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Abstract:
Six Titan isolines differing in increments of heading date spanning a 13-day period were grown in 15
environments using commercial planting rates and 1 environment planted at a 1 plant/30 cm”2 rate.

Yield, spikes/30 cm”2, kernels/spike, and kernel weights, as well as 10 other morphological traits, were
measured at each environment.

Three methods of analysis were utilized to interpret different aspects of the effect of maturity isolines
on the development allometry of the plant as expressed through yield and yield component responses.
Using a two-dimensional version of the parallelipiped analysis it was noted that whether space planted
or drilled the isolines exhibited strong yield component differences. In the space planted environment
no yield component compensation was observed resulting in marked yield differences. The mean
response over 15 environments of the yield trial showed marked yield component compensation and no
significant yield differences. A regression analysis of each isoline with mean performance over each
environment revealed strong isoline x environment interactions for the three yield components and
minimal interactions for yield responses among the isolines. Path coefficient analysis revealed that
across environments and isolines, tillers per unit area, and seeds per spike had the highest direct effect
on yields. Kernel weights showed a moderate but consistent effect. Across environments and within
isolines (environmentally induced variation), tillers per unit area and kernel weights had the highest
direct effect on yield of the isolines. By utilizing three methods of analysis not only was it possible to
determine a pattern of isoline yield and yield component responses caused by the differences in
planting dates between environments, but it was also possible to gain a clearer understanding of the
plants' developmental allometry in different environments. The consistently high correlation response
between kernels per spike and isotype heading data at all environments, as well as the pattern of path
coefficients imply that the kernels per spike response is the yield component controlling the response in
tillering, kernel development and yield. A physiological control mechanism placing a priority on
nutrient and water allocation to developing heads, over developing tillers, was suggested.
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* ABSTRACT
Six Titan isolines diffefing in iqcremeﬁts of heading date‘span—

ning a 13-day period were grown in 15 environménts using commercial
planting rates and 1 environment planted at a 1 plant/30 cm? rate.

. Yield, spikes/30 cm?, kernels/spike, and kernel weights, as well as

10 other morphological traits, were measured at each environment.

'Three methods  of analysis were utlllZed to 1nterpret different aspects

of the effect.of maturity isolines on the development allometry of the
plant as expressed through y1eld and yield component responses. Using
a two-dimensional versioh of. the parallellplped analysis it was noted

. that whether space planted or drilled the isolines exhibited strong
-yield component differences. In the space planted environment no yield '

component compensation was observed resulting in ‘marked yield dif-
ferences. 'The mean response over 15 environments of the yield trial

- showed marked yield component compensation and no significant yield
" differences. A regression analysis of each isoline with mean perfor-

mance over each environment revealed strong isoline x environment
interactions for the three yield components and minimal interactions
for yield responses among the isolines.. Path coefficient analysis
revealed that across environments and isolines, tillers per unit area,
and seeds per spike had the highest direct effect on yields. Kernel
weights showed a moderate but consistent effect. Across ‘environments
and within isolines (env1ronmentally induced var1at10n), tillers per
unit area and kernel weights had the highest direct effect on yield of
the isolines. By utilizing three methods of analysis not .only was it

. possible to determine a pattern of isoline yield and yield component

responses caused by the differences in planting dates between environ-
ments, but it was also. possible to gain a clearer understanding of the
plants’ developmental allometry in different environments. The consis-
tently high correlation response between kernels per spike and isotype. -
heading data‘at all environments, as well as the pattern of path ’
coefficients imply that the kernels per spike response is the yield
component controlling the response in tillering, kernel development and
yield. A physiological control mechanism placing a priority 6n nutrient
and water allocatlon to developing heads, over developing tlllers, was
suggested




INTRODUCTION

Barley is second only to winter wheat in acreage planted in Mon-
tana. The heading date of a barley variety is crucial to its adapta-
tion to the short, cool, growing seasons found in Montana. Early head-
ing dates allow barley to escape natural growth hazards such as hail,
insects, disease and drought. Late heading dates allow barley to maxi-
mize yield responses with longer growing seasons and irrigation. Con-
sequently a thorough understanding of the effects of different heading
dates on the yield response of barley in numerous environments is cru-
cial to efficient selection of high yielding varieties.

The major hindrance to determining the effect of genetic heading
dates on barley growth is the confounding factor of basic genotypic dif-
ferences influencing the heading date response differences in warieties
studied. Isogenic analysis isolates the one factor of heading date
differences and allows the clarification of the effects of this trait
on the yiéld, yield component, and quality component responses of barley.

An isogenic series of Titan barley covering a 13 day heading date
range planted in 15 environments was used to determine the following:

1) Plant morphological and yield component responses pleiotropic
to the genetic heading dates,

2) The effect of environmental versus genetlc headlng date differ-
ences on yield, yield components and quality component responses.

3) The yield component characters most strongly controlling head-
ing date induced yield responses.

4) Those yield component and quality compdnent characters which
can be selected to improve performance given a specific heading date,

and to determine the optimum environment for the selection of those
traits.




LITERATURE REVIEW -

Genetics of Heading Date Control

The maturation rate of barley is highiy héritable, however heading
date has been shown to Be simply, or complexly inherited. It is also
seqsitive to environmental fluctuations, especially temperature and.
photoperiods (Nilan, 1964). Many investigators héve concluded that thé
complexities involved in heading response cannot be investigated,usihg
the traditional biometrical tools, such as diallel analy;is, génotypic
v; phenotypic analysis of variance, -and additive vs.dominant components
of variation alone (Aspinall, 1965; Bell, 1939; Paroda and Hayes, 1971:
Takahashi and Yasuda, 1971). Environmental and physiolbgical inter-
actions invélved in determining the heading date response must also be
considered (Bell, 1939).

Spring Barley is considefed,as a "long day" plait since its head-
ing time is acéelerated by»long days. However, heading of winter types
is rgtarded by long days until vernaliz;tion is complete. In Vernal—.
ized winter habit barle&s and in spring habit bdrleys, the plants' gene-
tically controlled heading response is determined by-its sénsitivity to
photoperiods and‘tﬁermal conditions (Takahashi and Yasuda, 1971).

The vernalization resﬁonse is controlled by three interacting loci
éxpressing epistasis and incomplete dominance, thus creating six levels
of growth habit, depending upon the combinations of the genes Shl’ shz}

and sh3. To avoid confounding photoperiodic response with growth habit
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’responses in genetic analyses, spring habilt cultivars or totally ver-
nalized winter ﬁabit cultivars should be used (Takahaski and Yésuda,
1971).

Genetic sensitivities to photoperiods cause marked differences in
time to heading among spring or vernalized winter barleys when- grown
under differen;ially shortened photoperioas (Takahaski and Yasuda,
1971). These responses allow varieties to be classified as day—length
neutral, day-length sensitive, or as intermediate in sensitivity. Day-
length neutral pianfé are insensitiﬁe to short photoberiods, and head
in the same ranking with other day-neutral varieties, regardless of the
photoperiod. The rank of heading responses between déy—lengtﬁ sensi-
tive varieties can change drastically depending upon the photoﬁerioa
(Bell, 1939; Takahashi and Yasuda, 1960 and 1971). Sensitivity to
short photoperiods was shown to be a sersitivity to long dark pefiods
(Borthwick et al., 1971; Paleg and Aspipall, 1966), by an applicatioﬁ
at night of far—red.ligﬁt, producing responses similar to long photoj
periods. In totally vernalized barley, wheat and oats, loﬁger photo-

periods and higﬁer temperatures (up to about 25C) increase the phasic

~rate of development of the piants (Aspinall, 1966; Borthwick et al.,

1971; Klaimi and Qualset, 1973 (in wheat), 1974; Riddellland Gries,
1958; Takahashi and Yasuda, 1960). The sensitivity of a cultivar to
short photoperiod is a cultivar x photoperiod (environment) interac-—

tion. Most genetic studies fail to consider and differentiate this
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inkeraction which confounds interpretation of measured heritébiii;
ties.

Insensitivity to long photoperiods is manifested by cultivars
which when grown under long day conditions (providing a specific mini-
mum photoperiéd) always head earlier thaﬁ other varieties, regardless.
of the photoperiod. The ranking between these cultivars are always
constant, and the insensitivity is highly heritableﬂ This trait is
found in all éombinations with the othe;‘physiologicai.characters both
confounding, and enhancing the heading date responses of a cultivar.
Thus, any attempts at isolating the genetic inheritance of a particular
_éultivar must insure that these physiological factors ;;e not affecting
the results (Takahashi and Yasuda, 1971).

The chromosome locations of two genes ea5 (egk) and ea? teac)
imparting long day photope;iod sensitivity with short day insensitiv-
ity, have been found by Yasuda (1977) and Ramage and Suneson (1958),

respectively. The ea, (recessive) gene first reported in thé early.

two~rowed variety Kinai, was shown to be allelic with the early gene,

ea , mutagenicélly induced in the Bonus mutant, Mari, and was assigned
c —

to chromosome 5 (Favret and Frecha, 1967; Gustafson et al., 1974;

Yasuda, 1977). The gene ea was originally located in segregates of

chemically mutated California Mariot kernels (Ramage and Suneson,

1958). It is a monofactorial recessive located on chromosome 6
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(Burnham, 1970). Othef earlinéss genes have been investigated, but
theif linkage associations have not beeﬁ determined.

The inheritance of heading date in barley involves both dominant
and recessive genes controlling early and late heading responses, and
is simply to complexly inherited depending upon the number of genes
controlling the trait kFischer, 1975; Frey, 1954; Johnsén and Eunis,
19643 Nilan, 1964; Smith, 1951). In most of these studies, the only
control of photoperiod was similar planting_datés for the‘separation
generations of testing, at the same location. Consequently, the gctudl
heading response may be even more complex than implied. Wintér hébit
as well as physiological factors may be interacting.in suéh‘a way that’
expression of many genes affecting heading date were masked by the
environment (Bell, 1939; Aspinall, 1966).

Several studies have examined the photoperiodic sensitivity of
specific varieties by exposing those.varieties to different photope-
riods (Aspinall, 1966; Ramage et al., 1964; Takahashi and Yasuda, 1971;
Tingle et al., 1970; Yasuda, 1977). A generél reduction in days to
heading when exposed to longer photoperiods was reported as a common
occurrence in spring grains, wﬁile the change in rank of relative head-
ing dates among cultivars when exposed to different photoperiods serves

as an indicator of sensitivity.




PHOTOPERIOD MANIPULATION

Bell (1939) planted several barley cultivars 6n different date;
ranging from February 14 to April 1 over é seven-year period and ob-
served differences in days to spike emefgence. . The days from sowing’
to spike emergence universally decreased with éxposure to the 1ongér
photoperiods found in March tﬁan in April. Although earlier plantings
generally meant a longer time from sowing to spike emergence, the dif-
ferences in planting times were not correlated to the ranking of spike
emergence.between varieties. Thosé varieties with the shortest time to
spike emergence were capable of the greatest reduction in the develop-
mental period to spike emergence. The more slowly developing varieties
had less reduction in this period in the later sowings. The consis-
tently earlier heéding date of the early cultivars impliés a degree of
photoperiod insensitivity.

One major problem with this Eype Qf.planting date study is thg
largely uncontrolled environment, i;e., temperaturé, moistufe availa-
bility at different developmentai stages; etc. Due to these many un-
controlied differenceérin planting dates,‘little else can be deduéed
froﬁ these studies due to the cultivar x environment interactién.
Efforts shéuld be made to control as many variables in the environment
as possible to reduce intra-cultivar variability between environments

(Went, 1953).

N/
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Guitard (1960) and later Faris and Guitard (1969) attempted to
surmount the problem of variable environmental conditions by investi-
gating the controlled influeﬁce of temperature (12.8 to 23.9C) and
photoperiods (8, 16, 24 hr.) in all combinations on the response of
spring barleys in the following three stages of groﬁth: Stage I - seed-
ing to internode elongafion, Stage II - internode‘elongation to heading,
Stage ILI - heading to matﬁrity. The cultivars used were 011li (photo-
period insensitive) and Vantage (photoperiod sensitive).

High positive correlations of number of leaves, stem length, spike
iength, and number of fertile florets per spike to days to heading were
reported for both Oili and Vantage. A close association between number
of tillers and duration of tillering.was also feportedh

The responses were explaihed on the basis of an altered duration’
of each sgccessive stage of development due to the photoperiod and tem-
perature treatmént. Thus, causing a change in the degree of develop-
ment, as well as the nﬁmber and size of organs established in each
developmental stage. ‘The plaﬁt responses were conditioned by ﬁhoto—
period both prior to and during the developméntal ‘stages. There were
two exceptions——the number of kernels per spike was influenced by
photoperiod during, but not followiné stage II, and ?he duration of
tiller initiation and total number of tillers were influenced only
prior to stage II (Faris and Guitard, 1969). The observgd correlétions

and patterns of responses caused by the differing periods of
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development may be due to the developmental allometry of a develobingx

plant (Hamid and Grafius, 1978).

YIELD COM?ONENT COMPENSATION

Yield'combonents are used to evaluate and understénd £he complex
character of yield. The three yield components in barley are-  (X)
spikes per unit area, (Y) kernels per spiké, and (Z) kernei weight.

The heritabilities of each of the components should be higher than the
usually low heritability of yield itself, since fewer genes confrol
each component than control yield. Yield is essentially a product of
these genes and the genotype x environment interactioﬁ of the diffefent
yield components (Woodworth, 1931).

Compensating pattérns of genotype k environment interaction§ have
prevented the understanding of yield components. Grafius (1956) pro-
.posed an intuitive intérpretation of yield component compen;ation
utilizing parallelipids (cubic volumes). Yield is considered as the
volume, and the thréé yield components consist of the sides -of the
parallelipipid. The dimensional components are calculated as a ratio
of the mean nursery response of each component, allowing different
parallelipids to be compared. The shapes illustréte the relative con-
tribution of each component to yield (volume) at a particular environ-
ment for a given cultivar. The convérsion of each coﬁpoﬁent to a ratio

of the mean allows the yield components of all cultivars in.a trial or
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experimeht to be .converted to,a‘commbn uﬁi; (1.00) and aré tﬁus‘eésiiy'
coﬁpare&'(crafigs, 1956,-1957; 1964). |

The éompensatoryvpatterp of yield component responses creates a
predictable pattern of qegative phenqtypic correlations betweep the
cbmponehts. These negative correlations havé bgeh one of the key
. impediments to progress in yigld selection studies,.éince qompensation
minimizes yield differences and effectiveness of selection (Abo—Eléﬂéin
et al., l§75; Adams, 1967;'Atkihs, 1964; Carleton éh& Foote, 1968;
Dixit, 1973; Frey and Horner, 1555; bfafius; 1956,‘1957} 1964; Grafius
and Okoli, 1974; Pande& and Torrie, 1973; Rasmussen and Cannell, 1970;
Solanki and Bakshi,. 1573; Woodworth, 1931; Yép and Harvey,ll972).
Adams (1967) postulatéd thaf-these cbrrélations cou;d be éaused b&
geqétically inaependenﬁ éomponents develobiﬁg in‘g sequential pattern
that are free to vé?y in fespons§ go either atlimited bgt constant in-
put or an oscillating input-oflﬁutriehts, sﬁch-fhat supply becomes’
limiting at the ﬁoét criticgl stageé (periodé of greatest'demand) in
the devélopmental.sequence;‘_This'theory is bgsed'upon‘tﬁe aséumptidn'
that a genotypic correlation may occur with direct genetic linkagé,
pleiotropy, or aliometric'reiapionships between tﬁe sequentially
developed tréits.

The negative corfelétioﬁs betwéeh_yield components in field beans,
and other créps, seem to Be indepéﬁdeng of direct génetic contrél,_.'

since no relationships are observed between components of space planted
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plants exposed to miﬁimal iﬁter—plant competition for nutfienfs.' With
direct genetic control, the correlations would remain strong under ﬁost
environmental circumgtances} Also, pleiotropy would be expressed
uniformally in the réspdnses of yield components under various envi-
ronmental conditions (Grafius, 1972; fhomas et al.,.19705).

In barley the effectiﬁeneéé of cbmbonené selection ﬁay differ
substantially in different populations and méy actually:lead to reduc-
tions in yield. Selectibn for high and low number of spikes have been
accompanied by positive responses in kernel weights and.negative
responses in kernels/spike in different types of populations. Since
these two traits increase or decrease together with selection of thé
other traits, it.has been suggested that either genetic linkages exist
between the first and last components (Rasmussen and Cannell, 1970), or
that developmental allometry is confrolling these relationshiﬁs (Hamid
and Grafius, 1978; Grafius, 1978). |

The effectiveness of component selection for yield improvement is
dependent upon two factors: 1) éhe yield components must be highly
heritable; 2) strong positive associations mﬁst exist between yield and
the componeﬁt selected (Rasmussen and Cannell, 1970). The heritability

of a yield component is partially determined by the position in the

developmental chain at which a component response is established.

(Adams, 1967; Grafius, 1969; Rasmﬁssen.and Cannell, 1970; Thomas et al.,

l970a). For example, as postulated by Rasmussen and Cannell (1970),

?
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spikes per plant is thé first in the development sequence and typically
has the gréatest environmental variétion and the lowest measured
heritabilities. This tendency reverses as each successive component
in a chain of development is considered, thus kernel weighté express
the strongest genetic control, and vary the least over envir&nménts.

Thomas et al. (1970b), hypothesized that the strength of the cor-
relations between yield componénts was a direct'response of the degree

of stress caused by interplant, intraplant, and intracomponent nutrient.

competition. By adjusting all of the genetic correlations to zero and
analyzing the differences between the correlated values and the values
with correlations removed as an estimate of stress, he showed that the
direct effect of the genotype on the kernel wéight response is minimal.'
However, the genotype x environment interaction had a strong effect on
the kernel weighf responses. In direct conflict to Rasmqssen énd
Cannell (1976), he showed that the adjusfed génotypic response of ker-
nel weights was the most variable over environments and, therefore,
expressed less geﬁetid control than kernels ber spike. ‘It was con-
cluded that if the characters are strongly correlated, then the calcu-
lated genetic control over later characters is merely a reflection,
through stresses, of the degree of genetic éontrol over previbus
characters. 'Therefore, the degree of true genetic control diminishesf
as characters further along'the sequential developmental path are

affected by the responses of.the preceding traits (Thomas et al., 1970a;
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Grafius and Tﬂomas, 1970; Hamid and Grafius, 1978; Grafius, 1978).3 A
yield component or other morphological trait competes more severélyh:
with itself than with any other trait, probablf due to identicaln
periods of development with other plants in a row. Depending on the
resources available and the competition created,‘each environmént will
create a specific pattern of yield component  response.

Plant érowth and development have evolved around a sequentially
integrated system which is dynaﬁic throughout the entire ontogeny of
tHe plant (Grafiué, 1978). Thus,réhe early developed organs profoundly

"affect the later developed components. The developmental responses of
the yield components, as well és other organs, are intertwiﬁed through
the contraints set by the relative growth of a part of the plant on
that of the whole plan£ (allometry) (Hamid and Grafius, 1978; Tai,
1974).

Allometric control resides in the restrictions of new cell pro-
duction,'limited'to the meristematic £issues. Since primorida of every
organ evolve from meristematic tissue and since "the size of any given
organ depends upon the size of the growing point- out of which it has
been developed" (Sinnott, 1921), then ény factor affecting the size of
a meristem will, in turn, affect the size of all organs developing from
that meristem (Hamid and Grafius, 1978). Path-coefficient analysis

data support this theory of developmental allometry.
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Path coefficient analysis (Dewey and Lu, 1959; Malhotfg and qéin,'
1972; Omar et al., 1966; Pandey and Torrie, 1973; Tai, 1575; Grafiﬁ;,
1978) has caused yield component analysis to become a valuable method
of analysis. It is accurate because it isolates both the direct and
indirect effecté found 1n a correlation between two characters. In all
path diagrams, the structure must be logical énd defensible (Wright,
1921, 1934). The rationale used by.Hamid and Grafius (1978) to
establish their specific diagram is:

In the small grains, the proliferation of £illers is one of

the first developmental processes at the organ level. The

above-ground organs evolve from the shoot meristem and each

of these organs is sequentially laid down, beginning with

establishment of the main stem, followed by proliferation of

the tiller primordia and subsequent development of other plant

structures such as the leaf, the culm, and the floral primordia.

The establishmént of tiller ﬁumber (X)~triggers'a chain of reac-
tions determining in part, the sizes of subsequent.plant organs and
thus eventUaliy determining the economic yield itself. Tiller respénse
can be affectgd by 6any external and internal forces such as nutrients,
light inteﬁsity, déy length, and hormonal levels (Hamid and Grafius,
1978; Grafius, i978; Tewari, 1976). |

Considerabie intercultivar variation has been‘reﬁorted for geno-
typic, phenotypic, and environmental correlation coefficients, as well
-as path-coefficients, of yield and yield components (Abo-Elenein and‘

Moris, 1975; Dashora et al., 1977; Morsi and Abo-Elenien, 1975; Nasr

et al., l§74a,b; Riggs and Hayter, 1975; Seth and Singh, 1978; Solanki
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~and Bashki “1975' Tewari -1976) lhe number of tillers, grains and
lOOO kernel weights were found to be p051tively associated with grain
yield both at the genotypic and phenotypic level. Negative correla—
tions have been observed between yield and non—component traits such as
-days to flowering and ear—length. ‘The number‘of tillers per unit area
expresses a strong direct and indirect'effect on.yield and the other
.Vyield components'and is a.major factor controlling the-correlations
between these other characters and yield (Solanki and Bashki, 1973). {
Breeding early, high tillering cultivars With large kernels should lead
to increases in yield level (Grafius»and,Barnard, 1976; Solanki and
. Bashki, 1973).

Tewari (1976) reported that the expreSSion'of the yield component
responses and ultinately the-yield of 60”barley cultiyars was affected
by. plant maturation rate, spike length grain number, plant height,
1000 grain weight, number of ears, internode number and fodder yield
depending npon the environment. Spike length the kernel weight and
grain number had the greatest effect on yield.n In a separate study
(Sethi and Singh 1978)'forage yield.of barley was also“highly‘correhl

'lated with heading date in 28 cultivars Regression analysis of head—
ing date, plant height tillers/plant, and gréen- forage yield to dry .
matter production accounted for 92% of-the Variability in dry forage
prodnction These studies indicate that.yield components are not.pas—

sive products in the pathway determining grain yield, but instead,
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exert strong influences on yield through the source-sink, traﬁsport‘

relationships (Grafius, 1972).

ISO0GENIC ANALYSIS

Numerous investigators have studied yield component responses
under varying external conditions, such as photoperiod and temperature
regimes (Aspinall, 1961; Aspinall and Paleg, 1963; Bell, 1939; guitard,
1960; Nicholls, 1974; Nicholls and May, 1963; Paleg and Aspinall, 1966;
Takahashi and Yasuda, 1960; etc.) by stress from nutrient and wéte?
Aeficiencies (Aspinall, 1961; Aspinall et al., 1964) and soil temperé—'
ture regimes (Day énd Thompson, 1975). Relatively few, however, have
ﬁsed yield component resﬁonses to explain the internal patterns of com-
ponent_deveiopmenf affected by external environmental manipulation
(Campbell and Mead, 1968; Downs et al., 1959; Faris and Guitard, 1969;
Griffith, 1961; Guiférd, 1969; and Hough, 1975), due to the difficulty
in allowing just one ér a few genetically controlled phyéiological
traits to vary at a time. Isogenic analysis is one method of accom-
plishing this. Atkins and Manglesdorf (1942) first described the use
of isogenic lines, aﬁd more recent authors (Eslick and Hockett; 1974,
Faris, 1974; and Férgﬁséh, 1974) have expanded the use of isbgeﬁic
lines.

Studies of full-awn and half-awn isogenic lines have re&ealed that

half-awned types produced the highest yields, except under the higﬁest
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. yielding conditions, when full-awned types yield the most. It Wa;
postulated that under conditioné of stress, differences in competition
for substrate at the time of awn initiation and early growth affected
the developmernit of florets and tillers (Schaller et al., 1972).

Faris (1974) studied féur isogenic awﬁ types (full awn, half—awﬁ,
quarter—awn, and no awn)‘for fertile sﬁikes/unit area and per plant,
kernels/spike, kernel weight, and yield. The pattern of yield componént
responses revealed that the presence of the awn indirectly influenced
kernel size and yield by affecting.thé number of spikes and florets
which developed during the early phases of growth, thus creating é :
greater dréin of nutrients in an awned isotypé compared to an awnless
isotype. The longer the awn the greater the démand, resulting in a
reiuced number of florets per spike and a reduced number of ferfilé

tillers.

PHYSIOLOGIC CONTROL OF TILLERING

Numerous_eariy studies on the control mechanisms of tilléring
(Watson, 1936; Léopold,~1947; Aspinall, 1961) failéd to réveal a éém—
plete picture of tillering control (Kirby ana Jones, 1977). Minéral
nutrients and water éﬁailability influence tillering‘(Kirby and Jones,
1977) bu% the primary contrél faétors are belie&ed to lie in hormonal
systems of apical dominance in the cereal plant (Kirby and Jones, 1977).

In monocotyledons, auxin controls the distribution of nutrients, and




17
axillary bud growth is governed by the resulting nutrient availabiiity
(Aspinall, 1961, 1963; Kirby, 1977; Kirby and Jones, 1977; Seiler et
ai.; 1974). The control system is not simple, since the tillers rapid-
1y produce adventitious roots and become largely independent of vascu~
lar connections with the remaininé plant (Kirby and Faris, 1972).
Also, any system ofvnutrient distribution involves competition between
a number of individual tillers for the total nutrient supply (Kirby and
Jones, 1977).

t Aspinall (1961, 1963) concluded that the rate and patterns of
tillering is largely controlled by nutrient supply, aﬁd that any shceme
of internai control of.tiller eloﬁgapion by an apical déminance system
must account fof the médification'of control with changeé in nutrient
supply. With nutrient stress, the apice and not the tiller bud
senesced; therefore, the tiller buds are believed to have more toler-
ance to nutrient and water stresses (Aspinall, 1963; Kirby, 1977),
allowing the plant to b?eak out of its nontillering period by the re-
application of nutrients and water during the period of head deveiop—
ment (Kirby, 1977). Thus barley is nét limited in the number of
tillers due to size alone, but algo is limited Ey nutrient levels.

The initial period of rapid tillering of barley is folloﬁed by a

reduced rate of tillering which corresponds to the beginning of spike

development in plants grown with unlimited nutrients. -The rate of
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tillering Was-reesteblished after-spiﬁe development. Inhlbltory levels '
of’avallable water cause fluctuations in tillerlng rate, which may ‘be
'due .to the cycl1c actlvatlon of ner tillers .caused by the decrease in
nutrient demands of newly headed’ tlllers (Aspinall; l9§l). Since the
flush of tillering occurs between the formation ef the‘spike‘aﬁd spike
emergence, then the highest nutriest deﬁand must oceurzduring spike
development, preventihg the elongatiﬁg of the new tillers-and.coﬁse—
quently little competition must originate frem the developing kernels,
thus-sufporting; iﬁ'ﬁart; the theories -of Adams (1967) and Hamid‘end
Grefius'(19l8), on the developmentalﬁallbﬁetry of barlefs

The effects ef sbil,moisture stress on-barley growth hes also
shown thet orgaﬁs growing most rapidly'et‘the time of stress ere“the
most easlly stressea. Tilleripg, reduced during:stress ﬁeriods; ls
.enhanced.with the reapplicatios of water,_up to anthesis. This effect_
is greetest the eerlier the stress is applied, implying.a‘epntiﬁued
'development.of tiller buds during .the drought or stress’period withoet;
' consequeﬁt elosgetien. lt was also shown thatvwater stress applied '
before splke in1t1at10n 1s l1kely to 1nfluence only tlllering (Asplnall
"et al., 1965).

Kernels per sﬁike are seriously'effeeted-by stress apﬁlled prior

to.anthesls,'Probatlfiby reduclné the rumber ef splkelets initiated.

Stress at anthesis and shortly thereafter, results in shrivelled"
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kernels. Honener,:es,grain-development proceeds;'ketnels became pro- -
gressively less_sensitive‘to drougnt (Aspinall et.al;,,l965);
| . An‘analysis of tne contributlon of eOmponent'tillers'to yield
(Cennell; l96§e).in'three spring.bérley varieties under different
nitrogen 1evels and plsnt_densities haslshown thet after“tne nain til-
ler, the most important tiller-was thet'developing ln.the axil of the
first true leaf, followed by the coleoptile node tiller,, and thé tiller
in the axil of the second.trne leaf. Secondary and tettiary-tillers>
Qéfe rare'end-contribnted little to yield. Survivel'and contribution
to yield of the plants were highest for the main tlllert Difterencesw ‘ - |
. in grain yields were not obtained under the different nlant densities,
but this is not unnsnal»inibafley'gronn_undet'field conditions (Watson}:‘
1958;'kirby, 19677 Stoskopf enleéinoetgs, 1965; Frey,.l9591a&5).' The
varieties attaineditnese,slmllar yield levels tﬁrough‘diffefent re+
sponse patternslin‘the“yleld comnonents. Due.to‘the Varieble natterns
of tiller formatlon; it was eonelnded tnet tillering.ls an important
conpensatory mechenlsn in yield-determination, elthouén in‘NorthWest
field conditions most.plants develop only one or two tillers (Cannell,
1969a; Stoskopf and Relnbergs, 1965)

Several studles on the effect of changing plant density on tlller
morphology and development (Klrby, 1967, 1969; K1rby and Farls, 1972
Leakey, 1971) have shown that-as- plant den51ties 1ncrease, yleld

changes little; but the response differences in“tillering-is great,




" and kernel weight.
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&hile,smélier-reépqnse differences are reported for kernélé pef;gpike:”:

, 4
.

The formation of. tiller buds up to the third leaf stage of growthf

are not affected by plant density. Interplant competition becomes evi-

dent only after the fourth tiller bud has started to dévélop,‘which'
correéponds to the stage at Wﬁich‘spike.primordia are‘differénﬁiated.
Since changes in density treatmé;ts have little effeéf upon.thé above
general patterns, if-wodlduseem‘thaf fhe ;nitiationiof-tiller buas is
largely under inﬁérﬁal‘control of the plant.(Kirby and Faris, 1972).
Dissection hés revealed that the tiller bud eitherlgéows and
emérges from the leaf sheath, or it does not begin eloﬁgation, suggest-
ing on "on-off" mechanism governed by a. threshold effect of Qutrient
level, light; and éibbereilic acid concentration.. it w;s also shown
that dufing early‘fillep growth, cbmpétition doeé not operate by a
previously formed stronger'shéﬁt depriﬁipg‘a'late'formedhweéker'sﬂobt

(Kirby and Faris, 1972). This response has been termed:“cooperative

interaction." Instead, the later formed tillers seem to deprive the

‘more mature tillers of nutrients causing a reduction in their tiller

size (Kirby'and Jones; 1977).

The déterminatiog of whethér'a gfowing tiller will dgvelop a spike
does, however, appear to be controlled by direct cémpetition‘béﬁwgeﬁ |
tillérs for 1igh£ (Kirbf and Faris, 1972;ﬁKirby and Jpnes,‘i§%7;

Leakey,-1971) and nutrients (Aspinéli, 1961; Cannell, 1968; Kirby and

Wk
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Jones, 1977). Subsequent tillering is étopped under field conditioﬁs'
at the time of épike'initiatidh (Aspinall, l96i and Cannell, 1968), due
~ to the increase in nutrient deﬁand from the developing spikelet' .

primordia, and the elongating tiller leaf sheaths and internodes (Kirby

and Faris, 1972; Leakey, 1971).

CONTROL OF SPIKE DEVELOPMENT

One of the first studies.on the morphological development of the
spike was reported by Bonnett (1935, 1966) which concluded that tiller
developmenf can be divided into two phases 6f growth response of the
stem and of the shoot. In tﬁe first ﬁﬁaée, the tiller internodes re-
main shorf, the tiller meristem produces pnly'leaf primordia, and tﬁe
undifferentiated portions of the spike apex begins to elongate. The
second phase beéins by the elongation sf the tiller internodes and the
differéntiation of double ridges on the shoot; signaling the develop-
ment of the spike. As the intérnodes continue to elongate, the spike
and its parts différentfate and develop in the o?der of spikelet
primordia, empty glumes, lemma, palea, stamens, awns, and'finélly pis-
til. Since the barley spike is indeterminant in growth, some résponse
to the environment can be made in §he number of fertile sbikelets at
‘the tiﬁ of the spike (Gallagher et al., 1975, 1976; Kirby and Faris,

. 1972); .During this period of spikelet development the vascular ele-
ments are estabiished but no connection to spikelet primordia are

formed (Kirby and Rymer, 1974).
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The spike elongation phase starts at the awn primordia étagé'and

terminates immediately prior to spike emergence. The spikelet primor-

dia continue to develop until the terminal primordia senesces, halting
subsequent developmént, probably due tO'shortage of nutrients, water or
light (Kirby and Faris, 1972). Spike elongation begins with an in-
crease in concentration of gibbereilic acid (Nicholls and May, 1963),
the connection of.vaspular bundles of the rachis to the kernels, and
tﬁe differentiation of the previously.established procambium primordia
(Rirby and Rymer, 1974).- The association of the development of the
vascular tissue with .the high concentration of gibberellic acid. leaves
the question of control in some doubt, but is hypothesized that the
growth rate may be regulated hormonally and vascularization may be a
consequénce of this.growth, rather than the cause of it (Kirby, 1977;

Kirby and Rymer; 1974).

KERNEL DEVELOPMENT

Harlan (1920) detailed much of the develépmental morphology of
Hannchen kernels. When the kernel is first deﬁeloping, the growth is
largely in the pericarp. The tissues surrounding the embryo sac and
the ovary walls develop rapidly into the caryopsis. The siée of the
kernel is dependent upon age and position on the spike. The age of the
kernel on the épike depends on the time of flowering which varies on

the spike. The first florets to flower are located centrally on the
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spike; the last to fertilize are at’the extremities of the spike
(Harlan, 1920).

Moisturé loss iﬁ the kernels is correlated to kernel weight
(Martini et al., 1923; Harlén and Anthony,-l920, 1921; Harlan and Pope,
1923; Gallagher et al., 19765. A cofe of vascular tissue in the spike-
lef termiﬁétes in the ovary in four vascular bundles, indicating that
assimilates from the rest of the plant can easily be translocated to
the developing kernel (Kirby and Rymer, 19745.

After spike emergence the spike and tiller (leaves and culm) both
deposit assimilates in the grain (Watson and Norman, 1932). Carbohy-
drates and nitrogen compounds are transported and assimilated indepen-
dently of each other. Carbohydrate contribution by photosynthesis in |
the green parts above the flag leaf node reportediy amoﬁnt to more than
85% of the total grain weight causing high correlations between grain
yield and areas of green parts above the flag node (Simpson, 1967; Yap
and Harvey, 1972). Leaf areas, peduncle area, and spike area have all
been shown to positively affect grain yield (Yap and Harvey, .1972).

In a study of awned versus awnless isogenic lines of barley; the
net photosynthesis per spike of the awnless and deaﬁned types were
similar. ' The awned type had a 40% increase in photosynthetic capacity
over the awnless isotype. Net photosynthesis of the head was only
30-40% that of the flag leaf, but only 20% of the flag leaf assimilate

was translocated to the spike. Assuming all of the assimilates
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photosynthesized in the spike remain there, it was concluded‘that for
both isogenic types .(short and long awﬁ), 347 of the total assimjlate
to the head were contributed by the flag legf and 667 by the spike
itself (Teare et al., 1972; Faris, 1974; Johnson et al., 1975; Yap and
Harvey, 1972).

Awn dry weight rather than number or length, best describe the
photosynthetic tissue present (Johgson et al., 1975).: An increased
amount of awn tissuevresulted in greater rates of net photosynthesis,
dark respiration, and transpiration per spike. Awns also varied in
their peak photosynthetic activity, some reaching their peak at the
start of kernel filling, some at the end of kermel development. All
awns remained photosynthetically active throughout kernel development.
Kernel weights were reportedly linearly related to awn length. .In—‘
creased awn length was also associated with reduced number of spikes
and florets per spike.

Conflicting studies have repor£ed that in the .earlier phases of
grain filling, the flag leaf sheath and spike itself are the main
sources for new assimilates used in filling the developing grain. From
30-407% of the final grain weight is proyided by movement qf material
from the stem ana'leavesﬁwhich can lose % of their weight‘during the
period of grain filling (Biscoe et al., 1974; Gallagher ét al., 1975;
Yoshida, 1972)._ In light of this, it was postulated that if a crop

variety is able to draw on large amounts of material assimilated prior
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to anthesis and translocated from the stem under adversé conditions for
grain filling, it would have a definite advantage over a bariefy which
cannot (Gallagher et al., 1975, 1976).

Although pfemature cessation of growth of tillers and spike growth
can be induced by moderate water stress, the rate of gféin growth (dry
weight) in the early stages of development can be reduced only by
severe water stress (Aspinall, 1965). Water stress affects the growth
and final morphology of ;he mature kernel in three wayé:, 1 continuea
water stress over a long period réduces grain growth; 2) severe wa;ef
stresses cause an early cessation of growth; andh3) severe water streés
causes loss of dry métter in the final stages of ripening.

Due to the large effect variable environments express on kernel
weights, heritability estimates have varied &epending oﬁ the varieties‘
used, the environmental and seasonal'conditions, and the méthod'of cal-
culation (Brothakur and Poehlman, 1970; Fiuzat and Atkings, 1953; Murty

and Sethi, 1961).

ROOT DEVELOPMENT

The larger the crop yield, the more thoroughly is the available
soil moisture utilized in those soil layers permeated by the roots,.and
the greater the depth at which a barley crop must secure its requisite

moisture (Conrad, 1937).
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Plant densities have a large effect on both root growth énd thé',
percentage of water moistﬁre utilized by the crop (Kirby and Rgckhaﬁ,
1971). As plant density increases from 50 to 800 planfs/m2 ghe root
and shoot dry weights increase. ﬁost barley roots aré above 30 cm with
iO% of the roots occuring below 1 meter. Hoﬁeﬁer, Barley roots often
penetrate to 132 cm, and often constitute up to ZZ‘of the soil weight
at the four-foot level (Kirby and Rackham, 1971; Kirby, 1967).

.ﬁoot systeﬁAdevélopmént may Béicontrolled by a higﬁly'coordinated
hormonal regulafiné mechanism (Crossett é£ al.; 1975). In ﬁeterogen-
eous soil enviromments, the development of a particular branch in a
root system depends not only,updn the cé;ditions-in its immediate sur-
roundiﬁgs, but also upén the_grthh of the remaiﬁder of tﬁe>root system.
The compensétory response can vary conslderably depending upon the
extent and type of alteration of growth (Crossett et al., 1975)..
3rachytiq‘iédgénic lines of Betzeé (short staturg barleys) have root
éysfems that 'are genetically reduced in their déptﬁ of penetration,
reéulting-in'aﬁ ingfeésed percéntégé of residual éoil moistuge (Ries;,

.1977), at different soil depths.




GENERAL MATERTIALS AND METHODS

Five maturity Titan isotypeshand Titan (Table 1) were evaluated in
yield trials in 14 environments and inh space planting conditions in one
eﬁvironment. Physiological, morphological and agronomic traité as well
as yield components and quality components were evaluated in each envi-
ronment. The specific inheritance of the heading dates in this mate-
rial is not known, but it is suspected to mono- or bifactorialL-

Table 1. Parental constitution of Titan isogenic series varying in
heading date

~

Abbreviation Pedigree o Heading Type
(E) ‘ Munsing x 7 Titan ::::::::£==u Composited
Gatway . x 7 Titan - Early
D) . B570 x 7 Titan Composited
Munsing x 7 Titan :::::::::s Derived
Gatway x 7 Titan Normal
(T) : Titan - . Normal
479) - Munsing x 7 Titan Medium Late
(1) ~ B570 x 7 Titan Late
W) Munsing x 7 Titan Véry Late

The 14 yield trials were planted in randomized complete blocks
with four replications 1n bordered four row 3 meter long plots, with

1.5 m2 harvest area. per plot. The seeding rate was 1 gm/30 em for six
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irrigated trials and .7 gm/30 cm for the eight drjland yield'trials.

fertilizer applications were based upon soil analysis at.each location.

The $tg£istica1 analyses utilized in these experiments varies

- somewhat from_tréif,to trait. The traits of the mutant‘isoﬁypes were

compared by means of an "F~test" and when‘applicable,'é Duncan's NéW

' Multiple Range test was used to: compare responses among isotypes over

the .14 yield trial environments (Steele and Torie, 1960;. Snedecor and

»'Cochfan,.1967)L Regression, correlation (Grafius, 1978; Pedéfsoﬁ et -
al., 1978) and pathAéoefficient analysis (Hamid and Grafius, 1978) were ' .-
A applied when appfopriate, and‘finélly,'a mbdified tfiéected version’ of

Grafius' (1956).parallelipibed method was. used to enhance éombarison_

between the yield component responses of ﬁhe isotypes., The'remaining

traits were summarized by converting each value to a percentage.of the

-mean of all the isotypes at each environment and presented as a bar

graph, to-facilitate intertrait and interenvironment comparisons.

'The space planted nuréery.the seeding rate was 1 kermel/30 cm. Uniform"'

In the statewide regression analysis the mean reéponsé of all the . -

isotypes is expressed .as the unit line, and the individual regression
line is an indication of the individual isotype response in télatibh,ﬁo

the unit line, and mean response -

YIELD TRTAL — MEASUREMENT OF TRAITS

1. The Yield,_ﬁeasured in grain weight per harvested ayea; is

converted to QUintels'per hectare .by the following equation:
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Harvested Weights.x -06728 = Quintelslﬁectare. :

2. Test weights (kg/hecéalitre) were calculated utilizing thé
"Ohaus Test Weight Scale" énd . 946 litér volumes.

3. . Heading dates were recorded as days after 5anuary 1 when thé
first floret of the main tiller reached the ‘flag leaf blade on 50 per-
cent of the plants. |

4, Plant height (cm) was ﬁeasu?ed from the crown to the top
floret at hard dough stage. |

5. The seed siiing.was aécomplished by use of a mechanical shaker
equipped with 2.38i x‘l9.d§ mm and 2.182 x 14.65 mm slotted seives..
The sampleé were shaken fér three minupes. fhe seed remaining on the

larger seive were recorded as "plump;" seed remaining on the smaller

seive were recorded as "medium;"

and the fraction passing fhrough both
' seives were considered "thins." The.pércentageslof each fraction to
the whole were recorded. |
6. Protein pércent of the grain was obtained from the "Neotec
Grain Quality Analyzer" koNeal et al., 1978).

7. Kernel Weight (gﬁs/lOOO kernels) was obtained by couﬁting the
numﬁer of kernels in a 33.33 gm sample of graiﬁ and cbnvertiné that
count to a grams'pgr thousand kernel basis.

8. The yield components, fiiler/30 cm2 and kérnels/spike, were
estimated by u;iliéing the procedure_presentedlﬁy Hamié'aﬂd Grafius

(1978), using ten random heads per plot, collected at each environment.
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Kernel weights calculated from the yield harvests were utilized as the

third yield component. !

9._ Percent shattering was determined as the average number of

missing kernels on ten spikes.

SOIL MOISTURE REMOVAL

Soil sample from each plot, 30 cm increments to 180 cm (when pos~ .
.sible), were taken near the center of each four row plot at Bozeman and
Fort Ellis, 1977. Percent moistﬁre for each sample was gravimetrically
calculated based on wet weight and oven dried weight (1009C for 48
hours). An analysis of variance was calculated on each 30 cm level and
Duncans Multiple Range test was used for mean separatibp when applic—'
able. Correlations between soil moisture af e;ch depth and the yield

components, yield and heading dates were calculated.

SPAGE PLANTED NURSERY

The space planted trial was planted in a randomized complete block
design with two repiications. The main tiller of each of ten plants
per plot, selected at random, were énalyzed for the following charac-
teristics: chloropﬁYll content of N-1 leaf, area, widfh, and length of
the "N" to the "N-4" leéf blades; spike length (cm); awn length (cm);
number of kernels per spike (counted); rachis internode number and

length; and tiller internode lengths of N to N-4 internode.
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The following determinations were made on the complete plant:
total number of tillers; total yield in grams; percent plump and per—'
cent thin kernels; and ﬁercent protein in the kernels.

The main tiller of each of the selected plants was defined as the
first tiller to extend its spiké from the boot. These tillers were
labelled and excised at the base at 407 kernel moisture'(kernél devel-
opment was at a maximum, but lower leaf senescence had not occurred);
The tillers were placed in an ice bath and data collected immediately
for the before-mentioned fraitsl The chlorophyll readings were taken
from the.first leaf below the flag leaf with an Ennis and Associated
hand held chlorophyll meter (no reference)-.

The m;in tiller leaves (n=flag leaf to N-4 leaf) were excised af
the leaf auricle. The area Qf each éxcised leaf blade was measured
with a "Hayashi Denko' automatic leaf area meter and the length and the
width (at the widest point) were recorded (cmj.

Main culm internode length was measured from the basal node to the
£op of the N-1 node and then from the top of each node to the top of
the succeedingly lower no&e.

The spike was excised at the basal internode, and ;he iehgth éf
the rachis to the topmost kernel attachment was recorded, as Was the
length from the last kernel to thé top of tﬁe longest awn. The kernels

and rachis nodes.were then counted. The mean of 10 rachis internodes
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lené;hs was then calculated and recofded,‘to gliﬁinate dwa;fing effects
at .the end of the spiké; . o

Harvest of -the selected plants occuyréd ag approiimatéiy 14% ker-
nel mpistﬁre. fIhe fotal number of ‘tillers were éountea andﬁtotal yield
of the ten plaﬁéé Qaé detérmihedw Iﬁe harvested-seéd wés thén énalyzed'
for testlwgight,.seéd size; kérné; wéights; an&'ﬁeréeﬁg proteiﬁ féilow-
'ing the';amélﬁrbcéduré previohsiy déécribed. - |

All'of thé‘colléqted_dqta was analyzed for sigﬁificanf"vérietal
effects with a sﬁandé?d analysis of'Gafiance'(Steéle'and Tori¢,11960);A
Duﬁcan's‘Néw Muléipié,Ranges Test fof meaniseparatith'wére célculatedv
whén appropriate; lRegression;.correlation'(Grafius, 19783 Pedégspn et
‘al., 1978) and path—coefficient analyges (Hamia andﬂGrafids, 19785 were
use& on all'of the dafai The responses were éummarized'in‘a trisected.
. parallelipiped analysis to faéili;ate comparisons between'diffgrentA”

- traits (Grafius, 1956).




'RESULTS AND DISCUSSION

HEADING DATE YIELD, AND YIELD COMPONENTS

ANALYSIS OF VARTANCE

The analysis of:Variance (summarized'in"Table 2) of isetype head—
ing dates ih each enrirenment shohs that there were significant differ;
ences-in-rsetypre heading dates deteéted at eeeh leeetion‘(iable 2).
Dunean'S'Muitiple'Rsnge test appliee to‘the meaﬁ isotypic heaaing'date'
respeeses over ell_yield.trial‘environments (Table 2) revealea ho,dif—
ferences.between Titan ana the derived Titan; but that the other
maturitY'isptypes ﬁere different frsm each other and Titan (Figure‘l).

Heading date differehces among. isotypes were detected in the space

, plaﬁted.nursery,(Tahle 3, Figure 2).

The aﬁaiysis;of Varianee of the Nean-yield'respenses froﬁ_lS'envi-»::
ronments reVeeled ho significant isotypie effeets (Tebie 2, FigUre'i);
ho&ever, there were 51gn1f1cant 1sotyp1c responses for each of the
yleld components, 1ndieat1ng component compensatlon. The pattern. of
compensatioh illustrated by the mean trisected parallellplped reveals
that earlj heading iSOtyhes produced more tiilers/30 cmz, fewer kerhels'
per spike end higher kernel weights (Figure 1).

There was little rahge-in the mean kernel weight:responses.when
compared te ether traits (Figere 1). This is in egreement.with Grafius
(1956) and Thomas et ai. (1970a) also found’ that Qerietion in kernel

weight responses are normally quite stable. The spikes/30 cmz and the
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Table 2. Analysis éf Variance for yield and yleld components on slx
isotypes of Titan grown in 15 environments.
Head Splkeg/ Kernels/ Kernel
Environment Date 30CM Spike Wt, /1000 Yleld
VAR, M.S. 68,3%% 89.7%* 208, 1%* 12,1%% 55.1
7601 ERROR M.S. .7 5.6 8.1 1.2 21,6
X 185.2 21.0 49,5 33.4 - 36.8
VAR, M.S. 94.8%% 45, 2% 69.,0%% 4, 8%k 11.3
7605 ERROR M.S, .4 9.5 4,7 .2 36.8
- X 176.5 25, 8 33.5 35.8 35.1
. VAR. M.S. 8.9 111,5%% 33,9%% 24,6
7607 ERROR M.S. No Data 8.9] 7.5 .2 13.9
X - 23.3 42,2 33.0 33.7
VAR. M.S. 137.0%% 144 ,9%% 255,7%% 8.3%% 141,0%%*
7701 - ERROR M,S. 1.1 18.1 40.4 1.7 17.7
X - 177.5 20.3 41,2 33.6 32.4
VAR. M.S. 98,6%% 8, 4%% 47 ,9%%
7707 ERROR M.S, .1 No Data No Data .6 4,1
X 168.7 : : 35.3 31.6
VAR, MiS. - . 624.5%%  158,6%% 4.0 180.8
7709 ERROR M.S. No Data -185.9 30.0 2.9 84.8
: X : "17.3 37.3 33.8 29.6
VAR, M.S. 83,7%% 99.3% 241,0%% 35.8%* 9.5
7606 ERROR M.S. 1.9 22.5 29,2 2.5 17.9
X 183.5 19.7 39.3 32.3 29.4
VAR M.S.° : ' 59.3% 14,7 13.2%* 40,7%%
7708 ERROR M.S. . No Data 17.7 11,1 A 4.5
. X 17.3 48,2 31.8 27.8
VAR, M:S. 64 ,4%% .9 116, 9%% 6, 3% 23.3
7705 ERROR M.S. .5 7.1 11.8- .3 12,0
' X 170.5 11,7 40,7 34,6 26,2
VAR, M.S. 88, 2%k 6.0 113, 4%% 17.3%* 10.5
- 7706 ERROR M,S. o5 11.0 56,0 ° 1.8 24,2
X 173.5 11.7 51,2 33.2 23,3
VAR, M.S. . 12.8 97.0%% 4,8% 23.4
7602 ERROR M.S5. No Data 7.2 11.7 1.3, 14.1
X 12.7 48.3 32.2

1}

Environments are coded as in Figures 2 and 6.

*  **Significant at the P=.05, P=.01 level, resuectively for the "F-Test.'
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Head Spike§ Kernels/ Kernel
Environment Date 30cm: Spike Wt/1000 Yield
VAR. M.S. 68. 4%* 3.2% 26.4 7.9 6.8
7608 ERROR M.S. .6 29 11.7 3.7 3.1
X 164.3 11.2 47.5 34,9 20.2°
VAR.~M.S. 39.8%% L1 43.9 20.2%% 11.8
7702 ERROR M.S. 1.4 2.3 32.7 . 8.3
X 193.7 9.7 52.8 30.4 18.5
VAR. M.S. 161.5%* (15, 0%% 62, 6%% 16. 4% 51.6%*
7711 ERROR M.S. .2 2.3 - 11.9 .7 6.2
X ’ 189.0 9.5 49.3 33.2 17.5
VAR, M.S. . 479.4 87.5%% .02 89.6%*
7609 ERROR M.S. No Date 181.8 9.9 .04 13.9
X 34.3 47.0 25.4 17.1
MEAN OF ERROR M,S. . 740 34.34 19.76 1.20 17.16
ENVIRON. X 178.2 17.9 44.9 32.9 26.7
D.F. 50 65 65 70 70




TRAITS STUDIED
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Figure 1. Trisected parallelipiped, mean percentage analysis, and Duncan's Multiple Range Test* comparing the mean yield, yield
component and quality component responses of six Titan heading date isotypes over 15 environments, ordered according
to heading dates.

*Separate letters denote significantly different means. Similar letters denote non-significant differences (P = .05).
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Table 3. Heading dates of Titan isotypes relative to Titan.

Maturity code Maturitf type‘ Relative Heading date—dayé
E Early - - ~3.1 E
D o Derived | ~0.7 D
T ' Titan . . 0D
M | Medium late ‘ +4.2 C
L Late | ‘ | +6.3 B

v Very late . +8.3 A

*Separate letters denote significant differences, p=.05:

Le
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MEASURED TRAIT
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Figure 2. Space planted trisected, parallelipiped, mean percentage analysis, and
Duncan's Multiple Range Test* comparing the yield, yield components and
morphological traits of six Titan heading date isotypes ordered according
to heading date.

*Separate letters denote significantly different means. Similar or no letters denote
non-significant differences (P = ,05).
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Table 4. Analysis of variance for yield, yield components and
correlations with heading date for six heading date
isotypes of Titan grown in one space planted nursery.

ERROR
VARIETY MEAN REGRESSION CORRELATION
CHARACTERISTIC MEAN SQUARE MEAN byx T
MEASURED SQUARE DF = 8 X TO HEADING DATE:

HEADING

DATE, days after N

1/1 467.50%% 27.99 17.6 .00 1.00

YIELD, gms/10 : .

plants 528.40%%* 52.50  49.88 .61 L 94%%

SPIKES/ . ‘

PLANT, No. 294.10 212.81 - 26.27 .71 .75%

KERNELS/ :

SPIKE, No. 2391.62*%%  175.88 65.66 .01 L 97%%

KERNEL -

WEIGHT, mg 6.70%%  1.00 42.12 .15 -.48

*, **Significant at P=.05, P=.0l, respectively.
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kernelé per spike respbnses reveal a greater faqge iﬁ reépénée‘émong
the isotypes. The fact that the late isotype heading date was inter-
mediate (although not significantly differenf) to the other two late
isotypes (Table 35, both of which had the lower yield responses and
lower values, for each yield component over 14 environments, indicates
the possibility oﬁ associated genetic linkages favoring adaptation.
The separate environmental responses, hdwevef, did not always follow
these same mean patterns, as revealed by the Duncan's Multiple Range
test apﬁlied to the responses at each environmgnf (Figure 3).

0f the environments studied, 9 of 14, 10 of 14 and 12 of.15,
resulted in significant isotype effects for the spikes.per 30 gmz, ker~
nels per spike, and kernel weight responses, respectively. - In contrast
to this, only 5 of 15 environments had significant isotype yield re-
sponses, illustrating the greater latitude of response between the
maturity isotypes for the yield components than was observed for yield:
(Table 3). With the exceptioﬁ'of spikés/plant, the space planted nur-
sery had significant differences for yield and the yield components
(Table 5, Figure 2). |

The trisected parallelipiped’for each enviromment reveals that the
order of yield responses between the maturity isotypes is.not consis-
tent from environment to environment (Figure 3), implying that a speci-~
fic heading date response may be advantageous in one eﬁvironment, but

not in another.
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Figure 3. Trisected parallelipiped and Duncan's Multiple Range Test* comparing the yleld

and yleld component compensation of aix Titan heading date isotypes ordered
according to heading dates at each environment.

*Separate letters denote significantly different means. Similar or no letters denote
non-significant differences (P = .05).
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ENVIRONMENTS
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Figure 3. (Continued)
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ENVIRONMENTS
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The differences in yield response at Huntley (7609), can be ex- -

plained by a serious infestation of grasshoppers in August and'éepfeﬁ—'
ber, causing an approximated 1/3 yield loss. The kernel weight
responses indicate that the grasshoppers differentially preferred the
later heading isotypes. Conclusions drawn from responses at thie envi-
ronment should consider this added factor. Discrepancies from the mean
response patterns occur in five of the nine and eight of the twelve
nurseries producing significant spikes/30 cm2 and kernel weight re- .
sponses (Figure 3), in contrast to one of ehe ten environments produc-
ing sigeificant kernels per spike responses (Figure 3). Five of the
eight discrepancies for kernel weights were due to Titan producing dis-
proportionately higher kernel weights (Figure 3). This pattern of
discrepancies reveals that tillers/30 cm2 and kernel Weighes are not as
environmentally stabie as kernels per spike. The pattern of increasing
kernels per spike with later heading dates for the isotypes was stable
among environments,.including the space planted envirpnment (Table 4,
Figure 2). The yield values from the space planted nursery shouid be
considered in terms of simple units of yield per 10 plants. They can-
not be compared to the drill-stripped nurseries in absolute values, but
comparisons of the pattern of responses between the drilied and the
space planted nurseries are valid and illustrative of differences in
plant responses in a stressed environment compared to a non-stressed

environment.
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Significént isotypic’differences-for the same charad?eriétiés were
found iﬁ the space pianted niursery as weré represénted i@ the lS_yield-:
t;iél eﬁvironments except for number of spikés per plant (Table 2 and
.4). fhe pattern of the yield component reééonsgs for spikes per plant
. was.opépsité of fhat observed in the'mean response for the lsienvirépr‘.
ments (Figure.lj.  fhe significéﬁt yield diffefenqesAfohnd.in Ehe spaéé'
planted'nursefy are probably due to the complementation of yield com-
ponent responses as céﬁtrasted to.;hé cdmpensétién in the drilled

pléntings'(Figure 1 and 2).

STATEWIDE REGRESSION ANALYSIS

. The slope‘of!thé'regression'line (Byx> is-indicétive'bf tH§ relg;,:.

tive performance of the isotype'g yield response over the diffefent g
&iélding enﬁironments (Finlay and Wilkinsén;‘1963;‘Pedérson et al.,
1978); If fhe slope is significéntly différent from unit slope;’theh‘:
an interaction associated with the mean‘fesponsé'is iﬁplied bétwee;
. that isotype and the environmen;s étudied, alghough a.nbn—associafe&
interaction may occur between an individual isotype aﬁd.aﬁy siﬁélé~:
eﬁvironment.. These‘non;associatgd intéractions are not éﬁéijzed ér‘l
discussed;.

To discuss the regression analysis it is of value to define '

'per—
formance'" as those responses measured by byx and the position on the

graph as determined by the mean. The coefficient of aétermination,.rz,‘
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is a measure of the "stability" of the performance, a low rz.iqdi¢§ting
non-associated responsésﬂ
The coefficient of determination is related to slope by the rela-
tionship, j;E = byx . g%-(Snedechor and Cochran, 19%7). Therefore, an
increase in stability krz) for a variety or isotype can be obtained by
three methoas. The first is to increase the slopé (byx)’ rétaining the

same Sx and Sy. The second and third methods are to raise the standard

deviation of the independent variable (Sx) or lower the standard devia-

- tion of the dependent variable (Sy), with byx remaining constant.

Given sufficient entries in a nursery, selection for either the first
or third methods will mot change the standard deviation associated with
the mean of nursery means (Sx).

If the slope is adjusted to appfoach the unit slope by éelection
for higher performance in low isotype performance regiqps, then it is
possible that the mean isotypic response ovef all environments wili ﬁé
increased. For most traits, when the ﬁean is increased the genetic
maximum response is approached for a given-environment. The upper
range of the normal distributions are cbnsequeptly limited, reducing
the standard deviation (Sy). Thus, the coefficient of deferminétion
(r2) can be increased by simultaneously increasing byx (if it is dindi-
tially less than unity) and consequently increasiﬁg the mean response

and therefore decreasing the standard deviation of the dependent vari-

2.

able (Sy). If initial slope is greater than unity, the reduction‘in'*' 1
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7
 -the sfandard deviation must over compénsate fof ;he feduéfion in-the‘
tesultiﬁg slope. | | |
fhe'fggression,glépes.(byx)jfor heading.détes é?e sﬁéwn not"to'be
significantly differeﬁt from the qhit siope-(Figuré.4)3 Thus, regéraé
less of the environﬁép#, aé defined by the mean headiﬁg date; the iso--
types ﬁeaded coﬁsi;téntly earlier or léte£., Theré wére.no associétea
isotype x.énvironment'interéctions.betwéeh the mean Eeading dafes'of
the isotypic series. The eérly derivéd, médium late; and very late’
'isotypes'ali showed a significant spike/30 émz reSpdnse deviéfion:from(
the mean‘envirohﬁental responsé.(Figﬁre 5). The two earliest isotypes
respondéd proportionately mofe.to_conditions thatlﬁavored fillefing
than Titan and the medium late, éndlvéry latelféspdnded lesé than Titan.
The higﬁ.coéfficiéntiof defermination-dbtaiﬁe& fo% each isotyﬁe implieé,,J
that the résponse-6f ghese is;typeé was lafgely égplained by the mééﬁ
responééAat each enviropmep£ and that the isétypic-variety.x environ—,‘;
' ment interactions i;‘quité pfediétabig;‘ Spikes/30 cm? had the gréé;ést
_ numbér.of_isotype X en&ironment‘inéeractions‘of the yiéld qoﬁponents
supportiﬁg the ogservétioﬂs based ﬁbon the previous three types of
énalysis;that £his trait's pattérn of respdnse_was not consistent amopg 
environment;. Also; the pattern of intefactiéﬁ,réveals tha£ énviron—: '

ments producing the fewest number of spikes/30 cm2 express the least

degree of differences among the isotypes; and those environments
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producing the highest number of spikes/30 cm2 proauce the greateépihg
differences (Figure 5).

The consistent patFern of increased kernels per spike with an in-
cfeased heading date (Figure 6) for each environment is revealed in
five of six slopes showing non-significance from the unit slope (Figure
6). Late Titan had a significant associated isotype x environment.
interéction, wﬁich was due to the production of more kernels per spike.
in low response environmments than occurred with the othef isotypeg. It
seems that £he spike devélopment of the 1ate isotype is favored over
the earlier isotypes to a degree not consistent with simple pleiotropic
increases in heading dates alone, indicating possiblé gehetic linkages
as previously discussed. The significant coefficients of determination
(rz) imply a good degree of predictability in the interaction responsés
of the isotypes relative to the overall gene pooi fésponse (Figure 6,
Pederson et al., 1978).

Only the medium laﬁe isotype had a significant associated iéotype
X enviromment interaction for kernel weights (Figure 7), The magnitude
of differences amoﬁg the isotypes seemed to be less in high kernel
weight environments and greater -in low kernel weight environments,
which are early planted as contrasted to late plantgd environments
(Figure 7) (see correlation analysis). High kgrnel weighté were ob-
tained in the early blanted nurseries because they tended to not‘run

out of moisture as quickly.
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No significant isbtype x environment interactions for yield;Were
detected (Figure 8). The fact that the yield components responséé had
significant associated interactions implies a compensating pattein
between the components eliminating any associated yield isotype x envi-~
ronment interactions. This superficially implies fhat heading dates
are not a vital criteria for yield performance in Montana. Howéver, in
the five environments producing significant yield differences, whethe£
the early or later isotype fielded more depended upon fhe environment
in question (for example, in locations 7701 aqd-7707.the early type
went from highest to the lowest yielding type, Figure 3). This incon-
sistency in performance is not due to associated environmental inter-—
actions as shown by the regression slopes, Instead, it was due to the
associated interactions of the yield components failipg to respond in a
compensating manner at é specific environment. This is demonstrated
the lower rz measuring aésociated yield stability which tends.to be
more reduced for the early, mediuﬁ late, and the very late isotype than
for Titan, derived or the late isotype. This l;ck of stability of the
yield response is partially determined by the reduced, stability of the
yield component responses as shown by the lower>coefficients of deter—l
mination (Figures 5, 6, 7). If the yield performance could be in-
creased by adjusting the early isotype yield slope closer to unity,
then the yield stability of the early isotype could be improved. To do

this would require the adjustment of the tillers and the kernel weights’
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slopes to the unit slope. Selection for high ti;lers in a 1owAtiller
environment (stressed?) and selection for high kernel weights in é.hiéh
kernel weight environment (non-stressed) should adjust the slopes.
This could cause better yield stability for the early isotypes iﬁ high
yieldiﬁg environments, enabling moré'consistgnt predictions of yield
responses in a greater number of environments.

If general yield -improvement through selection of cultivars were
to be attempted, then the regression analysis implies that selection
for tillers in'higﬁ tillering environments, and fér kernels in low ker-
nel weight environments would be most effective due ﬁb the maximum dif-
ferences occurring between the isotypes in these environments. The
constantly large differences in kernels per spike performance over all
environments implies that kernels per spike can be selected-for in mo;t'

of the environments studied.

CORRELATED GENET;C RESPdNSES OF CHARACTERS

| The pfinciple criteria which determined thé mean headiné date in
the environmenté studied was the date of planting (Figure 9). The cor-
reiation between planting date and mean heading date is significant and
positive (r=;91**). When plotted‘against the planting dafe of an envi-
ronment (days after Jan. 1, Figure 95 the days from planting to heading
become progressively sﬁorter with later planting dates (r=-.47). The

reduced period in growth is attributable to an-increase in daylength
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and a concurrent increase in mean daily temperature. Thé ﬁiﬁﬁts'fef :
sponded by shortening their Vegetative stage, and the duration ofléhé
tiller and head development stages. This is consistent with greenhouse
and growth chamber studies investigating photoperiod and temperature
control on barle& growth (Aspinall, 1966;'Bell, 1939; Borthwick et al.,
1971; Faris and Guitard; 1969; and Favret, 1975). It could be postu-
lated that if a desirable heading date were known to bring the barley
~ to heading on that daté, for each.week delay in planting beyond a cer-
tain date an isotype or cultivar of similar daylength sensitivity with
a specific number of -days earlier in ﬁeading could be planted, espe-
ciall& if yield responses can be stabilized. This would alléw the-
grower to more accurately predetermine his harvest period and yield
levgl.

In semi—arid climates the heading date and maturation rate of a
crop W%%; determine to a lérge degree the amount of residual soil mois- -
ture available at each successive developmental stége. .In Montana,
most of the plant available soil moisfure is supplied by April, May,
and June precipitation. High evaporation during the growing season and
large water requirements of the crop (Figure 10) depletes the soil
moisture beyond the replenishment sﬁpplied by pfecipitation during the
latter part of the growing season, eventually causing drought stress.
Generally, early planted or early maturing crops will have more plaﬂt

available water.tHan a late'planted or late heading crop, given a
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specific developmental stage. This fact, and the altered rates of
develépment, will be the primary forces affecting agronomic, morpholo~-

gical and yield component responses of plants differing in planting

" dates, or genetic heading dates. Due to the uniform environmental

responses of the Titan heading date isotypes, it is possible to compare
genetic with environmentally induced influences.on plant growth re-
sponses without confounding the results with associated isétype-x
environment interactions for heading date responses.

When the mean response patterns due‘to genetic variations are cor-
related (Table 4), a iarge number of significaﬁt correlations are
observed between headiné dates, yield an& the yield components. Mean
heading date reéppnse is positively correlated to kermels per spike,
and negatively correlated to spikes/ 30 cmz, kernel weight.

The correlatioﬁ values between the yield'components are all dependent
upon their respective correlations to heading ﬁates (Table 5). Conse~
quently, spikes/30 cm2 are negatively correlated to kernels per spike
and positively correlated to kermel Weights,letc. Kernels per spike
and kernel weights are negatively correlated, in the classic compen-
sating pattern. Mean genetic correlation shows spikes/30 cm2 also
being positively correlated to percent shattering, percent plump, aﬁd
negatively'correlated to plant height and percent thin. The pattern éf'

negative and positive correlations between kernels per spike and the
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Table 5. Correlation matrix between heading date, yield and the:§ieid
components for each isotype averaged over all environménts
(N=6). (Genetic Variation).

Heading Tillerg/ Kernels Kernel
Yield Date 30 cm Spike Weight
YIELD 1.00
HEAD
DATE -.58 1,00
SPIKEE/
30 cm .67 —.95%% 1.00
KERNELS/
SPIKE -.46 C W 97%% ~.93%% 1.00
KERNEL
WEIGHT .78 ~.88% . .83% -.82% 1.00

%, *%*Significant at the P=.05, P=.01 level, respectively.
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Table 6. Correlation values between heading dates and yield and yleld

.component responses in each environment.

Environ- ' 9 Kernels/ Correlations To
ments § - Spikes/30 cm Spike Kernel :

: Weights Yield
.7601 0.96%% .99%* -.63 .83%
.7605 -.69 , .89% -.23 .28
.7607 - \ -.04 . 96%% - -.90% .37
.7701 ~.90% . 92%% -, 08k .77
7709 ’ -.52 . .05 -.53 .11
.7606 ° ~.99%% .95%% -.83% .55
.7708 -.66 J96%k -.75 .82%
.7705 -.66 . 98k ~.89% . 90%
.7706 -.76 .88% -.62 .76
.7602 .46 .80 -.79 42
.7608 .46 . 90% -.54 .34
.7702 -.15 .88% —.92%% .23
7711 -.20 L89% . - 92 .26
.7609 - -.87 .81 - . 94k .52
MEAN ~.95% .97%% ' -.88% .58
SPACE PLANTED - +.75 . 93%% -.33 .89%

%, **éig%&ficamt to the P=.05, P=.Ol~level, significantly.

§Enviromments are coded as in Figure 3.
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other traits‘is opposite that observed for spikes/30 cmz, and iaéﬁtiéal
to the other traits positively correlated to héading dates.
Genetically induced correlations at each environment (Table 6)
reveal that spikes/BO cm2 is not consistently correlated to thé envi-
ronmentally stable heading date response. Thus, although the mean

genetic responses did produce significant correlations, individual

‘environments did not necessarily produce the same degree or type of

correlations, further illustrating the environmental plastiéity of
spikes/30 cm response. Figure 11 reveals this pattern graphically.
The same strong correlation values between heading date and kernels per

spike (y) are found in almost every environment (Table 6 and Figure 11),

.supporting the fesponses portrayed in the parallelipiped histograms and

the pattern of significant mean separations,produced by the Duncan's
Multiple Ranges test (Figure 3).

The correlations betﬁeen kernel weights (z) and heading dates ét
each of the environments shows this faqtbr to be va;iable between envi-
ronments (Table 6). The correlaﬁions between kernel weights and other
traits measured in the space planted nursery were not as strong as in
the stress conditions, due to the moderate kernel weight response
(Table 7).

In contrast to the strong genetic correlations alone, the mean

genetic yield response was not significantly correlated to mean heading




5 Heading
g o %8 EE =m = mm u® al e o e To -
® on un ua® %2 ®y ss =s ss Kernels/spike
F
-
-
o i -
< - H
3 A F
3 = = #‘- “\ Yield
< = - - \)
= = S o
= S = ‘s“
_§ == 2 & £ Mean Heading Date of Environment o
‘?—. -i--.;aﬁ--i e N —
E 65i =75 - 180 185 190 195
H H > 2
n == e“ yumt Spikes /30 cm
" = & (%
°) :‘ & —I—
o o SR
5 $4
1 Sy
:- ¢ A
zl 4 o
1 $r
= s “J
€¥ ~' |l|l|‘"‘“‘“ "'; h $ ~
- st » % “‘
~
LA LS
K G IS N S
e R

Kernel weight
Figure 11.

Correlation of heading date to each component response for all isotypes at each environment
(ordered according to the heading date of the environment).
+ significant at the P=.05 level.

£9




64
- dates, probably due to compensating componments. In only three of_thé
fourteen -environments studied did significant correlations betweén '
heading date and yield (w) occur. In the two environments producing
negative correlations, the yield response approximated the kernel
weight response, and the kernels per spike response was rélatively flat
between the isotypes, as shown by the trisected parallelipiped (Figure
3). 'In the enviromment producing the positive yield correlation to
heading date (7705), the yield respénse.closely approximated the ker-
nels per spike response and the response.pattern of tﬁertwo remaining
components was uniform, illustrating that the component controlling
yield can vary among environments. The space planted nursery produced
a positive heading date to yield correlation, due to an apparent com—
plementation among the components (Figure 2, Table 7), as well as a
large kernels per spike response.

The patte;n of plant available water in Montana, shown in Figure
10, can explain most of the observed geqotypic correlations to heading
dates and the consequent correlations and résponse patterns of most of'
the traits studied. The strength of the genetically induced correla-
tions between the first two yield components typicallyhare an indica-
tion of the degree of stress under which a plant is piaced early in the
growth period of the plant (Grafius, 1978; Thomas et al., 1970). The
strohg correlations found can be assumed to serve as a direct measure

of the degree of competition between the different components or the
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Correlation matrix between mean heading date, yield, éﬁd

Table 7.
yield components for six Titan maturity isotypes grown in
space planted conditions (Bozeman, 1977). (N=9)
Heading Spikes/ Kernels/ Kernel
Date Yield Plant " Spike Weight
HEAD
DATE 1.00
YIELD .89%% 1.00
TILLERS .75% .70 1.00
KERNEL/ : ‘
SPIKE . 93%% . 89%% - .58 1.00
KERNEL )
WEIGHT -.33 -.33 -.12 -.42 ‘ 1.00

*, **%Significant at P=.05, P=.01 level, respectively.
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degree of pleiotropy with genetic heading date as measured by thgvgon—
sistency of the correlations from enviromment to environment.

A trait such as tillers/30 cm2 which produces a large range of
correlation values with heading dates across environments (Table 6), is
indicative of a trait Which allows a cultivar to interact Wifh a par-
ticular environment. On the other hand, the isotypes in question could
not interact strongly with the environment through kernels per spiké
(Table 8, Figures 6&11). Instead, the number of kernels per spike for
each isotype is primarily established (re;ative to the environmental
mean response) by the length of the preheading stage, thus implying a
pleiotropic, morphological change due to the genetic extension of the
vegetative'period. Other traits being controlled by this form of
pleiotropy exhibit similar consistent correlations, and environmental
stability. These traits to be discussed later are planf height, and
possibly leaf area, leaf length, leaf width, and spikelets per spike.
Other studies have reported similar conclusions (Stoskopf and Reinbergs,
1966; Frey, 1959, a&b with oats).pertaining to the degree of plaséicity
of the various yield components.

The spikes/30 cm2 mean genetic correlation with heading date (r=
—.94%%, Table 5) can be rationalized as being due to an increased mois-—
ture supply available to the isotypes which develop quickly. Several
investigators have noted the strong control water availabiiity has on

tiller development (Aspinall, 1961, 1963; Cannell, 1969a). On the
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other hand, it can be questioned whether the water'availabilityld%ff
ference between an isotype that heads 13 days earlier Fhaﬁ anothegiiso—
type would be great enough to explain the observed differences in mean
isotypic tiller response (Figure 1). Since the tiller response ofvthe.
space planted nursery is éositively correlated with heading dates,
which is the reverse of that observed in the average stressed yield .
trial (Figufe 2 versus Figure 1), it would seem that simply by spacing‘
out the plants.at a rate of 1 ﬁer 30 centimeters, the competition for
space and presumably water was reduced to the point to allow iate head-
ing plants to take advantage of the longer vegetative period and
establish significantly mofe tillers per plant (Table 7). Considering
the magnitude of résponse differences, it can be assumed that a 14 day
period of added evaporation and transpiration (Figure 10) found in ‘
drill stripped rows, can reduce the plant availabié soil water to the
point of limiting tiller development in the later heading isétypes, and
preventing them from developing additional tillers, which they are
potentially capable of doing.

The consistent genétic correlationé of kernels per gpike to head-
ing date at each environment (Table 6) indicates a horﬁénal control of
the allocation of available water and nutrients to the different plant
organs. The observed trend is that as the plant genetiqaily heads
léter in the season, it develops more kernels per spike, both under

drill strip and space planted conditions (r=.97%%; r=,93%%), TIf
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available wéter differences were a limiting factor for spike develop=
ment between the isotypes, then either a negétive éorrelafion offﬂk:.
variable correlations to heading datés, as observed with tillering,
would be expected under the variable drill stripped conditions. How~
ever, the correlations between heading dates and each of the components
(Table 6) for each environménp make it immediately obvious that al-
though tiller correlation values are quite variable among environments,
the kernel per spike response is very stable and positive, implying
that water and nutrients are limitipg for tiller establishment but not
for spike developmént. This consistency is reflected in the low envi-
roqmenfal correlation value between heading date and kernels per spike
(r=.33) implying little environmental response.

If component compensation is due to "number being inversely pro-
portional to sizeh as postulated by Grafius (1978), thep the kernels
per spike correlation to heading date should approximate the opposite
trend of the tillers/30 cm2 to heading date correlations at each envi-
ronment since heading dates are cons£ant. This doesn't happen, therg—
fore negating this postulate, at least within the cbnfines.of tiller
establishment and head development, which overlép in the growth cycle
of a barley plant (Adams, 1967; Bonnett, 1966; Grafius, 1956, Figu;e
10). The spike differentiatioﬁ is étarted‘just prior to commencement

of tiller internode elongation of the spike bearing tiller. Once a few

of the tillers have started elongation, all of the tillers follow soon
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after (Cannell, 1969a). The period of head development is thus restric-

ted from slightly before the period of initial tiller elongaéion-éé
flowering (Bﬁnnett, 1966). The developing plants with genetically dif-
ferent heading dates germinate and establish tillers during the same
initial growth stages, fﬁeoretically éstablishiné,the same number of
initial tillers. The late isotypes, however, started internode elonga-
tion slightly later and completed the cycle for spike de&elopment‘up to
fourteen days later than the earliest heading isotypes. The longer the
time a plant has to elongate and establish spikelet nodes, the longer
will be the primary spikg meristem provided adequate substrates. Thus,
the early heading isotype will have a shorter spike meristem and fewer
spikelets per spike than the later isotypés, regardless of the environ-
ment, as long as the heading date differences are maiﬁtained and suffi-
cient metabolites are supplied through é hypothesized hormonal
preferential allocation control system,

Investigations have noted that previously established Eiller buds
can be made to elongate given a reapplication of water, and that intra-
organ competition for nutrients is greater‘than interorgan competition
during fhe development of that orgaﬁ (Aspinall, 1961, 1963; Cannell,
1969; Gallagher et al., 1975 aé&b; Kifby and Jones; 1972, 1977). Thus,
in the stressed environment earlier isotypes initially may have estab-
lished and elongated the same number of tillers (or even fewer tillers)

than the later isotypes, the inherent developmeént of smaller spikes
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causes a reduced water and nutrient demand within a tiller,-resulfing.
in a reduced total séil water utilization during that period makiné
more water available for later tiller development than is found in the
later heading isotypes, allowing the early isotypes to elongate and
develop more fillers, Ihe late isotype, on the other hand, with more
spikelets/spike, reqﬁired more initial water and nutrients per spike
and tillgr, increasiﬁg the demand for water and nutrients, reducing the
number of tiller-buds able to elongate once initial spike development
has terminated and preferential substrate allocation has relaxed.

The positive heading date to tillering correlation observed in the
space planted nursefy (Tabie 7) is due-to the lack of stress allowing -
the later heading isotypes to establish and elongate.more tiller buds
than the early isotypes which are genetically restricted in growth
period. Tillérs in a non-stressed enyironmental condition thus do not
compensate strongiy with the spikefdeveiopment, as has been observed in
most yield compbneﬁt étudies (Adams, 1967; Grafius, 1956, 1972, 1976), -
and under a nonstressed enviroﬁment, spikes/30 cm2 are pleibtropically
controlled by lheading Aates? since water is not limiting, and develop—'
mental periods caﬁ be expressed. It seems that although superficially
the isotypic yield components are compensating in the classic manner
described by Grafius (1954, 1978) and Adams (1967), the genetic control
of the compensating pattern does not appear to lie in the tiller fe—

sponse, instead it lies in the development of more kernels per spike,
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inherent with a genetica 1y lengthened growth period and controlled by
a substrate allocation system. As postulated, systemé_preferentially
allocating nutrients to the developing spikes could account for the
consistently strdﬁg, positive correlations between heading dates‘and
kernels per spike. A hormonal mode of nutrient allocation to spikes
has been suggested to exist in barley by several investigators (Kirby
and Faris, 1972; Kirby and Jones, 1977). The tiller response appears
to be the environmentally controlled compeﬁsating componeng inAthis-’
series of Titan isotypeé as in otﬁer varieties (Kirby and Jénes, 1977§
Stoskopf and Reinberg, 1966).

Kernel weights are'ﬁore responsive to environmental variation than
kernels per spike, but less responsive than tillering, as is shown by
the range of correlation values to heading date and the parallelipiped
(Figure 11, Table 6). The contfol of the kernel weight response in
relation to the "number of kernel" components needs consideration.
Mean genetically induced responses (Figure 1) imply that the reduced
range of respoﬂse may be due to the apparent compensatory pattern in-
the other two traits, creaéing an equal number of kernels per unit area
between isotypes as suggested by Thomas et al. (1970a). This does not
seem to be the case. In environments having a poor compensatory re-
spbnse (i.e., 7705, 7706, 7608, etc.) the kernel weight response is
still uniform, although there are oEviouély more kernéls per unit area

in the later isotypes (Figure 3). Instead of a compensatory response

| R | S S—




72

causing uniform kernel'weight, it seems that the uniforﬁity could bel
due to the simple factor of a physical restriction on kernel size é;ﬁéed
by the palea and lemma (Grafius, 1978).

~The genetic controls for the size of the palea and lemma are pur-
ported to be linked to the environmental feedback systems which control
the number of kernels per unit area (Grafius et él., 1976). However,
being the final component, it can Ee aésumgd that most of a plant's
active response to the environment has already been established, thus
causing the genotype x environment interaction of tbe kernel weights to
be more stable, as shown in the statewide regression (figure 7). If
priority 1s placed on developing spikes by hormonal mechanisms control-
ling allocation of nutrients and water to the developing sﬁikelets,
including the palea and lemma (Kirby and Faris, 1972; Kirby and Jones,
1977), then nutrieﬁt dependent rest;ipﬁions on maximum kernel size
should be reduced.

Grafius (1978) maintains that the size of the palea and lemma will
be determined in part by the size of the leaf'meristem, since paleas
and lemmas are developed from altered leaf meristem. If ; plant has
larger leaves, it should, consequently, produce larger palea and.lemma
and a larger potential kernel size (Hamid and Grafius, 1978). "~ However,
the potential maximum may not be feached due to environmental strésses.
Thus, kernel development is potentially controlled from two sources,

the palea and lemma size and the nutrient and water évailability. If
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this is thé éésg, then in a minimum stressed situatién,:genetid control
of kernel’;igé.diffefenées will be maximized (grafius, 1978).

Leaf length and afea ére partially determined b§‘rate of'plant
gfoﬁth aﬁd durétion of growth period. :Leaf Bladé ﬁéésqreménts were
collected on the space planted ﬁurséryl Leaf area reépoﬁ;;s‘for all of_
the ‘leaves on a main cﬁim (N¥flég 1éaf'to N-4) of'aﬁ isotype produced
'significant isotypic_differénces:(Tabié 8). Isotype leaf aréa'corfeia—:'
.tion and regression'valués_with isotypié heading date, aé summariééd'in
Table 8 ,. ére-ali significant and positive. An inéreésé in.days to’
héadiné is airectly associated Qith an increasedyléaf‘aféa.fof each aﬁd
evéry leaf on the main éulm of the.ﬁlant (Table 8).

. IhisAiﬁcreése in area can be alresﬁlt of'a.iqﬁger_leaf,'a widéf
ieaf or.botﬁ. :Af eacﬁ leaf positidn on the méin‘ﬁﬁlm, the'isqtypes
expressed'sigﬁificént isotypic diffg;ences in length apd Qidth (Figure~ 
12), implying that bo#h factors contributed ﬁo’léaf area.. The correla-
fions betwee; meaﬁ leaf length at each position .and the héadihg déte>of_
the isotype were constantly strong, positive, and highly signifiéant;r
The leaf width to heading date corréla;ions were non—significanf fofi
£he nth or flég leaf, but the éorrelations‘were-significanﬁly'positiye
for the rémaining.ldwer leaves, n-1 ﬁo n-4 (Téblé Slgnd Figgfé 12)3"l

The leaf area response is probably pléiofropié with the incfeaséd 
gfowtﬁ period by the same reasoning applied'to plant'héighfs, spikes,'_

and other pleiotropic morphological traits. -Similar conclusions were
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Table 8. Analysis of variance for morphological tralts and correla-
tions with heading date for six heading date isotypes of
Titan grown in one space planted nursery.

ERROR
VARIETY MEAN . REGRESSION CORRELATION
CHARACTERISTIC MEAN SQUARE  MEAN by r
MEASURED SQUARE DF =8 x 'TO HEADING DATE:
SPIKELETS/ :
SPIKE, No. 210.88%% 23,22  23.78 .62 .98
RACHIS INTER-~ .
NODE LENGTH, cm .42 32 .- .79 -.00 .52
SPIKE -
LENGTH, cm ‘ 16.75%% 2,09 9.02 .16 .98k
AWN B .
LENGTH, cm 4,98 3.15  10.15 -.75 .06
PROTEIN, % 1.70%% .20 16.59 -.13 ~ T4k
PLUMP, % - 47.80  22.40  78.36  -.33 -.35
THIN, 7% 5.60 3.80 5.14 .10 .31
TEST WEIGHT,Q /HLT 3,90 13.20 62.92 .10 : .36
LEAF AREA, cm2
N 342.14%% 13,91  16.94 J7 .96
N-1 967.15%%  16.59 30.55 1.29 .99
N-2 1668.62%%  37.88  30.44 1.71 .98
N-3 1122.91%%  28.89  24.84  1.42 .96

N-4 162,13%%  14.69 19.91 .68 - .95

(Table Continued)
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ERROR
VARIETY MEAN REGRESSION  CORRELATTON
/
CHARACTERISTIC MEAN SQUARE  MEAN byx T
MEASURED SQUARE DF = 8 x TO HEADING DATE:
LEAF LENGTH, mm
N 99.40%% 12,11 16.60 - WAl .99
N-1 239, 41%% 4.71 24,23 .60 .94
N-2 344.47%% 14,84 25.53 .74 .95
N-3 390.33%*%  11.79 23.72 .81 .95
N-4 171.66%%  17.12 22.60 .72 .98
LEAF WIDTH, mm
N . 76%% .04 1.48 .03 .88
N-1 L7 2%% .07 1.85 .03 .98
N-2 1.21%% .11 1.69 .05 .99
N-3 1.13%%* .05 1.38 .05 .99
N-4 . L4%% .02 1.18 .02 .92
INTERNODE LENGTHS, mm
N 36.28 26.93 38.73 .16 .80
N-1 19, 45%% 2.89 22.75 .08 .51
N-2 10.61%% 3.44 13.58 .08 .73
N-3 13.01% 3.20 9,83 .16 .96
N-4 2.34 4.19 7.66 .06 47

%, %% Significant at P = .01l and P =

.05 level, respectively.
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reported by Dixit (1973). If Grafius's (1978) postulaté& are valid,
then under the space planted conditions those plants with the largest
leaves should also produce the heaviest and largest kgrnels. The ker-
nel weight and percent plump correlations with heading should, there-
fore, approximate the heading date.to leaf aréa correlations‘(Figure 2
versus 12, Tables 4 versus 8).

This does not occur. The observed low correlations could be due
to stressed conditions preventing the maximum potential plumpness and
kernel weight from being rached. Howeyer, the mean kernel weights and
percent plump (42.2 grams/1000 kernels; 78.4 percent plump kefnels;
Table 4), are mﬁch'hiéher:than all but one-of'the yield trial environ-
mental means, implying that maximum kernel weights were aﬁproacﬁed in
the space planted nursery. Therefore, it can be assumed that these
observations ténd to refute Grafius's postulatedlcdntrol due to leaf
and culm size and his first corollary.

The, correlation betweén head length and heading date was also
strong (r=.98%%), Rachis internode length could contribute signifi-
cantly to the head length resbonse; however, the analysis of variance
for rachis internode length revealed non-significant isotype effects,
which is reflected in the low correlation between thé rachis internode_‘
length and the isotypic heading responses (r=.52) and the flat s%ope
=-,00, Table 8). It appears that the increased number of kernels/

(byx

spike; and spike length was due to an increased number of spikelets/
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spike associated with gemetically delayed heading dates, allowing the

'spike to eventually establish a greater number of spikelets and ker-

nels. This response is supported by observations made Ey Bonnett
(1967) in barley.

In support of the patterns observed in the spaée planted condi-
tions, those yield trial environments which produce& the weakest
heading date to spikes/30 cm2 correlations, also produced the weakest
tillers to kernels. per spike correlations (Table 3), and are’consg-
quently (according to Thomas et al., 1970; and Grafius, 1978) the least
stressed environments. These non—stresséd environments also produced
weak heading date to kernel weight correlations. If Grafius's 1978
postulates were true; thése correlations should have been the highest.

An alternate hypophesis is that the genetic maximum could be iden-
tical between the isotypes, since they are theoretically isogenic for
all traits except heading date. The main criteria controlling the dif~
ferences in kernel weight response petween these isotypes in stressed
environments would be heading date and the related hyﬁothesis'of
greater water availability. Thus, only the early isotype could develop
kernels to their genetic maximum set by the palea and lemma.

This Would seem to be in direct conflict with the findings of ﬁamid
and Grafius (1978), Grafius and Thomaé (1976), and Grafius (1978),
which states that the initial responées of the first two components are

thé primary factors controlling the kernel weight response (Grafius and
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Thomas, 1976). Data presented here implies that if a hormonally in-
duced alloéation control system is present in barley, then with a
moderate degree of stress, the plant will still develop palea and lemma
of the same size as it would under minimal stress. Water limitations
during grain filling will still preveﬁt the kernels from reaching that
maximum (Grafius, 1978). Thus, it is postulated that the response of
the first two components will affect the kernel weight response, not by
physiological allometry, but Ey nutritionally (moisture) preventing it
from reaching its maximum genetic potential. This genetic'potential
will be equal, given a similar genotypilc constitution, and is not due
to leaf area differences.

. Kernel weights were positively correlated to awn lengths and per-
cent protein, and negatively correlated to percent thin kernels and
test weights in the space planted nursery (Table 7). It is possible
then that under non-stressed conditions the awn length will affect the
kernel weight since evapotraﬁspiration through the awn will not be
environmentally limited, and thus the genetic awn length differences
will manifest an effect. Other research has reported that major dif-
ferences in awn mass are a major determinate of kernel weight (Faris;,
1974; Johnson et al., 1975). Awns would also affect the protéin deposi-
tion in the kernel due to an increased photosynthate source. . However,
due to the observed small differences in awn length, it is assumed that

awns are a minor factor in determining kernel weights in this material.
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GENETIC PATH ANALYSIS

When analyzing the pattern of path coefficients calculated on mean
isotypic responses due to genetic heading date differences, we find a
high positive direct effect of spikes/30 cm2 (Pxw=1.35), kernels per
spike (Pyw=1.56), and kernel weight (Pzw=.95) on the mean yield re~‘
sponse over l4-environments (Table 9, Figure 13). Spikes/30 cm2 has a
.positive direct effect on yield, but alsoc a very strong negative in-
direct effect on yield through its direct effect on kernels per spike
(r=-.93) (Table 9). This indirect effect through kernels per spike
(p=1.46) explains the low value of the simple mean genetic éorrelation
between tillers/30 cm2 and yield (r=.67) (Table 5), and is a measure of
the degree of component compensation occurring across the isotypes. A
similar patterﬁ is found in analyzing the effect of kernels per spike
on yield. The direct effect is strong (p=1.56) but the effect is again
reduced by the strong negative indirect effect (p?—l.25)_kernels per- .
spike has on yield caused by the compensatory tilleriﬁg response
(Table 9).

In considering whether tillers affect kernels per spike or vice
versa, the restrictions of the original pathdiagram must be considgred
(Figure 13). That the t?ue biological pattern is the one presented in
the diagram, is dependent upon the concept of ‘Sinnott's law, and the
developmental allometry of a barley plant (Hamid and Grafius, 1978; and

Grafius, 1978) which has already been partially negated.
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TABLE 9 : Path coeffilcilent analysis of the responses of 6 Titan °
maturity lsogenic lines averaged over 15 environments.

Spikes/30 cm2 to Yield

Direct effect

Indirect via kernels/spike

Indirect via weight/1000 kernels

Indirect via kernels/spiketweight/1000 kernels
-Simple r

Kernels/Spike to Yield

Direct effect 9

Indirect via spikes/30 cm

Indirect via weight/1000 kernels
Indirect via tillers+weight/1000- kernels
Simple r

Weight/1000 Kernels to Yield

Direct effect 2

Indirect via spikes/30 cm

Indirect via kermels/spik

Indirect via spikes/30 cm, +yield+kernels/spike’
Indirect via spikes/30 cm“+kernels/spiketyield
Simple r

Spikes/go e’ to Kernels/Spike
Direct effect = simple r

Spikes/30 cm2 to Weight/1000 Kernels
Direct effect ’

Indirect via Kernels/Spike

Simple r

Kernels/Spike to Weight/1000 Kernels
Direct effect 2

Indirect via spikes/30 cm

Simple r

Unexplained

1.35

~-1.46
.50
.28 -
.64

1.56
~1.26

.95
.72

.40

.78

.53
.30
.83

.29




83

Both effects are accounted for in the pathdiagram. The direct
effect of kernel weight on yield is reduced both by the indirect'effec£
of kernels per spike on yield, and by tillers/30 cm2 and kernels per
spike (number of kernels/unit area) on yield (see Table 9). Thus, the
mean effect of kernel weights on yield are reduced by the compensatory
effects of tillers/30 cn® and kerﬁels/spike on kernel weights. This'is
theoretically caused by the differences in available moisture due to
different.heading dates between the isotypes.

Path analysis of the non—stresse& environments reveals thgt til-
lers pér plant have a small direct effect on yield, and a stronger but
still insignificant relationship with kernels per spike (r=.58) (Tables
10 and 7). The correlation between tillers/plan£ and yield is enhanced
by the indirect effect of tillers on kernels per spike which expresses
the étrongest direct effect on yield. Xernel weights havé a minimal
effect on yield primarily due to'the negative direct effect that ker-
nels per spike has on kernel weight, and the uniform kernel weight
responses.

An examinatiop of the patterns of cause and effect through path
analysis at each environment can give an important indication of what
specific environmental factors are affecting the mean responses, the
correlations, as well as the direct and indirect effects at an environ-
ment. Path coefficients (Table 11) from one analysis (environment or

isotype) cannot be compared with those from another analysis since path-
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TABLE 10): Path coefficient analysils of the average responses of 6 -
Titan maturity lines grown in a space planted nursery. '

Tiller Number/Plant to Yield

Direct effect

Indirect via Kernels/spike

Indirect via weight/1000 kernels - ,
Indirect via kernels/spiketweight/1000 kernels
Simple r"

Kernels/Spike to Yield

Direct effect

Indirect via tillers/plant

Indirect via weight/1000 kernels
Indirect via tillerstweight/1000 kernels
Simple r

Weight/1000 Kernels to Yield
Direct effect ‘
Indirect via tillers/plant
Indirect via kernels/spike

Indirect via tillers/plant+yield+kernels/spike

Indirect via tillers/plant+kernels/spiketyield
Simple r ‘ :

Tillers/plant to Kernels/spike
" Direct effect = simple r

Tillers/plant to Weight/1000 Kernels
Direct effect

Indirect via Kernels/spike

Simple r

Kernels/spike to Weight/1000 Kernels
Direct effect

Indirect via tillers/plant

Simple r ‘

Unexplained

.28
.42
.00
-.00
.70

.73
.16
-.01

.00

-89

.ol

.05

.07
-.08
-.33

.58

.17
-.30
-.12

-.52
.10
-.42

.15
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Table 11. Path coefficient analysis of mean isogenic responses in each
environment (genetic variation).

ENVIRON= , PATHWAY ,
MENTS § X -W Y - W Z-W X-YX Y-Z X-12 U-W
.7601 - 1.15 .61 .50 -.99  -.03 .66 .21
.7605 1.84  1.87 -.21  -.84 -.80 -1.08 .29
.7607 .81  1.59 .84  —.21 -.87  -.34 .02
.7701 1.19  1.00 .79 -.94  -.83 .12 .04
.7709 .98 .54 .13 -.44 42 .69 .25
.7606 3.07  2.33 .14 -.99 2.79 3.53 .17
.7708 : .59 .03 .52 -.75  ~.75 .07 .23
.7705 -.04  1.12 31 -.62 22 .60 .13
.7706 49 1.24 .22 -.39 -.88. .06 .22
.7602 .79 48 =10 .06 .08  -.55 .08
.7608 1.12 .48 51 .17 -.62 -.45 .22
.7702 1.15 .48 .09  -.49  -.89  -.30 .12
L7711 .80 :61 46 -.08  -.72 .25 .20

7609 .36 .46 99 -.77 =25 .67 12
MEAN 1.36  1.56- .94  -.93  -.32 ° .53 .29

SPACE PLANTED .28 .73 .01 .58 -.52 .17 .15

§Environments are coded as in Tablgs

coefficients are amn indication of relative strengths when compared to
other path coefficients in the same analysis. The values from one
analysis thus have no bearing on the relative values eipressed in a
second anaiysis (Table 11). To solve this problem, the direét effects
on yieid including the unknown portion (Puw) were converted to a per-

centage of the sum total effects on yield. The total of all the
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percentages must be equal to 100% and are thus placed on an equél'unit
with all other path analysés.- The results .of this method is in éffécé
similar to the result pf pPlacing all of the mean responses on a percent
of‘;he mean, it allows an indication of the magnitude of the response, |
as well as allowing a direct comparison from trait to trait regardless
of experimental -units. | |

When the path coefficients are converted to a percentage of the
total direct effects on yield, they reveal that the magnitude of the
direct effect of tillers on yield and kernels per spike on yield are

'about equal when analyzgd for genetic variation at each environment
(Figure 14). The direct effects of kernel.weights are lower, but still
contribute roughly 20% of the direct effects controlling yield. The
unknown portion contributes a very small percentage (>7%) to the yield‘
response implying that most of the plants morphologiéai and physiolog-
ical responses whicﬁ affect yield are accounted fdr by the yield
components.

When the adjusted path-coefficients for each environment were
plotted against yield, no definite pattern was recognizable. However,
when plotted against the mean heading date of each rgspective environ-
ment, a pattern did evolve (Figure 14). Thoée environments which were
planted from Julian-days 166 to 174 produced a component'pattern with
kernels per spike response generall& expressing the greafest effect oﬁ

yield. Tillers/30 cm2 had the greatest effect on yield in the
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environments planted after Julian day 176. Kernel weights typicélly
affected the yield response less than the other components, howevé%; in
the very early planted environments they had a larger effect.on yield.

These patterns égain reveal that the degree of stress dominates
the strength of the correlations found betweeﬁ the yield components.
Howevef, the patterns also show that the genetic yield control is not
necessarily with the tillering response. Instead, as shown previously,
it is in the establishﬁent of kernels per spike, which is partially
dependent upon the genetic heading date, as revealed by the following
rationale: The eérly planting dates (Figure 9) increase the vegetative
period from planting to heading; this increased period from planting to
heading partially negates the effect of differences in heading dates in
the early season, thus, the later heading iéotype will have sufficient
water to initiate retillering in these environments; whereas in the
later planted environments, it is usually only the early isotypes with
their shortened growth period and spikes that can reinitiate tillering.
This phenomenon should reduce the Aifferences in tiller response be-
tween the isotypes. The kernel per spike response, being uniform in
different environments, as shown by Sevegal other authors (Frey, 1959
a&éb in oats; Stoskopf and Reinbergs, 1966; Kirby 'and Faris, 1972; Kirby
and Jones, 1977 in barley), will remain tﬂe same. The controlling fac-
tor on yield in these early planted environments will therefore be the

kernels per spike response, assuming the typically uniform response in
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kernel weights. Consequéntly, the response of kernels per spike tof

yield is strongest in the three environments heading from 167 to 174

~days after January 1 (Figure 14).

This response pattern is reflected in the parallelipiped (Figure
3) for these environments (7608, 7705, 7708). These enviroﬁments pro-
duced reiativély ""flat" tesponses of kernels per spike as shown in the
parallelipiped for those environments; however, the correlation with
heading dates were stili strong (f=.90**, r=,96%%, respectivel&, Table
5). Thié flét kernel per spike response is probably—due.to the leng-
thened vegetative stage in all isotypes,. due to early planting, allow-
ing the early isotypes to establish longer spike meristems in relation
to the later heading isétypes, therefore reducing the range of re-
sponses. The effect on yield was still evident, however. The abberant
tillering response of Titan and the very late heading isotype were
reflected in.the yield responée, thus explaining the moderately strong
effect qf tillering on yield, in these two environments.

Changes in factors expressing the maximum direct effect on yield
were also reported by Tewari (1976). In é low rainfail year heading
dates contributed very éignificantly to yield, through the direct
effects of heading dates on plant heights, lOOOnkernel Weight, inter-
node number, and.fodder yield. Whereas, in the following high rainfall
year, heading date expressed a low direct effect on yield. These pat-

terns directly support the findings reported here.
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ENVIRONMENTAL CORRELATION

The mean isotypic.responses for a trait were correlated against
the other traits across all environments, measuring environmental vari-
ation of the isotypes (Table 10). The resultant environmental correla-—
tion matrix (Table 12)‘illﬁsfrates that- kernel weights are pdsitively
correlated to yield énd petcent plﬁmp and negativel§ correlated to
heading date. Therefore, there is a tendenéy for a high yielding envi~.
ronment to produce high kernel weights and plump‘seeds. Recalling that
heading differences between envifonments is dependent uﬁon planting
dates, this implies that the earlier: seeded environmenfs produce the
heaviest and plumpest kernels, thch furthef supports the.théory‘of
available water determining kernel size and weigﬁt. No significant,
environmentall induced relationsﬁlps between spikes/éo cﬁz and any
trait (Table 12) were detectable. |

Environments wherée meaﬁ high number qf kernels per spike were pro-
duced, tended to produce low yields (r=-.60%), reduced shattering
(r=-.73%%) and fewer plump seeds (r=-.66%%), all iﬁplying a delayed
maturation in that type of environment. In general, these correlation
pafterns reveal that envifonmentally induced heading dates produce sig-
nificant correlations with the morphological traits and yield component
traits these correlations are similar to genetic heading date correla-

tions.
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Table 12. Correlation matrix between heading date, yield and yield
components studied for each environment averaged over all
isotypes. (Environmental Variation).

HEADING TILLERE/ KERNELS " KERNEL
YIELD DATE 30 cm ‘SPIKE WEIGHT
YIELD 1.00
HEADING )
DATE -.16 1.00
TILLE%S/
30 cM™ .38 -.12 1.00
KERNELS/
SPIKE -.59 .33 -.46 1.00
KERNEL : ' o
WEIGHT .53 —.79%% -.41 =41 1.00
*, **Significant at P = ,05, P= .0l level, respectively. (Dégress of

Freedom Varies)

The gomparison of correlation values between the heading date and
the yield and the yield components of each isotype in each environment
taken across all environments reveals three definite patterns (Figuge
15). Heading daté is significantly, and negatively correlated to the
kernel weighf respbnse for ‘each isotype revealing that early Elanted
environments produce heavier kernels regardless-qf the genetic heading
dage of the isotype. The pattern of correlations between heading date
and yield closely follows that Between heading date and the tillers/30
cm2 of ‘an isotype (Figure 15; Table 3),.implying that a close cause and

effect relationship exists between tillérs/30 cm2 and yield. Although
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they are not environmentally correlated, it appears that the tillet
response determines the environmental yield response, supporting the
genetic path analysis that tillers strongly affect the yield respomnse.
The correlation values ‘between heading date aﬁd kernels per spike for
each isotype is stronger than those for yield and tillers/30 cmz, but
the values are still non-significant (Table 13). The correlation of
the correlations of these -two traits to heading daﬁe-is highly sigﬁifi—

cant (r=.95%%, DF=4).

ENVIﬁONMENTAL PATH ANALYSIS

Whén path coefficients are calculate& using the correlation matrix
based on environmental variation for each isotype (Table 12), we find a
different pattern of cause and effect (Table 13) than that observgd in
the genetic analysis (Table 6). The pattern of path-coefficients con--
verted to a percentage of the total direct effects on the yield of the
isotype (Figure 16) reveals that tillers/30 cm2 have a moderate effect-
on the mean yield-respbnse over all environments for each isotype as
implied previously. Also, kernel %eighfs express an equally strong
effect on yield as tillers/30 cmz., Since heading'(planting) Aates
affect kernel weights (Figure 15), then planting dates seem to be
affecting yield through kernel weight responses. In this.analysis,
however, the moderate effect of the unknown portion indicating that

strong isotype X environment interactions are also affecting yields,




Table 13. Path coefficient amalysis of mean environmental responses for each mdturity isogene and the correlation
of each component and yield to the envirommental heading date (Enviromnmental Variatiom). }

PATHWAY

ISOGENE X ~W Y - Z-W X-X Y - Z X -7 Ug-Ww HEADING DATE A TO:
EARLY .70 -.05 .70 -.33  -.56  -.63 .64 -.09 .24 -.58 -.05
DERTVED .91 21 .85 -.67  -.96  -.98 .53 -.06 .3  -.69" -.07
TITAN .72 -.03° .62 —44 =70 -.66 .61 .05 .19 65" .02
" MUNSING L .74 .16 - .78 -.50 -6l  -.42 .42 -.20 36 61t -.33 ©
B570-L +.47 -.17 .68 ~46 =70 -.73 .49 —31 .28 -.60 -.35 -
MUNSING, VL .79 70 .90 -43  -.63 =32 .63 —22 .44 —.74 -.21

$In those enviromments in which the heading dates were not obtained, the mean envirommental heéding date was
used in the correlation. '

% &k
R Significant to the P = .05, P = .01 level, respectively.
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makes it difficult to estimate the major controlling factors due to L
enviroqmental variation. The effect of kernels per spike on yield séems
to increase with decreésed yield of the isotypes, indicating a reduced
tiller and kernel weight response. Thus, as the ability of the dso~
types to respond in an environment with a large tillering response, or
a large kernel weight response, decreases, then the'hormonally éontrol—
led relatively stable kernels per spike development expresses a greater
effect on the yield response in those loﬁ_yielding environments. The
factor causing low yields could be late planting, but the énvir&nmental
correlatioﬁ does not necessarily show this to be true. This pattern of
direct effects furthef supports the theory that genotype expresseé the
primary control of kernels per spike, which are consequently environ-
mentally stable, and that the other two traits are the components caus~-
ing the isot?pe x enviromment interactions of yield (Figure 8), support-
ing Stoskopf and Reinbergs' (1966) findings. The fact that spikes/30
cm2 and kernel weight are the most responsive yield components to envi-
ronmental variation explains the reason for théir comparatively .large.
control over the yield response when environmental conditions are
varied and.genotypes are constant (Figure 16).

The large unknown effect is due, in part, the the large degree of
associated and non-associated isotype x enviromment interaction of til-
lers and kernel weights which is not all accounted for in the mean

analysis of each isotype or in the statewide regression analysis
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(Figures 5 and 7). The large unknown portion does cause some prohlémgf
in interpretation of cause and effects, since approximately 1/3 of fﬂe
yield response pattern is due to thié'unexplained effeét. The gengral
trends do, however, support the belief that kernels per spike are rela-
tively tightly controlled by a specific genotype, and therefore, the
genotype X enviromment interactions of that genotype are caused by the

tiller and kernel weights' isotype x environment interactions.

MORPHOLOGICAL TRAITS

The responses of the mqrphological traits directly support the
assumptions of pleiotropic versus environmental associations between
heading dateé and the yield component responses. The péstulate of
water stresses being induped by genetic and environmental heading date
differences are also directly supported by ﬁorphological responses,
when these reéponses are analyzed for genetic and environmental vari-~
ation.

The analysis of Vériance on test weights, plant heights, percent
‘protein, peréent plump kernels, and percent thin kernels revealed that
9 of 15, 8 of 12, 10 of 15, 13 of 14 and 10 of 14 gnvifonments studied
produced significant isotypic effects (Table 14). Results from the
Duncans Multiple Ranges test (Figure 17) at each of theée environments
shows tﬁat, in general, the late heading isotypes test weights were

significantly different from the early heading isotypes' tést weights.
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Table l4. Analysls of Varlance fof Morphological Traits measured

on Six Isotypes of Titan In 15 FEnvironments.

Test (KG/HL) Plant Proteln Plump Thin

Environments Weight Welght Percent Percent Percent
VAR. M.S. 2.2 104.5%% 1, ,5%% 196.0% 27.1
7601  ERROR M.S. 3.5 5. .1 46.9 17.7
X 62.4 89.2 12.59 53.5 15.7
VAR. M.S. 3.8 169.0%* 2.0 5.3 3.2
7605  ERROR M.S. 2.1 11.6 .8 2.9 1.4
X 64.6 99.7 15.72 81.9 5.1

VAR. M.S. 1.8 .3 1311.4%%* 942,6%*
7607  ERROR M.S, 1.0 No Data .3 6.8 8.4
X 65.1 12.05 33.0 28.8

VAR. M.S. 27 .4%% 104 4% 1.8%%  1903,0%% 976.6%%
7701  ERROR M.S. 2.7 4.9 .2 47.5 27.9
X 67.1 117.2 17.11 56.1 18.8

VAR. M.S. 6.0% ° 58.5% 1.4%% 317.9%% 48, 3%%
7707  ERROR M.S. 1.9 11.0 .1 10.8 2.7
X 67.1 77.0 15.30 52.9 9.2
- VAR. M.S. 6.1 1.0% 131.4%% 83.5
7709  ERROR M.S, 4.3 .3 46.9 36.0
X 64.9 No Data 16.28 58.3 16.7

VAR. M.S. 17.,3%%* 116.0%%  1,8%% 418.3%% 161,7%%
7606  ERROR M.S. 1.5 18.0 .2 69.7 28.1
X 63.7 110.3  16.80 60.9 16.8

VAR. M.S. 13,9%% 1.5%*% 823,1%%  1028,1%%
7708  ERROR M.S. .9 ) .2 8.9 19.5
X 66,1 No Data 13.83 24.6 34.8

VAR. M.S. 10,3%* 23.0 .6 90.0%* 13.5%%
7705  ERROR M.S, 2.0 8.4 .8 19.2 1.8
X 67.0 84,2 15.23 68.1 6.2

VAR. M.S. 2.7%% 11.7 1.6%%* No Data No Data

7706  ERROR M.S. N 4.9 .3
X 50.6 111.5  17.36

%, #*Significant at the P = .05, P = .0l level, respectively for the "F-

test."

Environments are coded as in Tables
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Table 14 (Cont'd.)

Test (KG/HL) Plant Protein Plump . Thin
Environments Weight Weight' Percent Percent Percent
7602 -VAR. M.S. 3.0% 86.1% 1.3%% 86. 0%* 33.1
ERROR M.S. .7 19.0 .2 11.1 14.5
X 68.6 62.8 9.69 29.9 23.7
VAR. M.S. 5.6 216. 0% NE 281, 9% 5. 4%
7608 ERROR M.S. 2.4 25.4 .2 9.1 T1.2
X 70.2 81.7 13.23 57.1 8.5
. VAR. M.S.  14.2%% ' 11.9 7 690.4%%  845,9%%
7702 ERROR M.S. 1.7 14.3 .3 4.8 14.0
X . 64.0 43.3 ©15.44 31.0 32.6
VAR. M.S. 2.0 L 62.2% .8 984.1%%  153,3%%
7711 ERROR M.S. 1.1 20.0 A 21.4 3.4
X 63.5 85.3 13.15 58.7 10.4
. VAR. M.S. 24.1%% - , .. Ll.5%% 29 gkx 67.0%%
7609 ERROR M.D. 1.5 - .2 .8 6.3
X 58,1 No Data 13.27 25.4 - 7.2
Mean of ERROR M.S. 1.847 13.07 .3066 23.54 13.58
ENVIRON. X . 64.2 87.5 14.49 49.40.  16.70
D.F. 70 . 50 70 65 65
%, #%Significant at the P = .05, P = .0l level, respectively for the "F-

test."
Environments are coded as in Tables
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Figure 17.

Mean percentage analysis and Duncan's Multiple Range Test* comparing the

pattern and range of quality component responses of six Titan heading date
isotypes ordered according to heading dates, at each environment.

*Separate letters denote significantly different means.
P

non-significant differences (P = .05).

Similar or no letters denote




101

ENVIRONMENTS

1977 HUNTLEY, IRR. (7709)

1,307, 2
o
Laall S
- \
fod
1.00 ] S
o rcemnd
A | AlA A
fog No Data B|8ls]|sln|alf
Ehos 1979 KALISPELL, IRR. (7606)
o -
%) i
- ety
1.00 ] B
B B cc B[ |a B|B
@ 9o atalals|s|Blcic|efalr]|c|e|B|B|B|B|aLaslcled alalalalnlalTlclc
@ | |
4 1977 HUNTLEY, DRY (7708)
12}
2 1.30 pon. @ o e o
W bl B Al Lal
- olrle In|m
5 - it o ot
g 1.00 —
]
5 E ED 6 C 0
g 70_Jalalslale No Data  Ia lalala lals plclalalaln :
§ 1977 KALISPELL, DRY (7705)
g 1,30 -
n. [ A7
-
1.00 Bzl
B A |A D (C B |A A |B |A
70 lclc e |8 I8 |a 63o fp|ajc (B |a]a]s |c|B|c
1977 KALISPELL, IRR. (7706)
1.30
1.00
e D
0lalafals A ls B s fs|s s o] No pata sl
Isotype 'E D T M L V'ED T ML VEDTMLVEDTMLVEDTMLYV
Variable Test Weight Plant Height % Protein $ Thin % Plump

Figure 17: (Continued)




102

ENVIRONMENTS
1976 HAVRE, DRY (7602)
308
r—d
1.00 —
KL B
A AlA BIB|A|A|A l A|A
.7QJB|B|BJA[B[BIc|cicipinin|{alAIAIAIBIB A|B|B[B|A
it 1976 HUNTLEY, DRY (7608)
] _{
.—'—T
1.00_‘_7 )
A A A A JA|B |B|B A B
i 70, BiB|B|B|Aa (A lA Blaialp jplcicicic Alalciclp
wu
z
o 1977 HAVRE, DRY (7702)
B4l 30 | e
o i £ i b
Z o] e
£ 1.00] A
3]
3
D D D
A |A C
& 70l8 |8 |a |a |B |c S0 .64c Is B |A |a|B|B L4
€ l |
g 1977 FT. ELLIS, DRY (7711)
1,30, ey il
m
& 21 21
o S o
1.00
B BB D
70 B|B |a[a]|a 37 53,63]A |A|A |Aa]|a|A[cC]|B|64
1976 HUNTLEY, IRR. (7609)
130 VARSI
. o o]
vy -~
- -
1.00_
o o
70lA ] A Bla |B No Data | alalaleyslasjalalalp]Bfc
Isotype E D TuMot V'R DR MILINED ML ViR D NN LS R DT N
Variable Test Weight Plant Height % Protein % Thin % Plump
Figure 17: (Continued)




103
There was a relatively small range of response in test weights amdng
the isotypes, and an examination of the mean percentage analysis
(Figure 17) reveals that the response pattern between isotypes was
variable between environments. The pattern of significant mean dif—
ferences for plant heights (Figure 17) revealed that the extreme types
(i.e., early being Fheyshortesﬁ and very late being the tallest) wefé
‘significantly different at most environments. The meén isotypes re-
sponse over all environments (Figure 1) showed a gradual increase in
height with a delayed ﬁeading date and was positively correlated to
headihg dates (Table 15). The pattern of plant height responses be-
tween isotypes is uniform across environments (Figure 17). However,
the magnitude gnd range of responses varied between environments, as
they did for kernels per spike (Figure 3).

The Duncans Multiple Range test on percent protein reveals that
in general only a few of the six isotypes were signifiéantly different
from the other isotypes in each environment. Thé range of response in
percent protein was smaller than the other morphological traits, as
shown by the mean percentage analysis (Figure 17). The pattern of re-
sponse was not consistent between environments, and the mean response
over all environments showed nonsignificant differences in an analysis
of variance test (Table 12). In the‘spéce planted environment (Table 8
and Figure 2) the early isotype produced a highly significant protein

response.




Table 15.

Correlation matrix between all traits studied for each isotype averaged over
all environments (N=6). (Genetic Variation).

HEADING TILLER§/ KERNELS KERNEL TEST PLANT

%

%

%

YIELD DATE. 30 cm SPIKE  WEIGHT WEIGHT HEIGHT SHATTER THIN PLUMP
TEST
WEIGHT .86% —.64 .79 -.55 .61 1.00
PLANT .
HETIGHT -.32 .92%%  ~ 89% 2 92%% -, 70 -.30 1.00
% .
SHATTERING .48 ~—.94%% .82% -.90% . 89% .44 -.89*% 1,00
% THIN =,.82% ,92%% -, 96%% . 86% —.92%% - 84%* .80 ~.83% 1.00
% PLUMP .79 —.94%% .95%% -, 89* - . 96%% .75 ~-.80 87%  ~,99%% 1,00
%4 PROTEIN -.57 -.03 -.08 -.15 -.13 -.64 -.31 .20 24 -.15
%, **Significant at the P = .05, P = .01 level, respectively.

70T
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Due to sampling techniques, the overall plant height was ndE
studied in the space planted nursery. However, the main tillér‘iﬁ£e}—
node lengths were measured. The heading date isotypes had signifi- -
cantly different main culm internode length for the n-l1 and n--3 inter-
nodes (Table 8). The internode length to heading date correlations
were significant (r=.92%%) only for the n-3 internode, and in this_
environment may be considered to be the principal determinant of plant
height (Table 8). The nonstressed environment also produced signifi-
cant isotype effects in the leaf area, leaf length and leaf width for
the flag leaf to tﬁe-n—4 leaf of the main culm (Figure 12 and Table 8).

1

The range of percent thin kernels response among isotypes at most
environments is extremely large (Figure 17), and the pattern is not
consistent from one environment to the next. The Duncans Multiple
Ranges test (Figure 17) reveals significant differences among most iso-
t&pes at the eleven environments .(Table 14) with significant resuits.

In general, the mean percent plump response was divided into the
early and late heading isotypes. The three late heading isotypes were
usually found to be significantly different from each other with Dun-
cans Multiple Range aﬁalysis (Figure 1 and Figure 17). The later head-
ing isotypes also produced the lowest mean number of plump kernels, as
is shown in the overall mean percentage analysis (Figure 1). The mean
percentage also reveals that the range of responses between the iso-

types at each environment were smaller than those produced in the
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percent thin response, although the relative range across isotypes was
‘still much larger than most of the other measured traits (Figure 17).

It appears that in the range of envirqnments stpdied that test
weights, percent protein and percent thin kernels did not disﬁlay an
environmentally consigtent pattern of results, although there were sig—'
nificant differences found for each of these traits in most of the
environments. Plant height and percent plump did, however, produce con-
sistent patterns of significant responses across all environments.

These observations are indirectly supportea by fhe statewide re-
gression analysis. Although test weights, plant heighté, percent
plump, and percent thin all failed to produce detectable associated
isotype x environment interactions, the patterns diépiayed by the
intersecting regression lines implies that, test weights response dif-
ferences were largest in low test weight environments (Figure 18) and
percent thin response differences were largest in high percent thin
environments (Figure 19) (high stresses?). 1In contrast to these pat-
terns of intersecting élopes,‘percent plump and plant height responses
generally produced parallel lines, with the ranking of resﬁonses main-
tained across all environments (Figures 20 and 21), implyiﬁg pleiotro-
pic'responses for plant height and percent plump kernels with genetic
heading dates. The fact that the genetic correlations between mean
heading dates, percent plump and kernel weights is quite high when

averagéd over 14 yield trial environments (Table 15) and low in a space
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planted nursery (Table 16) implies that these quality compoﬁents éfé a
related to heading dates' influence on moisture stresses. On the other
hand, the high correlations between plant height'and heading dates in
~ the yield trials (Table 15) and the main tiller internode length and
_heading date in the space planted nursery (Table 16) iﬁpl{és that plant.
heights are due to genetic pleiotropy with heading dates, as reported
by Dixit (1973), and therefore soil moisture differences don't express
a strong interisotypic effect.

Percent plump and thin kernel responses, therefore, seem to be
dependent upon the relative environmental differences created by gene-
tically different heading dates, specifically water availability.dif—
ferences.: Whereas plaﬁt heights seem to be due to genetically altered
duration of growth. This is supported in part by the observation that
environmenfally induced heading dates are significantly correlétea to
percent thin kernels, and qot to plant heights or kefnels per spike
(Table 17). The later plénted environments produced thinner kernels,
probably due to depleted soil moisture during kernel filling and due to
late tille?s, not establishing full kernel weights. Kernel weight re-
sponses were also negatively correlated to genetic as well as an envi- ~
ronmentally induced hea&ing dafe differences (r=-.88% and r=-.79%%), for
the same reason. |

The lack of any significént genetic correlations between percent

protein and the other traits in the yield trial environments and the




Table 16. Correlation matrix between mean trait responses for six Titan maturity isotypes grown in space planted
conditions (Bozeman, 1977). (N=9) ; o

HEADING . SPIKES/ KERNELS/ KERNEL # RACHIS SPIKE AWN % A % TEST

DATE  YIELD  PLANT  SPIKE  WEIGHT SPIKELETS NODE LENGTH LENGTH PROTEIN PLUMP THIN WEIGHT
. S L LENGTH , : :

LENGTH .03 ..25 .34 .04 -.24  -.05 1.00
SPIKE ' : S . . :
LENGTH ~.94%%  .94%%x. .63 -  .96%k%x - =.35 .96%* .19 - 1.00 .
AWN -.56 -.56  -.04  -.78% L67%% . —, 75% 11 -.70% 1,00 i
LENGTH B ' ’
% - o o o ~
PROTEIN -.74% 725 47 -.79% LB4KE o B4 -.10  =.73% ° .78% 1.00 -

. . .« - . ) ool

‘ ’ : N

PLUMP. ~-.35 = -.35 .34 .40 - .73 .46 .05 -.39 .43 .59 1.00
7 THIN .31 .31 .33 31 765 .37 - .09 .28 -.33 ° -.58  S.90%*% 1.00
TEST . o , , _ . . . . o .
WEIGHT .36 .18 .25 .30. —.84%% .43 -.39 . .21 -4l - 77F T —l47 .57 1.00

%, **Significant at P = .05, P = .0l level, respectively.




Table 17.

isotypes. (Enviromnmental Variatiom).

Correlation matrix between-all traits studied for each enviromment averaged over all .

TEST

HEADING TILLER/ KERNELS KERNEL PLANT 7 . % % %
YIELD - DATE <30 em SPIKE WEIGHT WEIGHT HEIGHT SHATTER THIN PLUMP PROTEIN
TEST _ ' - ' '
WEIGHT .16 -.21 .-.16 -.29 38" 1.00
PLANT : - o .
HEIGHT .51 -.29 .55 ~.52 40 -.38  1.00
SHATTERING .44 - -:48 . .50 - 73%% 46 .12 .39 1.00
% THIN . .01  .70%  —.28 40 . -.24 11 -.49  -.39 1.00
% PLUMP 40 - 46 -.04 .66 T 72%x% .19 J71%% US4 —.69%%  1.00
.05 .00 .36 .20 -.35 .55 .52 .15 .50.. 1.00

% PROTEIN -.22

*, **Sjignificant -.at P = .05, P =';01 level, respectively. (Degrees of Freedom1Varies)_

€11
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relatively smal[ degree of Interaction (Flgure 22) is probably due to.
the strongly compensating components can51ng non51gn1f1cant yield d1f—‘
ferences. Thus, the number of'spikes per‘unit‘area were similar among .
the isotypes;‘and-the distribution-of available‘nitrogen would not have'
'been different. In the space planted env1ronments, there were large: |
and 81gn1f1cant yield differences caused by the number of kernel ~com-
ponents causing strong correlations With percent protein.l Thus, itﬂ‘
seems that,the number'of'kernels/unit area is the principal3factor'
~affecting the protein.content of the kernels. | | |

Environmentally induced correlations (Tahle ll)psuggest that envi-
ronments.producing taller plants'will'prodnce plumper and heapier o
kernels._‘It is also-implied that a date'planted en?ironment will‘pro—
duce more thin kernels and lighter:kernels. It seems that.an:environ—
mentally induced chanéerin heading‘date Within an'isotype will approxi-
mate a.geneticall&jinduced.heading date change amoné.the isotypes-in |
the percent thin response,,the‘kernel Weight response; and possiblpxin :
the percent_plump resPonse,'supporting similar obsernations with the
yield component responses.

-The'rationale explaining‘these similarities in environmentallp
versus genetically 1nduced responses 1s again based on both the re-
duced soil m01sture'and the reduction in. period from planting to |
: heading associated with later planting dates. .An early-planted envi4

ronment will maintain the vegetative stage longer due to'reduced_
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Figure 22. Regression analysis showing responses of percent protein in the
kernels of six Titan heading date isotypes over 14 environments.
* %% Significant at p = .05, p = .01, respectively. t t-test shows
probability (p = .05) that Ho: b # 1.00.
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daylength and temperatures than a late planted environment, allowing a
plant to grow tallgr and still head earlier in the growing season. The
resultant greéter available soil moisture allows pluﬁpgr and heavier
kernels to be developed.

Moisture stresses at the flowering and soft dough stages have been
‘reported to reduce kernel weights and plumpness (Day and Thompson,
1975; and Wells and Dubetz, 1966), which is consistent with the obser-
vation that the organ developing most rapidly at the period of'sfress
-will show stress the most (Aspinali et al., 1964). Thus, it is ‘logical
that the trait best used for drought resistance selections would be
kernel weight and size as suggested by Wells and bubetz (1966), and not
heading date'pleiotfopic characters such as plant heights, leaf areas
or kernels perlspike,'since kernel development occurs during the befiod
of greatest water deficiency near the end of the growiné season.

Two studies on the inheritance of kernel wéights, kernel size,
plant heights, and test weights have reported both positive and or
1’ F2, an<h:1‘F3
generations (Morsi and Abo—Elenein, 1975; and Nasr et al., 1974). The

negative genotypic correlations between these traits in F

results are consistent with those reported here. However, no efforts

were made in either study to measure heading date differencés of heri-
tabilitiesf It is a strong possibility that the genetic cofrelations

are due to pleiotropic effects caused by heading date differences

alone, since their responses follow very closely the responses observed
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in the isotypic series studied here. Caution should be taken in heri—
tability studies to not assume linkages, but to look for a commo;‘
genetically controlled trait that may control the other morphological
responses by adjustments of the developmental allometry of the plant.
If a controlling‘genetic trait does exist, then selection for any of
the correlated traits will be c&nsistent and dependent upon the expres—‘
sion of the controlling gene, implying linkage which is in fact pieio—

.tropy.

SOIL WATER EXTRACTION EXPERIMENT

Analysis of variance comparing varietai effects oﬁ soil moistures
at each depth in the Fort Ellis, 1977, experiment revealed né signifi~
“cant differences betwéen isotypes at any soil depth. The reasen for
this is quite possibly due to the extremely dry conditions af that
location causing a uniformly dry soil moisture regime down to the third
foot level. Beyond this lével theré was an inconsistent sandstone
hard-pan preventing sampling at some of the lower soil depths (Figure
23). The lack of significant résponses, probably due to either the
extreme soil variabilify or the consisteﬁt dryness of the soil, may
account for the lack of an& significént correlations with moisture con-
tent at the soil depth studied.

The Bozeman, 1977 experiment was irrigated once, but did show

significant differences at the first three foot levels, and‘ the
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responses were more uniform among the soil depths. The soil is'gg"i
Amsterdam silt loam which has a charaé;eristic mollic epipedon to about
30 cm, a B2 argillic horizon, and a CCa horizon starting at approxi-
mately 120 cm and continuing to about 240 cm. The hiéhést yieiding
isotype (early composite) removed the most soil moisture from the first
30 cm level. The laFe isotype withdrew the least water from‘the first
two 30 cm levels (Figure 23), resulting in significant correlations
between heading date and percent residual soil moisture at the first
and third 30 cm levels (r=.92%*% and .85%, respectively, Figure 24).
Although at only one location, these correlations seem to refute the
hypothesis that later heading isotypes wi;l utiliée more soil moisture:
However, yield must be considered in this implified statement. Yield,
spikes/30 cm2 and kernel weights are all negatively correlated to head-
ing date at this environment (r=-.87%, =.88% and -.99%* respectively).
Thus, the heading date to moisture correlations are probably due to
increased demands due to higher yields caused by increased tillers‘and
kernel weights in the early isotypes as shown by the negative correla-
tion between kernel weights and the first 30 cm soil moisture and the
similar pattern of these traits to residuai soil moisture at each depth
(Figure 24). Kernels per spikenwere positively correlated to’heading
date and éonsequently to the percent moisture at the third level (r=
.92%% and .84%, respectively). Thus, it appears that if differen;

maturities create yield and yield component response differences, these




CORRELATION TO SOIL MOISTURE
=

-1.0
EARLY +

Figure 24:

KERNEL

# ,SPIKES
4%V 1ED
¢

(30 CM)

Correlations of heading dates, spikes/30 cmz, kernels/spike, kernel weights
and yield to residual soil moisture at each soil depth in Bozeman, 1977.

01




121
responses may be due to differences in utilization of the soil moistdre.
associated with érowth differences, supporting our previous hypothesis.
of hormonal component controi being depepdent upon moisture availa-
bility.

The correlation pattern present. in the 6th 30 cm level is also
illustrative of maturation rate induced pleiotropic responses. The
development of root sjstems is a highiy codrdinated;ﬂhormonallf regu—
lated process with strong,.streSs related compensatory growth patterns
(Grosset ét al., 1975). Thus, a positive correlation between‘heading
dates in the first 30 cm levels, implies a reduced utilization of soil
moisture for the late heading isotypes, possibly caused by the ability
of the‘later types to develop roots into the lower foot levels due to
the increased growth duration. This explains the plant height to soil
moisture correlation at level six (r=-.82%), and correlations of pef—
cent moisture to kernels per spike and kermel weights (r=-.86% aﬁd .83%,

respectively) and probably the associated correlations to heading dates.

PERCENT SHATTERING

Percent shattering was measured While determining spikes/30 cm2
and seeds/spike. In the material studied, it could be considered as a
pgoduét of éiffering heading dates, since each environment was har-
vested at the same time and the earlier heading isotypes were direr and

more apt to shatter. The. shatter percentages are, however, very small
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and‘the degree of shatteripg is dependent upon handling of the éolf
lected heads, as well as the heading date and the dryness at harvest as
shown by the correlation to heading dates (Table 15). The small per-
centages combined with the variable nature of expression reduced the
probability of obtaining any regular pattern of response between iso-
types at different enviromments as shown by the statewide regressién
analysis (Figure 25). There were only two of the total twelve environ-
ments studied which produced significant isotypic effects in thg per—
cent shattering response and thus, this trait is not summarized in thé
parallelipiped ahalysis, nor by the Duncans Multiple Range test. The
late heading isotype did have a significant isotype x environment
interaction (Figure 25). -The genetic heading date differences between
the isotypes produced a strong pattern of genetic correlations between
percent shattering and the other variables (Table 15) correlated to
heading date.

Chlorophyll response differences were also minimal énd non~-signi-
‘ficant. Consequently, the -analysis of thié trait was not included in

this report.

SOURCE SEED ANALYSIS

The possibility exists that due to the observed difference in ker-
nel weights, percent plump and percent thin kernels between the early

heading ‘and late heading isotypes, a difference in number of kernels
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planted could have occurred with the method used for measuring seeds. .
The source seed was increased in 1975 at Bozeman to assure similar
environmental background. If the source seed used to plant these nur-
series was significgntly plumper for the earlier isotypes than for the
later isotypes, then the number of kernels planted per 30 cm2 could
have been significantly fewer for the earlier than the later heading
isotypes. If this occurred, then the early isotypes would have been
able to produce more tillers due to more available space and the plump-
er and more vigorous seedlings. To avoid this, the source seed was
tested for kernel weight, number of kernels in the container used to
méasure kernels, and the weight of the kernels in this volume. Ten
replications were used for each analysis of variation and a Duncan's
Multiple Range were performed on each test. |
The results of this analysis are presented as a parallelipiped in
Figuéé 26. There were significant differences between ghe isotypes for
each variable studied. However, the range of responses were very.smali
and consisted of a minimal percentage of the total mean response in
gach trait. It is concluded that a vafiation of 300 to 350 kernels per.

30 cm is not going to cause the range and magnitude of yield coﬁponentA

responses observed in this study..
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Figure 26: Mean Percentage analysis histogram and Duncan's Multiple
Range Test* comparing the mean kernel weights, and number
of kernels and weight of 11 gram planting volume for the
source kernels of the environmental yield trials.

*Separate letters denote significantly different means
(p = .05).
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CONCLUSIONS

The genetic heaaing date of a plant is going to pervade all as-
pects of a plant's growth and adaptation to an environment. The typi-
cal complexities of studying heading dates have been alleviated by
using isogenics with genetically different heading dates, but similar
degrees of photoperiod and thermal sensitivities, due to the common
Titan genotypes. The similar degrees of sensitiﬁity have eliminated
most isotype x envifonment interactions for heading date expression
which have previously confounded this type of study (Bell, 1939;
Takahashi and Yasuda, 1971).

Analysis of the traits by correlation, path analysis, regression,
analysis of variance, Duncan's Multiple Range and percentage of the
mean analysis have shown that the responses are mediated by the heading
date of the isotype in two ways. The.simple genetic elongation of the
growing period will affect those traits which are dependent upon growth
rates, and which are under the stroﬁgest genetic control and were shown
to have minimal degrees of genotype X environment interactions as shown
by a statewide regression analysis..

Wgter availability was the second factor affected by genetic head-
ing date. In Montana environments, the majority of available water
has been shown to arise mainly from spring precipitation. Thus, as the

growing period progresses, the amount of residual soil moisture is
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depleted. Early heading isotypes will consequently have more avéi%@ble
water at any one developmental stage than the late heading isotyﬁe;i::J'

The yield and yield component responses were controlled by genetic
heading dates over the fourteen yield trial environments and one.space
planted nursery in.the same two manners. However, due to the develop-
mental allometry of the yield components, path analysis could be ﬁsed ‘
to clarify their felafive effects on yield and on each other,'és,ﬁell
as the other described methodé of analysis.

Parallelipiped analysis fevealed that tillérs/BO cm2 and kernels
per spike typically had larger differences in response between the iso-
types than did kernel weight. However, correlation analysis at each
environment revealed ‘that tillers/30 cm2 and kernel weights were not
consistently significantly or negatively correlated to headiné aates.
Kernels/spike were highly correlated to fhe genetically determined
heading date in ail but on environment, including the space planted
nursery. Statewide regfession analysis also revealed that_tiilers/30
cm2 and kernel weights‘produce more mean associated genotype x environ~
ment interactions than the envirommentally consistent kernels per spike
response.' It was poétulatéd that insteéd of tillers/BO'ch being under
strong genetic conFrol as postuléted by previous authors, that kernels
per spike is genetically and hormonally controlled and expreéses a
strong feedback effect on tillers/30 cm2. Kernel weightvresponses

seem to be mediated by the compensating pattern of the first two
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components and their aemand on nutrients. ‘The genetic maximum'kérﬁélf‘
weights ﬁay be controlled by palea and lemma, however, the size oflthé
palea and lemma does not seem to be controlled by the size of the leaf
meristem as postulated by Grafius (1978).

The environmentally induced response'of each isotype revealed that
of the yield componenfs tillers/30 cm2 and kernel weighté expressed the
strongest direct effect on yield responses. This supports the conclu—'
sions found with genetic heading dates that these two traits are the
most variable among environments. The unaccounted for portion was
large, preventing definite conclusions.

When each environment was analyzed separately, -it was found that
those environments‘which were planted early, headed early. In these
early heading environments, the primary component controlling yield was
kernels pef spike, pefhaps due‘to the larger amount of residual éoil
moisture remaining after the late heading isotypes spike deve;opment
was complete. This may allow lateltillers to be developed, reducing
the tiller differences between the early and the late isotypes. Any
vield differences between 'the isotypes would thus be due to the consis-
tent kernels/spike advantage of the late isotype.

In the later planted enviromments where residual soil'moisture
becomes more limiting, and stresses become greater, the early isotypes
consistently producea more tillers/30 cm2 and fewer kernels per spike,

but heavier and plumper kernels than the late heading isotypés. In
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these late planted environments, tillers/30 cm2 expressed the stréngesf,
direct effect on yield, due to the large tiller differences between
isotypes. The larger number of tillers found on the early heading iso-
types was theoretically due to more residual soil moisture remaining
after spike development than is found with the late isotypes. This
greater residual soil moisture allowed a second crop of tillers to

occur in the early .isotypes, thus affecting yield. In support of this

theory, soil moisture determinations revealed more residual soil mois~

ture at the fifth énd'sixth foot. level for the early types than the
later isotypes aftef harvest, in one environment measured, even though
less moisture was available at the first foot level. |

These findings imply that under field conditions selection between
plants for actual til;er numbers will not be effective. Kernel weight
selection will be more effective, especially for drought, but will
still be largely influenced by enviroﬁmental factors. Kernels per
spike will be the most heritable and stable compoﬁent to select for in
populations with varying yield components. Possibly‘the best combina-
tion of traits for Montana environments will be an early cultivar that
proauces a better than average numbef of kernels per spike with a |
moderate but stable ability to tiller. This is especially true in
Montana, since in most commercial fields plants produce only 6ne or two

tillers.
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The morphological responses support the conclusions baséd upon the
yield and yield component responses. Plant heights revealed a consis—
tent pattern of response between the enviromments, and an overall
posiFive cqrrelation to hea&ing dates. Also leaf width, length, and
area were positively correlaged to heading &ates in a space plantéd
nursery, as were main culm iﬁternode lengths. These positive correla-
tions to heading date, and the consistent environmental respoﬁsg of
plant heights all imply pleiotropic responses similar to kernels‘per
spike. Plant heights also had a weak correlation to’environmentally
induced heading dates, as did kernels per spike, and there were no
isotype x environment interactions found.

“Kernel traits such as percent plump, percent hin, were shown to be
correlated to heading dates. But, unlike the previously mentioned
traits,ithe responses of tﬁese traits are highly affected by environ-
mental variation. This was shown by large degrees of genotype x envi-
ronment interactioms in the regression analysis and the range of
response patterns in the parallelipiped analysis.

Also these traits were not correlated to heading dates in the
space planted nursery as they were in the average drilled nursery,
implying stress induced correlations as were found for kernel weights.

'The environmentally and genetiéally induced variaﬁions both pro-

duced significant correlations between heading dates and kernel weights
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and percent thin kernels. This implies that genetic andlenviroﬂmeﬁta;_
delays in heading dates affect kernel development éimilarly.

Further research is needed to verify this hypothesis of yield com-
ponent control. One method would be to analyze isogenics for two and
six row barleys to determine whether £he genetically increased kernels
per spike qonsistently reduces the number of tillers. Also, early and
late heading isotypes.in combination with the two and six row isotypes
could reveal any interactions of these genetic traits on the yield com-
ponent responses. Soil moisture étudies incorporating yield component

responses should also .be made in greater detail.




REFERENCES

Aase, Krlstlan, 'J. 1971. Growth, water use and energy'balance com= -
" parisons between 1sogen1c llnes of barley. Agron. J. 63:425-428.

‘Abo-Elenein, R. A._and L. R. Morsi. 1975. Estimation of‘genefic

Variability and its components, heritability and correlation of
qualitative characters in barley.  Yugo. Journ. of Agr. 9-10:5-16.

Adams, M. W. 1967. Basis of yield component compenéatiqn‘in crops -
plants with special reference to the f1e1d bean. Phoseolus
vulgarls Crop Sci. 7 505 510

Aspinall, D. 1961. The control of tlllerlng in the barley plant 1.

. The pattern of tillering and its relation to nutrlent supply.
Aust J. Biol. Sc1. 14:493~505.

Aspinall, D. 1963 The control  of tillering'in'the barley piant
1. The control of tiller-bud growth durlng ear development..v
Aust. J. Blol .Sci. 16: 285 304. .

Aépinall, D. 1965. The effects of soil moiétﬁre stress on the growth
of barley. II. Grain growth. Aust. J. Agric. Res. 16:265-275.

Aspinall, D. 1966. Effects of day length and light intensity on
growth of barley. 1IV. Genetically ‘controlled variation in
response to photoperiod. Aust. J. Biol. Sci. 19:517-534.

Aépinali D. and L. G. Paleg, 1963. Effects of dayleﬁgfh and light
intensity on growth of barley. I. Growth and development of
apex with fluorescent light source Bot. Gaz, 124:429-37.

Atklns, R. E. and C. E. Manglesdorf . 1942, The 1solétion'of isogenic -
lines as a means of measuring the effects of awns and .other
characters of small grains. Agron. J. 34:667- 668.

Barnes; A. 1977. The influence of the length of the growth perdiod
and planting‘density on total crop yield. "Ann. Bot. 41:883-875.

Batch, J. J and D.. C. Morgan. 1975 The influence of Brlef-expdsureé
to short days on the growth and ‘development of barley. . Journ. of
Exp. Bot. 26:596-608. '

Beil, G. D. H.. 1939. A study on the date of ear emergence in barley.
Journ. Agr. Sci. 29:175-228. - , .




133

Biscoe, P. V., J. N. Gallagher, E. J. Littleton, J. L. Monteith and
R. K. Scott. 1975. Barley and its environment. 1IV. Sources<of
assimilate for the grain. J.- Appl. Ecol. 12:293-318.

Bonnett, 0. T. 1966. Inflorescence of Maize,:Wheét, Rye, Barley and
Oats. Their Initiation and Development. Univ. of I1l. Coll. of
Agric., Agr. Exp. Stat. Bulletin 721.

Borthakur, D. N., and J. M. Poehlman. 1970. Heritability and genetic
advance for kernel weight in barley (Hordeum v1dgare L.). Crop
Sci. 10:452-453,

Borthwick, H. A., M. W. Parker, and P. H. Heinze. 1971. Effect of
photoperiod and temperature on development of barley. Bot. Gaz.
103:326-341.

Campbell, C. A. and D. W. Reed. 1968. Influence of air temperature,
light intensity, and soil moisture on the growth, yield, and some
growth analysis characteristics of Chinook wheat grown in the
growth chamber. Can. J. Plant Sci. 48:299-311.

Cannell, R. Q. 1969a. The tillering patterm in barley varieties.
I. Production, survival and contribution to yield by component
tillers. J. Agric. Sci., Camb. 72:405-422.

Cannell, R. Q. 1969b. The tillering pattern in barley varieties.
II. The effect of temperature, light intensity and daylength on
the frequency of occurrence of the coleoptile node and second
tillers in barley. J. Agric. Sci., Camb. 72:423-435,

Carleton, A. E. and W. H. Foote. 1968. Heterosis for grain yield and
leaf area and their components in two. x six-rowed barley crosses.
Crop. Sci. 8:554-557.

Conrad, J. P.. 1937. The effect of variations in the yields of barley
upon the amount and districution of the residual soil moisture.
Agron. J. 29:145-152,

Crossett, R. N., D. J. Campbell and H. E. Stewart. 1975. ‘Compensatory
growth in cereal root systems. Plant and Soil 42:673-683.

Day, A. D. and R. K. Thompson. 1975. Effects of soil—moisture‘regimes
on the growth of barley. Agron. J. 67:430-533. ‘




134

Dewey, D. R. and K. H. Lu. 1959. A correlation and path-coefficient ;'

analysis of components of crested wheatgrass seed production.
Agron. J. 51:515-518.

Dixit, R. K. 1973. Genetic variability, interrelationship and herita-
bility studies on yield and its components in barley (Hordeum
vulgare L.). Madras Agric. J. 60:1206-1209.

Dashora, S. L. A. K. Rathore, S. B. Tikka, and R. K. Sharma. 1977.
Correlation and path-coefficient analysis for morphophysiological
characters in barley. Indian J. Agric. Sci. 47:381-385.

Downs, R. J. Piringer, A. A. and Weibe, G. A. 1959. Effects of photo-
period and kind of supplemental light on growth and reproduction
of several varieties of wheat and barley. Bot. Gaz. 120:170-177.

Eslick, R. F. and E. A) Hockett, 1974. Genetic engineering as a key to
water-use efficiency. Agric. Meterol. 14:13-23.

Fairey, D. T., L.- A. Hunt, and N. C. Stoskopf. 1975. Daylength influ-
ence on reproductive development ‘and tillering in 'Fergus barley.
Can Bot. 53:2720-2775.

Faris, D. G. 1974. Yield development in four isogenic lines d1ffering
in awn length. Can. J. Plant. Sci. 54:315-322.

Faris, D. G. and A. A. Guitard. 1969. Yield and primary culm yield
components of two spring barley cultivars as infliuenced by tempera-
ture, daylength and growth stage. Can. J. Plant. Sci. 49:701-713,

Favret, E. A. 1975. Genetics and breeding techniques for improving
resistance to a) Pests and b) Environmental stress conditions in
Barley Genetics III: Proceedings of the third Int. Barley
Genetics Symposium. Verlag Karl Thienig Publ., Minchen.

Favret, E. A. and J. H. Frecha. 1967. Allelism test of genes for
earliness. Barley Newsletter 10:221.

Ferguson, H. 1974, Use of variety isogenes in plant water-use effi-
ciency studies. Agric. Meteorology 14:25-29.

Fiuzat, Y. and R. E. Atkins. 1953. Genetic and - environmental vari-
ability in segregating barley populations. Agron. J. 45:414-420.

Frey, K. J. 1954, Inheritance and heritabilities of heading date in
barley. Agron. J. 46:226-228.




135

Frey,'K. J. 1959a. Yield componénts in oats. I. effect of seeding
date. Agron. J. 51:381-383. ' '

Frey, K. J. 1959b. Yield components in oats. III. Their contribu-
tion to variety x location interaction for graln yield. Agron. J.
51:744-746."

Gallagher, J. N., P. V. Biscol and R. K. Scott. 1975. 'Barley and its
environment. - V. stability of grain weight. J. Appl. Ecol. 12:

319-336..

s and - 1976. Barley and its environment.
VI. Growth and development in relation to yield. J. Appl. Ecol.
13:563-583. . :

Grafius, J. E. 1956. Components of yield in oats: A geoﬁetrical_
interpretation. Agron. J. 48:419-423, 1956.

Grafius, J. E. 1961l. : The complex tra1t as a geometrlc construct.
Heredlty 16:225-228.

Grafius, J. Et 1964. A geometry for plant breeding. - Crop Sci. 4:
241-246. ‘ .

Grafius, J. E. 1969. -Stress: A mnecessary ingredient of genotype x
environment interaction. Second Int. Barley Genet. Conf., Pullman
WA. )

Grafius, J. E. 1971. Competition for environmental resources by com-
ponent characters. Crop Sci. 12:364-367.

Grafius, J. E. 1978. Competition for environmentalrresources by com-
s ponent characters. <Crop. Sci. 12:364-367.

Grafius, J. E. and J. Bérnard 1976. The . leaf canopy as reléted to
yield in barley (Hordium vulgare L.) FEmend., Lans. Agron. J.
68:398-402, .

Grafius, J. E. and L. B. Okoli. 1974. Dimensional balance among yield
components and maximum yield in an 8 x 8 d1a11e1 of barley. Crop
Sci. 14:353- 355 -




136
Grafius, J. E. and R. L. Thomas. 1971. The case for indirect gehetic

control of sequential traits and the strategy of deployment of .7
environmental resources by the plant. Heredity 26:433-442.

Grafius, J. E., R. L. Thomas, and J. Barnard. 1976. Effect of
parental component complementation on yield and components of
yield in barley. Crop Sci. 16:673-677

Grant, D. R. 1970. Some measurements of evaporation in a field of
barley. J. Agric. Sci., Camb. 75:433-443.

Guitard, A. A. 1960. The influence of variéty, temperature, and stage
of growth on the response of spring barley to photoperiod.
Canadian J. of Plant Sci.. 40:65-80. ’

Guitard, A. A., M. C. Kaufmann, and A. D. McFadden. 1960. A note on
the value of the yield: maturity ratio vs. an index to yield
efficienty of cereal varieties. Cereal News 5:3-6.

Gustafsson, A., I. Dormling, and G. Ekman. 1974. Phytotron ecology
of mutant genes. V. Intra- and interlocus overdominance involv-
'ing early mutants of bonus barley. Hereditas 77:237-254.

Hémid, Z. A, and J. E. Grafius. 1978. Developmental allometry and its
implication to grain yield in barley. Crop Sci. 18:83-86.

Hérlan, H. V. 1920. Daily development of kernels of Hannchen barley
from flowering to maturity at Aberdeen, Idaho. Journ. of Agr.
Res. 14:393-429.

Harlan, H. V. and S. B. Anthony. 1920. Development of barley kernels.
in normal and clipped spikes and the limitations of awnless and
hooded varieties. Journ. Agr.. Res. 19:431-472.

Harlan, H. V. and M. M. Pope. 1923. Water content of barley kernels
during growth and maturation. Journ. Agr. Res. 23:333-360.

Hough, N. M. 1975. Meteorological models for the effects of weather
on barley development and yield. Progress in Biometeorology 1:
240~251.

Johnson, L. P. V. and A. M. Eunis. 1964. Inheritance of earliness in
a six-parent diallel cross of barley. Adv. Frontiers of Plant
Sci. 9:111-118.




137

Kirby, E. J. M. 1967. The effect of plant density upon the growth and
yield of barley. J. Agric. Sci., Camb. 68:317-324.

Kirby, E. J. M. 1969. The effect of sowing date and plant density on
barley. Ann. Appl. Biol. 63:513-521.

Kirby, E. J. M. 1970. Evapotranspiration from barley grown at dif-
ferent plant densities. J. Agric. Sci., Camb. 75:445-450.

Kirby, E. J. M. 1977. The growfh of the shoot apex and the apical
dome of barley during ear initiation. Ann. of Bot. 41:1297.

Kirby, E. J. M. and D. G. Faris. 1972. The effect of plant density on
tiller growth and morphology in barley. J. Agric. Sci., Camb. 78:
281-288. .

Kirby, E. J. M. and H. G. Jones. 1977. The relations between the main
shoot and tillers in barley plants. J. Agric. Sci., Camb. 88:
381-389.

" Kirby, E. J. M. and J. L. Rymer. 1974. Development of the vascular
system on the ear of barley. Ann. Bot. 38:565-573.

Leakey, R. R. B. 1971. The effect of chahgiﬁg plant density on floral '
initiation and development of barley. J. Agric. Sci., Camb. 77:
135-139.

McNeal, F. H., C. F. McGuire and W. A. Burn. 1978. Recurrent Selec+
tion for grain protein content in spring-wheat. Crop. Sci. 5:
779~783. ' .

Murty, G. S. and K. L. Sethi. 1961. Variability in quantitative
characters in barley. Ind. J. Agron. 6:37-51.

Nasr, I. M., S. H. Massanien, A. K. Selim, and H. S. Sherif. 1974.
Genetic behavior of growth habit character and its relation with
other agronomic character in barley. Ann. of Agr. Sci., Moshtohor,
1:101-111.

Nasr, I. M., A. K. Selim, S. H. Hassanein and H. S. Sherif. 1974.
Genetic(behavior of date of heading character and its genetic
relation with other agronomic characters in barley. Ann. of Agr.
Sci., Moshtohor, 1:113-119.




138

Nicholls, P. B. 1974. The effect of daylength on the development of °
the barley inflorescence and the endogenous gibberellin concentra-
tion. (in) Mechanisms of Regulation of Plant Growth, R. L.
Bieleski, A. R. Ferguson, M. M. Cresswell, eds. The Royal Society
of New Zealand, Willington. 12:305-309. ’

Nicholls, P. B. and L. H. May. 1963. Studies on the growth of the
barley apex. I. Interrelationships between primordium formation,

apex length and spikelet development. Aust. Journ. of Biol. Sci.
16:561-571.

Nilan, R. A. (ed.) 1964. The cytology and genetics of barley: 1951-
1962. Monographic Supplement No. 3 ~ Research Studies, Washington
State University, Vol. 32.

Paleg, L. G. and D. Aspinall. . 1966. Effects of daylength and light
intensity on growth of barley. V. Response by plants in the
field to night interruption. Aust. J. Biol. Sci. 19:719-731.

Pandey, J. P. and J. H. Torrie. 1973. Path coefficient analysis of
seed yield components in soybeans (Glycine max (L.) Merr. ) Crop
Sei. 13:505-507. :

Paroda, R. S. and J. D. Hayes. 1971. An investigation of genotype-
environment interactions for rate of ear emergence in spring
barley. Heredity 26:157-175.

Ramage, R. T. and C. A. Suneson. 1958. A gene maker for the g chromo-
some of barley. Agron. J. 50:114.

Rasmussen,.D. C. and R. Q. Cannell. 1970. Selection for grain yield
and components of yield in barley. Crop .Sci. 10:51-54.

Riddell, J. A. and G. A. Gries. 1958. Development of spring wheat.
II. The effect of temperatures on responses to photoperiod.
Agron. J. 50:739-742.

Ries, M. N. 1977. Differences in seedling emergence, plant morphology,
and soil moisture removed by cropping, yield and quality compon-
ents and allelism of several Betzes barley brachytic isotypes.
Mstrs. thesis, Mont. State Univ., Bozeman, MT.

Riggs, T. J. and A. M. Hayter. 1975. A study of the inheritance and
interrelationships of some agronomically important characters in
spring barley. Theoret. and App. Genetics 46:257-264.




]

139 -

Schaller, C. W., C. 0. Qualset and J. N. Rutger. 1972. TIsogenic- .
analysis of the effects of the awn on productivity of barley. 'Crop
Sedi. 12:531-535.

Seth, G. S. and H. B. Singh. 1978. Relative importance of forage
yield components in barley (Hordeum sativum JESS). Forage Res.
4:53-59.

Sinnott, E. W. 1921. The relation between body size and organ size in
plants: Amer. Nat. 55:385-403.

Smith, L. 1951. Cytology and genetics of barley. Botan. Rev. 17:1-51;
133-202; 285-355. :

Snedecor, G. W. and W. G. Cochran. 1967. Statistical Methods. 6th
edition. Iowa State Univ. Press, Ames, Iowa. 593 p.

Solanki, K. R. and J. S. Baski. 1973. Comﬁonent characters of grain
yield in barley. Indian Journ. of Genetics and Plant breeding.
33:201-204. :

Steel, R. G. D. and J. H. Torrie. 1960. Principles and Procedures of
Statistics. McGraw-Hill Book Co., Inc., New York. 841 p.

Stoskopf, N. C. and E. Reinbergs. 1966. Breeding for yield in spring
cereals. Can. J. Plant Sci. 46:513-519.

Tai, G. C. C. 1974. Analysis of genotype-environment interactions
based on the method of path-coefficient analysis. Can. J. Genet.
Cytol. 17:141-149.

Takahashi, R. and S. Yasuda. 1960. Varietal differences in responses
to photoperiod and temperature in barley. Ber. Ohara Inst. 11:
365-381.

Takahashi, R. and S. Yasuda. 1971. Genetics of earliness and growth
habit in barley. Second Int. Barley Gent. Conf., Nilan (ed.)
Pullman, WA, pp. 388-408. .

Teare, I. P., J. W. Sij, R. R. Waldren and S. M. Goltz. 1972. Com-
parative data on the rate of photosynthesis, respiration, and
transpiration of different organs in awned and awnless isogenic
lines of wheat. Can. J. Plant Sci. 52:965-971.




140

Tewari, S. N. 1976. Path coefficient .analysis for grain yielﬂfapq its
components in a collection of barley germ plasm. Barlqy'Geﬁéficé
III. Proceedings of the Third International Barley Genetics '
Symposium. Publ. Verlag Karl Thiemig, Miinchen. 849 p.

Thomas, R. L., J. E. Grafius, and S. K.  Hahn. 1970a. Genetic analysis
of correlated sequential characters. Heredity 26:177-188.

Thomas, R. L., J. E. Grafius and S. K. Hahn. 1970b. Stress: An

analysis of its source and influence. Heredity 26:423-432.

"'Tingle, J. N., D. G. Faris, and D. P. Ormrbd. 1970. Effects of tem-—

perature, light, and variety in controlled environments on floret
number and fertility in barley. Crop Sci. 10:26-28.

Watson, D. J. and A. G. Norman. 1939. Photosynthesis in the ear of
barley, and the movement of nitrogen into the ear. Journ. Agric.
Sci. 24:321-346.

Wells, S. A. and S. Dubetz. 1966. Reaction of barley Variéties to
soil water stress. Can. J. Plant Sci. 46:507-512.

Went, F. W. 1953. Gene action in relation to growth and development
I. Phenotypic variability. Genetics 39:839-848.

Williams, G. D. V. 1974. A critical evaluation of a biophotothermal
time scale for barley. Int. J. Biometeor. 18:259-271.

Wright, S. 1921. Correlation and causation. Jour. Agric. Res. 20:
557-585.

Wright, S. 1934. The method of path coefficients. Ann. Math. Stat.
5:161-215.

Woodworth, C. M. 1931. Breeding for yield in crop plants. . Journ.
Amer. Soc. Agron. 23:388-395.

Yap, T. C. and B. C. Harvey. 1972. Relatioms between grain yield and
photosynthetic parts above the flag leaf node in barley. .Can. J.
Plant Sci. 52:241-246. ’

Yap, T. C. and B. L.:Harvey. 1972. Inheritance of yield components
and morphophysiological traits in barley, Hordeus vulgare L.
Crop Sci. 12:283-286.




141

Yasuda, 8. 1977. Linkage of the barley earliness gene EaK and its
pleiotropic effects under different growth conditions. Ber Ohara
Inst. Landwirtsch. Biol. 17:15-28.

Yoshida, S. 1972. Physiological aspects of grain yield. Ann. Rev.
Plant. Physiol. 23:437-464. A







