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VARIABILITY OP W)RPHOLOGICAL AND CHThIICAL QUALITY CHARACTERISTICS 

IN FLOWERS OF MALE HOPS, IRR4ULUS LUPULI. L. 

INTROD1XTION 

Hops are used a1ost entirely In the nak1ng of fermented malt 

beverages. It is a dloecious plant which produces annual aerial 

vines from perennial crowns. Only the female of the species is of 

comiiercial iinportance since its dried inflorescence constitutes the 

hop of conerce. The fanale inflorescence is a catkin or strobile, 

called a cone, with papery bracts and bracteoles The value of the 

hop lies In its contents of bittering substances and essential oils 

wbith provide both flavor and aroma, as well as some preservative 

and protein coagulating properties. The bitter substances, made up 

principally of alpha- and beta-acids and related compounds, are 

produced in tiny granular glands which are borne on the surfaces of 

the bracts, bracteolea and seeds. These glands, called lupulin 

granules, contain also the essential oils. 

Except for increasing the yield of hops due to the stimulation 

in strobile developnent, brought about by fertilization, tne male 

hop is of little commercial importance. In parts of this country 

and in most of Europe, males are excluded from the hopyards so that 

seedless hops may be produced because they noimally have a higher 

commercial value. 

The value of the male plant, however, cannot be overlooked in a 

hop breeding program. The male contributes half of the Inheritance 

and is just as important in a breeding program as the female. 
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The male hop flower is inconspicuous (Figure i) and. does not 

correspond morphologically with the inflorescence of the fa1e. 

Hence, many difficulties in evaluating the male plants for their 

potentiaL breeding value are encountered. Heretofore, the principal 

means of evaluating males for their breeding value has been through 

the use of' expensive and. time-consuming progeny tests. Only 

commercially important characters such as vigor and earliness, aside 

from those which are not conmerciafly important, such as stem color 

or leal' shape, have lent themselves to phenotypic evaluation in the 

male. The potential for transmitting the bittering principle, 

essential oils and yield of strobiles has been evaluated only 

through progeny testing. 

Any technique which would eliminate the need for progeny testing 

for quality factors In the early selection of' males would be of great 

importance to a hop breeding program Selection could be made first 

on the basis of phenotypic observation, and then a smaller number of 

lines could be used in crossing to test their breeding potential. 

Early elimination of many of the male linea on the basis of' pheno- 

type would allow better and more extensive testing of the few 

remaining ones for the same expenditures in time end money. 

During the growing season of 1955, slight differences ïn aroma 

and stickiness of the flowers of different male hop lines were 

noticed while collecting pollen for crossing. Since it is a well 

known fact that both aroma and stickiness in female hops are due 

primarily to the occurrence of the resin glands on the female cones, 



Figure 1. Paxìi ele of male plant shedding pollen (about natural size). 



14. 

thebe observaticns iediet1y ßuggestta that this wight be true 

also for the na1e flowers , Emilnation of the flowers did. show the 

presence of resin glande (Figre 2 ani3. 3) . As a result, samples of 

zimle flowers vere collected that season arid submitted to the cheiistry 

laboratory for evaluation in nnich the aee Henner as fexnaJ.e coxea are 

evaluated for cheiea1 quality conponenta. In addItion a search waa 

made oÍ the literature, wad it was found that resin glands had, in 

fact, been noted on male hop flowers many years before ( Salmon aM 

Wonnald, 23, Vol. 11, p. 253). However, resulta of chica1 azialysee 

of maie hop hovers had not been reported. This perhaps was due to 

the same difficulties encountered in this project in obtaining samples 

of sufficient size and the absence of a standard method for evaluating 

material having extrely low concentrations of alpha- and. beta 

acids. 

PreJiininary work in 1955 and 1956 indicated that the methods 

available for evaluating the ccmercia1 hop cones might be adaptable 

to the evaluation of low analysis male flowers. It was found that 

petroleum ether extracts of male hop flowers in weakly alkaline 

methanol solutions had ultra-violet light absorbing properties very 

similar to those of hops. This vas very encouraging. However, it 

became apparent that the methods used in evaluating higher analysis 

hop cones could not be used on male hop flowers without modification. 

Such modifications vere developed and later publiahed by Likens and 

Brooks (21, vol. 63, p. 50.53). 



Figure 2. Male flowers which have shed their pollen and separated 
fran the plant. Resin glands are visible on the sepals and in the 
receptacle and dorsal furrows of the anthers (anthers are about 
2.5 xmn lon). 
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Figure 3. Diagramnatïc sketch of resin gland (gland diameter is 
about 130 microns). 



These investïgation8 vere designed to provide inÍ'onnation ori 

two aspecta of p1enotypic evaluation of male hopa . Firstly, what la 

the extent of variability present in male hop linea for floral 

characters, particularly those having economic significance In 

female plants? How much of' this variability la due to genotypic 

differences in a random group of linea, and how much la due to 

environment? Anawera to these questions would not teli the hop 

breeder anything about transmissibility of such traita, but would 

provide fundanental knowledge of the male phenotype . Secondly, ehat 

is the nature of correlations between quality characters and other 

characters and among the quality factors thamselves? Are such 

associations genetical or are they due to environmental influences? 

Are the associations brought about by the direct influence of one 

variable on another or are they brought about by correlated caminan 

cause8? Answers to these questions would enable a hop breeder to 

more effectively carry out a selection program. 
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BEVIEW OF LflAT 

Fore arid Sather (114, vol. 10, p. 20), Dark (5, p. 51) and 

Smith (28, p. 1218) have pointed out that the probleni of hop breeding 

can be para11e1ed with that of breeding buLls for improving milk 

yields of dairy herds . Many of the cropping characters of the hop 

plant are sex-limited in that they are expressed only by the female 

plant. As a result only 50 per cent control has been exercised In 

breeding. Fifty per cent of' the inheritance la supplied through the 

male line, and its important characters can be determined only by 

progeny testing. 

Dark (6, p. 58-67) revIewed the available literature on hop 

genetics and listed four main disadvantages of hops as a subject for 

genetical study. One, a seedling hop usually does not flower until 

its second year, and eceie characters may not become stabilized until 

the fifth year. Two, separation of the sexes and conercial methods 

of propagation have produced heterozygous and unrelated males and 

females . Three, many of the ccercially Important characters cannot 

be measured objectively. Four, the habit of wind pollination natural 

to the plant creates technical difficulties in controlling cross- 

pollination. 

Sorne of the earliest work on the 8tudr of variability in male 

hops was done by Wonald (30, vol. 7, p. 175-196). Male plants were 

found to vary in time of flowering, vine color, lea! color, length cf 

lateral branches, in addition to the number of glands present per 



unit of area on the leaves The glands on the lower surfaces of the 

leaves varied from 120 to 190 microns in diameter. Full bloom 

occurred usually from 7 to 10 days after initial bloom, and several 

plants remained in bloom for two weeks. It vas concluded that male 

hops e]thibit definite variation, and selection for one or more 

characters would ce feasible. 

Salmon and Wormald. (23, vol. 11, p. 244..248) studied the 

variation in seedlings of the European wild hop over a four-year 

period and found that plants varied in their date of flowering from 

year to year by as much as 10 to 12 days. Fore and Sather (i1, 

vol . 10, p . 21 ) also studied flowering dates in male hops and reported 

that some plants began to shed pollen as early as June 15, but the 

latest plants began to shed towards the end of July. The total pollen 

shedding period varied from four to 52 days among plants with an 

average of 25 days per male plant . While it vas not stated, it is 

possible that the 52-day pollen-shedding period for some plants 

included a first and second flowering. This phenomenon has been 

often observed by Brooks and others (3, p. 31-33) in several early 

genotypes. According to Hamaguchi (15, vol. 2, p. 119) hop vines in 

Japan begin flowering in the laterals produced near the center and 

then flowering proceeds upwards and downwards on the main vine. 

Since the flowers do not ail mature at the same tizne, flowering 

extends over a several-day period. Ehara (il, vol. iC, p. 307) 

reported that a three-year'.old Nagano male (H. lupulus) in Japan 

produced an average of 2,000 to 3,000 flowers per vine. 



In 1915 Schmidt (21i, voi. 11, p. lfl-179) studied the amount of 

lupulin in plants raised from crosses and concluded. that the trans'. 

mission of lupulin percentage by the females is a complicated process. 

Usually the daughters were lower than the mothers in this respect, 

but it was easy to find plants which surpassed the nother. In this 

study the values for lupulin percentage included both total soft- 

resins and tota]. hard-resins . Crosses were also made with an inter- 

mediate male plant (Schmidt, 25, vol. 11, p. l88.'198) on female plants 

differing in time of flowering. Average flowering date was retarded 

in the offspring of early plants and accelerated in offspring of late 

plants . The offspring of Intennediate mother plants exhibited little 

difference in that respect. This was not attributed entirely to 

paternal effect, because there was considerable alteration in 

flowering te in several cases. Later work by Schmidt (26, vol. 11, 

p. 33o332) indicated that male Per1can plants transmitted their 

so-called wild-currant ara to offspring from a mother plant th1Ch 

did not possess that aroma. It was stated that this particular aroma 

is never present in European hops and that it was transmitted to 

about three-fourths of the daughters of an Oregon Cluster feiale 

plant crossed with a wild Danish male. While the conclusions were 

based on data from a small number of plants, Schmidt's work furnished 

some of the first information regarding the inheritance of quality 

factors in hops. Additional work by Schmidt (27, vol. 13, p. l_214) 

indicated that in crosses of plants differing in numbers of teeth on 

the leaves, the average number of teeth per leaf In the progenies was 



intexiediate between the parents. 

Salmon and Wormald (23, vol. 11, p. 253) furnished the first 

report regarding the occurrence of resin glands on the flowers of 

male hops. On the average, 7 to 30 glands appeared on each perianth 

lobe, from O to iii. occurred in the dorsal furrows on the withers, 

and there were from O to 10 on the receptacle from which the stamen 

filaments arose. 

During the past half-dozen years considerable work has been 

done in England on the inheritance of resin characteristics in hops. 

Farrar and associates (13, p. 52-59) studied the correlation of gland 

number in wale flowers with resin contents on cones from related 

females as well as resin and gland relationships in znonoecious plants. 

It was suggested that any correlation between these two factors would 

facilitate breeding work, since a breeder could estimate the value of 

a male plant in this respect without the need for a laborious progeny 

teat. The data from crosses involving low x high, low x low, high x 

low and high x h1gi individuals showed that alpha-resin content was 

not correlated with gland number. There was some indication of a 

correlation between beta-resin with gland number, but this was not 

significant. Alpha- and betaresin contents seemed to be inherited 

independently, while total soft-resin was simply the sum of the two. 

It appeared that the famalea transmitted alpha- and beta-resin 

contents, but total soft-resin content was not transmitted as such. 

The range in gland number among male plants was from 12 to 98, on 

the average. Neve (22, p. 3_1l9) studied variation within and 
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between families an prcvided the first infonration available on the 

tran81íBBiofl o± recin eharacters j maie hops It waa concluded that 

th: eiiet1c control of resin charcter waø effected y a large 

ìumber of genes) each producing suall effects. Since alpha- and 

beta-resin were correlated in one ±'vil, lt was assined that 

these two components are noral1y irtherited independently. 

since it is the reale plant which has coiwercial in1portance in 

the industry, consider&ole work haa teen doce to determine the vari- 

ation in phenctypic ereesiori of several characters. Davis (8, 

vol. 23, p. 23_211) pinted out that chemical yardsticks are needed 

against which structural features ay be evaluated, and tried to 

correate cone structure with chemical tpee . The purpose was to 

provide brewers with visual viethod of deteiinirin quality factors 

without brewiug trials or chlcal analy8ea . Siiilaritles of type 

among tonercial varieties were noted. Keller and Likens (19, vol. 

1.7, p. 518-521) reported estinates of heritabiliti In feiale hoPs 

for several characters , aiong which were hical quality components. 

Alpha-, beta-, and total-resin ccponents varied considerably among 

genotypes, ut there was some variability within genotypes. ith 

( 28, p . l23il.l235 ) also reported data on year to year deviations in 

sex eression, chnieal composition and vigor. Davis (3, vol. 23, 

p. l9_21) showed that consider&ole variation existed within single 

plants for structural characteristics. 

Dark and Tatchell (7, p. 67) attempted to find a means of 

evaluating the resin content of hop plants as indltated by the 
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density of resin glands on the lower surfaces of the leaves. Alpha- 

acid content in the cones, in most cases, was smaller at the top of 

the vines than at the bottom. Density of the glands on the leaves 

was just the opposite. It appeared to be impossible to predict resin 

content of mature plants on the basis of the resin gland density on 

the under sides of the leaves. 

Considerable work has been done during the past decade on the 

identification and quantitative measurement of the constituents in 

hops which make significant contributions to beer flavor and aroma. 

With the aid of new analytical techniques, several new substances 

have been isolated and described. While new constituents are 

continually being found, the alpha- and beta-acids are the best 

understood both from the standpoint of chical properties and 

utilization in the manufacturing of beer. Hudson (18, vol. 21, 

p. l83l811.) has described the chemical structure of the humulones 

and lupulones (alpha and beta-acids, respectively) as follows: 
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(cH3)2c :C11'CIL C0 R 

Y 

R OH R2 CH: C( CIi 

dH(CR3)2 Cohumulone Colupulone 

Ci2CH( CH3)2 Huznulone Lupulone 

c« CH3 )2cn2 CH3 Adhuznulone Adiupulone 

Huzzzulonea are isorzerzed to lschuinuiones during the boiling oÍ the 

Wort. All of the isohuznuloneB are believed to be equally bitter end 

bacteriostatic. Neither lupulones nor their boiling products are 

appreciably eiub1e in wort or beer. So it is generally agreed that 

huznulones are the main contributors to a hop's bittering power and 

bacteriostatic properties. The bitteririg power of hope has uøually 

been taken in the trade to mean ( -f-/9/9), whereas the value 1O 

haa been meant to mean the preservative value. 

Stewart (29, vol. 85, p. 30, 32, 35..36) sununarized previous work 

by Riedl In Germany regarding the atructure of huinulone and lupulone. 



Ncp acida were srnthesized from phioroglucinol and isovaleryl 

chloride which became phioroisovalerophenone on treatment. The 

latter substance was syiitheaized to either htu1one or lupulone 

depending upon the treatment given lt DeWever an nery ( 9 , vol. 

13, p . 160 ) analyzed several varieties of hops and iound that beta- 

acid was foned before alpha-acid during f einale cone deve1oent and 

that alpha-acid was formed at the expense of beta-acid. It appeared 

that light favored the formation of alpha-acid. Work by Howard and 

Tatchell (16, vol. 62, p. 251-256) and. by Fang and Bullis (12, vol. 

21, p. iii) indicated that both alpha- and beta-acids appear 

simultaneously in the hop cone Amounts of these components were 

present in the cones for a period of five or six weeks previous to 

normal harvest date. 

Further work by Howard and Tatchell (17, vol. 63, p. 13Ei-l42) 

sugeSted that proportions of cohiauu1one in the alpha-acid awl 

colupulone in the beta-acid were varietal characteristics and were 

affected y environment only to a minor extent . It was reported 

that this was also true in male flowers. To the writer's knowledge, 

this was the first account in the literature regarding analysis of 

male flowers for these two components. However, no dUcriptlon of 

sampling or analytical methods was given. It was not until the work 

of Likens and Brooks (21, vol. 63, p. 50-53) that a practical method 

of analyzing male flowers for hop-acid components became available. 
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MATEBDL »m METHODS 

The field trial established in 1956 wan composed of' 20 male 

selections from the breeding block. Since quality characters cf 

these lines were unknown, this group can be considered as a random 

sample in this respect except for one line which was selected for 

extreme earliness. No attention was paid to parentage of the lines, 

which resulted in having 17 different pedigrees represented among 

the 20 selections. The sample of 20 lines, therefore, can be 

considered a fairly random sample from a breeding population of hop 

lines. A list of the hop lines along with their pedigrees is given 

in Appendix Table 1. 

The tria]. was established in sing].e..hill plots replicated five 

times in a randomized block design. Only one rhizome was planted at 

each hill. Where the single rhizome failed to grow, the hill was 

replanted in 1957. The plots were grown in the hopyard located on 

the College East Faxa. A planting plan of the trial IB given in 

Appendix Table 2. 

The culture of the plants was consistent with grower practice 

in the Willamette Valley. The height of trellis vas 17* feet and 

the spacing of the hills was 8 x 8 feet. Three strings were tied 

down at each hill, and two vines were trained up each string. The 

plots were irrigated on the average of twice each season, and ferti- 

lizer use arid other cultural practices vere consistent with good 

management . Data were taken in 1958 and 1959. 
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Ail attempt was made to ubtain data ±'or two years on five plants 

of each line, but this was not possible . Some replanting had to be 

done in 1957, and the replanta were small in 1958. Since age of 

planting has scene effect on the cheaical composition of fanale hop 

plants, it seemed advisable to omit the young male plants from 

analysis in 1958. This fact, along with the occurrence of a few 

weak hills in 1959, made it necessary to reduce the manber of 

replications frOEn which data were obtained so that equal subclasses 

would be available for statistical analysis. As a result, the data 

from only three replications were used in the final sunmary. All 

measures of variability and covariability are based on this reduced 

number of replications. 

Observations were made on date of floverin in both years. In 

1958 an attempt was made to detemine the day on which each plant was 

in fuil bloom. This perhaps was subject to acme errori since the male 

hop pleut flowers over a several day period, and it is somewhat 

difficult to determine the tizne when the greatest number of flowers 

on a plant are shedding pollen. As a result, the date on which the 

tip inflorescence ce into bloom was recorded in 1959 to indIcate 
the stage of full bloom . The plants bloced seven days later in 1959 

than in 1958, on the average, on the basis of these observations. 

Since female plants in a nearby trial reached the initial flower 

stage approximately eight days later, on the average, in 1959 than 

in 1958, both estimates of full bloom in the males are considered 

reliable. However, observations on the date the tip inflorescence 
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b1ocs can be made with less difficulty. 

Individual hop flowera open at maturity, shed their ponen, and 

normally separate by absciasion between the base of the calyx and 

the pedlcle. Absciasion usually occurs within one or two daya after 

anthesis. In order to avoid obtaining eti material and collect a 

ea32ple of uniform maturity, the method described by Likens and Brooks 

(21, vol. 63, p. 51í.52) vas employed. At the onset of anthesis, 

vegetable parchment bags were clipped over as many of the flowering 

branches as possible (Figure 14). After two or three days the 

branches vere shaken lightly and the bags renoved. The material in 

all bags taken from each plant was couiposited. Material collected 

in this manner consisted of sepals, anthere and pollen each of 

fairly uniforw maturity (Figure 5). Usually it was necessary to re- 

bag the male plants a second or third time and composite the flowers 

from each to insure sufficient material. After collection the 

samples were dried at 500 C. under vacuum and stored in polyethylene 

bass at -20' C. until ready for analysis. 

At the same time that samples vere collected for chnical 

analysis, a smaller sample was collected for resin gland counts and 

flower weight measurements. Gland number was determined by counting 

the number of glands in the outer furrow of each anther, on the 

receptacle from which the stamen filaments arise, and on the outer 

sides of the sepals. Counts were made under a dissecting scope at a 

magnification of l5X. Samples containing 25 flowers were examined 

in 1958, and all of the resin glands on each flower were recorded. 
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Figure . Male plant which has been bagged 
for flower collection. 

. 

Figure 5. Small sample of male flowers 
collected as described in text. 



A øtudy of the variances fr the 1958 data indicated that almost as 

much precision could be gained by counting a fewer number of flOwers, 

so only ten from each plant were examined in 1959. 

Measurements were made of' the diameters of the glands on 25.. 

flower samples from each plant to furnish some measure of gland size. 

Each asmple was shaken vigorously in the glass vial in which it had 

been stored and then sprinkled over a glass slide. The flower parts 

normally fell off of the slide when it vas tilted on edge, but the 

glanda, being sticky, adhered to the surface. This made it possible 

to examine the material under magnification (90x) without having the 

glands obscured by other floral material. Twenty glands were 

measured for each plant each year. The glands are not entirely 

circular in crosa..section, and the measurement taken was the diameter 

of each gland across its widest axis. This was done to preclude any 

chance of not having a true cross-sectional measurement. Sometimes 

a gland was tilted on edge and the apparent diameter was smaller than 

the real diameter. 

In addition to measuring gland diameter, ari approximation of' the 

volume of each glanìd was calculated. This was done using the 

measurement for gland diameter and substituting it in the formula for 

the volume of an oblate spheroid. In using this fonnula one..half of' 

the measured diameter was taken as the radius of the major axis, and 

one-half of' this value was taken as the radius of the minor axis. 

This was done because most glands appeared to resemble an oblate 

spheroid more then they did a sphere or a prolate spheroid. All 



meaaurnente were converted to cubic microns, azd the results are 

reported on that basis . It is realized that this is azi upirica1 

approxiwatiofl, but it is felt that it is a better measure of glexid 

size than is the diezneter. Surely true gland voine would varr by 

cubic progression rather then by linear progression. 

The weight of flowers was also recorded on trie samples obtained 

in l98 and 1959 . Samples containing 25 flower8 frozu each plant were 

weigied on an electric balance to the nearest O . i milligram , end these 

values were later converted to nicrograns per flower. 

Alpha. and beta-acid were determined using the ivetho&e described 

by Likens and Brooks (21, vol. 63, p. 52-53). All extractions of 

male flowers were made with five mie of nethanoi per gram of ssmple, 

and the extractions were carried out in a 1x1-, 000 rpm sealed homo- 

genizer for five minutes. 

A i :1 mixture of the methanol extract and two per cent (w/v) 

sulphuric acid was extracted three successive times with ten ini 

portions of petroleum ether. This was combined and mwie to volume. 

Aliquota were then diluted appropriately with 0.002 N NaOH in 

methanol for Uy readings at 355 mp, 325 mz, and 275 mp on a Beckman 

model DU epectrophotcineter. The concentrations of alpha- or beta- 

acid were calculated from the regression equations of Alderton and 

others (1, vol. 26, p. 287): 

(i) : -51.56 A355 7379 A - 19.07 A275, or 

(2) c : 55.57 A355 - 47.59 A5 5.10 
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where C la the concentration In iig/1, and the subscripts of A denote 

the wave length In mp at which the abeorbancy readings were taken. 

CalculatIons by thia method 1ve the resulta In percentages of 

alpba.. and beta-acid on a weight hsis. These percentages were 

later converted, using the infornat1on on flower weight, to the 

ninber of pg of either alpha- or beta-acid per f1over and ali 

measures of variability and correlation were made using the absolute 

ounts per flower rather than the percentage concentrations. The 

amounts of alpha- and beta-acids were added together to give the 

values for total hop-acid. 

Standard variance analyses were made ox: the data for two years 

from 20 lines cn all seven of the variables measured. Following is 

a breakdown of the sources of variation, degrees of freedom and 

estimates of variance used in the analysis cf variance: 

$ource . DF I$ is estimate of: 

Total 119 

enotypes 19 VE t 3V0y +- 6va 

Years Ï VE + 3GY 1- 60v 

Genotypes x leara 19 VE + 3V 

Pianta in genotypes an years 80 VE 

Estimates of genetic variance compared to phenotypic variance 

were calculated after the method of Burton and DeVane ( 1i, vol . 15, 

p. Ii784&) and later used by Keller and Likens (19, vol. 1#7, p. 518- 

5a1) in estiasting heritability values for female hop lines. Since 

the variance estimates calculated in the male hop line study were not 
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based on segregation in parent-progeny analysis, the texn diversity 

Was used in place of the tern heritability (Brooks, 2, vol. 1, in 

press) . Diversity estimates vere made on the basis of single plant 

observatïons as well as on a multiple plant basis where three 

observations for two years or six observations per line were avail- 

able. The formulae used for these calculations were as follows: 

(i) D1 : VG or (2) D2 VG 

VG + VGY + VE VG +. VGY 
i 
VE 

- 
where D1 is the diversity estimate based on a single plant observa- 

tion, end D2 is the diversity estiinate based on a multiple plant 

basis. In addition, estiates were made regarding the gain that 

iiight 'ce expected on the basis of seiecti the upper five per cent 

of the population. Since a plant breeder, at least initially, nust 

base his selection on individual plant perfoxance, these estimates 

were calculated using variance estimates of single plants . The 

formula used for this calculation was as follows: S : 2.06 x D1 x 

1 
Vph) where S, D1 and V1 are the expected gain, the diversity 

estimate and the phenotypic variance based on a single plant, 

respectively. The value 2.06 is the expectation in the case of five 

per cent selection in large samples from a normally distributed 

population. 

A plant breeder is interested not only in phenotypic correlations 

between variables in the material that he is examining, but he is also 

interested in the genotypic and environmental correlations. For 

example, the amount of genotypic correlation between two variables 
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may be overcome by a negative environmental correlation which would 

make it impossible to select for any two variables at the same time 

due to cancelling-out effects of environment. Conversely, a low 

negative genotypic correlation may be overcome by a high positive 

environmental correlation resulting in an overall selection for 

environmental effects rather than the desired genetic effects. 

Therefore, it seemed desirable to calculate the genotyplc and environ- 

mental correlation coefficients. These were obtained by the following 

formulae: 

Coy,, COVE 
(l) rG1 

2 
1.2 or (2) rEl 2 

1.2 

f 
y0 x v ./VE1 X VE2 

where rG is the genotypic correlation and rE is the environmental 

correlation. 

Correlation coefficients were computed on an Alvac III E for all 

possible combinations of the seven variables. Only total and pheno- 

typic (line mean) correlations were computed in this manner. Geno- 

typic and environmental correlations were computed later from the sums 

of cross products and correlation coefficients obtained from the 

Aiwac III E. Following is a breakdown for the sources of covariarice, 

degrees of freedom and estimates of mean product. 

Source DF MP is estimate of: 

Total 119 

Genotypes 19 COVE -- 3 Cov0 + 6 Coy0 

Years i COVE + 3 COVQ + ° COVy 

Genotypes x Years 19 COVE -- 3 Co 

Plante in genotypes and years 80 COVE 



Path coefficient analysis was made according to Wright's methods 

as outlined by Dewey and Lu (10, vol. 51, p. 515) in studying yield 

components in crested wheatgrass. A path coefficient can be described 

as a standardized partial regression coefficient. Wright (31, vol. 

20, p. 561) states that path coefficient analysis starts with the 

assumption that the direct influence along a given path can be 

measured by the standard deviation remaining in the effect after all 

other possible paths of influence are elinated, while variation of 

the causes back of the given path is kept as great as ever, regard- 

less of their relations to the other variables which have been made 

constant. Detailed discussions of the theory and application of path 

coefficient analysis are given by Wright (31, vol. 20, p. 557-585) 

and Li (20, p. 11i4.l7l). 

Direct and indirect effects of any one variable on another were 

computed for phenotypic, genotypic and environmental effects using 

the appropriate correlation coefficients obtained above. Where all 

direct and indirect effects are taken into consideration in this 

type of analysis, the combined total effect will equal unity. If 

there are unknown factors which have direct and indirect effects, 

the combined effect of those measured will not equal unity. In each 

of the following path coefficient diagrams the Bingle-arrowed lines 

indicate the direct effect of one variable on another, and the 

double-arrowed lines indicate the correlation between two variables. 

The path diagram and association of all characters studied in 

the two years are shown in Figure 6. This diagram shows that total 
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hop-acid (T) 18 caußed by alpha-acid (A) and beta-acid (B) which in 

turn are caused or Influenced by resin gland number (N) and size (s), 

flower weight (w) , ana date of flowering (F) . Further, resin gland 

number and size are influenced by flower weigat and date of flowering. 

These directions of influence can be ascertained intuitively or by 

other neans. For example, the direction muet be fr A and B to T, 

since T is the stun of A and B. Likewise, the direction would be from 

N and S to A and B, because the resins are contained in the glanda. 

Similarly, A, B, N and S would be influenced by W and F rather than 

the other way around. The path diagram show8 the direction of 

influence only; the sign of the influence is detennined by the 

solution of the path coefficient fran the appropriate correlation 

coefficients. 

The plan shown in Figure 6 is too cc*p1ex to comprehend as a 

single unit, and an attnpt was made to simplify it by breaking it 

down into segments. Figure 7 shows the association of alpha- and 

beta-acids and their direct and indirect effects on total hop-acid 

content. This is a rigid cause and effect scheme since total hop- 

acid is the sì of alpha- and beta-acid. Equations (1) and (2) given 

with the figure indicate the direct and indirect effects for alpha 

and beta-acid, respectively. The magnitudes and signs of the path 

coefficients were obtained by the simultaneous solution of those two 

equations. Equation (3) expresses the tota]. effect of both variables 

on total hop-acid. 

The path diagram and association of factors influencing alpha-, 
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T= TOTAL HOP-ACID CONTENT N= RESIN GLAND NUMBER 

4 ALPHA- ACID CONTENT S= RESIN GLAND SIZE 

B= BETA - ACID CONTENT W WEIGHT OF FLOWERS 

F DATE OF FLOWERING 

P PATH COEFFICIENT 
r = CORRELATION COEFFICIENT 

Iigure 6. Path diagram and association of ali characters studied 
in 1958 and 1959. 

(A) 

(T) 
io 

I. rTA=P1.A-f-PTBrAB 
2. r1 =PT5--PTA rAb 

3. 1= P2 +P2 +2P,Aç,BPT. TA Tb 

Figure 7. Path diagram and association of alpha-, beta-., and 
total hop-acid. 
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beta-, and total hop-acid is given in iure A8 before, the 

single-arroved lìneB indicate direct eífectB and the &iuble..arrowed 

linea Indicate correlation between two variables. quations (i), 

(2), (3) and (i) are those which vere 8oiVed fcir the 

äeterTnizlatiozl of the varioui path ..oefficiente. Equatioi (5) 

expresses a comuivatïori f ali direct aiid ludirect effects, kuown 

and unknown. II &U. effects are t&ceii into coiBideration, the corn- 

iined totai of thi will equal unity. However, uuiike the case of 

alphas., beta-, and total hops.acid, it became apparent that not all 

effects were taken into con1deratiou. Therefore, the equation had 

to be enlarged to include the bracketed portion which indicates the 

influence of unknown causes (z). 

The third stage in the path coefficients analysis is indicated 

in ?igure 9 where the direct and indirect effects of flowering date 

and flower weight on resin gland number and size are shown. Equations 

( i ) and ( 2 ) were solved for the detemination of the direct and in- 

direct effects on resin gland number. Equations (3) and (1i) were 

solved for the deterwination of the direct and indirect effects on 

resin gland size. Equation (5) expresses the overall association or 

correlation between resin gland number and size. Since ccnbination 

of the known effects did not equal the calculated correlation co- 

efficient, the bracketed portion of the equation was added to take 

into account the direct and. indirect effects of an unknown variable 

or variables (z) affecting the correlation coefficient between resin 

gland number and resin gland size. 
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Figure 8. Path diagram and association of factors influencing alpha-, 
beta-, and total hop-acid (substitute B for A in the case 
of beta-acid and T for A in the case of total hop-acid). 
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Figure 9. Path diagram and association of factors influencing resin 
gland number and size. 
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RESULTS AND DISCUSSION 

Mean squares for the various sources of variation for all 

variables are given in Table 1. Average values for the 20 male 

lines are shown in Table 2. Significant differences ong lines 

were shown for all of the characters studied. Significant genotype 

x year interactions were also ehown for all seven variables. The 

mean squares for years for alpha-acid, beta-acid, total hop-acid, 

flower weight and flowering date were also significant. 

Alpha-acid content ranged from l8. to l.)1 pg per flower and 

averaged 7.2 pg per flower for the two-year period. Beta-acid content 

ranged from 28.1 to I.2 jig per flower and averaged l3.1 pg per flower 

for the two-year period. Total hop-acid which is the sum of alpha- 

and beta-acid averaged 20.6 pg for the two-year period and ranged 

from 146.1 to 7.1 pg per flower. The mean values for all three of 

these variables were higher in 1958 than they were in 1959. 

Coefficients of variation for the acid contents were rather 

high, being 25 per cent for alpha-acid and 18 per cent for both beta- 

acid and total hop-acid. Con8idering that average values represent 

such dilute concentrations of these chemical components, any method 

of chemical analysis or any method of sampling would have to be 

extremely precise in order to produce low coefficients of variation. 

Average resin gland number ranged from 16 to 61 for the two- 

year period. There was no apparent difference between 1958 and 1959 

in resin gland number. Some lines were higher in 1958 than they were 

in 1959 and, conversely, some lines were higher in 1959 then they 



TABLE 1. 
Mean Squares for the Various Sources of Variation for AU Variables. 

Tota]. Gland Gland Flower Flowering 
Source of variation DF Alpha-acid Beta.'acid Hop-acid Number Volume Weight Date 

Genotypes 19 148.3574* 278.14099* 647.14097* 961.83* 176,788* 94,227* 320.69* 

Years J. 364.3570* 101.9370* 851.7340* 6.o 64 78,030* 1,801.90* 

Genotypes x Years 19 11.0248* 17.2891* 36.8538* 150.33* 52,721* 15,393* 62.29* 

Plants in genotypes 
and years 80 3.3381 5.5795 13.5972 26.22 16,188 4,635 16.69 

* Significant at the one per cent level. 



TABLE 2. 
Mean Values for Chemical ax4 Morphological Characters 

Measured on 20 Male Hop Lines, l95859 Averages. 

Total Gland number Gland voLume Flower Flowering date 
Male Alpham'acid Beta-acid Hop-acid (glanda/ (p3/gland Weight (days after 
Line (pg/flower) (jig/flower) (pg/flower) flower) z (/flower) 5131) 

106-s 6.li 13.1 19.6 16 710 1230 33 
110_s 8.2 13.1i 21.6 25 1i35 960 
123 6.11- ili.6 21.0 33 558 870 11J. 

217 6.2 16.2 22.1 9 798 800 51 
125 2.11 5.0 7.I 590 870 59 
221 6.6 ]À.7 21.3 211. 8Z 1080 51 
32h 7.9 5.9 13.8 211 502 860 50 
22i 5.0 11.2 9.1 18 h68 8 
317 10.11 25.2 35.6 52 740 860 58 
319 2.6 li.5 7.1 16 1t87 790 51i 

322 2.9 16.6 19.5 30 975 1020 56 
320 111.2 10.0 21i.2 36 873 890 60 
323 fl14 7.2 i8.6 33 588 860 51 
424 1.4 6.2 7.6 22 4611. 880 118 

518 2.6 17.1 19.7 36 6'j' 870 56 
1125-1 3.0 11.0 111.1 26 788 910 65 
521 18.0 28.1 116.i 61 586 860 60 
523 18.4 22.3 110.7 56 922 1160 56 
li.17 4.8 16.9 21.7 31 899 1130 57 
524 6.2 15.6 21.7 36 576 880 52 

Mean 7.2 13.4 20.6 31 672 930 52 
CV (%) 25 18 18 17 19 7 8 

A) H 
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were in 1958. The differences in line nean8 constitute about a five- 

fold. difference between the lowest and. the highest. Similarly, 

resin gland volume was essentially the same in 1958 and 1959 and 

averaged 672,000 per gland for the two-year period. The absolute 

range in mean values for the two-year period was from 1&35,000 to 

975,000 3. This is a two-fold range and, although it is not as 

large a range as for some of the other variables, it appeared to be 

real. Resin gland diameter averaged 130 y each year and for the two- 

year period. The smallest average diameter was 1114 y, and the largest 

average diameter vas 1146 j.. 

Flower weight averaged 930 pg per flower over the two-year 

period and ranged from 790 to 1230. The entry having the largest 

flowers vas 106-S and the entry having the smallest average flower 

weight vas 319. 

Average date of bloom was 52 days aíter May 31 and ranged from 

33 days to 65 days after May 31. LIne 106-S came into full bloom 

about July 3, on the average, whereas line 1425-1 came into full bloom 

about August #, on the average. This is approximately a month's 

difference between the earliest and the lateat flowering lines. 

Average date of full bloom was July 19 in 1958 and July 26 in 1959. 

Estimates of genetical variances and diversity ratios along with 

expected gains for selection are given in Table 3. Significant 

genetical variances were indicated for all seven of the character- 

istics studied. As a general rule, genotypic variances vere quite 

high as compared to overall phenotypic variances. Genetical co- 

efficients of variation ranged from 66 per cent for alpha-acid to 



TABLE 3. 

Genetical Estimates for Alpha-, Beta- and Total Hop-acid, 
Resin Gland Number and Size, Flower Weight, and Flowering Date 

For 20 Male Hop Lines (Averae of 1958 and 1959). 

Diversity Ratio Expected gain 
Single Multiple from 

Genetical Genetical Plant Plant Selection 
Character Mean Variance CV (%) Basis Basis (4 mean) 

Alpha-acid content 7.2 22.889* 66 0.80 0.93 1.22 

Beta-acid content 13.11. 113.520' 149 0.82 0.911. 0.92 

Total hop-acid content 20.6 101.758* 14.9 0.83 0.911. 0.92 

Number of resin glands 31 135.25 * 38 0.67 0.814 0.65 

Size of resin glands 672 20,678* 21 0.112 0.70 0.29 

Weight of flowers 930 13,139* 12 0.62 0.814 0.19 

Date of flowering 52 143.07 * 13 0.58 0.81 0.19 

* Significantly greater than O at the one per cent level. 

u, u, 



i2 per cent for weight of flowers. Diversity ratio estimates ranged 

fr 0.83 for total hop-acid content to 0.42 for the size of resin 

glandß based on a single plant observation. Diversity estimates for 

the other characters were intermediate between these values. Calcu- 

lations based on two years ' observations on three plants increased 

the diversity ratios from 0.33 to 0.94 for total hop-acid content 

and from 0.42 to 0.70 for size of resin glands. These values 

Indicate the ratio of genotypic variability cc*npared to total pheno- 

typic variability. They are quite high and indicate that permanent 

progress can be made by selecting for any one of the variables studied. 

Calculated expected gains frci selection compared with the mean 

indicate that if the upper five per cent of the population were 

selected for high alpha-acid content the mean of those selected 

would be more than twice the mean of the unselected population. 

Likewise, beta-acid and total hop-acid would be essentially doubled 

by selection. An Increase in the number of resin glande would be 

made to the extent of 65 per cent of the mean. Smaller gains would 

be realized for size of resin glands, weight of flowers, and date of 

flowering, on the basis of these estimates. 

Simple correlation coefficients between variables are given in 

Table 4. Genotyplc and environmental correlations are included In 

order to furnish a cparison of the correlations of genotype and 

environment with the phenotyplc correlation. Most of the phenotypic 

and environmental corrélation coefficients were positive, and many 

were significant. The phenotypic correlation coefficient between 
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flower weight and date of flowering vas the only negative one, and 

it was not significant. 

TABLE Ii. 

Phenotypic, Genotypic and Environmental 
Correlation Coefficients among Alpha-, Beta- and. Total Hop-Acids, 
Resin Gland Number and Size, Flower Weight, and Flowering Date 

Based on Two-Year Averages for 20 Male Hop Lines. 

Total Resin Resin Flower- 
Beta- Hop- gland gland Flower ing 
acid acid number size weight date 

Alpha-acid 

Beta-acid 

Total hop-acid 

Resin gland number 

Resin gland size 

Flower weight 

51i.3* .835** 

(.560) (.84.l) 

.512** .3I3** 

9l6I* 

(.920) 
.909** 

.769** .215 
(.8311) (.183) 

. 288 .187 

.83'7- .156* 

(.865) (.467) 
.506** .077 

.917 .402 

(.961) (.392) 
.467*31 .111.2 

.311 

(.253) 
.025 

.i6o .160 
(.162) (.152) 

. 267* . 339** 

.289 .232 
(.259) (.208) 
.526.11* .173 

.266 .229 
(.261) (.208) 
.569** .279* 

.022 .448* 

(.021) (.468) 
.i6 .325** 

.561** .3911. 

(.675) (.368) 
.162 .254* 

- .246 

( -.337) 
.004 

2:1 Upper values are the phenotypic correlations with 18 degrees of 
freedom, the values in parentheses are the genotypic correlations, 
and the lower values are the environmental correlations with 79 
degrees of freedom (environmental effects include "plants in 
genotypes and years" onlì). 
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As a general rule, genotypic correlation coefficients were 

higher than the phenotypic correlations wherever a significant 

phenotypic correlation was found. Several of the genotypic corre- 

lations vere smaller than their corresponding phenotypic correlation, 

but in every case the phenotypic correlation was not significant. 

However, a significant positive environmental correlation was shown 

in several instances, notably between alpha-acid and flower weight, 

alpha-acid and flowering date, beta-acid and flower weight, total 

hop-acid and flower weight, total hopacid and flowering date, and 

resin gland size and flowering date. The data indicate in these 

instances that much of the phenotypic correlation was brought about 

by a correlation between environmental effects influencing the two 

variables. This means that environmental conditions which tend to 

increase one variable tend also to increase the other variable. 

This was the case also in many instances where there was a 

significant phenotypic correlation between two variables. For 

example, in the case of alpha-ácid and betaacid, two variables 

which were significantly correlated phenotypically, there was the 

indication that environmental conditions which tend to increase 

alpha-acid a].ao tend to increase beta-acid. 

Where both the environmental correlation and the genotypic 

correlation are high and have the same sign, there would be little 

question that the phenotypic correlation would be significant. These 

effects might, however, tend to counteract each other. For example, 

in the case of flower weight and flowering date, there was a genotypic 
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correlation of .0.337. While there is no method available for test- 

ing the significance of genotypic correlations, a correlation of 

-0.337 is of sufficient size to indicate some genetical association. 

Almost complete lack of environmental association tended to counter- 

act the genotypic association to the extent that the oyeran pheno. 

typic correlation coefficient vas not significant. 

While there was no instance where a high genotypic correlation 

was counteracted by a high environmental correlation of opposite 

sign, an analysis of genotypic and environmental effects in this 

wanner would be very infonnative to a plant breeder. It would 

indicate how much progress might be expected from selecting for two 

variables at a time or in selecting for one variable and hoping to 

bring about a change in a second variable simultaneously. Where 

environmental and genotypic correlations have the seme sign, then 

some progress could be expected. However, where they have opposite 

signs, the influence of environment may counteract selection pressure 

in one direction to the extent that little gain could be expected. 

It has been pointed out that the contents of alpha-acid and 

beta.acid were added together to give the value for total hop.acld. 

Hence, it is reasonable to assume that an increase in either alpha- 

or beta-acid would lead directly to an increase in total hop.acid. 

However, this relationship is not without variation. An increase in 

one of the components was not always associated with an increase in 

total hop-acid. Therefore, the relationship between either alpha- 

acid. or beta-acid and total hop-acid was not a completely direct 
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effect. Part of the association between either component and total 

hop-acid was an indirect effect through the association of the com- 

ponents thamselves. No data were obtained on the amount of possible 

common precursor of alpha- and beta-acid in the flowers, but it can 

be reasoned that the influence of precursor on total hop-acid would 

be a completely direct effect. However, since the ratio of alpha- 

to beta-acid formed from the precursor varies from plant to plant, 

then the total effect of either one of the compoents on total hop- 

acid is both direct and indirect. 

Direct and indirect effects of alpha- and beta-acid on total 

hop-acid production are shown in Table 5. These relationships are 

broken down into both.genetical and environmental effects which 

influenced the phenotypic association. It can be seen that the 

genotypic correlation of O.8lil between alpha-acid and total hop-acid 

was somewhat more than half due to a direct effect, and somewhat less 

than half due to an indirect effect through the association of alpha- 

and beta-acid. Sìmi].arly, beta-acid had a direct effect on total 

hop-acid production, but the genetica]. correlation between beta hop 

acid and tota]. hop-acid was partly made up through the association of 

alpha- and beta-acid. The same general picture was apparent for the 

environmental associations. This is reasonable considering that 

alpha- and beta-acid are fonned from a comaon precursor, and any 

environmental influence which tends to push up the amount of pre- 

cursor present in the flowers tends to push up both components. 



TABLE 5. 
Path Coefficient Analysis 

Of the Influence oÍ' Alpha- and Beta-acids on Total Hop-acids. 

Effect of alpha-acid on total hop-acid: 

Direct effect 

Indirect effect via beta-acid (p)(r) 

Total (rTA) 

Effect of beta-acid on total hop-acid: 

Direct effect () 
Indirect effect via alpha-acid (pTA)(r) 
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Pheno- Geno- Environ- 

.I&8o .475 .496 

.355 .366 .347 

.835** .841 

.655 .64 .610 

.261 .266 .269 

Total (r) .916** .920 .909** 

/ Includes "plants in genotypes and years" only. 

Path coefficient analyses of factors influencing alpha-acid, 

beta-acid and total hop-acid are given in Tables 6, 7 and 8, raspee- 

tively. A great deal of sii11arity is encountered in these three 

tables, as indeed it should be, since factors influencing alpha- and 

beta-acid through a cnon precursor should be snilar in their 

effects. While ae factors may have a greater or lesser effect on 
beta-acid than it vould on alpha-acid, the direction of these effects 

should be the sexne in both cases Scme discrepancies are apparent, 

but these involve values of sia].l magnitude and probably represent 

random variation about zero . Since factors affecting alpha- and beta- 

acid would also be affecting total hop-acid through their influence 



TABLE 6. 

Path Coefficient Analysis of Factors Influencing Alpha-acid. 

Pheno- Geno- Environ- 

typic typic mental / 

Effect of gland number on alpha-acid: 

Direct effect (p) .861 .976 .163 

Indirect effect via gland size (pAB)(rNS) -.019 .023 .001 

Indirect effect via flower weight (pAW)(r) .002 -.001 .038 

Indirect effect via flowering date (p.)(r) -.075 -.164 .086 

Total (r) .769** .834 .288** 

Effect of_gland size on alpha-acid: 

Direct effect (p) - .062 .092 .079 

Indirect effect via gland number (p)(rNS) .268 .247 .004 

Indirect effect via flower weight (PAW)(rSW) .075 -.026 .037 

Indirect effect via flowering date (pAl,)(rSF) -.065 -.130 .067 

Total (r) .215 .183 .187 

Effect of flower weight on alpha-acid: 

Direct effect .134 -.039 .226 

Indirect effect via flowering date (p,)(r) .042 .119 .001 

Indirect effect via gland size (pA)(r5W) -.035 .062 .013 

Indirect effect via gland number (p)(r) .019 .020 .027 

Total (rAW) .160 .162 .267* 

Effect of flowering date on alpha-acid: 

Direct effect (pa,) .i68 -.352 .265 

Indirect efiect via flower weight (pAW)(r) -.033 .013 .001 

Indirect effect via gland size (pAB)(r) .021 .034 .020 

Indirect effect via gland number (p)(r) .385 .457 .053 

Total (r) .160 .152 .3394* 

Residual L(pAZ)2+ Z2 (indirect effects of z)] .378 .230 .788 

1/ Includes "plants in genotypes and years" only. 
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TABLE 7. 
Path Coefficient Axialysis of Factors Influencing Beta-acid. 

Pheno- Geno- Environ- 
typic typic mental i/ 

Effect of gland rn.unber on beta-acid: 

Direct effect (PBN) 5 1.076 .417 

Indirect effect via gland size (ps)(r) .069 .316 0 

Indirect effect via flower weight (pW)(r) .002 -.020 .076 

Indirect effect via flowering date (p)(r) -.099 -.507 .013 

Total (rBN) .837 .865 .5o6** 

Effect of gland size on beta-acid: 

Direct effect (p) .224 1.249 -.018 

Indirect effect via gland number (p)(r) .269 .272 .010 

Indirect effect via flower weight (p)(r) .050 .655 .075 

Indirect effect via flowering date (p)(r) -.087 -.399 .010 

Total (rBS) .456* .467 .077 

Effect of flower weight on beta-acid: 

Direct effect .090 - .971 .459 

Indirect effect via flowering date (p)(r) .o4 .364 0 

Indirect effect via gland size (PBS)(rSW) .1 .843 -.003 

Indirect effect via gland number (p)(r) .019 .023 .070 

Total (rBW) .289 .259 .526** 

Effect of flowering date on beta-acid: 

Direct effect -.221 -1.082 .0140 

Indirect effect via flower weight -.022 .327 .002 

Indirect effect via gland size (pBS)(rSF) .088 .460 .005 

Indirect effect via gland number (pBN)(r) .387 .503 .136 

Total (rBF) .232 .208 .173 

Residual C(1z)2+Z2 (Indirect effect8 of z)] .199 -.037 .542 

Includes "plants In genotypes and years" only. 



TABLE 8. 
Path Coefficient Analysis of Factors Influencing Total Hop-acid. 

- 

Pheno- Geno- Environ- 
typic typic mental 

Effect of gland number on total hop-acid: 

Direct effect (p) .982 1.152 .326 

Indirect effect via gland size .059 .192 0 

Indirect effect via flower weight (p)(r) .001 -.011 .086 

Indirect effect via flowering date (p,)(r,) - .125 -. 371 .055 

Total ( rTh ) . 
917** . 961 . 

Effect of gland size on total hop-acid: 

Direct effect .190 .758 .008 

Indirect effect via gland nuniber .305 .291 .008 

Indirect effect via flower weight (p)(r3) .016 -.365 .083 

Indirect effect via flowering date (p)(rSF) -.292 .0I3 

Total (rTS) .1402 .392 .1142 

Effect of flower weight on total hop-acid: 

Direct effect (p) .029 .5142 .513 

Indirect effect via flowering date (p,)(r,) .069 .267 .001 

Indirect effect via gland size (PTS)(rSW) .107 .512 .001 

Indirect effect via gland number (p)(r) .021 .0214 

Total (r,) .266 .261 .569** 

Effect of flowering date on total hop-acid: 

Direct effect (p,) -.279 -.793 .169 

Indirect effect via flower weight (p)(r.) -.007 .183 .002 

Indirect effect via gland size (pTS)(rSF) .075 .279 .002 

Indirect effect via gland number .1#10 .539 .106 

Total (rn) .229 .208 .279* 

Residual [(pTz)2+22 (indirect effects of Z .081 .635 .507 

/ Includes "plants in genotypes and years" only. 
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on the couponent constituent3, an explanation of the data given in 

Table 6 would provide partial underetandin of the data shown in 

Tables 6 and. 7. 

The overall a$sociation of resin gland nuraber and total hop.. 

acid content was a significant positive correlation. Most o± the 

phenot,pïc correlation was made up from the direct effect of an 

increaso in resin gland number which brought about an increase in 

total hop-acid. There was a slight negative effect of increasing 

gland number on total hop..acid indirectly through date of flowering. 

The sexie 8ituation was true for the genetcal effects, but these 

effects were much more pronounced. With respect to environmental 

correlation of gland number and total hop-acid, almost the entire 

positive significant correlation between these two factors vas 

included in the direct effect of gland number on total hop-acid. 

content. 

These data suggest that genetical effects which tended to in- 

crease resin gland number also tended to directly increase tota]. 

hop-acid. Coupled with this was a fairly well pronounced negative 

effect of decreasing tota]. hop..acid indirectly through date of 

flowering. It appears that resin gland number and total hop-acid 

were either genetically linked or biologically inseparaole. The 

latter seems reasonable since the acids are produced in the glands, 

and logically an increase in gland number should bring about an 

increase in total hop-acid in its overall effect. The interesting 

thing about this vas the moderate negative influence of resin gland 



number on total hop..acid via flowering date. This phenomenon 

suggests a modification of' the interpretation of the effects of 

gland number on acid production. Restated..-resin gland number was 

strongly associated with total hop-acid within any single date of 

flowering. Going from early to later flowering genotipes, the 

association between resin gland number and total hop-acid became 

weaker. This interpretation is substantiated by a negative associa- 

tion between flowering date and total acid of -0.793, which was the 

direct effect of flowering date on total hop-acid production. There- 

fore, total acid was increased as gland number was increased, but the 

increase in total acid was modified by the effect of flowering date. 

An increase in flowering date, on the other hand, brought about an 

increase in resin gland number, but tended to decrease the amount of 

tota). acid produced in these glands. 

The overall phenotypic correlation of' gland. size and total hop- 

acid was not significant. Neither were the environmental effects 

correlated to any significant extent. While the overall genetical 

association of gland size and total hop-acid was low, an inspection 

of the breakdown of direct and indirect effects is very intereSting. 

Here it is shown that the direct effect of' gland size was to bring 

about an increase in total hop-acid (0.758). In addition, there was 

a alight positive, indirect effect via gland number. These two 

positive effects were partially counteracted by moderate negative 

effects, whereby an increase in either flower weight or flowering 

date tended to reduce the correlation between gland size and total 
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hop-acid. As a result, the genetical correlation between gland size 

and total hop-acid was only 0.392. 

Flower weight was not significantly associated with total hop- 

acid in the phenotype. The direct genotypic effect of flower weight 

on total. hop-acid was negative in direction and moderately strong 

(_O.512). This in turn was counteracted to a large extent by a 

moderately strong positive, indirect effect through gland size. As 

a result, the overall genetical correlation was rather low. A break- 

down of the environmental correlation is somewhat different. The 

direct effect of flower weight on total hop-acid accounted for almost 

all of the significant positive correlation between these two 

variables. Environmental conditions which tended to increase flower 

weight appeared to increase total hop-acid (or perhaps it was the 

other way around). The indirect environmental effects through the 

other variables were very slight. 

Although the inter-relationships of flowering date, gland 

number and total hop-acid have already been discussed one or two 

points need further clarification. In the first place, a genetically 

controlled delay in flowering date tended to decrease total hop-acid 

content directly. Were it not for the fact that a delay In flowering 

date also tended to increase gland number, the overall effect of 

delayed flowering would have decreased total hop-acid. Indirect 

effects through the other variables were of sufficient magnitude to 

more than overcome the direct negative influence of flowering date on 

total hop-acid production resulting in a posïtive, though non- 

significant, correlation coefficient. 



With respect to the residual factor or factors (z), it can be 

noted. that the ccnbined direct and Indirect effects of these unknown 

factors on the phenotypic expression of' total hop-acid either were 

small or were cancelled out. This Is apparent in the small value for 

the residual unknown effects. In the case of the genetical corre- 

lations, however, this was not true. A residual value of 0.635 

indicates that less than half of the effects were accounted for in 

the path coefficient analysis. The same is true regarding the en- 

virorunental correlations . Only about half of the effects were 

accounted for in this analysis. This makes the path coefficient 

analysis much less rigid than would be desired. It is possible that 

the residual value Is made up of a multitude of' many variables, each 

having small effects. However, this analysis was not ciiiplete enough 

to Indicate what these variables might be. 

A path coefficient analysis of the influence of flowering date 

and flower weight on resin gland number and size is given in Table 9. 

The influence of date of flowering on gland number was almost all 

direct for the phenotypic, genetical, and environmental correlations. 

Flower weight, on the other hand, had little effect, direct or 

Indirect, on resin gland number. 

Both date of flowering and flower weight had direct positive 

effects on gland size. This was true particularly for genetical 

correlations which tended to counteract weak indirect effects via 

the other variable in each case. Although the correlation coeff'i.. 

cienta for environment between date of flowering and gland size and 



TABLE 9. 
Path Coefficient Arialysie of the Influence of Flowering Date 

and Flower Weight on Resin Gland Number and Size. 

Pheno- Geno- Environ- 
typic typic mental 

Effect of flowering date on gland number: 

Direct effect (p) .11.82 .536 .324 

Indirect effect via flower weight (p)(r) _.o3li. -.068 .001 

Total ( r ) . 
11148* 1 325 

Effect of flower weight on gland number: 

Direct effect (PNW 
.141 .202 .166 

Indirect effect via flowering date (p)(r) -.119 -.181 .001 

Total (r) .022 .021 .167 

Effect of flowering date on gland size: 

Direct effect (p) .567 .672 .253 

Indirect effect via flower weight (p)(r) ...l73 -.3o4 .001 

Total (rSF) .394 .368 

Effect of flower weight on gland size: 

Direct effect (p) .700 .902 .161 

Indirect effect via flowering date (pF.)(r) -.139 -.227 .001 

Total (r) .561** .675 .162 

Residual [(pNZ)(PSZ)+(indirect effects of Z)] J .062 -.081 -.084 

y Includes "plants in genotypes and years't only. 

/ Factors influencing rNS. 
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flower weight and gland size were small, they were almoat entirely 

composed of the direct effects of the8e two variables on glwìd size. 

The overall phenotypic, genetica]. and environmental correlation 

coefficients between resin gland number and resin gland size are 

cOEnposed of several effects. These are (i) the direct arid indirect 

effects of both flowering date and flower weight on gland size and 

gland. number, (2) all unknown effects which tend to make flowering 

date and flower weight correlated, and ( 3) any other unknown vari- 

ables which tend to make gland number and gland size correlated, 

irrespective of their correlations through flower weight and flowering 

date . It would appear from these data that all three correlation co- 

efficients between gland size and gland number vere accounted for by 

the effects of flower weight and flowering date. This is borne out 

by relatively small values for the residual effects of unknown and 

known variables. However, there ma' be variables which influenced 

the correlation coefficient between gland number and gland size 

which were rather large in their effect, but which vere cancelled. 

out either by their indirect effects or by the direct and indirect 

effects of other unknown variables. 

The calculated genetic path coefficients for the overall relac. 

tionship of all seven variables is given In Figure 10. ThIs diagram 

shows that total hop-acid vas influenced moderately by alpha-acid 

content and strongly by beta-acid. content. In turn, alpha-acid 

content was influenced strongly by resin gland number and moderately 

by date of flowering. The direct effects of flower weight and gland 
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size were of little consequence. On the other hand, resin gland 

number, flower weight, date of flowering, and gland size all had 

strong direct effects on beta-acid production. The direct effects 

of resin gland number and resin gland size were positive in nature, 

and those for flower weight and date of flowering were negative in 

nature. Both flower weight and date of flowering bad direct positive 

influence on resin gland number and size. The influence of flower 

weight on gland number was slight. 

These data suggest that selection for high resin gland number 

would lead to increases in alpha- and beta-acids, and in turn total 

hop-acid content. Selection for an increase in gland size would 

lead to an increase in beta.acid, but would have little effect on the 

content of alpha-acid. Selection for later flowering would lead to 

decreases in beta-acid and alpha-acid in material in which the size 

and number of glands rewained unchanged. Likewise, selection for 

increased flower size would lead. to decreases in both alpha- arid beta- 

acids, but only the beta-acid would be affected very greatly. On the 

other hand, selection for either an increase in flower weight or 

delayed maturity would bring about increases in gland size and number. 

Although it was not possible to determine the direct effect of 

date of flowering on flower weight, it is reasonable to assume that 

Buch does exist. In this case, the correlation coefficient was 

-0.337, and it is assumed that selection for delared maturity would 

result in smaller flowers. 
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A path coefficient analysis of the overall env1ronenta1 effects 

Is given in Figure 11. The data 1ndicte that envirornnerital coridi 

tions which tended to Increase resin gland number, flower weight, 

flowering date. and g1ard size, also tended to increase the content 

of alpha-acid. All of these effec'ts, however, were small. Environ- 

mental conditions which tended to increase resin gland ntier and 

flower weight tended to increase beta-acid to a moderate degree also. 

Environmental effects which tended to delay maturity or to increase 

gland size had little effect on beta-acid. Likewise, environmental 

conditions which affected flowering date had little effect on flower 

weight. 

The results reported here will be of' importance to hop breeders 

all over the world. Almost every paper written about hop breeding in 

the past 50 years has pointed out that several important characters 

of the hop plant are sex-limited. Each has pointed out the diffi- 

culties of selecting the male parent for crosses involving selection 

for economic traits. A method for phenotypically evaluating male hop 

lines without progeny tests has been long desired. 

The problem can be compared to the selection of sires in a dairy 

breeding program for improving milk and butterfat ields in dairy 

herds. In auch a program, objective selection of' a sire has been 

¡nade possible only through the utilization of progeny tests. Dairy 

breeders have also long desired a method of phenotypically evaluating 

a sire in order to make initial selection for milk producing potential. 

Initial selection on the basis of' phenotyic performance would 
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considerably reduce the time arid effort that must be expended in 

progeny testing a large number of individuals. If' a method were 

developed by which a dairy bull could be evaluated directly for 

milk and butterfat production, it would iDinediately have world..wlde 

significance. 

The time is approaching when brewers will be universally con- 

cerned with the contents of' the various acid components in hops . The 

results reported here regarding the variability of these components 

in male hop flowers arid their relationships with other characters 

provide practical infozation basic to hcp breeding. Probably alpha- 

acid will continue to receive greatest consideration. 

Work of this nature is not completed. Phenotypic evaluation of 

a male is of no value if the characters evaluated are not transmitted 

to ita progeny to a significant degree. Work by European investi- 

gators has shown that fenale parents transmit resin contents . One 

atudy of transmissibility of acid contents by male parents has been 

made, but the results are not extensive. While attnpts have been 

made to measure transmissibility of' resin content by males high in 

resin gland number, only negative results have been obtained. Now 

that resin gland number has been shown to be higbly correlated with 

resin content in the same individual, it remains to be seen if resin 

content itself is transmitted by the males. Such a study is currently 

In progress at Corvallis, Oregon. 

Unfortunately, several characters which are of' great importance 

to the hop breeder still appear to be sex-limited with little hope of 
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isolating superior males without the use of progeny tests. Among 

these are yield, resistance to shattering during harvest, storage- 

ability of the hop cones, as well as many other quality factors. At 

the present tlme there is no way of isolating a superior male on the 

basis of phenotypic evaluation of these characters. This does not 

mean, however, that prospects for the future are hopeless. There 

seems to be little doubt that eventually hop investigators will 

develop means of evaluating male lines for most of the characters 

which are of ccemercial importance in the female hop. 

A complete understanding of the fozination of acid components in 

female hop cones during maturation is not available. Because of the 

similar structural fonnulee for alpha- and beta-acids, it has been 

assumed that these two components have similar paths of' synthesis. 

It is assumed also that acid synthesis in male flowers would parallel 

acid synthesis in female hops. Farrar and others (13, p. 58-59) have 

stated that if limiting reactions occur after divergence then alpha- 

and beta-acid would be independent because of an excess of a ccmnon 

precursor at the point of divergence . If limiting reactions occur 

before divergence, the amount of total hop-acid will be controlled, 

and the amounts of alpha-acid and beta-acid will be influenced by 

their rates after divergence. 

While the study reported here was not designed to provide 

answers to this question, the data provide some infonnation on the 

subject. Not only are alpha- and betaacid depender4t to a signi- 

ficant degree, but part of the correlation of either component with 
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total hop-acid is made up through the indirect effect of one coinpo- 

nent through the other. Therefore, these two components must have 

similar paths of synthesis until late in their formation. Lack of 

perfect correlation between alpha- and beta-acid indicates the 

occurrence of limiting reactions after divergence of the coon paths. 
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SU4IARY AND CONCLUSIONS 

An experimental trial Involving 20 male hop lines was undertaken 

in 1956. It was designed to measure variability in several characters, 

particularly those concerned with quality componentB important In the 

female cones and to study their relationships with other characters. 

The data obtained from this trial in 1958 and 1959 were used to 

calculate estimates of genetic, phenotyplc and environmental vari.. 

ability for these characters. Inter.'.relationshipa of characters were 

studied by means of path coefficient analysis. 

Significant differences among linea were shown for all seven of 

the characters studied. Six.. to 13-fold differences were found for 

alpha-, beta-, and total hop-acid contents. The range In gland 

number was approximately five...f oid. The range in gland volume was 

about 80 per cent of the mean, and the range in flower weight was 

about half of the mean. Approximately a 30-day range In flowering 

date vas found. 

Genetic dIversity ratios varied fru moderate to quite high. 

For alpha-, beta- and total hop-acid they were from 0.80 to 0.83 on 

the basis of single plant observations. For number of resin glands 

the ratio was 0.67, and for size of resin glands it was 0.42. The 

diversity ratio for weight of flowers was 0.62 and for date of 

flowering was 0.58 on the basis of single plant observations. 

Expected gains from selection calculated on the basis of single plant 

observations indicated that alpha-acid, beta.'acld and total hop-acid 

would be essentially doubled by selecting the upper five per cent of 
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the population. For number of resin glands, an increase of 65 per 

cent of the mean would be expected on the saine basis. Expected gains 

from selection for size of resin glands, weight of flowers, and date 

of flowering were much less, but the data suggested that significant 

gaina would be expected. 

Alpha and beta-acid contents were directly associated with 

total hop-acid content and were significantly correlated with each 

other. Each component was also found to be indirectly associated 

with total hop-acid content through the other variable. This was 

true for both the genetica). and environmental associations. 

Both alpha-acid and beta-acid, and in turn total hop-acid, were 

directly influenced by resin gland number, whereby an increase in 

resin gland number increased the chainical components . This was true 

for both the genotypic and environmental effects. An increase in 

resin gland size was found to bring about an increase in beta-acid 

content through its genetical effect but not through its environ- 

mental effect. Gland size appeared. to have no effect on alpha-acid 

content. An increase in flower weight tended to increase beta-acid 

and alpha-acid through its environmental effect, but the genetica.l 

effect of flower weight on beta-acid was one of reducing its amount. 

Flowering date had a direct decreasing effect on both alpha- and beta. 

acid through its genetic association, hut tended to increase alpha- 

acid through its environmental association. It appeared that lines 

possessing genes for late flowering were inherently low in alpha-acid 

and. beta-acid, but environmental conditions associated with late 
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hovering tended to increase alpha-acid content. Similarly, the 

association of high resin gland number with late flowering also 

tended to increase hop-acid content. The path coefficient analysis 

of the effects of these variables on hop-acid components vas fairly 

rigid for the phenotypic associations, but both genetica). and 

environmental effects were only partially accounted for. 

The correlation coefficient between resin gland number end 

resin gland size appeared to he almost entirely accounted for by the 

effects of date of flowering and flower weight . This was true for 

the phenotypic as well as the genetica]. and environmental associa- 

tions . An increase in date of flowering tended. to increase resin 

gland number and resin gland size. The indirect effect of' flowering 

date on gland number through flower weight was of little consequence, 

but it exerted a moderately strong negative influence on gland size 

via flower weight. Flower weight had little influence on the number 

of resin glands, but it did exert a poBitive genetic effect and in 

turn a phenotypic effect on gland size. The genotypic correlation 

between date of flowering and flower weight vas negative. The en- 

vironxnental association between these two variables was very slight. 

The data reported in this study are of importance to the hop 

breeder arid illustrate the amount of variability present and thus 

the expected gain frcm selection for several characters. Of partì- 

cular significance, the data dnonatrate for the first time that 

phenotypic selection for factors of' hop quality can be made among 

male hop lines. 
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PIPPENDIX TABLE 1. 
Pedigrees and Identification of the 20 Male Hop Lines. 

Access ion 
Entry Source No. Pedigree 

i 1o6..s C 19170 M 
2 110-5 C 19173 M 
3 123 C19009M 
4 217 C19036M 
5 125 C52045M 
6 221 C19037M 
7 324 C190148M 
8 224 C19039M 
9 317 C19041M 

10 319 C19043M 
11 322 C 19046 M 
12 320 C 19044 N 
13 323 C19047M 
114. 424 119007M 
15 518 119005M 
16 425-I C 5Oi M 

17 521 C19058M 
i8 523 C19OÔOM 
19 417 C19050M 
20 521# cl906lM 

Unknown x 54-17 (East Kent Gold.ing x (Early Green x Kent Golding-5) 
Streisseispalt z 7328 (Late Ciuster-S) 
ugg1e X Fuggle-S 

Late Clusters x Fuggle-S 
(East Kent Golding x (Early Green x Kent Gcldirig-S) x 521 (Early green x UnknownS) 
Fugg1eS (51-31) z Fuggleu.s 
Fuggle-S (51-31) z Bed Vine-S 
Fuggle-S (51-31) z Red Vine-S 
Early Green x Unknown-S 
Belgian Burvizie x Fuggle-S 
Late Cluster-S x Fuggle-S 
Fuggle x Fug1e-S 
Elsasser x Fuggle-S 
Brewers Favourite-S 
Late Cluster-S 
308-2 (Fuggie-S (51-31) x (Landhopfen-S x (Golden Cluster z Puggie-S) 

x (Landhopfen-S x (Golden Cluster x Fuggle-S) 
Early Green x Unknownu.S 
East Kent Golding x Bavarian-S 
Fuggle x Fuggle-S 
Late Grape x Fuggle-S 

H 
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APPENDIX TABLE 2. 
Planting Plan of Male Hop Line Study in 1956. 

old 
Breeding Accession Hill number in replication 

Entry Block No. No. I II III IV V 

i io6..s C 19170 M 112 220 o6 l3 516 

2 1lO...S C 19173 M 101 207 301 1403 515 

3 123 C 19009 M 103 215 302 416 519 

14 217 C 19036 M ii6 2o1i 309 101 508 

5 125 C 52045 M 113 213 308 iOii 520 

6 221 C 19037 M 119 202 303 1405 517 

7 324 C 1901&8 M 120 212 320 ¿4.18 512 

8 221I C 19039 M 105 209 3i8 408 507 

9 317 C 190141 M 109 218 310 1410 505 

10 319 C 19011.3 M 117 216 305 417 5014 

11 322 C 190146 M 110 201 317 11.11 509 

12 320 C 1901414. M 106 208 311 11.15 513 

13 323 C 190147 M 114 2114. 307 1409 506 

114 4214 I 19007 M lU 219 301l. 1407 502 

15 518 C 19005 M 102 211 312 1e06 503 

i6 1425-i C 51101 M 108 203 3114 1402 5114 

17 521 C 19058 M 107 205 315 14111. 511 

18 523 C 19060 M 1014. 217 316 412 510 

19 1117 C 19050 M 115 206 313 1419 518 

20 524 C 19061 M 118 210 319 11.20 501 



APPENDIX T'TL 3. 63 
Mean Values tor Chemical and Morphological Ch:racters Aea-ured on 20 a1e Lines, 19S8 and 19S9. . 

Alpha-acid Beta-acic Tota]. nap-acid Gin d ñiuinoer Gland volume Flower weight F1oìering date 
(days /31) Male (ig/f1oer) (jig/f1ower (jig/flower) (glands/flower) (p3x103/gland) (ig/f].ower) after 

ntry Lino 19S8 1959 Ave. 198 1959 Ave. 19S8 199 Ave. 198 199 ¡re, 198 199 Ave. 158 1959 Jve. 198 1%9 Ave. 

i 106-s 6.2 6.7 6J. 12. 13.7 13.1 18.7 20.ti 19.6 11 21 16 652 766 710 1200 12O 1230 3]. 3 33 

2 nO-s 10.2 ó.1 .2 ]5J.i UJ.i U.1. 2fi.6 17. 21.6 22 2t3 25 38 bSI.L 35 1070 8LO 960 LS 1h 1i5 

3 123 '(.9 14.9 6.L ].2 13.8 ih.6 23.]. 18.7 21.0 3]. 3 33 S91j 521 S'8 890 8O 870 b]. L2 Li]. 

LL 217 8.0 h.L 6.2 19.]. 13.2 16.2 27.1 17.: 22.L 3 23 29 832 763 798 790 300 800 52 O S]. 

S 125 2.8 1.9 2.L 5.8 ¿i.3 5.0 8.6 6.2 7.L 19 21 20 I63 716 590 900 81O 870 Ii.9 6 59 

6 22]. 8.7 tJ 6.6 18.5 10.9 ]J.7 27.2 ]$.3 21.3 27 20 21 957 730 )4 1200 960 1080 Li.9 52 51 

i 32h J4 7.14 7.9 .8 6.1 5.9 1L.2 13.L ]3.8 21 27 2 173 530 502 930 790 860 56 50 

8 22I 5.3 Li.? 5.0 L.2 I.1 li.2 9.5 8.8 9.1 19 1.6 18 I25 510 I68 360 790 830 39 5 Li7 

9 317 114.1 6.6 1oJ 27.Ij 22.9 25.2 11.6 2).5 3f.6 56 L9 52 66)4 8iJ 710 920 810 860 So 66 58 

10 319 3.1 2.0 5.7 3.L 8.8 5.Lî 7.1 1 11 16 I63 510 L87 81O 7)40 790 17 61 5L 

11 322 L.9 1.0 2.9 1;.8 13.3 16.6 2L.6 1L.3 19.5 30 30 30 1092 856 975 1060 990 1()20 52 61 6 

12 320 17.3 U.]. ]J.2 11.1 9.0 10.0 284g 20.0 21i.2 t2 3]. 36 808 937 873 900 880 890 57 63 60 

13 323 13.1 9.6 1i.li L.9 7.2 22.6 Th.S 13.6 3 31 33 672 5oL 588 850 8io 860 b8 S Si 

114 L2L 2.3 0.5 iJ. 7.5 5.0 6.2 9.8 5.5 7.6 29 15 22 531 397 16 910 860 880 L5 52 I8 

15 53.8 L.6 u.S 2.6 i6J. 17.8 11.1 20.9 18.3 19.1 37 3L 36 628 6L5 637 820 920 870 S1.& 58 56 

it) 1i25-1 2.6 3.5 3.0 9.1 1J.O 11.0 11.7 16.5 lii.]. 21 31 26 619 955 78 8Lo 980 910 58 'ii 65 

1? 521 20.9 17.0 18.0 25.7 30.5 28.1 Lj.6.6 LLS. L6.1 Ìi,7 75 61 b76 695 56 830 880 860 52 68 60 

18 , " 23 23.]. 13.7 1B.Li 23.1 21.ì 22.3 16.2 35.1 Lo.7 61 1 56 uy? 706 922 1150 1170 1160 Sb 59 56 

19 L17 6.9 2.7 L.8 16.1 17.6 16.9 22.9 20.3 21.7 29 33 31 901 895 899 1180 1080 1130 i1 63 7 

20 521.. 9.2 3.1 6.2 18.1 13.0 12.6 27.3 16.1 21.7 12 30 36 ól2 510 76 960 790 .80 Sb S]. 52 

Mean 9.0 5.5 7,2 ]1.3 12.5 13.L 23.3 iO.o 20.6 31 31 31 671 673 672 960 900 930 19 56 52 

cv (%) 25 18 18 17 19 7 8 



APPENDIX TABLE 1. 
Correlation Coefficients of Tndividual Plant Measurents for Chemical and Morphological Characters in Male Hope, l98 arid 19S9. J 

Alha-acid :eta-acid Total hop-acid Resin gland nwn'oer Flower weight flowering date t.zland diameter 
1958 ).9S9 Ave. 198 l99 Ave. l98 l%9 Ave. 1958 l99 ive. l9,8 19S9 Ave. 1958 l959 Ave. 1958 ]99 Ave. 

Beta-acid l98 .610 

19S9 .14141 

tive. .5143 

Total hop-acid 1958 .881 .912 

1959 .7514 .922 

Ave. .836 .915 

Resin gland number 1958 .737 .733 .818 

1959 .6140 .81414 .8914 

Ave. .7146 .823 .897 

Flower weight 198 .163 .2714 .2148 -.025 

1959 .186 .390 .366 .151 

ive. .1614 .302 .276 .036 

Flo.iering date 1958 .277 .326 .337 .510 -.187 

1959 .113 .187 .186 .3614 -.135 

Ave. .179 .2214 .233 .1437 -.212 

Gland dianter 1958 .290 .1457 .1468 .3J0 .1468 .365 

1959 .121 .371 .323 .2142 .391 .392 

Lye. .228 .1457 .1408 .308 .5142 .3149 

j1and volume 1958 .306 .1460 .1433 .331 .1478 .370 .982 

1959 .093 .325 .278 .206 .386 .1422 .982 

ive. .213 .1427 .381 .291 .33 .372 .982 

.1/ r of .255 rejufred for significance at the five per cent level. r of .331 re4uired for significance at the one per cent level. 
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APP}ND1X TABLE . 

Correlation Coefficients of Line Means for Chemical and Morphological Characters in Male Hops, 198 and 19S9. 1/ 

Áipha-iCid eta.-acid Total hop-acid Resin gland number Flower wei;ht i1owering date Uland diameter 
198 1%9 ¡tve. 1958 199 Ave. 19S8 19S9 Ave. 198 19S9 ¡tve. 198 19S9 Ave. 1%8 199 Ave. 1958 1959 Ave. 

Beta-acid 1958 .599 

199 

Ave. 

Total hop-acid 19S8 .878 .910 

19S9 .756 .92 

Ave. .83 .916 

Resin gland nuiuber 19S8 .777 .Th9 .8S2 

19:;9 .680 .877 .932 

Ave. .769 .837 .917 

rioirer weight 19S8 .132 .260 .221. -.O2 

1959 .205 .369 .3S7 .1ss 

A!ve. .160 .289 .266 . .022 

x'lo«erin date 19f8 .269 .31.1 .31ih .SIi9 -.2L]. 

199 .090 .200 .18L .33L -.10 
Ave. .160 .232 .229 )48 -.2Ió 

(1and diameter 198 .297 .S03 .Ì56 .LU0 .:17 .386 

199 .1t9 .L69 .Lo7 .296 Ii9 .149 

Ave. .227 .)4d9 .t29 .321 .7S .363 

Gland volume 19S8 .308 .503 .L61 .1I5 .i8 .393 .989 

1959 .113 .1407 .3t5 .2).7 .Li79 .L79 .990 

Ave. .21S .IS6 .iO2 .311 .S6]. .39)_i 

!/ r of .La.*h required for significance at the five per cent level. r of .!6i required for significance at the one per cent level. 



APPENDIX TABLE 6. 

Intra-plant and Intra-line Correlation Coefficients for 

Chenical and Morphological Characters in Male Hops, 1958 vs. 1959. 

Intra-plart Intra-I irte 

Alpha-acid .8614* 

Beta-acid .808 .883*4 

Total hop-acid . 650** .9054* 

Resin gland number .630** .732 

Flouer wei&it .638** 

Flowering date .5954* .725*4 

Resin gland diameter .363 .563 

Resin gland volume .385 .559* 


