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The purpose of thls study lras to determlne the amount of

heterosls ln three complex tralts ln barley and to lnvestlgate the

eoncept of component lnteractlon aB a means of produclng heterosls.

Ttre complex tralte were grain yteld, total leaf area, and maltlng

quallty.

Seven varletles of spring barl.ey were crossed ln al.L poeelble

combinatlons in the sprlng of L963, The folloning year, the 21 Flrs

and eeven parental vari.etLes rilere space planted ln a repllcated,

randomlzed block design tn a greentrouee groundbed on the campue of

Oregon State Unlversity. Since three of the seven parents wcre eix-

rowed barleys GgrCggg vulgare L., emend. Lam) and fotrr were two-

rowed barleys @9ggg dlstlchum L., emend. Lam) , crosses wlthln

and between slx-rowed and two-rowed barleys were tncluded ln this

study. The 2L crosses rrere separated agcording to thelr respectlve

parental row numbers throughout thls study.

The eval-uation of heterosle for the complex tralts wae made by
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the component approach. The amounts of heterosis for the complex

traits were reLated to the expression of heterosis of their com-

ponents. The association between components and the compJ.ex traits

and between the different components, were determlned by computing

slmple correLation coefficients, The direct and indirect relation-

ships of the components to the compJ.ex traits were further analyzed

by path coefficient analyses. Estimates of the type of.gene action

present for the complex traits, as well ae for their respective com-

ponents, lrere made by computlng generaL and spectfic combining

abllity esEirnates and narrow-sense heritabiLlty estimates.

Ileterosis may occur in a complex tralt even though none of the

conponents of the complex trait exhlbit heterosis. This situatlon

has been caLled component interaction. When parentaL varleties do

not differ ln the complex trait but possess large differences tn

the component,s of the complex tralt, component interaction may occur

ln the hybrld to produce heterosis in the complex trait. Additlve

expressions for the components in the hybrids of such parental

varieties may result in the hybrids exceeding both parents ln the

complex trait.

Large differences in the components of the three complex

traits were found to extst among the parental varieties ln this

study while the parental varieties were not grGatly different Ln

the complex traits. These findings wouLd suggest that component

interactions rdere llke1y to occur in the hybrids produced by

crossing the parental varieties. However, in this study, the ex-

pression of heterosis for the three complex traits was limlted, with



onLy a few crosses exPressing a substantial amount of heterosis'

The lack of heterosis, particularly in those crosses where the

largest differences in the components existed between Ehe parental

varieties, could be ascribed to the fallure to obtain an additive

expression in the hybrid for the most important components' The

relationships between the comPonents of the complex traits also

indicated that the comPonents lrere not compLetely independent ' The

lack of independence of the components could also prevent comPonent

interactions. There were several crosses which did exhibit com-

ponent interactlon in the expression of heterosis for the complex

trait but these were relativeLy few in comparison to those which

did not exhibit comPonent interaction'

Estimates of gene action, in general, were in agreement with

the observations of heterosis. Those traits which exhibited the

most heterosis were found to be controlled mainly by non-additive

gene action white those traits exhibiting a slight amount of hetero'

sis were found to have large additive gene action estimates asso-

ciated with them.
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TIIE EVALU/ATION OF HETEROSIS FOR GRAIN YIELD,
TOTAL LEAF AR"EA AND MALTING QUALITY

IN 21 SPRING BARTEY Cts,OSSES

INTRODUCTION

Plant breeders have been interested for many years ln ways and

meana by which galns from heterosis night be utillzed in sel.f-

polllnated erops such as barley. Recent discoverles of methods to

produce large quantities of hybrid geed ln barley have enhanced the

possibllity of widespread connnerclal use of barley hybrids. Male

sterile balanced tertiary trisomlcs and male sterile-phytocide

llnkages br a combination of both, are two recent genetic procedures

conceived for the production of hybrid barLey. The success of

commerciaL hybrid barley will partLy be dependent, upon the abiLity

to identify parentaL varieties which, when crossed, will glve a maxi-

muIt expresslon of heterosis. Likewise, lnformatlon on the extent

to which heterosis can be obtalned in hybrld barley ls al.so needed.

The occurrence of heterosls has been observed and measured by

many workers ln many different plants and animals. There have been

genetical, physiological and morphological hypothesee presented to

explain the occurrence of heterosls but as yet no slngle hypothesis

has been found to be compl.eteLy acceptable. The amount of hetero-

sls present ln hybrids has been measured by several dilfferent

methode. Heterosis has been deemed to be present when the mean

vatue for the particular trait la the hybrld has exceeded the

parental mldpoint or when the hybrid value exceeded the better



parental value. In the self-polLinated species, the latter nethod

is considered to be more inportant, since the hybrid must exceed

the better parent before the hybrid would po6se6s economic inpor-

tance or advantage,

The two major cultivated species of barley are Hordeum vulgare

L., emend Lam., the weLl known six-rowed barley, and Hordeum

distichum !,., emend Lam., the two-rowed barley. These two species

are separated primarily on the basls of a singLe genetlc factor

control.ling the ferEillty of the lateral florets, but they Likewise

differ in several weLl recognized morphological and physlol.oglcal

characters. Varletles of these two specles are often crossed freely

ln conventional barley breeding programs and similarty, crosses be-

trreen varleties wlthln these specles would posslbly be used ln

hybrld breeding.

It 16 often difficult to analyze, interprGt and predict the

genettc behavlor of complex p1.ant traits. To provlde a basis for

a better understandtng of complex traits, the rrcomponent approachrt

or subdlvldlng the complex trait lnto its loglcal conponeats has

been undertaken. Three such complex tralts in barley are graln

yield, total leaf area, and maltlng quality.

Heterosis may be exhibited for the compLex trait itself as

wel.1 as for the indivldual components. For thls reason, knowledge

og the behavior and genetic control of the individual components

that together constitute a complex tralt nay be lmportant before a

fulL understandlng of thls trait can be obtained.
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Ttre main objective of this study hras to measure and analyze

the occurrence of heterosis for three compl.ex traits through examl-

nation of their respective components. Towards this objective,

the following speclfic studies rdere directed: (1) to demonstrate

the existence of reciprocal differences tn the components of the

three complex traits in crosses between IL vuLgare and E. dlstlchun;

(2) to determine the reLationship between the components and the

complex traits; and (3) to relate gene action estimates for the com-

plex traits and their respective components to the occurrence of

heterosis.
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LITERATURE REVIEW

A comprehensive and thorough review of the literature on the

cytoLogy and genetics of barley was pubLished by Smith C1951).

Nllan (1964) extended this review and included the more recent

Literature. These tno publications provide a complete survey of

the literature on the broad toplcs of the cytology and genetics of

barley and also provide more sPecific references on the important

characteristics of the barLey plant.

For the purpose of this review, the pertlnent llterature has

been grouped into sectlons for each of the naJor p]'ant traits

covered in this study. These traits lrere as folLows: yield and

components of yield; total leaf area and components of totatr leaf

area; and maLting quallty.

YieId and Components of YieId

One of the first studies on grain yield of barLey where em-

phasis was placed on the behavior of the comPonents of yield was

conducted by Imner (L941) " The amounts of heterosis for grain

yteld, heads per p1ant, kernels per head and weight Per seed were

determined for six different barley crosses between six-rowed 
.

parents. The average amounts that the Flrs exceeded the Parental

averages for heads per pl.ant, kernels per head, weight per seed and

yleld per plant were 8.3, 11.1, 4.9, and 27.3 petcent resPectively.

Immer stated, I'Average heterosis for yield per plant of all crosses

must be greater than any one of the three components into which it



was separated since the F1 exceeded the average of the Parents for

each of the components.rl

The expression of heterosis for Srain yield per plant, weight

of L1000 seeds, Length of ear and tiLlers per pLant was deternined

for 17 F1 barley crosses by Hagberg (1953). In generat, the Flrs

were intermediate or equal to the best parent.l however, in a few

combinations, the Flts lcere superlor to the best parent but the

differences were not significant. In crosses between two-rowed and

six-rowed barleys, the weight of 1,000 seeds was about 20 percent

higher than the two-rowed parents which had heavier seeds than the

six-rowed parents. It was concluded that heterosis in barLey was

found mainly in those characteristics which have not been the ob-

ject of mants selection pressures. There appeared to be no relation

between the degree of heterosis and the geographical location of

the parents.

A reeent paper on forage and grain production of four six-

rowed barley hybrids and their parents was pubLished by PawLisch

and Van Dijk (1965). These authors observed heterosi.s for forage

yield in all hybrids when heterosis lras measured over the high

parent. The percentage increase of the Flts ln forage yield over

the high parents ranged from B to 3L percent. Two of the hybrids

had more forage yleld than the best commercial" variety in the area.

The grain yields of the four hybrids were 37, 25, 8 and 25 percent

over Ehe better parent. When the comPonents of grain yield were

compared, it was found that no slngle component was consistently

better in the hybrids than in the parents.
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The expression of heterosis for grain yield was measured by

Suneson and Riddle (1944) in an experiment where Large quantities of

hybrid seed were used in solid seedings. The average yields of the

Flts were more than 20 percent better than the Parents. The Flts

from the two-rowed and six-rowed parents had lower tiLler number

and bushel weights, but they had higher weight per seed and grain

yield per p1ant than did the better Parent"

Another study was conducted by Suneson (L962) <ln the evaLua*

tion of hybrid vlgor in three six-rowed barLey crosses. The Flrs

and parents lrere seeded in various planting designs and densities.

The crosses rrere found to be 30 to 50 percent more productive than

the parents. MaxLmum differences between the F1 hybrids and their

parents were found when the hybrids were comPeting htith their

parents in mixed stands. Smaller differences were found between

parents and hybrids at thinner spaclngs. Suneson (1962) concLuded

that with a long grol{lng season, til-Lering and head size can be

maxlmized from thin stands. Tillers Per plant appeared to be the

principl.e component which caused increased yields in the hybrids.

None of the hybrids exceeded the best parent !n number of seed per

head or weight per seed'

A modern and mathematical interpretation of yield in barley

rras presented by Grafius (1959). In this work, yieLd was dis-

cussed on the basis of a geometrical model where yield was pictured

as the volume of a rectangular ParalLeLipiped'with heads per plant,

seeds per head, and average seed weight as the edges. A slight ln-

crease ln the comPonent with the shortest edge of this
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paralleLipiped would resuLt in the greatest increase in vol-ume.

In an actuaL experiment, Grafius (1959) found that all of the F1

values exceeded the parental means for yield. The average F1

values exceeded the parentaL means for heads per plant, seeds per

plant and weight Per seed. The associations between the components

were either srntll- or zero and from these results it was suggested

that there are no genes for yield per sq but only genes for the

components of yield. From these results, Grafius also concLuded

that epistasis was the most prominent cause of heterosls in barley.

The type of gene action controlling heterosis in barley was

investigated by Aastveit (1964). It was stated by Aastveit rrthat

if heterosis is due to over-dominance, then it would not be PossibLe

to select segregating lines which are equal to the F1.t' In this

study, the author found a slight amount of heterosis for yieI.d in

the barley hybrids, while no heterosis was found for tlllers Per

plant. A significant interactlon hras found for the F1 means versus

the parentat means x years for the three characters. This indi-

cated that the genotyPe-environmentaL inLeraction ls a component of

heterosis which should not be negleeted. Selection of F8 genera-

tlon Lines which Idere equal to the Flrs in grain yield, indicated

that heterosis uas not due to over-dominance.

Ileterosis in complex characters was investigated by Williams

(L959) who stated, 'hhen two Parents dlffer reciprocally for two

interacting components, and lf the F1 levels comPensate one

another in such a way that their product is greater than in the

parent, heterosis is inevltabLe.r' Therefore, it follows that
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reciprocaL inequalities in the levels of component characters in the

parents and intermediate levels in the hybrids must lead to hetero-

sis ln the complex characters. It was shown from data with wheat

and tomatoes that essentially additive genetic systems for the com-

ponents may lead !o an erroneous lnterpretation of the existence of

non-additlve gene acti-on for the complex tralt.

The expression of heterosls for grain yield and lts components

(welght per kernel, kernels per spikeLet, spikelets Per spike, and

spikes per plant) in wheat has received ionsiderabLe attentlon.

Whltehouse, Thompson and Do Valle Ribeiro (1958) found no hetero-

sls for the components of grain yieId in wheat. The means for the

components tn the 16 hybrids were, on the averager sLlghtly in ex-

cess of the midparent. Hotrever, heterosls was found for grain

yield. It was concluded by these workers that gene interacfions

rrere responslbLe for the expression of heterosis for grain yie1d.

Kronstad a4d Foote (L964) used estimates of general and specific

comblning ability to determine the type of gene action Present for

grain yield in diallet crosses. No significant specific conbining

ability was found for any of the components but significant specific

combining ability was found for grain yield. The mean values for

the components lrere generally intermediate between the two parental.

varieties.

Johnson and Aksel (1959) studied the inherltance of yielding

capacity in a fifteen parent dlaLlel cross of barLey. Yield was

considered to be a complex trait lrith heads Per plant, kernels per

head, and weight of seed as the components of yiel.d. The crosses
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involved five two-rowed and ten six-rowed barleys. The two-rowed

and six-rowed parents and crosses were separated when it became

apparent that they did not behave in a similar manner. Over-domi-

nance for yield was found in the subsequent nine parent diallel.

The associations, as measured by the correlation coefficienEs be-

tween the components for the six-rowed F3 plants were -0.44O,0.390,

and 0.110 for number of kernels per head versus average kernel

weight, number of kernels per head versus grain yi.eId, and weight

per kernel versus grain yield, respectively. The associations for

the same traits for the two-rowed F3 plants were -0.1001 0.710,

and -0.310, respectively.

Trebi was used as a male parent in five barley crosses which

were studied by David (1931) and grown in a greenhouse under uniform

environmental conditions. David concluded that the parents which

had been used in this study did not differ significantly in genetic

factors for yield. A high simple correlation coefficient between

stems and plant yield was observed. There was little evidence for

the inheritance of stem number.

Ihe major differences and similarities between six-rowed and

two-rowed bsrleys were studied by Wiklund (1954). The correlations

between tiller number and grain yield for two-rowed and six-rowed

groups were *0.700 and +0.250, respectiveLy. The kernels on two-

rowed segregates from two-rowed x six-rowed crosses were larger

than those usuallf found on two-rowed plants. The number of ker-

nels per head on these segregates r^ras fewer than on the normal two-

rowed varieties. The author concluded that this was due to the
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inheritance of the Low rachts node number from the slx-rowed i:ar-

leya. The six-rowed x two-rowed hybrida were not abLe to comPete

with the beet varietles for that area.

Kr:mp (1953) studied tll"terlng, number of lnternodes per raclris,

percent of fertlle spikelets on the ear, weight per kernels, and

total yield per main ear in three eix-rolred x tswo-rowed crosses.

He concluded that hybridization of Hordgum gulsare and Ugggg

distichum can produce six-rowed barley varleties of better quality

and more reliable yields. This was baeed on the facte that the slx'

rowed segregatee had more tnternodes per head and larger seeda per

head. The ylelde of t\ilo-rowed segregates \rere ateo lncreased as

the resuLt of larger seede per head. The associat,lons between

yleld and its components and among the components have been the ob-

Ject of severaL atudies. Lambert and Liang (1952), !n a study wlth

six-rorded segregates from crossee between two-rowed barleys r fotrnd

stmpLe correlatlon coefficients for yield and tl1ler number, yieLd

and seeds per head and for yield and weight Per 11000 kernels of

0.606, 0.095, and 0.1"31, respectiveLy. The associatlons between

the componente w6re -0.363, -0.135n and -0.305 for tiller number

and kerneL nuurber, tiller number and weight per Lr000 kerneLs, arid

kernel number and weight per L1000 kernels, respectively. Similar-

Ly, Fluzat and Atkins (1953) determined the assoclation between the

components of yield and yleld in a segregatlng barley popuLation.

fhey found that the correlation coefficients between tlll"er number

and yield, tilLer number dnd weight Per seed, and weight per seed

and yield were 0.880, '0.240, and -0.040, resPectlvely. No
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heterosis ln the Flrs was observed for tillers per plant or grain

yield, whlle a sl.ight amount was observed for kernel weight.

Broad-sense heritability estimates ior tiller number per p1ant,

yield per pIant, and kernel welght were 26.51 47.3, and 29,9 per-

cent, respectiveLy.

Heritability estimates for grain yield in barLey have been de-

termined by several workers. Grafius, Nelson and Dirks (L952) ob-

tained broad-sense heritabiLity estirnates from F3 lines of 26 per-

cent. The narrow-sense estimate for these F3 lines was only four

percent. Jogi (1956) found narrorr-sense herltabllity estinntes for

grain yleLd ln F5, lines of 61, 64, and 60 percent for three experi-

ments. Frey (1954) used the regresslon of F5 llnes on F4 lines to

obtaln a narrow-sense heritability estlmate for yield of 30 percent"

The inheritance of genes controlLing the fertility of Lateral

florets in barley and their effect on yieLd has also received con-

slderabLe attention. An extensive suilnary of the literature of fer-

tility was published by NiLan (1964). Powers (1936) descrlbed the

appearances of plants with W, Vv and w genes. Plants with W

genes did not have kernels deveLoped in the rudimentary lateral

flofets. The heterozygote Vv approached the llorderun deficiens

parent (w) ln that no Lateral grains were produced, but it was

dtstinguishable from the W homozygote in that the lateraL florets,

although rudimentary, were notlceabLy devel.oped. In a cross be-

threen W and w barleys, a sLight amount of heterosts was found

for grain yield. In a recent study, Swasup and Sharma (1965) pre-

sented data from a study of the segregates from crosses between
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Hordeum vulgare, H. 3!..1g!g@, and lI. irregutare that indicated

that the inheritance of fertillty of lateral fLorets was more com-

pllcated than a single gene pair,

Total Leaf Area and Components of Total Leaf Area

A search of the literature reveaLed that only a limited amount

of work has been reported on leaf area traits in barley. There have

been a few studies demonstrating the lmportance of leaf area in

barley and a few studies on the genetic control of leaf length and

width. These studies, along \dith a few pertinent findings in other

crops, will be reviewed.

Gardener, .9! al. (L964) found in barley that total leaf area,

leaf size, and orientation tere important factors in determlning

grain yield. Measurements of Leaf area, dry weight, and 1.ight in-

terception rdere taken every three days on six barley varietles.

Itre hlgher yielding varleties had rr€lrrolt uprlght leaves, whlLe

those of Lower yield had wider and drooping leaves. It was con-

cluded by Gardener (1964) that the higher yielding varieties had

optimum leaf area lndexes which lrere reached Later in the year,

nearer the grain fiLling period. Total Leaf area and net asslmlla-

tion rates rrere measured periodically for three barley varieties by

Watson, Thorne and French (1958). The three varietles dlffered ln

graln yleld, but no dlfferences in total leaf area or net assiml-

Latlon rates were found. It was concluded that the higher yields

obtained by two of the. varteties rrere not due to greater productlon

of dry matter by the leaves. There was a strong indlcatton that
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the differences in yields were due to the ears being exposed for a

longar tinc. It ruas found in a greenirouse experiment that 2., px-

cent of the dry matter in grairr cane from tlte ears, 59 percelt carit:

from the flag Leaf Lamlna and sheath, and 15 percent fron parts of

the shoot be1ow the flag Leaf.

l'{eyazawa, as cited by Smith (1951), found wldth of l-eaf wa.e

interr,rediate in hybrids between narrorv and broadleavcd typ"s. ?he

F2 plants tended to segregaEe on a Lz2'.1 ratio. Longer leav:s

tended to be dominant over shorter leaves, The classification of

the F2 plants suggested that there vras onty one gena controlling

leaf l"ength. Ramage and Day (19i,0) found a 10:3:3 ratio for leaf

width in the F2 generation of a eross between a mutant lritil two-

thirds nornal width and a mutant with one and throe-fourths normal

r.ridth. Jain (1961) found Leaf shape to be linked trith the earli-

ncss factor on chrornosome V.

The expressi.on of heterosis for total leaf area in bcairs rvas

studied by Adams and Duarte (1961-, 1953). Heterosis in the hybrld

was interpreted by the component interacti.on modeL. A variety

\4rith felr large leaves lras crossed to a parent with r:any sna11

leaves. There was a non-signlficant negative correlation betrseen

leaf size and leaf number whlch suggest,ed that the comPonents trere

under dj.ffercnt gene controls. The genes for leaf siza behaved in

r.n additiVe rrrooner with the F1 having intermediate sized l"eaves.

The genes controlling leaf ntrmber were doninar:t vith many leaves

being dominant over few leaves. There rlras a large arxourrt. of hetero-

sis for total leaf area in the F1r since the parents complementcd



L4

each olher. It was concluded that this type of heterosis could be

fixed, since lt is not dependent upon heterozygosity,

KheiralLa and Whlttlngton (1962) conducted a dtalleI anaLysls

for leaf area, 1og fruit weight, and number and dry weight in to-

matoes. The dialleL analysis showed that the genetic control of

Lo9 fruit weight and number was largely additive. SimiLar analyses

of dry weight and leaf area data showed considerable variatlon with

time, It was concluded that extreme caution is necessary ln

generallzing types of gene action from a genetlc analysls made at

only one point of time. Most of the crosses in this study were in-

termediate for fruit yield and totaL leaf area.

Malting QuaLity

The determinatlon of malting quality of barley requires ex-

tensive physical and chemical- measurements. For this reason, most

papers on the subject of malting quallty are concerned with only a

smal1 group of the characteristics which constitute malting quaLityr

A noteworthy exception is the recent book edlted by Cook (L962),

BarLev and Malt. Thls book provides a historical, as welL as

modern, review of the studies on ffllting quality. The anatomy and

geneElcs of the barley plant and an explanation of the various

chemical and physical tests of malting quality are discussed.

Nitrogen content, diastatlc power, and extract are three of the

more coutrnon test6 performed on barleys to determine malting

qua 1 ity .

The reLation between grain yield and protein content on wheat
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8nd barley lras studied by Neatby and llcCalla (1938). A negative re-

latlonship rras found for ten barley varleties between yleld and pro-

tein content. The dtfferences in the yleld between the high and low

protein varleties eere remarkabl.y conslstent from locatton to loca-

tlon iu thls study. It was suggested that this negative relatlon-

shlp betweeu yleLd and protein uould strrpltfy the breeding of low

proteln m:llting barleys.

@nadian workers have carried out many studies on the relation-

ship among quaLity factors and between quality factors and other

agronomlc tralte. A sururary of their flndings lras reported by

Anderson, SalLans and Meredfth (1941). The results lrere obtalned

on nine slx-rowed and three two-rored barleys gro\rn aL L2 loca-

tlons, Sinpl.e and partlal correlations were computed for the

various traits. Ihe intervarietal correlations revealed that ag

nitrogen content lncreased, the nltrogen faetors of the malt also

lncreased; however, the carbohydrate factors decreased. The lntra-

varletal relations showed no evidence for regularities ln composi-

tton between nitrogen fractions or between nitrogen fractlons and

carbohydrates. The partial correLatloo coefficients lndlcated

that the genes controlling saLt-soluble nttrogen may also control

other nalting properties.

The assoclatlons between protein, extract, and dlastatlc polrer

were studied by IIsi and Larnbert (1954). Data were obtained from F5

and F6 lines from six-rowed x six-rowed crosses. Negative correla-

ttons were found between protein and extract and aleo between dta-

statlc porrer and extract. Protein and diaetatic polrer were
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positively assoeiated in both F5 and F6 Lines. The associations of

malting qual.ity traits with other aSronomic traits lrere also

studied. Significant positive correlation coefficients were found

for average kernel weight and extract. There IJas a good associa-

tion betlreen diastatic power of F5 lines with that of F6 1ines,

which suggested a high heritabiLlty for diastatlc Power.

Den llartog and Lambert (1953) studled the relationshlp between

agronomic and nalting quallty characters of barley. The correLa-

tion coefflcients for diastatic Power wlth proteln, yield, kernel

welght, and extracr were 0.640, -0.280, -0.280, -0.160, and -0.400'

respectively. The correlation coefflclents for extract with ker-

neL weight, yield, and Protein were 0.540, 0'540, and 0.520r tB-

spectlvely. It was concluded that lt would be possibLe to select

lines good for yleld and malting quality.

lleritability for four quality characters ln barley were de-

termined ln early generations of barley crosses by Rasurusson and

Glass (1965). Narrow-s€rse heritablLltles rdere hlgh for dlastatic

polrer, intermedlate for kernel. plumpness, and Lor.l for extract and

protein. Proteln was positively associated with diastatic Power

but was negatively associated with extract. It was suggested that

the gain in simultaneous selecti.ons for extract, protein, and

diastatlc power would be reduced by thls associatlon.

Dlastatic power was studled by Day, Down and Frey (1955). It

was found that diastatlc power hras associated with the two-rowed

versus six-rowed characterlsfic, The two-rowed barleys in this

study had the highest mean diastatlc Power. The authors reported
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that the broad-sense herltabiLity estimate for diastatic power in

F3 progenies for three crosses was 32.4 percent.

seLection for malting quality in early generations of barley

hybrids h,as reported by Slsler and Banasik (1951). Quality deter-

minations consisting of extract, kernel weight, and diastatic Power

were made on 136 F3 lines from a cross of Titan x Kindred. These

lines tJere generalLy higher in extract and kernel weight, but lower

in diastatic power than Kindred. About 27 percent of these lines

were judged to have deslrable quality. The data obtained on F3

Lines were useful. in selecting lines ldhose Progeny hlere 1ikeLy to

have good quality. About 75 percent of the lines derived from

these selected lines had good malting quaLity.
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MATERIALS AIID UETHODS

Three six-rowed and four two-rowed spring barley varieties

were used in these studies. The seven varieties were chosen to

represent rather wide geographic areas of origin for the express

purpose of obtaining genetic dlverslty. A description of each

variety is given in Appendix Table 1. The seven ParentaL varieties

rilere crossed wlth each other in a diallel system. The crosses qrere

made by means of hand enascul.ation and pollinatlon, and only welL

devel.oped seeds were chosen for later use. Reciprocal crosses be-

tween the parents lilere not kept seParate, thus there lras a total of

21 different crosses. These 21" FI crosses and the seven Parental

varieties were planted in a greenhouse groundbed on the campus of

Oregon State University, Corvallis, Oregon' on March 26, L964, The

experiment lras designed as a randomized block with four replica-

tlons. The greenhouse groundbed was chosen for this study to ob-

tain a better control of the aphids that attack barLey and transmit

barley yeLlow dwarf virus (BYDV) disease, and the greenhouse aLso

offered a means of controlling possible environmental variation.

Before planting, a 20-4'6 fertilizer lilas applied at the rate

of 500 pounds per acre and worked into the soll. Ihe experimental

pLants were located in the center of the groundbed to eliminate as

much water seepage as possibl.e near the walls of the greenhouse.

The experiment ldas surrounded by oat plants to minimize border

effects on the outside planEs. To iinsure a uniform stand and to

standardize emergence, a1l. seeds were germinated ln Petri dishes,
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and when the coteoptlles ltere about one lnch Long, the seedllngs

were then transplanted into the soll bed. Each F1 cross and the

parents were represented by four seedJ.ings in each Plot. The plants

rrere spaced I-8 lnches aPart within the rows, and 18 inches between

rotrs. The experiment was fLood-irrigated four times during the

grolring season to provide'adequate soil moisture. Aphids rere con-

trolled by two fumigations during the growing season with Tetraethyl

DithiopyrophosPhate.

Yield and Components of Yield

Total grain yield per plant was determined by weighing all of

the grain from each plant. The heads of each plant were removed as

they rtpened. This procedure Prevented Possible losses due to

shattering of over-ripe heads. The heads from eaeh plant were

threshed by hand-rubbing and the yleld ldas recorded as grams of

grain per pl.ant. The mean grain yield of the pLants of each plot

was computed and these plot means Irere used throughout the study.

The componenEs of graln yield are recognized in barley as the

number of kernels per head, welght per kernel, and the number of

heads per plant. Ln this study, the number of kernels Per head and

welght per kernel for each plot rdere determined from a random five

head sampLe taken from each plant within the plot. The number of

kernels on each head was counted and weighed and mean weight Per

kernel was determlned. Again, a single plot mean for number of

kernel-s per head and weight per kernel lras obtained. The number

of heads per pLant was determined by counting alL of the tillers
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with welL developed heads on each of the

A single nean tiller number per plot was

seguent calculations.

Total Leaf Area

four plants withln a plot.

determined and used in sub-

The total leaf area (fl,A) ln square centimeters rras determined

for one randomly selected plant in each ploE. TotaL leaf area was

computed by the fol.lowing formuLae:

(L x W) per tilLer x b - Area per tiller; area per tlller x
number of tlLlers per plant o T[.A
per plant

Where:

(t x W) - The length x maxtmum width product

b - The mean coefficient of the Leaf area for each
leaf dlvided by the (L x W) product of that
same leaf

Four tlllere hrere selected at random and rnarked on each pl"ant,

The length and maxLmum width of all of the leaves present on each

of these til.lers were measured to the nearest milllsreter' The sum

of the length x weight (t x W) Products of all the leaves on the

four tlllers lras divided by four and thls quotient was rnuLtiplied

by ! giving the mean T[,A per tiller. A mean b coefficlent of 0.586

was determlned from a preliminary study by Carleton and Foote (1965).

This ! coefficlent was used for all fLA estimates. The mean TLA

per tiller nas muLtiplied by the number of tiLLers per pLant to ob-

taln an estimate of the plantts TLA.

The components of TIA per plant are Leaf size and Leaf number.

In this study, leaf size ltas dlvided into leaf wldth and leaf
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length. Since the number of leaves per plant taE not determined,

the number of til-lers per pl.ant was used as an indication of the

number of Leaves per plant. Til.Ler number was used as an estimate

of total leaf number by making the assumptton that all tillers have

the same number of leaves. Thus, in this study, the components of

TLA per plant were leaf width, leaf length, and tilLer number per

plant.

The mean leaf width and mean leaf Length of all the leaves of

the four tillers used to estimate T[,A were taken as the comPonents

of TLA. The number of tilLers on each of the selected plants was

counted at the time that the measurements for estimating TIA were

taken.

Estimates of TLA per pLant were made at tlro stages of growth.

The flrst estlmate was made on May 13, L964, when the majority of

the plants tere in the boot stage, just prior to che time of

heading. The second estirnate, including the same four tillers of

the same plants, was made on l{ay 28, L964, Most of the plants had

reached heading at the time of the second measurements.

Estimating TIA at these tlro stages of growth provided an opPor-

tunity to compare the changes in TLA durtng thls period of growth.

It also provided an opportunity to meagure changes in the contrlbu-

tions of the components to T[,A.

Maltlng Qualitv

Seed from the four plants of each plot rras combined together

and a 300-gram sampLe sent to the U.S.D.A. Barley and l'[alt
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Laboratory, Madison, Wisconsln, for malting quaJ.lty tests. The

first quality measurements were the trPrediction Testn as outl-lned

by Meredith and co-workers (1942), which consisted of deterrnining

the barley nitrogen, barley ext,ract, and barley diastatic Power.

After the preliminary quality tests, the seed from each repLication

was buLked to give one sample for each of the 21 F1 crosses and

parents. These samples lrere then experimentally malted according

to the standard procedures used at the Barley and MaIt Laboratory.

From the several physical and chemical determinations obtained on

the malt produced from each sample, the three chosen for study were

the rualt niErogen, malt ext.ract, and malt diastatic Power. To de-

termine the relationship between the predictive test vaLues and the

malting values, simpl-e correlations betlteen the two were computed.

Malting quality in barl-ey is not easy to define or reduce to

simple chemical or physical terms. For this reason, no universlty

acceptabLe definitlon of malting quaLity can be widely applied.

Likewise, lt is difficul.t to sing}e out one or a small number of

the chemical tests and interpret the malting value of the barLey

from these resuLts. However, for the PurPose of this study, the

three important quality criteria of maLttng barley, mal-t nitrogen,

nalt diastatic Poqrer, and malt extract, Idere chosen.

In order to obtain a single value which would represent the

nalting quality value of the barley samples, a guality index was

designed and computed. For the purpose of constructing this

quality index, Ilannchen, one of the parents used in this study,

was chosen as the standard. Eannchen barley has been widely grown
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ln the Willanette Valley and Klamath Basin areas of Oregon for many

years and the barley is recognized as possessing rnany of the de-

sirable quality factors assoclated wlth two-rowed rnalting barleys.

Barley varieties,wlth wide devlations from the Hannchen quallty

would not be considered as satisfactory malEing varietles |n this

lndex.

The formula

Ql =

Where:

Qr

r11

u1

r22

u?

133

u3

quality inde

r22112

x was as follows:

+ r33u3

for the

-["'"{

- Quality index value

- Simple correlatton coefflcient of barley nltrogen
and maLt nltrogen

- Entry i nltrogen - llannchen i nitrogen
Standard deviatton for nitrogen

- Sinple correlation coefficient of barLey dlastatlc
power and malt diastatic pohrer

g Entry i diastatic potser:--E4n!chen i dlastatic power
Standard deviation for diastatlc power

- Simple correlation coefflcient of barley extract
and malt extract

= Entry i extract - flannchen- i exFract
Standard devlatlon for extract

ltre index ruas constructed in such a lday. that any devlatlon

from llannchen in barley nitrogen and dlastatlc power would reduce

the lndex value while those entries having hlgher extract vatues

than Hannchen were favored. The use of the correlatlons between

the predictlve barley. t,ests and the actual maltlng vaLues a1lows

for the adjustment of error in the predictive tests. The
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deviations of the entry means from the Hannchen mean for the three

quality tests were divided by their respective standard deviation

so that they could be sumtred. The deviations from Hannchen divided

by the standard deviatlon places the values on the same relative

magnitude.

A numericaL example of the computation of the quality index

for the variety, Trebi, is given in Appendix Table 2.

Analysls of Data

A functional analysis of variance rras computed for yield,

total Leaf area, and their respective components, as welL as for

barLey nitrogen, dlastatic power, and extract. The 21 Ftrs and

seven parents were first treated as one group and then divided into

four subgroups. These four subgroups were the six-rowed x six-

rowed (6 x 6) crosses, six-rowed x two-rowed (6 x 2) crosses, tnro-

rowed x trro-rorded (2 x 2) crosses and the parents. A functional-

anaLysis of variance rras used so that between group comparisons

could be made to determine lf there were slgnificant differences in

the expression of a particular tralt among these four groups.

The simpLe correlations for yield and ILA and their individuaL

components rdere analyzed by pathway coefficient anatysis as des-

cribed by Wright (1921). A comparison of the direct and indirect

effects of the various components on the compl.ex trait is posslble

through the use of this method. The direct and indirect effects of

the components on the complex trait for one grouP lrere compared to

those of another group to determine if any differences existed
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between groups.

The associatlons between yield and its components with total

leaf area anC lts components were determined by computation of

sinple correlation coefflcients. Grain yield and its comPonents

lJere correlated rrlth the leaf area measurements at both stages of

grolrth. The crosses and parents t ere separated accordtng to row

number, thus glvlng aseociations for two-rowed, six-rowed, and two-

roled x six-roned barleys.

Slnple correLations were used to determine the associations be-

tveen the quality traits and the two complex traits ln this study.

The lnter-assoclatlons betseen diastatlc power, bartey nitrogen,

and extract were algo determlned by simpJ.e corretation coefficients.

A11 correLatlona were obEained for the six-rowed barleys' trro-rcwed

barleye, and stx-rowed x two-rowed (6 x 2) crossea separately.

The amount of heterosLe present for each trait was measured by

trro trethods: first, heterosie was measured as the amount that the

F1 uean exceeded the parental average, and second, as the amount

the F1 exceeded the high parent. Duncanrs new nultlple range test

wae used to determlne if the amounts that the F1 means exceeded

Eheir respectlve hlgh parent were slgnificant.

An lnterpretatlon of the presence or absence of heterosis for

the three complex tralts was made by an examinetion of the amounts

of heterosis for their components. The reLative importance of the

lndlvldual componenEs was also determlned and considered in this

lnterpretatton of the expresaion of heterosis for a comptex trait.

fhe existence of cornplementing components within the parents of the
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dlfferent crosseo was also determined.

Estfuftates of gene action controlllng the expression of the

traits in thts study Uere obtalned by comblnlng abil.lty analysis.

Sprague and Tatum (L942) postulated that general cornblning ability

estirnates provide an indicatioa of the Presence of sdditive genes

whl1e speclflc eonbintng ablllty estioates depend uPon genes rrlth

domlnant and eplatatic effects. General and epecific conblning

ablltty e8tlmate8 rrere coEputed for all tralts in two Eeparate

groupa of crogses. Eatlmatea sere msde for the (2 x 2) crosseg and

for the (6 x 2) cro88s8. It ras not poaelble to estlmate general

and epeclflc conblnlng abtltty for the eix-rmed x gLx-rowed (6 x 6)

crosees since there were onl.y three eix-rowed Parents and there are

no degrees of freedom for the speclflc combinlng ablllty effect ln

a3x3diallel.

Comblning ablltty estlnatea for the (2 x 2) cro6ses Yere com-

puted by a procedure outlined by Grlffing (1956). Method 4 of

Uodel I was selected as the best suited procedure for thie experi-

ment. Escfunates of general (CCA) and specific comblning ability

(SC,A) were obtalned for this group by the foLlowing formulae:

r ss(ccA) B {, L$t.)z - u-!, {x..2

r ss(scA) E {(xtiz

Where:

{(x1.r'. i,:1fu {-x..2

r

P

2 (xy)2

Number of replications

Number of parents

Sum of each parental aray
replicatlons)

squared (averaged over
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{x..2

{ {x1512 =

r sS(sCA)

Where:

ss(GCA 6) =

ss(GcA 2) =

ss (scA)

{ (xi.)2

, (x.:)z =

€ $iiz =

2 x..2

r ss(ccA 6) = € (xi.)2
n1

r SS(GCA 2) = ,(x'i)z
n2

= L(xij )2 - ss(ccA 6) - ss(ccA 2)

Sum of all parental arrays squared (averaged over
replications )

Sum of each hybrid combination squared (averaged
over replications)

Combining ability estimates for Lhe (6 x 2) crosses lrere com-

puted by a procedure outlined as Experiment II of Comstock and

Robinson (L952). The following formulae were used to estimate

general and specific combining rability in this group:

Lx. .2
n1n2

,x..2
n1n2

- ,x..2
n1n2

n1

12

Sum of squares of general combining ability for
six-rowed parents (averaged over replications)

Sum of squares of general combining:apility for
two-rowed parents (averaged over replications)

Sum of squares for specific combining ability
(averaged over replications)

Sum of each six-rowed parental array sguared
(averaged over replications)

Sum of each two-rowed parental array squared
(averaged over replications)

Sum of each hybrid combination squared (averaged
over rePLications)

Sum of all parental arrays squared (averaged over
replications)

Number of two-rowed parents

Number of six-rowed parents
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E Number of repLlcations

once the estimates of general and ipecific conblning ability

were obtained, the variance comPonents for these estimates were de-

termined. The expected mean squares for Seneral and speciflc com-

bining abllity for the (2 x 2) crosses and the (6 x 2) crosses are

given in Tables 1 and 2 respectively.

From Table 1, the components of general" and speciflc com-

bining ability and a narrott-sense heritability estimate were com-

puted as follows:

Table 1. Expectations of mean squares for general
and specific combining ability estimates
for (2 x 2) crosses

m, s. Expectatlon of m.s.

Geheral combining

Specific combining

Error

ability A {2 r+ 162 sca + r(P-2) 62ect

ability s f2"+ C su

, 62e

r - /l reps

Table 2. Expectations
and specific
for (6 x 2)

P = ll parents

of mean square's for general
combining abllity estlmates

crosses

Expectation of m.9.

General

General

Specific

Error

courbining ability(6)

comblning abllity(2)

combining abillty

A 62e + rtr2sce +

B 62e+rlsce+
C 62e + ro2sCe

D f2e

,"L(3 cc,A(6)

ragfz ccA(2)

r - /l reps n1 - /l Ewo-rowed parents iZ - lt six-rowed parents
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f 2cce

f 2sct

h2.r"

*When the
of B.

f 2 $cs)
.2hns

Where:

error varlan'ce was larger than SCA, C was used instead

262 ccl
ffi62"

- ss(scA)

E C - D 
= Non-additive variancer

2f.@
= -.--:_- 2f '(ccA) +62 (sce) + [2 e

= ! additive variance

= Non-additive variance

addltlve variance (two-rowed)

(nr- 1) ss (ccA) (2)+(nz- l.) ss (GcA) (6)
n1*a2'2

A-B*
r(P - 2)

B-C

-

r

2

The components of generaL and epeclfic combining abiLity and

rurrrorr-6ense heritabillty estimates for the (6 x 2) crosses irere

oltained from TabIe 2 Ln the following manner:

) A-CA('(cce)(0) =ff = | additive variance (six-rowed)

B-Ca -L= rnz
nr*nc-2

LL

r(2n1n2-nl-n2)

f z <oct1 127

tr 2-bu (ccA)

a o When the error variance was J.arger than SC'A, D was used
instead of C

b = Weighted average of general combining ablllty

Numerlcal examples of the computation of estimates of general

and speclfic combining ability; of components of general and

speciflc combining abl1lty; and of narrow-sense herltability for

the (2 x 2) crosses and the ( 6 x 2) crosses are given in

Appendlx Tables 3 and 4"
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RESIILTS

Yield and Components of YleLd

A sumrnary of average yield per plant, tiIler per plant, ker-

neLs per head, and weight per kernel for Ehe 21" Fl crosses and the

seven parents is given in Table 3. This table includes the averages

for the crosses when grouped according to the row number of their

respective parents" The four groups consisted of (6 x 6) , (2 x 2),

(6 x 2) crosses and the parents.

Functional. anal.yses of variance were computed for each trait

lrhere the three types of crosses '(6 x 6), (2 x Z), and ( O x Z;

and parents were considered as different grouPs. A summary of ine

mean squares from these analyses is given in Table 4. The appro-

priate individual error mean squares were used to deternine sig-'

nificances of rhe various sources of variation.

The among group mean square for grain yield was not signifi-

cant; however, significant differences were found among groups for

the three components" This result is possible, providing there is

a conpensating effect between the components that comPri5e the com-

plex trait. The term comPensatlon is used to descrlbe the situa-

tion where the marked effect of a Low value for one comPonenE is

offset by a corresponding high value for a second comPonent.

An illustration of compensati.on for grain yieLd is given in

Table 5, where the group averages for grain yield, tiLters per

pt.r,t, kernels per head, and weight per kernel for the (6 x 6),
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Tabl.e 3

A sumnary of the means for grain yie1d, tillers per plant,
kernels per head and weight per kernel for the (6x6) '(2x2), (6x2) crosses and seven parental varieties

Group Entrv Yield Tillers/plant Kernels/\ead Weight/kerneL

6x6 TflG 63.7
T1XT2 57.3
Tz)G 6?.9
Ave. 61"6

2x2 Ho 61.2
HXP 62"L
HXAD 53"6
D)(P 59.5
D)GD 55.5
P)GD 53.9
Ave, 57.5

A)CI l+4.2
AXAD 54.5
AXP 50.2
AXH 55.0
T1XD 59.1
T1)GD 65. 1

Tt)(P 61.0
TIXH 68"0
TzXD 51.5
T2)(AD 53. 1

T2x} 52.5
TZ)GI 44.9
Ave. 55.8

60.2
54.7
64.8
46.9
51.6
55.3
50. 0
54.8

6x2

Parents
Trail1 - T1
Atlas 46 = [
Trebl = T2
Domen = !
Piroline = P

Hannchen = !l
Abed Denso = AD

Ave.

29.6
24.0
31.3
28.3

54.3
53.0
43.7
48.0
46.4
4s.0
48.4

31. 9
4L.9
46.6
40.7
39.4
43"0
34.2
48 "4
4L.4
36 "7
39.0
32.0
39"6

27.5
28.7
28.6
42.s
49.3
49.3
45.2
38"7

60.3
53. I
57.2
56.9

25.7
25.4
26,3
25.8
26.9
26.4
26.L

22,2
24.6
23.9
22.8
29,4
30. 5
43.7
32.3
24.L
25.5
24.7
24.9
27.4

62.L
42.0
s4.6
24.0
25.6
26.2
26.L
37.2

0.052
0.051
0.048
0.050

0.052
0 "053
0.051
0.061
0.055
0.051
o.054

0.070
0.064
0.062
0.06s
0.064
0.063
0.049
0.056
0.078
0.073
0,071
0.0 70
0.055

0.045
0.047
0.051
0.059
0.051
0.0s8
0.046
0.051



Table 4
A surunary of the mean squares from.the functional
for grain yield and components of yield

analyses of variance

Source of variatlon df YieId
MS

Tillers /plant
tu8

Kerne Ls /head
ms

I'Ielght /kerneL
m8

Replications
Entrles
4rro.,g groups
rWlthin groups
w/in (6x6) crosses
w/in (6x2) crosses
v/Ln (ZxZ) crosses
w/in parents
2Reps x entries
3R x w/in groups
4R x w/in (5x6) crosses
5R x w/in (6x2)
6R x w/in (2x2'l
7R x w/in parents

Total

3
27

3
24

2
1L

5
6

B1
9
6

33
15
18

tt1

26.380 N. S.
156.965*
148,010 N.S.
158.085*
56.225 N.S.

223,277**
62.388 N. S.

150.600 N. S.
51. 167
25.93L

118.878
43.886
42.945
61.413

29.370 N. S.
278.54L:k,l

L ,L29.540:k*
L72.L66*
59.400*

110.261!*
74.386 N.S.

404.732**
25.563
26,907
10.892
20,788
52,462
16. 117

L1.277 N.S.
656.979r<*

3 ,339. 700**
32L.263**
s2.175 N. S.

L45.527*
1.136 N.S.

1 ,00L.588r*
11. 1 40
L2.327
27.282
r.0. 692
2.669

13.046

0.000071667*
0.0003351481nk
0.001738333*
0.0001597501 .

0.000019500 N, s.
0.00024900o*nk
0.000059800*
0.000126167*
0.000018802

.000038 1 L1

.000038333

.000078788

.000020533

.oooo2l222

N.S. r
*E

Non-significant at the five percent Level
Significant at the five percent level
Significant at the one percent 1eve1
Error term for among groups
Error term for replications and entries
Error term for within groups
Error term for within (6x6) crosses
Error term for within (6x2) crosses
Error term for within (2x2) crosses
Error term for within pare-nts

:lrikE
1E
2-
3=
4=
5=
6=
7=

u,
f9
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Table 5

A comparison of the average yield, tlllers per plant,
kernels per head and weight per kernel for the (6 x 6),
(2 x 2), and (6 x 2) crosses

Cros ses Yield Tillers /plant Kernels /head wt /kernel

6x6

2x2

6x2

6L.6

57 ,5

5s. 8

28.3

48.4

39.6

56.9

26.L

27.L

0. 050

0.054

0.06s

(2 x 2), and (6 x 2) crosses are compared. Tlll"ers per plant and

kernels per head were the compenaating factors which enabled the

average yield of the (6 x 6) and (2 x 2) crosses to be approxi-

rnately equaL. The average yiel.d of the (6 x 2) crosses rras not

different from the average yield of the (6 x 6) and (2 x 2) crosses.

Tillers per plant and weight per kernel compensated for the low

value for kernels per head in the (6 x 2) crosses.

The within parent mean squares for grain yield vrere not signi-

ficant; however, slgnificant differences within the parents were

found for the three components of yield (Table 4). The crosses

within the (6 x 6) group and within rhe (2 x 2) group were similar

in their grain yield and component,s of grain yield. The (6 x 6)

crosses differed significantly only for tillers per plant and rhe

(2 x 2) crosses differed signlficantly only for weight per seed.

The Flrs produced by crosslng six-rowed x tlro-rowed parents.tere

variable but with significant differences occurring for yield and

for all of the yieLd components.
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A method of studying the contributions of the components of

yield in relation to each other aE they influeoce yieLd is through

a procedure comnonly referred to as pathway coefficient analysis.

The direct and lndirect effects of the components on grain yleld

for the six-rowed and two-rowed barleys are given in Table 6.

Tiller number per plant had the largest direct effect on yield for

both the two-rowed and six-rowed barleys. The direct effect of

tlllers per plant in the two-rolred barleys was much larger than the

direct effect of kernel number per head or kernel weight. Kernel

number had a direct effect almost ae Large as tlller number per

plant ln the six-rored barleys.

The examination of the pathway coefficients for the (6 x 2)

crosses showed that the contrlbutions of the varlous components to

yield was not the same a8 those for either the six-rowed barleys or

the tlro-rowed barleys (Table 6). Instead of tillers per pLant

having the largest direct effect on yield in the (6 x 2) group,

kernels per head exerted the largest direct effect. Tillers per

plant had a slightly larger direct effect on yield than weight per

kernel, but weight per kernel rlas more lmportant in the (6 x 2)

crosses than in the six-rowed or two-rowed barLeys.

The interrelationships between the components as indicated by

the indirect effects in Table 6, were different for the six-rowed,

two-rowed, and six-rqred x trro-rowed groups. The most strlking

differences lrere found for the lndirect effect of kernel number vla

the other components on yield. An extremel.y large negative, in-

direct effect was present in the (6 x:-2) croaaes for weight per
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Table b

The direct and indirect effects of the components of
yield for three types of barleys

Groups
Gomponents Six-rowed' Two-rowed (6x2) crosseq

Tillers /p1ant
Direct effect on yield 0"72768 0.80466 0.78547
l,ndirect effect via

kernels/head on yield -0.13268 0.01523 -0'03621
Indirect effect via

weight/kernel on yleld -0"05012 -0;.00381 -0.14613
Simple r 0.54488 0.81608 0.60313

Kernels /head
Direct effect on yield 0.60374 0.32905 L.L2270
Indlrect effect vla

tlIlers/pLant on yield -0.15991 0.03725 -0.02534
Indirect effect via

weight/kernel.s on yield 0.06944 '0.09945 -0.51051
Simple r 0.5L327 0.26685 0.58685

I{eight /kernel
Direct effect on yield 0.36048 0.28896 0.64095
Indirect effect via

tiLlers/plant on yield -0.10118 -0.01061 -0.17908
Indirect effect via

kernels/head on yie].d 0.11630 -0,11325 -0.89422
Simple r 0.03756 0.16510 -0.43235

R2E 0.84178 0.792L9 0.85549
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kernel via kernels per head. The simple correlation coefficient

for these ttro traits in the (6 x 2) crosses Idas r = -0.7"96.

Estimates of the amounts of heterosls for yieLd and the com-

ponents of yield measured by the amount that the F, exceeded the

parental average and by the amount that the F1 exceeded the better

parent are given in Tables 7, 8, 9, and L0, respectively. There

was a general lack of heterosis for grain yield. Only tlro hybrids

in the (2 x 2) group had graln yields which were 20 Percent larger

than the midparentaL mean. None of the crosses in the (6 x 6) and

the (6 x 2) groups produced more than 20 percent in excees of thelr

parental mldpolnt. The average increase ln yield over the mid-

parent for the (6 x 6) , (2 x 2), and (6 x 2) crosses was 2.9, 12.8,

and 0.1 percent, respectively. One cross in the (6 x 6) grouP,

flve crosses in the (2 x 2) group, and three crosses in the (6 x 2)

groirp produced more graln than the better Parent, but none of

these differences lrere significant. The range in heterosis for

yield based on the parental averages was 20.7 to '26.3 Percent.

The average percent increase over the parental average for

tillers per plant for the (6 x 6) , (2 x 2), and (6 x 2) crosses

was -0.1, 3.9, and 8.3 percent, respect.ively (Table 8). None of

the crosses in the (6 x 6) and (2 x 2) groups had 20 Percent more

tillers than the parental average, while ttro crosses ln the (6 x 2)

group had 20 percent more Lillers per plant than the parentaL

average. Only one cro6s in the (6 x 2) grouP had more tillers than

than the high parent and this dlfference ldas not significant. None

of the (6 x 6) crosses had more tillers per plant than the h18h
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Table 7

The amounEs of heterosis for grain yleld of (6x6),
(2x2) and (6x2) crosses

Group Entry ffX Low P UP --\ MP

tIieh
P

Ft) 
-Iligh P 7">w

6x6 Tt)(A
MTz
T2XT1

ADXD
ADXP
ADXH

PXH
PXD
ruo

54.7
54.7
60.2

46.9
50. q
50. 0
51.6
46.9
46,9

46,9
51.9
54.7
50.0
46 "9
51.6
s5.3
50. 0
46 "9
5L.6
55.3
50.0

57 .5
59,8
62,5

48. s
s0.8
52,7
53.5
49.3
51. 1

50.8
53.2
55.0
52.4
53.6
55.9
s7.8
55. 1

55.9
58.2
60. 1
57 .4

2x2

6x2 N(D 44.2
AXP 50'.2
AXH 55.0
N(AD 54.5
T1XD 59. L

Tt){P 61.0
T1XH 68.0
T1)GD 65.1
TZ)(D 61.5
TZXP 52.5
TZXI{ 44.9
T2)hD 53.1

Parents X
Tralll =Tl 60.2
Atlas 46 =A 54.7
Trebi =T2 64.8
Domen =! 46 "9
Piroline =P 51.6
Ilannchen =ll 55.3
Abed Denso=AD 50.0

a = FL7 20 percent
:k = Significant at

range test)
p=
D-

of parentaL average
che five percent level

2 SSR = 10.0
28 SSR = 12.8

63.7 60.2
63.9 64.8
s7.3 64.8

55.5 50.0
s3.0 51.6
53..6 55, 3
62.L 55.3
s9.5 51.6
6L.2 55.3

54.7
54.7
5s.3
54.7
60,2
60.2
60.2
60.2
64.8
64.8
64.8
648

6.2
4.1"

- 5,2

7.0
2,2
0.9
8.6

10. 2a
10. la

- 6.6 -10.s
- 3.0 - 4,s

0.0 - 0.3
2.L - O.2
5.5 - 1,1
5.1 0.8

L0.2 7 .8
10.0 4.9
5.6 - 3.3

- 5.7 -12.3*
-15.2 -19.9:+
- 4.3 -11.7

Ave.

3.5 10. 1
- 0.9 6.9
- 7.5 - 8,4

Ave. 2.9

5.5 L4.4
L.4 4.3

- L.7 L.7
6.8 16.0
7 .9 20.7
s. 9 19.8
Ave. L2.8

-13.0
- 5.3

0.0
4.0

10.3
10.9
L7,6
18.1
10.0

- 9.8
-26.3

7,5
0.1

(Duncanfs new mu1.ttpl-e
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Tabl.e 8

The amounts of heterosis for tillers per pLant of
(6x6) , (2xZ) and (6x2) crosses

Group EntrY rrx Lore T MP >MP
IIigh
?

Ft7 _
High P 7">W

6x6 Tt)(A
AXTZ
T2XT1

29.6 28.7
31.3 28.7
24.O 28.6

46.4 45.2
4s.0 49 .3
43.7 49 .3
s3.0 49.3
48.0 49 ,3
s4.3 49.3

42.5
42.5
49.3
4s.2
42.5
42,5
49.3
45.2
42,5
45.2
49.3
42.5

5.7
- 4.9
- 7.6

7.5
4,6

r.8.3
3.9

27.5
28.6
27.5

28.L
28.7
28.L

r-.s -0.6 5.3
2.6 0,0 9.1

- 4.L - 4.6 -L4.6
Ave. - 0.1

2x2 AD)(D
ADXP
ADXII
P}CI
P)(D
IIXD

6x2 AXD 31.9
AXP 46.6
AXH 40.7
A)ilD 4L.9
TtlD 39.4
T,XP 34.2

IT1)or 48.4
T1)0D 43.0
TZ)0 4L.4
T2XP 36,7
TZ){H 32.0
T2XAD 39.0

42,5 43.9
45.2 47.3
4s.2 47 .3
49.3 49.3
42.5 45.9
42.5 4s.9

28.7 35.6
28.7 35. 6
28.7 39.0
28.7 37.0
27.5 35.0
27 "5 35.0
27.s 38.4
27.5 36.4
29.6 35.6
28,6 36.9
28.6 39.0
28.6 35.6

2.5 L,2
- 2.3 - 4.3
- 3.6 - 5.6

3.7 3.7
2.t - 1.3
8.4 5.0

Ave.

- 3.7 -10.6* -10.4
11.0a 4,L 30.9
L.7 - 8.6* 4.4
4.9 - 3.3 L3 .2
4.4 - 3.1 L2,6

- 0.8 - 8.3* - 2.3
10.0a - 0.9 26.0
6.6 - 2.2 18.1
5.8 - 1.1 16.3

- 0.2 - 8.5* - 0.6
- 7.O -L7.3* -L7.9

3.4 - 3.5 9,6
Ave. 8.3

Parents
Trai1l =T1
AtLas 46 =[
Trebi
Domen

*T2
=!

x
27.5
28.7
28.6
42.5
4s.2
49.3
42.s

Piroline =P
Ilannchen =l[
Abed DensoqAD

range test)
P=2
P=28

SSR = 7.1
SSR = 9.1

a = Fr )20 percent of Parental average
* =. Significant at the five percent level (Duncanrs new multiple
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The amounts of
(zxz)and (6x2)

TabLe 9

heterosis for kernel-s/head of (6x6),
crosses

Group Entry FfX MP >ilP
Ft)
High ? 7">W

IIigh
? Low P

6x6

2xZ

6x2

Parents
TrailL =T1
Atlas 46 =[
Trebi =T2
Domen' =D
Piroline =P
Hannchen Jtt
Abed Denso'cAD

* - $lgntflcant
range test)

P
P

60. 3 62.1
53. t 54.6
57.2 62,L

26.8 26.L
26.4 26.L
26.3 26.2
2s.4 26.2
25.8 25.6
25.7 26.2

22.2 42.0
23.8 42.0
22.8 42.0
24.6 42.0
29.4 62,L
43.7 62.L
32.3 62.L
30.5 62.L
24.L 54.6
24.7 54.6
24.9 s4.6
2s.s 54.6

L.7 0,7
0.s 0.3
0.1 0.1

- 0.5 - 0.8
1.0 0,2
0.6 - 0.5

Ave.

6.8
1.9
0.4

- 1,9
4.0
2.4
2.3

-19.8* -33.4
-19.8* -29.6
;L9.2* -33.L
-L7,4r< -27 .9
-32.4* -31.8
-18.4* - 0.5
-29.8* -26.9
-31.6* -30r8
-30.5* -38.7
-29 .7rc -38.4
-29.7* -38.4
-29.L* -36,9
Ave. -30.5

Tts
MTz
T2XT1

ADXD
ADXP
ADXH.
P&I
PXD
HXD

AXD
AXP
AXII
N(AD
TtXD
Tt)(P
Tt)GI
TlXAD
TZXD
TZ)(P
TZ)CI
T2)(AD

42.0
42,0
54.6

24.0
25.6
26.L
25,6
24.O
24,0

24.0
25.6
26.2
26.L
24.0
25.6
26"2
26.L
24.0
25.6
26,2
26,L

52.t
48.3
s8.4

25.L
25.9
26.2
25.9
24.8
25.L

33.0 -10.8
33.B -10.0
34.t -11.3
34.L - 9.s
43.L -13.7
43.9 - 0,2
44.2 -11.9
44.L -13.6
39.3 -L5.2
40.1 -15.4
40.4 -15,s
40.4 -L4.9

9.2 - 1.8 15.7
4.8 - 1.5 9.9

- L.2 - 4.9 - 2.L
Ave. 7,8

x
62.L
42.0
54.6
24.O
25.6
26.2
26.L

at the five percent leve1 (Duncanrs new multiple

_.t

=28
SSR = 4.7
SSR = 6.0
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Table 10

The amounts of heterosis for welght/kernel of (6x6),
(2x2) and (6x2) crosses

Group Entry FfX
IIlgh
? Low? MP >uP

Fr) -lligh P Z>MF

6x6

2x2

Tt)(A 0.052 0.047
AXTZ 0.048 0.051
T2XT1 0.051 0.051

0.04s 0.046 0.006 0.005 13.0
0.047 0.049 -0.001 -0.003 - 2.o
0.045 0.048 0.003 0.000 6,3

Ave. 5.8

6x2 AXD 0.070
N(P 0.062
AXrr 0.065
N(AD 0.064
T1XD 0.064
TIXP 0.049rixn o.os6
T1)GD 0.063
Tz)f}. 0.078
TZ)iP 0.071
TZ)GI 0.070
T2XAD 0.073

0.046 0"053
0.046 0.049
0.046 0.052
0.051 0.055
0.05L 0.055
0.058 0.059

0.059 0.047 0.053
0.051 0.047 0.049
0.058 0.o47 0.053
o.o47 0,046 0,o47
0,059 0.045 0,o52
0.051 0.045 0.048
0.058 0.045 0.055
0.046 0.045 0.046
0.059 0.051 0.055
0.051 0.051 0.051
0,058 0.051 0.055
0.051 0.046 0.046

-0.004 3,8
0.000 4.1

-0.007 - 1.9
-0.005 - 3.6
0.003 10.9

-0.006 -11.9
Ave. 0 -z

0.011* 32.L
0.011* 26.5
0:007* ,22.6
0.017* 36.2
0.005 23.L

-0.002 2.L
-0.002 1,8
0.0r7* 37.0
0.019* 41.8
0.020:t 39 .2
0.012* 27.3
0.022* 49..0

Ave. 28.L

ADxD
ADXP

ADXII
P)CI
PXD
ID(D

0.055 0.059
0.051 0.05L
0.0s1 0.058
0.053 0.058
0,061 0.059
0.052 0.059

0.002
0.002

-0.001
-0.002
0.005

-0. 006

0.017a
0.013a
0.012a
0. 01 7a
0.012a
0. 001
0. 001
0.017a
0.023a
0.020a
0.015a
0.024a

Parents
TraiLl =T1
Atlas 46 EA

Trebl =T2
Domen e!
Piroline eP

Ilannchen -!l
Abed Denso'qAD

x
0.045
0.047
0.05L
0,059
0.051
0.058
0.045

a = FrX > 20 percent of parental average
* = Stgntficant at five percent level (Duncants new nultipIe

range test)
P

P
=2
=28

SSR = 0.006
$SR = 0.008
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parent, while three crosses in the (2 x 2) grouP had more tillers

but these increases were not significant. The range of heterosis

based on the midparent estimates among all crosses for til.lers per

plant was 30.9 to -L7.9 percent.

A slight amounE ot heterosis for kernel number per head was

found for the (6 x 6) crosses and the (2 x 2) crosses but no hetero-

srs iras found for any of the (6 x 2) crosses (Table 9). The average

percent increase of the F1 over Ehe parental average for kernels

per head for the (6 x 6), (2 x 2) and (6 x 2) crosses was 7.8, 2.3,

ano -30.5 percent, respectivel.y. None of the (6 x 5) crosses had

more kernels per head than the high parent, while four of the six

(2 x 2) crosses had more kernels than the hlgh parent. None of the

(6 x 2) crosses had more kernels per head than the parental average.

The range in heterosis for kernel number among aLI crosses based on

the mldparent estimates was 15.7 to -38,7 percent.

The (6 x 2) crosses exhibited more heterosis for kernel weight

than the (6 x 6) ox (2 x 2) crosses (taUte fO). Ihe average Per-

centage increase of the Flrs over the parental averages for kernel

welght for the (6 x 6), (2 x 2), and (6 x 2) crosses was 5.8, 0.2,

and 28.1, respectivel.y. None of the (6 x 6) or (2 x 2) crosses

possessed kernels that were significantLy larger than the largest

parent. Nine of the twelve (6 x 2) crosses had kernels which were

significantly larger than the targest parent. The range ln hetero-

sis for kernels per head among al,L crosses was 49.0 to -11.9 percent.

The components of general and speciflc combining ability es-

tir&ates and the narron-sense heritabillty estimates for yield and
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the components of yield for the (2 x 2) and (6 x 2) crosses are

presented in TabLe 1.1..

A small amount of additive gene acrion, as indicated by the

estimate for general eombining abllity (GC.{), t{as Present for grain

yield, number of heads per plant and weight per kernel in the (2 x 2)

crosses (Tabl.e 11). Non-additive gene action was lndicated by the

estimate of specific c6mbining ability (SCA) only for weight per

kerneL in the (2 x 2) crosses. The non-additive component of gene-

tic variance was lar$er than the additive component for weight Per

kernel. No genetic variance was found for kernels per head. The

environmental. component for aLI traits was much larger than either

of the genetic components or both of the genetic comPonents com-

bined. Relatively low narroqr-sense heritability estimates were

found for grain yi61d, tiller number per plant and weight per ker-

ne1 in the (2 x 2) crosses. In general, the genetic portion of the

variatlon among the (2 x 2) crosses was quite small.

The types of gene acLion estimates for yield and the comPonents

of yield for the (6 x 2) crosses are also shown in Table 11. It is

possible to determine the addltive gene action contributed by the

six-rowed parents and by the two-rowed parents to the genetic

variances of traits within the (6 x 2) crosses. In all but one

case, the addltite genetic components (GC'A) for the six-rowed

parents were much larger than the (GCA) of the fwo-rowed parents.

A weighted average general courbining abiLity estimate (ffi)was com-

puted to determine the average additive gene action among the

crosses. Additive gene action Cffil was noted for yieId, kernel
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TabLe Ll

Components of general and speciflc combining ability
and narrolr-sense heritabillty estimates for yield
and componertts of yield tor (2x2) and (6x2) crosses

Grain Kernels/ Heads/ Weigtrt/
Crosses Component - yield head plant ---kg!ggl -

2x2 GCA

SCA
E.

6x2 ccA(6)
GC,A(2)
GG
scA
E

h2ns

8.0493
0.0000

32.2090
h2ns 0.333

44,75L0
0 " 0000

L2 " 5200
30. 105s
43.8860

a "252

0.0000
0,0000
2 "5669
0"000

39 .6189
0. 68 75

18.5830
11.3178
10. 5920
0.628

5 "7307
0.0000

52.4620
0. 179

0.0000
0.0000
0.0000

36.6258
20.7885
0.000

0. 000 ,003 ,9l.7
0.000 ,005 , 117
0.000 ,020,533
0.234

0.000 ,069,726
0.000,o09,367
0.000 ,03L,22L
0.000 ,000 ,000
0. 000 ,0 78 , 788
0.442

GCA

SCA

E

ccA(6)
GC,A(2)m
h2ns

general combinlng abillty
specific combinlng abillty
environmenta I
general cornbining ability for six-rowed parents
general combining ability for two-rowed parents
weighted average general combining ability
heritability in narrow-sense
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number per head and weight per kernel in the (6 x 2) group. No addi-

tive gene action was detected for heads per plant in the (6 x 2)

crosseE. Some non-additive gene action (SCA) was fourrd for all the

traits except weight per kernel. Weight per kernel appeared to be

controLled only by additive genes and most of theee were contributed

by six-rowed parents.

?he narrow-sense heritabiLity estimates for the (6 x 2) crosses

are given in Table 11 for yield and the components of yield. A hlgh

nErrrow-sense heritability estimate was found for kernels per head,

whlle an intermediate estimate was found for weight per kernel.

Grain yield had a relativeLy low estimate.

Total Leaf Area and Components of Total Leaf Area

Functional analyses of variance rrere computed for each leaf

area trait at both times of measurement. Summaries of the mean

squares from these analyses are given in Tables 12 and 13. Appro-

priate error mean squares ruere used to determine significance of

the various sources of variation.

The 2L crosses and the seven parental varieties differed sig-

nificantly at the .0L leve1 for total leaf area and all of the com',

ponents of TLA at both times of measurement. When the crosses rrere

separated according to the row nr:rrber of their respective parents,

only leaf width was found to be significantly different for these

SrouPS.

Although the among group sources of variatlon were not slgnlfi-

cant for most of the leaf area traits, there appeared to be smaLl



Table 12

A summary of the mean squares from the functional
for total leaf area and components of total leaf

analysis of variance
area prior to heading

:w
mg

TLA
ms

variation

Replications
Entries
{mong groupsrwithi' groups
w/in (6x6) crosses
w/tn (6x2) crosses
wltr. (zxz) crosses
E/in parents
lReps x entries
JR'x w/in groups
4R x w/in (6x6) crosses
5R x w/in (6x2) crosses
6R x w/in (2x2) crosses
7R x w/in parents

Total

3
27

3
24

2
11

5
6

B1
9
6

33
15
18

r11

25 ,603.967 N. S.
965,764.925**
34,310.700 N.S.

104,359.7L7*
249 

'993. 
610*"*

L22,8t5.373**
42,4L0.836 N. S.
73,603.767*
32,543.5L9
21 ,132. 538
11,703.810
30,03 7.458
59 ,838.946
27 ,O43.837

0.04447*1v
0, 14105**
0.40087*
0. 10858**
0. 29360?hk
0.06805**
0.01840 N.S.
0. 19637**
0.00981"
0.00730
0 .01063
0.00845
0.00709
0.01555

10. 16 7**
t2.748*
t_3.333 N. S.
L2 "675**
8.980 N. S.

21.663*'*
4,032 N.S,
4,622**
1"863
3.283
1.805
L.932
r"723
1. 136

2.080 N. S.
17.210**
16.740 N.S.
L7,269**
68.085#

9 .084**
14.300'#
17.810#
2.648
2.473
1.638
2.340
3,011
3.333

N.S. s
*E

Non- significant
Significant at
Signiflcarrt at
Error term for
Error term for
Error term for
Error term for
Error term for
Brror term for
Error term for

at the five percent Level
the five percent level
the one percent level
among grouPs
replications and entrles
within groups
within (6x6) crosses
within ('6x2) crosses
lrithin (2x2) crosses
within parents

r*s
L=
2*
3=
4a
5-
6-
7- 5

t/t



Table l3
A summary of the mean sguares from the functional analyses of variancefor total' leaf area and components of t.otal leaf area at heading tiure

variat.ion
ms ms

Repl.ications
Entries
Among groups
rHithin groups
h,/in (6x6) crosses
w/in (6xz) crosses
w/Ln (2x2) crosses
w/in parents
fReps x entries
zR x w/in groups
aR x w/in (6x6) crosses
5R x w/in (6x2) crosses
6R x w/in (2x2) crosses
7R x w/in parents

Total

514,013.333 N.S.
L ,47L,159. 77g,rir

80L,072.667 N.S.
1,554,920.667**
6 ,065 ,092.556**
L,4L3,073.636**

534,687.660 N. S.
9A4,770.L67*
328 ,4L3.222
300 ,384. 96 7
434 ,898. 000
247 ,457,030
49L ,375.693
322,854.L50

0.02193 N,S.
0.15366*
0.59993*
0 . 09 78 7*r*
0.07300d*
0,06694*
0.00344 N.S.
0.24158d'*
0. 05428
0.00594
0.00625
0.00479
0.00661
0.00509

3
27

3
24

2
L1

5
6

B1
9
6

33
15
18

111

7,943*:"
L4.822#
12.380 N.S.
15.128**
L2.720*
18.925*
5.892**

L6 "667**
0.980
1 .586
0.852
1.000
0.689
0.924

10.580 N. S.
39.562s'
63.940 N.s.
36.515 N.S,
64.335:*
28.795 N. S.
16.500 N.S.
58.072*
18.031
16.8/+0
4.000

2s.336
L2.478
14. s39

N.S. a
*a

**B

l=2*
3-
4'
5.
6-
7-

Non.significant at the five percent level
Significant at the five percent 1evel
Slgnificant at the one percent, LeveL
Error term for among groups
Error term for replicatlon and entries
Error term for vithin groups
Error term for within (6x6) crosses
Error term for within {6x2) crosses
Error term for within (zx?) crosses
Error term for within parents

r
o\
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but consistent differences between the averages for the (6 x 6),

(2 x 2), and (6 x 2) crosses. These same differences were generally

found when the parental varleties rrere compared according to row

number. In general, the six-rowed parents had larger TLA, wider

leaves, shorter leaves, and fewer ttLl-ers rhan the two-rowed parents,

These same trends were also present when the (6 x 6) and the (2 x 2)

crosses rrere compared. The (6 x 2) crosses were intermediate be-

tween the six-rowed and two-rowed barl-eys in their leaf area charac-

ters. The only major exception to the intermediate behavior of the

(6 x 2) crosses occurred for TLA at heading tine when the average of

the (6 x 2) crosses was lower than either parentaL group.

The crosses between the six-rowed parents (6 x 6) differed

significantly for all leaf traits at both stages of growth except

for leaf length prior to heading (Table 12 and 13). The crosses be-

tween the two-rowed parents (2 x 2) differed significantly only for

tlllers per plant prior to heading and leaf length at headlng.

Pathway coefficient analyses were computed to determine the

associations between the components of leaf area and TLA of stx-

rowed barleys and two-rowed barleys at Ehe two stages of growth,

The direct and indirect effects of the componenEs of TLA for the

six-rowed barleys and the two-rowed barleys prior to heading and at

heading are given in Tables 14 and L5 respectively.

The comparison of the pathway coefficient anal.yses for TLA for

the six-rowed and two-rowed barleys indicated that these two groups

were different (Tables 14 and L5). TilLer number which represents

leaf number per pLant had the largest direct effect in both groups
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Tab1e 14

The direct and indirect effects of the components of
total leaf area for three types of barleys prior to
heading

Groups
Components Six-rowed Tvo-rowed (6x2) grosses

Tillers /plant
Dlrect effect on TLA 1.65893 1.50665 0.69715
Indirect effecE via leaf

length on T[,A -0.10395 -0.52108 -0.13218
Indirect effect via leaf

'width on TLA '0.799L6 -0.24068 -0. 11'877

Sirnple r 0,75582 0.74489 0.44620

Leaf length
Direct effect on.ILA 0.36918 0.66353 0.37605
Indlrect effect tia tt1ler

on TLA '0.46709 -L.l-8320 -0.24504
Indtrect effect via leaf
'width on ILA 0.00599 ,0.20455 0.42335

Simple r -0.09192 -0.31'512 0.55436

Leaf width
Direct effect on TLA L.OL476 0.29537 0.60682
Indirect effect vla tilLer

on TLA -1.30646 'L.22767 -0.13645
Indirect effect via leaf

length on TLA 0.00218 0.45950 0.26235
Simple A,28952 -0,47280 0.73272

R2= 0.926L4 0.773s4 0.96418
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Table l-5

The direct and indirect effects of the components of
totaL l.eaf area for three types of barLeys at heading
time

Groups
Components Six-rowed Tuo-rowed (6x2\ crosses

T11Lers /plant
Direct effect on ILA 0.90291 0,84992 0.76937
Indirect effect via leaf

length on fLA -0.40488 -0.10459 -0.16733
Indirect effect via Leaf

width on I[,A 0 ,23584 -0.36893 0.00654
Simpl.e r 0.73387 0.37640 0.60858

Leaf length
Direct effect on I[,A O,72L93 0.27330 0,547L6
Indirect effect via tilLer

'on TLA -0.50638 -0.32525 -0.23529
Indirect effect via leaf

width on T[,A -O.L2275 O.424L2 0.L8677
Simple r 0.09280 0.372L7 0.49864

Leaf width
Direct effect on TLA -O.290L2 0.76844 0.27496
Indirect effect via tiller

on TLA -0.73390 -0.40804 0.01862
Indirect effect via leaf

length on TLA 0.30546 0.15084 0.37166
Simple r -0.71865 0.57.L24 0:6524

R2= 0.93812 0.81450 0.92409
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at both times of measurement. The dlrect effects of Leaf length and

leaf width were not the same in both groups. TiLLer number also had

a larger direct effect than leaf length and Leaf width in the (6 x 2)

crosses. The direct effects of leaf length and l-eaf width in the

(6 x 2) group were simiLar to the direct effects of these eomponents

in the six-nowed barleys. The main differences between groups were

found in the direct effects of leaf length and leaf widrh.

The magnitude of direct effects of leaf Length and leaf width

reversed in the two-rowed and six-rowed barleys as the plant matured.

At the measurement prior to heading, leaf width. had a Larger direct

effect than leaf lengEh in the six-rowed group, while at headlng

time leaf length had the larger direct effect,. The two-rowed group

also showed a reversal but in the opposite direction. Leaf length

had a larger direct effect prior to heading than leaf width, whiLe

Leaf width had the larger direct effect at heading time. The path-

way coefficients indicated that si\-rowed and two-rowed barleys,

besides dlffering in the direct effects of the components, aLso

differed in the importance of a component at different stages of

maturity. when the dlrect effects of leaf length and Leaf wldth of

the two stages of maturity were compared in the (6 x 2) crosses, a

reversal in importance simiLar to the one for the six-rowed barLeys

was found

Estimates of heterosis for TLA and the components of rLA at Ewo

stages of growth are given in Tables 16, 17, 1.8, 19, 2Or zLr 22, and

23. The crosses \Jere separated into three groups according to the

row number of their respective parents.
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The amounts of
(2x2) and (6x2)

Table 16

heterosis for total leaf area of (6x5),
crosses prior to heading

Group Entry ffX Iligh ? Low ? MP >I'iF
Ft) 

-Iligh P Z>MP

5x6

2x2 AD)O 1180 
" I

ADXP L2L5"6
ADXH 1166.9
PXH 992"0
P)o L256.7
HXD LO42.9

6xZ AXD 788.6
AXP 1012.5
AXH LL4L.7
A)(AD 1213"8
T1XD 1183.1
T1XP L348.4
Tt&I 1353.6
TIXAD 1353"0
TZXD 1308.4
TZ:/P 1031"2
TZfri 1091.5
T2)(AD 1014"0

Parents
Traill =T1
Atlas 46 =d
Trebi =Tz
Domen =P
Plroline =P
Hannchen el[
Abed Denso=AD

9.5 1.3
LzL.9 L0. 1

-397.6 -27.5
Ave. - 5.4

s.4 9.9
40.2 6.9

- 8.5 2.0
-120.3 -10.3
156.9 2L.2

- 69,4 0.0
Ave. 5.0

-st4.s -30.7
-290.6 -L5.7
-1.61.4 - 5.5
- 89.3 - 2.L
-107.1 1.6
- 7.1 9.8
- 1.9 9.7
- 2.5 6.9

22.8 15.8
-254.4 -13.5
-L94.1 - 9.0
-27L.6 -L7.6

Ave. 4.2

Tt& L346,0 1355.5 1303.1 L329.3 L6,7
AXT2 L425.0 1303.1 1285.6 L294.4 130.6
T2XT1 957.9 1355.5 1285.6 1320.6 -362.7

tL75 "4
LL7s.4
LL75.4
1112 . 3
1099.8
LLt2.3

1303.1
1303. 1

1303. L

1303. 1

13s5. s
1355.5
1355.5
L355. 5
L285.6
L28s "6
L285.6
L2B5 "6

x
1 35s. 5
1303. 1

L285.6
973 "7

1099.8
1112..3
1L7s.4

973,7
1099.8
1112"3
1099 .8
973.7
973.7

973.7
1099 .8
1112 " 3
tt75.4
973.7

1099.8
1112 .3
1t75.4

973 "7
1"099 " 8
1112 " 3
LL75,4

L074,6
1137.6
1143.9
1106.5
1036.8
1043.0

1138.4
1201.5
L207.7
L239.3
LL64,6
L227.7
L233.9
L265.5
L129.7
1L92.7
1199.0
1230. 5

L06.2
78.0
23.0

- 114. 5
2L9.9a

- 0.1

-349.8
-1 89.0
- 66.0
- 25.5

18.5
L20.7
Ltg.7
87.s

L78.7
-161.5
-107.5
-2L6,5

a = Fl > 20 percent of parental average
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The amounts of heterosis
(2x2) and (6x2) crosses

TabLe 17

for leaf length of (6x6),
prior to heading

Entry lp > !.P

6x6

2x2

37.4
3s.9
37.4

36. s
35. s
34 "6
3s.5
36 "5
36"5

36.5
35. 5
34,8
34.8
37,4
37.4
37.4
37 "4
36,5
35,9
35.9
35.9

x
37.4
34. B
3s.9
36.5
35. 5
34.s
34.6

34.8
34.8
3s.9

34"6
34.6
34.5
34,5
35. 5
34.s

34.8
34.8
34.5
34,6
36. s
35.5
34"s
34 "6
3s.9
35.5
34,5
34.6

36.1
3s.4
36.7

35.6
35. I
34.6
35.0
36 .0
35.5

35.7
35.2
34.7
34.7
37.0
36.s
36.0
36.0
36.2
35,7
35 t2
3s.3

-3.5
-0. 5
-'L.3

L.7
0.3
L.4
1.0
0.3
2.6

-2.2
-3.0
-L.4
-1.9
2.3

-t.2
2.O
1.6
2.0

-012
0r0
0.1

37.3
35 "4
36.0
36. 0
36"3
38"1

33"s
32.2
33 .3
32.8
39.3
35.3
38.0
37.6
i8.2
35.5
35,2
35 "4

ADXD
ADXP
ADXH
PXH
P)O
H(D

Tt}(A 32.6
AXT2 34.9
T2XT1 35,4

-4.9* -9.7
-1.0 -1.4
-2.0 -3.5

Ave. -4.9

0.8 4.8
-0.1 0.9
L,4 4.L
0.5 2.9

-0.2 0.8
1.6 7 .3

Ave. 3.5

-3.0* -6.2
-3.3rt -8,5
-1.5 -4,O
-2.0 -5.5
1.9 6.2

-2.L -3.3
0.6 5.6'
0.2 4.4
t.7 5. 5

.Or4 - 0.6
-0.7 0r0
-0.5 0.

Ave. -0.5

6xZ AXD
AXP
AXH
A)(AD
Tt)(D
TlXP

' TI)CI
.T1)GD
tz)(D
TZXp
TZ)GI
T2)(AD

Parents
TraiLl. =Tl
Atlas 46 -A
Trebi =Tz
Domen =P
PlroLine =P
Ilannchen =Il
Abed DensoeAD

* = Significant
range test)

P
P

at five

=2
-28

percent level (Duncanrs nel

= t,92
- 2"35

ssR
SSR

mul tiple
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Table 18

The amounts of heterosis for leaf width of (6x6),
(zx?) and (6x2) crosses prior to heading

Group Entry FfX
High
? Low?

rr)
High ? y">MPMP )uP

6x6 Tr)(A 1.83
AXTZ L.32
T2XT1 L.72

2x2 AD)(D
ADXP
ADXH

PXH
P)(D
ID(D

1.35
L.25
1.26
L.24
1"1"6
1 .33

6xZ AXD L.zL
AXP L.34
AXH 1.38
A)(AD I.49
TtD 1.61
TIXP 1"63
T1XII 1.48
T1)GD L,67
TZ)O 1,52
TZ)G L.44
TZXII 1,38
T2)GD L,43

Parents
TrailL =TL
AtLas 46 'cA
Trebi =Tz
Domen =P
Piroline =P
Hannchen =t[
Abed Denso.{D

* - Signlficant,
. range test)

1. B1

1" 51
I .81

r. "40
L.25
L "25
L"22
1.40
1 .40

1 .34
1 .40
1.34
1.34
1" 8L
1" 81
1"81
1.81
1.51
1.51
1.51
L. 51

L.34
L.34
1 .51

L"25
L.22
1" 15
1. 16
t.22
1. 16

L.22
1 .34
1. 16
L"25
1.40
L"22
1. 16
L.25
1 .40
L.22
r.. 16
t"25

1.58
L.43
1.66

t.32
L.24
L.20
1. 19
1.31
L.2B

1.28
L.37
L.25
1.30
L.60
L.52
1.48
1" 53
t.46
L.36
L.34
1.38

0.25
-0. Ll"
0.06

0.03
0.01
0.06
0.05

-0, 15
0.05

0.02 15.8
-0.19 - 7 .7
-0.09 3.6

Ave. 3.9

-0. 05 2.3
0.00 0.8
0.01 5.0
0.02 4.2
-0.24* -11_.5
-0.07 3.9

Ave. -75'

-0.07 -0.13 - 5.5
-0.03 -0.06 - 2.2
0.L3 0.04 10.4
0.19 0.15 L4.6
0.01 -0.20* 0.6
0. 11 -0. 18:t 7 .2
0.00 -0.33:t 0.0
0.14 -0.14 9.2
0.06 0.01 4.L
0.08 -0.07 5.9
0.04 -0.13 3.0
0.05 -0.08 3.6

Ave. 4.2

x
1.81.
t "34
1.51
1 .40
L.22
1. 16
L.2s

at five percent level (Duncanrs nerd multiple

SSR = 0.14
SSR = 0.17

P=2
P=28
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The amounts of
(2x2) and (6x2)

Table 19

heterosis for tillers per plant of (6x6),
crosses prior to heading

Group Entry F1X High ? Low ? MP )uP
Ft) _
High P 7">W

6x6

2x2

T1XA 13.0
AXTz 17.0
T2XT1 8.8

16.0
16.3
12.8

15"8
15.8
16.0
16.0
14.8
16"0

16.3
16.3
16. 3
16"3
11.5
14. B

16.0
15.8
L2.8
14.8
16.0
1s.8

11.5
L2.8
11.5

11 .5
14.8
15,8
14" 8
11" 5
11.5

11.5
14.8
16"0
15.8
11.5
11 .5
11.5
11.5
11.5
L2,8
l_2.8
12.8

13"9
L4.6
L2.2

L3.7
15.3
1s.9
ts.4
L3.2
13.8

13.9
15. 6
L6.2
16. 1

11.5
L3.2
13.8
L3.7
L2.2
13.9
L4.4
L4.3

x
11.5
16.3
L2.8
11" 5
14.8
16.0
ls .8

parental average
five percent level

SSR = 1.92
SSR = 2.35

-3.3* - 6.5
0.7 L6.4

-4.0* -27.9
Ave. -?.0

-2.3 - 1.5
-L.2 - 5.2
-t.2 - 6.9
-3.zrc -16. 9
1.5 23.5
-5.2* _2r,7

Ave. - 4,8

-6.3* -28.1
-1.5 - 5.3
-2.L -12.3
-2.L -11.8
-0.7 - 6.1
-1.8 - 1.5
-2,2 0.0
-3.5* -LO.2
0.0 4.9

-3.3rr -16 .7
-4,2+t - 18. 1

-4.3* -t9.6
Ave. -10.4

-0. 9
2.4

-3.4

-0.2
-0.8
-1.1
-2.6
3.la

-3.0

-3.9
-0.8
-2.0
- 1.9
-0.7
-0.2
0.0

-L.4
0.6

-2.3
-2.6
-2.8

13.5
l_4.5
14.8
L2.8
16.3
10. B

6x2 AXD 10.0
AXP 14.8
NG{ L4.2
AXAD L4.2
Tt)(D 10.8
T1XP 13.0
TIXH 13.8
T1)GD L2.3
TZ)O 12.8
TZ)(P 11.5
Tzffi 11.8
T2)hD 1l_.5

Parents
TraiLl =Tl
AtLas 46 =ATrebi =Tz
Domen =P
PiroLlne =P
Hannchen =l{
Abed Denso=AD

a = Fl 20 percent of
:t - Significant at the

range test)

ADXI)
ADXP
ADXH
PXH
P)(D
ruo

Po2
P =28

(Duncants neql muI tip le
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The amounts of
(?,x?) and (6x2)

Table 20

heterosis for total
crosses at heading

leaf area
tlme

of (6x6),

Group Entry ffx High F Low P MP ,fr Fr)-
Iligh P 7,>fr

6x6 Tt)(A 34L5"6
AXT2 5481.2
T2XT1 3287,0

ZxZ AD)O 3859"9
ADXP 3010.3
ADXH 37L7.9
PXH 3204.4
PXD 3914.5
HXD 3506.9

6x2 AXD 2662.7
AXP 3290,2
AXH 3078.1
A)GD 3229.L
Tt)o 3662,9
T1XP 3930.5
TIXH 4661.2
T1)GD 4134.L
TzD 3509"4
T2XP 2925.9
TZ)Gr 2698.2
T2)GD 3395.7

Parents
Traill =T1
Atlas 46 =[

43t3.2
43L3.2
4070,4

3742"8
3742 "8
3742.8
327 5 .5
3275,5
3L29.1

43L3.2
43L3.2
43L3.2
4313.2
3 780. I
3780.8
3780.8
3780. B

4070 "4
4070.4
407A "4
407A.4

T
3 , 780.8
43L3.2
4070.4
3096.7
3275.5
3129.L
3742.8

3780.8
4A70,4
3 780.8

3096 "7
3275.5
3L29.r
3L29.L
3096.7
3096,7

3096.7
3275.5
3129.1
3742 "8
3096.7
327 5 .5
3129.L
3742 "8
3096.7
3275 "s
3129.t
3742.8

4047.0
419 1. 8
3925.6

3419.8
3509.2
3436.0
3202.3
3L24.L
3tL2.9

3 705. 0
3794.4
372L.2
4028 "0
3438.8
3528.2
345s.0
3761.4
3583.6
3673.0
3s99.8
3905.6

- 63L"4
1288,4a

- 638.6

440.L
- 498.9

28L.9
2.L

790.4a
394.0

-LA42.3
- 504.2
- 643.L
- 798,9

224.L
402.3

L2O6.2a
372.7

- 74.2
- 747.L
- 901.6
- 510.9

11_7.1
- 732.5
- 24.9
- 71.1

639.0
377.8
Ave.

- 897.6 -15.6
1168.0* 30.8

- 783.4 -t_6.3
Ave. - 0.4

L2.9
-L4.2

8,2
0.1

2s.3
L2.7
7.5

-1650.5:t -28.1
-L023.0*:13.3
-L235. I't - 17 . 3
-1084.1.* -19.8
- LL7.9 6.5

L49.7 1r..4
880.4 34.9
3s3.3 9 .9

- 561.0 - 2,L
-Lt44.5* -20.3
-L372.2* -25.0
- 674.7 -73,L

Ave. - 5.4

Trebi =Tz
Domen =!
Piroline =P
Ilannchen =!l
Abed Denso=AD

a = F1) 20 percent of parental average
:t - Significant at five percent leveL (Duncanrs

test)

P =2
P=28

SSR = 806.6
SSR = 988.5

new multiple range
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Table 21

The amounts of heterosis for leaf length of (6x6),
(2x2) and (6x2) crosses at heading time

High
Group Entry ffI ? Low P }f >MP

F1 )
Hieh ? % >\MP

6x6

2x2

36.s
37 .L
37.1

38.3
35"5
35.5
35. 1

38.3
38,3

38.3
34.9
35. 1

35.5
38.3
36.5
36.5
36,5
38.3
37.L
37.L
37.L

31. B

31.8
36.5

35. 5
34.9
35. 1
34.9
34.9
35. L

31.8
31.8
31",8
31 .8
36.5
34,9
3s. 1

35.5
37,L
34.9
35. 1

35.5

34.2
34.5
36. B

36.9
35.2
35.3
35.0
36.6
36,7

3s. 1

33.4
33.5
33.7
37 ,4
35.7
35.8
36,0
37.7
36.0
36.1
36.3

37,8
35.0
38.0
36. 8
3 7.0
38,6

x
36.5
31.8
37.1
38 .3
34.9
35. 1
35. 5

P=2
P=28

Tt)(A 33.3
AXT2 36.4
T2XT1 36.4

- 0.9 - 3.2* - 2.7
1 .9 - 0.7 s.5

-0.4 -0.7 -1.1
Ave, 0.6

AD)O
ADXP
AD)GI

PXH
P)(D
m(D

0.9
- 0.2

2.7
1.8
0.4
1.9

0. 5 2.4
0.s - 0.6
2.5* 7.6
L.7r<, 5. 1
1.3 1. L

0.3 5.2
Ave. 3.5

6x2 AXD 34.9
AXP 32.5
AXH 34.0
AXAD 33.6
Tt)O 39. 5
TIXP 36.2
TIXH 38.3
T1)GD 38. L

TZ)0 38"4
Tz)rI 36"3
TZXH 37.0
T2)GD 35.9

- 0.2 - 3.4* - 0.6
- 0.9 - 2.4* - 2.7

0.5 - 1.1 1.5
- 0.1 - 1.9* - 0.3

2.L L.2 5.6
0.5 0. 3 L.4
2.5 1.8* 7.0
2.L 1 .6* 5.8
0.7 0,1 1.9
0.3 - 0.8 0.8
0.9 - 0.1 2,5

- 0.4 - 1.2 - 1.1
Ave. 1.9

Parents
Trail-l =TL
Atlas 46 =[
Trebi =T2
Domen =p
PiroLine =P
Hannchen cll
Abed Denso=AD

* = SiBnificant at fhe five percent level (Duncants new multiple
range test)

SSR = 1,39
SSR = l-.71
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The amount of heterosis
(2x2) and (6x2) crosses

Table 22

for leaf width of (6x6),
at heading time

Iligh
Group Entry ffI ? Low P I,IP >W

rr2_
Iligh P z>16

6x6 1.98
L.92
1.98

L.s4
1.54
t.54
L.39
1.51
1.51

L.67
L.67
L.67
L.67
1.98
r_.98
I .98
I .98
L.92
L.92
L.92
L.92

0.2t
-0.01
0.06

0. 03
-0.01
0. 03
0.08
0.01
0.04

-o.02
-0.04
0.09
0.06
0.06
0.21
0.09
0.17
0.03
0.06
0.00

-0.07

ZxZ

6x2

Parents
TrailL =T1
Atlas 46 =ATrebi =Tz
Domen =!
Piroline =P
Ilannchen =fl
Abed Denso'rAD

'* - SlBhificant
F.ange test)

P

P

Tt}(A 2.04
AxTz L.79
T2XT1 2.01

AD)(D 1.55
ADXP L.46
AD)CI 1.48
PXH L.46
P}o L.46
ID(D 1.48

AXD L.57
AXP L.49
AXn 1.61.
AXAD L.67
TtD 1.81
TIXP 1.90
T1)GI L.76
T1)GD L.93
Tz)(D L.69
TZXP L.72
TZXL L.64
T2)GD L.66

L.67 1.83
L.67 1.80
L.92 1.95

1"51 1.53
1.39 t.47
1.36 L.45
1;36 1.38
1.39 L.45
1.36 L.44

1 .51
1 .39
1.36
L.54
1.51
I .39
1"36
L.s4
1.51_
1" 39
I .36
L.54

t.s9
1.53
L..52
1.61
L.75
L.69
L.67
L.76
L.72
L.66
L,64
L.73

0.06 11.5
-0.13 - 0.6
-0.03 - 3.1

Ave, 4.7

0.01 I .3
-0.08 - o.7
-0.06 2.L
0.05 5.8

-0.05 0.7
-0.03 2.8

Ave. 2.0

-0.t0 - 1..3
-0.18 - 2.6
-0.06 5.9
0.00 3,7

-0.17 3.4
0.08 L2.4

-0.31 5.4
-0.05 9.7
-0.40* - L.7
-0.20 3.6
-0.28 0.0
-0.33 - 4.0

Ave. 2,9

x
1.98
L.67
L.92
1.51
1.39
1,36
1.54

at the

_n

=28

five percent level

ssR - 0.33
ssR - 0.40

(Dunbanrs new multiple
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Table 23

The amounts of heterosis for till"ers Per plant of
(6x6) , (2x2) and (6x2) crosses ar heading time

IIigh
Group Entry tr.fX F Low T MP

Fr)
>uP Hieh ? 7">w

6x6

2x2

Tt}(A 20,3
AXT2 23.8
T2XT1 15.8

24.5
24.5
19 .8

25.3
27 "5
27.0
27.5
27.5
27.0

24.5
27.5
27,0
?5.3
19. B

27.5
27,0
25,3
19"8
27.5
27,0
25.3

19.8
18.3
18.3

19"8
ls.3
25.3
27,0
19 .8
19 .8

19 .8
24.s
24,5
24.5
19. B

19,8
19. B

19 .8
18.3
18.3
18.3
18,3

22.2
2L,4
19.1

22.6
26.4
26.2
27.3
23.7
23,4

22,2
26.O
25 rB
24.9
19.8
23.7
23.4
22.6
19. 1

22"9
22.7
2l-.8

- 1.9 - 4.2 - 8.6
2.4 - 0.7 LL;2

- 3.3 - 4.0 -17.3
Ave. - 4.9

L,4 - 1.3 6.2
- 4.L - 5,2 -15.5

1.6 0.8 6.1
- 3.3 - 3.5 -L?.L

2.3 - 1.5 9.7
- 0.4 - 4.0 - L.7

Ave. - 1.2

- 2.7 - 5.0 -L2.2
0.5 - 1.0 1.9

-I.s -2,7 -5.8
- 2.6 - 3.0 -10.4

0.5 0.5 2,5
- o.2 - 4.0 - 0.8

2.4 - L.2 10.3
L.4 - 1.3 6.2
L.2 0.5 6.3

- 4.4 - 9.0* -19.3
- 3.7 - 8.0* -16.3
- 0.0 - 3.5 0.0

Ave, - 3.1

6xZ

AD)(D

ADXP

ADXH
PxII
P)(D
Iil(D

24.0
22.3
27.8
24,O
26.0
23.0

AXD 19.5
AXP 26.5
AXH 24t3
N(AD 22.3
TtD 20,3
T1XP 23.5
TTXII 25.8
T1)GD 24"A
TZ)0 20.3
TZ)G 18 " 5TZ)CI 19 .0
Tz)GD 2L.8

Parents
TraiLl =T1
Atlas 46 .iA

Trebi =I2
Dcimen =P
Piroline =P
Hannchen =[
Abed DensoaAD

x
19.8
24.5
18.3
1.9.8
27 .5
27.0
25.3

P=2
P=28

SSR = 5.97
SSR = 7.31

:t = Significant at five percent leveL (Duncanrs ne!, multiple
range test)
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The amount of heterosis measured as the amount that the F1 ex-

ceeded the parental average for tLA at both stages of growth was

quite small for all crosses. Average ampunts of..heterosis for TLA

prior to heading for the (6.x 6), (2 x 2), and (6 x z) crosses were

-5.4, 5.0, and 4.2 percent, respectively. The average amount of

heterosis for TLA at heading time for the (6 x 6) , (2 x 2), and the

(6 x 2) crosses was -0.4, 7.5, and -6.(.,percent, respectively. The

range in heterosis for TLA in alt crosses at heading was from -29,1

to 34.9 percent. The Atlas 46 x Trebi hybrid at heading tlme was

the only cross that had a significantly larger TLA than the better

parent, although the Trai1l x Hannchen cross approached signifi-

cance.

There were three crosses which exhibited a large amount of

heterosis for TLA at heading time. These lrere as follows: Atlas 46

x Trebi (6 x 6), Piroline x Domen (2 x 2), and Traill x Hannchen

(6 x 2), which exceeded the parental averages by 30.8, 25.3, and

34.9 percent, respectively. A comparison of the TLA and the com-

ponents of TLA of these three Flrs and their respective parents is

given in Table 24.

The parental varieties in Table 24 exhibited reciprocal

differences for the components of TLA. one parent had a low mean

value for one component and the other parent had a high mean value

for this component. There was almost perfect complementation be-

th,een the parents of these three crosses. A11 of the (6 x 2)

crosses had parents which comptemented each other but not all of

the crosses exhibited heterosis.



A comparison of the total
Flrs and their respective

Table 24

leaf area and the components of TLA of three
parents that exhibited heterosis.

Cross 6x6 2x2 6x2

Traits

Leaf l.ength

Leaf width

Til1er number

TI"A,

Parent

Arlas 46

3r..8

L.67

24.s

43L3.2

Percent

F1 Parent

AXT2 Trebi

36.4 37 .L

L.79 L.92

23,8 18.3

5481.2 4070.4

heterosis - 30.8

Parent

Piroline

34.9

1.39

27.5

3275.5

PerceDt

F1

DXP

37.4

t.46

26,O

3914. 5

heterosls

Parent

Domen

38.3

1 .51

19.8

3096.7

- 25.3.

Parent

Trail1

36.5

1.98

19.8

3 780.8

Percent

F1 Parent

Tt)(E Hannchen

38.3 3s.1

L.76 1.36

2s.8 27 .0

466L.2 3L29,L

heterosls - 34,9

o\o
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Estimates of generaL and specific comblning ability effects

associated with the leaf area traits rdere made in order to obtaln

an indication of the types of. gene action controlLing the various

tralts. The variance components of general combining abllity (addi-

tive gene action), specific combining ability (non-additive gene

action), and environmenE for ILA and its conponents with the narrow-

sense heritability estimate at two stages of growth are given in

Tables 25 and 26, respectively.

No genetic variation liras found for TLA for the (2 x 2) crosses

prior to heading (Table 25), At heading time, a slight amount of

non-additive gene action was found for TLA in this group (Table

26). The predominant factor which contributed to differences in

TLA in this group was the environment. The narrow-sense herita-

bility estimates for TLA lrere zero at both stages of growth for the

(2 x 2) crosses. The additive genetic component rdas the only

genetic factor found aE both stages which influenced Leaf length.

The narrow-sense heritability estiurates for leaf length were 0.396

and 0.760 for the two stages of growth. The differences in these

estinates were due to an increase in the addiEive comPonent at:

heading time associated with a smaller environmenEal component. A

small amount of additive gene act,ion at heading time was found for

leaf width, while non-additive gene action was found to comprise a

l-arger amount of the genetic varlatlon at this time. The narrow-

sense heritability estimate for Leaf width was small.. No genetic

variance was found for Leaf width at heading time in Ehe (2 x 2)

crosses. Only non-addltive genetic factors were found for tiller
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Table 25

ComponenEs of general and speclfic combining ability and
narrohr-sense heritability estlmates for totat leaf area
and components of total leaf area f.or (2x2) and (6x2)
crosEes prior to heading

Leaf Leaf Tiller/
Crosses Components TLA leneth width plant

2x2 cCA
scA
E

6x2

0.000 0.5641 0.000163 0.0000
0"000 0.0000 0.002625 3.9659

s9.838"946 L.7233 0.00710 3.0113
h2ns O.OO0 0,396 0.032 0.O0OO

cc,A(6)
ccA(2)
CG
scA
E

h2ns

l" ,105.130
0.000
0.000
0,000

300 ,3 74.580
0.000

7.0928
0. 73 13
3.0195
0.266L
L,932
0.733

0.0128
0.0000
0.0064
0.0000
0.0845
0.r32

0.00000
0.L47L6
0.to226
L.52759
2.3409L
0.050

GCA

scA
E

GCA

GC,A

GG
h2n

(6)
(2)

s

general combining ability
specific combining ability
environmental
general- combining ability for six-rowed parents
general comljining ability for two-rowed parent,s
weighted average general combining ability
heritability in narrow-sense
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TabLe 26

Components of general and speclfic combining ability and
narrohr-sense heritability estimates for total leaf area
and components of total leaf area for (2x2) and (6x2)
crosses at heading tlme

Crosses ComponenEs T[,A
Leat Leaf Til ler /

length width __plqnt_

2x2

6x2

h2ns

cc,A
scA
Er

0.000 1.09164 0.0000 0.0000
32,640.L70 0.00000 0.0000 6.2868

49L,375.693 0.68933 0,0661 L2.4780
0.000 0.760 0.000 0.000

cc,A(6)
GcA(2)
rcfi
scA
E

h2ns

385,652.482
0.000

114,083. 130
1 15 ,093 .848
247 ,457,030

0.386

6.5563
0.8389
2.9060
0.0000
1 .0003
0.853

o.02236
0.00000
0.00766
0.00357
0,oo479
o.647

L.2776
0.0000
0.4056
0. 0000

25.3357
0.003

GCA

sc,A
E

GC,A

GC,A

I'([
h2n

=

3

(6) =
(2) =

sE

generaL combining ability
specific combining abiLlty
environmental'
general combining abiLity for six-rowed parents
general combinlng ability for two-rowed parenLs
weighted average general combining ability
heritabi.lity in narrolr-sense
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number per pLant at both stages of growth.

The (GCA) components associated with 'the two-rowed parents in

the (6 x 2) crosses were ln $ood agreement wilh the (GCA) components

for the (2 x 2) crosses. Prior to heading and at heading time, the

only sizeabLe (GCA) component for the two-rowed parents in the

(6 x 2) group was for leaf Length.

Additive gene action for the six-rowed parents was found for

all tralts at both stages of growth with the exception of till-er

number per plant prior to heading (tables 25 and 26). In every

case, except for til.ler number per plant prior to heading, the

(GC,A)(6) components nere much larger than the (GCA)(2) components.

Additive gene action (EEf) r,as not found for TLA prior to

heading but was present for TLA at heading tlme... The additive

genetic difference present in the (6 x 2) crosses was mostly con-

tributed by the six-rowed parents. Some non-additive gene action

(SCA) was found at heading time for TLA but none was found prior

to heading. The narrolr-sense heritability estimate for T[.A was

zero prior to headlng and 0.386 at heading. Large amounts of addi-

tive gene action (GCA) were found for Leaf length and Leaf width

at both stages of growth in the (6 x 2) grouP. Narrow-sense heri-

tabllity estimates of 0.733 and 0,853 for leaf Length and 0.1.32

and 0.647 for Leaf width at the two stages of growth respectivel.y

were found.

The assoclaEions of leaf area measurements with yield and its

components lrere determined in order to obtain information on the

importance of these relationships. Simple correlation coefficlents
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between the Leaf area characteristics at two stages of development,

with grain yleld are presented for six-rowed, two-rorred, and six-

rowed x trro-rolred crosses ln Tables 27, 28, and 29, respectlvely.

It would appear that leaf Length and leaf width are negativel.y

associated with the components of yield in the six-rored barleys

(Tabl.e 27); however, none of these associations between the leaf

size characters and the components of yield were significant. Be-

cause of the size of the population of six-rowed barleys, an Itrrl

value of 0.8L1 is required to be significantly different from zero

at the .05 level. TllLer number at both times of measurement was

positively associated with a1l of the components of yiel.d, with

three of these relations being significant.

The relatlonships between the l.eaf measurements and graln

yield were generally smalL and not slgnlficantly different from

zero in the two-rowed barleys (Table 28). SeveraL significant

associations ntere found between the leaf measurements and the com-

ponents of yie1d. There were no clear relationships between leaf

size and leaf number with yield or the components of yleLd ln the

two-rowed barLeys.

Several signiflcant positive associations were found for the

leaf measurements and grain yield in the (6 x 2) crosses (Table 29.)

Larger leaves and greater T[,A were positively associated wlth grain

yield. The relattonships between the yield components and the leaf

area measurements'varied from component t,o component.
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Table 27

The relatlonships between leaf area measurements and
grain yield and components of grain yield for six-
rowed barley

Trait
Grain
yield

Heads /
plant,

Kernels/ Weight/
head kernel

fl,A,1

Leaf lengthl

Leaf widthl

Tillers /plantl

naz

Leaf length2

Leaf width2

Til l.ers /plant2

0.488

0. 114

0.476

0. 101

0. L43

-0,992rft"

o.239

0.379

0.920*r?k

-0.3s5

-0,481

0.870*

0.724

-0.22L

-0.437

0.775

0.556

-0.642

-0.682

0.840*

0.806

-0.626

-0.459

0.922*r(

if greater

if greater

0.302

-0.319

-0.409

a.224

o.464

-0.504

-0. 389

0.469

Ia
2=
*=

,nk =

Measurements prior to heading
Measurements at heading
r is significant at five percent leve1
0'.811 n = 6
r is significant at one percent level
0.917 n = 6

than

than
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TabLe 28

The relationships between leaf area
grain yield and components of grain
rowed barley

measurements and
yieLd for two-

Grain Heads / Kernel s / l{eight

TI,A,1

Leaf lengthl

Leaf widthl

TiL1-ers /plant1

TI.A2

Leaf length2

t aef yidg62

Tillers/pIant2

Measurements prior to heading
Measurements at heading
r is significant {at five percent
than 0"6325 n * 10
r is significant at one percent
than0"7650n*10

0. 734*

0. 509

-0,376

-o.376

0.424

-0.298

0.802*

0.524

level if greater

level if greater

-0.515

0.324

-0.309

-0. 133

0.2L7

a.226

-0. 168

o.L62

-0. 330

0.229

-0.253

-o.268

-0.747*

0 " 704*

-0.386

0; L4L

-0.680*

0.278

-0.607

-0.227

-0.408

0.285

-0.231

-o.L74

Ic
lz
*E

*;* =
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Table 29

The reLationship between leaf area measurements and
grain yieLd and components of graln yield for (6x2)
crosses

Trait
Grain
yield

Heads/
plant

Kernels/ Weight/
head kerneL

TI.A1

Leaf lengthl

Leaf widthl

Til-1ers /plantI

fl.d,2

Leaf Length2

Leaf width2

Tillers /pLaatZ

0"450

0"L62

-0. 1 16

0 " 681*

0. 603

-0, 106

0.151

0" 702**

0.633*

0.351

0. 656*

0.805rnk

0.672*

0;357

0.772**

0.304

if greater

if greater

0.884r*

0 " 668*

0. 718**

0.317

0.931**

0. 561

0"727*t"

0.472

-0.463

0"371

-o.297

-0.41.0

-0.586*

0.640*

-0.446

-0.639*

]a

lz
*a

:H=

Measurements prior to heading
Measurements at heading
r is significant at five percent Level
0.576 a = 12
r is significant at one percent 1evel
0.684 n - L2

than

than
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lla1ting Quality

Values of the 21 Flrs and seven parental varieties for barley

nitrogen, diastatic porder, and extract are given in Table 30, This

table includes the averages for the crosses when they are grouped

according to the row number of their respective parents. The four

groups consisted of the (6 x 6) , (2 x 2), and (6 x 2) crosses and

the parenLs. The means for the 2L crosses and seven parents for

the maLting quality characters, nitrogen, diastatic potrer, and

extract, are given in Appendix Tabl.e 5"

Functional analyses of variance trere computed for the barl.ey

qua1ity traits and the mean squares from the arnlyses are given in

Table 3L. Significant differences were determined by the use of the

appropriate error mean squares" The 21 crosses and seven parents

differed significantly at the .0L 1evel for barley nltrogen, dla-

static porf,er, and extract. The separation of the crosses into

groups according to rold number produced significant dlfferences at

the .01 leve1 for barley nitrogen and barley extract. The

differences between groups of crosses and parents for barl.ey dia-

static porrer approached the rrFtr value at the .05 level. The (2 x 2)

crosses and the (6 x 6) "ro"""" had lower amounts of barley nitrogen

than the (6 x 2) crosses" The average diastatic power for the

(6 x 6) crosses was Lower than the average for the (2 x 2) crosses,

and the (6 x 2) group of crosses had the highest average diastatic

pohrer" The average barley extract for the (6 x 2) crosses was in-

termediate in barley extract between these two groups of crosses.
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Table 30

A summary of the means of the 21 crosses and seven parents
for barley nitrogen, barley diastatic power and barley
extract and the group averages for (6x6) , (ZxZ), (6x2)
crosses and parents

Entr Barle nitr Bar D.P t.

6x6

2xZ

6x2

Parents
Trai1l
Atlas 46
Trebi
Domen
Plroline
Hannchen
Abed Denso

Tt)(A
T1XT2
TZXIl\

Ave.

ruo
HCP

H(AD
DXP
D)(AD
P)(AD

Ave.

AXD

N(AD
AXP
AXH
Tt)(D
T1)(AD
TtXP
TtXH
TZXD
T2)GD
T2XP
TzXII

Ave,

179.0
225.8
185.2
L96.7

23s.2
23L.2
201. B

238.2
2L3.5
220.2
223 "4

238.2
183.5
t96.2
18s. s
268.5
265,0
243.2
283.2
287.2
246.0
267.5
278.0ffi

210. 5
136.0
257.2
236.2
2t_8.5
2L7.2
227 "5
2L4.8

=T1
=l
=Tz
=!
=p
=!l
=AD

Ave.

2.L5
2. 18

L26
2.20

2,28
2.30
2.32
2,26
2,2L
2,2L
2.26

2.36
2,26
2.33
2.37
2.43
2.48
2.3L
2.53
2,44
2.44
2.47
2,55
2.4t

2.L4
2.09
2.22
2.39
2.29
2.38
2.33
2.26

76,3
77.2
76.L
76 .5

80.3
79.6
79,9
79,9
80.2
79.L
79.8

77.4
78.4
76.7
78.7
78,2
78.6
78.2
77,7
78.2
78.5
78.8
77.7
78. I

77.0
7 5.4
76.0
79.0
79,6
79,9
78.2
77.9



Table 31

A suuunary of the mean sguares from the
for barley nitrogen, barLey diastatic

functionai analyses of variance
power and barley extract

Source cf, variatlon df Eartr-ey N.
ms

Barley D.P "

ms

Barlev extract
ms

Replications
Entrles
Among groups
lwithin Broups
w/in (6x5) crosses
w/in (6x2) crosses
vlir. (zx2) crosses
w/ln parents
zReps x entries
3R x w/in groups
aR x w/in (6x6) crosses
5R x w/in (6x2) crosses
6n x w/in (zxz) crosses
78 x w/in parents

TotaL

3
27

3

24
2

L1-

5
6

8L
9

6
33
15
18

111

0.011_30 N. s.
0. 56804fr*
0,25773**
0.03169**
0.01280 N. S.
0.03176*rk
0.00808 N.s.
0.05750*
0.004219
0.00410
0.00593
0.00251
0.07653
0.0039 7

482.223 N. S.
5 "088.520**10,460.140 N. S.
4,4L7.067cnk
2,576.585*
5 ,652.325**

799.374 N. S.
5,780. 667*

358. s96
376.957
306.917
32L.930
279.042
500.159

1. B0-lxer
7.397*r*

33.503*.e
4.L22**
1.440*
1.469*
0.774 N.S.

L2.670**
0.336
0.431
o.042
0. 196
0.473
0.527

N. S.
*
,.*
1

2-
3
4
5

6
7

I

B

a

Eli

I

g-

Non-significant at five percent level
Significant at five percent leve1
Significant at one percent leve1
Error term for among groups
Brror term for replications and entries
Error term for within groups
Error term for within (6x6) crosses
Error teru for within (6x2) crosses
Error term for within (2x2) crosses
Error term for within parents

{
H
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Signlficant rrFtt values were found for the within parent. source

of variation for the three quaLity traits. The six-rowed parents

had lower nitrogen and extracts than the two-rowed parents. The

two-rowed parents were uniform for diastatic polJer for the most

part, but the six-rowed parents were quite dlfferent, with Trebi

having the highest diastatic power and Atlas 46 the lowest of all_

parents.

Significant differences were found within the (6 x 6) crosses

for diastatic porder and barLey extract (Table 31). The crosses be-

trreen the two-rowed parents (2 x 2) did not differ signiflcantly

for any of the quality traits. Differences for alL three quality

traits were found to be significant in the (6 x 2) crosses. The

(6 x 2) crosses can be pl-aced into three groups according to the

common six-rored parent for barley nitrogen and diastatic porrer

(Table 30). Thls cannot be done for barl.ey extract where Large

amounts of variation occurred between the (6 x 2) crosses withln

the same six-rowed parents.

In order to obtain one vaLue which might provide a single

numericat rating for maLting qualityr an index was constructed

using barley nttrogen, barley diastatic power, and barley extract

where the correlation between barley and mal.t values were taken

into account.. Barley nitrogen, diastatlc power, and extract values

obtained from Hannchen were used as a standard. The quality indexes

for the 2l- crosses and seven parents are provided in Table 32.

The individual quality indexes assoclated with each variety

within a group were quite uniform. Crosses within the (6 x 6) group
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Ttre malting quality index
parents and the averages
grouped according to the

Table 32

for 2L crosseE and seven
for these crosses when
rots number characteristic

Group Cross Quality index
Quality

Parent Lndex

(6x6) crosse6 Tt)(A
and six-rowed T1XT2
parents TZXA

Ave.

(2x2) crosses IIXD
and two-rowed IIXP
parents H(AD

DXP
D)(AD
PXAD

Ave.

(6xZ) crosses AXP
AXD
AXH
A)(AD
TlXP
ri)o
rixu
ri)reD
rt)(P
rixo
Tzffi
T2)(AD

Ave.

T; =Traill - 7.93
A^=Atlas 46 - 13.86
T2=Trebl - .9.47

Ave. - L0.42

- 9.91
- 7.L2
- 8.44

- 8.49

- 1.60
- 2.L5
- 1.48
- 2.59
- 2,22
- 3.76

- 2.30

- 6.13
- 4.69
- 3.08
- 5.22
- 4.47
- 5.L7
- 7.93
- s.L8
- 4"87
- 6.04
- 8.01
- 4.00

- 5.40

D=Domen - 2,L6
P=PiroLine - 1.16
H=Ilannchen 0.00

AD=Abed Denso - 3.55

Ave. - 2.55
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had the poorest lndex values among Ehe parents. The (2 x 2) crosses

had the best index values among the crosses, and the two-rowed

parents were aLmost exactLy intermediate in their index va.lues be-

tween the two parental groups.

The amounts of heterosis for the quality index, barley nitro-

gen, dlastatic power, and extract are given in Tables 33r 34r 35,

and 36, respectiveLy. The crosses rilere grouped according to the

row number of their respective parents and the average amounts of

heterosis for the quality rraits for each group are included in

these tabLes.

The F1 exceeded the parentaL average by 20 percent in one

cross in each of the (6 x 6) and (2 x 2) groups, and four crosses

in the (6 x 2) group (Table 33). Only the Atlas 46 x Trebi and

the Atlas 46 x Abed Denso crosses had index values whlch were

better than the best parent. The average amounts of heterosis for

the quality index for the (6 x 6) , (2 x 2), and rhe (6 x 2) groups

were 17.0, -61.2, ar.d 8.0 percent, respectively. The crosses be-

tween the six-rowed parents (6 x 6) were alL better than their re-

spective parental averages. The crosses between the two-rowed

parents (2 x 2) hrere evenly divided with one-ha1f being better and

one-half being poorer than their respect,ive parental averages. Five

of the crosses between the six-rowed and the two-rowed parents

(6 x 2) were better than their respective parentaL averages.

None of the 21 crosses in this study exhibited heterosis for

barley nitrogen that was in excess of. 20 percent of the parental

average (Tab1e 34). Five crosses in the (6 x 2) group possessed
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Table 33

The amounts of heterosis for the quality index of
(6x6) , (2xZ) and (6x2) crosses

Group Entry FfX -_ 
--Fr>-

>HP Best ? Z>IP
Best
p* Poor ? IIP

6x6 Tt)rA -9.91
AXT2 -7.L2
T2XT1 -8.44

-7 .93 '13.86 -l-0.90
-9.43 -13.86 -LL,67
-7 .93 - 9.47 - 8.70

0.99 -1.98 9,1
4.55a 2,35 39.0
1.03 -0.51 3.0

Ave. 17.0

6x2 N(D -4.69
axP -5.22
AXH -6.13
N(AD -3.08
TtD -5.L7
TIXP -5.18
TlxH -4.47
TI)GD -7.93
TZXD -6.04
T2XP -4.00
TZXII -4.87
T2AD -8.01

-1.80 -13.86
-2.6L -13.86
0.00 -L3.86

-3.55 -13.86
-2.L6 - 7.93
-1.80 - 7 ,93
0.00 - 7.93

-3.55 - 7 .93
-2.L6 - 9 .47
-1.80 - 9.47
0.00 - 9.47

-3.55 - 9,47

2.86 L,26a
2.68 0.53
1.78 0.30
0.90 -1.69
1.98 -0.24
1.08 -2.68

7.83 3.14a
8.01. 2.79a
6.93 0.80
8. 71 5 ,63a
5.04 -0.13
4.86 -0.32
3.96 -0.51
5.74 -2.L9
5.82 -0.22
5.64 1.64a
4.74 -0,13
6.51 -L.46

2x2 AD)O
ADXP
ADXII
PXH
P)O
Iil(D

Parents
TraiLl T1
AtLas 46 =[
Trebi
Domen
Piroline =P

'Hannchen =!l
Abed Denso.rAD

-1.60 -2.L6
-2.L5 -1.80
-1.48 0.00
-2.59 0.00
-2.22 -1,80
-3.76 0.00

3.5s
3.5s
3.55
t.80
2.L6
2.L6

0.56
-0.35
-r..48
-2.s9
-0.42
-3.76

Ave.

-2.89
-3.06
-6, 13
0,47

-3.01
-3.38
-4.47
-4.38
-3.88
-2.20
-4.87
-4.46

Ave.

44.L
19. B

16. 9
-187.8
- Lz.L
-248.L
- 6L.2

41. 1

35.8
11.6
64.6

- 2.6
- 6.6
- t2.9
- 38.2
- 3.8
- 29.L
- 2.7
- 23.0

8.0

=T2
=!

x
- 7.93
- 13.86
- 9.47
- 2.L6
- 1.80

0.00
- 3.55

* = ParenE lrith largest quality index ts
a = Fl) 20 percent of parental average

considered best parent
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The amourtts of heterosis
(ZxZ) and (5x2) crosses

Table 34

for barley niErogen of (6x6),

Group Entry FlX Lon ? UF
Et7

>uP High ?
illgh
? 7,>W

6x6

2x2

2.L4
2.22
2.22

2.39
2.33
2.38
2.38
2.39
2.39

2.29
2.39
2.38
2.33
2.39
2.29
2.38
2.33
2.39
2.29
2,38
2.33

2.09
2.09
2.L4

2.33
2.29
2.33
2.29
2.29
2.39

2.O9
2.09
2.O9
2.Og
2.L4
2.L4
2,t4
2.L4
2.22
2.22
2.22
2.22

2.L2
2.L6
2.18

2.36
2.3L
2.36
2.34
2.34
2.38

2.Lg
2.24
2.24
2.2L
2,26
2.22
2.26
2.24
2.30
2.26
2.30
2.29

2.2L
2.2L
2.32
2.30
2.25
2-28

dL

Tf)(A 2.15
AXT2 2.26
T2XT1 2.LB

0.03 0.01 L.t+
0.10 0.04 4.6
0.00 -0.04 .0.9

Ave. 2'0

-0.15 -0.18t -6.4
-0.10 -0.12* -4.3
-0,04 -0.06 -L,7
-0.04 -0.08 'L.7
-0.08 -0.13* '3,4
-0.10 -0.1l:t -4'2

Ave. -3.6

ADXD
ADXP
AD)$I
PXE
P}(D

HXI)

6x2 AxD 2.33
AXP 2.36
AXII 2.37
N(AD 2.26
Tt)(D 2.43
Tt)(P 2.3L
T1)CI 2.53
TIAD 2.48
TZ)0 2.44
TZ)(P 2.47
TZXtt 2.55
T2)(AD 2.44

0. 14
0.12
0. 13
0.05
0.17
0.09
0.27
0.24
0. 14
0.2L
o.25
0. 16

0.04 6.4
-0.03 5.4
-0.01- 5.8
-0.07 2.3
0.04 7.5
0.02 4.L
0. 15:t 11.9
0.15* 10.7
0.05 6.1
0.18* 9.3
0.17* 10,9
0.11* 7.0
Ave. 7.3

Parents
TrailL = T1
AtLas 46 = [
Trebi - T2
Domen = !
PiroLine = P

Ilannchen = !l
Abed Denso = AD

* - Significant
range test

P

P

_,
=29

x
2.L4
2.09
2.22
2.39
2,29
2.38
2.33

five percent level (Duncants new multiple

SSR = 0.09
SSR = 0.11
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Table 35

The amounts of heterqsis for diastatic power of (6x6),
(2x2) and (6x2) crosses

Group Entry ffX
High
? Low? MF >MP

rr)
High ? %>MP

6x6

2x2

a!
*e

t-
p=

ADXD
ADXP
ADXII
PXI
PXD
IIXD

6x2 AXD L96.2
AXP 238.2
axH L85.5
AJ(AD 183.5
T1XD 268.5
T1XP 243,2
Tr)Gl 283.2
T1)GD 265,O
TZ)0 287.2
TZXP 267.5
TZ)GI 278.0
T2)0D 246.0

Parents X
Tra1L1. =T1 210.5
Atlas 46 -A 136.0
Trebi =TZ 257.2
Domen =P 236.0
Plrol.ine =P 218.5
Hannchen =!l 2L7,2
Abed DenCo*AD 227.5

2L3.5 236.0
220.2 227.5
201.8 227.5
23L.2 218.5
239.2 236,0
235.2 236,O

SSR
SSR

2L8.5 136.0
235.0 136.0
2L7.5 136.0
227.s 135.0
2i6.0 210.5
218.5 2L0.5
2L7.2 2L0.5
227.5 210.5
257 .2 236.2
257.2 218.5
2s7.2 2L7.5
257.2 227.5

Tt)(A 179.0 210.5
AXTZ 185.2 257.2
T2XT1 225.8 257,2

-31.5* 3.3
-72.O* - 5.8
-31.4* - 3,4
Ave. - 2.0

-22.5 - 7,9
- 7,3 - 1.3
-2s.7 - 9.3
L2.7 6.2
2.2 4.8

- 0.8 3,8
Ave. - 0.6

19.0 -22.3 10.7
52.2a 2.2 28.L
g.g -3L,7* 5.0
L.7 -44.0* 0.9

45.3a 32,5* 20.3
28.7 24.7 13.4
69.4a 66.0* 32.5
46,Oa 37.5* 21.0
40.6 30.0* 16.5
29.7 10.3 L2.5
40.8 20.8 L7.2
3.6 -LL.2 .1.5Ave. 15.0

136.0
136.0
210. 5

227.5
218.5
2L7.2
2L7.2
2L8.5
2L7.2

L73.2
L96,6
233.8

231.8
223.0
222.4
2L7.8
227.2
226.6

L77.2
186.0
L76.6
181.8
223.2
2L4,5
213.8
2L9.O
246.6
237.8
237.2
242.4

5.8
-LL.4
- 8.0

-18.3
' 2.8
-'20.6
L3.4
1.1.0
8.5

F1)20 percent
Significant at
test)
2
29

of parental average
five percent leve1 (Duncanrs

= 26.6
= 34.2

new multiple range
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Table 36

The amounts of heterosis for barley extract of (6x6),
(zx?) and (6x2) crosses

Group Entry FfX
High
F LowF }P >MF

rr)
Eigh ? %>tE

6x6 Tt}(A 76.3
AXTZ 76.L
T2XT1 77,2

2x2 ADXI)
ADXP
ADXI{
PXH
PxI)
IIXD

80,2
79.L
79.9
79.6
79.9
80.3

6x2 AxD 76.7
AXP 77.4
NCr 78.7
A)(AD 78.4
TtD 78.2
T1XP 78.2
T1XII 77 .7
T1)GD 78.6
Tz){D 78,2
TZ)(P 78.8
TZ)OI 77.7
T2)<AD 78.5

-0.7 0.1
0. 1 0.5
0 .2 0.9
Ave. 0.5

L.2* 2.0
-0, s 0.3
0.0 1. L

-0,3 -0.3
0.3 0.8
0.4 1. I
Ave. 0.8

-2.9* 1.0
-1.6?t 0.3
-1.1* L.4
0,2 2,L

-0.8 0.3
-1.4* 0.0
-2.2* 0.9
0.4 1.3

-0.8 0.9
-0.8 1.3
-2.2* 0.4
0.3 1.8
Ave. 0.8

77.0
76.O
77.0

79.4
79.6
79.9
79.9
79.6
79.9

79.6
79.0
79.9
78.2
79.0
79.6
79.9
78.2
79.0
79,6
79.9
78.2

75.4
75.4
76.0

78.2
78.2
78.2
79.6
79.O
79,O

75.4
75.4
75,4
75,4
77.0
77.0
77,0
77.O
76,O
76.0
76.0
76.0

76.2
75.7
76.5

78.6
78.9
79.0
79.8
79.3
79.4

77.5
77.2
77.6
76.8
78.0
78.3
78.4
77.6
77.s
77.8
78.0
77.L

0.1
0.4
0.7

1..6
o.2
0.9

-0,2
0.6
0.9

-L,2
0,2
1.1
l_.6
o.2

-0. 1

-o.7
1.0
0.7
1.0
0.3
L.4

Parents
TrailL =TL
Atlas 46 =[
Trebl =Tz
Donen =!
Piroline =P
Bannchen =ll
Abed Denso=AD

p=
p=

SSR = 0.85
SSR = L.06

x.
77 .O
75.4
76.0
79.O
79.6
79.9
78,2

* = Significant at the five percent
range teet)

2
28

level (Duncan I s nerd mu1 tip Ie
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significantly higher nitrogen values than the high parent when sig-

nlficance was determined by Duncants new multiple range test. The

average percent of heterosis for barley nitrogen found for the

(6 x 6) , (2 x 2), and the (6 x 2) groups were 2.0, -3.6, and 7.3

percent, respectively. The (2 x 2) crosses consistently had less

barley nitrogen then the parental average, whlle the (6 x 6) and

(6 x 2) crosses consistently had more barley nitrogen than the

parental average.

Four of the (6 x 2) cro$ses exhibited heterosis in excess of

20 percent of the parental average for diastatic polrer (Table 35).

None of the (6 x 6) or the (2 x 2) crosses exceeded the parentaL

averages by 20 percent for diastatic porrer. Three of the four

(6 x 2) crosses that exceeded parentaL averages by 20 percent had

higher diastatic power than the high parent. One additional (6 x 2)

cross was also significantly higher than the hlgh parent in diasta-

tic power. The average amount of heterosis for the three groups of

crosses was -2.0, -0.6, 4nd 15.0 percent, respectiveLy. The crosses

between six-rowed and two-rowed parents (6 x 2), in general exhibited

a considerable amount of heterosis for diastatic power. The (6 x 2)

crosses with TraiLL as a common six-rowed parent, exhibited the

most heterosls when it rdas measured by both methods, and TraiLl was

next to the Iolrest ln diastatlc power of the parental varleties.

In general, no heterosis was observed for barley extract

(Table 36). The Abed Denso x Domen cross had an extract value

which was significantLy higher than the high parent, Abed Denso.

The average amounts of heterosis found for barley nitrogen in the
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(6 x 6) , (2 x 2), and (6 x 2) crosses were 0.5, 0.8, and 0.8 per-

cent, respectively.

Estimates of gene action for barley nltrogen, diastatic power

and extract were obtained from the combining abllity analyses. The

components of general and specific combining ability for the (2 x 2)

group for the three quallty tralts are presented in Table 37. Some

additive gene action (GCA) was found in the (2 x 2) crosses for

dlastatlc power and extract. No genetlc variances were indicated

to be present for barley nitrogen in the (2 x 2) group. The best

estimates for non-additive gene action (SCA) in the (2 x 2) group

for all three tralt,s rdere zero. A consi.derable amount of environ-

mental variation was found for all three traits. The narrow-sense

heritability estlmaEes for diastatlc power and barley extract for

the (2 x 2) group were 0.465 and 0.278, respectively.

Addltlve gene action (ffi) was found to be present for barley

diastatic porrer and barley nitrogen in the (6 x 2) group. The six-

rowed parents contributed conslderably more to this additive gene

action componenE than the two-rowed parents. Non-additive gene

action (SCA) was found to be present in the (6 x 2) groups for all

three factors. The only type of gene action present for barley ex-

tract in the (6 x 2) group rras non-additive (SCA). The environmen-

taI component lras large for barley diastatic power and relat,ively

smal1 for nltrogen and extract. The narrolr-sense heritability es-

tiffrtes for barLey nitrogen and diastatic power were 0.254 ar.d

0.728, respectively.

The simple correlation coefficlents between the three quality
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TabLe 37

Components of general and speclfic combining ability
and narrow-sense herltability estimates for barley
dlastatic power, barley nltrogen and barley extract
f.ot (2x2) and (6x2) crosses

Crosses Components Barley DP Barley N Barley Ext.

2x2 GC,A

SC,A

E

LzL.t46
0.000

279,042
0,465

L,876.236
97.820

730.545
203.525
32L.930

0.728

0.0000
0.0000
0.76s3
0.000

0.006231
0. 0009 1 4
0.002844
0.0029 18
0.002510
o.254

0.09115
0.00000
0.47330
0.278

0.0000
0.0000
0.0000
o,4307
0. 1950
0.000

6xZ ccA(6)
GcA(2)
66
scA
E

h2ns

h2ns

GCA

scA
E

ccA(6)
ccA(2)
gc[
h2ns

general conbining ablllty
specific conbining abl!.ity
environmental.
general conblnlng ablllty for six-rowed parents
general combining ablllty for two-rowed parents
weighted average general combinlng ability
heritability in narrorr-sense
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traitF and yield and its components and T[,A and lts components are

given in Table 38. The entries rrere separated according to rohl

number. The three groups conslsted of six-rowed, tso-rowed barleys

and six-rowed x two-rowed crosses.

Among the simple correlations between the three quality traits

and yield and components of yield, only four were found to be signi-

ficant. A significant positive association between diastatic power

and kernels per head was found for the six-rowed barleys. A signi-

ficant negative association between those tlro traits rras found for

the (6 x 2) crosses. A significant negat,ive assoclation between

tillers per plant and barley nitrogen was found for the two-rowed

barl.eys. Barley extract was posltivel.y correlated with grain yield

in the two-rowed barleys, No single large aesociation between

yield or components of yield and the quallty traits existed in alL

groups of barley in this study.

Examination of the correlation coefflcients found for barley

quality traits and leaf area measurements revealed onLy three

associaLlons which were signiflcant. Leaf length was significantly

and negatively associated with diastatic pohrer in both the two-rowed

barleys and the (6 x 2) crosaes. A large positive but non-signifi-

cant correlatlon coef,ficient was found for Leaf length and diastatic

povrer in the six-rowed barleys. Total leaf area at heading time

was significantly correLated with ba3ley extract in Ehe (6 x 2)

crosses. In general, no single Leaf area trait rras found to be

associated with the three quality tralts in the three groups.
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Table 38

A surnrnary of the simpLe correlaEion coefficients for
diastatic power, barLey nitrogen, and barley extract
with yield, components of yleld, total leaf area, and
components of total leaf area at heading time

Group Traits_ Diastatic power Barley nitrogen Barlev ext.

Yteld1

2
3

I
2

3

1

2
3

I
2
3

T11lers/
plant

Kerqels /
IIead'"

Weight/
kerneL

TI.A

Iillers /
plant

Leaf length

Leaf width

Diastatic
Power

Barley
nitrogen

0.274
-0.244
-6"442

-0.456
-o,224
-0. 238

0.865*
0.521

-0.974*

o.260
-o.27L
-0.2s6

0.313
-0.301
-0.32 1

-0. 688
0.305
o.263

o.770
-0.733*
-O.772Hc

o.765
-0.404
-o.326

0,3gg
-0.152
0.575*

0,748
-0.333
-0. 169

0.290
-0.947:krt
-o.L22

0.273
-0.531
-0.2a4

o.327
0.137
0.152

0.488
-o,290
-0.260

-0. 150
0.1.11
0.408

0.729
-0. 238
-0.309

0.146
-0.288
-o.266

0. 143
0.653*
0.343

-0.665
0.500

-0.106

0.806
0.265
0.110

0.464
0.429
0. 152

-o.527
o.2L9
0.820#

-0.755
0.251

-0.208

0.588
0.423
0.292

0. 789
-0.277
o.532

1

2
3

L

2
3

L

2
3

L

2
3

t
2
3

I
2
3
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TabLe 38, continued

Group Traits Diastatic power- Barley nitrogen Barley ext.

1 Barley 0.950r* 0 ' 136
2 extract -0,449 -0.269
3 -0,120 0.229

1 = six-rowed barleys
2 = two-rowed barleys
3 - (6 x 2) crosses
n-6
n=10
n-L2
* Significaat at five percent level
*signlficant at one percent leveL

The assoclations beEween the three quaLity traits found on

Table 38 were lnconsistent for the three different grouPs in this

study. Barley nitrogen was not associated with barley extracE in

the three groups. A positive assoclation betldeen barley nitrogen

and diastatic power Idas found for the (6 x 2) crosses, while these

two traits rlere not associated in the six-rowed and two-rowed

barLeys. Diastatic power was positively associated wlth extract

in the six-rowed barleys.
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DISCUSSION

The success of hybrid barLeys in comsrcrcial production will

partLy be dependent upon the extent of hybrid vigor present.

Heterosis for grain yield will certainly be one of the maJor objec-

tives in hybrid barley programs. Whether heterotic responses will

be sought for Leaf area traits and malting quality has not yet been

determined. However, total leaf area and its components offer an

excellent opportunity to study the expression of heterosis for a

complex tralt in reLationship to the behavior of its components.

The economic importancea of rnalting quality tralts justifies the

investigation of heterosis for maLting quality.

It has been suggested by Williams (1959) and Adams and Duarte

(1961, 1963) that the interaction between components of a complex

trait can produce a large amount of heterosis in the complex trait.

Likelihood of this type of component interaction to produce hetero-

sis is obtained when large differences in the componenta exist be-

trdeen t\e parental varieties. The exlstence of two morphologicalJ.y

different species of cul-tivated barleys enables the barley breeder

to obtaln parental varieties with Large dlfferences i.n the components.

The parental. varieties in this study possessed Large differences

in their components of grain yield. These differences couLd be

associated with the row number characteristic in the parental

varleties. These findings wouLd suggest that the hybrids between

six-rowed and two-rowed parents should exhibit more heterosis than
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hybrids within six-rowed parents or two-rowed parents.

The pathway coefficient analyses indicated that the direct and

indirect effects of the components of grain yield were not the same

for six-rowed and two-rowed barLeys and six-rowed x two-rowed

crosses. As expected, til1er number had the Largest direct effect

in the two-rowed barleys, whiLe kerneL number and tiIler number were

about equal in their dlrect effects in the six-rowed barleys. The

extremely large direct effect of kernel number in the (6 x Z)

crosses rrere unexpected. The row number character in barley is the

primary determining factor of kerner number per head. The two-rowed

condition is dominant to the six-rowed condition but there are

apparentLy several. modifiers which aLter the expected resuLts of

some six-rowed x trdo-rowed crosses. rn fact, some (6 x 2) cros8es

in this study approached the parental mean for kerneL number per

head, while other (6 x 2) crosses were similar to the two-rowed

parent" Those crosses wlth more kernels per head than expected were

also higher yielding crosses; thus, the large direct effect of ker-

nel number rras obtained ln the (6 x 2) crosses. However, grain

yield was not increased as much as expected by increasing kernel

number per head because there rras a Large negatlve associat.ion be-

Erreen kernel number and kernel weight. The extra kernels formed on

the (6 x 2) hybrids were in the lateral florets and were quite small

in comparison Eo the kernels of the central florets.

Since large reciprocal differences existed in the components of

yield of I. vulgare and H. distlchum, larger amounts of heterosis

would be anticipated in rhe (6 x 2) crosses than in the (6 x 6) or
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(2 x 2) crogses. rf there ls perfect additivity (no heterosis) for

all the componente, there can stlll be a large amount of heterosis

in the complex trait (Wtlltans, 1959). That is to eay, if rhe

parents complement one another in their cooponents and the hybrid

is exactly lntermediate for the components, the hybrld nray stilL ex-

press a large amount'of heterosis for the complex trait.

The general lack of heterosls in rhe . (O x g) and (2 x 2)

crosses for grain yield and the components of graln yleld may be

attributed to the Lack of genetlc diverslty among the parents. The

Lack of heterosls ln the ;'(6: x 2) crosses cannot be attributed Eo

this causer. atnce supposedly large genetlc and morphologlcal

differences exieted between !. vulgare and II. dlstichum pareuts.

Heterosls for grain yield was not found ln the (6 x 2) crosses be-

cause tlIler number and kernel number per head dld not behave ln an

additlve marrner. The fatlure. of the additive expresslon for kernel

number was expected slnce the fwo-rowed character ts consldered to

be doroinant over the six-rowed charscter. There was a large anount

of heterosie for kernel welght in these crosses (6 x 2) but this

component appears to be of Lesser lmportance thad tlller number and

kernel nunber ln lnfluencing grain yieLd; therefore, the occurrence

of this heterosle did not offset the Lorrer values obtained for

tlller number and number of kerneJ.s per head.

There is another possible explanatlon for the general lack of

heterosls for yield, as well ae for alL the traits in thls study,

The F1 plaate and parents were grorrn under very favorabLe growing

conditions. The plants rrere space pLanted and the length of the
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grolring season was prolonged in the protection of the greenharse.

rt has been suggested by suneson (1962) that these conditions tend

to minimize the differences between hybrids and their parent,s. Thls

has been supported by Aastveit (1964), who found that the environ-

mental-genotype int,eract.ions were a significant component of hetero-

sis. Therefore, lt might be anticipated that under lese favorable

growlng conditions, as in the field, a greater response due to

heterosis would be found.

The combining abtllty estlmates for yield and the components of

yleld for the (2 x 2) and (6 x 6) crosse8 were in agreement with the

resurts of the expression of heterosis except for weight per kernel.

A large component for specific combining ability which indicates

non-additive gene action or heterosis, was anticipated for kernel

weight in the (6 x 2) crosses. However, a1l of the genetic variance

for kernel weight in thls group was found ro be additive <ffi1 in

nature. Thts polnts out that heterosis can occur when non-additive

gene action is not detected by comblning abllity anaLysis. This

may possibly be due to some addittve x additive lnteraction scheme.

The heritabllity estlmates obtained by manipulation of the com-

Ponents of combining ability estimates reflected the general. lack of

genetic varLance in the (2 x 2) crosses and the higher amount of

additive gene action than non-addltive in the (6 x 2) crosaes. The

hlgh narrorr-aense heritabiLlty estirnate for kernel number per head

ln the (6 x 2) crosses indicated that the modifying genes of the row

nurnber character lrere possibly additive in nsture.

It could be concl.uded from the results of this study that little
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wilL be gained in heterosis for grain yieLd by crossing E. vul.gare

with Il. distichum in the production of hybrids, This was true,

even though these two species would appear to complement each other

in the components of grain yield. The interaction of components to

produce heterosis apparentl.y did not occur as ant,icipated. Barley

breeders wilL probably be more successful in producing high yielding

hybrids by crossing parents within the same species which pos6ess

large reciprocal differenees in the components of grain yield.

The two species, H. vulgare and H, dlstlchum, lrere found to

differ reciprocally for the components of total leaf area (teaf

length, leaf width, and til.ler nunber). The dlfferences in leaf

measurement traits were conslstent for the Ewo stages of growth.

The lack of significant differences for the leaf area, tra:lts for

the (2 x 2) crosses indicated that the two-rowed parents were not

only phenotypically similar but also genetically similar. This was

not the case for the (6 x 6) crosses where large differences in al-

most all of the components were found. This woul.d suggest that the

six-rowed parents were genetically different.

The pathway coefficient analysis indicated that the contribu-

tions of the different components for the three groups of barley at

trdo stages of growth were not the same. The fact that leaf length

and leaf width behaved differenrry in rhe (6 x 6) and (2 x 2) crosses

further indicates that inherent differences exist between six-rowed

parents and two-rowed parents.

Since larger differences exist in the components of tLA be-

trreen six-rowed and two-rowed barleys, more heterosis for T[,A w.ou].d
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be anticipated in the (6 x 2) crosses than in the (6 x 5) or (2 x 2)

crosses. This expectatlon is based on the concept that additivity

in the hybrid for components of complementing parents will produce

heterosis in the complex trait. It should be pointed out that al-

though the (6 x 2) crosses met the requirement of complementation

between parents as a group, they did not exhibit the expected

amounts of heterosis. In fact, only one croas exhibited heterosis

in the amounts anticipated in Ehis group of crosses. The prlnciple

reason for the fal1ure in the expression of heterosis in crosses of

this type was due to the inconsistent addltlve behavior in the com-

ponents. I{hen al.l three components behaved in an additive Eranner,

as was the case for three crosses ln this study, the hybrids had

I[,Ars which significantl.y exceeded the better parent.

ALthough the selection of parental varieties for the production

of hybrids with large complementing differences in their components

wouLd enhance the possibility of heterosis ln the complex trait, lt

does not insure its occurrence. If the components are not abl,e to

respond in an additive manner due to genetic reasons, such as domi-

nance of the low value, heterosis may not occur in the complex

trait. It should also be pointed out that not aLL conponents con-

tribute equalLy to the complex trait. Therefore, faiLure of addi-

tivity tn a component with a larger contribution'results in more

loss than can be offset by a Large amount of heterosis for a Lesser

component. Tiller number as a component of TLA l-s a good example

of this situation. Another factor in the expression of heterosis

through the combination of complementing components in a hybrid is
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biological limitation. It may not be biologicalLy possibLe to have

high values for a1.1 components in one plant. An example of this

mlghE be drawn from the response 'observed in the (6 x 2) crosees for

kernel number and kernel weight. Those crosses which had large

numbers of kernels per head also had smaller kernels. This could

be due to the fact that the pLant is able to produce onLy so much

substrate and this can be used either as kernel number per head or

kernel weight. If kernel number is increased, weight per kernel

will correspondingly decrease when there ls a Large negative asso-

ciatlon between these two factors.

The estimates of the componentg of general and specific com-

blning abllity were in good agreement with the expresslons of hetero-

sii, lIore heterosis for TLA was found at heading time than prior

to heading and correspondingly the amount of non-additive gene

action as indicated by (SCA) component increased. In general, only

a sma1l amount of non-additive gene aetion !ras. found for leaf length

and leaf width at both stages of growth and foi both groups of

crosses. This corresponds to the general lack of heterosis for leaf

length and leaf width. llore heterosls and correspondingly more non-

additive gene action rras found for tiLler number per pLant.

The heritabil-ity estimates indicated that leaf dimension

characters hrere controlLed prirnarlly by additlve genes whiLe ti1ler

number rdas controlled by non-addltive and environrnentaL components.

The changes in the magnitude of the different estimates of

gene action for Leaf area characteristics at different stages of

growth are in agreement with findings of Ktreiralla and
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Whittington (1962) in tomatoes. These results support the view

that extreme caution is necessary in generalizing from a genetic

analysis made at only one stage of growth.

The relationships between the leaf area measurements and yield

and components of yield were rather inconsistent in this study.

The different dimensions of the Leaf and leaf number appeared to

have different associations rilith grain yield and components of grain

yield for six-rowed, two-rowed, and six-rowed x two-rowed crosses,

Large total leaf areas did not appear to be highly associated irith

grain yield in all barleys. Thls was in agreement with the

flndings of. Watson and co-workers (1958).

UaLting quality can be considered to be a complex tralt. It

is composed of many physical and chemicaL components. In this

study, maLting quality rdas asaumed to be composed of three quality

traits. In order to obtain one value for the complex trait, an ln-

dex value was computed for all the entries in this study, For sim-

plicity and continuity, this index rJas assumed to be a measure of

the complex trait, mal.ting quality, although it is adurittedly an

artificial value and has no real existence such as grain yleld or

total Leaf area.

The troo species, 3. vulgare and H. distichum, in general, dld

not have the same uralting quality values. The parental varleties

within a particular species lvere quite uniform for barley nitrogen

and barley extract. The construction of the index which r^ras com-

posed of barley nitrogen, diastatic power, and extract measurements

also demonstrated the general trend of crosses and parents within a
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species to be similar. rt lras apparent that when the two-rowed

parent (Ilannchen) was selected as a standard for malting quality,

Lhat differencea associated with the row number character occurred.

This indicates that crossing withir H. distichum will produce hy-

brids with malting quality more similar to Hannchen than crossing

within H' vulgare. However, the extstence of large dlfferences be-

tween rI. vulgare and Il. dis-tichun in malting quality offers the

opportunity to increase or decrease these values through hybridi-

zation. If higher diastatic power or l-ower nltrogen content, became

desirable quality factors for two-rowed barleys of oregon, then the

!. vulgare sources of variation ln these components coul.d be of

direct interest" The reverse would be t,rue in areas where six-

rowed barleys are the predqmtnant maLting barLeys.

If hybrid barleys are grown for malt,ing, the existence of

heterosis for maltlng quality may or may not be desirabLe. rt is

certain that large heterotic responses for such components of

malting quality as nitrogen content and enzymatic activities could

greatly modify the quality of the hybrid barley. Ileterotlc re-

sponses for such things as kernel plumpness and malt extract would

be very desirable.

Estirnates of heterosis for malting quality in this study indi-

cated that very littre heterotic response occurred for the three

components of maLting quality or for the combination of these com-

ponents in the quarity tndex values. The intermediate behavior of

the crosses between E. vulgare and II. distichum wouLd indicate a pre-

dominance of additive gene action for the quality traits. rf this



94

is the general trend of resuLts obtatned when these two species are

crossed, it could be concluded that hybrlds with acceptable malting

quality can be obtained. Parental varieties which were widely

different in thelr malting quality could be used in the production

of hybrid barleys for malting provided the differences in the com-

ponents of maltlng quality eomplemented one another.

The combining ability estimates for diastatic porrer and extract

in the (2 x 2) crosses suggested that only additive difference8 were

present. BarLey nitrogen appeared to be lnfluenced only by environ-

mental factors. The slight differences ln nalting quality ln the

(2 x 2) crosses was due predominantly to envlronmental factors for

all crosses. Larger genetic variances were found ln the (6 x 2)

crosses which indicates that the six-rowed and two-rowed parental

varieties rrere geneEically dissimll-ar. Diastatic power appeared to

be control-led primarily by addirlve gene action; thus, a hlgh

narrorr-sense heritabllity estimate was found. These results are in

agreement with the findings of Rasmusson and Gl-ass (1965).

Since there were only a few significant associations found be-

tlreen the three malting quality traits, yieLd and its components and

total. leaf area and lts components, it was not possible to determine

the pLant types which would have hlgh or low ulalting quality. These

few significant correlatlons suggested that the reLationships between

these traits lrere not always the same in six-rowed barleys, two-rowed

barl.eys and six-rowed x two-rowed crossea.. The interrelationships

between the three malting quality factors indicated that slx-rowed

barleys, two-rowed barleys and six-rowed x trro-rolred crosses did not
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behave the same ln this study.
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ST'MMARY AND CONCLUSIONS

The major objectlve of this study was to measure the amounte of

heterosis for three compLex t.raits and their eomponents. A further

objective rilas to investigate the concept of component interact,ions

as a means of producing heterosis ln conplex traits.

To accomplish these objectives, grain yie1d, total leaf area,

and rnalting quallty were each subdivided into their components and

measurements of heterosis were made on 21 Ftt". In addition, path-

way coefflcient analyses were computed for grain yleld and total

leaf area to determine the relative importances of the varlous com-

ponents of these complex traits. Estimates of gene action for all

tralts were obtalned by combining ability and herltabllity eettmates

and'these estimates were reLated to the occurrence of heterosis.

Since two distinct specles of barley were included in this study,

the parents and crosses were studied separately and differences be-

threen and within species were determined.

From the results of this study, the following conclusi.ons can

be made:

1" Large differences in the components of graln yield and total

leaf area existed between the crosses and parents of H"

vulEare and the crosses and parents of H. distichum.

2. There was a generaL lack of heterosis for graln yleld in

al.I crosses. This was true for the (6 x 2) crosses, even

though large differences in til.lers per-plant, kernels per

head, and weight per kerneL were present in the six-rowed
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and two-rowed species. Component lnteractions to produce

heterosls for graln yield apparently did not occur. The

principle reason for this was the fail.ure to obtaln addi-

tivlty for kernel nr:mber per head and tiLLer nunber per

plant and these two components are the most important com-

ponents in determining grain yield in'both parental

species.

A limited amount of heterosis was found for totaL leaf

area ln alL crosses. There,.was one cross in each of the

(6 x 6) , (2 x 2), and (6 x 2) crosses which exhibited a

Large amount of heterosis. Upon examination of these

crosses, it was found that when the parents possessed

Large dlfferences in the components and these differences

complemented each other in the hybrids, heterosis was ex-

hibited, There rdas no heterosis for the comPonents in the

three crosses but, a Large amount ln the complex trait,

total leaf area.

Estimates of gene action lrere, in general, in agreerirent

with the observation on heterosis, the major exception

being for weight per kernel in the (6'x 2) crosses.

There were no clear assoclatlons between the leaf area

measurements and graln yield and its components in this

study.

The three malting quallty traits were found to be c1.ose1y

associated wi.th the row number characteris.tic. The con-

struction of a quality index composed of all three traits

4.

5.

6.
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also demonstrated this association.

There was only a s).ight amount of heterosis found for

barley nitrogen, diastetic polder, extract, and the com-

posite of these three .(quallty index) " It was suggested

that additive gene actl-on was the predominant tyPe of gene

action controlling the quality traits and because of this,

hybrids with good malting quality could be obtained.

MaltinB quality was not associated with grain yield and

its components and total leaf area and its components ln

this study.

B.
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Appendix Table
A description of the seven parental

1

spring barley varieties

Row

No.
Cross

Pa

Trail1

arlas 46

Trebi

Domen

Hannchen

Pirol ine

Abed Denso

C.E. No.

9538

7323

936

9562

531

9ss8

Strav

ltid ta I I

Midtall

Midtal.l

Midtall

Short

Heading
tlme.

Early to
midseason

Midseason

Late
6eason

Midseason
to late

Midseason

Hidseason
to late

Usd OrleinPedieree

T1

A

T2

D

A selection from Slx
Titaa x Kindred

A bulk from Hanna x Six
At1as7 and Turk x
Atlas8

Unknown

A selection from Iwo
Opal B x llaskin

A pure line selec- T\lo
tion from Hanna

A selection from Ttro
Weihemstephaner MPJ
x Dlargensot

A field mutant from Trso
Abed plant Breeding
Station

Midtall Hldseason Malting

Midtall

Six

Maltlng

Feed

Malting

Ualting

Maltlng

North
Dakota

California

As iat ic
Turkey

Norway

Sweden

Holland

H

AD Not re-
leased

Denmark

o(,
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Appendix TabLe 2

A numerical example of the computation of the
quality index for the variety Trebi

Quality Index =

= -2.35 -1.36 -5.66

= -9,47

f r33u3

Hannchen (stqndard)
2, 38

2r7.2

79.9

r11 = .955

t22 = .739

r33 = .828

-f.,

2

,", 
I

57 .2

76.0

- 1,,, u,

Barley nitrogen

Diastatic porrer

Extract

Barley nitrogen and nalt nitrogen

Barley diastatic poh,er and malt diastatic poh,er

Barley extract and malt extract

= .Trebi x nltrogeF_: Hannchen. x Trltrogen
Standard deviation for nitrogen

.739 x 2.LI

u1

u2

u3

- Treb{ I.D.-P..- ltannghen_I_D.P. . - 257,2-Zt7.Z = Z.LLStandard deviation for D.P. 1&935

- Trebi x extrqqt - Hannchen x extlact -76.9=19.9 - -6.72- - .580

Qr = -f .rrr x -2.46

- 2.22-2,38 = -2,46
.0649s

+ .B2B x -6.72

Treb
2,2



Appendix Tab1e 3
Estimates of general aad speclfic combining abiltty, com-
ponents of general. and specific comblning ability and
narrow-sense heritabllity estimates for Leaf length in
the (2 x 2) crosses

Leaf Length

DPH

105

{(xi.)2 - 767,876.Lo

(x..)2 = 767,726.44

{ (xij)2 = L28,03s.04

x..

i 2 = 287.2

x. .'+(767 ,876.10) -t(207 ,726.44)
- 74,83

- 74,83 = 18.7075
4

2 X,, = 1281035.04-
(P-1) (P-2)
383,038.05 + 255,908.81=5,80

AD Xl.
D

P

H

A

x

- 145.3 Ls2.3

145.3 - L43.9

L52.3 L43.9

L49 .3 r41.4 L44.O

149.3 446.9

L4L,4 430.6

1.44.0 440.2

- 434.7

. J 446.9 430.6 44O,2 434.7 L7524

a[sstcce>]= * {(xr." -'#
ss (ccA)

+[tsrscafl = {(xri)'- h {$i.)2 *

ss(scA) =tP = 1.4500

AnaLvsis of Var e Table
Source df SS ms ExpecEed

Entries
GCA

SCA

Error

5 20.16 4.0320
3 18. 7r. 6.2367
2 L.45 ,7250

15 25.85 L,7233

aolsce + Bf Zccl
+ 6Zse,e,

CZe +
CZe +
f2e

Components

GCA = 6'2367 
= 

L,7233 = .5641 - | addirive variance
8

SCA = 0.0000 (best estimate)
c zf2ee,l

htns =

* \.1?_g? = .3e562. 8515

= L.7233
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Appendix TabLe 4
Estimates of general and specific combining.abtlity, com-
ponents of generaL and specific combining ability and
narrow-sense heritability estimates for leaf length ln
the (6 x 2) crosses

Leaf Length

tt ;,1 jz x.i 
^D L57,3 134.0 L52.6 4$:9 {(Xr. )' = 972,055.10

P 141 . o L28 ,g L4L .g 411 . B { (x, J)2 - 727 ,455 .78

H L52.3 133.1 140.8 426.2 {(x13)2 = 243,262.0g

AD 150. 3 131 .3 141 . 7 423 ,3 X, .2 = 2 $O7 ,7O7 .O4

X1. 600.0 527.3 577.O 1705.2 x.,

(4) ssccA(6) = +' + - 243,013. 78 -' 242,308. 92' 704.86

SSGCA (6) = 704'8Q = L76.22'4

(4) sscca(2) = E{ri =# = 242,48s' 26 ' 242,308' 92 = L76'34

ssccA(2) =L79'34 + 44.09
4

u2(4)ss(scA) = fX15 - ? - ssccA(6) - ssccA(2) - 243,262.08

- 242,308.92 = 953.L6

ss(scA) - 95?'16 - t76.22 - 44.09 = 17.98
4
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Appendix Table 4, continued

Analysls of Variance Table

Source df SS m6 Expected m.s,

Entries 11 238.29 2L.6627

ccA(6) 2 L76.22 88.1100 C2"++fzsc,e+L262ga461

ccA(z) 3 44.09 L4.6g6t d2e + 4 62sct + Llazcc (2)

scA 6 L7.g8 2.gs67 fZe+4fzscA
Error 33 63.77 L.g32 f2"

Components

6Z^U(O> = 88.1100.: 2.9957 = 7.o9ZB = N addirlve (6)
L2

f zCC6e, = t4.6967 -:.2,9967 =,1;.7313 = | addttive (2)
L6

trm, = # [ry - 2.ss6l= 3.01e5 =

I additive variance
. z 2f 2 d, 6.0390 722.rn mg = - m. 

.,ir-
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Appenflix Tablc 5

A suurnary of the val.ues of the 21 crosece and seven
parents for malting nitrogen, diastatic power, and
barley extract, and the group averages for the 6 x 6,
2x2,and6x2andparents

Group Cross Barley N Barlcv DP Barlev cxt.

6x6

2x2

6x2

Parents

Tt)(A
T1XT2
TZ)(A
Ave.

HXD

EXP
H)(AD
DXP
D)(AD
P)(AD
Ave.

AXD
A:(AD
AXP
AXH
TtxD
T1)(AD
TlXP
TlXH
TZXD
Tz)(AD
TZXP
TZ)tiH
Ave.

T1
A
T2
D

P

H
AD
Ave.

2. 18
2. 18
2.34
2.23

2.2L
2,36
2.3L
2.29
2.L7
2.23
2.26

2,36
2. 30
2.35
2.44
2.38
2,56
2,3L
2.52
2.45
2.43
2.46
2.53
2"42

2,LO
2.09
2.2L
2.47
2.34
2.45
2.38
2.29

L44
205
L24
L57,7

207
2L4
L77
237
201
207
207,L

LzL
116
135
118
23L
236
22L
25L
L92
187
2L8
2L7
186.9

223
75

1.48
L97
189
L75
L72
168.4

73.7
75.0
73.0
73.9

79.3
76.7
76.2
78.0
79.O
76.8
77.7

72,9
74.8
73.8
74.5
76.8
75,6
76.0
75,9
76.4
75,4
75.3
75.6
75,3

75.9
72.7
73.2
76.9
7s.9
76,2
75.7
75,2



1u9

Appendi:r Table 5

A sunrnary of the values of the 21 crosses and seven
parents for rnalting nitrogen, diastatic poh,er, and
barley extract, and the group averages for the 6 x 6,
2x2rand6x2andparents

Group Cross Barley N Barley DP Barley ext.

6x6

2x2

6x2

Parents

Tt)(A
T1XT2
Tzy;,"
Ave.

HXD
HXP
HXAD
DXP
DXAD
PXAD
Ave.

AXD
N(AD
AXP
AXH
TtXD
TIXAD
TlXP
TlXH
T2XD
T2)(AD
T2XP
T2XH
Ave.

T1
A
T2
D

P

H

AD
Ave.

2. 1B
2.LB
2.34
2.23

2.2t
2.36
2.3L
2.29
2.17
2.23
2.26

2.36
2,30
2.35
2.44
2.38
2,56
2.3L
2.52
2.4s
2.43
2.46
2.53
2.42

2,to
2.09
2.2L
2.47
2.34
2.45
2.38
2.29

L44
20s
L24
L57.7

207
2L4
177
237
20L
207
207 .L

L2L
115
L35
118
23L
236
22L
2sL
L92
187
218
2L7
186. 9

223
75

148
L97
189
L75
L72
L68.4

73.7
75.0
73,0
73.9

79.3
76.7
7 6.2
78.0
79.0
76.8
77.7

72.9
74.8
73.8
74.s
76.8
75,6
76.0
7 s.9
76.4
75"4
75.3
7s.6
75.3

7s.9
72 "7
73,2
76.9
75,9
76.2
75,7
75,2




