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SUMMARY OF BULLETIN

(1) Practically, it would be helpful in wheat breeding to
know whether one could depend on picking out the relatively
longest (and accordingly finest appearing) heads, as a method
for securing the highest yielding strains. Page 140.

(2) The results of the present experiment indicate that
relatively long heads did yield slightly higher than similar
heads on other plants, in the first generation after the selec-
tion of mother heads. Table 1, page 142.

(3) Whatever may have caused the slight increased yield
in the first generation, it failed to persist in following gen-
erations; which were produced from seed tracing back to the
original mother heads, but without additional selection.
Tables 2-5.

(4) At any rate so far as one may generalize at all, the
plant may be used as a unit of selection, and the length of
central spike, cannot be considered as an indicator of the fit-
ness of a given plant to serve as the mother plant of a line of
progeny. Page 149.

(56) References. Page 156.
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THE CORRELATION BETWEEN THE LENGTH OF
PARENT HEAD AND YIELD OF PROGENY, IN SUC-
CESSIVE GENERATIONS OF BLUESTEM WHEAT

(Minn. 169)
\ By
A. N. Hume, Manley Champlin and Matthew Fowlds

The question of the present thesis, empirically stated is:
Will the selection and use of either longer or shorter heads of
wheat for seed have any influence over relative yield in the
resulting crop; and if so will such influence persist through
successive generations? The present report is intended in the
main to set down the facts of given trials. Conclusions drawn
therefrom may be tentative, and the facts serve for compari-
son with those from similar trials, carried out elsewhere, with
somewhat different sets of conditions.

The outline of the experiment reported herein, consisted
very briefly in first securing a number of longer heads
(spikes) of Bluestem (Minn. 169) wheat and an equal number
of relatively shorter heads, from separate plants, which
plants however were produced under nearly identical
conditions of growth. The several heads thus secured were
planted in “head-rows,” alternating long and short. In fol-
lowing years the progeny of these rows were planted in cor-
responding head rows; thus giving successive generations of
yield from seed, tracing directly back to a given ‘“mother
plant,” however without any persistent plant selection in suc-
cessive years. It is well to state at this point that the sev-
eral tables of correlation which were made from the data of
mother-plant selections and head-row yields contained herein
were finally computed by Prof. W. E. Lattin of the Depart-
ment of Mathematics of South Dakota State College.

The work was begun in 1912, by first producing twelve
hundred plants, under as nearly identical conditions of growth
as might be possible. These were produced by planting twelve
hundred separate seeds of uniform quality in rows that were
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twelve inches apart, with plants three inches apart in the
rows. Two hundred and sixty plants were selected out of the
total twelve hundred, the former having as nearly the same
number of stools as possible; the hypothesis being that stool-
ing differences should be eliminated as a factor if possible.
Thus apparently, the chief visible difference between individ-
ual plants among these two hundred sixty selected consisted
in variation in length of spike. Moreover the mother-heads
selected in the summer of 1912, from the foregoing plants
were always taken from central spikes of the plants in ques-
tion, thus avoiding variations in length of head, due to differ-
ences in position of the plant.

Twenty seeds were selected at random from each of these
heads. In 1913 the twenty seeds from each head were planted
in individual head rows, the rows being twelve inches apart
and the seeds three inches apart in the row, care being taken
to pair the relatively long and relatively short heads in alter-
note rows.

The season of 1913 was favorable and the head-rows
came into harvest without having growth unduly interfered
with either by unfavorable weather or by plant diseases. The
rows were harvested, separately, and record kept of the
weight of grain from each one, to be correlated with the
length of spike (in centimeters) from whence it grew.

The following Correlation Table No. 1 expresses the de-
gree of relation that existed in 1913 between the yields of
head rows in grams and the lengths of the mother heads from
whence they grew.
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It may be seen with examining the foregoing Table 1,
that a comparatively slight positive correlation appears, be-
tween the lengths of spike serving as a source of seed for
head-rows and yields produced therefrom the year they were
seeded, namely 1913. This degree of correlation is expressed
by r=0.17+0.04. It is an appreciable correlation, but by no
means is there any very pronounced degree of relationship.

The fact that there is this slight degree of correlation
corresponds with the following: The average yield of grain
from the long head progeny rows was 71.8 grams as com-
pared with 65.3 grams for the progeny of short heads. Like-
wise the average straw yield of the long head progeny was
higher than that of the short head progeny by 13.0 grams.

The percentage of grain of total weight of plant was 2.6
per cent higher as an average in the progeny of the long
heads than that of the short heads for this first year.
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Granted that there is actually some positive correlation
between greater length in mother head and higher yield, in
this first year the question remains whether seed selected in
turn from these progeny rows will show a similar correlation
in the year or years following. Accordingly seed was pre-
served from the head-rows of 1913 and put out in similar
head-rows in 1914, the expectation being that the resulting
yields could be correlated in turn with the lengths of the orig-
inal mother heads of 1912 to which they could be traced. Not
much need be said relative to these head rows of 1914 except
that the growing plants were so devastated by rust (Puccinia
graminis) that it seemed useless to harvest the plants.

Sufficient seed of all the head-row strains produced in
1913 remained so that it was practicable to replant in 1915.
The following Table 2, reports the degree of correlation that
existed between the lengths of the original mother-heads and
the yields of the progeny in 1915:
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It becomes sufficiently clear from examining the forego-
ing Table 2, that no correlation is shown between length of
original mother heads, as selected in 1912, and the yields of
progeny produced in 1915.
The head rows of 1915 were carefully harvested and the
weights recorded in connection with securing data for Table
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NO. 2
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2 and likewise sufficient seed was preserved from these head-
rows of 1915 to plant another set of head-rows in 1916. It
will be noted that the number of rows employed was reduced
from 261 in 1915 to 130 in 1916. Following Table 3, sets
down the distribution of yields in grams of progeny rows for
1916 and length of original mother heads in centimeters:
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The foregoing Table 3 with the correlation coefficient put
down above supplies evidence that there was no correlation in
1915 between yields of progeny and length of original mother
heads selected in 1912. The probable error is greater than
the slight apparent correlation.

Again, in the season of 1917, seed that had been pre-
served from the corresponding head-rows of 1916 was planted.
The plan for planting was the same as that employed in pre-
ceding years, so that the progeny from the several head rows
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of the year in question would trace directly back through the
several generations to the original mother heads selected in
1912. The question again is whether any correlation in yield,
in grams per head row, and length in centimeters of these
original mother heads will appear.

The following Table 4, puts down the array which sum-
marized the degree of correlation and at the top of the table
is also put down the mathematical coefficient:

NO. 4

LECTED IN 1912) AND YIELDS OF PROGENY IN 1917 (PLANTED FROM COR-
OF 1916) (r=0.03+0.06)
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Examination of the foregoing correlation Table 4, shows
that the general result for the years 1917 was similar to that
for all years calculated after the first, so far as finding any
correlation between the length of original mother head and
yield of progeny, in following generations is concerned.

Following is the similar table, Table 5, arranged to sum-
marize results secured from head rows of 1918:

TABLE
RELATION BETWEEN LENGTH IN CENTIMETERS OF MOTHER SPIKES (SEL
OUT OF CORRESPONDING PROGE
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NO. 5
ECTED IN 1912) AND YIELDS OF PROGENY IN 1918 (PLANTED FROM SEED
NY ROWS OF 1917) (r=0.07+0.59)

| | | BT
[12.5!12.7 12.9113.1’13.3 13.5\13.7‘13.9“14.1‘14.3)14.5‘14.7’14.9\|15.1{15.3¢15.5|:15.7‘ Totals
I { |

The foregoing Table 5, again indicates that there was
practically no correlation in 1918 between the head-row yields
of progeny for that year, and the length of original mother
heads selected in 1912. Said result for the season of 1918 cor-
responds to that of every year after the first; namely that
for 1915, 1916 and 1917.
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CONCLUSION

The empirical conclusion that may be drawn from this
series of correlation tables is that some slight positive cor-
relation was found between the yield in grams of longer
mother heads of wheat in the progeny of the first generation
and the length of the original mother heads, but that this
correlation failed to persist in the progeny of succeeding gen-
erations.

Stated otherwise this might mean that wheat seed actually
threshed out of relatively long heads is capable of producing
slightly higher yields than heads relatively shorter though
otherwise similar; but that the increase produced from such
selected heads will not retain their relatively higher yielding
capacity. If general application of this were possible one
might increase yields of wheat in any given year providing it
were possible to secure all seed for putting out the given crop
from relatively long heads. Obviously that is not practicable,
there being no known method for making such selections on
a commercial scale.

It is also borne out so far as these computations are con-
cerned that the process of multiplying wheat from long-head-
ed strains will not secure increased yields—if it did it would
be a desirable method to use for securing such seed in quan-
tity.

A practical wheat breeder would find it possible to go in-
to his field of wheat each season and hand-select a good num-
ber of the relatively longest central spikes from the growing
crop; or he might even produce a number of plants each year
by nursery methods and select the longest spikes therefrom
just as was done in securing the results of this bulletin. He
could thus acquire seed enough from the longest spikes to put
out at least a larger increase plot the following year, even at
some labor—providing such labor should prove to give in-
creased yields from said multiplying plot, or from fields seed-
ed in later years out of the resulting crop.

The present research gives no indication that such results
would accrue from such effort.
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Why Did the Slight Increase Appearing in the Head Rows
From the Longer Heads Fail to Reappear in the Following
Generations?

The statement has long been accepted as a truism that
“like begets like.” It may at least be put down that nobody
has proved the contrary, and it is worth something to know
that one does not reap figs of thistles.

In a discussion of the very early work of Hallett, written
by Mr. J. Arthur Harris (American Breeders Magazine. Jan.-
Feb.-March 1913) attention is called to the theory, whereon
the former based his time consuming work in wheat-and po-
tato breeding. He apparently believed that “selection within
a pure line can effect an improvement.”

A paper by Hallett himself is quoted (On ‘Pedigree’ in
Wheat as a Means of Increasing our Crop. Journal Agr. Soc.
22: 371-381) : “Yet the minutest characteristics of a plant of
wheat will be reproduced in its descendants; so much so that
we can not only perpetuate the advantages presented to us
in an individual ear, but by accumulation of selection, make
further advances in any desired direction. To me it has al-
ways appeared that while offering an earnest of what a better
system would effect, the mode in which the best varieties of
our cereals have been raised (that is starting with acciden-
tally fine ears and simply keeping the produce unmixed with-
out any further selection) is a very imperfect one, and that
its attainments are perhaps of less value than the earnest
which it offers, of future success under a more complete sys-
tem, for such beginning (and ending, so far as selection is
concerned) with an accidentally fine ear, is a very different
thing from starting annually with one of known lineage.

Mr. Harris further quotes Hallett, in regard the particu-
lars-of his selection method and it is worth while extending
the quotation here: ‘“A grain produces a ‘stool’ consisting of
many ears. I plant the grains from these ears in such a man-
ner that each ear occupies a row by itself. At harvest, after
the most careful study and comparison of stools from all these
grains, I select the finest one which I accept as proof that its
parent grain was the best of all under the peculiar circum-
stances of that season. This process is repeated annually,
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starting each year with the proved best grain, although the
verification of this superiority is not obtained until the fol-
lowing harvest.

“During these investigations no circumstance has struck
me as more forcibly illustrating the necessity of repeated
selection than the fact that of the grains in the same ear one
is found to greatly excel all the others in vital power.”

This work of Hallett was carried out in England by what
is now known as the “head-row method” as early as the mid-
dle of the nineteenth century. Apparently Hallett’s early con-
clusions were based on observations rather than on the use of
statistical data. His observations would conform to the com-
putations of the present bulletin or vice versa, in that he be-
lieved that merely selecting occasional fine ears (heads) for a
single generation would not in itself constitute a perfect sys-
tem of plant breeding. Hallett apparently believed that
neither single heads nor a single head of wheat is an ulti-
mate unit of selection, except for the fact that a head, is sure
to be taken from a single plant which in turn grows from a
single seed. Hallett apparently did conform to the principle
of pure line selection which is accepted today as the basis for
improvement of wheat.

Pure line selection “is selection from a single plant which
plant with its progeny are kept free from outside pollination.”
Thus a pure line is the progeny of a single, self-fertilizing in-
dividual. It is not necessary at this point to attempt a dis-
cussien of further defining pure line. (The Small -Grains—
Carleton, p. 195) Johannsen believed in the necessity of
working with pure lines and advanced the idea of the im-
mutability of these pure lines. ‘“The constituents of all his
pure lines showed fluctuations, it is true, in different direc-
tions but when some of these constituents which deviated to
the furtherest extremes were selected and propagated sep-
arately instead of producing a progeny similar to the mother
plant they reverted to the original type of the line. Further
experiments finally forced Johannsen to conclude that con-
tinuous selection with pure lines cannot produce permanent
changes and that there-is no hereditary variation within pure
lines.” {(The Small Grains, p. 194) The details of eur pres-
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ent experiment correspond to the latter part of the conclu-
sions of Johannsen, namely, that variation within pure lines is
not hereditary; although long spikes of wheat of a pure line
yielded higher than shorter spikes of the same line, this dif-
ference in yielding capacity failed to persist after the first
generation.

If the capacity for relatively high yield as determined for
longer heads in the first generation does not persist and is
therefore not a hereditary quality, why does it appear at all?
Obviously the present experiment cannot decide that question
but the question need not be perplexing.

There may ke several possible explanations outside of
actual heredity. The increased yield resulting from longer
spikes in the first generation may be one of the several “fluc-
tuations” observed by Johannsen. For instance it is possible
that the kernels of the longer heads were larger or heavier
than those from the smaller heads, which in the present in-
stance for want or more definite knowledge may be called the
result of mere chance. It is generally accepted that large,
heavy kernels yield a better crop, other things equal than cor-
respondingly small light ones. Various researches might be
cited along that line but they need not be discussed further
until further statistical results are available.
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ANNUAL RAINFALL BY MONTHS AT THE SEVERAL STATIONS
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