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Manítoba, June , 1978. Eåfects of Redu-ced Plan-b Heieht

on Ëreefi:!4åReq uirements and Agronomic Behaviour Ín Barlev,

llgrdeum Vu]-gare, i,. lvlajor Professori Dr. S.B. Helgason.

three barley, Hordeum lg¿g3g, L., populations, each

having one semi-dwarf parent in c onmon, were inve stigated

for tv¡o years at two locations" lhe objective was to

estimate heritabilitÍes of several agronomic parameters,

their genotype by environment interactions r and their inter-
relationships, with particular emphasis on plant height.

Plant height was highly heritable and adversely related to
all other agronomic tralts except lodging. The se adverse

relationships, although significant, were not strong. The

most serious drawbacks of reduced plant height were asso-

ciations with reduced kernel size parameters and late

rnatwity. Environmental Ínteractions and- their effects on

testing procedures for all- characters measured are discussed

in the manuscript, as are further character interrelation-
ships .

three seni-dwarf and two tal-1 genot¡r¡les were tested

for response to nitrogen fertilization at three locations

during two years. No genotype by fertilizer j-nteractions
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occurred for yield, but the se¡ni-dwarfs tended to perform

better under more optitnu t growing cond.itions, ie. better
weed control, moisture and fertility.

One semi-dwarf and one ta1l genotype were tested at
three locations to determine the effects of altered plant
density on relative performance. Again no significant
inieractions occurred for yie1d, ho¡/ever, there was a ten-
dency for the semi-dwarf to show relatively greater improve-

ment than the tâll as plant density i-ncreased. The seraj--

dwarf showed a negative response to adverse growing

conditions.

The semi-dwarfs studied appeared to achieve yield
improvernents via increases in the nunber of spikes per unit
area and kernels per spike, at the expense of kernel weíght.

îhe ínterre lationships of these yield components are discussed

with particular reference to the semi-dwarfs, as are methods

for developing high yielding semi-dwarfs with an improved

bâlance among the yíeld components.

Pre liminary research was conducted to detêrmíne the

relati-onships of plant height with coleoptile length, root
system size and growth rate, energence rate and abiÌity.
Plant heíght was poÊitively associated with coleoptile
length. Shorter genotJ4)es appeared to have snalLer, slower

growÍng root systerns. Emergence rate a¿d ability were not
affected b). reduced height. these paraneters were all
positively associated with kerael size.
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height on these traits, in three six-rowed barley populations,

each derived from a tall by semi-dwarf cross and grown in
Southern Manitoba.

(Z) Oetermine the relative association of plant height

with several agronomic and quality parameters, and some of

the Ínterre lationships of these traits in these sarûe three

crosses.

(l) Evaluate these three populations and indívidual
Iines within each for several agronomic and quality charåc-

teristic s.

(4) Svaluate the production potential of some selected

short statured (semi-dwarf) barleys relative to ta1l barleys

in South-tentral Manitoba.

(J) Deterrnine the response of selected seni-dwarf and

talI barley genotype s to high levels of applied nítrogen

fertilizer in South Central Manitoba.

(6) Evaluate the relative performance of ta11 and

semi-dwarf genotypes when grown at various combinations of

row spac ing ånd seeding rate in South-Central Manitoba.

(7) Investigate the relationships between plant height

and (a) root system size and growth parameters, (b) coleop-

tile length, (c) ability to, and rate of, emergence; and

the lnterre lationships of these characteristic s.



I]TERATURE REVIEW

Semi-dwarf Growth Habit

The advantages of reduced pl-ant height in several

cereal crops were recognized by plant breeders and agron-

omists well before the discovery and introduction of dwarf

and semi-dwarf germplasms. Briggle and Vogel (1968) indieat-
ed that the trend to shorter wheat cul-tivars in the United

States began in the early 1940's. This was primaríly an

attempt to improve straw strength and a1low more flexibility
in farn management practices, especially to make better use

of nitrogenous fertilizers.
lhe North .A,merican semi-dwarf revolution began wi-th the

release of "Gaines" wheat by Dr. 0. A. Vogel in the North-

western United States ín L96L. This short strawed cultivar
was developed via selection froln the progeny of a cross

involving a Japånese semi-dwarf wheat, "Norin 10", which

had been brought to the United States by Dr. S. t. Salmon

in l-946 (Reitz and Salmon, 1968). The tremendous success

and exceptional yielding ability of fGainesn' drew worldwide

attention.
Another widely heralded achieve¡nent was the semi-dwarf

rice cultivar øIRB", released by the International Rice

Research Institute in 1968 (Chandler, 1968), which led to a
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new era in rice research and production. Again the purpose

of the shorter straw was to allow more intensive use of

farm inputs, especÍally nitrogenr to increase grain yields.

Semi-dwarf rice varieties have Led to as much as double the

yields of the older standard height cultívars in sone areas

of Asia.

Short-strawed wheat and rice genotype s have been suc-

cessful- primarily due to their improved lodgíng resistance

under conditions of both high fertílity and moísture

(Briggle and Vogel, 1p68¡ Chand3er, 1969). Nevertheless

Briggle and Vogel (1968) índicated that the semi-dwarf

wheats did have some inherent yÍeld advantage as wel-l.

Success with wheat and rice prompted researchers in
other crops to look for a similar avenue of irnprovement.

Mutants produced by irradiation have been the prímary source

of short straw in barley. Among released semi-dwarf barley

varÍeties are "Midas" developed in the United Kingdom,

offering a potential ten percent yield advantage over other

varieties at the t j-rne of its release (World Crops, L969),

and "Deba Abedr', a Danish variety offering greater response

to nitrogenous fertilizers as conpared to sirnilarly adapted

standard eultivars (Kirby, 1968 ) .

Konishi (L9?6) indicated that the main barley growing

areas of Japan are occupied by semi-d.warf cultivars with

the "uzun gene giving them all a semi-brachytic growth

habit. The most common Japane se variety of this type is

"Akashinriki".
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In the United States the barley breeding project at

the University of Mínne sota has been the most successful

in developing semi-dwarf genotypes, utilizing a semi-dwarf

source produced by irradiation of the Norwegian cultivar
"Jotun' at the Norwegían Gol.Lege of Agriculture, VollebeJ-sk,

Norway.

This project has registered M21 and M22' two germplasms

with good agronomic performance and adapted to the mid-

western and northern barley growing areas of the United

States (Rasmusson et al. , L9?3),

This sarne source of short straw has been utilízed to

develop types adapted to the Canadian prairies by the

bartey project group at the University of Saskatchewan in

Saskatoon. Germplasm from both these institutions is being

utilized at several locations throughout North Ameríca.

Heritabi-lity and Selection

fhe plant breeder is faced with the task of exploiting

the available genetic variabilíty and avoiding or modifying

undesirable character associations in order to develop a

genotype which has some advantâge over presently available

ones and is both agronomically and commercially acceptable.

îo exploit the available variability one must impose some

type of selection. Since most agronomically ímportant

characters are quantitatively inherited, and therefore

greatly ínfluenced by environmental conditions (Fiuzat and

Atkíns, ]-g53), one needs ã measurement to determine the
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extent to which the observed variability is heritable and

therefore selectable. Such a measurement is termed herit-
ability, and, in the broad sense, is measured by the ratio
of the genetic variabilit¡' to the environmental varÍability
(A]lard, 1960). This measurement gives the breeder an indic-
ation of the method of selection most likety to succeed,

the sel-ection íntensity required in various generations and

the generation during which selection is most 1ikely to be

effective.
Heritability estimates for yield and other plant

characters have been calculated in several- crops (Fiuzat

and Atkins, Agfi). In general, characteristics such as

maturity and plant height have been reported to be highly

heritable, while yield and its related components have been

l-ow in heritability. It shoufd be noted that heritability
estimates in self-pollinated crops are dependant on: (1)

the generation in which they are neasured, since with in-
creased homozygositÍ, the non-heritable (dominant) fraction

of the genetie variance j-s decreased in cornparison to the

additive (heritable) fraction (Grafius et 41., 1952)¡

(2) the amount of geneti-e variability in the naterial
studied, and (3) the method used to cal-c ulate the genetic

variance and thus the herÍtability estimate (Frey and

Horner, !955).

Various ínvestigators have reported heritability
estimates for several characteristics in barley (fable 1).

Heritability estimates have generally been high for plant
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height, days to heaC.ing and days to maturity; interrnediate

to high for test weight and lodgingi and low to intermediate

for yield. The estinates for kerneL weight, number of
kernels per spike, and plumpness, have been nore variable,
but generally have been intermediate to high.

Herítabilities for quality faetors have not been ex-

tensiveÌy investigated. However, diastatic power or sac-

charifying activity and levels of o(-anylase appear to be

highly heritabLe, while barley nitrogen seens to be quite

variable and in general low in heritability.
fwo studies refeffed to in Table I (Fiuzat and Atkins,

1953¡ and Nasr et ù,. I9?2) considered crosses involving

short and tall genotypes. The heritabilities reported for
this material did not deviate greatl-y from those reported

for nornal height by norrnal height hybrids.

lable 2 contains herltabÍlity estimates reported by

several investigators from experinents invo lvíng tall x

seml-dwarf wheat crosses. llhese heritability estimates do

not differ frorn those reported for other crops nor from

ta1l x tall wheat crosses, indicating that shortened straw

had litt1e or no effect on transmission of other characters.

One exception to this is the very low herítability for days

to raaturity reported by Dyck and Baker (L9?5). fhe selec-

tion of agrononically desirable hÍgh yielding semi-dwarfs

in numerous wheat breeding programs around the world

(Morrlson and Campbe11, 1969) substantlates the conclusion
that shorter culm length does not affect the heritabÍlity
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of other chãracteristics in rn¡heat.

t orre lati ons

Altering an existing character, or bringing a new orre

into a breeding population imrnediately raises the question

of how it will affect other important characteri stic s " l\¡i11

there be any undesirable character associations? Reduced

plant height is such a parameter and many investigators have

reported its relationship to several agronomic and quality
characteristic s .

Plant height has been positively associated vrith yield
in barley (Fiuzat and Atkins, 1953; Sharrna, Lg?O ¡ Duwayri,

I)14 and Konishi, 1976), ín wheat (Johnson et al., L966(a),

Shahs, 1967¡ Fonseca and Patterson, 1p6B; Borojevic, 196B;

Kaufmann et al., 1969¡ Barriga, L974¡ Ðyck and Baker, 1975),

and in oats (Wallace gL 4, 1954¡ ?etr, 1959). KÍesselbach

et al., (1953), and Rutger et aI., (196?), both reported no

association ín barley as did Pepe and Heiner (19?5) with

wheat. Nasr gq aL (I9?3) reported no correlatÍon between

height and yield in six of seven barley crosses, and a

positive relationship in the other cross. fn wheat, Hamblin

and Donald (f9?l+) reported a positive association in material

at F3, but found no relationship in the same material at F5

under high nitrogen conditions. In fact the correlation was

negative but not significant.
McNeal et al. (Lg74) working with improved adapted semi-

dwarf wheats reported a negative correlation of plant height
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wíth yield. fhis group discussed the irnportance of the

influence of genotypic selection in correlation studies,
índicating that the genotypes studied may bias conelation
data. fn the barley work referred to, the study of Nasr

et al., (1973) involved tal1 x short- strawed crosses, and

the short genotypes were relatively unimproved and unadapted.

Konishi's study (Konishi, l-976) involved several Japanese

short statured types and a norrnal strain of barley. He

noted that the very short types were inferior while the

"not so shortrr types were not ínferior to the normal.

Konishi stated, *For increasing total production of a dwarf

mutant, it ís necessary to have long stems to some extent,
and so irnprove the form for light interception of the plant.,n

Konishi noted that similar results had been reported for rice
by Kawai (r9Ø) in that all dwarf rice mutants which had

stems shorter than BJ percent of the original variety showed

decreased yield.

"Perhaps the most outstanding character of semi-dwarf

wheats is resistance to lodging.rt, ( Bríggle and Vogel, 1968).

this posÍtive relation between shorter straw and reduced

lodging in wheat has been supported by many observations.

This led to a statement by Klatt (I9?3), to the effect that,
pri-or to L962, pAant, height and straw weakness had limited
the yield potential of wheat, which was significantly in-
creased by the first semi-dwarf varieties.

Chandl-er (1969) stated that in rice, the most important

single morphological feature affecting lodging resistance i.s



plant height, and that lodging decreased rice yield" The

exceptional yield of "IR8rf rice demonstrated the value of

shorter straw in reducing lodging and thereby allowing in-
creased yie1d, especially under growing conditions approach-

ing the optimum.

T-,odging is a problem in barley (CIMMYT Review, 19?6) '
and can cause large reductions in yield and its components

(Sisler and 01sen, 195L), Short straw has been associ-ated

with reduced. lottging by Ðuwayri (L9?4), Konishi (I)16)i and

Nasr g! aL. (1973) in two of seven crosses involving short

and tall genotypes. The latter reported no relationship in

the remaining five erosses studied. Rutger et a1. (1967 )

lÍkewise reported no significant relationship.

Yield cornponents have been much Ínve stigated in agri-

cultural crops (Adams, 1967). The yield components in

cereals¡ heads per unit area, seeds per fipj.ke'' and seed

weight, have been stltdied most notably by Grafíus and his

co-workers since 1956 (Grafius, L956), and Frey and his

associates since 1962 (Frey, L962), Since yield components

are often used as units of selection, the effect of morpho-

logical changes, such as reduced plant he i'ght, on these

components is of irnPortance.

lhe relationship between plant height and number of

heads per unit area has been investigated in the wheats.

T.,ebsock and Amaya (L969) reported a positive relationship in

one of four durun wheat crosses. Johnson et al. (1966(b))

and Fonseca and. Patterson (19óB) reported a positive relatÍon-
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ship in common wheat. 0n the other hand, McNeal et al",
(f974) in studies using âdapted short strawed ând normal-

height wheats, reported a negative correlation as did

Rutger et al" (196?) in a barley study" Konlshi (f9?6)

indicated all the short types he studied had as many, or

slightl-y fewer, spikes than the normal strain.
ft should be noted that the number of heads per unit

area is much affected by the environment, as evidenced by

j.ts 1ow heritability estimates (Rutger g!, al. , 1966t Lebsock

and Amaya, L969), Since seeding rates can be easily rranip-

uLated to give variation in this eomponent, many workers

have acknowledged its inportance but hâve chosen not to
relate it to other characteristi"e s 

"

Kernels per spike ís the yield component with which the

seni-dwarf plant types have had the least problem; probably

since the material used to introduce the short culm was

selected wlth this in mind. Rasmusson (L9?3) noted that the

se:ni-dwarf mutant stock used in the Mínne sota barley program

had "normal spike length". syne (1972) indicated that the

seni-dwarf wheats had more kernels per spike than the talls,
as did Johnson et a1. (1966 (b)). syme (19?2) stated that

his studies in wheat indicated there was not necessarily a

direct associatlon of kernels per spike and plant height.

Other reports in wheat concur: Fonseca and Patterson (1968),

Lebsock and Amaya (1969). However, Barriga (L964) indicated

a positive relationship whereas the report by McNeal et aI.
(1974) showed a negative relationship between ptant height
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and kernels per bpike.

Inconsistent relationships between kernel weight and

pfant height have been reported. A positive association

has been reported in barley (Fiuzat and Atkins, A953 and

Konishi, 1976) and in wheat by several workers (Johnson

et al. 1966àr Shahs, I969i Kaufmann g.!.4., 1969r Reddi

et a1., 1969). lwo inve stigations (Fonseca and Patterson,

1p6B; Lebsock and Àmaya, 1969) indicated a positive

relationship in some wheat and durum wheat crosses, and no

relationship in others, whí1e Vüallace et at. (l-954) report-
ed no association in oats, as dÍd Crook and Poehlman (f9?1)

ln results from a barley expe:'inent.

Konishi (f9?6) reported that the shorter barleys he

worked with were generally inferior to the normal cultivar's

for grain weight per spike, but, his better semi-dwarfs had

the same or slightly better grain weight per spike than the

normal. Hígh grain weÍght per spike results from a combin-

ation of large numbers of kernels per spike and high kernel

weight.

the relatíonshÍp of yield. and its components with plant

height is not consístent. Depending on the genotypes in-
volved in the study ând the environment in which the research

was conducted, various researchers have arrived at different
conclusions. McNeal et al. (19?4) stated, "these data

suggest that genotype determines the relationship of plant

heÍght to grain yield and yÍeld cornponents, as rnight be

expected when semi-d$¡arf and conventional height tlru)es are
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c onpared 'r .

Two other important agronomic characteristics are the

number of days to head5.ng and the number of days to maturity.

Barker (f964), working with barley, reported a posit5-ve

correlation of plant height with number of days to heading,

while Rutger et al. (f967) indicated they found no relation-
ship between these characteristic s. Konishi (f976) indicated

that the dwarfing genes involved in hÍs study retarded head-

ing. In wheat both positive (Fonseca and Patterson, L96B¡

Dyck and Baker, L975) and, negative (Johnson et al. , L966(a))

relationships have been reported .

Plant height and maturity have been reported as posi-

tívely associated in wheat ( Johnson et a1. L966(a) ¡ Kaufmann

et al., l-969), while T,ebsock and Amaya (1969) reported a

positive correlation in two of four crosses and no relatj"on-

ship in the others. Fiuzat and Atkins (fgfi) reported a

negative association between plant height and maturity in

bar ley.
Morphological changes may also lead to changes in

quality characteristics which are important in terms of

utilization and commercial acceptability. Test weight and

percent plurap kernels are important characteristics in

barley in terms of feeding and malting quality. Nasr gL åt.
(a973) indicated a positive correlation of height with per-

cent plumpne ss existed in four of seven crosses and the

sane for height and test weight in two of the seven crosses.

No significant associations were noted in the remaining
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crosses. Rutger et al. (L967 ) also indicated positive
relationships for these characters and plant height. Both

groups reported hi-ghly signifieant positÍve eorrelations
between test weight and percent plumpness as did Cr.ook and

Poehlman (1971). However, Crook and Poehlman (19?I) report-
ed no significant relationships between plant height and

these characteristics.
Rutger, et a1. , (t96?) reported a positive correlation

between pl"ant height and leve1 of a<-amylase, but no associa-

tion between height and diastatic power.

The relationship of protein and plant height has not

been reported in barley. However, Kaufmann et al. (tgíg)
and Pepe and Heiner (f975), reported no effect of plant

height on the protein content of wheat.

The interre J"ationshÍps of the yield conponents and

their association with yield are of importance to the plant

breeder (crafius, 1956). Quísenberry (1928) Índieated the

number of spikes per unit area was the most irnportant factor

in detennining cereal yield, closely foLlowed by the number

of kernel-s per spike, with kernel weight the Least important

of the three components" This general statement has been

supported by research to the present time.

Yield has been reported to be positively correlated to

the number of spikes per unit area ín wheat by several

authors (Fonseea and. Patterson, 1968¡ Lebsock and Amaya,

1969r Hsu and Ìia1ton, t9?0¡ McNeal et al-., I9?4), and in
barley by Fiuzat and Atkíns (1953). Rutger et a1. (L96?)
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reported a non-significant positive correlation between

these parameters in a barley study.

Number of kernels per spike has been reported as posÍ-
tively associated with yield in barley (Jain and Chandra,

1968¡ Yap and Harvey, l9?2i Ruzldxa. lg?3i Manzjuk and

Barsukov, l9?4) ànd in wheat (Fonseca and patterson, 1968¡

Hsu and Walton, I9?A), Rasmusson and Cannell (I9?O) report-
ed both posÍtive correlations and non-significant assoeiations

in bartey, as did lebsock and Amaya (lS6g) and McNeal et al.
(L9?4) in wheat. It has also been noted that the nr¡mber of
kernels per spike Ís the yield component by whieh the semi-

dwarf wheats primarily have achieved theír increased y5-eld.s

(Johnson et aI., l966 (b)r Syme, L96g),

Kernel weight is the yield component which has been

reported to be negatively associated with yield of barley,

al-though thís was the case in only one report (Grafius and

Okoli, f9?4), In general, kernel weight has been positively
correlated with yield 1n wheat (Fonseca and Patterson, 19óB¡

Hsu and Walton, L97O), and in barley (DenHartog and l,ambert,

1953¡ Jain, 1p6B¡ Rasmusson and Cannell, 1!f0; Sharma, I97O;

Tap and Harvey, L972¡ Manzjuk and Barsukov, I9?4). Hsi and

T,ambert (L954) reported both positive and non-signifieant
associations in barì-ey as díd T,ebsock and Amaya (1969) in
wheat. Hayter and Ríggs (L973) reported no sígnificant
correlation of kernel weight with yield in barley" the

lesser importance of kernel weight as a yield conponent is
exempllfied by the number of tirne s a non-significant
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relationship of it with yíeld has been reported as compared

to the other components Ín $rhich the association is generally
positive.

"The occumeRce of negative correlatÍons among morpho-

logical cornponents of yield in crop plants is a widespread

phenonenorrt', (Adams, 1967), Such negative yíeld cornponent

interre lationships have been reported in barley (Fiuzat and

Atkins, lpJl; Rasmusson and Cannell, 1pf0¡ Ruzicka, l9?3i

Grafius and ûkoli, I9?4) as well as in wheat (Fonseca and

?atterson, 1t68; Lebsock and .A,maya, 1969¡ Hsu and Walton,

19?0; MeNeal 9! 4, I9?l+). Fonseca and Patterson (1968)

reported a positive correlation between nluìnber of spikes per

unit area and kernel weight; however, further analysis using

path coeffíents indicated that this relationship was negative.

Several agrononÍc studies with snal1 grains have brought

out the complex interre lationships of yield and its components

with the environment. It was shown that as yield was altered

by an environmental change, say increased nitrogen supply,

the yield components afso changed in that an increase or

decrease in specific conponents might be compensated for by

balancing decreases or increases in thê other components.

Published results of wheat studies by Easton and

Clements (f9n) and Gardner and Jackson (f9?6) indieated

that yleld increases were duê to increased spikes per unit
area and kernels per spike, but kernel weight decreased.

Freyts (L959) research in oats and Stanberry and T.,owrey's

(wA5¡ studies Ín barley produced sinilar resul.ts. A
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majority of studies have reported that yield increases were

due primarily to increased number of spikes per unit area

accompanied by either no change or a decrease in one or

both of the other yield components. Such was the case

reported by Guitard et a1" (1961) i-n wheat, oats and barley.

Reported results of ïloodward (f966) and Dubetz and Bole

(1973) in wheat¡ Foth g! aL (L964) in oats; and Kirby
(1968), Willey and Holliday (19?1), and Gardener and

Rathjen Ã9? 5) in barley are in generaÌ agreement with the

findings of Guitard.

Other important agronomic eharacter associations in
barley have been reported in the literature. lisi and Lambert

(f954) reported a negative correlation between yield and

number of days to heading, while Rutger et aI. (196?)

reported no significant relationship. Fiuzat and Atkins

(fgfi) reported a negative association of yield and maturity

in one of two barley crossesr

Yiel-d was reported to be positively correl-ated wÍth

percent plumpness and test weight in barley by Rutger et al-.

(L96?) and Nasr et al. (1973), although the latter found no

relationship in some crosses investigated. DenHartog and

lanbert (]-953) also reported positive yield-test weight

correlations in barley.

Yield-quality factor correLations in barfey have also

been reported. Yield and grain protein have been reported

as negatívely related (DenHartog and Iambert, 1953; Hsi and

T,ambert, 1954; Johnston and Aksel, 1964¡ Hayter and Riggs,
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f9?3), DenHartog and T,ambert (L953) and Rutger et al (196?)

reported negative correfations of yield and diastatic power,

while the latter indicated no association between yield and

'l eve 1 of alpha-amylase.

Crook and Poeh}nan (I9?I) reported a positive correla-

tion between percent plumpness and kernel weight. Test

weight was reported to be positively comelated with kernel

weight (DenHartog and ]€.mbert, 1953; Hsi and lambert, I95l+).

Rutger, et al. (1967) reported a negative assocíation of a

percent plumpne ss with diastatic power and a positive assoc-

iation with increased lodging resistance in barley.

Johnson and Aksel (L964) reported a positive correlation

between protein and earline ss.

The interrelationships of some of the quality factors

have also been investigated. Protein was reported to be

positively related to kernel weight (Metcalfe et al. , L96? ¡

Hayter and Riggs, L9?3), DenHartog and lambert (I9fi) ana

Hsi and T-,ambert (f954) indicated no significant correl-ation

of protein level with diastatie power. Metcalfe et aI.
(L96? ) reported a posítive correlation between protein and

saccharifying activity. llayter and Riggs Q9?3) reported

no association between protein and levels of alpha-amylase 
"

Diastatic power has shown inconsisient corcelations

with kernel weight. Hsi and T,arnbert (f954) reported no

coz'relation, Metcalfe et al. (L96?) indicated a positive

relation, and DenHârtog and Lambert (1953) reported a nega-

tive correlation. Rutger et al. (196?) reported a positive
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correfation between diastatic power and alpha-anylase levels

as dld Hayter and Riggs (I9?3),

Response to_Nitroeen Fertilization

The use of nitrogenous fertilizers for increased cereal

production has been carried out unknowingly sinee man changed

from nomadic to village agriculture and began to grow crops

repetitively on the same land. fhe return of manure, bones,

ashes and crop residue to the soil constituted the use of

fertítizer. Slack (1pf0) indicated that prinítive fertil-
ization of the soil began as early as 900 B.C. the value of

legumes being gro'wn before eereal-s was noted before the

birth of Christ.

fhe "fertilizer industry" began ín the 1800's lvith the

use of potassium-nitrate mined primarÍIy in Chile (Slack,

I97o), It was used as a nítrogen source around the world

until the productíon of fertilizers, as we know it today,

began after ltlorld tr¡ar ïI. Nitrogen was, and still is, the

primary element required and utilized as fertilizer.
The effect of nitrogen ferti.lizer on grain yields is

clearly demonstrated by corn yield data from North Carol-ina.

Corn yields there moved progressively from 1BOO-2000 trg, /na.
i,n 1945 to 3600-JB0o xg,/ha. in l-968, accompanied by a

progressive increase in the application of nitrogen fertil-
izer of 24 :Kg,/:na, in L945 to 84 kg./na. in t96B (cummings

and Gleason, ]-97l-). Â simitar relationship has developed

in the other eereals as well.
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l¡¡ith this increased use of nitrogenous fertilizers,
agronomists and plant breeders have begun to search for
genotypes whieh wil-1 give better response to these inputs.

The cereal varieties of the I950's and early 196ors gave

dependable yield increases only at the lower levels of nit-
rogen application (tummings and Gleason, 19?I) since they

lodged with greater fertílizer inputs. îhese authors

stated, '!the achíevement of larger increases in yield re-
quires the development of new plant types, with short he5.ght,

stiff straw, and semi-erect leave s which would be able to

stand upright even at higher levels of nitrogen and r^¡hich

would be abl-e to capture and use the ful1 sunlight with

rnaximum efficiency even in dense stands".

?endleton et al., (L953) and Chandler (t969), working

with barley and rice respectively, indicated that with the

standard taIl cultivars the effectiveness of high levels of

nitrogenous fertil-izers was linited due to lodging. A large

part of the success of the semi-dwarf wheats and rices has

been due to their improved lodging resistance and therefore

their ability to produce more grain under more fertile con-

ditions (griggle and Yogel, 1968¡ Chand].3r, 1969). chandler

(f969) stated "Culm length is the most important single

factor affeeting lodging resistance and nitrogen responsive-

ness.".

Fertílizer by genotype interactions have been investi-
gated in various erops. Interactions have occured even when

the genotypes studied did not differ morphologically to any



23

extent. Frey et al-. (1951) indicated that c or.n varieties
were recoÍürended on the basis of soil fertility as early as

1922, In terms of fertilizer x genotype interaction, their
literature review shows that fertilizer responsiveness, in
particular to nitrogen, had been investigated in wheat, oats

and barley with both positive and negative resul"ts.

Several studies since 1!Jl have j-ndicated varying re-
su1ts. lforking with wheat, Beutler and Foote (f963) an¿

Syme et aL (19?6) reported significant fertilizer x variety
interactions, as did Pendleton et a1. (f9fi), Woodward (Ig56),

and Gardener and Rathgen (t9?5) working with barley. Others

reported no fertilizer x variety interaction in wheat studies
(Rhode, 1p6f¡ Bauer, L97oi McNeal et al. 1971) and in barley

tests (Kirby, 1968). Kirby (1968) indicated that he did not

uncover any interaction probabty due to a second limiting
element in the soi1. Syme (f96?), working with wheat, also

reported no sígnificant interaction, but suggested this was

due to soil problems, in thj-s case poor wâter infiltration.
It l-s apparent that the díseovery of a fertilizer x

genotype interaction is dependent on the range of genotypes

included in the study and the Levefs of several other envir-
onmental factors, especially moisture. Stanberry and Lowrey

(L965) reported that nitrogen gave a 600/, increase in me an

yield over al-1 moisture levels used, whil-e increased moisture

over all nitrogen levels gave a 36/, yiel:d increase. However,

the combination of hígh nitrogen and adequate avaiLable

rnoisture gave â mean yield increase of nore tlnan L? OOf".
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Their results were from a barley trial, but si¡nilar reactions

have been reported with the other cereals (Porter g-!. ê.!. '
1964).

Frey et aI. (1951) concluded, n'in general' crops in
which one variety has a small area of adaptation (such as

corn) tend to show a significant variety by fertility level

interaction, while those crops in which any one variety has

a large area of production ( such as oats) do not show

signíficant variety by fertitity level interactions.I' wheat

and barley would be in this latter category. At the time of

this stateroent not nearly as much breeding work had been

done in wheat and barley, there were not as large a number

of varieties as there are at present, and the semi-dwarfs

had not yet become irnportant or avaílable.

The introduction and use of seni-dwarf genotypes has

l.ed to a renewal of interest in the ability of Índivídual

genotypes to respond to increased leve1s of nitrogen

fertility. As already mentioned Briggle and Vogel (1968)

and Chandle? (1969) have indicated that their short stã.tured

wheat and rice cultivars do respond better to higher rates

of nitrogen than otder standard height types, primarily due

to lodging resistanee. However, Briggle and Vogel (f968)

indicated there was also some inherent yield advantage, and

Beech and Norman, (1968) indicated that the semi-dwarf

wheats showed a greater yÍeld response to applíed nitrogen

in their studies ín Àustralia.

Other workers have investigated the response of the
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seni-dwarf wheats to nitrogen fertilizers. All researchers

have reported significant yield increases with increased

nitrogen ínputs up to a certain level, with the improved and

adapted semi-dwarfs yielding more than tal1 cultivars at all
but the lowest nitrogen l-evels. This has especially been

the case under conditions of adequate rnoisture, whether by

irrigation or precipitation (Porter g! al., 1964¡ Tuohey,

I9?3), Studies by Beutler arld Foote (L963) and t¡foodward

(L966) gave results índicating a signifícant interaction of

genotype and fertílity while Porter et al., (1964), Syme

(f96?), and McNeal et 41. (ry?f), although reporting equal

or greater yields for the semi-dv¡arfs, reported no significant

interaction. Porter et 41. (f964) suggested that the semi-

dwarfs may be more suitable for high production fevels. This

was supported by Syne (L96?).

Gardener and Rathjen (19?5) stated with reference to

barley: "the variatíon in yield response to nitrogen is
remarkable t' and "there is great scope for selecting cultivars

suited to particular nitrogen levels.".
Konishi (I9?6) reported a fertilizer response study

with short-statured barJ-ey and indicated that a fertilj.zer
by genotype interaction occurred. fhe study encompâssed

eight different Japanese dwarf and semi-dwarf strains and

one normal cultivar of barley. fhe interaction occurred

because one of the short statured genotJ,?e s and the normal

genotype showed a decreased yield at the highest fertílity
Level while the other seven short genotypes showed a yield
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increase" The amount of this inc:.ease al-so varied betu'een

these seven genotln)es 
"

The effects of Íncreased nitrogen fertility on the

components of yield and other agronomic characteristics
have been studied extensivel-y in the eereals. Cardener and

Jackson (L9?6), working with wheat, reported that the main

effects of increased nitrogen on grain yield eomponents were

increased nunrber of spikes per unít area, inereased number of
seeds per spike and decreased weight per indÍvÍdual seed.

Rohde (1963) reviewed the findíngs reported prior to 1963

and reported the same general findings excepto most workers

had found eíther no change or an increase in kerneL weight

as nitrogen increased. This was due to the faet that the

work prior to L963 was done at relatively 1ow levels of
applied nitrogen. Since 1963 other reports (Porter et al.,
1964; woodward. 1166¡ Syme, t9ó7¡ McNeal et al", I97l-¡

Easton and Clements, l9?3) have agreed with Gardener and

Jaeksonts statement, except that $¡oodward reported no change

in kernel weight and Slrme reported an increase in this char-

acter, as amount of nitrogen applied increased.

Freyrs (f959) classícat ¡rield cornponent study in oats

also lndicated that as yield increased there was an increase

1n kernels per spíke, accornpanied by decreased kernel weight.

lie concluded that seed weíght was an insignificant r¡ariable

in causing yield response to nitrogen.

In bâr1ey-fertilizer rate studies the results have been

variabLe. Stanberry and l,owrey (1965) reported increased
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number of spíkes as nÍtrogen inereased. Schreiber and

Stanberry (f9Ø) indicated that nitrogen applied at plant-
ing gave increased kernels per spike and kernel weight but

lowered the number of spikes per plant. This was probably

offset by increasing the number of plants and thereby

effectively giving more spikes per unit area, Gardener and

Rathjen (19?5) reported that variation in cultivar yieLds

with n5.trogen was due to r¡ariation in ear nwnbers, whíle

grain weight per ear reriained constant, since changes in
kernels per spike and kernel weight were of opposite magni-

tudes and compensated for each other. They indicated that,
in general, kernels per spike íncreased and kernel weight

dropped as nitrogen l"ncreased. Reisenauer and Díckson (1961)

also reported. a lower welght per kernel as nitrogen l-evel

increased .

Konishl (19?6) reported that fertÍtization resul,ted j.n

an increaged nu¡rber of spikes for all genotlrpe s I but at the

higher leve1s of fertíl"izer, genotypes responded differently"
l{e also reported that the re sponse of grain weight per spike

to fertilisation was varíab1e wlth some genotypes responding

positively and others negatívely.

Konishi's final conclusion regardlng the highe:' yield-
ing dwarf mutants was; 'rthe increased grain yield of dwarf

mutants by heavy fertilizer appLication ís principally due

to the increase (or not d.ecrease) ln the grain weight per

spike, but not by the nurnber of spikesn (Konishi, L9?6),

Increasing nitrogen fertÍlizer applieatíon has generally
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given rise to increased ni-trogen in the grain, particularly
at higher level-s of applied nitrogen in barley (Reisenauer

and Dickson, 196I; Kírby, 1968; Gardener and Rathjen, 19?5),

and in wheat (Woodward, Ip66¡ Syne, 196? ¡ McNeaI g! ê1.,
19?t¡ Ðubetz, 1972 r Gardener and Jaekson, 1976; Syme et al.,
19?6), [he first increments of nitrogen fertilizer tend to
give larger yield increases with a small increase in grain

nítrogen content while further Íncreases of nitrogen tend

to give a reverse effect (Syme, L96?).

Pl-ant height increases with addition of nitrogen in
both tall and semi-dwarf varieties (Pendl-eton gq 41. , L953;

Rohde, 19ó3; Woodwarð,, I)66¡ McNeal et al., I9?I). However,

Chandler (tgøg) pointed out that in the nítrogen responsive

semi-dwarf rice varieties the internode elongation due to

nitrogen fertílizer is rel-ativel-y less than that in the

non-responsive tall types. Konishi (f9?6) indicated that

all genotypes he studied responded similarly for culm length

as fertilizer increased.

McNeal- and Davis (1954) and McNeal et al. (I9?I) report-

ed no effect of nitrogen application on test wei-ght in wheat,

while Rohde (1963), working at low rates of applied nitrogen,

reported an increase in test we ight as nitrogen level in-
creased.. Tn a barl-ey study, Reisenauer and Dickson (1960)

reported thât the fírst 40-pou¡d-per-acre increment of

nitrogen gave an increase in kernel plumpness, while the

next two 4o-pound increments resulted in decreased kernel
plunpness.
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Stanberry and Lowrey (L965) reported that nitrogen
fertilized barley headed earlier than non-fertilized at
Yuma, hrizona. at the sane time indicating that these

results were opposite to those reported for the l,{id. -Vi¡e st
and Eastern U.S.A.. In spring wheat grown in Montana,

McNeal and Davis (1951+) reported a delay in heading due to

nitrogen in a wheat study.

In a barley quality study Reisenauer and Dickson (L961)

dernonstrated that d j-astatic power and alpha-amylase levels
increased with increasing nitrogen application in accordance

with a previous report (Atkins et al-. , 1955). fhey also

concluded that the best quality malting barley was produced

at low yíeld leve Is .

Row Spacine in Cereals

In an extensive review of research on the effect of row

width on cereal yield Hotliday (l-96]) concluded; 'rAt constant

seed rate, decreasing the row width below 7 to B inches

(t?,9 to 2o,) cm, ) has, in most cases, l-ed to a small j-n-

crease in cereal yieId. This has been of the order of 5 to

|Fr, Conversely, increasing the row width aboie the standard.

has in most cases gíven some decrease in yield.rt He also

concluded, rrThere is evidence that the yield advantages of

narrow rows are more pronounced at seed rates both below and

above the normal. The fall.ing off of yield at wide rows is
more pronounced at high seed rates."'. [he work Hotliday

reviewed was carried out with standard height material-.
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Holliday's conclusions have generally been borne out

by results obtained since his review by BaldwÍn (1963),

Siernens QgAl), and C1ark, (1975) workíng with wheat, oats

and barley. In barley studies Austenson and Larter (L969)

reported similar results, as did Stickler and Younís (1966)

in sorghum work; Fothe et al. (7964) in oat studies; and

Koleva (1963), Furrer (L964), Stoskopf (tgtZ), csefalvai
(1968), Furrer and stauffer (lg?z), and Briggs (19?5) in
wheat experiments. Other reports indicateci no effect of

row-spacings on yield j-n cereals (wichens, 1968), in wheat

(Fischer et al. , L9?6), and in barley (lvliddleton gj gt.,
1964), while Young and Bauer (f973) working with wheat re-
ported no significant effect except where weed competition

was a confounding factor giving narrow row spac ings an

advantage. Finlay et a1, (A9?I) and Foth et aL-. (L964)

concluded that the effect of row spacíng was dependent on

environment in that it is expressed only when conditions

are favourable for crop growth.

Also of inportance is the effect of genotype by row-

spacing interaction on yiel-d. This is particularly the case

wj-th novel germplasm which gives a different morphological

plant type. Such ínteractions have been reported in the

cereals (Harrington, 1941), in barley (linlay et a1., a9?I),

in wheat (Stoskopf, 1967 ) and in rice (Owen, 1968). Some

researchers reported no interaction even when spaci.ngs did

affect yield (Briggs, I9?5)"

Several researchers felt that the semi'dwarf character
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Íright be of great signifi.cance in row-spacing effects, and

research has been carried out on row-spacíng by genotype

interaction for yield involving genotypes differing in
ptant height. l'/orking with rice, Owen (1968) reported that
a semi-dwarf variety responded to narrow row spacing with

greater yields whiLe a tall cultivar did noì;. Stickler and

Younis (L966) report a similar result with sorghum.

Stoskopf (l-96?) reported no signíficant interaction in a

wheat study, but ihere was a trend for the short-strawed

high-yielders to yiel-d nore at narrow spacings.

Finlay et al. (tgZt) in their barley work, noted that
the higher yielding cultivars dísplayed a greater response

to narrower row spacing than did. the lower yielder:s.

The effects of row spacing on yieJ-d components have

been investigated. Decreased row spac ing has been reported

to give more spikes per unit area in barley (lttiddleton g! a1.,

1964i Finlay et al., I97I¡ Àhmed, I9?O), and more panicles

per unit area in oats (Foth et al., L964) and in rice (0wen,

1968). Narrower rows have been reported to decrease the

number of kernels per Èpike or panicle (Owen, 1968; Fintay

et al. , a97I) while Foth et aI. (f964), Middteton g!. af.,
(L964), and Csefalvai (1968) reported an increase as row

spacing decreased. îhe above authors reported little, if
any, effect of inter-row width on kernel weight.

Finlay et a1., (1971) reported earlier heading of bar-

l-ey at narrow row spacings in one of two yearsr Bríggs

(197 5) reported a trend toward earlier maturity in wheat at
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narrovr rôw spacings. CAark (I975) reported no irnprovement

ín lodging resistance at wider row spacings. Siemens (f9Ø)

reported no effect of row spacing on test weight ín barley.

Young and Bauer ( I9?3), in a wheat study, found no

change Ín protein with row spacing, except where weeds were

present; then protein decreased âs row space increased.

Contrary to this, Siemens (I9Ø) reported increased protein

in wheat and barley as row spacing increased. Foth et AI.,
(1964) reported no relatíonship between the percentage of

nitrogen, phosphorous and potassiwn in the plant tissue,

and distances between rows of oats.

. 
Seedíne Rate in Cereals

Seedíng rate studies ín cereals prior to 1p60 were

extensively reviev/ed by Holtiday (f96o). He concluded that

there is an optimum seeding rate for each crop in each en-

vironmental zone, and .the higher the yield potential the

higher the optima. Iie regards "the yield per unit area as

being conposed of the number of plants per unít area rnul-

tiplied by the yield per p1ant, the latter decreasing with

Ínereasing plant density. "

Kirby (l-967) noted that "Grain yield reaches a maximum

with increasíng (p1ant) density, after which a further in-
crease in density leads to a fa1l in grain yield.". This

drop in yield would be due to a greater drop in yield per

plant than could be offset by the inereased number of plants.

A number of workers reported no effect on grain yield
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from varyíng seeding rates in barley (Middleton et at.,
1964i Bockstaele and Maddens, I966i îin]¿y et al., Ig?L),
in oats (Jones and Hayes, 196?) Folkins and Kaufmann,

L974), or in wheat (nl-Hattab et al. , IgZa; Furrer and

Stauffer, 1970; Fisctrer e-!.4.., Ig76). Woodward (1956)

reported the same results workj-ng with al_1 three cereals.
These results as such were due to either the experiment

covering only a narrow range of seed.ing rates or compensa-

ti-on among yield cornponents.

Guitard et at. (i-g6f) reported a linear increase ín
yield up to an optiraun seeding rate in wheat, oats and

barley, with a significant decrease in wheat and barley
yields at very high seeding rates. Briggs (fg?5) also
reported an increased wheat yield with increased seeding

rate over the range of rates usea (33.6 to 100.p Xe./na.),
Kirby (196?) reported lower barley yields at very high ptant

densities. McFadden (1970) reported an optimum seed.ing rate
for two barley cultivars, both above and beLow which yields
dropped. Símilar results have been reported by Woodward

(1956) and Vlilley and Holliday (19?1). young and Bauer

(1971) reported a significant yÍeld increase when they

doubled the seeding rate in a barley trial¡ however, the

origi-nal rate was a relatively low one. Zeídan (f9?4)

reported a significant yietd decrease i-n wheat at higher
plant densitie s .

0n the other hand, Pelton (1969), working with wheat in
the dry area of south-western Saskatchewan, ¡spsrted that
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lower seedíng rates gave higher yields when weeds and insects

were controlled, especially in years with severe moisture

stress. He used seeding rates ranging from 22 to IOI Ug,t/na,

He noted that plant survival and tillering nade up for 1ow

rates, and overall there were no differences in the number

of mature kerne Is per unit area.

Some i-nvestigations have revealed cultívar by seeding

rate interactions for yie1d. In reporting on a seeding rate
and row spacing wheat study Briggs (I9? 5) stated, "In view

of the differences j.n c ultivar response to seeding rates

for the important agronomic characteristics studied here,

it ís suggested that all newly lícensed cultivars of wheat

should be subjeeted to this type of tesi, particularly íf
they are of a novel germplasm type.rt, Such would be the

case with semi-dwarf genotypes.

Cultivar by seeding rate interactions for yield have

been reported for barley (Demirlicakmak et a!,, 1963) , for
sorghum (Stickler and Younis, 1966), and wheat (lv¡alih, t969¡

ãei.d.an, f9?4). the sorghum and wheat studies involved tall
and semi-dwarf genotype s and the interaction was due to

shorter genotypes performing better than tal-ls at greater

plant densities. Other reports ( cuitard. et aI., lg6li
McFadden, l-970; Cl-ements e! ù," 1974¡ Briggs, 1975¡ Fischer

et a1" , L9?6) indicated no interacti-on. Two of these studies

involved short stature genotJrpes, one exclusively (Fischer

et a1. , 1976) and one a range of tall and short genotypes

(Clements et 41, , L974),
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Reports on the effect of seeding rate on the yield
c ornponents have indicated that increasing seeding rate gave

rise to increased number of plants per unit area, and fewer

spikes per plant, associated with decreased numbers of ker-
nels per spike and weight per kerne). (Guitard et al. , J-96l-),

ïncreased seed rates gave increased nunber of spikes per unit
area by the increased number of plants being greater than

losses due to fewer spikes per pIant. Results from work with
bartey by Bockstaele and Maddens (f966), Kirby (t96?), nay

and îhompson (1970), and Willey and Holtiday (1971)¡ work

with wheat by Malik (L969), Zeidan (f9?4), and Fischer É 4.
(A9?6); ând work wlth oats by Jones and Hayes (196? and L96B)t

are essentially in agreement with Guítard e! al. Middleton

et aI. (L964), working wíth barley, found the same with the

exception of no change in kernel weight over densitÍes.
Briggs (l.9?5) also reported no effect of densities on ker-
nel weight in wheat, while Woodv¡ard (1956) reported increased

seeding rates gave smaller spikes and smalfer kernels, YieId

reduetions at above -optimum seeding rates are due to eontin-

uing decreases Ín kernels per spike and kernel weight with no

further increase in spíkes per unit area to compensate for
the }osses Ìn the other cornponents (Willey and Holliday,

L97L), As previously stated, PeJ"ton (f969) indicated that
plant survival and tlllering (Í.e., inereased spikes per unit
area) can compensate to maintaln yields at lower seeding

rate s .

Increased seeding rates have been reported to lead to
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increased lodging in two barley experiments (Bockstaele and.

Maddens, 1966; Day and lhompson, I9?O).

Higher seeding rates gave decreased plant height in
oats (Folkins and Kaufnann, L9?4), in barley (Bockstaele

and Maddens, L966), and in wheat (Pe1ton, 1969; SJ--Hattab

et al., I9?O), while Cl-ement (I9?2) reported the opposite

effect in wheat. Aturcd (19?0) and Fi¡rlay et al-. (fpZf)

working with barley and Briggs (f975) working with wheat,

reported either variable or no effects of density on plant
he Íght .

lloodlvard (L956) working with wheat, oats and barley

reported that lower seeding rates resulted in higher test
weight. However, Briggs (I9?5) working with wheat, and

Middleton et al. (f964) and Day and Thompson (f970) ¡otfr

working with barley, reported no effect of seeding rate on

test weight.

From a barley experiment Day and Thompson (1pf0) re-
ported the number of days to maturity decreased as the rate

of pLanting went up, as did Young and Bauer (19?1) and

Briggs (I9?5), both working with wheat. Finlay et al.
(Lg?I) reported a decreased number of days to heading as

seed rate increased in barley, as did Clements (1pf2) with

wheat .

Folkins and Kaufmann (I9?4) reported that stern size

decreased with increased planting rate in an oat experiment.

Woodward (1956) reported a simil-ar deerease in straw stiff-
ness in his work wi.th wheat, oats, and barley.
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the effect of seeding rate on yield is affected by the

environment, in particular, the amount of water avail-able.

Pelton's (t969) results with lower seed.ing rates gíving

better yields when under moisture stress are evidence of
this. Kirby (19?O) reported no difference in total water

use for the growing season with barley seeded at various

rates i however, he did report that differences existed in
water use at different times of the season for the different
densities. He suggested that the higher density plantings

used more v;ater earl-y in the growing period, and may then

suffer moisture stress during the grain filling stage. This

could present a problem in dry years or dry areas.

Ðay and Thompson (19?0), from work with winter barley,

reported that seeding date also had an effect on the optimum

seeding rate. They indicated that as the seeding date was

delayed the seeding rate should be increased.

Briggle and Vogel (1968) indicated that one of the

problems with the semi-dwarf wheats in the Pacific Northwest

was that they did not emerge well from deep planting,
apparently due to shorter coleoptile length.

A close positive correlation between culm length and

coleoptile length was reported by Allan et al. (1962),

sunderman (1964), Burleigh et al. (L964), and $than (L9?6).

in wheat studies, and by Takahashi (L946) in bartey experi-

ments .
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A positive rel-atj-onshj-p between coleoptile length and

the ability to ernerge fron greater planting depth has been

reported in barley ( Kaufmann, 1968) and in wheat (Sunderman,

1963; Burleigh et a]-, L964, Whan, l-926).

A1lan et aI, (L962) reported that another associated

problem was emergence rate. This group and Burleigh et a1.

(f-964) reported that the seni-dwarf short coleoptile wheats

emerged more slowly. fhey calculated an emergence rate
index and found this to be closely related to coloeptile
length.

All"an et al. (1g61) indicated that the heritabilities
of plant height and eoleoptíIe length in wheat are high¡ and

since they are apparently independently inherited, it should

be possible to select for short cuJ-m length with improved.

coleoptile length. This view has been supported by Chowdhry

and A1lan (lgøl).
Boyd gþ a1. (19?r) indicated that seed size and time to

germination were positively related to seedling vÍgor. This

relationship between seed size and emergence characteristics
in barley was previously reported by Kaufmann (1968).

Root System Size in Semi-Dwarfs

Bríggle and Vogel (1968) reported that the earliest
seroi-dwarf wheats did not do we]-l when grown wrder dryland

conditions in the Central United States. They suggested this
was due to problems involving moisture stress, since these

varieties did weLl under irrigation in the same area.
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l,upton et 41. (7974) pointed out this could be an indication

of limited root development.

Vfork in India reported. by Subbiah et a1. (1968) indic-
ated that some of the short wheats had more extensive root
systens than did the standard height genotypes, where others

had poorer root systems. However, in very extensive studies

of the root systems of wheat, Lupton et al. (19?4) ana

0'3rien (L975), both working with Norin-10 deríved serni-

dwarf genotypes, reported no evidence of differences in the

síze or extent of the root systerûs of semi-dwarf and normal

heíght genotype s.
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MATERÏALS AND IETHODS

The experiment was designed to investigate the Ínter-
relationships of various agronomic and quality character-

istics, in particular the effect of reduced plant heì ght,

and to obtain estirnates of genetic variance and heritabiì-ity
for these characteristics in three six-rowed barley hybrids,

Hordeum vulgare 1,., each derived from a cross having one

semí-dwarf parent in comrnon. The pedigrees, descriptions
of and agronomic eomparisons between the parents, their
sources, and the numbers of lines used i-n each hybrid,

henceforth referred to as populations, are presented in
îable J.

lhe crosses.were made at the Universi.ty of Manj-toba in
1970 and the material was carried through the segregating

generations to F5 via single seed descent. The F2 and F3

l\¡ere grown at Winnípeg and the F4 was grown in CaLifornia.
No selection was done during this period. Therefore each

F5 line traced to a separate F2 plant.
T.n 1973 and l.974 the material was grown in a two-

replicate completely randomized block design experirnent at

each of two locations, the UnÍversity of Manitoba Crop

Research site, lfinnípeg, and at the Agricul-ture Canada



41

Table 3. Pedigrees of Crosses and Parental Línes gívíng ríse to Populations
C-70-1, C-7O-2 and. C-7C-3, and Relâtive Levels of Agronomic
ParaDeLers of ?arental Lines, Experinent I.

Population Pedígree
Number of

Línes Soutce

c-70-1

c-70-2

c-70-3

103

87

4L

Parental Lines

vlínn 64-62 Jotun/Kíndredl /vanxaee/ / |
'Irop}:y / / / /lícir"soî/ / /lltírm 59-38

BonaÍEa Lícenced Canadian 6-row
barley varíety

66N1288 14C247 lParkTand,

816507-55 Para9on/Parkland//
CL5791/ / /Conqsest

raËÍve c DaÈa

U. of l.{anitoba, Canada

U. of Manitoba, Canada

U. of Manitoba, Canada

U. of Mifmesota, U. S.A.

Agr. Can. Res. Stn.,
Brandon, Man. , Canada

U. of Manítoba, Canada

Agr. Can. Res. Stn. ,
Brandon, Þlan., Cênadâ

Degree of Days to

Minn 64-62 x Bonanza

Mí¡r- 64-62 x 66NL288

Minn 64-62 x 816507-55

Ht. (cn. ) Yield 1000 Kernel Test lüL .
(ke./ha.) r^'t. (s.) (kg./h1.) . Lodging Mature

* Bonanza 87.9 3859

*66N1288 87.4 3666

xBr6507-55 67.6 3337

xxMirm 64-62 66.0 3303

35 ,4

36 .9

J¿.1+

14,,

65. L

67.3

62.3

64 .2

(1-e)
3.0

3,4

2.7

L.4

8s.6

86. 0

81.3

89.4

* Data from 1970 Western Co-operatíve 6-row Barley Test, Means of 17 l-ocations.
,.* hleighLed data calculated from results of Experíment I of thís nanuscript.
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Research Station, Brand on, Manitoba. Grovring condj-tions

were excellent in 1973. Ín 1974 seeding was delayed and

germination hampered by wet spring conditions at Brarrdon,

and both sites suffered drought stress later in the season"

Seeding dates in L9?3 we're May B at Brandon and May 16 at

Winnipeg, and ín 1974, \úay 25 at Brandon arrd. illay 18 at
Winnipeg.

In :..973 the plots consisted of 2 rows 2.4 rneters long,

with lo cm. spaees between rows and- 61 cm. spaees between

plots. Every fifth plot was a control genotype, In 1974

the plot design was identical- except that the length of plot
was 3.1 meters and control-s were less frequent. All plots

were seeded at rates approximating nornal field planting

rates based on a uniform seed number per plot.
lhe following measurernents were taken on eaeh plot:
(r) punt Height - taken in cm. just prior to maturity,

measured from ground leve1 to top of spike.

(z) yiefa - recorded as grams per plot. All plots were

hand harvested and threshed in a Hege Combine ín

r.97 3 and in a stationary Vogel Plot Thresher in
I97+, In l-973 the center l".B meters of both rows

was harvested fron each p1ot, fn L97 4 the center

2.4 meters of both rows was harvested at Winnipeg,

while at Brandon only one 2.4 meter section of the

row \\ras harvested.

(3) Kernels per spike - based on hand counts of 10

OF ¡ìIANIIoBA

spikes per p1ot, taken ât random.
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(4) 200 Kernel weight * record.ed in grams ¡ measured as

the weight of 200 random, thresl"red, deawned kernels.
(5) Test weight - reeorded as (kilograms per hectoliter)

and determined by standard procedures using threshed

and deawned grain samples.

(6) percent plumpness - recorded as percent of grain

remaining on top of a 2.4 x 19.0 mm. perforated

oblong seive after hand shaking a 100 gram sample

of threshed, deawned grain 100 times.
(7) lays to heading - recor<ied as the number of days

from seeding till 75% of the spikes had emerged from

the boot.

(B) Days to maturity - recorded as the number of days

from planting till the plot was mature enough to

harve st .

(9) Post-anthesis period - calcuLated by subtraction of
the number of days to heading fron the number of

days to naturity.
(tO) ¡egree of lodging - plots were rated at maturity.

In 1973 a scale of one to five was used with one

representing no lodging. In I974 lodging occurred

only at Tûinnipeg and a one to nine scale was used,

again with one representing no lodging.
*(11) Alpha-amylase level - recorded Ín units; determined

as per method outlined by Bendelow (f9??),

x(MeaFurçmenls 11 throggh f4 wefe taken on a bulk sarnple ofeacn J-tne ïrom each l_ocation in 4973 and only from Winnipegin t9?4,)
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ìr(12) Saccharifying activity - recorded as units, deter-
mined by the method outlined by Bendelow (fg??),

x(11) Percent Barley nitrogen - recorded as percent;

determined by the Kjeldhal procedu_re.

*(14) Solubl-e amino-nitrogen - recorded as mg. per 1o0 mg.

of barley; deterrnined as per roethod outli-ned by

Bendelow (19??),

Analysis of variance was calculated for each character-

istic in each population on the combined datâ over years and

locations. Genetic and environmental variances were calcu-
lated using the estirnated mean squares (Stee1 and Torrie,
1960). fieritabilíty estimates were computed by the nethod

of Constock and Moll (1963) based on the eomponents of
varíance. lhe standard errors for the heritabilities were

computed by the method outlined by Pesek and Baker (fpZf).
Missing plot data were solved for, where necessary, by the

nethods of Healy and Westmacott (L956),

To test for differences between genotypes and the

significance of genetic variance the approxinate F test (F')
suggested by Cochran and Cox (f95?) was used, with degrees

of freedom calculated by the Sâtterhthwalte approximation

(I,eclerg et aL. , a962).

Paired t-tests were used to determine whether or not
population means differed from each other for the various

characterístic s .

Simp1e phenotypie correLation coefficients were conputed.

between all combinations of characteristics within each
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population, using individual line means from the whole

experiment. Honogeneity of correlation coefficients was

calculated as outlined by Steel and TorrÍe (f96O), and when

such were found to be homogeneous across the three popula-

tions, pool-ed correlation values were computed.

Data fron control plots did not enter into the analyses

described above. This data was used only for purposes of
the breeding project from which all the rnaterial was taken.

The purpose of thís study was to determine the response

of three semi-dwarf and two ta11 barley genotypes (described

in Îable 4) to high levels of applied nítrogen fertilizer,
and to determine if any significant nitrogen fertilizer by

genotype interaction occurred.

A four replicate split plot experiment was planted in
fïve environments; the University of Manitoba l\¡eed Research

site at Carman, Manitoba ín L975 and I)16, at the Sisson's

Farrn l-,td. site at Portage La Prairie, Manitoba Ln J-975 and

LQl6, and at the G. Kabernick far¡n site at Sanford, Manitoba

in L976.

lhe sites are described below:

Site

Carman IÇfJ

?ortage I)lJ

Soil lype

Very Fine
Sandy T,oan

Very Fine
Sandy Loam

Previous Crop

0at s

Wheat

Avai lab1e
so i t-N-¡:ZE--'¡r( ke.,/ha. )

¿y. r

37 ,0



Table 4, Genotypes used in Nítrogen FertíLízer Applícatíon Study,
Experiment II.

Plant
Genotype Pedigree lleight Class

Bonanza ** Tal1

C7O2O24 l{inn 6t+-62 x 66N1288 Tall

C703011 ¡finn 64-62 x Bx65O7-55 Serni-dwarf

C703032 l4ínr. 64-62 x 816507-55 Se¡nÍ-d¡varf

Minn 64-62 ** Semi-dwarf

** Described ín Table 3,
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Site

Sanford 19?6 Clay

Cawnan 19?6 Fine Sandy
Loam

Portage a)f6 Fine Sandy
f-.,Oam

Soil !¡fpe Previous Crop

Flax

Rape seed

Sunflower s

36,o

24,?

34,8

All sites were fertilized prior to seeding.wÍth a

broadcast application of 11:48¡0 to attempt to achieve

recorunended Pro, levels. Planting dates were May lJ at
Carrnan and May 16 at Portage ín I9?5, I{ay I at Sanford,

May B at por-bage and May lp at Carman rn Lg?6. Growing

conditions were average except for a heavy weed infestation
at Carnan in I97 5 and severe moisture stress at both Carman

and Portage in 1976,

The five main plots were rates of nitrogen fertilizer;
applied as l4:0:O broadcast and harrowed in prior to plant-
ing, at Levels of 0.00, 67,26, 134'-52, Z}I.?B ana 26g,o4

kilograrns of actual nitrogen per hectare. Sub-plots were

genotypes. Plots were four rows 6.1 meters long with 30 cm.

between rows and between plots. .4.11 plots were seeded at
noymal field seeding rates.

The following characteristies were measìlred for each

plot at each environrnent: (Unless oi;herwise specified,
rneasurements were iaken as ín Experiraent I.)

(r) Prant height

(e) yief¿ - recorded as kg,/ha.- Â four meter section
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of both of the center rou/s of each p1ût was hand

harvested and threshed in a Vogel Plot Thresher,

except at Carman, 19?6 where whole plots were

f iel-d harvested with a "lüGE" pl-ot combine.

(J) Number of spikes per unit aï'ea - the number of

fertile heads was counted in a random one meter

section of one of the two center rows of each

plot. (Íhis is equivalent to a 0.11 square rneter

area 
" )

(4) Kernels per spike

(5) 2oo Kernet weight

(6) legree of lodging - recorded as a value on a scale

of one to nine, with one being no lodging. Taken

ín 1975 only.
(7) fest weight - recorded as tg./trt. and determined

by standard procedure s.

(B) oays to Heading

(9) nays to maturity
(lO) Post-anthesis period

( 11) Percent barley nitrogen
(1e) ,tlpfra-amylase 1eve1s - taken in L9? 5 only
(13) Saecharifying activity - taken in IgZ5 onlry

(t4) Sotu¡te amino-nitrogen - taken in 1975 onl.y

Analyses of variance were computed for each character

at each location to deternine: (1) if differences existed

between treatments and (2) if any nitrogen fertilizer by

genotype interactions had occurred r
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Orthogonal single degree of freedon comparisons were

employed to compare genotypes where desirable" Duncan,s

Multiple Range test was used to determine significance of
differences between treatment means atìd betlveen fertilizer
x genotype interaction means when a significant interaction
had occured.

This study vras conducted to deterrnine the effects of
varying row spacing and seeding rate on the yield and agron-

omie characteristics of tall and semi-dwarf barley genotypes.

Two genotypes were studied, one taIl, cv. ',Bonanza,,, and. one

semi-dwarf , Minn64-62.

A three replicate 2 x) x I factoríal experiment was

grown at three l-ocations in 19?6t t]ne G. Kabernick farm,

Sanford, Manitoba; the University of Manitoba Weed Research

site, Carman, Manitoba¡ and the University of Manitoba Crop

Research site, ttlinnipeg, Manitoba; with genotypes, seeding

rates, and row spacings the respective factors. Each geno-

type was tested at every combination of levels of factors
two and three in each replicate.

the three level-s of factor two (seeding rate) were the

number of germinable seeds equal to seeding rates of 56.0,

84.0 and LL?,A kg./ina. of Bonanza. The three levels of
factor three (row spacings) were 1J.0, 30.5 and 61.0 cn.

Plots were 6.1 meters long by 2.4 neters wíde having

16 rows at the narrowest, B at the internediate and 4 rows
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at the wídest spacing.

fhe experirnent was planted on April 2f at ttlinnipeg,
May ? at Sanford, and June 3 at Carrnan. Weeds were con-
trolled by chemical application at aìl sites to the extent
possible, and hand weeding was done as the need dictated at
$Iinnipeg and Sanford. The experinent receÍved a J.0 cm"

irrigation thírty-four days after planting at Tfinnipeg.

The Sanford sÍte suffered some excess noisture stress d.uring

June. The Carnan location suffered severe drought stress
throughout the growing season. The Wirueipeg site suffêred
mild hail damage just prior to harvest.

the following characteristies were measured in the same

fashion as in Experiment II.
(1) Ptant heÍght (cm.)

(2) Yield (ks,/he..)

(l) sPikesr/unit area

(4) Kernels,/spire

(S) zao Kernel weight

(6) rest weight (kg,/n1.)
(?) r,o¿ging - at lfinnipeg only
(8) Percent barley nitrogen

Analyses of rrarianc e were used to determine slgnif,icant
differences between l-evels of the factors and of interactions
anong these factors. Slngle degree of freedom comparisons

were calcu1âted to determíne the manner in whieh the factors

'seeding rate" and 'row spacingÊ affected the relative per-
formance s of the genotypes.
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Experiment lV: _-.t0qlepptite leneth Stuqy

This experiment was conducted to determine the relation-
ship between eoleoptite length and plant height in seleeted

taIl and semí-dwarf barley genotypes described in Tabte J.
Four semi-dwarf and three tall genotln)es were lncluded.

The study was conducted at the Universíty of Minnesota,

U.S.A. in February, 1976. A four replicate conpletely

randomized block design was used, each replicate consisting
of six seeds of each genotype individually pi.aced embryo

upright ín the center of a paper towel" This towel was

then rolled up, fastened, placed in a beaker containing

water and placed ín a dark incubator for germination. Síx

seeds were used to insure a sarnple size of five for each

replicate of each genotype" The incubator was kept at 15

degrees C for seven days, but due to this temperature, germ-

ination did not ensue and the temperature was raised to 2j
deg"ees C for seven more days. After this, the material was

removed and the following measurenents were taken:

(1) Coleoptile ]-ength (mm.).

(2) Seminal root number"

(3) Root score - based on a visual rating in which

roots were scored as l-ong, medium, or short. lhese

were given weights of three, two and one respective-

ly, with the sum constituting the total- score.

( 4) sfroot length ( rnm. ) .

Analyses of variance were computed to determine dif-



Table 5. GenoÈypes used in Coleoptile l,ength Study and Emergence
Study, Experíment IV and Experíment VI.

Plant
Genotype Pedígree Height Class

Bonanza

c 7010 13

c703019

Mion 64-62

c703032

c7 03029

c703011

t(* Ta1l

þÍinn 64-62 x Bonanza Tall

Mítr' 64-62 x 816507-55 Tall

** Semi-dwarf

ùlínn 64-62 x 816507-55 Semi-duTarf

þfínrt 64-62 x 816507-55 Semi-dr^rarf

l4ir'r' 64-62 x 816507-55 Semi-dr¡arf

)t* Describêd in Table 3.
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ferences between genotype s which were then descríbed by a

Duncanrs Multiple Range Test. Single degree of freedon

cornparísons were calculated to determine differences
between tall and semi-dv¡arf genotypic cl-asses.

Sinple phenotypíc correlations were calculated for the

paraneters rneasured and rank correlations were determined

to describe the relationship between these traits and plant
heíght, yiel"d, 2O0 kernel weight and percent plumpness.

These last four pararneters were determined fron previously
grown plots of these genot)¡pes.

fhis study was designed to determine if dífferences ín
root size existed between the members of a selected group of

tall and. semi-dwarf barley genotype s described in Table 6.

A five replieate cornpletely randomized block experiment

was conducted in the greenhouse ín 1975. Plants were grown

in five inch clay pots in a I¿2¡ 1 soil, sand, and peat moss

medium. Samples were taken once every seven days fro¡r 28 to

70 days after planting.

The plants were renoved from the pots and the roots

were hand washed fron the medium, The roots were then

removed from the plants, dried overnight at J0 degrees C,

and weíghed.

Analysis of variance was ealculated for each sampling

date to determine if differences existed between genotypes



Table 6. Genotypes used ín Root Size Study, Experíment V.

Genotypes Pedígree
PIant

Helght Class

Bofl.ar.za

8r6507-55

c7 010 13

c702024

Mí¡n 64-62

c703011

c7 03029

Ta11

Ta11

Ta11

Ta11

Semi-dwarf

Serni-dwarf

Serní-dwarf

Mínn 64-62 x Bonanza

Minr. 64-62 x 66N1288

Mirn 64-62 x 816507-55

ltlínn 64-62 x 816507-55

** Described ín Table 3.
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and plant height c lasse s .

Root growth rates were calcu]ated as the sum of, root
dry weight at sampting L, 2, 3, 4, J, and 6 nrultiplied by

respective weightings of 6. 5, 4, 3, 2. ând 1. Genotypes

were then compared for these parameters.

Rank correlations were computed among the paraneters

for maximum root dry weight and root growth rate with plant
height, yield, 200 kernel we ight and percent plumpness, and.

with eaeh other.

This experiment was designed to c ompare seleeted semi-

dwarf and ta1l genotypes for the abil-ity to emerge fron:

various planting depths. The genotype s used are deseribed

in lable J.

A three-repficate completely randomized block desígn

experinent was grown in a l:1:1 soi1, sand, and peat moss

nedium in boxes in the greenhouse in l-975, Planting depths

\\tere 2,54, 5,O8, ? .62 and 10.16 cm.

Emergence rate indexes (ÉRI) were calculated by the

method deseribed by A.11an et. aI. (f962).

Lnalysis of variance was used to determine genotypie

differences. the relationship of ERI to plant height,

coleoptile length, yieId, 200 kernel weight, and percent

plurnpness was studied by rank correlation procedures.
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ÞT¡êTTT ,,rrq'

Conrronents o{ Variance and. Heritabilitv Estimates

Means, estimates of the cornponents of variance, and

heritability estimates for ten agrononic parameters in each

of the three populations ¡ C-fO-l, C-?O-Z and C-l0-J are
presented in Table ?" Significant genetic variance ((lfr)
existed for all traits in each population, except for yield
in C-?0-3,

Significant genotype x location x year tO.frr" I inter-
action variance components exÍsted for a number of pararneters

in each population. fhe onlytF!r" which wes l-arger than the
genotypic conponent was for yield in C-?t-Z, but this did
not detraet frorn the significance of the genetie variance.

fhe only other traits for which Ofr", was consistently large
were percent plunrpness in the first two poputr-ations and test
weight in populations C-?0-1 a.nd. t-?O-j. Rasmusson and

Glass (1967) reported significantCfr" for percent plurnp-

ness and heading date.

ïn general, where no significant seeond order inter-
action existed, at least one of the first order interactions
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was significant" fhe only case in which these interactions
twere larger than orõ was for yield in population Ç-?A4 in

which genotype x year (Ofrr) ana genc.type x location (Cfr")

were both significant anci larger tfranOf,. This led to no

significant genotypic variance for yield in this population"
t

îhe Cõy was both more often significant and more con-

s!-stently signíficant across populations than wasFfr", in
agreernent with the results reported by Rasmusson and Glass
(1967)" rheefr.,' *as inportant in all populations for plant
height, 200 kernel weíght, and percent plunpness; and sig-
níficant às well- ín populatioris one and three for kernels
per spike, days to headÍng, days to maturity and Cays in
post-ânthesis. fheOfr" was relatively important only for
da¡'s tro heading in populations C-?0-1 anò, C-IO-Z. Rasmusson

and Glass (196?) reported no significantOfr, for plant height
in agreement with the present study, whíle they did report
a significant O[" for rlays to heading j-n one population.

ïn no case vÍere any of the interaction variance

components larger than the error component of variance (Of;).

The6!'s for test weight, kernels per spike, kernel weight,
days to maturity, and days in post-anthesis were two to
three tines as Ìarge as were tfredfr estimates for these

pârameters, and for yíeld, tire C!,s were four to nine times
greater than were tfre Ofr's. These results again are in
general agreernent wlth those reported by Rasmusson and Glass

(196?) and Rutger et al. {f966),
The heritabi-lity estirnates presented in Table ? are
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relatively high. With ¡ninor exceptions, they were of
simílar magnitude rela.tive to each other, as had been the

case for those prev5.ously reported (Table L). Esti.mates

for plant height (83 to 89%) and, far 2OO kernet weight
(?f to ?B/") were high and consistent over a1l populatíons.

the estinated heritabilities of test weight (58 ta 68%),

percent plunpness (62 to 69/") anA days in post-anthesis

{62 to 68/") were lower but also consistent over the popula-

tions studied. 0f these characteristic s, only the estinated
heritability for plant heíght d.eviated from prevíous reports
being higher in the present study,

Contrary to the literature (gaUle 1), the heritability
estinates for days to heading and to maturity were not
consistent over the three populations. However, the inter-
medíate to high magnitudes, 6) ta B0/" and 6o to 83ft

respectively, were consistent with previous reports (?able l)"
Rasmusson and ûlass OgAZ ) reported siailar variability
between populations for days to heading.

The literature surveyed gave no previous indication of
an heritability estirnate for the parameter days in post-
anthesis. The result in the present study was moderately

high heritability (62 to 68/"), co,nsisteni across populations.

HeritabilÍties for kernels per spike were variable, with
population C-7O-2 sho$/ing an estimate af ?2% as compared to
48 and 5ly'" for the other populations. this variability also
existed in previous reports (îable 1).

Heritability estimates for yield in this study were low
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(28 to 5B/"), as reported by nost others (Ta¡le l-), and

subject to large standard errôrs (I4 to ZZ/,), fhe estimate
for population C-10-J (ZB + ZZ%j was essentially zero, since
no genetic variance for yield $/as detected due io large

2t
¡¡['' ana ({" componenis cf va:'iance. TI-ie ver.y large oj's
contributed to lowe:: heritabilities for yield in all
popul-atiorrs.

The heritability estimates for lodging were relatively
high (63 to ?Bl") considering data were availabte from only
three experinents. This is partly explained by the large

tamount of Cr[ for this trait due to the strong relationship
of lodging and plant height ín these populations.

Stan<lard errors of the herítabilit¡r estirnates lvere

large relative to the estimates only for the traits yield
and kernels per head, reflecting the difficu,lt¡r 6¡ measure-

inent of these charaeters due to environ¡nental interâction"
fhere was also â tendency for the standard error to increase

as the population size decreased from C-?A-:- through Ç-?O-3"

fraít Comparisons

Means, their standard errors, and range s for each of
ten agronomic and four quality parameters measured. for each

of the three populations studied and the check varietyo cv.

åSgg, are presented in lable B.

The population means were not signifieantly different
fron each other for yie1d, kerne 1 weight, test weight, percent



Table 8, Population Means and Ranges for Agronomic and Quality
Parameters, Experiment I.

No, of
Characteristic Poprn Lines Meân I Std. Error

Range
l-ornTest Line - Z
tlíshest T-ine c,V -

Plant Height
(cr. )

Yield
(e. /p1ot)

Kernels per
Spike

200 Kernel
!ùeíght

Test tr{eight
(ke. /hl . )

PercenÈ
Plumpness

Degree of
Lodging

c-70-1
c-70-2
c-70-3

Borìanza

103
87
4l

76.I0 ! 0.57 b 58.80-84.20:k'r 7.6
76.02 ! 0.46 b 58.70-81.90** 5.6
68.35 t 0.87 a 52.7O-76.7Oxx A-2

79.40 ! O .09

c- 70- 1

c-7 0-z
c-70-3

Bonanza

513.9 t 4.1 a
540.4 ! 4.9 a
532.8 ! 7.4 a

533.2 L 2.2

103
87
4l

423.3-602,5* 8.0
418.6-635.8** 8.4
417.4-638.4 8.8

c- 70- r
c-70-2
c- 70-3

Bonanza

103 56.17 ! O.24ab 49.6 -6L.6x*
87 56.50 ! 0.29 b 50.8 -63.3rr*
41 54.6L x 0.47a 46.8 -60.5**

57.50 1 0. 10

4.3
4.8
5.6

c-70- I
c-7 0-2
c- 70- 3

Bol\artza

103
87
4L

7 .01 ! 0. 03a
7.04 1 0.03a
6.99 10.06a

6.93 r 0,01

6.27-7,gLx* 1.9
5.98-7.73*x 2,O
6. 1I-7.95** 2.O

c-70-1 r03 67. 88 10.13a
c-70-2 87 67.88 ! 0.14a
c-70-3 41 67.67 ! O.27a

Bonanza 66. 31 I 0.05

64.8 -70.4** 6.5
61.2 -70.t** 4.6
63 .7 _69 ,7 *¿\ 6 ,6

c-70- I
c-70-2
c-7 0-3

Bonanza

84.93 t 0.54a
86.2O ! 0.43a
83. 58 t 0.86a

85.20 r 0. 14

103
87
4t

69.7 -94.7** 4.5
65.9 -92.2*x 3.8
69.2 -94.8** 5.1

c-70-1
c-70-2
c- 70-3

Bonafiza

3.36 ! 0.10 b
2.86 1 0.08a
2.08 t 0.10ab

4.46 t 0,04

103
87
4I

1. 10-5 . 67r. 29 ,2
r.oo-4.57* 25.2
1.00-3.43*'r 32.2

Values in one group followed by the same leLter are not significantly
different, P=0.05.

* Fr significant at P=0.05.
** Fr significant at P=0.01,



Table 8. Continued

Range
Lor{est Line -

Characteristic PoÞtn Lines Mean I Std. Ercror Hishest Line
No. of 7"

Days to
Heading

Days to
Mâturíty

Dâys in Post-
AntheseF

c-amylase
Level (uníts )

Soluble Amíno-
nitrogen

(ng. /100 mg.
-Bartey)

c- 70- I
c-70-2
c-70-3

Bof|anza

54.99 t 0. 13a
56.06 10.16 b
54.33 t 0. 17a

54.60 t O .O4

I03
87
47

52.6 -59.gt<x 2.4
52.8 -61.0** 2.6
53.3 -58,9** 2.O

c-70-I 103 84.23 ! O.t2 b
c-70-2 87 85.06 I 0.12 b
c-70-3 41 8l 68 L 0 ,27 a

Boîaîza 82.95 I 0.05

81.3 -86.6** L.4
82.I -87.2*x t.4
78. I -84.9** 2.L

Bonanza 28.35 t 0.05

c-70-1 103 29.35 10.11 b
c-70-2 87 29.11 r 0.11 b
c-70-3 41 27.27 ! O.26a

C-70-I 103 27.59 ! 0.28a
C-70-2 87 25.28 t 0.30a
C-70-3 40 25.78 t 0.47a

Bonanza 22.97 ! 0,I8

26.6 _37.gxit 3.8
26 .5 -31 .3'k* 3 .6
23.3 -3r.2x* 6.2

20.70-36.33*x 10,4
18.70-35.90** 11.1
20.10-33.30*r{ 11.6

Saccharifying C- 70- 1

Activity C-7O-2
c-70-3

Bonanza

103 208
87 220
40 261

242

! 2,9 ab
! 2.0 a
! 3.4 b

t 3.0

-296x*
- 304*'k

156
t77
222

13.9
8.6
8.4

Bârley Nitrogen C-70- 1

7. c-70-2
c- 70-3

Bonanza

2.05 I 0.01a
2.00 t 0.01a
2.04 ! 0.02a

2.07 t 0.01

1 .90-2. 35r.rr 4,4
I . 83-2. 14*'r 3.5
L88-2.25x* 4,9

103
87
40

c- 70- 1

c-70-2
c- 70-3

i03
87
40

0. 147 t 0.001a
0. 137 ! 0.001a
0.141 t 0.002a

0. 160 I 0.002

0.121-0.187 8.8
0.111-0.164** 7.3
0. 115-0. 163 7.7

fValues in one group followed by the sâme letter are not sígnificantly
different, P=0,05.

,r F' significant at P=0.05.
*x Ir sígnificant at P=0,01.
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plumpness, level- of alpha-any1ase, percent barley nitrogen
and soluble aníno-nitrogen, 0f these traits cv. "Bonanza"

differed only in that it was lower in kernef weight and

alpha-amyl-ase, and higher in pereent ba!.ley nitrogen and

soluble amino-nitrogen, than were the rneans of the experl-

r'rental populations. 0n a mean basis, population C-7O-3

was significantly shorter than the others, which were both

slíghtLy shorter than the control. 0vera11 decreased

height of population C-7O-3 was emphasized by the fact that
its tallest line was shorter than Bonanza. The greater mean

plant height of C-70-1 and, C-7O-2 reflected the fact that
these populatíons had lines taller thån the eontrol, and

had more taller llnes than shorter f.ines, re l-atíve to C-7o-3

(ra¡re 9).
Bonanza had more kernels per spike than any of the

populations and C-70-3 had significantly fewer than the

other populations.

C-7A-2 had a greater mean number of days to heading

than C-?0-1 and C-10-J, which did not differ from each other

or the check. Population C-7O-j was earlier maturíng, with

Banar.z,a next, followed by the other populations" Íhe same

ranking occurred for days in post-anthesis.

All populations were more resistant to lodging on a

mean basis than was Bonanza. Differences between populations

were difficult to determine due to large environmental

influences but it seemed that C-7O-3 was most resÍstant
followed by C-?A-Z and C-70-1, the Least resistant.
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Ðata for saccharifyi"ng âctivity was also subject to
large errus and it seemed tìnat C-?O-Z, C-?A4 and Bonanza

were at about the sãme leve1 with C-ZO-I sornewhat lower.
the ranges presented in îab1e B showed that significant

differences exísted betr¡,¡een rines within aì-l populations for
a1l- traits studied except for yield in C-?O-l and soluble
a¡nino-nitrogen in C-70-1 and C-?ô-3,

Maxifirwyr line means ín each population exeeeded the
control mean for all characteristics except plant height
and degree of lodging in Õ-7O-3 and 1evel of soluble amino_

nitrogen in botþ C-?O-z and C-?O-j. In al1 cases population
mínimuns v¡ere lower than the control rnean.

The possibility of setecting for increased yielding
ability, in particular high yielding short statu.r,ed material,
was tabulated in fable 9" fn populations C-f0-t anð, C-IA-Z
the tall class lines were the highest yielding, with the
interr'rerliate height group close behind and above the control
Bonanza, while the semi-dwarf class were lower yielding.
For population C-70-J the highest yielding line was ín the
interrnediate height class while the lotvest was the tall line.
For the whole study the highest yielciers frorn the tall ancl

intermediate gz'ollps were no different in yield and the best
yielcling semi-dwarf was at least equal to BÕnanza. The

highest yielding line fron each g:'oup of eaeh population
was hiEçher yíeì-ding than the serni-d.war.f parent Minn64-62,
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Phenot:'¡pic Corre-Lations

Sinpl-e phenot¡oic correlations for each population
and pooled correlations between ten of the agronornic

parameters, and between selected agronomíc characteristic s,
lodgíng, and the four quality traits, are presented in
îable 10.

Plant heighi was significantly, positively and homo-

geneously correlated with yield per p1ot, 200 kernel weight,
test weight, percent plumpness, days in post-anthesis and

degree of lodging" llhe relationship with )¡ield supÈorted

reports of Konishi (19?6), Fiuzat and Atkins (I9fi) anð.

Ðuwaryí (a9?l+), but ís in disagz'eement with resutts published

by Na.sr et al. (Igfi), Kiesselbach et al. (1g40) and Rutger

et a1. (tçøZ) - lhe association with kernel weight supported

results of Konishi (L976) and Fiuzat and. Atkins (1951), but

is not ln agreernent with those of Crook and poehlman (fg/t).
Both Nasr et a1" (fg?3) and Rutger et â1, (196?) have reported

sirnilar relationships for plant height with test weight and

percent plumpness, wbile Konishi (l-9?6), Duwaryi (Lg?4),

and Nasr et al. (f973) all reported a sinilar relationsl¡ip
of height wi.th lodging. These results a:'e in general

agreenent with those fz'orn wheat studies ( Jol.rrson et al-.

L966 (a.i) and rice work (Chandler, L)6p),

Flant height showed heterogeneous relationships with

three traits. llith kernels per spike none of tl¡e indlvidual-
population values were significant and we ean eonclude, as
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Table I0. Phenotyplc correlaËions, ExperímenL L

Characteristícs
Population

C-70-I C-70-2 C-70-3 Pooled
Correlated n=103. n=87 n=41 Correlatíon

PLant Height (cn. ) !,7ith:
Yiêld (kg. /ha. )
Kernels/splke
200 Kernel weight (g,)
TesÈ weight (ke, /hl. )
Z Plunpness
Days Èo heading
Days to Daturity
Days in post-aíthesis
Degree of lodging
Level of c-amylase
Saccharifying acÊíviÈy
7" Bati'ey nltrogen

. Solublearnino-nitrogen

Yíeld (kg. /ha. ) with:
KerneLs/spike
200 KerneL r,¡eight (g. )
Test r^'eight (kC. /h1. )
% Plumpness
Days Èo heading
Days to maturíty
Days in post-ânLheais
Degree of lodging
Level of a-amylase
Saccharifying activíty
"Á Baxley nitrogen
Soluble arnino-nitrogen

Kernel-s/spíke with:
200 Kernel weíght (g. )
Test l,¡eighr (kg, /h1. )
Z Plumpness
Ðays to heading
Days to maturity
Days in post-anthesis
Degree of T,odging
Level of q-amylase
Saccharifying activiLy
% Barley nitrogen
Soluble amino-nitrogen

.35** . 3l?**

.18 -,07

.32*x ,46**
,40,r* ,3I**
.23* .40'k¡t

-.55'k* -.16 .

-" 31.rt* .O7
.30** .32**
.51**. .46¡t*
.04 -.20*
. 13 .16

-.01 .20*
=.07 -,zlx

.22x .19

.03 .t2
-34** -12

-.01 .10
-,38** -.16
-.16 -.L2
.31** .05
.24** .30**

-.08 -.18
-.07 . . -.2r*
-.40** -.2O*
-.25* -.t6

-.I9 -.25¿-
-.04 -.29**
-.33** -. 28x
-.13 .13
.r4 .20
.30ii* -.01
.33tr* .2Ix

-.O7 -.23*
-.08 -.24*
-.27x* _.26*
-.33** -.20

.46*x

.29

.5lt*

.54**

.59**
-.69f¡'*
-.06

.35*

. 5 6,q*
-, 09
-.20
-.2t .

-.t2

.32J.

.04

.11

.15
-. 39*

.2!

.41'r*
-.13
-.zL
-,42**
- .08

-. 19
.02

- t?,
.L7
.30
.LJ
.06

-. J.f ^
-. 36*
- .11

.354**
11+

.405**
-397 **
.371**

H
lt

' .319¡r*
.500**

-. 080
- ,090

.040
-.L29

..226*
.070
.2L6**
.060

-. 300**
- ,080

.236'\*

. 291**
- .rz9
-.!49*
-. 336**
-.187**

-.2L6*x
- r 20

-.219**
-.050

. 168*

"187t 
*.

.270**
-.110
- .190x*
-. 280'!*
-.250*,t

* Sígnificant at P=0.05
** Signifícant at P=0.01

Cont I d.

H = Ileterogereous correlations, Èherefore could not coEpute pooJ-ed value.
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Table 10. (Cortínued)

Châracteristics
Correlated

PoDulation
c-70-L Cliõi-----õ17õ-T- poore¿
n=103 n=87 n=41 Corre l ¡i-i on

200 Kernel r¡Teight (9. ) r^rirh :

Test r,reight (kC. /h1, )
% Plumpness
Days Ëo heading
Days to maturíty
Days ín post-anthesis
Degree of lodging
Level of o-amylase
Saccharífying activity
"l Barley nitrogen
Soluble amino-nitrogen

Test \a'eight (kC. /hl, )
Z Plumpness
Days to headíng
Days to maËurity
Days in post-anthesis
Degree of lodging
Level of o,-amylase
Saccharifying actíviÈy
% Bar1ey nitrogen
Soluble amino-nitrogen

% Plumpness with:
Dâys to heading
Days to mâturíty
Days in post-anthesís
Degree of lodging
Level of c-amylase
Saccharifying actívity
% Barley nitrogen
Soluble amÍno-nitrogen

Days to heading with:
Days to maturíËy
Days in post-anthesís

Days to maturity r,rith:

.25* .55r.'*

.75'k* ,79*,\
-.41** -.50*'t
-.07 -.20
.41*'r .49*r.
.28*x .41**

-.26** -. 30r.r(
-. 18 -. 09
.13 .25x

-.22x -.21x

. 30*'{ .59**
-.51'kr. -. 39**
_. 48r.* _.28*
.13 .22x
.11 .20

-.04 -.45rt*
. 13 -.31**
.02 .2t*

-.t4 -,27*

-.35'rrk _ .44*'\
-.20* -. 10
.20* .44x*
. 01 . 34rk*

-. 05 - ,44,\*
-.01 - ,25x
.45'k* .2L*

-.01 -,32**

.61** .71**
-.50*'e -.56rk*

.60'l't

.83,t*
- .42**

.05

.32*

- ,)^

-.00
-.04
-. 08

.64iß*
-. 35'k
-.04

.18

-.2t
-.11
-.13
-.10

-.62x*
-.01

.38**

.56r.'t
-. 31'k

.03

.09
-.12

.29
-. 31*

ä
.7 82**

- .446**
-. 100

,422*x
.345**

-.264x*
-.rt9

. r49x
- . 19 7.'.*

H

- .438/.*
H

. 178*'t

H
H

.070
-. 187**

- .438't*
-.r29

,327 **
H
H

-.010
. 310 r. r(

- . r49*

H

-. 495**

Dâys in post-anthesís .32** . 13 .82** .380'krk
v. siàãi-

** Sígnificant at P=0.01
fH = Ileterogeneous correlations, therefore could not compute pooled value,
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Table 10. (ConÈinued)

Characteristics
Correlated

Population
bffi po"te¿
n=103 n=87 n=41 Correlation

Degree of lodging with:
Level of a-amylase
Saccharifying activity
7" BarIey nitrogen
Soluble amino-nitrogen

Level of c-amylase r¡rj-th:
Saccharifying activity
7" BarLey nitrogen
Soluble amino-nítrogen

Saccharífying actívity \^rith :
7. BarLey nítrogen
Soluble amino-nitrogen

7" BarLey nitrogen with:

-.26x -.37*
-.22* -.09

. 18 .08
-.37* -,33*

.7 Z** . 31r.

.o2 -.42**

.74x* .60**

.29** .19

. 64** .5 5:kit

-.24x
- .o4
- ,20*
-. 40*t"

.36*'k

.77

. ooá^

.25*

.24*

-.119
H

-.389**

It
H

.686,r*

.254x*
H

Soluble arnino-nitrogen .30¡t .05 -.09 .139*
tr Significant at P=0,05

x* Significant at ?=0.01
fH = lleterogeneous correlations, therefore could not compuËe pooled value,
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did Syme (f972), Fonseca and patterson (1968) and lebsock

and Amaya (tgøg) in wheat studies, that no retationship
existed" îhis was not surprising, since Rasmusson (Lg?3)

indicated the original se¡ni-dwarf was selected for head.

type. Height showed a sÍgnificant negative correlation
with days to heading Ín C-?0-1 and t-?0-3 while the

relationship was negative but non-signÍficant in C-?o-Z.

fhis generally negative association was reported by

Johnson et aI. (f966(a)) from wheat work while reports
from barfey studies have been either of a positive (Barker

et al., 1964), or a non-significant nature (Rutger et a1.,
L967). Days to rnaturity showed no associatÍon with height
except in C-70-1 Ín whÍch there was a sÍgnifieant negative

correlation. This correlatlon is in agreement with the

report of Fíuzat and Atkins (tgSl),
Plant height ehowed onLy homogeneous correlations with

the quality tralts, a13. non-significant.
Assoeiations with yieJ"d per plot showed no heterogeneous

corre Lat j"on groups across the three populations" posit-ive,

sígnificant correlations were obtained between yield and

kernels per spike, test weight, days in post-anthêsis and

degree of lodging. Significant negative relationships
existed between yield and days to heading, saccharifylng
activity, percent barley nitrogen and soluble amino-nitrogen.

No significant assoej-ation was revealed between yield and 200

kernel weight, percent plumpness, days to rnaturity or Level
of alpha-amy1a se 

"
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lhe positive relationship of barley yield with kernels
per spike had been reported by several workers ineluding
Tap and Harvey (I9?2) and Rasmusson and Canne1l (Lg?O),

îhe non-signlficant relationshíp wÍth kernel weight was

previously reported only by Hayter and Riggs (l9|j) and

in some crosses studied by lísi and Lambert (1954). In the
present study the relationship of yield and kernels,/spike
was significant at P=0.O5 and the retationship between

yield and kernel weight was not signifÍcant. fhís is
supportÍve of Quisenberry (tgZ9), who concluded that kernel
weight was not as important a component of yield as was

kernels per spike.

The positive correlation of yie).d and test weight i.s
ín agreement with the reports of Rutger et aL. (L96? ) and,

DenHartog and Lambert (\953). On an individual basis only
population C-70-1 showed a signifieant relationship.

Contrary to reports in other erops involving semi-dwarf

and tall- material (Chandler (1969) in ríce, and BriggLe and

Voge1 (1968) in wheat) ånd the report by Sisler and Olsen

(]-95f) from a barley stu<ly, the present study showed a

positive yield - degree of lodging relationship.
fhe negative correlation between yield and perceni

barley nitrogen, or protein, has been previously reported

by many workers including Hayter and Riggs (f9?3) frorn

barley studies.

The yield component, kernels per spike, showed. a
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significant negative correlation with the yield component,

kernel weight, in agreement wi-th yield component compensation

ani distríbution of photosynthate theories (Adams, l)61), as

well âs being in agr:eernent with reports by Grafius anC

Okoli (19?4) ånd Rasmusson and Cannell (19?0). .{ significant
negative association of kernels per. spÍke with percent
plunpness was also shown in the present study" Test welght
was negatively associated with kerneLs per spike in
populati-on C-70-2 ¡ however, the pooled. correlation over
populations was not significant 

"

Kernels per spike showed no relationshÌp to days tô
heading, whíie there were positíve associations bei;ween

kernels per spike and Cays to maturity and days in post-
anthesis" Phese correlations were not significa;rt on an

individual population basis except for kernels per spike

and days in post-anthesis in population C-?0-1.

Kernels per spike was positively related to the degree

of lodging in the present study and generally negatively
associated with the quality parãrûeters measured, although

the relationship with the level of alpha-aroylase was not
significant.

As reported by Crook and poehlrnan (19?1), this study
revealed a significant positive association of kernel weight
with percent plurnpness, and as reported. by llsi and l,ambert

(f954), there was a significant positive correlation
between kernel we ight and test weight" Kerne 1 weight was

negatively reLated to days io heading and positively rela.ted



to days in post-anthesis and lodging.

Significant negative relationships were fou¡d ín ihis
study bêtween kernel weight and levels of alpha-amylase and

of soLuble amino-nåtrogen. Â. sígnificant, but weak,

positive correlation was revealed between kernel we ight
and percent barley nitrogen. Such a relalionship was

previously reported by Hayter and Riggs (Lg?3) and Metcalfe

et al. (t96?).

Although the correlations between test weight and

percent plumpness were heterogeneous they were all positlve
and signifícant" Similar relationships were reported by

Crook and Poehlnan (Lg?!) and Rutger et a1. (196?),

The significant negative association of test weight

with days to headíng and the positive correlation with days

in post-anthesis reflected the effect of these characters

in deternining the grain filling period. t tthough previously

reported as negative (Rutger et al., Lg6? ), in this study

there was a posítive assocÍation between test weigl'rt and

degree of lodging.

The test weight - quality faetor correlations were

notable in that the only population in which these v¿ere

significant was C-IO-Z, which showed a positive correlation
of test weÍght and percênt barley nitrogen, and negative

relationships betr^'een test weight and the ottrer quality
parameters.

îhis study showed a posítive correlation of percent

pLumpness with days ín post-anthesis and the accompanying
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relãted negative association between p1u-ropne ss and days to
heading" Significant positive correlations cccurred between

plurnpness and degree of lodging ín C-7A-2 a'r.ð. C,-?t-3.

Pereent plumpness showed generall.y ôegative refation-
ships with leve1s of alpha-amylase, saceharífying activity
and soluble amino-nitrogen, again particularly in ti.re case

of populatian C-lO-7, A negative assoeiation of plumpne ss

v¡ith diastatie power was prevS-ously reported (Rutger gI ef",
L96?).

lhere was a strong positive relationship between days

to Ìreading and days to rrraturity in populations C-?O-l and

C-?O-z, lhe association was not significant in C-7A4.

Dâ)¡s to heading was negãtively associated wíth days in
post-anthesis in all three populations" A strong positive

corue lation existed between d-ays to rnaturity and days in
post-anthesis ín populations C-70-1 e,Þd C-70-J. This

relationship was particularly strong (r="82) for C-?0-J.

The correlation for these pa.raneters wås not significant
for C-7O-2,

The generally negative correlations between degree of
lodging and the four quality parameters, i.e. alpha-anylase,

saccharifying activity, percent barley nitrogen and soluble

amino-nitrogen, reflected the positive associatj-on of
lodgi-ng witir the yield components and the negative associa-

tions between these quality parâmeters and the yield

c omponents o

The interre lationships amongst the quality pararneters
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tÌ'rerase 1ve s we!ìe generally positive" The positåve relation-
ship of barley nitrogen and saccharifying activity was

previously reported by Metcaife, et åL. e96?). Rutger
et a1. (196?) reported a posi-tive correlatíon between

saccharifying aetivity and level_s of alpha-aroylase.

A signifieant negative relationship existed bet$,een

alphra-amylase and percent barley nitrogen in population
Ç-7O-3, while in the other populations no relationship was

found" Hayter and Riggs (fg?3) reported no association
between these characteristics ín their experíment"

Analyses of 'uariance (ANOV¡, ) were computed to determine

the significance of effects of rates of nítrogen (N)

fertilízer on several agronomie and quality parameters in
relation to genotypes representÍng a range of plant heights.

Slngle degree of freedom conparisons were used., when

appropriate, to exarnine the significance of differences
between ttre means of: (f) taff and seni-dwarf elasses, and
(Z) the control, gy. Bonanza, and the other genot¡,pes.

fhese -{NûVA and the relevant nean data are reported in
fables 11 through 53" the information is reported for eaeh

of the five environments individually due to the hetero-
geneity of error variances whj-ch existed. The results are

presented on the basis of the individual charaeteristics
neasured,
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Aglononie ChArae'qeri s! ic s

Pl"ant lleight" fhe ANOVA (Tabl-e 11) indícated that signifi-
cant d-ifferences were obtaíned due to N rates at three of
the five locationso This was due to the first incrernent

of N (lable 12C), except at Carman in I9?5, where a further
increase in height occurred. with the second increment of N"

No significant increase in height occurred at Carnan or
Portage ín 7976, but there was a trend to this v¡ith the
first ltr increment (Table 12C)" Increases in height with
additional applications of N were previ.ously reported in
barley by Pendleton et a1" (L953) 

"
fhe genotypes showed significant height differences at

all sites. Although significant <iifferences oecurred within
the major height classes of tall and semi-dwarf in sone

experirnents (Table lpA), the two height elasses were distinct
throughout the experiment (Table 1ZB) 

"

A significant F x G interaction occurred at portage in
1"975 (fable 11)" This interaction (table lJ) appeared to
result fron differential responses of the three senri-dwarf

1i.nes to lncreased levets of N. lhe deviati-on of i;he second

highest rate froriì the pattern imposes sûme restraint on this
interpretation, although no obvious explanation for this
deviation is available" Some peculiar chanee effecis on

that treat¡nent nay have been the cause 
"

Ylel-d. fhe ANOVA (rabte

response to applied N at
ind j-cated significant yiel<i

sites. lhe mean yields

14)

alL
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(Table t5t) ind.icated that the first increroent gave a
significant response at atl sites, whereas the seeond

increment produced a further significant yield increase
in onÌy the two tests at CarûÌan.

Significant genotypic differences for yield vrere

obtained in all" tests except the one at Carman ín L9?5

( f a¡le 1¿{., ljiA ) , Àt three of the se f our locations the
tall genotypes were higher yie ld.ing than the semí-dwarfs

on a mean basis (Table 158). However, as shown in Table

IJA, at no site was the yietd of Minn 64-62 signifieantly
lower than that of the talls¡ in fact, síngle degree of
freedom comparisons (faul"e 1&) indicated Minn 64-62 ta øe

sígnificantly higher yielding than the tall control genotype

cv. Bonanza at Portage in I)16, The lower semi-dwarf mean

yield resulted from the overall lower yield.s of CfOl011

and C7O3o32"

ljnlike the report of Gardener and Rathjen (19?5), tfre

present study showed no F x G j-nteraction at any site (fa¡le
14). However, there was a trend. for the serni-dwarfs, C?03011

anð. C?O3O32, to show a greater respo.rìse and./ or need for at
least the first nitrogen increment. rt,t higher N 1evels this
response did not continue, possibly d.ue to another 1ímiting
factor, in this case moisture. Such lack of interaction
was previously reported by Syme ftgAZ ) in wheat. The

importance of moisture in the expression of nitrogen

response was reported by Stanberry and Lowrey (tSøS),
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$pikei: pqr llnii Area. The ANOY¡, (fable 16) indica-ted that
inc::easing N significantly increased the nurnber of spikes
per unit area as previou.sly reported by several workers
including Konishi (f9?6) and Gardener and RathjerL (I9?Ð"
This increase wâs primaril¡r lirniied to the initial inerement
of N, except ai Carroan in Ig?S where the response continued_

throughout al.L N increments and at Sanford in 1pf6 where

there was a sign.if icant response to the finai N increment
(ta¡re r?c ) .

the AtiûVA (îabl_e 16) indicated signåficant d j_fferences

among genotypes for spíkes per unit area existed, and that
no F x G interaction óccut:red.

Further analysis (fable 16) indicated significant
differences between the talls and semi-dwarfs at al-1 sites
in 3-976, This difference was in favour of the se¡ní-dwarfs
(ta¡re r?n).

Further single degree of freedom comparisons (Iabie l_6)

and the data of Table 174 show that most of the advantage

of the semi-dwarfs came from Mir:lf. 64-62, Õ?o3o3z showed

an advantage over the talls at the lpf6 sites, but semi-

dwarf C703011 was, in fact, lower in spÍkes per unit area

than the ta11s in three of the five experinents"

lhe di.sagreement between the analysis of Tabl_e 16 and

the lack of significant differences ind.icated at Carman,

:..975 in Table 174 arose because the test used in the latter
case was less sensitive tlran the single degree of freedom

comparison eraployed Ín îable 16. This si-ngle Cegree of
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freedom comparison indicated lqínn 6U-62 had significantly
more spikes per unit areâ than Bonanza at thís site as we1l,

Kernels pqr_Þpike. As was the caee in experiments reported
by Gardener and Rathjen (Lg?S) and Schreiber and Stanberry

QgAl) the results of this study (fãble lB) showed. inereased
kernels per spike with Ínereased fertilizer N. lhe increase
was signifícant at three of five locatíons and the means in
Table 19C indicate the major effect to be fron the fírst N

inerement. However, at Carman lplJ, tìne response continued
to the third N 1eveL. Again no F x G interaction was

indicated (Table 18).

Single degree of freedom cornparisons (ga¡fe fB)
revealed significant differenees between genotypes and

between height classes for kernels per spíke. The data of
table 198 showed this to be in favour of the ta1ls. In view

of the higher spíke nunber per unit area of the semi-dwarfs,
and the negative relationships between yield conponents
(Davis, Lg6?), this would be expected"

At aI1 sÍtes C703032 and Minn 64-62 had significantty
fewer kernels per spike than did the tall genotypes

(fanfe f9e.). 0n the other hand, the semi-dwarf C2030]1

had as many or rnore kernels per head than the tal1s. fn
fact, i.t had significantly more than Bonanza at portage in
1975. this genotype, in general, had the lowest nunber of
spikes per unit area among the lines in thÍs test (Table WA).

It is worth noting that, at Portage lg?6, Mirull 64-62
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did not have significantty fewer ker.nels per spike than
Bonanza (fable 194.), but did have nore spikes per unit
area (fabte 1?). At this site Minn 64-62 cíð. show yield
superiority over Bonanza, though not by a significant
margín (îable 14).

2Q0 Kernel Weieht. Kernel weight responses to fertilizer
were signlficant at only three locations, whereas significant
line differences were shown at all locations (TabLe 20, ZI).
the study showed increased kernel weight at the inÍtial
increments of N, followed by decreased kernel weight as the
applied N increased. this general reaction has been reported
in barley by Gardener and Rathjen (fg? S) and Reisenauer and

Ðickson (1960).

At Carnan, IplJ, thøre was an íncrease in kernel Ìveight

with N increment one, and. no ehange thereafter. At portage,

L975, the first increment of N gave the heaviest kernels,
but in this test there rvas a slgnificant deerease in kernel
weight at the hÍgher N levels. At Sanford 19?6, there was

a progreesive deerease in kernel weight as N was increased

above the ccntrol leve 1.

At all sitesn the talls had signíficantly heavier
kerne'ls than did the semi-dwarts (fabte Zt¡).

Significant F x G interactions were detected at Carman

1975 and Sanford 19?6 (Tabte Zo). fhe lnteraction at Carman,

signifieant response to N whí1e the other genotypes responded
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significantl)' to the fÍ¡'st N increment" Bonanza and CZO3011

¡aaj"ntained this increased kernel weight at the higher N

levels, while C703O32 anò. ltlir:r:' 64-62 showed a decrease at
the very highest N level.

At Sanford, l.9?6, tl¡¡e interaetion (fable 23) ârose

because C703011 and Bonanza shov¡ed no significant response

to N, while the other genotypes all showed a negative
resporÌse to the first incrernent of N, with Minn 64-62

showing thi.s negative response through to the highest N

leve I .

C701011 was consistently 1owest in kernel weight and.

Bonanza was highest (ga¡te e:_¡,). The other genotypes were

intermediate, with CTAZaZ\+ having ker.ne 1 weight not
significantly different fron tsonanzao fhe very l-ov¡ error
j-n ¡neasure¡nent of kernel weight ena.bled detection of the
F x G i-nteractions.

Ðegree sf l,odeitg. Lcdging occurred only in the two 19?5

trials. ANOVÀ and treatment mearrs are reported j-n lables
24 and 25,

,Applied N had a sÍgnifica.nt effect on}-y at portage,

and lociging increased as did the rate of, applied N (fable
25C). Eaeh N incremen* gave significantly rnore l-odging.

No significant effect of N was found at Carman due to the

very 1ow lodgíng leve1s ¡ however, a trend toward more

lodging as N increased existed (faufe z5C). Ä similar
effect of N was previously reported by Pendleton e$. Al..
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(,tssl) .

As ín the reports by Chandle:' (1969) for riee, and

Briggle and Yoge1 (a968) for wheãt, the present str.rdy

indj-cated there was significantly more lodging in the tall
genotypes than the semi-dwarfs at both sites (îable Z5B),

Sígnificant F x G interaction occurred at both sites
(ta¡fe Z4). At CarrÂan the interaction (Table 26) resulted
from Cf02O24 showing increased lodging with more applied N

while the other genctypes showed no significant responseo

At Portage the interaction (Tabl-e 2?) arose due to tr¡¡o

seni-dwarfs, C7O3O32 and lllinn 64-62, showing no r.esponse to
applied N while the other genot;4>es, in particular th€ tal-ls,
responded positively to the first tv¡o N increments.

C|O3O)Z and Minn 64-62 were the most lodging resistant
and ÇfO2O24 the rnost susceptibie genotypes 3.n this study
( raul-e z5¡. ) 

"

Test We igLt. This character was significantly affected by

applíed N at onty the two t9Z5 siies (ta¡fe eA)" At both
sites the initial N increment gave increased test weight,
while further increinents gave no change at Carnran, but
resulted in a decrease to original 'levels at portage (table
29C). Si"rnilar results were reported by Reisenauer and.

Diekson (ryøA) for ihe closely related character of kernel
plurnpne s s in barley.

As indicated. by data in lable 2pB, differences ån

favou:' of the talls existed between height classes at only
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Sanford â.nd Carnan, 1926, Since N had no effect at these
locations, these dlfferences were genotypic.

Significant F x G interaction occ.ürred at both i-975

sites. [he interaction at Carman, 1925 (fable JO) rvas due

to C7030tl and Minn 64-62 shov¡ing sign.ificant positive
response to applied N, while the renaining genotype s did
not. Àt Portage, L97 5 (fabl.e 31) tfre F x G interaction
occurred as CIA2O24 showed a negative response to N, while
CTOSOIL showed an initial positive response followed by a
negative response to higher N rates. The other genotypes

exhibíted no significant response.

0vera11, C703011 was the lowest in test weight, while
the other genotypes did not differ consistently over

locations (fa¡fe e9¡.). The smalt error (Table 28), gave

rise to a highly sensitj-ve test for statistical significance.
These sorts of differences would not 1ike1y be crítieaL fron
a practical productíon viewpoint.

Days to_Headins" Applied N affected days to heading at both

sites in Ig75 and at Sanford, 19?6 (Iã.bl€ 32). This effect
was due to the fírst N inerement at al.l sites (Table 33);
however, the effect at the 1!/J sites was to cause heading

to be earlj-er, while at Sanford, 1926, heading was del_ayed"

Results similar to the I9?5 data were reported by Stanberry
and lowrey \ryô1).

At all sites, the sernj--dwarfs headed sooner than the
taus (labl-e 3lB) . However, it i s evident (fable 3 jÀ ) thât
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this resulted primarily frorn the generally earlier heading
of C70301ì and C?A3o32 and the Late headÍng of C/Õ2û24.

Mín:n 64-62 headed later, and Bonanza headed early, as

conpared to their respective plant heíght category ñeârrs¡

F x G interaction was significant at ioatin l9?S sites,
and the means are presented Ín fables 3U anrj 35, Ât tarnan
(fable 3þ) tire interaetion was due to Bonanza and C?o3011

exhibitíng significantly earlíer heading due to increased
N while the other genotypes showed no signifícant response.
fhe F x G interaction at Portage (Table lJ) was eaused by

a sinj"Lar situation, wítt1 C?OZO24r C?03011 and. C?O3O3Z

showing the response to N.

Days to lvlaturity" Datâ for this character were not taken
at, Canre;n, 19?6, Applied N signífieantly affeeted rnaturity
only at Carman, L975 and Sanford, 19?6 (Tab:e 36), The

effect of N was to delay maturity (faUte j?C). lhe delay
at Sanford came with the first N l_ncrement, but the effect
at Car¡ran 1975 did not occur untiL the second N increment.

fhe se¡ni-dwarf group, in this study, natured earli.er
than the tal1 genotypes at al1 sites (Table 3?B), However,

C7O3011 and C7O3O32 were consistently the earliest, C?OZOZ4

and Minn 64-6e consistently the latest and Bonanza inter-
mediate for days to maturity (fabte 3Z¿).

lhe Carman, A9Z5 F x G interaetion (Table 16) is
explained by the resuLts presented in Table l8B" Bonanza



T
ab

le
 3

4.
 N

itr
og

en
 F

er
til

fz
er

 A
pp

lic
år

lo
n 

S
tu

dy
.

F
er

til
iz

et
 x

 G
en

ot
yp

e 
rn

te
ra

ct
io

n 
M

ea
ns

 fo
t 

D
ay

s 
to

 It
ea

di
ng

 a
t 

ca
rr

na
n,

 1
97

5.

B
on

an
za

c7
02

02
4

c7
03

01
1

c7
03

03
2

l4
in

n6
4-

62

N
Ítr

og
en

 A
pp

Li
ed

0,
 0

0 
57

.5
 b

 
58

.0
a

67
,2

6 
53

.8
ab

 
56

.0
a

L3
4,

52
 

53
.3

ab
 

55
.8

a
20

L,
7I

 
52

.3
a 

55
.8

a
26

9.
04

 
54

.3
ab

 
56

.8
a

57
.5

 b
58

. 
0 

b
56

 ,
8a

b
54

.8
a

56
.O

ab

N
ltr

og
en

 A
pp

lie
d 

(k
S

. 
/h

a.
 )

in
 a

 c
ol

ul
rr

53
. 

8a
b

56
.0

 b
52

,5
a

53
. 

3a
b

54
,3

a

Lo
w

ed
 b

y 
t

>
3.

3a
55

 .8
 b

52
.0

a
54

. 
3a

b
54

.O
ab

G
en

oÈ
yp

e

sa
m

e 
Le

tte
r 

ar
e 

no
t 

si
gn

í

52
 .3

a
55

.8
 b

52
.8

a
53

.8
ab

53
 .5

ab

56
 .8

 b
52

.5
a

52
.0

a
52

.8
a

52
 ,3

a

54
.3

a
56

.8
 b

52
 .3

a
53

.3
a

54
.0

a

54
.8

a
53

.3
a

54
.3

a
53

.8
a

53
. 

3a

56
 .

0a
54

.3
a

54
.0

a
53

.5
a

54
.O

a



T
ab

le
 3

5.
 N

itr
og

en
 I

'e
rt

ili
ze

r 
zl

pp
llc

ar
io

n 
S

tu
dy

.
F

er
tÍl

1z
er

 X
 G

en
ot

yp
e 

In
te

ra
ct

io
n 

M
ea

ns
 fo

r 
D

ay
s 

to
 H

ea
ili

ng
 a

t 
po

rt
ag

e,
 1

"9
75

,

A
.

B
on

an
za

c7
02

02
4

c7
03

01
1

c7
03

03
2

Y
ün

n6
4-

.6
2

B
.

(k
e.

/h
a.

) 
B

on
an

za

0.
00

 
51

.8
a 

56
.0

 b
 

53
.0

 b
 

53
.8

 b
 

53
,8

a
67

.2
6 

50
.8

a 
54

.0
a 

50
.0

a 
51

.5
a 

53
.0

a
13

4,
52

 
51

.3
a 

53
.8

a 
49

.8
a 

50
.5

; 
53

.3
a

20
t.7

8 
51

.0
a 

54
.8

ab
 

S
f.O

a 
50

,8
a 

53
.3

a
26

9.
A

4 
50

.8
a 

54
.0

a 
49

.8
a 

50
.8

; 
53

.3
a

N
itr

og
en

 A
pp

lie
d

+
51

.8
ä

56
,0

 c
53

.O
ab

s3
.8

 b
53

.8
 b

N
itr

og
en

 A
pp

lie
d 

(k
e.

 /
ha

. 
)

50
. 

8a
54

.0
 c

50
 .

0a
51

 . 
5a

b
53

.0
 b

c

51
.3

a
s3

.8
 b

49
 .8

a
50

. 
5a

53
.3

 b

G
en

ot
yp

e

51
.0

a
54

 .8
 b

51
.0

a
50

.8
a

53
 .3

 b

50
.8

a
54

 .0
 b

49
.8

a
50

. 
8a

53
.3

 b



îa
b1

ê 
36

. 
N

Lt
ro

ge
î 

F
er

tl,
LL

ze
r 

A
pp

llc
åt

lo
n 

S
tu

dy
, 

A
N

O
V

À
 f

or
D

ay
e 

to
 M

ar
ur

tty
.

R
ep

llc
ât

es

¡e
rr

í1
1z

er
s 

(¡
,)

E
rr

or
 (

a)

C
en

ot
yp

es
 (

c)

'tT
a1

1s
 v

s 
6e

ñ1
-d

!,¡
ar

fs

B
on

an
zs

 v
s 

C
70

20
24

S
on

en
zå

 v
s 

C
70

30
11

¡o
nâ

nz
å 

vs
 C

70
30

32

B
on

an
zâ

 v
s 

M
iü

¡6
4-

62

3 4 L2

F
xc

16
 

4.
89

,r
)r

 
2.

g3
 

0.
78

 
o.

6t
D

rr
or

 (
b)

 
60

 
1.

24
 

1.
71

 
t.O

3
-'-

- 
0.

81

2.
81

29
.0

6!
t't

2.
05

r3
2,

41
1,

* 14
3.

08
*:

r

24
,0

3*
*

16
 8

. 
10

¡r
/.

67
.6

0*
't

28
.9

0,
r!

r

C
oe

ffi
cl

.e
nt

 o
f 

va
rt

ab
llt

ty
 Z

(l)
 E

rr
or

(a
) 

1.
8 

2.
7 

1,
5

'¡;
 =

ÍÍì
få

ii"
il)

=
¡:

¡s
: 

i:¡
 

i'å
 

i.l
 

2'
7

**
 F

 s
ig

r¡
ífi

ca
nt

 a
t 

?-
0.

01
.

t 
sl

ng
le

 d
eg

re
e 

of
 fr

ee
do

m
 c

oû
¡p

at
lo

or
is

 E
re

 o
rt

ho
go

na
l, 

bu
t 

no
t 
al

l 
f¡

om
 t

he
 e

am
e 

nu
tu

al
Ly

 o
rt

ho
go

na
l 

B
et

:

9.
72

1.
86

4,
63

15
9.

56
*,

r 58
.9

1:
t*

10
2.

40
'r'

r

52
.9

0!
+

¡t

25
,6

0r
tt

16
0.

00
r.

rr

9,
90

34
,5

4r
1t

!

r.
99

50
.5

7t
 t

t 64
.O

3t
 t

t

22
.5

0*
1,

' 
24

.0
3r

.x

46
.2

3t
ttl

ll,
03

,r
*

10
.6

6

5.
20

46
.8

9*
!t .4

1,
08

,*
rr

27
 ,

23
1t

*

27
.2

3*
*

16
.9

0&
r

22
,s

'tt
r,

P H



T
ab

le
37

. 
N

iÈ
ro

ge
n 

F
er

tll
iz

er
 A

pp
lic

at
io

n 
st

ud
y,

 M
ea

ns
 fo

r 
D

ay
s 

ro
 M

ar
uï

iry
.

B
on

an
za

c7
02

02
4

c7
03

01
1

c7
03

03
2

ltl
i.n

n6
4-

62

H
ei

gh
t

H
ei

gh
r 

C
la

ss

T
al

1s
 (

T
)

S
em

i-d
w

ar
fs

 (
S

D
)

T T
S

D

S
D

S
D

81
.8

 c
83

.3
 

d
77

.7
a

70
tL

83
.5

 
d

N
itr

og
en

 A
pp

lÍe
d

(k
e 

. 
/h

a.
 )

0.
00

67
 .2

6
I3

4,
52

20
r.

78
26

9.
04

79
.8

 b
83

.2
 c

77
.7

a
7 
8.

4a
84

.0
 c

E
nv

iro
nm

en
ts

82
.5

 b
80

,1
a

80
.1

a
79

.6
a

81
.4

 b
82

.L
 b

82
.3

 b

9t
 .9

 b
93

 ,4
 c

90
 .4

a
89

 .8
a

93
.0

 c

81
.5

 b
80

. 
0a

N
O

 D
A

T
A

81
,0

a
80

.5
a

80
.2

a
80

.6
a

80
.8

a

92
.7

 b
91

.0
a

sa
m

e 
le

tte
r 

ar
e 

no
t 

si
gn

ifÍ
ca

nt
ly

89
 .5

a
91

.8
 b

91
,9

 b
92

.8
 b

92
.6

 b

84
.3

 b
86

 ,0
 c

82
.8

a
83

 .
0a

85
 .8

 c

N
O

 D
A

T
A

N
O

 D
A

T
A

85
. 
1 

b
83

 .8
a

83
.2

a
84

. 
1a

84
.9

a
84

.5
a

85
.0

a



T
ab

le
 3

8.
 N

itr
og

en
 F

er
tll

iz
er

 A
pp

lic
at

io
n 

S
tu

ily
.

F
er

til
lz

er
 

x 
G

en
ot

yp
e 

rn
te

fa
ct

iÒ
n 

M
eâ

ns
 fo

r 
D

ay
s 

to
 M

at
ur

ity
 a

t 
ca

ïn
an

, 
19

75
.

B
on

an
za

c7
02

02
4

c7
03

01
1

c7
03

03
2

ÌIi
nn

64
-6

2 0.
 0

0
67

.2
6

r3
4,

52
20

1 
.7

I
26

9.
04

+
81

.5
'b

84
.3

 c
76

.5
a

75
.5

a
82

.5
 b

c

t 
V

al
ue

s 
i" 

" 
cq

l_
"

N
ítr

og
en

 A
pp

líe
d 

(k
e.

 /
ha

. 
)

81
,0

 b
81

 .3
 b

76
,0

a
77

.8
a

81
.8

 b

81
.5

a
81

.0
a

82
.3

a
82

.0
a

82
.0

a

82
.3

 c
83

.5
 c

77
,3

a
79

.8
 b

84
.3

 c

G
en

ot
yp

e

84
.3

 b
81

.3
a

83
.5

ab
83

. 
5a

b
84

.0
 b

82
.0

 b
83

 .5
 b

c
79

.5
a

81
 .

5a
b

84
.7

 c

76
.5

a
76

,O
a

77
 .3

ab
79

 .5
 b

79
.0

 b

82
.0

 b
c

84
.0

 c
d

79
.0

a
81

 .3
 b

8s
 .0

 
d

75
,5

a
7I

 .
9a

b
79

.8
 b

c
81

 .5
 

c
81

.3
 c

82
.5

ab
81

.8
a

84
 .

3a
b

84
 ,7

 b
85

 .0
 b



LT4

showed no response to N, while C?AZOZ4 anð. Minn 64_62

showed earlier maturity in response to ttre first N increrner:t
but delayed rnaturity at highrer N levels. 0n the o.bher hando
C?O3OI.L â.^d C?O3O3Z showed only a delay in maturity as N

increased 
"

Ða¡¿s in Pos!--A.ntÌre s-Ls. No data were calculated for thÍs
characteristic at Carnøn 79?6, N affected this pararne ter
only at Carman I)lJ and Sanford l_926 (Table 39). At both
sítes, the lower increments of N lengthened the pcst_
anthesis period, prinarily via delayed rnaturity (fa¡te 3?);
howevern the effect of earl_ier heading at higher N levels
at Carman t9Z5 (lable ll) was also j-nvolved 

"

At both 1925 sites the tall genotypes had longer post_
anthesis periods than the semi-dwarfs, while i:n I)16 there
ìirere no sígnificant dífferences at sanford and a cifferenee
in favour of the semi-dwarfs at portage (table O0B).

In general CZo3O]I a:nd C?O3O3Z had the shortest post_
anthesis periods and Minn 64-62 tøa the longest (fable 4oe¡,
reflecting their differences in maturity. At portage, a9?6,
although not demonstrated by the Duncanrs Multiple Range

test (Table 4OA), the single degree of fr.eeriom comparison
(rable 39) indicated thåt \Iinn 64-62 had a signÍficantly
longer post-anthesis period than Bonanza.

the F x G interaetion at Car¡na 
^ Lg?s was due t,o Õ?OZAZ4

showing no significant response to nitrogen, while the other
genotypes did (fable ¿llB), Differences between genotype s
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f or this parameter dir¡rinished as i{ increaeed (fab1e 4l-4 ) .

1ng a re sponse to applied N while r-Ìo Õther genotype did
(îable &28). Again we see the trend toward equalÍt1, 6¡
genotypes as N increased (Table bZn ).

fsscent Barley t:¡itrqs . The .{NOVA (fable 4l) indicated
that applied N significantly affeeÌ;ed this parameter at al-l
sites except Portage, 1pf6. The lack of response at that
síte was probabry due to roid to late season moisture stress,
It will be noted that, at the Carman site, where the inj_tial
soil nitrogen level was low in both years, barley nitrogen
increased progressivel-y with higher fertilizer l{ increraents
(Table 44C). .A,t Portage in Ig?5, on the other hand, the
grain nitrogen was rel"atively high, probably reflecting
higher ínitial fertålity, and there was little response to
added fertilizer (Tabte 44Á.)" Sirnilar results vrere reported
by Gardener and Rathjen (ISZS) and Kirby (1968).

Á.lthough significant differences between genotypes

were shown for all locations, the data (Ta¡1e &4A) in¿icate
these differences were inconsistent across locations.

A significant F x G interaction was shown at Carman,

!9?6" This resulted from the fâct that the differences
between genotype s at u ero N appl-ied, n r^,,ere mininized through
additions of fertilizer, indicatíng that the initially 1ow

genotypes showed a greater response to N than did the
others (TabLe tr5A ) .
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Q UAT,TTY Cltq.RÀcTER rsrf ts

Q uality deter¡ninations rlere nr¿de on onl-y three para_
meters on samples fz.orn the I9?5 trial_s.

T.,eve lj: of Alpha-alnylase. Applied N had no effect on this
character (fables 46 and 47C), contrary to the report of
Rei-senauer and Díckson (1960).

The taIl genotypes were si-gnificantly and substantially
superior ín alpha-arnylase to the serni-dwarfs at both
IocatÍons (fables 4Z-4 anA 4?B). Bonânza was the highest
and Minn 64-62 tlne iowest of the genotypes"

the F x G interaction at portage (îable ¿t6) reflected.
the significant response of C?O]OJ2 to appliecl N in compari_
son with a minimal response of the other lines (Table 4BB)"

Saccharift¡inq Actívitv. ÀNOVA (gable &9) in¿icated sÍgnifi_
eant fertiiizer effects at both sites* lhe response was

positive, and continued. to the highest level of applied N

(fa¡le 5OC). These results are in general agreement with
those reported by Reisenauer and Ðickson (1960)"

ANoVA (Table 49) indicated signifieant d.ifferences
between the plant heÍght classes, but the difference was

opposite in direetion at the two sites (îatle 508). lhis
was nainly due (lable 50A) to a major shift in the value
foz' Bonanza between sites" 0veral3-, C?OZOZ4 and C?03011

were high in saccharifying activity, while Minn 64-62 was

l-ow 
"
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îhe F x G i.nteraction at portage (fable l'L9) was caused
by Minn 64-62 sbawLng no significant response to N ì¡¡hile
the other genotypes showed a positive anC signifi.cant
response (raure 5:"e).

soluble Auino-l$i-trogen. Fertilizer significantly increased
soluble amino-N at both sites (rable 52) a...d, added increnents
of N led to progressively higher level_s (Sable J3) " Iritinn

64-62 was consistently lower than ttre other genotypes in
soluble anino-N by a significant margin.

Experiment fII:_ Bow_gpecins and Seedins
Rate Study

ANOYA were used to determíne the significance of
differences between genotypes, seeding rates, row spacings
and interactions of these for each of the seven parameters
measured. Single degree of freedom comparisons were used

to elucidate differences between the factor levels when

ANOVA indicated these to be significant 
"

Plan"b Heieht

Genotypíe hei.ght differences were significant at all
sites (Tab1e 54), as expected based on the choice of lines.
Seeding rate effects were not significant, but :.ow_spacings
effects were at irvo of the three locations (faUfe 5&).

lhe row-spacing effects were opposite, in that at
Carman the plants vrere significantly shorter aÈ the wj"dest
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L34

roui spâe j-ng! while at b¡innipeg the ptants were signifieantly
shortêr at the narrowest row spacing (faUfe 55).

A significant genotype by see<ling rate interaction
occurred at Winnipeg (ta¡le 5¿l) ¿u_e to Bonanza showing a

negative response to increased row width, wh!.le Minn 6U-62

showed little response, and if anything a slight positive
response to the intermedi_ate seeding rate"

Yie ld

ANOVA (fab1e J6) indicated significant differenees
between the genotypes at two of the loca-tions" At Carman,

t]:is was in favour of the tall, and at ì,Iinnipeg, in favour
of ihe serni-dwarf (nanfe 57¡, At Sanford the semi_dwarf

outyielded the tall, but due to the la.rge error mean square
(fa¡Ie J6), this difference was not statistically significant.
Enviz'onrnental conditions were j-deal at Winnipeg, adequate at
Sanford and extremely poor at Carnan. Also, the seedíng
date at Carnan was consíderably later. These responses are
in agreement with the reports of Syne (f96? ) and porter
et aI. (L96t+) wh5-ch suggested that serni-dwarf wheats
performed best trnder conditions conducive to high productivity.

Seeding rates affected yield onLy under the adverse

conditions of late seeding and drought stress at Carman

(fable J6), with the highest seeding rate giving the
greatest yield (?able ST), lhere was also a trend to
higher yields at higher seed rates at Sanford. These
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results are in agreement rvith previous reports by Gu_itard

et a!, (196i") ¡ however, as has been the case in yei other
studíes (¡'i-nfay et a!. 1!lO and Woodward, 1956) t}re seedlng
rates used did not cover a wide enough range to give
significant differences at two of the sites. fhe result
at Carrnan, where seedj-ng was delayed, supportecl the r.eport
of Day and Thompson (l-97O) who found thaÈ as seeding was

delayed the seedång rate needed to be increased.
Row spacing affected yield at all sites (ta¡le 56).

fhe significant effect at all sites was due to lower yield
at tiìe widest row spacíng (fanfe 57¡" Similar results were

reported by Holliday (tg6l). The results (natfe 57¡
indicated no ad,¡antage of the narrowest row spacing

compared to the interroediate, contrary to the findings of
Holliday (tgSl). llowever, at Carma¡ n under ad.verse growing

conditions with heavy weed infestations, there was a trend
toward the narrov¡est spacing yielding rnore.

No significant first order interactions occu_rred

(lable -(6). $owever, the resuLts of Table 52 indicated a
trend towards the somÍ-dwarf being more responsive to seed-

ing rate increases, particularly under the near-optimal
condåtions at Winnipeg, in which the tall variety shorÀ'ed

a negative response to increased seeding rateo Such trends
wer€ reported by Si;icklez' and younis (Ig66) with sorghun

genotypes Ciffering in plant height" fhe genotype x row

spaeing rneans (Table 5?), fcr Carman, also showed a trend
to hígher seini-dwarf yield at the narrowest row spacing,



]-39

while the tall sho\^/ed virtually no yield difference between
the narrowest and the intermediate spacings" Similar
results v,¡ere reported from a wheat study b¡, Stoskopf (Lg6?) 

"
Ä significant genotype x seeding rate x row spacing

interaction occurred at Õarman (ra¡re 56). This interaction
wâs due to Bonanza consistently outyielding the semi_dwarf
at al-Ì levels of al_l seeding-rate - rovr'_spacing combinations
except for the combination of the narrowe st row space and

the highest seedíng rate. At this treatment co¡nbination
Minn 64-62 outyierded Bonanza by an amount equal to that by
which the reverse had Õccurred at all other treatment
co¡nbinations. This effect was probably due to the adverse
growth conditions at this site, resulting in particular
stress on the seni-dwarf due to earty weed competition. At
the narrow row spacing and higher seeding rate the semi_

dwarf was able to compete with the weeds as well as the
tal1 genotJrpe and thu.s yielded rnore grain at thât treatrnent
combination. Similar results were reported from a ,¡rheat

study (You.ng and Bauer, Ig?3),

Spikes ner ünit Area

At Sanford and lfinnipeg the semi-dwarf had significantly
more spikes per unit area than the tall (Table 5B),

In agreement with the findings of Guitar.d et q!. (]961)
a positive effect on spikes per unit area resulted from
íncreased seedì-ng rates (fable 59), atthough the ehange was
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not significani at Carman 
"

At all sites decreased row spacing gave rise to
significantly nore spikes per unit area. Finlay e! A].
{79?L) reported a si¡nilar resu,lt.

i{o significant genotype by treatrnent interactions
occurred (qla¡te 58), but the first incremen-b in seeding
rate showed a greater response than the second for both
genotypes at all sites, particularly at V{ínnipeg (Table 5g).
The resulte also inclicated â greater nega_tive response to
incr.easeci row width at the second increraent âs cor,lpared to
the first. fhese t:'ends indicated no,¡ernents tovrard and

away from the optima respectiveiy.
At both Sanford. and Carrnan the combination of highest

seeding rate ând narrowest row width gave the greatest
nunber of spikes per u.rit area. I{owever, a significant
seeding rate X row spacing interaction occurred at Winnipeg
(fable 58)" The interaction resul-ted from seeding rate
having a negative effect at the nanowest spacing but a

positive effect at wider spacingsa lhis resulted. frorn the
ideal conditíons elir¡inating much of the differenee due to
the seeding rates at this site. tillering was suffici.ent
to compensate for fev/er plantsn particularly at the narrowest
row spacing in whieh there would also be less intra_row
crorvding of plants 

"

Kernels Þer SÐike

Table 60 contains i;he .q"NOvA for kernels per spike 
"
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Genotype s differed sågnificantly only at Carman, where

Bonanza averaged approximate ly six more kernels per spike
than the semi-dwarf (fable 61). This behaviouro different
fron that at the other sites, as well as the laek of inter*
actions at Carman, can be attributed to the inabiJ.ity of
the semi-dwarf to cope with the high l-evels of stress at
this site.

Significant reductions in kernels per spike occurred
at all sites as seeding rates irìcreased (Table 61). A

sínílar result was previously reported by Guitard et at.
( 1961).

Row spac ing did not significantly affect kerneJ-s/spike
in this study (fable 6o).

Sígnificant genotype by seedÍng rate and genotype by

row spacing interactions occurred at Sanford (faefe 6O¡.
The first of these oceurred due to the tall genotype r s

kernel nurcber per spike declining significantly with each

seeding rate increase, while the seni-dwarf.s declined only
with the first increment, and did not drop as rnuch (Table

61). îhe second interaction occurred because the sem,i.-

Cwarf showed fewer kernels per spike as row spacing narrowed.,
while the ta]1 genotype showed the reverse (fable 61).

A second order genotype by seeding rate by row spacing
interaction occurred at ïfinnipeg (fable 60). The semi-dwarf
had more kernels per spike at the narrowest row spacing and

lowest seeding rate, and as the seeding rate increased at
that spacing the tall genotype beca¡ne superior in kernels
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per spike. There was little Cifference at the
row spacing. At the widest row width the tall_
more kernels per spike ai the lowest seed rate
seni-dwarf had. the nost at the highest seeding
this row width.

200 Kernel Vi e icht

Significant differences occurred. between genotypes and

seeding rates at Carman and Sanford (fable 62). No other
significant differences or interactions resutted.

At both sites where differences were found, the ta1l
genotype had heavier kernel-s (fa¡fe 6j). This was expeeted
from previous results with these genotypes (Experiments I
and II). Under more ideal growing conditions at Vùinnipeg

no differences occurred. The absence of any effect of row

spacing on seed weight was previously reported by Finlay
et at (1921).

îhe decreased kernel weight wÍth increased seed.ing rãte
at Sanford and Carman (Table 63) in the present study is in
agreement with the report of Guitard g! al (1961). Although
not signif icant, a similar trend existed at -v,iínnipeg ( Table
63),

Test lieisht

AN0VA (îable 64) indicated no significant effect of
either row spacing or seed.ing rate on this parameter as was
the case in reports by Sienens (f9$) and lvliddleton et al_.

146

interme d iate
ge notype had

while the

rate at
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(I963j. fhe genotypes differed significantly for test
weight at Carman and Winnipeg (fabLe 6b), in favour of
Bonanza at Õarman and. in favour of Minn 6U_62 at Winnipeg
(Table 65). This contradictory result is explained again
by the ta1l genotype being rnore tolerant of the stresses at
Carman while the ideal conditions at Winnipeg alLorved the
later-maturing seni-dwarf to contínue growth and eomplete
its grain filling period there.

The significant second order interaction at Carman
(fable 64) occurred because differences were consistent
over seeding rates at row spacing one, but variable over
seeding rates at the other row spacings.

Percent Barley Nitroeen

Signíficant differences occurred 'oetween genotypes at
all locations (Table 66), with Bona;nze- having more grain
nitrogen at trlinnipeg and less at the other locations (TabLe

6?). 0f particular interest are the higher protein leve1s
at ltlinnipeg despite the high yields at this site, indicative
of the more ideal eonditions and higher fertility levels
there .

No differences attributabLe to eíther row spaci.ng or
seeding rate for percent barley nitrogen were found, as was

the case in a report by young and. Bauer egel) from a wheat

st udy.

A significant genotype by seedj-ng rate interaetion
oceurred at Carman because percent barley nitrogen for
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Bonanza dropped consistently as seeding rate increased,
while for Mínn 64-62, it went up witìr the firs.ù seed rate
increment and remained constant thereafter.

u

The AN0V1, presented in iables 68 through fl, i_nd icate
that significant differences existed. between the genotypes
studied for coleoptile length, root nurnber, root score and
shoot length. significant differences existed between the
means of the two plant height groups (tall and serni_dwarf )

for coleoptile length and root number. the talls had longer
coleoptiles and more roots (table ?Z)" However, one taII
genotype, C7O3O|9, contributed greatly to the signlficant
differences betweên height groups in this experiment (fable
?2), îakahashi (A946) previously reponted a positive
association of plant height and coleoptile length in barley.

Correlations (Table 23) indicated that, for the geno_

*ypes studied, coleoptile length was significantly and

positively related to root number, kernel weight and pereent
pJ.umpness. Contrary to fakahashi's (1946) report, no

significant correlation was detectêd between plant height
and coleoptile length in the present study. However, as
previously stated, there was a significant difference between

height classes in favour of the talls.
Rank correlation also indÍcated that no reÌationship

exj.sted between coleoptile length and yield or energence
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Table 68. AN0VA for Coleoptile Length, Expêriment IV.

Source of VarÍatÍon df Mean Souare

Replícates (R)
Genotyp es (G)

Tal1 vs Semi-dwarf
RxG
Error

298 .5
662,0*r,

2695.5**
81.6
67 .2

3
6

I
I8

!12

Total 139

coefficíent of v".Í"bffi* Signíflcant ar P=0.05.** SignifÍcant ar ?=0.01.

Table 69, ANOVA for Root Numbeï, Experinent IV.

Source of Varlation Mean Square

ReplÍcates (R)
Genotypes (G)

Tal1 vs semf-drnrarf
RxG
Error

0. 56
1.46it*

I . 10'l
0.53¡k
0.25

3
6

1

t8
1t2

Totâ1 139

Coefficient of Vart* Signiflcant ar p=0. 05.** Significanr at p=0.01.
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Table 70. ANOVA for Root Score, Experiment IV.

Source of Variation df Mean Square

Replicates (R) 3 lf .38
Genotypes (G) 6 32.7 6x¿<

Tal1 vs Serni-dwarf 1 ll.5
RxG t8 5.32
Error fl2 3.49

Total 139

Coefficient of Vartabtlffi* SÍgnfficânt ar ?=0. 05.** Sfgnifícant aÈ P=0.01 .

Table 71. ANOVA for Shoot Lengrh, Experiment IV.

Source of Variation df Mean Square

ReplÍcates (R) 3 t6I4.4
Genotypes (G) 6 2364.4**

Tall- vs Senri-dwarf I 1246.3RxG 18 605.6
Error Il2 456.0

ToÈa1 139

* Signiflcant at P=0.05.
** SígnificanÈ ar P=0.01 .



'Iable 72. Means for Experíment IV.

Coleoptile
Genotypes 1-ength (mm. )

Nurnber Root Shoot
of RooËs Score Length (mn.)

Bonanza

c 70101 3

c703019

l¡iínn 64-62

c703032

c703029

c703011

+
52.Oab

57 .4ab

62.8 b

48, 3a

50,2a

49 .2a

46.6a

Plant Height Class

Ta11 57.4 b
Semí-drvarf 48.6a

5.85ab 77.2a 117 . 1ab

5.95ab 11. la t25.6ab

6.55 b 14.8 b 139.0 b

5.90ab 12.8ab 132.Oab

6.2Oab 13. 2ab 118. 8ab

5 .85ab 72,7 ab 128. lab

5.80a 13.Oab 105.9a

6 ,72 b 1.2.3a 727.2a
5.94a 72.9 a 1-2L.2a

fValues in one group followed by the sâme letËer aïe notsigníficantly dÍfferenr at p=0.05.



Table 73. Correlation Coefficients (r) and Rânk Correlatíon
CoefficienËs (r") for Coleoprile Length Study,
Experíment IV,

A. Variables Correlated

Coleoptile Length r^'ith:
Number of roots
Root Score
Shoot Length

Number of Roots rrTlth:
Root Score
Shoot Length

Root Score rarith:
ShooÈ Length

.7 65t<

.256

.63I

.7 28

.589

.389

B. Variables Correlatêd rs

Coleoptile Lengrh with:
?lant lleight
YÍe1d
200 Kernel r,r'eighË
Z ?lumpness
Emergence Rate Index

Root Number. hrith:
PlanË Height
Yield
200 Kernel raTeÍght
% Plumpness
Emergence Rate Index

RooË Score r^7ith:
Plant Height
Yield
200 Kernel weight
% Plumpness
Emergence Rate Index

.536

.743
,8g3**
.857*
. r43

,045

.49 |

.652
-. 080

-.357
.786*

-./,to
-.L43
- .286

* Significãn ,** Significant at P=0.01.
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Table 73. (Continued )

B Variables Correlated r^

Shoot Length with:
Plant Heighr
Yield
200 Kernel weight
Z Plumpness
Emergence Rate Index

Energence Rate Index lrith:
Plant Height
Yield
200 Kernel weight
% Plumpness

Plant Height r,rith:
Yíe1d
200 Kernel weight
Z Plumpness

Yíeld r^ríth:
200 Kernel weight
% Plumpness

200 Kernel i\reight i,zirh:
Z Plumpness

-.2I4
-.107

. t07

.179

.395

-.107

.07 7

- . 071-

.250
,643
.750t

-.143
.274

. 85 7*tr

x Significant
x* Significant

at P=0.05
at P=0.01.
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rate index (ÊRI ) ,

The resul_ts tabulated in Íable Zj indicated that
coleoptile length was strongly and positively associated
with both kernel weight and percent plunpness, and that
plant height was positively associated with plumpness. A

positive significant relationship also exÍsted between root
score and yield for these genotypes and between the two
kernel size parameters, kernel weight and plumpness.

Although no significant rank correlation was i',dicated.
between coleoptile length and plant height, a posi.tive
relationship did occur between these traits i"n terms of the
plant height classes, as evidenced by the ranking data of
fable f4. Thê rank correlation was non-signif j_cant due to
within height-class variation. Ihe talls did have longer
coleoptiles. Note also the demarcation of the he Íght groups
as regards kernel weight and plumpness, the tal1s having
heavier, plurnper kernels. (fable ?ll).

ANoVA for root dry weight (fable lJ) and, root growth
rate (Table ??) indicated that líttle or no difference
existed between the genotypes studied for these traits.
îhe error involved in these experirnents was very high as

evídenced by the coefficients of variability (fables 25 and

?7), Even where a difference was shown to exist at week
nine for root weight (lable fJ), t:ne range test employed in
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TabLe 77, ANoVA for Root cïol,¡th Rates from Root Size Study,
Experiment V.

Source of Vâriation df Meân Squaïes

Time intervals 5 I .57 2**

Genotypes 6 0. 003

Error 30 0.027

Total 4f

Coefficíent of Variabílity = 4h.3il.
** Sígnificant at P=0.01
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fabTe ?6 Cid not indicate this difference. Similar results
have been reported in wheat ( Lupton et al. l9?4 and OrBrien,
197 5) .

Nevertheless, the means in Table ?6 and, ?g along with
the ranking data of Tabte ?9 indicated that a trend existed
for the taII genotypes to have larger and faster growing

roots than did the semi-dwarfs.

Further support for this association existe<l i_¡r the
correr-ation data (Table Bo), in r+hich a significant positive
association was found between root growth rate and plant
height,

0f note from the data of Table ?B was that the reduc_
tion in root growth rate of the three semi-dwarfs occurred
one week prevíous to that for the talls"

Also notable were the strong associations of the root
growth parameters and the kernel size parameters, as we1l as

the positive relationship of plant height and plumpness.

ANOVA presented in Tables 81 and 82 i¡rdicated that
differences existed between planting depths over all geno-

types studied for both nwnbers of seedlings emerged and

emergence rate index (ERI). Only the d.eepest of the four
seeding depths signifieantly reduced the number of seedlings
emerging (Table 83). ERI dropped eonsistently as seeding
depth increased, al-though the drop from the first depth to
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Table 80, Rank Correlations 
- 
(rr)

Rate Study, Experimeñt
for Root Size and Root Gro!¡th
V.

Variables Correlâted

Root Growth Rate r{ith:
Maximum root dry hreíght
Plant height
Yield
200 Kernel r^reight
% Plumpness

Maximum Root Dry l,teíght \^rith:
Plant heíght
Yíeld
200 Kernel weight
Z Plumpness

Plant Heíght r^'ith:
Yield
200 Kernel weight
% Plurnpness

Yield wiËh:
200 Kernel h'eight
% Plumpness

200 Kernel i¡etght h'ith:
Z Plunpness

.943x*
,857'k
.2t4
.857*
,893**

.679

.07 r

.857't

.786*

.571

.679

.857*

-.t79
. 018

.857*

* Signíficant at P=0.05** SiÀnificant at P=0.01.



Tabl"e 81. ANOVA for Number of Seedlíngs Emerged, Seeding
Depth Study, Experíment VI.

Source of Variation df Mean Square

Replícates (R) 2

Depths (cm) (D) 3
2 .54 vs 5.08
2.54 vs 7.62
2.54 vs 10.16
5.08 vs 7 .62
5.08 vs 10.16
7 .62 vs I0 .16

Error(a) 6

Genotypes (G) 6
Talls vs Semi-dwarfs

Ðxc
Error (b)

I
1

I
1

I
t

2.48

17.95x*
0, 03
1.21

40. 34,r*
0. 88

38, 31**
27 .56*rt

r.94

0. 55**
o.L7

0.68**
0. 06

18

48

Total

x:t SignÍficant at p=0. 0l
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Table 82, ANOVA for Ernergence Rate, Seedíng Depth Study,
Experíment VI.

Source of Variation df Mean Square

Repltcates (R)

Depths(cn) (D)
2.54 vs 5.08
2.54 ve 7.62
2,54 vs 10. 16
5.08 vs 7.62
5.08 vs 10.16
7.62 vs !O.16

Error (a)

Genotypes (G)

DxG

Error (b)

6

6

18

48

LO428.0

261512.3t *
71,0

109456.3't
588779.5**
I039s2.6
57 5921 .2*ì<
190512.9*

18120.2

3558.7

5488.6

5327.3

Total
* Sl-gnificant aÈ P=0. 05** Significant aÈ P=0, 01

TabLe 83, Mean Number of Seedlíngs Emerged and Mean
Emergence Rate for êach Seedlng Depth,
Experinent VI.

Number of Energence
Seeding Depth(crn) Seedlíngs Emerged Rate lndex

83

2.54

5. 08

7.62

I0. 16

9.86 b

9.81 b

I .52 b

7.9Oa

436.9 c

434.3 bc

334.8 b

200. 1a

Values in a group fo11or¡ed by the same letter ãre not
significantly dífferenr, p=0.05.
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the second v¡as not significant (fable Bl).
Significant differences existed betvreen genotypes for

number of seedlings emerged (fable 81). These differences
were not sueh as to give rise to a significant cìifference
between the plant he ight groups (Tab1e B4).

No differences existed for ERI betweên genotypes or
plant he ighi groups, contrary to results reported by A1lan
et- al. (L962) and Burleigh et at. (J?6q) from wheat
experiments.

A significant genotype by seeding depth interaction
occurred for number of seedlings emerged (rable 81). The

neans (Table 85) indieated the interaction occurrêd because
genotype s Bonanza, C|O3oLg, and Minn 64_62 showed fewer
numbers emerged from the thÍrd than from the second planting
depth while the other genotype s did not.

C7O3OL3 showed an inereased nunber of seedlings emerged

as it was planted progressively deeper, to the third depth
(laUfe 85¡. This probably resulted frorn inadequate watering
or viability problerns rather than a genuine depth effecto

Contrary to reported studies with wheat (ÀLlan et ê.L.,
1962), in the present study energence rate was not significant-
ly correlated with eoleoptile length (gab1e Z3B).
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Table 84. Genotype Means for Number of
Emergence Rate, Seeding Depth

Seedlings Ernerged and

Study, Experiment VI.

Genotype
Plant Numbe¡

Height Class Seedlings
of Emergence

Emerged Rate Index

Bonanza

c701013

c703019 .

ltIínn 64-62

c703032

c7 03029

c70 3011

Ta11

Ta11

Ta11

S emi- dr,¡ar f
Semi-dwarf

Semi-dwarf

Semi-dwarf

9 .25 ab

9.67 c

9.08ab

9.33 b

9.00a

9.25ab

9.33 b

9. 33a

9 .23a

340.5a

366.2a

365.4a

341.0a

326.3a

373.6a

347 .8a

357.4a

347.2a

Mean of Tall Genotypes

Mean of Semi-dwarf Genotypes

Values ín a group followed by the
different, P=0.05 .

same letter are not significantly
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DISCUSSTON

C.onponents of Variance and. Heritability Estimates

These values were determined to establish whether
hybrids involving reduced plant height would lead to changes
in the breeding behavj-our of other agronornic parameters,
since previ_ous i¡vestigations have deal-t primarily with
standard height materiafs. Furthermore, a desire existed
to determine the heritability of the neasured characters,
in order to speculâte upon the optimum testing procedures
required to select genotJ¡pes with desired revels of these
traits fron barley populatÍons.

fhe signiflcance of the various genotype by environment
interaction components and the magnitudes of the herítability
estimates for the traits studied are in general agreenent
wíth previous reports, in particular those of Rasmusson and
GLass (1962) and Rutger et at. (1966). Invotving reduced
plani height apparently did not appreciably alter the over-
all breeding behaviour of the other characteristics in the
present study.

The design of this study had two replications at each
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of two locations for two years. Except for plant height,
percent plumpness and days to heading, tnee! (error)
variance eomponents were very 1arge relative to their
respective C! (SenotVpic) and genotype by environment
interaction components, indicatíng one naJor drawback of
the design. emproyed may have been insufficient replication
and./or sampì"ing.

High herÍtabílíty estímates for most of the parameters
examined in this study were not unexpected since¡ one, the
rnaterials involved were in advanced generations i two, ample
geneti.c variation exlsted for. these traits¡ three, variance
eonponents were used to calculate the estimates; and. four,
the experiment was grown at more than one location for more
than one year. Àccording to the I!.terature, these eircum_
stances shourd combine to give rnaximum heritabirlty estirnates
(Grafius et aL., Lg56¡ Frey and Horner, L955t ana Rasmusson

and Glass, L96?).

ileritability estimates for plant height, kernel weight,
test weight, and percent pLumpness were consistent across
populations since these parameters can be measured accurately
and deviatíons between years or Ìocations were devi_ations
in nagnitude rather than ranking.

The following discusslon of genotJæe by environment
interactions, heritabilities and testing proced.ures is
grouped by eharacter or characters which behaved in a

sinílar fasl:ion.
P_lant height. Ehe very high heritability estimates
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plus the fowCf! values relative to respectiveelâ values for
all populations suggested. the design employed was more than
adequate in characterizing these l"ínes for height, despite
the significant afr" in all cases. This interaction arose
due to dífferences in magnitude, trot Ín rank, between years,
caused by the less than ideal growing conditions in l9Z4
giving rise to shorter plants. The lack of any sígnificant
)

6-[¡ conbined with the readily explainable cfr, further sue-
gested that one year of testing at one location with two
replicates would have been suffieient to determine the
relative plant heights of these genotypes.

the heritability estímates were 1arger than ¡¡6str

reported 1n the literature. This oceurred. because, one,
pl,ant height in barley is simply inherited; and two, since
the populations ínvolved were derived from parents differing
widely for height, both the waria-nc e and absolute height
range were larger than in most other studies. Such high
heritabllity for height cou1d, then, alter the breeding
behaviour of other closely related characters"

KexneL weiEht. DespÍte sígnificant levets o¡Ofrf,
again the result of differences in magnÍtude rather than
rankihg between years, kernel weight was highly heritable.
These factors, plus the Lack of signif icant level"s of 4f)
and o[1yr indieated that the procedure used in thís study
was adequate in determining genotypic 1eve1s of this para_

meter. ÌIowever, it appears from the relative sÍze of the
.)

O! rralues that larger samples and./or more replication would
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have increased the precision of the estimates.
Degree qf lodEinE. îhe data indicated that the design,

two replicates and three station-years, was aalequate for
ì-odging estimation, gíving relatively hígh heritability and
no significant genotype by environment i.nteractions. How-
ever, this nay be reLated to the nature of the material_s
lnvo1ved, since plant heÍght was a major variable and
dl"ffer.ences ln lodging were closely assocÍatett wíth height
differences. It would therefore be unwise to assume that
the conclusions derived from these data would be widely
applícable. Àgain the6j was larger than the respective
6ã ín al"1 cases sugge sting a more precise neasurement
and/or more replication was needed.

Test weLght and percent plumpne ss. Although these
traits were moderately to highLy her5.tabJ_e, the results
suggested that testing for them required more than one year
and locatÍon. SignificantAfr., tor test weight ín Ç_?A_Z

and for percent plumpness ln all crosses, along with the
2D

6ãf, ".dorãr,V leveLs for plumpness, reduced heritabÍlities
and Íncreased the respective standard errors. The inabirity
of C-7O-3 to eope with the drought and heat stress of I)14,
relative to C-20-1 and. C-IO-Z, in part accourits for the

agreater 6ifr" for that populatíon.

Days to headinE. The signÍficance of the various geno_
type by envíronment interaction components indicated a need

for testing for this trait at more than one location and year,
despÍte the high heritability estimates in C_/O_t and. C_IO_Z;
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in these populatíons two locations for tv,ro years were
sufficient. Less genetic variance and a strons Af , Save
rise to lower herítability in e-?O-3, fhe6Êy again reflect_
ed the effects of the stress conditions of Jg?4 on C_?O_3,

Generall-y l-ow levels of o! ínaicated the replication used
was suffic ient.

. Herit-
abillty was lower in C-?O-l and C-?0-3 than in C-?O_Z, ín
which it was very high. This difference reflected a large
,

ff,y in both C-?0-1 and C-?O-3, probabty a result of response
to environmêntar- stress Ín 1924. rlhe more íntense effects
of drought on C-?0-3 were further indicated by the larger
)

S component for that population.

The heritabiLity of days in post-anthesis will be

governed by the effects of the environment on both days to
heading and maturity, since these components were used to
caLculate this pararneter.

over the three populations studied, the general lack
D

of C[" significance comblned with the generally sígnificant
alevels of6!y, suggested that testing for rîore than one year

was necessary to evaluate days to naturity and days in post_
anthesÍs, while the need for more than one locatíon was

doubtful. More replication should be used when the cal_cu_

lation of days ín post-anthesís is to be carried out since
it's{ can be ínflated by errors in the esti.mation of both
days to heading and maturity.

Kernel-s per spike. This trait was highly heritable and
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showed no environmental interaction in C_?O_Z, However, in
C-70-1 and C-?O-3 heritabilities were low and subject to
l-arge standard errors¡ in C-fo-I the low level of{ corn_
bined with the large øfr" *as primarily responsible. A very
-)rargeO¡õy was the culpr5.t in C-IO-J, This again pointed to
the effects of stress on C_IO_J; a similarly high genotype
by year interaction was found in that cross for days to
heading. Ln I9Z4 C-?O-j headed earlier and had fewer kernel"s
per spike than in IgZ3,

the significant levels ofAåf in C_lo_2 and C-?o_j
indicated that testing for kernels per spike required more
than one year of data, while the lack of significant levels,o¡Ofrf, suggested that one locatlon was sufficient. The un-
desirably farge Oi! may have resuLted from Lack of adequate
repll-cation, sanplÍng size, or a combination of these.

Tield. Genotype by environment interaction has often
been implicated in difficulties in differentiatl_ng among

yield 1eve1s in various crops. Neverthel-ess, the results
of the present study tended to agree with those of Rasmusson
and class (L96?). In all three popuJ.ations the error

t
component Ç) of variance was larger than the genotype by
environnent interaction components, suggestÍng that nore
replication and/or rârger ptot size would have beer¡ a rnore
efficient way to increase the heritabílity of yield than the
utilization of more locations and./or years of testing. fhis
was parti.eularly the case in C-?0_j..

Heritability was relatively hlgh (58 + 14.0) ana6f""
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was significant for Ç-?A_2, indícating a need. to test for
yield at more than one locatíon and for more than one year.
Signíficant levels orAfr" anoufr, for Ç-?o-3 led to a
sinilar conclusÍon. In thís case these interactions, com_

bined with the large error conponent, in fact gave rise to
a heritability (28 + ZZ,O) essentially equal to zero, despite
the fact that this population had the largest yield range
(îable 9) 

"

The overâIl result suggests that, with the possible
exception of A-lO-2, the rnethodology enployed was inad.equate
for a precise assessment of the yieLding ability of these
l1nes. îo overcome this probJ.em, ways of reducing the error
varíance would havê to be found" In view of the very large
numbers of 1i.ne s involved a design utilizíng bJ"ocking within
replications, as weI)- as increased plot size and number of
repLicatÍons, mlght arso have aided in reducing this error.

ft also appeared from the significance of the various
genotype by environnent interactions in C_?O_Z and C-?0_3
that the utility of more environments increased as the
number of lines tested decreased, Thís may be largely the
effect of redueed range of varlability concurrent with the
deerease in Llne numbers, thus increasing the impact of a

large error term in distinguishång differences.
The results of this experíment nay have limited

application with respect to general yield testing in barley,
because the genetic varÍances and ranges of yield obtained
were greater than those normally encountered in eritieaL
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yield testlng experiments. Furthermore, ít is quite probable
that, were the improvements suggesteC to reduce the levels

'ofÇ suceessful, the 1eveLs of the genoilæe by environment
interactÍon components míght inerease, motre strongly in_
dicating a need for testing over more environments " This
experiment díd not give sufficient evidence to indicate
whether the number of years and locations used were suffi_
cient to accurate).y meâ.sure the yieliting ability of these
genotJrpes, and in fact, the low heritability estimates and

their large standard errors indicate that the resurts were

not as good as might have been expected in view of the make_

up of the naterials involved.

.Tra it ComÞarisons

Plant breeders produce segregatlng populations in an

attempt not only to select the superior índlviduals, but
also to select those which are in some way superÍor to the
best available cultivar, often used as a control.

In the present study lines were identÍfied as superíor
to the control variety Bonanza for each of kernels per
spike, kernel- weight, test weight, plurnpness, degree of
lodging, days to heading, days to rnaturity, days in post_
anthesis, yie1d, levels of alpha-amylase, saccharifying
activity, percent barley nitrogen and soluble aroino-nitrogen.
WÍth plant treight, since selection would be for shortêr
lines, again, all three poputations contained superi.or
( shorter ) individuaLs.
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fhe possibility of obtaining singLe genotJrpes wíth
siÌnultaneous inprovements in two or more characters was not
examined .

Selection of higher yielding lines should have been

possíb1e in C-70-1 aîd, C-?O-2, fieritabitlty for yietd was

moderatel-y high in C-?O-Z, $ras at a useful level in e-?O-L,
and in both there was significant genetÍc variance. The low
level of heritabil_íty in C-lO-j lndicated that, through the
experimental procedure used, improvernent over Bonanza could
not be made. However, despÍte C-?O-3 having the snaLlest
sample size (4I lines compared to lOj and. B?), the range of
lÍne mean yieLds was the greatest. In fact C-?O-3 contained
the highest yielding line in the study on a nean basís"
Therefore, lt appears reasonable that more thorough testing
of this population would be justified to ascertaín itrs
potential despite the low heritabllÍty estirnated for yie1d.

A.n underlying objective of this study was to determine
whether high yietding short strawed genotype s could be select-
ed fron these populatl_ons. The results showed trends in_
dicating that yield improvements could be made in all height
clâsses within each populatl_on. fhe highest yielding llnes
were in the ta1l and intermediate height categories. Never_

theless, as evidenced by CZO3O11, the possibility of prod-
uclng significantly shorter material apparently equal Ín
yietd to the control diti exist.

îhe low number of semi-dwarf lines involved was a draw-
back Ín the present study. This, particularly in C-lO-2,
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could in part account for the poor showing of the semi_
dwarfs. 0n the other hand, a símilar argument holds for
the low yield of the best ta1l line ín C_?O-),

0vera11, it appears reasonable that intensÍve serection
of short types, thereby provi.d.lng Larger numbers of lines to
test for yie1d, would greatly enhance progress toward short,
htgh yielding genotype s, since the small sample obtaÍned
randoml-y in the present study contained. some good materiar.

Statistically, since both Bonanza and Minn6 4_62 are
homozygous and their mean yields were calculated from large
nurnbers of pLots at each site, their standard errors should
be a good estirnate of the envÍronmental error for yield over
the whole study. With this standard error a least signífi-
cant difference for yieJ-d could be computed. Such computa_

tion gave a least significant difference equal to 1l_0 grans
per plot. 0n this basis, there were no significant differ-
ences between the hlghest yielding lines: among the height
categories, among the populations, or across the whole exper-
inent. This result again stresses the need for further,
more effective' yield testing of this rnaterial and indicates
the inadequacy of the techniques used to characterize the
true yieldíng ability of these genotypes.

The population nean ptant heights and yietds ind.ícated
the possibility of yíetd potential in the short strawed
materiaL. Although the mean height of e-?O-3 was signifi_
cantly shorter than for C-ZO-L, C-?O-Z and Bonanza (ín fact
C-7O-3 contained. no line as talL as Bonanza), it's mean
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yield was essentially the sane. îhís resul-t is partic ularJ"y
noteworthy in view of the fact that C_?O_j was earlier natur-
ing on a mean basis, a character normally associated with
lower yield.

Phenotypic Correlations

Due to the sample sÍzes ínvol_ved, the absolute values
of correlations required to be significant were srnal_l. The
values required to be significantl_y different from zero
ranged from 0.1J0 to 0.104 and from 0.I?1 to O,]¡93 at t]ne
five and one percent probability levels respeetively. A1-
though signifieant, such relatively snarl correlations are
of ]ittle dj"rect importance to a breeder. Even with r = 0.50r
the coeffícient of determination (r2) is only 0.2J, indic_
ating that twenty-five percent of the variation in the
characters in question j-s coneonitant. on the other hand,
discussion of the inter-relationships expressed by these
correlations ís valuable Ín ldentåfying the intricacy and
background of character associations in regard to the aelec_
tion of improved and ad.apted short-strawed barley, as well
as the selection of inproved taller genotypes frorn crosses
involving short-strawed types as a parent.

The following rs a discussion of some of the character
relationshlps which were reveaLed in the present study.

Plant heilght. îhe positÍve assocr.ations of height with
yie1d, kernel weight, test weight, plumpness and dâys in
post-anthesis are not encouraging. However, although
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signlficant, the correl_ations were generally small, result_
ing in small r2 values. Further¡nore, the relationships were
strongest in C-IO-J, where all the genotypes were shorter
than standard height, indieating thât the very short material
was lacking in these traits but that moderate height reduc_
tion did not adversely affect important agronomic character-
istics.

The absence of any significant correlatLons of plant
height with kerneLs per spike may have resul"ted from the
faet that selection for large spikes was emphasl_zed in
developing the semi-dwarf parent used (Rasmusson, L)IJ),
Nevertheless, a rarge amount of variatíon existed for this
parameter, and the error in determíning its vaLues rnay in
part account for the lack of relationship.

Reduced plant height did effectively reduce lodging.
This positive eorrelatÌ.on may be partially due to the fact
that the lodging encountered was the late season type caused
by the straw not being strong enough to support the heavier
spikes of the higher yieldlng lines. The positive height
to yield and yield to ).odging relationships may have con_
tributed to the height to lodging association. The relati_on_
ship was stronger in C-ZO-1 and C-20-3r both of which had

more very short types than t-?O-2.
According to the correlations, the shorter material in

C-7O-1 and C-20-j headed later. fhe height to heading
assocíation was also negative, but non-signifieant, ín
ë-7A-2. The lack of significance may have been due to the
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sma1l number of short lines j.n that population, fhe overal_L
negative association was one of the results of the observed
slower, prostrate early growth and generaLly slower d.evelop_
ment of the shorter 1ines.

îhe negative corelation between helght and naturity in
c-70-1 represented a eontinuation of the sl.wer devel0pment
of the short statured segregates. The tendency for most of
the genotype s ín c-?0-3 to ripen off early despite heading
at about the same time as C-ZO_I gave ríse to the Lack of a
signifieant relationship in C-?O-3, The correlation for
C-7O-Z was non-significant, indicating that the dlfferences
in naturity in that population were not reÌated to height
differences.

The generalty negative relatíonshíps of height with
heading and maturity, as well as the observed slower develop_
ment of the short statured lines, combined wlth the fact
that the sení-dwarf parent headed and matured ì.ater, sug-
gested linkage between these p4¡¿¡¡sters arld height in this
naterial. Followíng ín the same rrein, the tendency for much
af C-7O-3 to ripen off under stress was the habit of the
taller parent in that cross.

The conslstent posl-tíve association of height with days
in post-anthesis resulted primariry from the late heading of
the shorter materials wÍthout proportionate delays in matur-
ity. The ímportance of this association nay be in the
association of short stature with reduced. kernel size.

The absence of any signifícant eoruelations between
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height and the qualÍty parameters studied indicated that
reducing plant height ín barley shoul_d not adversely affect
the attainment of malting quality. However, the physical
aspects of malting quality, kernel size, plumpness and test
weíght, appear to be adverseLy affected in these semi_dwarf
genotJæe s .

The effects of plant height on the breed.ing behaviour
of the populations in questlon nay now be more c1ear. Since
the populations are struetured to give high and consistent
heritability estlmates for plant heÍght, it folLows that
any traits strongty correLatêd with height would also tend
to be highly and/or consistently heritable. such was the
case for kernel weight, test weight, plumpness, days in
post-anthesis and degree of loclging in the present study.

Tield. In the fÍnal analysis, yiel"d Ís the crltical
trait in any breeding program, and a primary eriterion ln
evaluating materiaLs for use as germplasrû.

The relationship with pLant hetght in this study Ìras
been discussed.

lhe positive association between yield and kernels per
spike is not unexpected sínce the latter is one of the
components of yie1d. yield equals the total_ weight of
kernels per unit area of crop. Therefore, if the average
welght of the kernels and the nurnber of spikes per unj.t area
remain relatively stabre, changes in the number of kerners
per spike wlll give correspondlng changes Ín yield.

In view of the positive height to yieLd. and height to
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kez'ne 1 weight associations, as werf as the association of
post-anthesis period with both yield and kernel weight, the
laek of signifícant correlatíon between yielcl and kernel
weight was surprising. fhis indicated that this yield
eornponent was not of prirnary inportance in determining yietd
in these populations. fhe lâck of precision in measuring
yield may also, in part, account for the rack of significant
aseoc iation.

Although significant when pooled, and honogeneously
positíve over all populations, the correlation between yield
and test weight was signifÍcant on an individual population
basis only in c-zo-l. such assocíation may be the resur-t of
heavåer test weight lines having plrrmper and hence larger
kernels, whích would add to total yield"

The negative assocíation of yield with days to heading
indlcated early heading was advantageous and suggests that
the post-anthesis períod nay have been the critícal yield
determining period. fhis is further supported by the posi_
tíve yíe1d to days in post-anthesis correLations. However,
sinee both kernel weight and plumpness were positlvely
associated with days in post-anthesis, the lack of associa_
tÍon lretween these parameters and yíe1d casts doubt upon

this explanation. The negative yield to heading relationship
nay in fact be a reflection of the positive yield to height
and negative height to heading associations.

Furthermore, the relationship in question may have been
lnfluenced by the growing conditions encountered during the
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trial period. The area in which the triars were condueted
tended to have a hot dry period at the time the material was

naturi.ng. lhese conditions forced earlier naturity, and the
later heading lines had grain filling terminated prematurely.
llence, lines which headed, and therefore f loì¡re¡ed, earl!.er,
were subjected to less heat and moisture stress for more of
their filLing period than lines which headed later.

Ehe positive yÍe1d to post-anthesis association would
be expected since post-anthesis is essentially a neasurement
of the graín development stage, and the longer this period
is, the more fully developed the graÍn should be. However,

neither kernel weight nor plumpness, both positively assoc_
iated with days in post-anthesis, were significantly cor-
related with yield.

Apparently the yield to post-anthesis relationship
occurred as did the yieLd to heading association. fn fact,
on an individual basís, only those populations showing a

significant negative yield to heading relationship showed

the corresponding yleld to post-anthesis assocÍation. ThÍs
is not surprising as days to headíng is used in the calcula_
tion of days in post-anthesis. These results suggested that
measurement of days to heading nay be of greatest value when

selecting for high yieldÍng 1ines destined for prod.uction

under conditions similar to those encountered in this study,
particularly when large kernel sÍze is a desired eharacter.

The posítive correlation of lodging with yíelcl occurred
primarily because lodging was an effect rather than a cause.
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îhe lodgíng oecu¡red when the straw of the higher yieliling
lines was unable to support thelr larger heavier spikes late
in the seasonr lodging discussed in most other reports
occurred earlier in the season and eaused lower yield by
giving rLse to reduced kernel devel0pment (sisler and 01sen,
1951). In the present study, lodging was also strongly and
positively related to height, and the negative height to
yield associations nay have been reflected fn the yield to
lodging reìationships.

Although this type of todging did not tead to yield
reductions, it is tikely to result in harvest l0sses and
inconvenience at the farm level. Breeding for resistance
to lodging at the late stage, through height reduction,
would therefore be a worthwhile goal.

HÍgher yietds result fro¡n Íncreased carbohydrates in
the grain, with consequent lowering of the n5"trogen leve1
on a percentage basÍs. Hence, the negative associatíons
between yield and nitrogen and two nftrogen-related quality
parameters, soluble ar¿ino nitrogen and saccharifying activity
are readily explained.

Kerne]-g per spike. The negative conelatíons between
this trait and kernel weight, plumpness and test weight
probably resuLted fron competÍtion within the spike for
photosynthate during grain filling.

îhe significant positive correlations of kernels per
spike wlth days to maturity and days ín post-anthesis were
weak. In fact, that with rnâturity was not sÍgnificant in
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any specific cross. However, they did exíst, and nay have
oceurred because the longer the grain developrnent period was,
especially the latter part of that period, the more kernels
per spike actually survived. In those lines in which
maturity was forced to be earlier some kernels may not have
completed development giving rise to fewer kernels per spike,
since only completely developed kernels were eounted.

The positive relationshj_p of kernels per spike wíth
lodging occurred because those lines which lodged did so,
at least partly, because they eouldnrt support their larger
heads.

The signlficant negative associations between kernels
per spike and barley nitrogen, saceharifying activity and
soluble amino-nitrogen are surprising. As the number of
kernels per spike Ínereases, kernel size nornn lly decreases,
as was the case ín this Ëtudy, and generally higher 1evels
of these nitrogen related parameters are agsociated wíth
smaller kernels. However, as will be discussed 1ater, the
evidence in this study, ( partic uLarly from population
C-7O-2), suggested that these general relatíonshlps may

not always be as strong or consistent as is often presumed.
Furthermore, kernels per spike is one of the major components
of yield, and yield itself was sígníficantly negatively
related to these same three quallty paraneters in this study.

Kernel welght. The positive associatl_on of kernel
weÍght with plurnpness is indicative of size beíng due to
extension of kernel width rather than Length. The positive
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association with test weight can be partially accounted for
in a sinilar fashion, but the main explanation cones from
the assoeiation of kernel weight and plumpne ss, since,
plump kernels have an increased width to length ratio,
therefore pack more tightly and have a higher weight per
unit volume. Since the plunper kernels in thÍs naterial
were the heavier kernels, the association of kernel weight
and test vreÍght would be expected.

the correlation of kernel weight with days in post-
anthesis probably reflects the fact that the weight of the
kernels develops during this peri.od. The negatrve reration-
ship wíth heading date exl_sted. because, the earller a geno_

type fJ.owered in a finite growing season, the longer was

it's grain deve lopment time.

Fhe posítLve relatÍonship between kernel weight and

lodging was due to the type of 1odglng measured and the
nature of the material studied.

Negatíve associations existed between kernel weight
and alphå-amylase and soluble amino-nitrogen Levels, in
particular in C-?0-Ì and C-?O-2, suggesting that lines with
heavÍer kernels become heavier via inereased carbohydrate
deposLtion ât the expense of nitrogenous compounds. llow_

ever, the significant posÍtive assocíatLon between kernel
weight and percent barley nÍtrogen in C-?O-2 indicated that,
at least in that popul_ation, nitrogen depositíon was not
hampered in the heavier kernel lines, sugge sting that the
yleld to nitrogen negatj.ve relationshÍp nnay not be either
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as strong nor as consl-stent as is often suggested.
Test wqlgbt. ï,Iith the exception of sor¡e previously

di-scussed interrelationships the co*erations between test
weight and most other traits measured tended to be inconsis_
tent. Further exception to this occumed regarding itrs
negative associatLons with days to heading and rnaturity.
lhe relationships with heading date Índicated that the earrier
part of the graín development períod was more critical to
the achieve¡nent of hígh test weight, particularly in the
fÍnite grow5-ng season encountered in this study.

The explanation for the association with maturity prob_
ably J.Íes in the fact that most later maturing lines were
unable to complete kernel deveLopment under the growíng
conditíons encountered.. Hence, these grain sample s tended
to contai.n a greater percentage of smaLler, less dense
kernels whÍch gave rise to lower test weight.

The positÍve assocíation between test weight and lodgfng
reflected the eorrelations between test weight and plant
heíght, and heíght and lodgÍng. this was particularly
evident in populatÍon C-ZO-3 where height and lodglng were
more strongly related .

îhe negative correlatl_ons between test weight and the
raalting quality parameters suggested the selectÍon of high
quality malting tines with high test weight might be dif_
ficult in this naterial, especialLy in population C-?O-í,.

Plumþness. The associatÍons of this trait with heading
date and days in post-anthesis indieated the positive ín_
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fluence of the length of the grain f-Í.Iling period on pLump_

ness, parti_cu1arly the earlier part of the filJ-ing period.
the positÍve relaticnships of plunpness and lodging in

C-?O-2 and C-?O-3 probably reflects the association of plunp-
ness with kerner we ight and the contribution of that trait
to the type of lodgíng which occurred.

The selecti-on of plump seeded malting lines in this
inateri-al, in particular C-IO-Z, ma}¡ be difficult. îhe
posítive assoc j"ation of plumpness with barley nitrogen
however is of ínterest since it suggests that p1u¡0p seeded
barJ-ey with an acceptable protein lever ean be obtained.
Thís type of barley is desireable in the feed industry.

Days to headine. A strong positive relationship
between this trait and days to rnaturity for populations
C-?0-1 and C-?O-? reflected similar developmental patterns
within genotypes i-n these crosses. The raek of significance
in C-7O-3 may have been a reflection of the differenee in
the rel"ationship between heading and maturity in that
population.

The significant negative association with days in
post-anthesis existed. since fewer days to heading leads
to more days in post-anthesis particularly when the range
in days to maturity is truncated. by environmentar stress.

lhe consistency of the relationships of heading date
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with several critical agronomic parameters measured through_
out this study indicate the value of this trait in selecting
barley genotypes in breeding programs. perhaps thÍs is one
easily neasureabLe traÍt which has not been fully utitized
Ín our breeding programs here in western canada in particular.

Days to maturitv. This trait was also positively cor_
related with days in post-anthesis sl-nce inereasing d.ays to
naturlty tends to give a longer post_anthesis period.

l,odgine. fhe associations between lodging and alpha_
aroylase, saccharifying activity and soLuble amino_nitrogen
were likely reflections of the negative assocíations of these
traits with kerneL weight, test weÍght, and plumprêss¡ coÍì-
bined wÍth the positive relationships between these agrono-
nic traits and lodging.

the negative correlation of loriging with barley nitrogen
tn C-70-1 was a reflection of the positÍve yielit to loctging
and negatlve yÍe1tt to barley nitrogen associations.

Quality parameters. ìr¡ith the exception of the âIphå-
anyl.ase to barley nitrogen correlatlon in C_?O-3, the
interreLatlonships in the present study were generally
positive. This would be expected since the traÍts are
essentially measures of nitrogen and enzyme levels which
are generally dependent on the nitrogen status of the plant.

fhe negative relationship between alpha_amylase and
barl-ey nS.trogen in C-?0-3 may have been nerely fortuitous,
or coulC have been the resuLt of the early senescence
characteristlc of that population. In the other populations,
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the lndication was that total barley nitrogen was not
sígnificant in determining alpha_anylase. If this reLation-
ship holds one could then expect to obtain genotypes with
high levels of aJ.pha-anylase and low protein. That
relationshi.p is desireable for malting quality.

overalL. With the exception of sorne of the rel_ation-
shíps with lodging, the phenotypic correlations reported
fron the present Btudy are in general agreement with those
present in the literature.

Reduced plant height did give rise to superior straw
strength ín this material, as was the eåse in the study by
Konishí (l.9?6). This effect may have been partially related
to the lower yields also associated with reduced height in
the present stu<ìy.

several other undesirable co*elations existed between
plant height and agronomically inportant characterístic s.
fhe najor probLern with the shorter genotypes in the material
investigated appears to be ín the kernel development stage.
lPhe basÍs of this problem is in the association of short
stature with delayed headlng and a shorter post-anthesís
period. The semí-dwarf habit may be r.inkett to this lateness.
ThÍs was dÍsâdvantageous, particularly under the growing
conditions encountered. fhe later heading apparently was
due to the slow and sonewhat prostrate early growth of the
shorter-strawed segregates relative to their taller sister
lines,

The comelations found between the days to headfng,
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maturity and days in post-anthesis parameters, and the other
agrononic eharacters in this study are interesting, part_
ícularly as they tend not to agree with previous reports.
Past evidence has suggested early heading j-s assoeiateil with
early maturity and hence lower yíeld. On the other hand, it
has been postulated that a 1ong post_fertÍlÍzation period
should Lead to hígher yie3.ds through more kernel deve lopment.
îhe evÍdence of thls stud.y supports the latter hypothesis.

The results suggest that the breeder should attempt to
select llnee which head earty but do not necessarÍly mature
early, in an attempt to rnaxímÍz e the grãin development
period. Obviously one must be aware of the problems assoc-
iated with "late" rnaturity, particularly in ryestern canada,
and lengthening the post-anthesis period by means of later
maturity may be undesírable. One would have to arbÍtrarily
choose an optimum maturity dåte and attempt to achieve a

rnaxÍmurn post-anthesis period by combining that with the
earllest heading possible .

In view of the positive association found between days
to heading and maturity, perhaps 'rearly,r by rtlate erosses
would give rlse to larger numbers of lines with varior¡s
combinations of headi.ng time and maturity, and a broad range
of post-anthesis periods. The post-anthesis periods would
also oceur at slÍghtly different tines of the growing season¡
With this type of nateriaL one could perhaps better define
the relati.onships involved and deternine, not only the ideal
length of the grain deveropment period, but also defíne which
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part of that period is nost critical.
From a breeeling viewpoint, this type of cross rnight be

useful in attempting to develop genotypic combínations
particularly suÍted to the environmental- condi*ions normally
encountered during the barley growing season in i.festern
Canada. this anthor feels that the post_anthesis period is
critical, particularly in relation to the climatic pattern.
0f this period, the first part is the most criticaL, since,
in the area in question, heading time and the period foì--
lowing that are nornar fy the warmest, clríest parts of our
growing season. fherefore a genotype which headed earlier
could take advantage of slightly less stressfull growing
conditions fo!. a few more days than one which headed later"
During years when conditions are more optinum for a longer
part, or all of the post-anthesis period, such a genotype

should still be superior to a later heading type. It is
also reasonable to expect that, regardless of environmental
conditions, in terns of kernel quality such a genotype

would be generally at an advantage.

The preceeding discussÍon also illustrates some of the
reservations one rnust have regarding eorrelation values,
particularly when sample sizes are large. It is not always
a simple task to define cause and effect rel_ationships which
can be very complex, involvÍng the simultaneous effects of
several traits. Such complexity was obvious in the inter_
pretatíon of these data; since few relatlonships, although
significant, were strong; and j.ndiviitual parameters were
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significantry rerated to several others, ther*selves inter-
relatedr but these interrelatåonships were not always
eq uipo 1lent .

As reported by Chandler (fg6g) ín rice, Briggle and
Vogel (1968) ín wheât and Konishi (:.:9?6) in barley, the most
valuable effects of reduced plant height have been increased
lodging resistance and improved response to applied nÍtrogen
fertilizer (N). Response to N varies with crop, enviroffnent
and genotype, and nay or nay not affect the expression of
each of several important agronomÍc and quality parameters.
fhe following is a díscussion of the results of experÍ"ments
condueted to determine the responses of seleeted semi-dwarf
and talI barley genotypes to various levels of applÍed nit_
rogen under field conditions in Soùth_Central Manitoba.

Plary! Heísht

As applied N increased so did plant height, pre sumably
because increased nr-trogen gives ríse to increased vegetative
growth. this was the case at atl five sites, although the
increase was not slgnificant at the Carman and portage sites
ín 1976,

The very heavy weed infestation at Carman in I9?5
indirectly gave rise to continued plant height response
beyond N incrernent one. Carbyne, a wild oat chemical used
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to control wild oats at Carman was partly responsible.
Carbyne is known to eontroL the wÍld oats by setting them
back and thereby decreasing their competitive ability wlth
the crop. High fertility enhances this effect, (8.H. Stobbe,
personal co¡nmunicatíon ) o and therefore the more fertile
treatments in the study grew taller because they were less
affected by the wild oats.

?he shorter heights of all genotype s at a1l N levels at
Carman reflected the less than ideal growing conditions, due
to drought and weeds, and. the lower initial levels of availl -
able N at thãt site. lhe mid and. late season drought at
Portage in 19?6 probabry caused the snaller amount of he ight
variatíon there' arthough there may have been other contríbut-
ing faetors 

"

Since there was generally no fertiLizer by genotype
(¡ x c) interaction for height we assume thåt the shortness
of straw, relatíve to the tall genotypes, uras maíntained as
applied N increased. On the other hand, height increased
with added N, meaning the heíght of the semi-dwarf,s increaseir
as well as that of the talls. This might reduce their lodging
resístance" fhe significant intêraction at portage in L975,
occurred beiause cz030l1 and, cla)oJ7 showed a tendency towards
greater height íncreases as applied N increased than diil
MLnn64-62, the other short genotype considered. fhe evidence
leads us to conclude that it would be ,r"""""u"y to evaluate
the lodging resístance of short strawed material despite the
strong relationship of this trait with plant height, part-
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icularly when nore optimum growing conditions may be

encountered.

YieLd

Response to applied N was similar at al,l sites: large
and signifícant increases with the first N incrernent, follow-
ed by continuous but progressively snaller gains as N 1evels
increased" The combined effects of the lower original soil
N level and the weed ínfestations at Carman, which at the
zero applled N level severely suppressed the growth of the
barJ-ey; ted to significant and large yield response to N at
that location in both years. fhj-s was particularly so in
t}r.e L975 test, in which the wild oats and green foxtait
l"owered yields nost severely when fertility was inadequate 

"
lhese stress factors were reflected in overall lower yields
at Carnan in both years, but particularly in 19?5 when atl
genotypes yielded very poorly. This, in turn, gave rise to
no signlficant yieLd dÍfferences between genotypes in that
experinoent.

At the other sites the two tal1 genotypes and Minn64-62
produced the híghest yields, whíle yields of the other two
seni-dwarfs were lower. The lower yield of these 1atter
genotypes was responsible for the significantly lower yield
of the semi-dwarfs as a group at thrèe of the four sites
where this was the case, lhe lower yielding semí_dwarfs
matured earlíer than Bonanza i¡rhereas the higher yielding
Minn64-62 was later maturing, Since early rnaturity is
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usual-ly associated with t ower yiefds, this may have been a
substantial factor. ínfluencing the yield of these lines.

The matu-rity factor and the total lack of F x G inter-
action for yield are inportant from the breederos viewpoint"
The results indicated that early maturing, seni_dwarf barì-ey
sel"eetions may not yield as well as standard height geno_
types. Furthermore, these shorter genotypes apparently wíll
need inherently superior yielding ability, since they did
not respond differently than the talls to applied lt, to be
superíor in yield to the best tall genotypes"

0n the other hand, when given adequate nutrition and
reasonable growing conditíons, the later maturing semi_d.warf,
M\nn64-62, performed well. Furthernore, the improved stnaw
strength of the semi-d.warfs would nake them superior, since
the criticaL fact is that semi-dwarfs which are equaL to
tal1 genotypes under norüal growing conditions should yiel<t
more, and better graÍn when grown under conditions which
induce lodging.

It should also be noted that at Sanford in l!f6, where
good growing conditions existed, even the late high_yielding
Mínn64-62 was lower. yielding (not statisticalJ-y signifieant)
than the tall genotypes" However, at portage in 19?6, the
case was reversed, indÍcating that the interre lationship of
height and yield is not without complexity.

SPikes per Unit Area

Since signíficant yie trl differences were obtained it



203

would be useful to know the rerative contribution of the
various yield components to the result. This infornation
would be of help to the breeder in selectíng parental
¡nateriaL and in selecting within and. among segregatj.ng
populations.

At all sites, as applied N increased, so did the number
of spikes per unit area; with the initial incrernent of N

giving the greatest response. This was partic ularly the
case at Carman in both years, where moisture stress and weed

cornpetÍtion had rna jor effeets. The further significant
increase due to the upper N increnents at Carnan ín L9?5

probably resulted from improved competition with weed.s in
these treataents. The significant).y greater numbers of
spikes per unit area induced by the highest N level_ at
Sanford nay be attributed to a more adequate moÍsture supply.
This resulted in a longer vegetative perlod whj.ch allowed.

more tillers to be produced, survive and. produce spikes. At
these higher N levels at both sites, kernel weight was lower,
and at Sanford the number of kernels per head dropped, rela_
tive to the other N treatments.

The genotypes al-l responded similarly to apptied N.
However, t'Uinn64-62 and ClOj!)Z generally had more spikes per
unit area than the ta1ls at all sites. rhis was particularly
the case for Minn64-62. fhe result offers some expranation
for the relatively high yield of Minn64-62, particularly as

conpared to the other semi-dwarfs. CZ0IO11 was consistently
the lowest of the three in spikes per unit area exeept at
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Sanford, where under better growing conditions, it had a
nurnber of spikes per unit area greater than the talls and
the sâme aÊ C?O3O3Z, With this advantage, C?O3OLI was the
hÍghest yieläing seni-dwarf at that location.

Minn6&-62rs large number of spikes per unit area was
probabry related to itrs sl0wer early devel0pment and overall
lateness relative to Bonanza and the other genotypes. These
characteristics may in fact be the very reason why Minn6ll-62
had the advantage in terns of spikes per unit area. From an
agronomic viewpoint, this association of good performance
wíth poor early competitive ability and late maturity would
be undeslrable, Ín Western tanada, With this in rnind the
plant breeder atternpting to develop the best genotJæe wouLd

have to select for what he considered to be an optimum

number of spikes per unit area, rather than a maxirnum number.

Kernels Þer SDike

There was evídence of yield component conpensation in
this study. fhose genotypes whieh had large numbers of
spikes per unit area tended to have significantly fewer
kernels per spike.

Àdding N tended to increase spike size, and again the
initial N increment was the most effective. All genotypes

responded to added N in essentialJ.y the same manner. The

Carman site was again influenced the most, probably d.ue to
the poor gnowing conditions.



205

Kernel Weight

Added N had little effect on kernel weight after the
first N incrernent, at all sites except Sanford. There,
kernel weight became progressively lo'er with added incre_
ments of applied N.

Yield cornponent compensation was again in evidenee.
As the spíkes per unit area and kernels per spike increased
wÍth increasing N, kernel weight was reduced.

0n a height class basis the semi_dwarfs had inferíor
kerne] weight, particularLy when compared to Bonanza. ![ith-
in the semi-dwarfs kernels per head appeared to have more
effect on kernel_ weight reduction than spikes per unit area,
since the genotype s with more kernels per head had the lowest
kernel weight.

lhe F x G interaction at Sanford indicateä that C?O3O3Z
and Minn64-62 were more susceptable to loss of kernel weight
as N increased than was the high yielding Bonanza. this
occwred despite the fact that both these genotype s had
lower numbers of kernels per head than Bonanza at that site,
suggesting that kernel weight was the yield component whieh
must be irnproved ín these lines to bring then to eonpetitive
yield levels under these conditions. rt was ar-so a reflection
of the larger number of spikes per unit area of those geno-
types.

ïn general, the specifle yÍe1d. cornponents involved in
the yield component compensatl_on varied depending on the
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environnent. Àny eonclusion regarding whieh component has
the greatest effect on any other then nay have to do with
the potential "sink" of a given genotype or group of geno-
types. The eonplexity of these relationships may hâve been
compounded in the semi_dwarfs by li:rkage between kernef
weight and the semÍ-dwarf habit.

Yie 1"4_lÇomponent s

0vera11 the more successful semí-dwarfs appear to be
such because they have larger nunbers of spikes per unit
area, wh5"eh Íncreased with added N. In conjunctÍon with
this there was a reduction in spike size, but more seriously
a reduction in kernel weight. Frorn an end u_se standpoint
reduced kernel weÍght could not be tolerated and, since
maxinum yield wirr only be achieved by an efficient balance
anong the components, the semi_dwarfs must be aLtered to
improve kernel weight, even at the expense of the other yield
conponents provided that yield ean be maintarned or increased.

f,odsinE

îhe lodging encountered was the late season type eaused
by the inabÍlity of the straw to support filling and/or
filled spikes. Lodging can then be partially aecounted for
by yield level, with the higher yieJ"ding treatnents suffering
increased lodging. l{owever, the superíor lodging resistance
of the shorter strawed materÍar was elearry demonstrated at
Portage, where Minn64-62 díd. not lodge despite yielding as
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much as the tall genotypes. Also the F x G interaction at
both sites in L9?5 derronstrated the superior standing
ability of the semi-dwarfs under high yieltiing (higher N)
conditions" This was especía1ly noticeable at portage where
lodging was most prominant.

Within the height groups there was variable lodging and.

response to N. Bonanza was stronger than C?OZOZI4 and arÂong

the sernl-dwarfs l\{inn64-62 was more lodging resistant than
C703011 a\d. C?O3O3Z. Tn fact C?O3O].L showed a rather high
level of loclging at the highest N 1evel at portage, although
not as severe as that of the tall genotypes. lhis again
indicates the plant helght to lodging association is not
aì.ways constant and it Ís apparent that there are nany
factors besldes plant height which have a strong infl-uence
on lodglng resistance. In terms of breeding methodologyr
therefore, selection pressure for J"odging resistance must
âccompany selection for semi-dwarfism to achíeve the poten_
tial j-n lodging resístance that is possible in this type of
material. fhe effects of other factors, such as environnent
under which the material ís grown, was evj_denced by the
Sanford and Portage 19?6 locations in the present study.
There, despite better growing conditions and higher yield
levels, no lodging occwred at all, denonstrating the
difficulty encountered when attempting to effectlvely seLect
for lodgíng resj_stance.
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Te st lr¡e icht

Being closely eorreJ.ated with kernel weight, test
weight was âffected by N in a sinilar fashíon. The increased
test we ight resul"ting fron providing adequate N fertility
demonstrated that inproved fertility gives rise to improved
physical kernel quality in barley.

Bonanza was the superior genotype and the semí_dwarfs,
especially cz03o11 ( larger spike size), were lowest for test
weight, again indicating the need to ímprove the kernel type
of these seml"-dwarfs 

"

The F x G in L9?5 suggested that applying N brought all
genotypes to a similar level for test weight, irnplying that
the serni-dwarfs tested had a greater need for improved
fertílity to aehieve desirable test weight"

Days tq Heading. Days to lr{aturity aqd Days in ?ost_Anthesis

Although there was little effect of applied N on the
nunber of days to headÍng, inereasing N did tend to inerease
the number of days to maturity and the length of the post_
anthesis period.

At the 1925 sites the zero N treat¡nents headed slightly
later probably becanse the lower fertility led to slower
earLy development of the naterial in those treatnents. The

reverse occurred at Sanford due to overall higher fertility;
coÌnbinêd with the tirning of rainfall ( just prior to heading)
at that site.
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îhe effects of N on naturity and hence post_anthesis
were the resuLts of the growth promoting effeets of the
applied N. Genotypic differences were notabr.e only in that
those genotypes with the shorter post_anthesis period.s,
namely c703011 and c?ojojz, were also those with the rowest
kernel welghts. The F x G interactÍons in l9Z5 indieated
that given adequate N aL1 the genotypes studied. had nearly
equal post-anthesis periods.

Quality Paraneters

As was the case in the report of Reisenaur and Dickson
Qsao) higher N tevers significantly increased the revers of
n1-trogen, saccharlfying activity, and soluble amino_nitrogen
of the grain. Â simllar, though non-significant, trend
existed for levels of alpha-anylase.

The genotypes had significantly dlfferent grain nitrogen
leveLs at afl sÍtes, though the differences were quite small.
The evidence frorn Carnan, 1926, further suggested that when

N was abundant these differences were yet s¡naller.
The variable results for each genotlæe across locations

suggested that aLpha-amyrase Levels are subject to ¡nodlfica-
tíon by the envi.ronment and that genotypes nay differ in the
degree of environnental reaction. îhis may be of importance
in the interpretation of alpha-amylase tests when seleeting
for nalting quality.

À11 genotypes, except Mínn64-62, responded to each
increment of N for saccharifyi.ng activíty. Minn64_62 ¡ad
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1ow leve1s of this paraneter at both sites and díd not
respond to increased N at portage.

Minn64-62 was the only genotype with a nore desirable
level of soluble anÍno-nitrogen as compareai to Bonanza.

0n an overall basís, C?03011 aind. CZO3O3Z would appear
to be equaì.ly suited for use in breeding prograns enphasizing
malting qualíty. c?o3o3z may have an âdded advantage, since
at high N levels it showed superiority in alpha_anylase and
saccharifying activity, yet no increase in protein. The

other semi-dwarf, Minn64-62, had serious linitations in
terms of malting quality, particularly in its 1ow Ievels of
alpha-amylase and saccharifying activity.

0verview

Exarnining this experiment as it was conducted, it would
appear that the most serious stress factor which harnpered

the evaluation of the seni-dwarfs studied was weed eompeti._
tion. îhis occurred prirnarily at Carnan, most severely in
1975, The se¡ni-dwarfs appeared to be less cornpetitive and
were more affected by the highty competitive weed.s, particu_
larly wild oats. However, the adclition of nitrogen improved
the general growing eonditions and. arleviated much of this
problern, so that more meaníngful genotypie performance

comparisons could be nade.

lhe findings diseussed ín txperiment I relative to the
semi-dwarf type probably being most advantageous for growing
conditj.ons conducive to lodging and high yields, comblned
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with the overall results of this experinent, Iead to the
concl-usion that semi_dwarf r¡arieties should be eìraluated
under more optimum conditions¡ (i.e" high fertility), in
order to identify the superior genotypes.

îestíng under stressful conditions, like those at
Carman in 19?5, makes meaningful deeisíons coneerning geno-
typie superíority difficult, However, since such conditions
may be encountered at the farm level, thê author feel"s that
new selections should be ehecked out under these situations
prior to being released. Sinee the genotypes are tailored
for areas with relatively optimum conditÍons, failure to
perform under less than ideal conditions should not neces-
sarily stop the release of such a cultir¡ar " ¡iowever,
prospeetive growers should. be made aware of their intorerance
of such stress conditions. llhus, initiaL sereening under
optirnurn conditions would identify the inherently superior
genotypes most useful under intensive nanagement, with
further testing identifying stress reaetions.

As regards the plant type and growth habÍt of the serni-
dwarfs, the results of this experiment again indicated the
need for a more optimum baLance among the yield components"
0f the genotypes studied thê better performer, Mínn64-62,
achíeved its performance prinarily through a large number
of spikes per unit area. In so doing its kernel size was
less than ideal. This imbalance must be Ímproved in a
phenotype of this nature. Ihe lateness of Minn64-62 also
contributed to -its performanee leveln lhÍs faetor is not
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such a major drawback under ?¡rore ideal conditions in whíeh
the growing season is not generally terninated abruptly by
environmental stresses¡ nevertheless, Iateness is not a
desirable trait and one suspects the naterial would have to
be improved for this parameter as wel1.

The ability of a genotype such as Minn6þ_62 to respond
to high Levels of nitrogen fertilizer obviously reste in its
capabillty of producing a rarge rìumber of spikes under these
more optimal growing condltions. One could then specuJ.ate
that this factor, combined with the kernel weight inadequacy
and the negative association between spi.ke size and kernel
wel-ght, suggests the ideal genotype for optimum growing
conditions might be one which bas the abÍlity to produce
large numbers of tíllers, thereby producing a larger number
of spikes per unit area; but these spikes shourd have fewer
kerneLs each Ín order to naintaÍn anð./or achieve adequate
kernel size.

0n the other hand this type of approach may be too
simplistlc and rather unrealistic, particularly if taken to
the extreme. îhere has in fact been an intensive effort to
increase the graln nur¡ber per spike in seni_dwarfs, in
general negating the above proposal" perhaps it then might
be wise to produce hybrids with parents which have large,
pì-ump grain and select intensively in the segregating
populations for the most d.esirable combinati"on of the yield
conponents and height.
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Phenotypicaì.J_y novel gernplasm, like that of the seni_
dwarf, may respond differently to varLatíons Ín row spacÍng
and./or seeding rate (Stoskopf , ]96?¡ Briggs, lrg?il. Since
a plant breeder want s to test a genotype using procedures
which do not llmit Ltrs performance and mask its true poten-
tial, these interactions are important. They are also in_
r¡aluable in making agronomf.c reconmendatl,ons to the producer
about these novel types so that their potential may be fu1ly
exploited. It was with thege considerations in mind that
thls study of selected talL and short genotypes wã.s eonduct_
ed to meaeure the êffect of varíous row spac ings and seeding
rates on several agronolnic parameters.

Planrb HeiEht

Since the ÍraÍn purpose of deveLoping semi-dwarfs is to
irnprove straw strength, whlch is associated with shorter
straw, knowledge of factors influencing the height of a

seml" -dwarf is desirable. Therefore, the effects of various
spacings and seeding rates on plant heíght was i.rnportant.

Varying row spaeing and seeding rate did not alter the
height relationship between the two genotypes. However, the
dífferent environmental conditions encountered did. read to
variable behaviour. A.t both Sanford and Winnipeg, under good
growing conditj.ons, both genotypes were taller than at Carman,
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and the treatments which increased the number of plants per
unit of row length showed j_ncreased height, with Bonanza the
more responsive" rrt carrnan, the combined effeets of rate
seeding, drought and early weed infe station gave the opposite
effect, wíth both genotypes responding and the widest row
spacing having the shortest prants. The eãrly weed infesta-
tion whlch rimited growth and utilized rnuch of the available
moisture appeared to be the rnain cause of this reaction.

The lack of sigrrificant seeding rate effects demonstra_
ted the ability of the rnaterial to compensate for those
differences. However, under stress conditíons at Carman

the semL-dwarf showêd a trend towards taller plants at the
highest seeding rate, while Bonanza had the g:.eatest height
at the intermediate seed rate. Thís suggested that the
semi-dwarf may require higher seeding rates when grown under
stress. At Winnipeg, under very ideal conditions, Bonanza
was tallest at the lowest seeding rate, whi.Ie Mírn64_62
showed no height differenee across seeding rates.

The very short stature of Minn64-62 under the stress
condÍtions at Carman raises the question of whether such a
heíght may be too short for. practical purposes. Such a
very short genotype might, under adverse conditions, be less
desirable than one of an intermedj.ate height Ín terrns of
suitability for modern harvesting procêdures.

Yield

It is considered important to deternÍne whether such a
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drastícaIIy changed phenotype as the seni_dwarf requires
ehanges in agronomic practics to maximize yield. The rela-
tive yielding abilities of the specific genotypes investi_
gated were also of interest.

At Sanford and Winnipeg, where growing conditions were
adequate to ideal, Minn64-62 outyielded Bonanza by 6"0 and
1-4.0 percent over the whole of each experiment respectÍvely.
At Carman, where late seeding, drought and weeds led to very
poor growing conditions, Bonanza outyielded the semí-dwarf
by sorne IJ.O percent. fhese results suggest, as did those
of Porter et al. (fg64) with wheat, that the semi_dwarf nay
not be suited to growth under stress conditions, partic ularly
weed competition and drought. In the present rnaterial, this
is probabJ.y a result of generally poor competitive ability
due to slow and prostrate early growth and perhaps a less
extensive root system. However, under conditions of adequate
to good moisture and fertility, and r,rlith good weed control,
the semi-dwarfs may have a higher potential yíeld. Such

results are important relative to recornmendations to farmers
regarding the production of such semi-dwarfs.

As previously noted by others, seeding rates, particular-
1y of the narrow range used, affected yield only when con-
ditions were adverse. This was the case at Carnan, where
increased seeding rates gave hígher yields" Â similar,
though non-sÍgnificant, trend was shown at Sanford, but no

differences of consequence were shown under the more ideal
conditions at Winnipeg.
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Although no significant genotype by seed rate inter_
action waË detected, Minn64-62 tended to show more response
than Bonanza, especially under the near ideal Winnipeg
eonditions, where Bonanza showed a negative yield response
to increased seed rates. tombining all three sites
t[inn64-62 showed a 4"0 and. 8"0 pereent yield response to
each respectrve seeding rate increase, whire Bonanza showed
onJ-y a 1.0 and 4.O percent response to each increase.

Cornbiníng the two genotJrpes, no significant d.ifferences
were detected between yields at the IJ.o crn. and 10.0 cm.

spacíngs at any site. However, at carrna¡, there was a non-
signifÍcant (6.8%) yield increase at the narrower row
spacing. In âl1 the trial_s, even nnder near j_deal condítions
at ltlinnipeg, there was a drastic yield reduction at the
widest row spacing.

Although no signfficant genotln)e by rov, spacÍng inter_
action was shown, ULru:r6b-62 díd show a posltive (tS,o/")
response to narrower rows under the stress conditions at
Carman, whÍle the tal1 genotype showed 1Ítt1e response.
This was ltkely due to the semi-dwarf beíng nore able to
compete with the weeds when planted at namower row spacings
at that site.

îhe results suggest then, that there should be some

examination of the row widths and seeding rates used. in
testing procedures in relation to the evaruation of material
with a wÍ.de range of height variation. Furthermore, the
resuLts suggest that semi-dwarfs of the Minn64_ 62 type
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should not be recomnended for produetion in areas with
severe moisture stress, and that adequate weed eontrol ls
an absolute necessity when growíng such a cultivar.

Yield .Conponents

The number of spikes per unit area and the number of
kernels per spike were most affected by changes ín seedlng
rates and row spas i¡gs. Tn general, as one inereased, the
other decreased 

"

Kernel weight was relatively unaffected except at
carnan. There, due to rate seedÍng and environmentar stress,
kernel weight was reduced. at higher seedlng rates, and. was
partÍcularly low for ¡Uinn64-62. Tr¡ith the exception of
Winnipeg, where the better conditions aÌlowed MÍnn6h-62 to
complete its longer life cycle, ¡utínn6l+_62 had lighter ker_
neLs than Bonanza. In general, as the nurnbers of spíkes
per unit area and,/or kernels per spike increased, the kerneL
weight decreased.

fhe number of spikes per unit area was the rnost important
component influencing yÍeLd, as shown by the 6.0 percent
superior yield of Míru,'ú4-62 over Bonanza at Sanford. At
that site the two varietÍes were equal in the number of
kernels per splke and Bonanza had higher kernel weight than
Minn64'62, making spikes per unit area the sole reason for
the yield advantage of tvtínn64-62. Furthermore, at Winnj.peg,
where both its kernel number per head and its kernel weight
were equal to those of Bonanza, Miwß4-62 outyíelded Bonanza
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by some 14.0 pereent.

îhese results suggested then, that the breeder, in
deve]-op5-ng semi-dwarf barleys, must attempt to naintain
kerneL slze and nurnber per spike, but increase the number
of spikes per unit area. This happens when the seeding
rate is increased, leading to the genotype whieh can produce
the best spikes wlth adequate kernels havlng the greatest
yield potential. rhe breeder must obtafn an adequate
balance anong the yieJ"d components and at the sane tinne
maximize the yield.

On the other hand, the results of this study provided
a warning that under less than ideal cond.itions the ability
to produce nore spikes per unít area nay be disadvantageous"
The other yierd conponents may suffer too much in such srt-
uations, Ieading to decreased yields. Furthermore, even if
total yield does not drop, kernel sÍze and weight likely
wilL. This aLone is undesirable from a grain quality stand-
polnt in barley.

fest Sleight and percent Barlev Nitrosen

lhese parameters were unaffeeted by altered row spacing
and seedÍng rate' except for sright varíations related to
changes in kernel size. fest weíght decreased and barfey
nltrogen increased as ker:ne 1 welght went down. Minn6þ-62rs
hígher test weight at Winnipeg likely occlrred because this
genotype was later rnaturing, and at that site was able to
complete its growing cycle under the less stressful conditions.
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One of the problems which has existed with the seni-
dwarf $¡heat in the U.S.Â" has been poor ernergence due to
shortness of the coleoptile, shown to be associ.ated with
reduced plant height (Allan e.[ ål, 1962). This can present
a problem for the producer, particuÌarly if deep seeding is
requfred to reach moisture 

"

Despite the lack of a slgnifÍcant correlation between
plant height and coleoptile length for the genotypes studied
in the present experiment, the ranking data and significant
difference between height classes indicated that the tall
genotypes did have longer coteoptiles. However, due to the
strong positive relationshÍps between eoleoptÍle length and
the kernel size parameters, and the strong positive relation-
ships between these and. helght, the question arises as to
whether the height to coleoptile length relationship was

direct or l-ndirect. nhe results indicated that it was

posslbly indírect, èaused by the short statured genotypes
having smaller, lighter kernels. and therefore shorter
coleoptiles. This relationship could present further prob-
Lems as higher yÍelding serai-dwarfs are developed, since,
as shown ln experiments discussed earlier, the kernel size
component of yield suffered thê greatest reduction as over-
all yíeld increased. This was particularly the case for the
higher yieldíng semi-d.warfs ín Experiment It.

Bhe positive assocåation in thís experiment between root
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score and yield on a rank correlatÍon basis, hinted at the
possibility of using thís parameter as a selection criterion.
For this to become a reality, further and more extensive re_
search would have to ìre carried out in that area.

llhe laek of association between coleoptile length and
emergence rate index for these genotJ¡pes is encouraging.
llowever, the method. of determination and the limited scope

of the study involved in the calculation of emergence rate
index, as well as the use of rank correlation procedures,
were lnadequate to obtain conclusive results.

One of the fears expressed by several dryland area plant
breeders regardlng semÍ-dwarfs is that the root systems of
these genotypes may not be adequate to withstand the drought-
hy conditions often encountered.

Al,though not statistícally significant, d.ue to the dif_
ficulty invoÌved in the measurement of these paraÍieters, the
trends which developed indicated that, for these genotypes,
the fears of the breeders may be justified. rhe semí-dwarfs
apparentl-y had both smaller and slower-growing root systems"
0f particular note was the tendeney of the semi-d.warfs to
show drastically reduced root growth rates at week seven,
whiLe the tal1s did not show this reduction until week nine.
This rnay in part be assoclated. with the tendency for the
speeífie semi-dwarfs studied to ripen off quickly.
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The associatíon between root growth rate and plant
height also supported the contention that the se¡ni_dwarfs
had sì ower devel_oping root systems, However, as u/as the
ease in Experiment IV with coleoptile length, the strong
posítive associations of the root growth and size paraneters
and plant height with kernel weight and plumpne ss suggested
onee again that the relationship may be ind.irect, caused by
the tendency of the semi-dwarfs in question to have smarler
kernels, giving rise to less vigorous seed.lings.

tautl-on should be exercised in drawing conclusions
from these results due to the large errors encountered in
measuring these parameters under the condÍtions of the
experiment. ft should also be noted that the root systems
were restricted in growth by pot size¡ hence the extrapola_
tion of these data to field conditions may not be posslble.

Exneriment Vf¡ Seeding Ðepth and EmerEence Ftudv

Accornpanying the suspected coleoptile length problem of
semi-dwarfs, researchers have voiced fears that these geno_
types wi1L be unable to energe from deep planting or that
they wilL not energe quickly.

lhe results of this study indicated that no differences
existed between the tal1s and semi-dwarfs for emergence

ablLity or rate. AI1 genotypes vrere eapabl_e of energing
fron 7"6 cm. and al1 had equal difficulty from 1O.2 cm. ln
fact, c703032 aîð, 6zoJo[, both semi-dwarfs, were superior
to the other genotypes in emergence. These results suggest
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that, despite dlfferences i_n coleoptile length, the seni-
dwarfs were capable of emerging as well as the talls.

tauti.on should be observed. Ín drawing conclusions from
these results since the study was carrfed. out in the green-
house under relatively i-deal conditlons, and the sample and
replicate sizes were smatl. fhe liníted numbers of lines
representing each heÍght class represent yet a further
linitation.
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GENER¡.L DTSCUSS]ON

Since desired changes in plant type can affect the
attainment of other desirable goaIs, or ¡nay influence the
methodol.gy which nust be ernproyed, to attain then in a
breeding progran, the clarification of the interreLationships
of plant type with agronomic and quality paraneters is im-
portant. The initiat investigation reported was carried out
to determine whether semi-dwarfisro is a phenotypÍc change
that i.nvolve,s such effects.

The methodology employed in the present study was in-
adequate for the estimation of genotypic r¡alues for some of
the traits investigated. This Ínadequacy 1ay partially in
the techníques empJ.oyed during the inve stlgation; however,
the effects of reducêd plant height did cornplicate matters
in some instances.

lhe nature of the populations involved led to an ínflated
heritability estimate for plant heíght. lhe breeding be_
haviour of other characterístics closely related to hefght
was somewhat affected by this, and thelr heritabilitj,es were
also high. The resuLts further lndieated that ínvoLvement
of reduced plant height in hybrict barley populations would
not necessítate a radi.cal departure fror¿ conventíonal selec_
tion methods to attain desirable levels of any of the other
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parameters Ínvestigated. the very high herítability of
plant heíght suggested that the selection of short statured
genotypes should present no probJ.ems. On the other hand.,

the overall breeding proeedure may have to be somewhat

altered to attain the usual performance objectives in
populations ínvolving short-statured genotypes. Á,rnong the
reasons for this are: the smal1 proportion of short tJrpes
derived from some crossesi the 1ow competitive ability of
semi-dwarfs relative to the tall segregates¡ and the large
number of undesirable character associatíons with reduced.
plant height.

Uithin the scope of the sample investigated, which was

small by plant breederrs standards, the idear conbination of
short height and adequate levels of other important agronomic
parameters was not found. However, consÍdering the total
number of short strawed l"lne s ineluded in the study, the
results were erlcouraglng.

The snall proportion of seml_-dwarf types may have re_
sulted fron the adverse conditions ( salínity) encountered
during the F4 increase Ín Californía. Several lines whieh
were increased either were not returned or produced in-
sufficient seed to be included in the study. îhis salinity
may have particularly affected the semi-dwarfs, due to their
inability to perform well under stress cond.itions, as was

denonstrated throughout the study.

Although the height di.fference bstv{een the tal1 and the
semi-dwarf in barley is generalLy assumed. to be simply
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inheríted" observation of thÍs materíal indicated the
i-nf luence of mod if ier gene s which led to the occ u*ence of
stable genotypes of íntermediate height as welL as reeovery
of the parental classes. These interrûediate height geno-
tl¡pe s were in fact the most agronomically desirabLe group
ín the present etudy.

?he resuLts fro¡n alI three populations investigated,
in particular c-lo-J, indicated. that lines with a desrrabLe
combinatlon of performânce characteristÍcs occured wíth
greatest frequency among genotypes ln thi_s Íntermediate
height category. lhese lines had improve¿l straw strength
relatlve to the talLer lines, yet also had acceptable leve1s
of yieLd and kernel size paramete!.s and more acceptabLe
maturity. This was exemplified by C-|O-J, in which the
majority of derived lines fell in the intermediate height
class. Despite this.the populati.on means and ranges for
most of the other eharacteristics were similar to those
obtained among lines from the other two crosses, lodging
being an exeeption, but on the favourable side (fables g

and 9).
The high heritabitity of plant height and the lack of

conpetitive ability of semi-d.warfs relative to ta1l geno-
types, suggest modifícations of breeding procedures may be

required 1n attempting to inprove and adapt semi-dwarfs by
hybridizíng them with better performing taller genotypes

available. fhe low incídence of true semi_d.warfs indícated
a need for large F, poÞulations, perferably at lower plant
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of appealing short statured types ín order to make progress
toward improved agronomic performance. Iêrger populations
would also be required by the breeder desiring to seLect
intermediate height genotypes, sÍnce these were arso shown
to occu¡ at a lower frequency than tatt segregates,

An additional problem with the material investígated
was the apparent linkage between shorteneai stature and late
heading and maturity, whfch was probably partially responsible
for the strong assocíation of reduced plant height with re-
duced kernel size and plumpness. lhis rateness 

'n,as 
associated

with an observed slow and prostrate early growth habit" The
kernel parameters suffered in the shoz,t material, partÍc ular_
1y among early maturing lines and those showing high yield
leveLs. some lines dltt not suffer these kerne f síze problerns,
but these were most often lower yielders, The lower yieì.d
resulted from the production of fewer spi.kes per unit area¡
the yield component by which the better yielders apparently
achieved that yíeld" The number of kernels per spike was not
a sígnificant problem since parentaL genotypes had adequate
spike size" The semi-dwarf parent, Miruób_62, was below
optínunr i.n kernel size.

Based on the associatÍons shown, a specíal effort may

be required to irnprove kerneL size in semi-dwarf segregates
by intensive selection for inprovement throughout the
segregating generations among large nunbers of semi_dwarf
l1nes. îhe ease of visual selection for plant height
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indicated by this study suggests that early_generation
selectÍon of the Larger numbers of semi-dwarfs required
would not be diffreult. fhis intense selection could then
be followed by the sorting out of other less heritable
parameters in the 1ater generations of the breeding progran.

fhe ideal genotype would have many spfkes per unit ârea,
many kernel,s per spike, high weíght per kernel and be of the
desÍred height. llowever, due to yÍeld cornponent compensation,
¡naximizatÍon of a1l three conponents in a singl"e genotype
will not be easy. From a practical standpol.nt, a reasonablê
balance of the components is desirable. rn terms of in-
divldual components, kernel weíght must be at a certain
level for end use acceptabíj_ity. Kernel weight ís inportant
because heavy, pLump kernels mean l_ess fiber and more energ:y
per pound of graÍn. fhis is important both from a feed and
a malting viewpoint. High levels of the other eonponents
are obviousLy desirable, but only because of their csntribu-
tion to yield potential,

The evÍdence obtained suggests that adverse inter-
charaeter reLationships shown would make the task of select-
ing for the desired character combÍnation directly from an
initial semi-dwarf by tall cross very difficult, and perhaps
rather impractieal. It is proposed that a more realistic
approaeh woul-d be a step-wise one, whJ.ch rnight be more time
consuming, but would be more certain of success.

fhis approach involves the sinultaneous development of
two or more short-strawed genotypes with the desired leveLs
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of different yield components in each, followed by inter_
crossing these to achieve the desired goal of high yield of
p3.unp barley. fhese second.-stage crosses woul.d nlnimize
some of the previously diseussed problems, since all the
måterlal would be short statured.

The barley project at the uni.versity of saskatchewan
has, and is following such a procedure (Dr. B.L. llarvey,
personal cornmunication). By selecting against lateness and
sLow, prostrate, early growth but naíntaining good spike
size (in the oríglna1 crosses), selections wíth acceptabLe
levels of kernel we lght and number of kernels per spike
were obtained. However, a lower number of spikes per unÍt
area llníted thetr yielding ability. Short statured geno_
types (siniLar to those used in the present stuäy) with
Large numbers of spikes per unit area, good spike size, but
lacking kernel weight were obtained from the Uni"versity of
Minnesota program' and hybridized with the saskatchewan
lines. This procedure has ninimized the neeat for selection
for height or sp5.ke size (both parents had desirabLe levels)
and now at F, the breeder can coneentrate on selecting to_
Ìvard an optirnum balance between spikes per unít area and
kernel weight, toward the objective of maximum yíe1d.

Among the rnaterials in the present study were short-
statured lines whieh embodled. the desired leve1s of indiv_
idual eornponents. lhese could. be intercrossed, or crossed
to conplernentary types like those of the Saskatchewan pro-
gram, to attain desfred levels of all components wíthin
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individual lines.
It is generally considered that a minimum goal would be

for semå-dwarfs to exceed the yield level of regionally
âdapted tatr c urtír¡ars in trials under average conditions.
Such an íncrease in yield require s a change in the basic
sink of the crop and this may initiatly be hard to achieve.
0n the other hand the high tillering seni_dwarf rnay be more
capable of providing a larger sink under ¡nore id.eaL growing
conditions. Even lf the sink is not Lncreased the semi_
dwarf stature wour-d be desÍrabre in terms of yield stability.
Short stature eontributes strongly to lodging resistance,
and lodging, whether of the early or late season type,
frequently is a serious problem. IhÍs ís especÍally the
case in regions where barley is well adapted. and therefore
highest yields are expected. As previously discussed the
semi-dwarf types would likeIy be most suited to and most
useful in these highly productive areas. Development of
semi-dwarf lines with high leveLs of lodgÍng resistance and
achíeving a yield 1evel conparable to that of the better
tal-l genotypes under condÍtj-ons free of lodging, would be

a valuable achievement, and should be the initial goal in
any breeding program attempting to develop useful short
statured genotypes.

The results obtained indicate the possibility of select-
ing an adapted, short-strawed, barley genotype with acceptable
yield. Several genotypes of intermediate and strort helght
showed high yield levels, but they were undesirable due to
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reduced kernel size and lack of yie.td stability, panticular]-y
unde:. conditions of stress" A procedure for o.,¡ercoming these
faults has been suggested above.

the semi-d¡varfs investigâted agronornically appeared to
require special attention to eurtural procedures to achieve
rnaximum performance, particularly when growing under un_

favourable environrnental conditions" Adequate weed control
was a necessity since the short statured. genotypes were poor
competitors. fhe seni-dwarfs Ín question seemed to have a
defínite minimun fertility requirement. Unfortunately, they
did not appear to re spond to high nitrogen levels to any
greater degree than did the tall cul-tivars.

îhe slow early growth of the sample of semi_dwarfs
investigated was particulârly disadvantageous under less
than ideal conditions. This slow growth was associ-ated with
the high spikes per unÍt area type, hence, â nore desirable
balance of yield cornponents might be expeeted to reduce this
problem. However, since spikes per unit area appeaned to
be the most influential of the yield cornponents, the lack of
competitive ability of hÍgh yielding semi-dwarfs may be dif_
ficult to overcome. The tillering cornponent is irnportant in
providing a neans of response to more ideal environnents,
particularLy to optimum r-eve1s of moisture and fertiLizer.

Às previously stated, the greatest advantage of the
semi-dwarfs would bê in the areas best suíted to barley
production" In Western Canada these are the regions wbere
straw strength is inportant, characterized by a con_
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sístent suppLy of adeguate noisture. I,or the dryer areas,
in fact, semi-dwarfs nay. be at a disadvantage Ín yield
relative to tall cultivars, and nay aLso be undesirably
short for modern harvesting procedures. It was observed.
that the short statured materLal investigated performed
relatively better under eonditions of adequate to high
rnoisture.

lhe trend for improved performance of the semi_dwarf
at narrow row spacings and high seedjlg rates again refleeted
thelr laek of conpetitíve ability. Row spacång would not
present a serious problea to the producer since the narrovi¡-
est one in the study ís the c ommon row width used by producers.
SeedÍng rate can be easily altered, but would raiee costs
sLÍghtIy.

lhe seeding rate and row spacing effeets need to be

considered in reLation to the nitrogen responses obtained"
rt seems probable that, had the nitrogen trÍals been carried
out ât greater prant densitles, the semi-dwarfs would have
shown greater response than the taLls, particularly íf
severity of lodgÍng had been accentuåted.

The seeding rate and row spacing results may also have
implications regardÍng the procedures used in the er¡aluation
of genotypes for purposes of varletal release. fhis is
especial.J.y so when the shorter types are being evaluated slde
by side wÍth tall genotypes as is now the general case.
Also, for ease of handllng, several institutions use ror¡v

spacings which rnay not alr.ow the se¡ni-dwarfs to express
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their true potential.
The general 1ateness of the higher yielding, short-

strawed genotypes may also be a disadvarttage, particularly
ln the more northerty barley produclng areas. Early short
strawed tJrpe s can be isolated ( several existed ín population
c'7o'3), but they tend to be lower ylelders. However, the
yierd of an ear!-y short strawed 1!ne shoutd be compared to
that of early maturing tal} .r¡arietÍes before any decísions
are nade. This generaL lateness of the better short tJrpe s
wiLl necessÍtate a reconmendation of early seeding even in
areas with a l0nger growing season, due to the latene ss of
heading as well as lateness of maturity.

0n the basis of limÍted research and data, lt is also
possible that short stature in barley nay be assoeíated with
sLower growlng and less extensive root systens. This again
suggested these types wour-d not be suited to the areas wíth
stress types of environment. 0n the othe¡ hand, these para_
meters were associated with *u,"r-r. kernel size and iraprovement
of this conponent rnay result in the irnprovement of the root
parameters as we l-1.

ft appears then that short strawed barley cou1d. be a
viab1e plant t3¡pe in the barl_ey growing areas of Western
Canâda, particularly 1n the most productive regions where
lodgÍng is frequently a lirniting factor. fhere witl be need
to make producers aware of the unique field nanagement
practices requíred to provide an environment suitable for
these types in order to achieve maximurn performanee " fhe



possibílity of iroproved input response with seni-dwarfs
exists and future breeClng efforts will undoubtly be

dÍreeted toward taking adrmntage of this potential.
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SLIMMÀRY f.ND CONCI,US]ONS

three popr¡lations of barley, developed from crosses
involving one semf-dwarf parent, were grown at each of two
locations for two years. The data were used to estÍmate
heritabilities and variance conponents for plant height and
several 0ther agronomic parameters as well as to define the
ínterrelatlonships of these parameters by correlatLon pro_
cedures. Some malting quality traits were ÍncLuded ín the
correlation study.

The objective was to determine the effects of involving
reduced plant height in barley on breeding procedures and on
other parameters of concern to breeders. Further to this
was the objective of individual genotypic evaluation.

The introduction of reduced plant height into the
barley populations studied was interpreted as not appreciably
affecting the variances and heritabilities of other agronomic
characteristics studied.

Plant height itself was highly herÍtable, as was kernel
weight. Days to heading, and maturity were generaì.1y highly
heritable, while test weíght, plumpness anit lodging were
somewhat less heritable, yield. had the lowest heritabilÍty.
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Testing et one site for one year was judged to be

sufficie¡rt to estimate genotypic r¡aiu.es foz, heigirt, kernel
weight and lodging in the naterial stud_ted, whil-e test
weight, piurnpne ss and kernels per spike required more than
one years data. Heading date, naturity and days ín post-
anthesis required d.ata from at least two r-oeations in two
years. Yield showed evidence of a requirement of testíng
in more than one location in more than one yearo i{ore
replieation would have like1y improved the estimates for
all charac"i;ers, trut would have been partic ularly benefÍcíal
for kernels per. spíke, kernel wel-ght, maturity and lodging.

All three populations studied contained genotypes

superior to the control for each characterj.stic studied.
fhe highest yielding short statured lines from these pop_

ulations were of intermediate plant height relative to the
semi-dwarf lulirn64-62 and the tall control, the most commoniy
gr own well adapted tall var.iety of the region, ',Bonar¡.zar'.

À11 sígnificant associations with reduced plant height
were u.rde sirable with the exception of lodging" However,
the correlations, despite beÍng significant, were not large,
and it should be possì ble i;o select acceptable shorter geno-
types. c-7o-3 was the rnost promising population studied in
that regard, but more because of prevalence of short lines
than because of character i¡lterre lationships 

"

Reduced plant heíght had no detectable effect on the
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barley quality parâmeters examined..

The greatest problens with the shorter ¡naterial studÍed
were later headirrg and maturity, and reduced kernel size.
Thesê problens were most severe in the higher yielding 1Ínes.
?he i-nterre latíonshÍps among the other eharacteristics studied
were sometimes affected indirectly by reduced plant height"

It is suggested that a better balance among the yield
components of the higher yielding Lines is required i-n
order to neet the kernel size requirements of a good barley
sample. Given the ranges of each component in the l_irnited
sanple of short statured types studied, such a balance
should be ultirnately attainable by plant breeders. Maturity
characteristics of the serni-dwarfs fall into the same

category.

The greatest asset of the short material is its irnproved
straw strength, which should be particularfy valuable in the
areas most suited to barley production where high yields can
be achieved in the absence of lodging. fhe strong, short_
statured genotJfpes offer j-ncreased stability of yie1d, even
withou-t advances in basic yie1d.

Conconi'bant with improved straw strength of short
statured genotypes in other cereal crops has been theÍr
ímproved ability to responcl to higher levels of fertility.
An experirnent was conducted over five station_years to com_
pare the responses of three semj,-dwarf and two standard
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height genotJpes to high nitrogen leveLs.

Nitroåen Reslgnse

In general, at all sites and for all traits studied,
the si"gnifieant response to applied N was rinited to the
first increnent of N applied except where growing condítions
were below average. This occurred at Carnan. There, signifi-
cant response to N continued with the higher increnents. At
afl sites response continued as applied N increased up to
the third and fourth N level, but the responses were not
a lways signifieant.

Plant height, yield, spikes per unit area, kernels per
spike, lodgingn days in post-anthesis, per.cent barrey nitro-
gen, alpha-amylase levels, saccharifying activity and l-eveLs
of sol"uble amino-nítrogen al1 responded positively to added
nitrogen.

KerneÌ and test weights tended to respond positively to
the fírst N increnent, but then showed negative responses to
increased levels of N.

Days to maturity tended to increase or not to respond
to nitrogen, while the response of days to heading depended
on the environmental conditio.rts at each 1ocation.

the results indicated that, for the
competitive ín terns of yÍeLd, increased

semi-dwarfs to be

1evels of management
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inputs $rould be required, since they appeared to perform
best under more idear growing conditions. The semi_dwarfs
were not as able to handfe stresses åmposed by weed cornpeti_
tion, Ìow ferti_líty or drought. Although no fertilizer by
genotype interactiong occwred for yield or its major compo_
nents, trends indicated that the short-statured naterial had
a greater requírenent for at l_east the first increment of
nitrogen relative to the tal1 genotypes. At the hígher
nitrogen levels this extra response did not continue.

fhe two semi-dwarfs whÍch performed best in this trial,
C7o3o32 and Minn64-62, galned their yield primarily frorn
production of more heads per unit area than the tatls. lfhey
had fewer kernels per head and lower kernel weight at most
sltes. Inereased N díd al"leviate some of these d.ifferentials
when growing conditions were adequate ¡ however. kernel weight
$ras least favourable at the hÍghest yield 1evels.

0n the average, Minn6&_ó2 was the highest yieldång
genotJæe. ¡iowever, its drawback was its lateness, since,
except under good growing conditions, it was unabre to con-
plete its growing cyc1e, resur,ting ín greatry reduced kernel
size 

"

When lodging oecurred, the semi_dwarfs exhibited
superior resistance, which continued as the fertility level
increased. The gap between the lociging levels of the tall
and short types increased with N level, particularly for
mírn64-62, which showed no increase ln degree of, lodging as
N inereased.
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ïn terms of the other paraîneters exanined in this
experinent the genotypes responded. in a similar nanner
relative to rne another.

the senrÍ-dwarfs did lack eompetitive abitity particularly
when grown under ad.verse conditions. This led to the con_
clusion that weed control would be even more åmportant when
growíng such types thân when producing taller types.

Changes in plant morphology can have large effects on
the optímum plant density required to achj.eve maximum

producti.on" To obtain info:.mation on the impact of short
straw in this eontext, one serni_dwa¡.f and one tall genotype
were eonpared at several- combinations of row spacings and
seeding rates at three locations.

Varying seeding rate and,/or row sp¿çing had littl.e or
no practical effect on plant height, kernel weight, test
weight and protein content of either the tall or the semi-
dwarf genotype.

fncreased seerling rate showed: signifícantly increased.
yield under adverse growing conclitions at Carman, a trend to
the sane with average conditions at Sanford, and no dif_
ferences at Winnipeg und.er near optimal growing eonditions.
Despite the lâck of a significant seeding rate by genotype
interaciion, the seni-dwa!.f tended to show greater posítive
response to seeding rate than the tall.
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At all sites for both genotypes the 61.O cm" row
spaeing was inferior to the more narrow ones for yield.
There were no significant differences between the 1J.0
and 30.0 cn. widths at any site, although the serni_d$¡arf
did show a trend toh,ards higher yÍelds at narrower row
spacing under the adverse cond.itÍons at Carman.

fn general, yiel_d improvements were brought about by
increased nunbers of heads per unit area. fhis was accom_
panÍed by fewer kernels per head, and. where the compensa_
tion was not equal, a hígher yield resulted.

-

Short coleoptiles have been associated wÍth decreased
plant height in wheat and with a reduction in the ability
and rate of emergence. fn the present.study a group of
standard height and semi-dwarf barley genotl4)es, chosen to
represent a wide range of yield levels, were checked for
coleoptile J.ength.

lhe results of this experinent indicated that the talf
barleys had longer coleoptÍles than the short statured. ones.
îhe evidence gathered suggested that the shorter coleoptiles
of the semi-dwarfs may hâve been the resurt of theÍr smar.l
kernel size.

For the genotypes studied the short coÌeoptiles of the
semi.-dwarfs did not affect thei.r enrergenee rate.
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Concern has been expressed by dryland area breeders
about the size and extent of the root systems of the semi-
dwarfs in wheat artd barley. Àn attempt was maale to compare
the root systems of several semi_dwarf and ta1l genotypes.

The semi-dwarfs studied appeared to have smaLler and
slovrer growing root systems than the tall genotypes. This
again rnay be related to the assoeiation of plant height wlth
kernel slze parameters.

fhe root systems of the semi-dwarfs also stopped grow-
ing sooner than the tall"s. This rnay have been affected by
restrictions ímposed by pot size.

lhe semi-dwarf wheats do not have ability equivalent to
the tall_ types to energe from deep plantings. preLiminary

research was carried out to compare these plant height types
in barley for this ability,

No dífferences existed between the tall and seni_dwarf
genotypes studied for emergence abiì-ity or rate.

All genotypes emerged well from t:ne Z.Jl+o 5.08, and

?,62 em, depths. All emerged equally poorly fro¡n the 10.16
cm, depth.
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SUGGESÎIONS FOR FUiIIIÂE RESEARC}{

Selection for short statured genotype s sirould be

carried out in large Fa populations of tall- by semi_
dwarf crosses sinee the numbe:" of seni_d.warf segregates
is small". These small numbers represent a natural
barrier to selection of a short line with the desired
Ie¡¡el- of yield or any of íts components, The nurseries
should also be sparsely planted since the shorter
seg'egates are less competitive and- rnay be overl00ked
under crowded e ond itions,

Selection of a singfe shori-strav¡ed line with the
desj-red yie1d. component balance may be possitrle, but
the author feels a more reasonable approach might be to
select short lines with a desired 1evel of each in-
dividual" component and intercross these to obtain the
desired end product.

To improve upon the research condueied j-n the present
study it míght be advised to use specific nunbers of
lines (preferably isolines) fr"om each height category¡
tall, ínterrnediate and semi-dwarf. Ii woul-d also be

useful to use more than one parental source for short
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Attempts should be made

heading dates and longer
acceptab]e nâtulîity"

Research should be conducted

the value of heading date as

selectíng superior genotypes

Further clarification is needed

of seed size on the seedling and

in barley"
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to select genotypes with early
post-anthesis periods, but with

investigating and elarifying
a seÌection tool for breeders

in Western Canada.

in regard. to the effect
root growth parameters

6,

Further tests are required on a broad range of lines to
deterrnine the irnportance of fertilj-zer and plant density
effects on semi-dwarf and ta11 genotypes, partieula¡Ly
in the nost prod.uctive barley growing ãreas. These
factors should also be studied in combination with. one
another.

Further research should be conducted on l_arger sanples
to determine the relationships of root parameters and
seedling gowth with reduced pLant height Ín barl_ey.
Concomitant with this ís the need for research into
improved techniques to be used in the determination of
root growth parameters j¡r cereal crops in general.

7,
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