s 842 0 RB 0 RB 0 RB 0 RB 
g20 lOi- vs 2 10+ vs 10+ VS 84.3 -

1S21 9 s 10+ vs 10+ vs 10+ vs 844 0 RB 0 RB 0 RB 0 RB 
§22 1a+ vs 10-t- vs 8 vs 5 s 845 0 RB 0 RB 0 RB 0 RB 

.2t _823 Unk.due to drag 7 s Unk. l/ Ratingsg .R· Resistant, s I Intermediate» vs Very 
susceptible, B I 1 Spike no spcrulationD I2 Spike light 
sporulation. 

Y No. before letter represents No. of Spikes . 
J./ Culti vation and drag l imited reading. 
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1962 Report New .Hop Varieties at the 

Irrigation Experiment St ation9 
Washingt on 

C. E. Ne l son 
Planted in spring. 1961 

- Cone Cone 
Vigor size o:r Aroma Vigor size (1) Aroma 

NQs. 0-9* 0-9** Mat, 0-2* No. 0-9* Mat . 

0-801 5 8 ME 4 0=806 6 5 L 2 
0-802 2 2 L 4 0=807 2 4 L 2 
0- 803 5 5 M 4 0=808 2 2 L 5 
0-804 2 2 L 4 0=809 7 5 ME 3 
0-805 5 2 ME 5 0=810 6 9 E 2 

59-1-.34 8 5 ME 2 Mi ssing 
59-1-.35 8 4 ME 5 59=2=7 7 2 E 5 
59- 1-.39 .3 2 L 2 59=2-15 8 2 L 
59-1- 4.3 Missing 59=2=19 Mi ssing 
59-2-1 6 8 ME 3 59- 2=21 .3 2 ML 2 

59-5-.38 7 6 E 8 59-6-10 .3 3 E 4 
59-5-44 7 7 ME 8 59-6-12 .3 .3 E 2 
59-6-1 11 9 8 ME 6 59=6-1.3 .3 3 ME 6 
59-6- 5 8 7 ME 7 59-6-15 7 5 ME 3 
59-6-7 5 5 E 6 59-6=17 7 4 E 5 

0-811 .3 2 E 3 7 7 E 6 
0- 812 .3 2 ME 4 59- 2=33 7 6 E 5 
0-813 4 '2 M 4 59=2=36 5 4 ML 7 
0-814 4 5 M 2 59=2=37 Missing 
0-815 2 2 M .3 59-2=-38 3 2 L 2 

59-2-25 Missing 59-6=30 6 e:. M 7 .I 

59-2-26 8 6 E 7 59=6-31 7 6 L .3 
59-2-27 7 8 E 5 59-6=32 7 8 ML 5 
'59-2-29 8 5 ML .3 9 4 E 8 
59-2-.30 4 1 L 1 59-6=.34 11 8 7 E 8 

59-6-19 8 8 ME 7 0=821 .3 2 ME 4 
59-6-20 7 8 M 5 5 2 L 2 
59-6-22 .3 4 L 2 0-82.3 6 .3 ML 5 
59-6-25 8 7 M 7 0=824 6 .3 ME 4 
59- 6-27 9 8 M 7 7 1 L 0 

0-816 2 2 E 4 59=2=.39 2 2 E 1 
0-817 5 3 ML 2 59=2=40 .3 2 E 3 
0-818 2 2 M .3 59- 2-41 8 2 M 9 
0-819 Missing 59- 2- 42 11 9 8 ME 8 
0-820 2 M 2 22-2=1 7 7 E 2 
*= 0 poor 9 good (1) E: earl y ME :. medium early 

**.:. 0 small 9 large medium ML late 
L :. l at e 
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1962 Report on New Hop Var,ieti es at the Irrigation Expt . Stn . (cont.) 

Cone Cone 
Vigor size (1) Aroma Vigor size (1 ) Aroma 

No. 0=9** No. Q=9* Q.-:9** Maio 0=9 * ·-
59-7-2 6 1 VL 0 0=8.31 5 3 ML 5 
59-7=6 9 5 ME 5 0=832 4 5 E 3 
59-7-10 8 r:. E 3 0=833 5 5 M 5 / 

59-7-16 8 5 E 7 0-834 4 2 ML 5 
59-7-19 6 ' E 4 0=8.35 3 4 M 5 4 

0-826 6 3 ML 7 59=3=16 6 7 M 5 
0-827 6 3 ME 7 59=3=23 Mi ssing 
0-828 6 7 M 7 59=.}=.25 3 3 E 2 

7 5 M 6 59=3=26 ') 
<- 2 E 1 

0-830 JJ 8 5 M 5 59=3=27 Mi ssing 

59-3-7 8 9 E 7 5 3 E 2 
JJ 8 8 E 6 59-·7=.32 .2 4 E 5 

59-3=9 3 4 M 5 59=7=33 5 6 E 6 
5 9 E 5 59=7=36 8 5 ML 5 

59-3-14 7 0 L 0 59=7=40 7 4 E 7 

59-7-20 7 5 E 8 0-836 Missing 
59-7-24 2 1 L 0 0=837 .2 3 E 5 
59-7- 25 8 1 L 6 0=838 5 2 E 0 
59- 7-28 8 4 E 2 0=839 7 7 E 7 
59-7- 29 8 5 E 5 523=1 7 5 L 5 

# 1 6 E t5 Missing 
59-3-33 2 1 E 1 59=4=·8 Missing 
59-3- 34 5 5 M 5 59=4=9 5 5 M 5 

4 5 L 5 11 8 7 E 5 
59- 3-41 JJ 8 8 M 5 59-4=11 11 8 8 M 7 

523-2 Missing 24-S 3 3 E 6 
523-3 2 6 M 5 4.0=8 1 4 E 6 
526-1 5 2 L 0 4 5 ML 6 
526-3 Missing 6 6 M 5 
526-5 3 2 L 1 # Mi ssing 

59-3-42 4 5 M 7 59=4=14 2 2 L 0 
59-4-l 4 8 M 0 Mis s ing 
59=4=4 5 1 L 0 59-4-16 5 5 M 5 
59-4-5 6 5 M 3 59=4=18 6 2 ML 5 
59-4-6 3 8 E 5 59-4=19 4. 2 L 0 

322 2 4 E 3 3 5 L 7 
513-2 3 3 E 2 59-1=2 1 2 M 7 
519-5 5 5 ME 7 59-1-4 6 1 L 1 
8-8 4 4 E 8 59-1=6 1 2 M 0 

4 8 E 7 59-1-12 4 6 E 6 
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1962 Report on Ne·w Hop vs.r ieties at the Irrigatio::J. Expt . S n. (cont.) 

Cone Cone 
Vi.gor size (1) Aroma Vigor size tl ) Aroma 

No!l. Mat . O=q* 
""=-'""""'"""'-"·- Mat. * 

59=4-21 ? 0 L 0 59=4·-34. 7 4 ME 5 
Missing ? 5 M 5 

59=4-23 4 1 L 0 ? 5 E 7 
3 M 0 59=-5=6 6 3 E 5 · -" 

59=4=25 Missing 6 3 ME 6 
f 5 L :2. 59=1=27 "1 2 L 0 0 Jl.. 

3 3 E 3 59=1=28 1 2 L 0 
59= =17 7 5 E , 59=1=23 4 3 M 4 , .3 M 0 59= .3 " M 6 ..L t::. 

59-1=20 1 '1 1 0 .. , ') ME 5 ..L c', .I 

2 3 }1 7 59·=5·-"S ' ) , __ 5 E 5 
2 3 M 6 59=5=}.5 4 E 6 

59=4=-.30 Missing 2 4 E 7 
59=4=31 lJ8 5 M 5 2 3 ME 1 

7 8 1if 5 59=-2·"23 4 ;., M 1 

59-1- 21 3 i: E 7 7 6 M 5 -' 
1 3 M ;) 

59=1-23 1 , 1 0 3 3 ML 7 ... 
59=1=24 1 3 E ;:: 

./ 

# 59=1=25 7 7 E '1 
I 

Pl anted on Apr. lJ s :.q62 
. --------WJl Missing . 0--·ll 7 1!, E 5 _, 

# S25=3 W.A li 10=10 No dat a weak 
523-11 WA II 10- 6 Weak 
0B=843 II 10=5 ... 7 M 1 C· 
OB-842 II 6 5 M 2 

6 • 8 E 7 8-51 4 E 3 t::. 

5 7 E 8 8-46 Missing 
11-40 Missing 10-3 2 7 E 1 
11-32 6 8 E 7 2 M 0 

6 5 E 8 10=1 2 5 M 5 

11-26 7 9 ME 7 8= 0 1 5 M 5 
11=22 Male 8-39 1 4 M 5 
11=16 7 9 E 8 Missing 
11-6 Mal e 8=37 2 5 1 5 

#525=4 WA 3 1 1 0 Missing 

10-51 Missing 6 7 M 6 
10- 47 5 5 H1 3 Missing 

7 7 E 9 8- 26 Missing 
11=4 6 7 E 8 8-25 2 4 E 0 
11-1 6 8 E 8 8·=21 ' 3 4 M 0 
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·-1962 Report on New Hop Varieties at the Iri i gation Expt . St n . (cont.) 

Cone Cone 
Vigor size (1) Aroma Vigor size (1) Aroma 

Mat. 0-9* No. Mat . 

6 7 E 4 7 8 E 7 
10-43 6 5 ML 1 8= .• .8 Missing 
10- 41 Missing 8-17 Missing 
10-40 3 7 E 1 #8=3 1 6 E 1 
10-38 Missing 8=12 7 4 E 1 

10-37 2 0 L 0 8-6 2 2 L 7 
10-33 Missing 3 4 M 4 
10-32 Missing 8=5 Mal e 
10-28 Missing 8=4 5 5 M 0 
10-26 Male 2 3 M 7 

Missing 
10-23 1 5 M 7 
10-21 2 1 L 0 

4 9 M 7 
10-15# 2 8 ML 5 

1262..121anting 
13-32 Mi ssing 1 5 E 7 
13-36 1 8 E 7 3-6 Missi ng 

Weak 13=3 1 7 E 5 
13-28 Weak 13=1 4 8 E 8 
13-27 1 7 E 6 G2071-3 5 J E 4 4 

Weak 6 3 H 1 
13-24 Old plant apparently 12=7 4 4 E 7 
13-23 Missing 8 8 M 5 
13-19 Mi ssing 12- 3 7 6 E 5 
13-18 5 8 M 5 12-33 7 3 M 8 

1.3-17 Old plant? 12-28 Mi ssing 
13- 39 Weak 12-27 2 7 E 5 
13-42 1 4 E 5 12-26 Mals 

1 6 E 2 12-22 2 6 M 1 
13-44 1 4 E 5 1 7 M 7 

13-45 8 8 M 8 
13- 49 2 7 M 8 

Missing 
13-10 2 5 M 8 
13- 2 5 2 E 0 ---71 Numbers checked with original listings and corrected. 
JJ Recommended for increase into observation plots i n 1963. 
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Notes on Crosses when Picked 

29- 9 Ariz. 1-4 x 29-1 Ariz. l-l-5Ps 1 no good 4 real good, seed very light 
colored r jpe? 
422 x 526-4-5Ps 1 died, 1 good 3-few scattered hops. 
Storage 312 x 120-5-3Ps 2 died 1 few hops. 
523-1 x 30-ll-5Ps 1 died, 1-4 hops 3 wonderful huge hops 
311 x 421-1 1 2-8Ps hops on 6 fair 2 died 
30-13 x 30-10- 5Ps all wonderful, but when thrashed seed real light -- up in 
blower, just a few seed not ripe. 
Storage 401 x 123-S (2 yr old pollen) 3Ps all fair 
29- 18 x 525-2-5Ps 2 real good 2 fair 1 dry very lousey, seed small and sticky. 
122! x 421-1.2 7Ps 1 dead-dry, 3 green not a thing 1-3 hops 1-2 hops 1-7 hops. 
311 x 123-S (made 12Ps) 4Ps 2 yr old S. few hops on each not good 8 Ps fair 
2Ps just knobs. Very few seed when finished, very perfect when poUinated•Gave up 
422 x 123-S 5Ps 1 nothing 2-4 hops 1 fair 1 good 
311 x 526-4-5Ps 1 died 3 fair 1 good 
29-21 x 29-23-6Ps 5 good, 1 undeveloped 
122 x 526-4- 6Ps 2 nothing 2 few hops 2 good 
29-10 x 525.2 - 6 Ps 2 nothing 2 real good 2 just small knobs 
422 x 421-1 ?2-5Ps 3 vines leaves and stem green no sign of hops 1 with a few 
good cones, 1 dead 
122 x 123-S-6Ps, 1 dead, 2 nothing 3 just a few hops 
523- 1 x 29-l-5Ps 3 real good, 1 dead, 1 few cones 
311 x 5-29-4-8Ps 3 few hops mostly knobs 5 good 
422 x 121-2 5 Ps 2 dead, 1 fair 2 few hops 
30-12 x 525-2 6 Ps 5 real good, 1 fair, not much left when thrashed 
29-21 x 30-10 4 Ps 1 fair 3 with undeveloped hops 
29- 6 x 29-23 5 Ps 2 dead, 2 few fair hops, 1 knobs - not any seed left 
206 x 119-1, 2 S- 3Ps 2 dry and dead, 1 few hops 
This is a hard one to x on -- just 2 yr. old storage used 40 seed 
412 x 221-2 Storage 2 dead, 1 few hops 
401 x 317-1 3 Ps 2 no good, 1 few hops 
401 x 119-11 2 3 Ps 1 dead » 2-9 small hops. 
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Male Line Flowering Experiment 1962o 

Spring 1st 1st 2nd 2nd 
Entry Rep. Growth · Train .'I!ain 

1 I c 5/16 6/29 6/11 7/20 
106-S II c 5/16 6/29 6/11 7/23 9 25 

III c 5/16 6/30 6/11 7/20 
IV c 5/16 6/30 6/11 7/18927 
v c 5/16 6/12 7/ 2 7/ 23 

2 I c 5/16 7/16 9 18 6/11 7/25 
110-S II B 5/16 7/16!) 20 6/15 8/1 

III c 5/16 7/-6918 6/ 1 7/30 
IV A 5/16 7/16 9 20 6/ 11 7/3098/ 3 
v c 5/16 7/16 923 6/18 

3 I c 5/ 24 7/99 12 6/15 7/25 
123 II c 5/16 7/9!)16 6/11 ' 7/2.3 

III B 5/24 7/9!)16 6/18 7/ 23927 
IV B 5/21 7/9912 6/' 8 7/23 
v c 5/24 7/5 !)10 6/18 7/23 9 25 

4 I D 5/16 7/12J)16 6/11 7/23 
217 II D 5/21 7/18923 6/11 7/ 27 

III D 5/16 7/20))2.3 6/11 7/25!)30 
IV B 5/18 7/l 2D l 6 6/11 
v c 5/29 7/18 6/18 7/ 23 

5 I D 5/16 7/ 27 6/lJ. 8/3!)8 
125 II D 5/16 7/27 6/11 7/309 8/6 

III D 5/16 7/27!)30 6/11 8/6 
IV D 5/16 7/27 9 .'30 6/11 
v D 5/16 7/27 »30 6/12 8/10 

6 I B 5/16 6/11 
221 II A 5/29 7/20923 6/15 7/27 

III A 5/16 7/,1892.3 6/11 
IV B 5/21 7/18923 6/15 
v c 5/24 7/16923 6/ 15 

7 I A 5/16 7/16920 6/11 7/27 
324 II A 5/16 7/16J) l8 6/11 

III A 5/16 . 7/23 6/11 8/8 
IV A 5/24 7/2.3 6/15 8/3 
v A 5/16 7/169 23 6/12 7/ 27 

8 I 
224 II A 5/16 7/23 6/11 7/27 

III A 5/16 7/189 20 6/11 7/25 
IV A 5/16 7/16J)l8 6/11 7/23J)25 
v A 5/16 7/23 6/11 7/.3098/.3 
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Mal e Line Expt . 1962 (cont . ) 

Spr ing 1st 1st 2nd 2nd 
Entry Growth Train .Train_ 

9 I A 5/16 7/ 250 27 6/11 7/ 27-8/1 
317 II A 5/16 7/25 9 27 6/ 11 

III 
IV A 5/16 7/209 23 6/11 7/ 259 27 
v A 5/16 6/11 7/ 23i '27 

10 I B 5/16 7/ 23 6/1 8/1 
319 II B 5/ 29 7/249 27 6/18 8/1 

III A 5/24 7/27 930 6/15 
IV =-
v c 5/ .. 6 7/169 20 6/11 

11 I B 5/18 7/ 27 6/11 
322 II c 5/ 18 7/23 6/ 1 

III c 5/16 6/ 11 8/ 1 
IV B 5/ 16 7/ 20.i25• 6/11 
v A 5/16 7/27 6/11 

12 I A di ed 
320 II A 5/24 7/ 23, 25 6/ 15 ·7/ 27 

III A 5/16 7/ 20!)23 6/ 11 7/ 30»8/1 
IV 
v A 5/ 29 7/ 23 927 ·. 8/10 

13 I D 5/16 7/160 20 6/1. 7/27 
323 II B 5/ 16 7/ 189 23 6/ 1 8/ 

III c 5/16 7/12.o l 6 6/11 7/ 27 
IV c 5/16 7/. 29 16 6/ 11 7/25 
v c 5/16 7/ 20 !) 23!) 6/l l 

14 I c 5/16 7/20g23 6/11 7/20i23 
424 II B 5/16 7/189 23 6/11 7/ 27g30 

III B 5/ 16 7/ 18 i20 6/11 7/30 
IV B 5/18 7/ 18 9 23 6/15 7/27 
v B 5/16 7/l 6g 20 6/11 7/30i8/ 1 

15 I c 5/16 7/16j) l 8 6/11 7/25 
518 II c 5/16 7/20,23 6/11 7/23 

III c 5/16 7/23i25 6/ 11 8/1 
IV c 5/18 7/23925 6/11 7/30 
v c 5/18 7/20i23 6/15 7/27 

16 I 
425-1 II B 5/ 16 7/27i30 6/11 8/8910 

III c 5/16 7/30 6/11 8/ 19 3 
IV A 5/ 16 7/ 30 6/11 8/6 
v B 5/16 7/239 27 6/ 12 
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Male Line =- Flowering Expto 1962 (cont o) 

Spring 1st 1st 2nd 2nd 
ReQ.:. Growth !rain Tr ain £:lower 

17 I A 5/29 6/15 7/27»8/3 
521 II A 5/21 7/279JO 6/15 7/27,!)30 

III B 5/16 7/239 25 6/11 7/27 
IV A 5/18 7/27 6/11 
v A 5/16 7/27v'30 9 6/11 8/19 .3 

18 I A 5/21 7/ 169 20 6/15 
523 II A 5/ 16 7/16,!)18 6/11 7/ 27 

III B 5/24 7/23 6/11 7/25 
IV A 5/24 7/ 189 20 6/18 7/27 
v A 5/21 7/ 16,!) 20 6/15 

19 I A 5/16 7/ 20 ,!) 23 6/11 7/ 27 
417 II A 5/16 7/ 239 30 6/11 

III D 5/24 ?/27927 6/15 .. 

IV A 5/ 16 7/23927 6/11 
v B 5/16 7/18,!)20 6/12 

20 I c 5/16 7/ 12,!) 16 6/11 7/25 
524 II c 5/29 7/ 16 9 20 6/15 7/27 

III B 5/16 7/12J) l 6 6/11 
IV D 5/ 29 7/ 27 6/22 = = 
v c 5/16 7(1 2918 6/11 - == 

.§.!?ring Qrowth Measm:·ements 

All entries were pruned on 4/16 and 179 at which time t he 
average l ength of growth was recorded as g 
A 0-6 inches Late 
B 6-18 II Medium 
c 18-30 II Early 
D 30 inches & above Very Early 



110 
Inheritance Study Downy Mildew 1962 -= June 199 . 962 . (C.E.H.) 

Hill Noo .J.itll · No. Jiill No. Hil 
,bine L...L.-2. Li ne 1 ) 1ine L 2 1 2 3 "' 
1001 I :. IB 1051 vs I I 2001 vs vs vs 2051 s I I, 
1002 R s R 1052 vs vs vs 2002 s vs vs 2052 vs R I 
1003 vs s I , 1053 s s I -a. 200.3 I s s 205.3 vs s 
1004 R I,_ R 1054 vs vs vs 2004 vs vs vs 2054 vs vs vs 
1005 s vs 1055 s .· R* s 2005 vs 20:55 s I , I l-o 
1006 vs s s 1056 vs vs s 2006 s s s 2056 vs s s 
1007 RB R I1 1057 vs vs vs 2007 I s s 2057 vs R* vs 
1008 s vs 1058 I, s 2008 s vs s 2058 vs vs 
1009 ID s I.z. 1059 s s s 2009 vs vs vs 2059 vs vs vs 
1010 I I, I, 1060 s vs vs . 2010 vs vs 2060 I , r, 
1011 s s 1061 vs vs 2011 s s I 2061 vs vs vs 
1012 R I 1062 vs I s 2012 vs vs vs 2062 vs vs vs 
1013 vs vs I 106.3 I , I IJ.- 2013 I J- s I 2063 vs vs I 
1014 R I I 1064 RB s R* 2014 vs vs 2064 s I I 
1015 I s VS 1065 s Il. 2015 vs vs s 2065 s r, s 
1016 s I s 1066 vs vs 2016 s vs I '). 2066 s IV s 
1017 I. R* I, 1067 vs vs vs 2017 vs vs vs 2067 s vs vs 
1018 s s s 1068 vs vs vs vs I vs 2068 s I I 
1019 s s I 1069 s I z. vs 2019 vs s s 2069 s vs vs 
1020 vs vs vs 1070 vs vs vs 2020 vs vs s 2070 s vs vs 
1021 vs vs vs 1071 r,B s R. 2021 vs s 2071 vs vs 
1022 s s s 1072 vs vs vs 2022 s s s 2072 R R 
1023 I s I 1G 1073 s R* s 2023 I I s 2073 vs vs 
1024 I , s I .). 1074 vs vs 2024 s s vs 2074 s I R 
1025 s s vs 1075 vs vs vs 2025 I'Joo vs 2075 s s s 
1026 vs vs vs 1076 vs vs vs 2026 I s s 2076 vs vs s 
1027 s s vs 1077 I, vs 2027 R I I 2077 I, s s 
1028 vs vs vs 1078 vs vs s s s 2078 s s s 
1029 I 2.. I 'Z. s 1079 vs vs 2029 vs s VS 2079 vs vs vs 
1030 s R vs 1080 I , I,_ I,_ 2030 vs vs vs 2080 s s s 
1031 vs vs vs 1081 s vs s 2031 vs vs vs 2081 vs vs vs 
1032 s vs RG 1082 vs vs vs 2032 s I R 2082 I I R* 
1033 vs VS vs 1083 s s R 20.33 I s s 2083 vs s vs 
1034 s I r vs 1084 Ir s vs 20.34 I I I 2084 vs vs vs 
1035 vs vs vs 1085 RB vs vs 2035 s s s 2085 VS vs s 
1036 vs vs vs 1086 vs vs s 2036 R R I, 2086 s I, s 
1037 vs vs vs 1087 I .., s vs 2037 s s vs 2087 vs s I 
1038 s vs vs 1088 s vs vs 2038 vs I s 2088 vs vs vs 
1039 ID I vs 1089 vs vs vs 2039 R vs 2089 vs vs IG 
1040 s s vs 1090 I s 2040 vs vs s 2090 vs vs vs 
1041 vs s s 1091 s 2041 s R vs 2091 s s s 
1042 I z. I z... S 1092 vs vs vs 2042 vs vs vs 2092 vs vs 
1043 vs vs s 1093 I , vs vs 2043 vs vs vs 2093 vs vs 
1044 vs vs vs 1094 s vs s 2044 I vs vs 2094 vs vs vs 
1045 vs vs vs 1095 vs vs vs 2045 vs s vs 2095 vs vs vs 
1046 vs vs s 1096 vs vs vs 2046 I -a. I lo- I .,.. 2096 I, I I 
1047 vs vs vs 1097 vs vs s 2047 vs vs vs 2097 vs s s 
1048 vs s s 1098 vs vs vs 2048 I vs 2098 vs vs s 
1049 vs vs vs 1099 vs vs vs 2049 vs s s 2099 s s vs 
1050 vs vs vs 1100 vs s vs 2050 I IJ- r1 2100 s vs vs 
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Inheritance Study, Downy Mildew 1962 (cont o) 

Hill No. HiJ.J No.!.. Hill Noo _Hill Noo 
Li ne 1 2 3 1ine 1 ___g__l Line -· _ ;L_2 11m! L..L_l 
3001 vs vs vs 3051 vs vs 4001 vs s vs 4051 vs vs vs 
3002 I, I, vs 3052 s vs vs 4002 I :a.. vs s 4052 I s s 
3003 s I, 3053 I, I, I a. 400.3 4053 s I 
3004 vs Il.. s .3054 vs vs I, 4004 vs s vs 4054 vs vs vs 
3005 s Il.. RG vs s s 4005 r, vs vs 4055 vs vs s 
3006 RV I .. R 3056 ..., R I 4006 vs =B s 4056 vs vs .:::> 

3007 vs vs s 3057 s s s 4007 vs vs s 4057 I , s 
3008 s vs I 3058 s vs s 4008 vs vs vs 4058 s vs vs 
3009 I, I, T 3059 I I, s 4009 vs vs vs 4059 Il. I I ... , 
3010 vs s vs 3060 vs vs vs 4010 vs vs vs 4060 vs s 
3011 s s I2. 306 vs vs s 4011 vs vs vs 5001 s vs vs 
3012 s vs vs .3062 vs 4012 vs vs vs 5002 vs vs vs 
3013 vs vs s 3063 I vs vs 4013 Il- I, R 5003 
3014 I, vs vs 3064 s vs vs 4014 vs vs s 5004 s vs 
3015 vs vs s 3065 vs vs vs 4015 s s 5005 s vs vs 
3016 Il- I, .3066 s vs s 4016 I vs s 5006 vs vs vs 
3017 s s SB 3067 vs s s 4017 vs vs vs 5007 vs vs vs 
3018 vs vs vs 3068 s vs s 4018 vs vs vs 5008 s s vs 
3019 vs s vs 3069 40 9 vs 5009 SB VSB 
3020 R I RB 3070 s I, 4020 s vs vs 501.0 vs vs 
3021 R vs I 3071 VS VS vs 4021 s vs vs 5011 s s s 
3022 vs vs vs 3072 s VS 4022 I , I , I , 5012 vs s vs 
3023 vs vs vs 3073 vs vs vs 4023 s vs 5013 I s s 
3024 vs I s 3074 vs vs vs 4024 vs vs vs 5014 I s vs 
3025 s VS 3075 vs Il- s 4025 I,.. vs I,.. 5015 I s 
3026 s I s 3076 s s s 4026 s vs vs 5016 s vs s 
3027 s vs vs .3077 s vs s 4027 s vs vs 5017 I :L I, T 

.l. j 

3028 vs vs vs 3078 s 4028 vs vs vs 5018 I 'Z- vs 
3029 SD vs SD 3079 vs vs vs 4029 s s s 5019 vs vs vs 
3030 I .. Il- I ;a.. 3080 I , I, R 4030 s vs vs 5020 vs vs s 
3031 s s vs 3081 s ... 4031 vs vs 5021 s vs I .L 

3032 s vs I a.D 3082 r, I 1B S 4032 vs vs vs 5022 vs vs 
3033 s I I 3083 vs vs 4033 vs s s 5023 vs I, vs 
3034 I Il- I ;a.. 3084 vs vs vs 4034 vs s s 5024 s r, R 
3035 s s s 3085 vs vs vs 4035 s s s 5025 s s s 
3036 vs r, 3086 s vs VS 4036 vs vs 5026 s vs s 
3037 vs vs VS 3087 vs s vs 4037 vs vs vs 5027 R s I 
3038 vs vs vs 3088 s vs vs 4038 5028 s R s 
3039 vs vs VS 3089 A s vs 4039 R s vs 5029 vs VS vs 
3040 vs 3090 s vs s 4040 I, Il. s 5030 vs s 
3041 vs s 3091 I I vs 4041 vs vs 5031 vs vs vs 
304.2 vs r, vs 3092 vs vs vs 4042 vs vs 5032 vs vs vs 
3043 I'J. vs 3093 I I s 4043 vs vs vs 5033 s R 
3044 vs vs s 3094. I vs vs 4044 vs 5034 s s vs 
3045 I SB vs 3095 vs vs vs 4045 r, I I, 5035 s vs vs 
3046 s r, s 3096 vs vs vs 4046 vs IG vs 5036 vs vs vs 
3047 s s s 3097 vs s vs 4047 vs vs vs 50.37 vs vs s 
3048 I I, s 3098 s vs s 4048 s vs vs 5038 R* s s 
3049 s I'l. s 3099 vs vs s 4049 vs s s 5039 vs vs s 
3050 vs s vs 3100 vs vs 4050 vs vs 504.0 vs 
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Inheritance Study, Downy Mil dew 1962 (cont.) 

Hill No. Hill No. Hill No. 
Line 1 2 2 1 2 '.l 1- 2 3 _L.....i.. 

5041 vs vs vs 6032 R-17 1 AxS s vs s vs R* 
5042 vs vs vs 6033 vs R-17-2 Ax T vs RB vs R 
5043 s vs vs 6034 vs vs vs R-17-3 A X T s s vs I s 
5044 I R I 6035 I, I I R-17- 4 A X R s s vs vs s 
5045 s vs vs 6036 s s A :X R vs vs s vs vs 
5046 vs s vs 6037 R-17-6 
5047 s vs s 6038 s s vs A X X I1. r, s vs 
5048 vs vs s 60.39 I I vs AxY I I, s 
5049 vs vs 6040 I I I R-17-9 A X Y I I I s 
5050 vs vs s 6041 I s s E::U::J.Q_Q_x Z vs RB s s 
5051 vs s s 6042 vs vs R- 16 A X s s vs vs 
5052 vs I s 604.3 vs vs vs R-15 A X s vs vs vs 
5053 R R s 6044 RG s I, 
5054 vs I, vs 6045 I'2.. s vs R-13 A X Z vs vs vs 
5055 vs s vs 6046 vs vs vs R-12 z I I s 
5056 vs vs vs 6047 s vs vs 
5057 vs vs 6048 vs s s R-10 X I3- I-z.,. 
5058 s I vs 6049 vs SB T s vs vs 
5059 I I I 6050 R s VS R=8 s vs vs vs 
5060 s I I 6051 vs vs vs 
6001 vs vs vs 6052 s vs vs R-6 G s s s 
6002 vs vs vs 6053 vs vs vs R=5 F vs vs vs 
6003 vs vs vs 6054 vs vs E vs vs vs 
6004 vs s vs 6055 vs vs R- 3 D I, I, I, 
6005 s vs vs 6056 vs vs vs R- 2 c I, I, I, 
6006 s s s 6057 vs vs I R- 1 A' s s s 
6007 s vs vs 6058 s vs 
6008 vs vs s 6059 - B - B R* vs vs I s 
6009 vs vs 6060 s vs I R-17-12 s s vs s vs 
6010 I R vs R-17-13 R I I Il.. I 
6011 s vs vs Res i stance Rating R-17-14 I,_ vs s s 
6012 Iz. I 'a. I.,. s Susceptible R- 17-15 s s VS R 
6013 s vs vs R Resistant vs vs s 
6014 vs vs I Intermediate R-17-17 vs 
6015 s I. I, R-17-18 
6016 vs vs vs Spike R-17-19 vs vs vs vs vs 
6017 vs I Ql.assificat;Lon R-17-2G I s s I 
6018 vs vs vs I, non sporulating R-17-21 R* I s I 
6019 vs vs vs R-17-22 
6020 vs vs vs ear l y dying 

R-17-23 vs vs vs vs vs spikes . 6021 vs vs vs I,_ Light sporula- R-17-24 vs vs vs vs vs 
6022 s vs tion . R-17- 25 vs vs vs vs vs 
6023 vs vs vs R-17-26 s 
6024 vs vs vs * Very resistant R-17-27 
6025 s vs R-17-28 
6026 2B vs vs G Genetic R-17-29 
6027 s s s abnormal ity R-17-30 s s I, s R 
6028 s s SB R-17-31 I I R* 
6029 vs vs B Baby hop 6030 vs vs vs 
6031 I I• RB 



Entry 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Total 

• 
a 
a 

sy2R2 • 
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Harves-t Weights in the Gibberellic Acid Tr ial on FU.g gle i .n 1962 o 
Harves-t weight by reps. (not adj . for moisture ) 

Repli cation 
I II III IV v VI Total 

38.0 47.3 46.1 44.7 .50. ;:.;. 55.1 281.6 
Ll.2 Ll.7 h1 0 h5 " . . 38 .3 h?o9 
45.3 33o9 41.5 46. 2 47 
39.1 38. 9 42.6 44.0 5'"' ..., .') e .) 42 •. ,....1 4' • . 

,:,0'.·•.1 
43.8 46.1 42 . 7 46.8 "14 9 l • • 46.8 ?'7":' "? 

to . L 

37.2 33. 8 43 .0 52 . 3 49. '""{ 26.5 o4 
38ctl 36.8 44. 7 42 •. h 52 .8 5l. l ·VI) q t::.::J, . , 

35.3 ,38 .7 43 . 9 35.2. 42.3 5C'o.+ ?45.? 
39.1 3'7 .4 43.0 4? .8 5: .• 60. ,4. r:?;?. :t 
40. 7 41.2 4#' .) e U 41.1 I) 

- ·:J • {... L-9. 8 

397.8 39.S: . 8 u·J,, r -• ' I ,_ ; , ...J ... 
. .. 4 ; ; o.-1 :J --' ·· ·:; 

2, 655.10 Analysis of 
119,34l. I.l Souroe DF ss MS F 
705, 943 . 5 

1,183166t-J.o43 Trea tme:>:J."G 9 :61 .• . ::8 .. . , tTl"!) ·-· ( . Replication 5 8'?]o843 7 ,. \ 
,/ . ' ... 

E ::>:>:':"O!' 45 8:;_,-. 
Total 59 .. 8' 8 •"'- ') .J.., 4 

Moisture dry-down percentages from the gibbere l lic acid trial on Fuggle are 
given on page 125. 

Av__g!.. 

43.6 
43 . fJ 
44. "' 
43 . 4. 
45.2 
44.2 
44.3 
41. 0 
46.6 
43.7 

N.s • 
** 
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Gibbere1J.ic Acid on F'Ugg=:.e .,. East Farm. 

%0C -acid (dry weight, basi:::l) 
Replication 

Entry I II III IV Total 

1 6.39 ?.05 5.21 .5. 9? 24.6._ 
2 6.67 6.70 6. 83 7 '"'.! "':? • ·-'- s 2?. 37' 6.84 
3 6.83 6 • .13 ,..., .5 .5 . 9:' 2.1 .• 21 , ,..., 

::>• 
4 6.39 6.02 .5.73 5 l} . ··-. 23 •. 53 5. 88 
5 6. 24 7oC5 5.?4 6 . !.1 
6 6.55 5 ,..,') • ! - .5.4.1 6. lt ' 24.:? 6 .. , .. • 

7 6.40 .5. 69 '7 •. 55 5.17 C.,!.J. o 
., 6. :?1 ..,:. 

8 4.67 6. 83 6.h:5 5.83 5 o .i .'J 

9 5.98 6 •. 55 5 • .32 ?4. l.J.8 
10 '7 o26 6.39 7 ?t·-72 6 .. 

Total 62.02 65. 20 .59. 78 " ··r; 

= 248.82 Analyc::' .. s of Va:r..J'.:.arJ.0l3 
= 1156.5.3684 ·so,J_r..;,;:') DF ss }iS F 
::: 6 , _, -

sY2R2 :::15,492 .8812 9 (; . 3135:?. c: .• N.So 
Repli-:;a'bion 3 

..., :\ ,;:r·:".J. :'" . ')',! 
..,..., N.s • ..... . . .' .• 

1'-? .:·:.JB ... -, . • ' M r) 
o :.j. 1 •-

Tot al 39 -:..:_-o5b:-l6 

% /3-acid (dry weight basis , 
ReEli.oation 

Entry I II III IV' To-t, a:. Ave . 

1 2.36 2 2 . 40 2 . ?.9 9.:::: :; 2 o3 J 
2 2.40 2.17 A "T ";'' 

t:. 0«-.:> 1 •. 56 8. :.-:6 2. 06 
3 2.19 2. 60 2.47 2. 36 2.4.1. 
4 2.40 2. 61 2.64 2.46 14" ..._. . ___ 2.53 
5 2.5? 2. _7 2. 88 2. 32 2.43 
6 2.2'7 2.50 2. 88 1. 63 9. 28 2. 32 
7 2.81 2. 27 2.42 2. 20 9. 70 2. 42 
8 2.94 2.49 . 2.5 2.46 il . l4 ? ·- . ,,/ _,;' 

9 2J.+6 2. ll 2. ?9 2. 25 (' ''! ,;'p 'O ,., c. . • . ,.)· 
10 2.25 2.52 1.58 2.1Z 

Total 24.6.5 25. 01. 2l.:C:. 9LJ .• J6 2.36 
Sy = 94.36 Analysis of Varian ::. 

sY; 2 :::; 226.3856 Sou:r'-Je DF ss MS F 
:::; 894.0578 
:::; 2, 235. 2428 Treatment 9 . 9l5f(-:::.. .. 3 1.42 N.s. 

Repl ication 3 . 9290,:+ 4 ..,"1! * Er":t l" 27 1 . $427-l . 0?193 
Total 39 _: .• ·, 9C35 



Gibberellic Acid on - East Farm 

Oil content (ml/ lOOg dry matter) 

Entry I 

1 0.98 
2 o.86 
3 1.03 
4 lo08 
5 1.02 
6 1.06 
7 1.03 
8 Oo92 
9 1.oo 
10 Oo79 

Total 9o77 

Sy • 38.38 . 37.1356 
14?.3804 

sY2R2s: 368.5930 

Replication 
II III 

0.91 1.09 
1. 03 0. 97 
Oo9:2 0. 92 
0. 97 Oo92 
l oO? o.86 
o. 8? 0.92 
1. 08 0.95 
1. 03 0.92 
1. 08 0. 92 
__ . 02 o.87 

9. 98 9 • .34 

Source 

Treatment 
ReplitJation 

Total 

IV 

0. 95 
-"-O'C'.) 

o. 89 
o. 8?.. 
1. 03 
Oo76 
o.s1 
1. 00 
1. 09 

Total 

3. 93 
.3 . 89 
3. 79 
3. 86 
3. 76 
3o88 
3.82 
3o68 
4 • . :J 
3o?? 

Analysis of Variance 
DF SS HS 

9 
3 

27 
39 . 30999 

. ':1:':;<3 

.o 

. 98 

. 97 
o95 
. 97 
.94 
. 97 
.95 
o9c. 
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F 

NoSe 
NoS o 



116 

Entry 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Total 

Entry 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Total 

= ? a 

= 
sy2R4 = 

''-I . 

155 
ll7 
ll6 
161 
140 
lll 
171 
152 
130 
135 

1388 

I 

.32 
28 
28 
31 
30 
24 
34 
30 
26 
30 

293 

1,196 
36,008 

JA3,696 
357,694 

Cone weight, (mg) on Gibberellic Ae:id on Fuggle, 1962 

Replication 
.II III 

16 
135 
134 
165 
133 
133 
161 
156 
lh.l 
165 

1483 

163 
138 
145 
:JA6 
146 
109 
170 
148 
132 
1?6 

1473 

Treatmen-'G 
Replication 
Error 
Total 

IV Total 

lt'.5 ?4? ' .)! 

136 5?6 
132 52' 

6?.4 
1.5'3 57 ... 

473 
186 688 
156 612 
"l r.;'') .i..:?•· .'X) 
236 TL 

"' 58 ,/ ,'7 _")L. 

Analysis of V ar:i.arwe 
DF SS MS 

9 
3 

27 
39 

_61 ab () 
32 de 

1 .. d® 
b .!.:)0 \(} 

143 ru. 
11.8 19 
172 ab 
::....5'=" bed 
1.39 -dde 
:?8 a 

F 

6,. ')7 *i{-

3. '23 * 

Cone wngth (nnn) on 'E.rial on Fuggle, 1962 

Re:e1ication 
II III r.r Total k • 
33 33 "'>o :: . . 1 3..27 ;,2 ab 
28 29 29 llli 28 Ctd 
30 28 <::9 29 bed 
30 29 29 ll9 30 be 
26 31 29 ll6 29 bed 
26 28 26 104 26 d 
32 33 34 1";)3 -.) 33 a 
30 30 30 120 30 be 
31 32 29 118 30 be 
31 33 36 :...30 32 ab 

297 306 30 1."'-96 

Anal;y:sis o f Varianc:e 
Source DF ss MS F 

Treatment 9 .., t.'• 6 .l..V .) e 18o 6 •. 50 
Replication 3 9. 3. 0 1.07 N.s. 
Error 27 2. 8 
Total 39 o6 
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Height of Trellis Exper::i..men·(; - Harvest 1\Teight.s (adj . f or moistu:r.oa ) 1962. 

Fuggle LC BG l44I 135I l28I 

16' 2.5.4 .35. ' 29.6 45.8 15e5 J5.4 !.86.7 
I 18' 18. 5 29.4 27 . 2 26.1 J.64or:.' 

2m (25. 8) 39. 9 26.1 36 . 7 2Lt.o1 45.4 (N'8 f•') ..... 7 0 -". 

Sue . (69. 8) 97.6 8.5.1 ., ? ,., ......-- •:? 66. 8 :...r:t .9 '.548,: p 

16t 27. 4 27o9 3.5 .,2 3uo0 4'"" ,. . .! 
:Wt 2.5. 3 20o0 34.8 49. 9 27 . 8 42.7 ';) • Lr .. · t 

._. \, 
II 

201 24.7 18.8 30.8 38.8 3-o3 59. 7 204.1 

Sub . 77 .4 66. ? l OC. 8 l-:1..8 . 7 ?9ol 4 6ta:O 588. 7' 

16• 2.5 4t! :..!J.5 ..., __ _, ., , 3.3. 3 .33 . 6 ".) ..:} .c, 
.J / . -: .. :?l !' .,3 

III 18' 27 . 8 28 . 13 35. L. .., 
, .t. • . ·• 

• • .., ,. ;!.. 
'-·0 & -' 60 •. '5 '; ' -:4 .... ., 

( .... / •·. 
20' 37.3 19.3 "' '7 '"> 4f .,. J7 . .... 62. 8 •)') t··· "'' c. t o.) .... • • G 

Sub. 90.2 6] . 6 .., r,t, l . 
.J.,I.iU 0 !-4- • .5 9'"' .., . I .l,.. 162. :1 6j .:: . 3 

Tot al 237. 4 22'? . 9 292oJ 37loJ.. 4-:::..s 
Fugo w BG -l!lJ 

__ _, 

:2c:r: t a:.. si • .,2 
_) :. -:J:J-. a 

a 563_,884.60 :!JSt 78.4 l ·J8 •. ., .,. 69.:'... .., - G! 
·-'• '- . ·- ·- . s::: "' i:l f ill'-,., r1 71 991)6 - : - • ) 8:".e .., •)r"" .L'...·. ' ·"·• i ...... :;. .• . J . J e :.; 

c 1J>068,o360. 26 2 8';' . 8 ?8. 0 84o2 •. 1.+ o9 6.7Co9' 
n 358J>9llo.48 

S TH :::: 19 J) 559.36 
CF = 59 2i 9"' rl , . l.,.-

Ana Lysi s of Var'iance 
'F So·tU·ce DF' ss MS 

Height.s 2 137.436 68. 718 1.61 N.s. 
Replicati on 2 294e089 lL.? . oL.4 3.4o N.s. 
Err or a 4 172.931 43 . <::33 

Subtotal a 8 604.456 
Varietie s 5 3,437.932 687 . 586 12o42 
V xH 10 ?28.507 ,2o85l l o32 N.s. 
Error b 30 1,660.313 55e3M 

Subtotal b 45 5J)826.752 
Gr and total 53 6,43l o208 
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Height of Trellis Experiment - 1962 

0(" -acid (d-wb) 

Varietl 
Height Fug. L.C. 144=I 1,25=1 128- I Sum 

I 16 1 6.70 8.03 8.26 2.85 2.14 10.30 38.28 
18 1 5.85 7. 29 7.15 2.99 2. 71 9.42 35.41 
20 1 (6.o6) 8.32 8.18 3.41 2.71 8.56 37 .24 

18.61 23.64 23.59 9.25 7.56 28.28 110.93 

II 16 1 6.02 6.35 8.18 J.J4 2.05 11.03 36.97 
18 1 5.23 6.20 7.63 2.61 3.32 8.59 33.58 
20 1 6.42 6.09 7.69 3.30 2.15 6.70 32.35 

17.67 18.64 23.50 9.25 7.52 26.32 102.90 

III 16 1 4.70 5.25 6.83 2.93 1.39 7.45 28.55 
18' 5.30 6.01 7.86 2.68 2.23 8.12 32.20 
20' 4.77 4.59 6.40 2.37 5.31 7.83 31.27 

14.77 15.85 21.09 7.98 8. 93 23.40 92.02 

Variety x Height Interaction 

16' 17.42 19.63 23.27 9.12 5.58 28.78 103.80 
18' 16.38 19.50 22.64 8.28 8.26 26.13 101.19 
20' 17.25 19.00 22.27 9.08 10.17 23.09 100.86 

51.05 58.13 68.18 26.48 24.01 78.00 305.85 

Anallsis of Variance 
17,995.3823 DF ss MS F 
31,361.5553 
31,186.5957 Height 2 0.28823 0.14412 -- N.S. 

sy2sub a 10,476.7193 Replication 2 10.00821 5.00410 5.68 N.S. 
.sY2vH 6,027.1111 Error a 4 3.52302 0.88076 

Subtotal a 8 13.81946 
Varieties 5 267.18650 53.43730 70.59 ** 
V X H 10 9.26188 0.92619 1.22 N.S. 
Error b 30 22.70924 0.75697 

Subtotal b 45 299.15762 
Grand 53 312.97708 



He i ght of Tre- l is Experiment - -962 
(3 -acid (d'Wb) 

Fug. 

2.73 
2.31 

Rep. Height 
I 16 1 

18 1 

20 1 (2.47 ) 

Variety 
B.G. 144-I 
4.08 
3.94 4.93 
4 . 2 4 .74 

1:2.2::1 
5.07 
5.42 
5.88 

128=I 
4.42 
4.56 
4 .56 

Sum 

26.75 
25 . 51 
25.09 

7.51 13 .30 12 .14 14.49 16 .37 13 .54 77.35 

II 

III 

16 1 

18 1 

20 1 

16 1 

18 1 

20 1 

2.32 
2.69 
2.90 

7.91 

3.41 
3.41 
2.67 

9.49 

.3.24 
2.43 
2.41 

4.00 
3.94 
4 .33 

4 .81 
5.47 
5.68 

8.08 12.27 14·48 15 .96 16.22 

2.65 
2.33 
2.66 

4.68 
4.57 
3.49 

6. 39 
5. 55 
4 . 50 

5.11 
5.14 
4.80 

7.64 13 .02 12 .74 16 .44 15 .05 

23 • .30 
24 .07 
27. 55 

74 .92 

26 .6.3 
25.49 
22 . 26 

74. :38 

Variety x Height Interact i on 

16 1 

18 1 

20 1 

8.46 
8.41 
8.04 

11. 52 
9.11 
8.39 

12 .47 
12.37 
12.59 

13.82 
14.70 
13 .19 

16 .27 
16 .44 
16 .06 

t, . l4 
14.04 
16.6.3 

76 .68 
75. 07 
74 .90 

24.91 29.02 37 .43 41.71 48.77 44 .81 226 .65 

= 1,021.4435 
= 8,989.8465 
: 17,128.4133 
= 17,125.3.373 

a : 5,731.4927 
sY2VH = 3,007.6485 

Source 

Height s 
Replication 
Error a 

Subtotal a 
Varieties 
v X H 
Error b 

Subtotal b 
Grand 

Analysis of Vari ance 
w ss 

2 0.10721 
2 0.27810 
4 3.56305 

8 3.94836 
5 47. 57141 

10 .3 .57046 
30 15 .05285 

45 66.19472 
53 70.14308 

0.05360 
0. 13905 
0.89076 

9.51428 
0.35705 
0.50176 

119 

F 

N.S. 
=- N.S. 

18 .96 ** 
-- N .S. 
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Dry-down Percentages, 1962 

Height of Trellis Experiment 

LC BG l 35I 128I Tot.a:.H 

16 ' 26.3 24.6 29 • .5 21. 8 29. 9 29. 3 1:'5:..)1 
I 26.3 24. 2 30.6 2,3.0 25. 9 ., .. :?.6. 5' .... . ,/ ._ 

20! (26.3) 26. 8 29.9 24o1 28.:J 29o·-+ ., ... ) (•1.., ) , I o !+ 

(78.9) 75.6 90. 0 68 . 9 83. 8 88. "" ' l 85' c:· \ "<-4. ........ / 
Avg. 26. 3 2.5.2 30.0 23. 0 2'( . 9 2::1 . 4 

16 ' 2.c.) . ? 24.4 28.8 23. 0 27. 2 28.6 . 7 26. 3 
II 18' 2.5. 9 24. 2 2') .... ?.7 . 9 .., ,..,,. S' 26 .6 

20 ! 26o9 25. :t 30.2 2Jo7 29.4 265.6 2? .6 
Sub. 78 • .5 ... , ., r-? 

(..)o i 88.1 68e9 84. 5 8 .., , / o- " 
Avg. 26. 2 24.6 20' 4 23oS 28. 2 r ' 1 P" -;. c. "" • 

"" 61 25. 8 24. 9 29. J 2_. ?:. 26.8 ')1'-1 r...l 

....... " . ;.; .: .. 2.S' . 8 
III 18' 25. 8 24 ., 29. 4 ,., .('• 2• • L!. - a5 26.2 ·- <. ·- 0 

20' 26.5 24. 9 30.1 2l.9 28.0 26. :' :'.58. -: 26.4 

Sub. 78 . 2 73. 9 88 • .5 66. ';} r, t:.- • . • ..; 
Avg. 26. ::.. 2h. 6 29o5 r" 1} , 

' · o!.l. "' t . n..:..· 

Overall Avg. 24. 8 l' ,r , M '-C.. · 2;' .8 28 . 3 26. 6 
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Harvest Weights in the Date of Pruning and Training Tri al on Late Cl uster i.n 1962. 
Harvest weight by reps. (not adj . for moisture ) 

Replication 
Ent!Z I II III IV v VI Total Ave • 

1 49.1 .54.8 .59.2 47.3 46.2 38.3 294.9 49. 2 
2 4.5.0 34.5 38.9 47.6 47.2 4" ,_, C:. o.? 25.5. ? 42.6 
3 55.4 43.4 36.4 51.5 43.3 43.8 2'?4o3 45.7 
4 46.4 53.6 56.h 51. 0 h7 "il 

• e • · J-t-1. :9 296.h 49 .4 
5 53.1 .35.0 27. 9 53.1 4J .• 4 34.2 24h.7 40.8 
6 49.4 40.2 44? ·- 36.6 40. ? br-' ,., .:; . c. 256.3 42 .? 
Total 298.4 261.5 263.0 287.1 266.4 245. 9 1622 . 3 

Soy, • 1,622.30 Anal;zsis of Variance . 741909.49 Source DF ss MS F 
• 441,009.73 

sY2R2 • 440,455.99 Treatment .5 -94 l"c ?8. 89.r? 1. '?8 N.s. ) o4:-" 
Replication 5 302.185 6o.h-:-;? :1. . 37 N.s. 
Error 25 ::co5. 68J h4 •;J::w• . •· ... \ 
Total 35 1802.343 
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Prune and Train -- Late Cluster, 1962 

% OC -acid (dry weight basis ) 
Replication 

Entry I II V. 
1 
2 
3 
4 
.5 
6 

Total 

6.02 
6. 20 
6.56 
6.22 
6. 39 

' 7 .58 
38.97 

c:: '"" 0 ./ . c ... .. 5. 81 
5.49 4.60 
5.45 5.17 
6. 48 7 . 8? 
7.16 6. 06 
6. 79 7.45 

36.59 36.96 

Treatment 
Repl:icati.on 
Error 
Tot a: 

% (3 -acid (dry weight. basis ) 
Repl i . cat. i on 

Entry I II V 

1 
2 
3 
4 
5 
6 

Total 

3.56 4 "'? e .L-
4. 23 
4.53 r 0 ,, 
.? e <.._) 

4.J.4 
2). 81 

3.93 3. 93 
3. 6-:J 3. 94 4 (.,.. · ·-'0 3 • .55 
3 •. 58 3. 27 
.3 . 48 3. 63 
.:; . ?.8 3 ., ') ·--

21. 93 21.44 

VI Total 

5.8? 22.92 
5.32 21.61 
6. 04 23 .22 
7.29 2? . 86 
? . 24 26 . 8.5 
'7 
f • ( ' 29 .5-9 

39.53 1.52. 05 

Analysis of Variance 
DF 

5 
3 

-5 
23 

ss 
: :_ .?;.9: 
1. 0584 
r' / e •.C.. 

18. 8254 

VI 
3.62 
3. ?5 
3.23 4 r' l , • .?<+ 
4.3).+ 
4.52 

24. 00 

Total 

15. 04 

15. 07 
15' . 92 
16. 68 
15. 06 

93 .18 
of Va,rianGe 

NS 

Sour ce DF SS HS ---------------------
Treatment 
Replication 
Error 
Tot al 

5 
3 

15 
23 

.5404 .1081 
2. 02ll . 6737 
3.4478 . 2.399 
6.0093 

Ave . 

s. 7J 
.5 . 40 

6. 9? 
6.7:. 
7 .4' 
6. 33 

Ave . 

3. 88 

F 

? 1Ht-
1 . :).S' N.s. 



Oi l cont ent (ml/ lOOg dry matter ) 
Replicat ion 

Ent !Y I II V 

1 
2 
3 
4 
5 
6 

. 34 

.73 

.74 

. '79 

. 95 

.85 

.so 

. 62 

. 73 

.67 

.!+5 

.56 

. 73 

.68 

.73 

. 78 

.56 

. ?0 

VI To-:,a:_ 

.6? 2.54 

.67 
6'7 o I 2. 87 

. :;8 
'7"> . ; 2.68 

o78 ,.., R'"' . • "'-J ;-

Total 4.40 3. 83 4.18 4. 29 :.6 .7C 

= 16. 70 
·-· 11.9896 
= 46 . 6334 

sjr2R2 = 69. 9054 

Anal ysi s of Variance 
Sour-:;e DF SS MS 

Treatment 5 0. 03! 9 . 8U7.)8 
Replicat ion 3 c. G305 .o: c:_6 
Error 15 0 . 3008 . o::: 05 
Tot al 23 0.36:7'2 

. 6.'3 

.6? 
• 72 
.?5 
.6, 
. 72 

123 

F 
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Entry 

l 
2 
3 
4 
5 
6 

Total 

Cone Length (mm) on Prun:i.ng and Trai.ning of Late Clu.ste:o:·, 1962 • 

I 
32 
31 
32 
.33 
31 
J"'l -'-

190 

Replication 
II III 

.. 32 
36 31 
3il - .... 33 
PJU"'1 
;)C. ' 31 
i1 .. - 30 
32 .30 

194 187 

Source 

Treatment 
Replication 
Err..1:::• 
Total 

IV Total 

3D 125 
)'J 128 
i' _._ ... "! ;;.7 
31 
C. "j l2l 
30 1 ·) ? 

' - . ) 

181 ?.52 

Analysis of Vari anc(=. 
DF SS 

5 9o.'3 l .. 
3 ."'). -'-, .J • .•• 5(,'! 

15 2"·' ·'"" . :..h. 
23 45.3 

A:ve . 

: ct36 NoSe 
3oS7 '*' 

Cone v1eig:':l..; (:mg) on Pruning and Training of Late G1us t e:rS> l:;t62 

Replicat ion 
II III IV Tot a:. Entry I Al!8e 

1 J-41 
2 155 
3 184 
4 162 
.5 
6 164 
Total 949 

J..'79 166 158 6h4 
::..93 151 rn ( l 
:L42 160 :r...?O 656 
180 191 167 700 
178 162 l46 629 
184 202 169 ?19 

:i.D56 1032 981 4018 
Analysis of Variance 

Sou.ree DF SS MS 

Treatment 
Replicati on 
Err . :r· 
Tot,aJ. 

:.68 
164 

F 

l o16 N.s. 
l o55 N.s. 



Moisture Dry-down Pe:r'Ci3Irt;ages, 1.162 

Ent!'Y 1 2 

:E:rune and Train on LC - 1962 

1 
2 
3 
4 
5 
6 

30. 0 
29.0 
30.2 
29.4 
30.0 
29.6 

27·-
32.6 
26. 3 
28.2 
33.0 
32. 1 

31o4 
J'' .? 
30.3 
33.0 
32.0 
35.1 

Gibberellic Acid on Fuggle - 1962 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

26.5 
Z5 .5 
26.7 
27.0 
24.8 
26.1 
26.6 
24.8 
25.7 
27. 0 

26 •. 5 
26.:'.. 
25 .9 
26 .5 
2.'5 . 7 
26. 9 
26.? 
26. ? 
27 •' 
26. 8 

28 .1 
26.3 
26.8 
25. 9 
2.5.8 .s 

.26.1 
2?. 2 
26.9 
2').9 

6 

33.? 
30. 3 
32. '1 
31. 4 
31.? 
32 ol 

28.8 
27 27 . 3 
26. 9 

28.'J 
26. 9 

.. 
28. 3 
2"? . 9 

Tot a:. 

2. :2 
'123 . 6 
:::_e.s 
2..":'2 (J j 
"J2.6 .'"l 

:_ .. 5 .• '; 
o:' 

:: . .JC·o.':; 
., 0.7. .• ) 

:.cos.:_ .. (' . - ; .. .. 

, _, 
::.,';'> 0 .7 

26.6 

125 
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Detailed composition of hop oil from hand-picked and machine- picked loose and * 
baled (24 lb./cu.ft.) Fuggle during 164=day st orage period at room t emperature. 

_____ Hand ·'Picked -----
Time --· LQQse _ Bal !L__. ·---· __ _ 

Mtlli Ot hers ·· lliml..a. .Qi;.heu 

0 2.030 1.295 0. 355 0. 108 0.06? 0.205 1. 730 1.035 0. 355 0. 096 0.01? 0. 227 
t 2.010 1.246 0.354 0.105 0.018 0"287 1.610 1.006 0.282 0.082 0.016 0.224 
1 2.009 1.234 0.227 0.098 0.018 0-432 1.829 1.039 0.351 0.110 0.016 0.313 
2 2.129 1.335 o.J62 0.109 0.021 0. 302 1.979 1.132 o.364 o.o99 o.o2o o.J64 
4 2.130 1.29? 0.394 0.109 0. 019'{) . 311 1.449 0.780 0.336 0.093 0.017 0.223 
7 2.130 1.278 0.411 0. 128 0.019 0.294 1.479 0.679 0.327 0.090 0.019 0.364 

21 2.130 1.453 0. 344 0.096 0.021 0.226 1. 69 0.567 0.273 0.078 0.021 0.230 
51 1.909 1.155 0. 288 0.088 0.015 0. 363 1.140 0.536 0.374 0.069 0.014 0.147 
77 1.791 0.963 0.281 0.081 0.020 0.446 1.239 0.481 0.374 0.108 0.021 0.255 

_164 1.340 0.772 0.276 0.072 0.197 0.749 0.063 0.018 0.120 
_ Pi cked 

Time Loose Bale 
Others TQtal Hum. Ji=La;r: Others 

0 1.970 1.235 0.278 0.098 0.018 0. 341 1.399 0.865 0.270 0.081 0.014 0.169 
t 1.929 1.220 0.316 0.081 0.015 0.297 1.630 0.944 0.308 0.091 0.015 0.272 
1 1.86o 1.177 0.324 ·o.o85 o.o11 o.257 1.649 o.907 0.343 0.104 o.o16 o.279 
2 1.710 1.048 0.291 0.087 0.012 0.272 1.700 0.932 0.328 0.100 0.017 0.323 
4 1.790 0.848 0.45'5 0.115 0.023 0. 349 1.2.38 0.666 0 • .315 0.085 0., 015 0.157 
7 1.870 1.154 0. 305 0.087 0.021 0 • .303 1.)00 0.688 0 • .309 0.087 0.018 0.198 

21 1.660 1.057 0.274 0.0.38 0.017 0.274 1.010 0.491 0.276 0.081 0.016 0.146 
51 1.709 1.026 0.248 0.058 0.01.3 0. 364 0.941 0.375 0.240 0.071. 0.015 0.240 
77 _ 0.952 0.282 0.086 0.017 0.20.3 0.859 0.372 0.258 0.071 0.015 0.143 

164 0.064_Q.Ol8 0.237 0.112-Q.021 O.Ol4_0.122 * Total and each component expressed in ml./loo g. dry hops. 




