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INTRODUCTION

The objectives in any cereal breeding program are the production
of new varieties that équal or excel the standard varieties in qualiﬁy
and in yielding ability. It would be of great value in such a breeding
program to establish more or less consistent associations between charact—
ers. These associations could be used in selecting for characters that
are difficult to measure such as yield and quality, by selecting for an
easily measured, associgbed chafacter. Such associabion if known might
make it possible to select for yield and quality on an‘individual plant
or line basis. It would also bring out the difficulty of trying to com=
bine two desirable characters when the two prove to be negatively corre=-
lated.

Tt is well recognized that quality characters and yielding

abllity are greatly influenced by environmental factors. They behave in

inheritance as quantitative characters with many genes involved,

This investigation was conducted in an effort to determine if
there is correlation between a number of the agronomic characters of barl-
ey, and to determine which characters if any, could be used as an aid in

selecting those new barley hybrids which have superior quality and yield-

ing gbility.



REVIEW OF LITERATURE

Correlations of yield with various plant characters have been
reported by a number of investigators for wheaﬁ, corn and oats, but very
few have been reported for barley.

Sir Humphrey Davy (1) in 1821 remarked, "It is unfortunate
that so many high yielding grains prefer to lie upon the ground.!

Garber and Olson (2) reported that they found no significant
correlation between yield and lodging in a study involving 15 strains of
barley.

Kohls (6) as reviewed by Leasure (7), working with seventeen
varieties of barley, found positive correlation between yield and test
weight and between yield and height of plant,

At the Colorado experiment Station, Robertson and Koonce (10)
found positive correlation between yield and test weight and between yield
and height of plant in a test involving L1 barley varieties.

Kiesselbach etbal (5) in a étudy on barley found no correlation
of yield with either plant height or lodging, but they did find positive
correlation between yield and test weight .

Leasure et al (7) calculated simple correlations in barley for
yield with each of: plant height, length of head, bresking strength of
straw, and test weight. They found that no character was associated

closely enough to be of much value in selection,

Neatby and McCalla (8) in a study carried out on various test

plots throughout Alberta found high negative correlation between yield



and protein content in both wheat and barley.

Quisenberry (9) observed positive corrvelations between yield
‘in wheat and each of: the number of heads per unit area, the number of
kernels per head, length of head and 1000 kernel weight.

Sprague (1li) found positive correlation between yield and
each of: length of spike, fertile florets per spike, test weight énd
straw yield per culm in bread wheats. He also found wvariations in the
expression of characters under different climatic conditions,

Shaw and Loomis (11) obtained high correlations in corn between
yield and each of¢ stalk height, stalk diameter and ear size.

Schildt and Akerberg (12) in an experiment with rye, obtaiﬁed
positive correlation between tillering and tobal number of flowers per spike
and Eetween the number of seeds per spike and the number of flowers per
spike. They also found negative correlations between the number of sterile
florets per Sspike and the total number of florets.

Warren and Hayes (15) working with rye polycrosses, found positive
correlation between yield and each of: fall growth vigour, tillering, days to
heading, test weight and percent fruitfulness. They also obtgined negative

correlation between yield and pollen sterility,
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MATERIALS AND WETHODS

This experiment was comducted in 1950 at Headingly, Manitoba, and
repeated in 1951 in the field plots of the Division of Plant Science of the
University of Manitoba, Fort Garry, Manitoba.

| The lines of barley used in this study were taken at random from
a Montcalm by Vantage cross, from which the stem rust susceptible lines
had been eliminated, Selection for‘stem_rust resistance had been made in
the Fo generation., The resistant lines had been bulked and continued
through to the Fg by the bulk method, at which time the material was re-
selected for stem rust resistance and continued by the pedigree method to
the Fg generation, when these 200 lines were randomly chosen., The parent
varieties were also included in the experiment.

The reason for using such closely related material was to have
the genotypes of the lines differ by relatively few characters in order
that most of them could be included within a manageable series of partial
correlations. It was hoped also to bring out more accurately the relation-
ship existing between the characters, than would be possible with material
that was genotypicélly more diverse.

The experiment consisted of two tests with 100 lines in each.
Bach test was designed as a partially balanced lattice with four replicates,
It later developed that the variation between blocks and tesbs was negli-
gible and the two tests were therefore combined and analysed as a simple
rendomized block,

Fach plot consisted of one rod row, with an extra foot at each

end t6 minimize the border effect. The plots were spaced one foot apart
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and seeded at the rate of 300 seeds per plot,

Drought in the spring of 1951 was responsible for uneven

Readings on the number of days from seeding to heading were taken
at two day intervals, A plot was considered headed when 50% of the heads
had emerged from the sheath,

The<humber of fertile florets and basal sterile florets per
head was determined by the average count on ten random heads mer plot.

For the determination of test weight per bushel an average was
taken of two determinations on the seed from each plot.

The saccharifying values were determined by the laboratory of
- the Barley Improvement Institute, Winnipeg, Manitoba, on a composite of
the four replicates for each line and reported for the 1950 crop only.

The 1951 results are not available at the time of writing.

An analysis of variance was calculated to determine the signific~
ance of differences between lines for each of six of the characters studied,
but was not possible'for saccharifying activity as the determinations were
made on a composite sample of each line,

Simple and gartial correlation coefficients were calculated for
both years for all possible combinations of the characters: yield, days
to heading, plant height, the number of fertile florets per spike, basal
sterility and test weight on the two hﬁndred lines of barley. In order
that the two years results might be comparable, the 1950 simple correlation
coefficients involving saccharifying activity were not included when

calculating the partial correlation coefficients, for as stated before the




1951 saccharifying values were not avaeilsble at the time of writing.

Multiple correlation coefficients for yield with the other characters
were also calculated.

The simple correlation coefficients were determired by the
method outlined by Hayes and Immer (3). The Doolittle method as out-
lined by G. B. Oakland®, Statistical Branch, Dominion Science Service,
was employed in the calculation of the partial and multiple correlation

coefficients,

* Oakland, G. B, Unpublished.
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RESULTS AND DISCUSSION

The analysis of variance revealed highly significant differ-
ences between the lines during both years, for each of the characters
studied., This high significance is indicated by the F. values which

are given in Table 1.

TABLE 1

F VALUES AND WMEANS OF THE CHARACTERS STUDIED IN 1950 AND 1951

Character Year F Value Mean
Yield 1950 2669 % 3261
' 1951 2,60 <&t 75.3

Basal Sterility 1950 2,99 © 0 11.3
1951 3455 9,0

Fertile Florets - 1950 1,93 % L5,
1951 6,16 wx 56
Plant Hei ght 1950 2,19 ¢ 29,5
i 1951 12.8L 3542
Days to Heading 1950 1.35 * 5769
’ 1951 16,29 3¢ 5742
Test Weight 1950 13,11 e 503"
1951 9e61 Wt 16,62
Saccharifying Activity 1950 — 155.5

%  Significant at the 5% level
e Significant at the 1% level

Higher average values in 1951 for yield, fertility and plant
height and lower averéges for hasal sﬁerility and days to head are indicat~
ions that 1951 was more favorable than 1950 for plant development

The lower average bushel weight in 1951 was probably due to the
longer awn retained by the grain,.

Simple and partial correlation coefficients were celculated for
all interrelationships of the seven characters studied. These are given
in Table 11. The multiple correlation coefficients, indicating the de-

pendence of yield on the other five characters were also calculated.
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The relationship between any two characters as revea}ed by
the simple correlation coefficients is frequently influenced by
other characters and does not therefore reveal their true relationship.
With the calculation of the partial correlation coefficients by means of which
the influence of the other characters is held constant, this masking
‘effect is largely eliminatbed. The greater emphasis will therefore be
placed on the partial correlation coefficients in interpreting these
reéults.

Severe lodging in 1951 was probably responsible for the sig-
nificant negative correlation between yield and days tp head. During
1950, when no 1odging occurred there did not appear ﬁo be any association
between these two characters. In 1951 the plots‘lodged rather suddenly

as the result of a rain storm during the time that the crop was reach-
ing maturity. The later maturing lines were therefore more severely
affected than the earlier maturing ones. These results were in agree-=
ment with those obtained by Sisler (13), who found a reduction in yield
proportional to the length of time that the barley was lodged prior to
maturity., Hot weather, which occurred at the time that the crop wﬁs
maturing may also have had a more adversé affect on the later maturing

Ilines. |

The highly significant positive correlation coefficient which
was obtained in 1951 between yield and test weight, indicated that these
two characters were associated, This associgtion was previously re-
ported in barley by Kohls (6) Robertson et al (10) and Kiesselbach et sl

(5). Although the 1950 results did not indicate as pronounced a
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relationship as the 1951 results, it does appear that the association
between yield and test weight in barley could be of value in selecting
towards yield.

The positive association between yield and the number of
fertile florets per spike was indicated by the significant positive
partial correlation coefficient obtained in 1951, The positive, though
insignificant partial correlation obtained between these two eharacters
in 1950, further substantiates this association. Similar results were
reported by Quisenberry (9). The large differences between the simple
and partial correlation coefficients suggests that cher characters
greatly influenced the relationship between yield and the number of fer-
tile florets per spike. |

The relationship between yield and plant height was greatly
influenced by environmental conditions, as evidenced by the contradictory
results obtained in .the two yvears. The pgrtial correlation coefficient
was positively significant in 1950 and negatively significant in 1951,
The simple correlation coefficient obtaired in 1951 was positively sig-
nificant, and therefore contrary to the conclusions drawn from the
partial correlation. This indicates that other characters influenced
the expression of the association between yield and plant height.

A similar contradiction in results between the two years was
found in the partial correlation coefficients obtained between yield and
basal sterility. The generally high degree of basal sterility noted in

1950 appeared to have an adverse affect on yield as indicated by the
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significant negative correlation obtained. In 1951, on the other hand,

the degree of basal sterility was rather low, and the adverse affect

that the sterility would be expected to have on yield, was probably
overshadowed by obher T actors. The specific factors involved were probably
largely ones that were not included in this study, and therefore their
specific affect could not be removed,

There is strong support for the view that the earlier matufing
lire s contained the tallest plants. This trend was evidenced by the
significant negative partial correlation coefficients obtained in both
years for the association of plant height and days to head. Little
information concerning this gssociation was available from the insigni-
ficant simple correlation coefficients of both yvears. This indicabes
that the other characters studied greatly influenced the association
between plant height and days to head,

The 1atér maturing lines were also the most fertile ores as
revealed by the significant positive association between days to head
and the number of fertile florets per spike. There was apparently no
significant difference between the results obtained from the simple and
partial correlation coefficients, indicating that other characters had
little influence on this relationship,

It is difficult to understand, how the 10ﬁer degree of basal
sterility obtained in 1951 showed such a high positive association with
days to head, when the comparatively high degree of basal sterility
obtained in 1950 indicated practically novassociation with days to head.

This apparent discrepancy, is probably the result of the greater adverse
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affect that lodging had on the later maturing varieties, causing them

to develop a higher degree of sterility than the earlier lines. That

~ other factors influenced the expression of the relationship between days
to head and basal sterility was also indicated by the differences between
the simple and partial correlation coefficients.

The,contradicto:y correlation coefficiehts between years for
the association of days to head with test weight indicated that the
assoclations observed are envirommental rather than hereditary. The
differences between the simple and partial correlation coefficients
indicated that the expression of the association between days to head
and test weight was also influenced by other factors.

Plant height indicated highly significant positive association
with the number of fertile florets per spike and with test weight, The
consistent results obtained between the two years indicated that variat-
ions in environmental conditions apparently did nét influence the re-
lationship between these>charécters, indicating that seleétion for tall
plants would, on the average lead to superior material in terms of test
weight and a greater number of kernels per spike,

The &ariation between the two years results for the association
between plant height and bassl sterility is an indicaﬁion that this
association was too greatly influenced by environmental conditions to
indicate any hereditary relationship,

A similer situation is found in the éssociation between the

number of fertile florets rr spike and basal sterility., The contra=




- 13 =

dictions between years in the association between these characters
indicated that probably no hereditary relationship existed between them.

The insignificant correlation coefficients between the number

of fertile florets per spike and test weight, for the two years, indicated t

that this was probably an example of a lack of associabion between these
characterss,

Tt was observed that the spikes with the higher percentage of
basal sterility also contained a larger proportion of smaller, incompletbely
developed seeds; which probably also were lower in test weighto This
prqbably expains the negative correlations obtained for the two years

between basal stefility and test weight,.

. The simple correlation coefficients which involved saccharify-
ing activity, indicated, that it would be difficult to combine maximmum
saccharifying activity and maximum yield in one variety. Early maturity

and plant height however éould readily be retained in a line with high
saccharifying activity. This is indiaafed by the highly significant
negative association between saccharifying activity and days to head,
and the high positive correlation between saccharifying activity and
plant height. Since only one years data are available, caution should
be exercised whén drawing conclusiqns from these results,

The disagreement between years for some of the correlation
coefficients can undoubtedly be attrbuted to envirommental factors.

The adverse weabther conditions of 1950 had a different effect on these
correlation coefficients than the more or less favourable candiﬁioné of

1951, A similar variation was reported by Tmmer and Ausemus (L) who
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found differences in the correlations of the same characters at different
locations and in successive seasons. The disagreement between years was

most pronounced in the correlation coefficients involving yield. This

is an indication that yield is probably influenced to a much greater

degree by environmental factors than are any of the other characters studied.
Yield is probably also influenced by a larger number of genes.

The multiple correlation coefficients indicated that only 13
and 29 per cent of the variability of yield in 1950 and 1951 respectively,
could be accounted for by its association with the other characters that
“were studied; It is evident that other characters which were not included
iﬁvthis stuéy, had a much greater affect on yield. The masking affect
which those characters had on the correlation coefficients may have
been quite large. It is quite possible therefore that more consistant
results could have been obtained if more characters had been included
in this study, so that a larger percentage of the variability in yield
could have been accounted for, Some definite trends howeverz were in
evidence, and in a few cases agreement between the two years was quite
savisfactory.

More experimental evidence is required before any definité~
conclusions can be reached as to the use of these agronomic characters as én
aid in selecting toward quality‘and‘yielding ability in barley hybrids.

Some evidence was however obtained, indicatingfﬁhat the higher yielding

lines could probably be selected for on the basis of the number of ferbile
florets per spike and test weight. The 1950 results indicéted that probably
the most cqnvenient characters to use in selecting for lines with high |

saccharifyigg activity would be days to head and plant height,




| “15=

SUMMARY

leasurements were made during two years on the yield, basal
sterility, number of fertile florets per spike, plant height, days to head,
and test weight on 200 lines of barley from a Montcalm by Vantage Crosss
Only in 1950 was a determination made of saccharifying activitye

The average performance of lines as regards saccharifyiny activity
in 1950, and the other characters in each of two yéars was reported. These
indicated more vigorous plant development in 1951 than in 1950,

The analysis of variance indicated that significant differences
existed between lines for each of the characters studied;

Simple and partial correlation coefficiients were calculated for
all of the interrelatioships of all the characters that were studied,
~except for those involving saccharifying activity, in which case only
simple correlation coefficientS‘wefe calculated,

Some evidence'was;ébtained which indicated that the number of
fertile florets per spike and test weight mightlbefuséful in selecting
lines capable of producing high yields. Data limited to one year indicated
that early maturity and tall plant type were probably the nost convenient
characters to use in selecting for lines with high saccharifying activitye.

The multiple correlation coefficients indicated that only 13
and 29 per cent of the variability of yield in 1950 and 1951 respectively,
could be accounted for by its association with the agronomic characters
studied.

The contradictory results obtained between yearsAfor a number of
the correlation coefficients are evidence of considersble fluctuation with
environment. Further éxperimental results gre required before definite

conclusions are justified regarding these associations.,
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