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EAR TYPE SELECTION AND YIELD IN CORN
By P. J. Ouson, C. P. BULL; and H. K. Haves
INTRODUCTION

Superficially, nothing could be much more plausible than the corn
score card. The man who feeds corn, hence, the man who puts it to
its ultimate use, when confronted with samples of ear corn will select
the one that represents the largesi amount of sound corn. Therefore
the man who grows corn aims to produce that type which fulfils this
requirement. It can very readily be demonstrated that the maximum
possible yield of shelled corn is to be found in an ear which is large,
cylindrical in shape, has deep kernels, minimum space between the
rows of kernels, and maximum filling of butts and tips. What, then,
would seem more reasonable than to have before one a standard, a
mental score card, embodying these features, and to select carefully
toward it, in the hope of producing a crop consisting of* that type
of ears?

The man who attempted to improve his corn by this type of selec-
tion, however, frequently found his immediate results disappointing.
The yields from ears which approached the scere-card ideal were not
strikingly superior to those produced by mediocre cars. Furthermore,
no marked increase in the percentage of these “near ideal” ears in the
progeny of ears of corresponding parentage was noted.

The failure to obtain immediate results was readily explainable
on the basis of the open pollination of the corn plant, which renders
impossible any knowledge of the male parent of any selected ear.
Furthermore, when ear selection was carried on without any refer-
ence to the character of the plant itself, knowledge even of the female
was, at best, imperfect. These facts, however, are not sufficient to
explain failure to obtain results when the selection is continued for
some time. The percentage of ears approaching the ideal should in-
crease as a result of continued selection, and unless this type of ear
is definitely correlated with some undesirable plant character, the
hoped-for increase in yield should be obtained regardless of the above
facts.

The failure on the part of earlier corn breeders to obtain indica-
tions of progress, therefore, has suggested the need of definite experi-
mental tests, directly attacking the question of the relation of ear type
to yield. Experimentation of this nature began about twelve years
ago. The final results of the most extensive investigations have been
reported within the last few years. In the main they are corroborated
by the results presented in this bulletin, which embodies data of a
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somewhat different character from those collected by other investi-
gators and describes investigations covering a period of eleven years.

The reasons why ear selection is attended with results of the char-
acter indicated are now pretty well understood by students of heredity.
An attempt is made in this bulletin to explain these in a way that will -
help clear up the otherwise rather perplexing question in the mind of
the corn breeder.

REVIEW OF PREVIOUS WORK

Definite investigation of the relation between ear characters and
yield seems to date back to about 19o4. Montgomery (1g09) re-
ported a comparison between a rather long, smooth type of ears
selected from Reid’s Yellow Dent, and the standard type of this
variety, which was much less elongated and comparatively rough. As
an average of four years, beginning with 1905, selection having been
begun in 1904, a difference of 4.4 bushels per acre in favor of the
smooth type was obtained.

In the same publication, Montgomery also reported a study of the
relation between size of ear and yield. In 1906, 204 ears were planted
by the ear-to-row method, each ear having first been weighed. A part
of each ear was saved and planted in the same way in 1907. No
relation between the weight of the parent ears and the yield of re-
spective rows was found in either year. Another test of this relation
was made by determining the average weight of ears in each of the
progenies during both years. This test, like the first, brought out no
relation. Low-yielding rows averaged as high in size of ears as high-
yielding ones, and the percentage of large ears was as high in low-
yielding as in high-yielding rows. .

The first comprehensive and exhaustive test of the relation of ear
characters to yield was made by Williams and Welton (1909, 1915).
The types used were long and short, cylindrical and tapering, bare and
filled tips, rough and smooth dented, heavy and light, high and low
shelling percentage, high, low, and medium number of rows. The
following, in brief, are the results reported.

Long vs. short ears—As an average for ten years there was a dif-
ference of 1.39 bushels per acre in favor of the long ears. This dif-
ference was regarded by the authors themselves as “no greater than
might have been expected had the seed used been identical.”

Cylindrical vs. tapering—A difference of 1.65 bushels in favor of
tapering ears was obtained as an average for nine years. The authors
regarded this as being within the limits of experimental error.

Bare vs. filled tips—As an average for eight years a difference of
0.34 bushels was shown. The authors concluded that “this sort of selec-
tion . . . has been barren of important results.”
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Rough vs. smooth dented.—As an average for seven years a dif-
ference of 1.76 bushels in favor of the smooth type was found. In
their conclusions the authors state that “it would seem that if ears are
in all other particulars suitable for seed purposes, smoothness of type

- should not be regarded as sufficient grounds upon which to discard
them.”

Heavy vs. light ears—Two tests, an ear-to-row test and a plot test,
were reported in 190g9. Continued trial was not reported in 1915. In
the ear-to-row test the heaviest 40 per cent of 400 ears was compared
with the lightest 40 per cent. A difference of 2.08 bushels in favor of
the heaviest was obtained as an average for three years. The authors
regarded this as significant.

The plot test consisted of a comparison between 50 representative
heavy ears and 50 representative light ears. A difference of 1.93
bushels in favor of the heavy ears was obtained as an average for
two years. The authors were unwilling to draw a positive conclusion
from this test alone, but stated that “the two tests taken together
would seem to indicate a value for the heavy-weight ear.”

High vs. low shelling percentage..—As an average for six years a
difference of 0.42 bushel in favor of the ears of low shelling per-
-centage was recorded. This practically amounts to no difference.

High, low, and medium number of rows—Ears with 14, 16, and
18 rows, respectively, were compared for a period of five years. The
test was carried on at three stations. At two of them the 14-row ears
led while at the other the highest yield was obtained from the 16-row
ears. The authors concluded that “with this as with the other ear
characters the yield is but slightly affected by this type of selection.”

Pearl and Surface (1910) presented the {ollowing comparison
which is typical of several reported in their bulletin. A group of five
excellent ears of sweet corn was compared with a group of five very
inferior ones. The two groups are illustrated in their paper and the
difference between them is very striking. The resulting yields of each
of these groups showed a difference of 1.1 bushels per acre in favor
of the good type.

These ears were also compared with reference to the amount of
good corn produced by each. It was found that the crop from the
good ears showed no larger percentage of the total shelled corn on
ears of A-1 quality than did the crop from the poor ears. Again, the
crop from the good ears produced essentially the same percentage of
its total shelled corn on ears too poor for seed, as did the crop from
the poor ears.

Pearl and Surface have also collected a large number of data bear-
ing on the relation of weight of ears to yield. Not all of these have
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been compiled. The writers have made certain compilations from
them, which are presented in another part of this bulletin. They show
no relation. ’

The following partial quotation of these investigators is extremely
pointed, “The large, well-tipped, beautifully shaped ear is just as likely
as not to be a poor yielder when planted. This result means that the
external visible characters are a very unreliable indication of its worth
for seed purposes.”

Love (1912) reported on correlation studies involving several ear
characters and yield per stalk. His test included two varieties and
covered a period of two years. The following are the characters
studied and the results obtained :

Length of car and yield—*A slight advantage in favor of the long
ear.” Computations indicate a positive correlation which, however, is
of doubtful significance.

Weight of ear and yield.—A slight advantage for the heavy ears is
indicated in three out of four comparisons. The author’s figures show
that the average difference amounts to 1.6 bushels per acre in favor
of the heavier ears, on the basis of a yield of 50 bushels per acre.

Number of rows and vield—In three cases the advantage is with
the smaller number of rows and in one with the larger number. In
other words, the correlation is negative in three instances and positive
in one. The correlation is of a significant degree in only one or pos-
sibly two cases, however. Therefore, as the author himself concludes
“. the number of rows does not have much influence upon
yield.”

Average wweight of kernel and yield—No relation is indicated.

Ratio of tip circumference to butt circumference and vyield—Are
tapering or cylindrical ears the highest yielding? No relation is indi-
cated. Shape of ear has no influence on yield. Data for one year only
are presented.

Shelling percentage and vyield—Data for one year only and with
one variety only, show slight negative correlation.

Funk (1912), in comparing a smooth with a rough type, found
that in one test the smooth outyielded the rough six years out of seven,
and in another the smooth led five years out of seven.

Cunningham (1915) made a study of the following ear characters
as related to yield: Length, circumference, filling of tips, rounding
of butts, roughness or smoothness of kernel indentation, shelling per-
centage, and number of rows. The data were compiled into three
groups representing respectively upper, lower, and average ears with
reference to each of the above characters. Several varieties entered
into the test. The results were as follows:
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Long, medium, and short ears, as an average of nine varieties, gave
practically equal yields. The author noted, however, that of the earlier
maturing ears the longer ones led, while of the later maturing ones the
opposite was true.

With reference to circumference, a slight advantage in favor of the
smaller ones was noted.

Results for filling of tips and for rounding of butts indicated no
influence upon yield.

Comparison of very rough, medium rough, and smooth types
showed that while the smooth outyielded the rough in all of the eight
varieties, the medium rough led both in the majority of them.

Between shelling percentage and yield no relation was indicated.
Number of rows bore a negative or inverse relation to yield in four
of the seven varieties. In the other three, the ears with average or
medium number of rows led. The author noted that the latter were
comparatively early maturing varieties. _

While this bulletin deals with ear characters only, it is of interest
to note in this connection an investigation which has been made into
the relation between other corn plant characters and yield, since the
principle illustrated is the same in both cases.

The most complete investigation of this kind, as far as the writers
are aware, is that by Ewing (1910). He worked with the following
characters: diameter of stalk, length of leaf, breadth of leaf, height
of mature plant, height of seedlings, number of internodes below the
ear, length of ear at appearance of silks, and number of branches in
the tassel. He used weight of grains per stalk as his measure of yield.
Among his conclusions, those which are pertinent to the present dis-
cussion are as follows: “In the case of none of the characters dis-
cussed above has the coefficient of correlation with yield been found
sufficiently great to be of much value as an index to selection. No
single character has shown itself so closely connected with yield of
grain as to stand out as a safe guide to the breeder.”

INVESTIGATION AT THE MINNESOTA EXPERIMENT
STATION

The investigation involves data obtained from two distinct lines
of experimental work: (1) A series of breeding experiments in which
the primary object was the general improvement by ear-to-row selec-
tion of certain varieties of corn. Score card data were obtained for
each ear used in the ear-to-row test, as well as the comparative yields
of the progeny. (2) An experiment planned and carried out for the
specific purpose of determining the relation between certain ear types
and yield. As the two sources of data are unlike in nature the descrip-
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tion of the methods and results of the two lines of experimental work
will be given separately.

PART I. THE EAR-TO-ROW TEST

The ear-to-row test comprises data obtained at University Farm,
Willmar, West Concord, and Cokato. The test at University Farm
was by far the most extensive. Two varieties were used, Minnesota
No. 13 and Minnesota No. 161. The tests at the other stations include
the same varieties, and at Cokato an additional one, Minnesota No. 332.

The variety Minnesota No. 13 was originally obtained from a St.
Paul seed company in 1893. It has been bred by the ear-to-row
method since 1898, at University Farm. The breeding plot has been
handled in the following way :

1. From the forty to seventy-five rows grown annually, the best -
ten to twenty were selected on a yield basis.

2. From cach of these ten to twenty rows, from six to ten ears
were selected from the field by inspection.

3. Since 1goz new blood has been introduced once by planting an-
other selection of this variety in rows alternatmg with the breeding
rows, which were detasseled.

4. The selected ears were scored and measured according to the
following score card and scheme:

Maturity ... 25 Length of ear (inches)
Form of ear................. 20 Circumference (inches)
Variety character ............ 13 Weight of ear (grams)
Tips oo 5 Weight of shelled corn (grams)
Butts .......... ... . ..., 5 Percentage of shelled corn (by weight)
Kernel uniformity ........... 10
Percentage of corn to ear.... 20
Total score ............. 100

5. The selected ears which received the highest total score were
used in the ear-to-row work of each succeeding year.

The data concerning Minnesota No. 13 are for the years 1906 to
1914, inclusive, except 1908. Other years are omitted in some of the
comparisons, as will be noted in the tables.

The variety Minnesota No. 161 was obtained from William Mul-
brand, Le Sueur, in 1898. It was handled in the same way as Minne-
sota No. 13, except that no new blood was ever introduced. Data for
Minnesota No. 161 are given for the years 1906 to 1913, inclusive,
except 1908 and 1912. In some of the comparisons other years are
omitted because of the incompleteness of the data for those years.

The variety Minnesota No. 332, which was used in the tests at
Cokato, came from a selection made by Emil Titrud, of Cokato. It
was handled in the same way as Minnesota No. 161 but for a shorter
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period, as were also the other tests carried on at the three outlying
stations.

PRESENTATION OF DATA

Table I shows the general character of the data and the first step
in the compilation. A description of each of the ears planted in 1911
is included, together with its yield in bushels per acre. The descrip-
tion is the score of each of the ears and its measurements according to
the score card and scheme already described. Not all of the score-
card points appear in the table, as all are not involved in the studies
with which this bulletin deals. Thus ear No. 4705 has a total score
of 74. Only 20 of this appears in the table. The other 54 points
represent the total for maturity, form of ear, and shelling percentage
(page 10).

A similar table is compiled for each year included in the test.

Relation of length of ear to yield—Examination of the column for
length of ear, in Table I, shows a range of variation of this character
from 6.5 inches to 8.75 inches. On the basis of this variation, the ears
have been separated into groups or classes, each group or class being
represented by a part of the range covered by all of the ears. Table
IT illustrates this.

The forty-two ears included in Table I have been grouped into
quarter-inch classes for length of ear in Table II. The yields of the
progeny of those ears whose lengths fall in a particular class have
been entered under the class heading in the table. Then averages were
obtained for the yield of each class for length of ear, and the number
of ears which appear in any particular class is recorded. This com-
pilation is made for each year, and the averages thus obtained are
brought together in Table II1.

The final analysis of the data is given in Table I1I. Here all of the
original classes are combined first into three groups, the “lower,”
“middle,” and “upper” third, and then into two, the “lower” and
“upper” half. This shows whether there is any relation between the
character in question and yield. The grouping is brought about in
the following-way: Taking the 1911 figures again, for illustration, we
find there are 42 ears represented. FEach of the three classes, there-
fore, will consist of 14 ears. The 14 ears in the lower third class con-
sist of the one ear in the 6.50 class, the two ears in the 7.00 class, the
one ear in the 7.25 class, the nine ears in the 7.50 class, and one
of the ten ears in the 7.75 class. The yield in each of these classes is
multiplied by the number of ears in the class, the products added to-
gether, and the result divided by 14, thus:

(68.3X1)4-(65.0X2) 4 (58.7X1) +(62.3X9) +(62.2 1) =62.8
14
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TABLE I
Typrcar DescriprioN oF Ears PranTep, Minxesora No. 161 Corn, 1911
Score
i | { {Kernel|
Ear 1 Variety | : uni- ’ Length| Circum- | Weight Shell- | Yield
Number \[ char- ‘ Tips | Butts ! form- ‘ Total of ference of ingper-| per

\ cter " l| tity ear of ear ear centage | acre
- I | —

! * 1 \ In. In. Gr. Bu.
4705 S . 6 74 7.50 6.25 233.8 84.1 59.3
4709 ... 12 T o oz 16 | 7I 7.50 6.50 240.3 81.0 599
5108 13 4 o2 o7 83 7.75 6.00 231.3 81.1 65.1
s112 14 3 4 oy 8g 7.50 6.50 258.8 84.1 | 63.7
5307 1L 3 | =z w 6 73 6.50 6.00 198.9 79.4 68.3
5310 9 o |z | 4 71 8.00 6.50 ‘ 265.5 84.7 70.8
5312 13 3 3 i 7 8s 8.00 6.95 | 286.6 81.8 67.1
5603 13 3 03 | 7 84 8.25 6.25 | 290.2 82.8 | 583
5607 L1z o | 3 i 6 77 7.50 6.25 | 234.0 85.4 63.1
5608 ....1 10 o3 Lo 72 7.78 6.25 | 266.8 80.0 | 353.1
5610 L3 2 4 I 7 85 7.7% 6.25 | 254.2 84.6 | 64.2
5611 14 3 3 = 6 87 7.50 6.00 | 220.5 85.6 72.6
3612 . 12 o 2z ! 6 8o 7.00 6.25 | 2267 86.1 62.1
5613 10 1 Pz 7 72 7.75 6.25 L 244.2 83.0 54.5
5708 12 13 6 8o 8.25 6.50 | 259.6 82.5 66.5
5709 12 o | 1 i s 71 8.75 6.25 | 276.3 80.7 | 67.4
5710 13 2 =2 | 6 83 8.00 5.75 | 234.3 85.7 63.2
5712 ....i I1 2 - 3 | s 73 8.25 6.50  286.3 77.2 65.5
5713 12 2 3 | 6 77 8.00 6.50 | 262.7 84.4 53.9
5806 to13 o 3 [ 82 8.00 6.00 ' 237.6 83.8 64.5
6305 12 2 Lz |y 83 7.00 6.75 256.9 84.9 67.8
6300 ....: 14 3 3 | 8 87 8.z25 6.25 287.7 82.9 2.0
6708 11 3 3 i 6 79 7.50 6.23 240.7 82.4 64.3
7706 1t 2 3 = 6 77 7.50 6.75 246.1 84.7 57.9
8005 ....: 12 3 3 . 6 82 8.75 6.25 279.4 8s5.1 63.8
8009 14 4 2 17 86 8.00 6.23 275.0 84.2 63.1
8106 ..... 13 | 2 4 | 7 83 8.00 6.25 262.1 82.3 75.4
8109 i1z | 4 3 | 6 81 7.75 6.50 277.8 83.1 64.7
87035 . 12 b4 2 6 77 7.50 7.00 299.6 83.0 68.7
8706 13 2 3 5 75 7.75 6.50 263.0 81.2 | 71.9
8708 . 13 2 4 7 81 7.75 6.75 264.1 81.5 65.5
8809 12 1 3 6 82 8.00 6.25 242.4 84.4 50.1
8813 .... 11 4 3 6 81 7.25 6.50 250.0 82.5 58.7
8907 .. 13 o 2 7 76 7.75 6.50 2354.1 82.4 62.6
8909 .. 13 3 4 7 83 7.75 6.25 258.1 81.7 54.0
8910 11 o ° 6 68 8.00 6.50 268.5 81.9 64.0
9007 . 12 4 3 7 78 8.25 6.50 292.3 79.5 61.7
go12 10 4 3 6 82 8.235 6.50 285.3 85.2 62.3
g107 . 13 o 3 6 82 7.75 6.25 251.2 83.8 66.5
9109 .. 13 [ 2 7 82 8.00 6.75 288.1 8s.2 65.4
9308 .... 13 1 2 3 8 85 7.50 6.50 259.4 84.7 52.2
9310 .... 11 | o 2 7 71 8.73 6.00 233.3 83.0 61.0

Table III shows that there is a slight progressive increase in yield
from the lower to the upper third classes in the case of both Minne-
sota No. 13 and Minnesota No. 161. The difference in favor of the
upper third over the lower third class is 0.8 bushel for Minnesota No.
13 and 1.2 bushels for Minnesota No. 161. In estimating the signifi-
cance of this difference and of the progressive array of the final aver-
ages, other comparisons afforded by the table are of interest.

We
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find, for instance, when we examine each of the six yearly results for
Minnesota No. 13 that the lower third class leads in three years, the
middle third in one, and the upper third in two. This apparently
represents a mere chance array of the annual results. That is to say,
the array is about the same as would be expected had each of the three
groups represented a random selection of ears from a lot of corn. The
deviation from such expectation is in the opposite direction from that
indicated by the final averages.
TABLE II

RELATION OF LENGTH oF EAr 10 Yierp, Minnesora No. 161—1911

Length classes, inches

6.50 | 6.75 ’ 7.00 1 v.25 ‘ 7.50 | 7.75 8.00 8.25 | 8.50 \ 8.73
Bu. 1 Bu. | Bu. 1 Bu. !’ Bu. Bu. Bu. ... | Bu.
68.3 | ‘ 62.1 | 58.7 59.3 ¢ 65.1 70.8 58.3 RO T
e L 678 0 L 59.9 | §3.1 67.1 665 . .... , 63.8
! U BN 63.7 | 64.2 63.2 655 i .... | 610
‘j 63.1 ‘ 54.5 53.9 é 72.0 : [
' L. 0726 | 64.7 64.5 | 6Ly A TN
b e LG43 1 oyig 63.1 62.3 ¢+ ... | ...
I 579 | 65.5 75.4 R R
68.7 | 62.6 | 30.1
: 52.2 i 54.0 64.0
‘[ P i e 66.5 65.4 | [
! ! i ! ' ;
Average ...... 68.3 | ... | 65.0 l 58.7 | 62.3 | 622 | 64.7 64.4 ‘f " 64.1
Number of ears 1 ! | z 1 | 9 ! | 10 6 | 3

Applying the same analysis to Minnesota No. 161, the results are
found to support the indication of direct or positive relation found in
the final averages. The upper third class leads in three years and
the middle class in the fourth year.

Another analysis of the data is afforded by a direct comparison
of the original classes in the body of the table. Thus, for Minunesota
No. 13 we have a six-year average for each class from 7.50 to 8.25,
inclusive. This comparison shows a tendency toward a positive rela-
tion, the yield for the 7.75 class being the only exception. When the
1914 yields are excluded, however, so as to include one more class,
the 7.25, in the comparison, little or no such tendency is exhibited.
Similarly, when the comparable classes in the Minnesota No. 161 table
are noted (classes 7.00 to 8.00 inclusive), no regular tendency, but .
mere fluctuation, is found to exist.

In the data from the outlying stations, Table IV, it is apparent at
once that no relation is suggested. The average ears (middle third
class) are found to lead in all cases except one, in which the middle
and upper third classes are identical. Comparison of the upper and
lower third classes, shows that each leads in two out of the four cases.
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The above data evidently offer no encouragement for selection
emphasizing length ”in the hope of obtaining important increase in
yield.

Relation of weight to yield—Table V shows the advantage to be
with the ears of average weight in the case of Minnesota No. 13. Not
only is this true when the final averages are noted, but it is true for
five of the six-year yields from which the averages are obtained. In
the case of Minnesota No. 161, the advantage is with the heaviest
ears, according to the final averages. But the yield of the lower third
class exceeds that of the middle third class, by 0.2 bushel. The dif-
ference in favor of the upper third class over the lower third is 0.3
bushel. - Obviously the advantage of the heaviest ears is of no signifi-
cance. Further support for this conclusion is found when the results
for each of the five years are examined. The heaviest class exceeds
the lightest in only three out of the five years. When the three classes
are compared, the heaviest class leads in two years, the middle in two,
and the lowest in one year.

Results at the outlying stations are in substantial agreement with
those for Minnesota No. 13 at University Farm (Table VI). The
average cars (middle third class) lead at three out of the four stations.
At the fourth, Willmar, yields of the lower and upper classes are
identical and are in excess of the yield of the middle class.

The conclusion justified by these data is that any conscious selec-
tion for weight of ears should consist simply of elimination of ex-
tremes. In fact, one is probably safe in picking at random so far as
weight is concerned.

Relation of shelling percentage to yield —According to final aver-
ages for lower, middle, and upper third classes, Minnesota No. 13,
University Farm (Table VII), the lower class is somewhat inferior
to the other two, which are essentially identical. This would indicate
no advantage in selecting seed ears of extremely high shelling per-
centage, but a slight advantage in eliminating those of very low shelling
percentage. When the results for each of the six years are noted,
however, the disadvantage of the lower class, while it still exists, is
considerably reduced. The high rank of the upper class is largely due
to the unusually high comparative yield for this class in 1914.

It is readily seen that the data for Minnesota No. 161 (Table VII)
contradict those for Minnesota No. 13. They indicate a small ad-
vantage in favor of ears of lowest shelling percentage.
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At the outlying stations (Table VIII) there is a slight indication
of relation. The upper third class is exceeded by both middle and
lower classes in three of the four tests. The lower class exceeds the
middle by small margins at two of the three stations. Possibly a very
slight inverse or negative relation exists.

Relation of circumference to vield—While there is a constant in-
crease on passing from upper to lower third class, in the case of
Minnesota No. 13, University Farm (Table IX), suggesting an inverse
or negative relation, the differences are so small as to be practically
negligible. This is emphasized when upper and lower half classes are
compared, the difference in favor of the latter being only 0.2 bushel.

In the case of Minnesota No. 161 (Table IX), the indication of
negative correlation is even less. There is only 0.2 bushel in favor of
lower third as compared with upper third class, and the middle class
falls below both. When upper and lower half classes are compared,
a difference of only 0.1 bushel in favor of the latter is found.

At the outlying stations practically all possible arrays of yields for
the three classes are shown (Table X). At West Concord the upper
class leads and the middle falls below both extremes. At Willmar
the lower class leads, the middle again falling below both extremes.
At Cokato a progressive increase in yield from lower to upper class
is shown in the case of Minnesota No. 332. With Minnesota No. 13
the upper and middle classes are essentially identical, the middle class
leading slightly, and the lower class falling below them.

Relation of butts to vield—Minnesota No. 13 data indicate no re-
lation of butts to yield, the three classes being essentially equal. In
the case of Minnesota No. 161 the advantage is with the average ears.
The lower third class leads the upper third by a margin of 0.6 bushel
and the difference hetween upper and lower half is 0.4 bushel in favor
of the latter. When the results for each of the original classes, 1.0 to
4.0 inclusive, are noted, mere fluctuation is apparent.

At each of the outlying stations the poorest butts show the highest
yields (Table XII). Upper and middle third classes are very close
in yield. Possibly slight negative correlation existed in these tests.

Relation of tips to yield—The better tipped ears have a slight ad-
vantage in both Minnesota No. 13 and Minnesota No. 161. In Minne-
sota No. 13 differences are probably insignificant. This is emphasized
by the fluctuation noted when the averages for each of the original
classes are compared. With Minnesota No. 161, differences are some-
what greater altho still very small. The original classes show a pro-
gressive increase from lower to higher when the six-year averages are
compared. The significance of this is greatly reduced, however, when
the year 1906 is excluded so as to include class o in the comparison.
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I 39.6 4 | 417 1 16 0 471 ‘ 17 | 452 5 49.6 1| 394 45.2 46.0 | 46.3 45.5 § 46.2
.. 2 ! 66.6 L4 | 66.6 | 26 ‘ 68.7 | 3 64.9 ' 1 65.4 67.7 68.7 | 67.5 68.0 | 67.8
.. 1 38.0 2 671 5 i 65.6 ., 17 ' 67.7 | 9 62.1 .. 65.8 67.7 | 63.5 66.4 | 64.9
H | i N
f—— —— — ——— i i [ — - — |
Average ....... .. [PPPER N .. 57.2 | .. 57.6 .. i 1 ce e .. 57.9 57.7 57.5 57.8 ! 57.6
Average all years . I ‘ : : | : 1
i
except 1909.. .. .. .. 55.6 .. 55.3 .. 56.5 i .. 857 1
el i ol Bl e ! |
Minn, 161 ; i i ! | | !
19608, ... ... Lo oo b3 64.7 22 635.9 . 13 65.1 L1000 ! 69.2 i 4 | 7o PP 65.7 65.5 68.6 ‘ 65.7 67.6
1910 ¢ cvvnnennn. R T <ev . 9 . sLoO | 13 49.0 | 13§ 48.6 ! 9 | 474 [ 4 | 509 50T 48.7 48.5 | 49.7 | 48.6
$2°3 3 P e 63.2 ' 5 ' 663 ‘ 16 62.5 ' 14 | 627 . 5 . 647 : 1 68.7 64.0 62.6 | 63.8 ‘. 63.5 | 63.4
223 & T o 4 : 684 ‘ 7 . 738 14 , 697 ‘( 5 69.8 | 4 70.3 71.8 69.7 69.0 ’ 71.1 | 69.9
e ] RN ‘ ‘
Average ....... | i ' 63.0 " 62.6 | 62.6 . ! 63.1 62.9 61.6 62.7 | 62.5 i 62.4



TABLE X

Rerarion or CircuMSERENCE oF EArR To YieLp—West CoNcorp, WILLMAR, AND COKATO

I r Circumference classes, inches [ i <[
Variety ‘ | ) : — 5y 3w ‘[ I By Iw
and ¢ Year ‘ 5.50 2 5.75 6.00 I 6.25 6.50 1 6.75 7.00 EE B2 &5 | 2W | 8%
| | ! ' 2 =g | = | K{= =
place ; : : ; —; = = - (| ! =]
~ v . | . ! I rs | v i 7 iowrr
{ Ears ® Yield } Ears ! Yield | Ears l Yield | Ears : Yield ! Ears' Yield| Ears| Yield Ears! Yield ; i
) | Se—— U G [ ! S SR S N SO
: Bu. Bu. Bu. Bu. l Bu Bu. Bu. Bu Bu. Bu. Bu Bu.
Minn. 13 ' : 1
West Concord........ i 1909 3 37.3 2 41.6 13 39.4 R 2z | 435.2 .. 39.1 39.4 41.1 39.2 40.6
West Concord......... 1910 Lot 33.4 12 33.8 1 29.6 2z | 361, =2 39.7 2 32.1 33.8 i 30.9 | 33.4 332 | 321
- U e e N —
Average ........... ! 35.4 ‘ 37.7 34.3 ‘ | 42.3 36.5 35.2 | 37.2 36.2 36.4
RO O USSR O S S ‘ —_——
Minn, 161 | | ! 1 i
Willmar 1906 s e .. e 4 41.1 6 44.8 8 | 43.6 | 4 47.9 1 36.4 43.0 43.9 45.0 43.4 44.4
Willmar 1907 | 2 46.0 3 46.8 7 46.8 3 47.3 | 2 | 510 2 47.7 46.6 46.9 48.5 46.6 48.0
Willmar 1908 1 .. P 4 60.8 9 63.0 5 653, 1 & 67.8 61.5 63.0 65.6 62.1 64.7
Willmar 1909 3 42.2 3 39.5 5 34.0 4 3o.o i 1 ! 314 41.1 34.8 30.9 39.1 31.7
—_— —— e —— —— e e N [V | ———
| i ! i !
Average ........... 46.2 46.8 | 48.5 | 48.1 47.2 | 475 47.8 47.2
- U SO S IO i
! | :
Minn. 332 i i ! !
Cokato .............. 1907 [ 41.4 11 43.9 5 454 1 T D aqz 1 53.1 43.2 43.9 | 46.6 @ 43.6 . 45.7
Cokato .............. 1908 [ 52.0 9 54.7 7 59.5 A 58.5 ! $3.0 55.0 | 59.1 . 53.6 ! 58.6
[ | — e | | | !
Average ........... ! 46.7 49.3 52.5 i | 514 i 48.1 49.9 ' 52.9 48.6 . 521
i f— U IS SOOI UG (U DU DU S U
Minn. 13 : ! 1‘ 1 ! '
Cokato .............. 1910 | Lo 43.9 5 51.3 5 539, 3 | 488 | 4 51.7 f 5 50.7 . 33.1 | 51.2 5L.7 5Lz
Cokato .............. 1913 ; [ 6 ] 45.2 ; z | 46.3 | 12 48.7 2 52.3 45-4 48.4 : s50.0 46.4 49.5
R S U ! i _ i
Average ........... i - ' 49.6 1 I 47.6 i 50.2 52.4 48.1 50.8 50.6 49.0 50.4




RELATI

oN oF Bu

TABLE XI

TTS TO YIELD—UNIVERSITY FARM

Butt score classes, based on 5 as a perfect score
[
o] = joje:] Bu B
ko] - Lol — —
Year | o [ 1.0 [ 2.0 3.0 4.0 5.0 Eé gé D&'_‘é EE D&g
|
Ears | Vield | Ears | Yield | Ears l‘ Yicld | Ears | Yicld | Ears | Yield | Ears | Yield

i i i ] !

e e : | | i |
Bu. | Bu. | Bu. . Bu. | Bu. ‘ ' Bu. . Bu. | Bu. | Bu. | Bu | Bu

Minn. 13 l : i \ i i : : i
IG06. e i | ! z | 549 Y3 o507 3t 62.6 ‘ 6 ' 59.9 60.9 62.6 | 61.4 61.5 61.8
107 . oot tei e i N ‘ et AU 24 | 50.6 8 503 | 1 | 356.7 50.6 50.6 | 50.9 50.6 50.8
L1900 uvuveerennnnnnan T 659 1 65.4 16 | 67.0 13 | 65.6 [N 65.6 67.0 65.6 66.1 66.1
DL+ 3 £ T « 1 | 440 7 48.7 26 46.0 ‘ 6 ; 43.5 47.3 46.0 44.9 46.9 45.3
D23 5 S .. } 2 55.1 22 56.0 5 | s6.5 55.8 56.0 56.3 55.9 56.2
205 £ 20 2z | 42.9 12 47-4 21 45.0 9 ., 46.0 .. SN 46.6 45.0 45.6 46.1 45.4
TOIZ et vtninonnnnns b ‘ 65.4 3 65.6 16 68.7 14 \ 66.3 2 73.0 67.7 67.9 67.4 67.8 67.6
19T4. cv v nenvannnnnsns ! 3 63.2 18 | 65.8 12 66.2 65.1 65.8 66.2 65.3 66.1

——— | —— N — .
AVErage ....oooen.n. f 57.0 | 571 57.5 57.6 57.4 7.5 $7.
Minn. 161 i |
1006 e e ve e ieeeanennnn 1 i 668 7 63.8 17 | 617 12 6I.0 ) 63.3 61.7 61.0 62.8 61.3
1000 . e eeoneeerneneann [ 1o | 66.2 28 68.6 0 65.0 2 | 567 : 67.1 68.6 65.3 67.6 66.0
10I0. e vv st [P i 6 | ab1 17 49.0 24 49.9 3 471 48.0 49.6 49.4 48.5 49.5
253 3 P . 67.4 14 63.7 21 62.8 5 64.5 .. e 64.0 62.9 63.5 63.7 63.3
TOI3ceevennmerennaansn .. veee 1 584 8 70.0 g9 74.3 ' 14 | 69.6 2 66.8 69.7 72.4 | 69.1 70.6 70.2
T1QO07 . e reenmaronenonnnn 4 61.4 5 | 66.2 1z 62.0 14 63.1 4 | 64.1 63.4 62.4 . 63.4 63.1 63.1
! : | —_
| | H i

Average ............ | 61.9 62.8 | .. 60.5 | 62.6 62.9 62.0 62.7 62.3




TABLE XII

RELATION of Butrs To YieLp—WEST CoNCORD, WILLMAR AND COKATO

; Butt score classes, based on 5 as a perfect score : J {
Variety - oo | Sl ugl v 1k
; B ; : o 7} Dt | Qs
and i Year 0.3 1 1.0 i L3 I 2o ! 25 | 3.0 ” 3.5 Lao0 ‘ 4.5 J‘ 22 J =3 ‘[ &2 gﬁ i &g
place \ : 1 —— - “A“;E“ SN
! Ears YId. | Ears| YId. | Ears| Yid. \]Ears E Yid. |Ears | Y1d. | Ears ‘ Y1d. |Ears | Yid. |Ears | YId. | Ears | Yid. ! |
|- RS S R S DU | - . e - —_— ——
| | ! ! | |
| | Bu. Bu. Bu. ! : Bu. Bu. | Bu. | Bu. | Bu. | Bu. ; Bu
Minn. 13 ‘{ ‘ ‘ i ‘ i ! . % 1 ! i !
West Concord....:} 1908 E 3 13704 13 ‘28.9i 9 j32.2 . B T RO ’....;‘31.3 30.0 31.9]30.6%31.7
West Concord.... | 1909 ‘[ 1 .37.0 13587 9 [37.9] i : [ 37.3137.9 36.7 | 37.5 1 37.1
West Concord.... 1910 | Py } . 1 i 35 2] .. [ 43:7 [ 40.0 | 40.1] 42.3 | 40.2
fmm e e | — I — | —— | —— ] — |
H H i
Average........ 1 ........ [ ‘ i | i leees ] oo | eeen | 37.4| 360 36.2] 36.81 36.3
! —_ U [ — — ] JUNEUENE [ e | —— ] e | —— | —— | ——— )
! ! ! ; | ' I |
Minn., 16. ‘ | : ; ] ‘ !
Willmar ......... {1907 L [ i - 8 (46.9| 1 151.2,47.1'47.5'47.5|47.2147.4
Willmar i 1908 e e : P 1o 624 .. || 64.7 1 63.4 [ 62.4 | 64.6 | 62.4
Willmar 1909 1 243 31 ‘ . 135.7]35.6,352][34.4|354
RS U U SR S DU SN VRS S, JURN DU JURSHE JURI QUSRS RS
Average........0 ... ..... ; ' ‘ [ 149.2148.8) 48.4148.7 1 48.4
— e SRS R VR S AR IR A
Minn. 332 ' ; [ l :
Cokato .......... . 1907 P . ; | 8 l47.0] 11 429 47.0 i 44.0 | 42.9 | 46.3 ' 42.9
Cokato .......... ' 1908 R i | . \’ ‘i 1 55.8 | 155.0!56.4|56.8] 554568
—_— i i e e el Rt Bl A | —,—; — —_
Average........0 .. ... ... : ‘ P i ; .| 51.0]50.2 i 49.9 | 50.9 | 49.9
PR JR— e e L e — : H — —_—
i ; i ! i : !
Minn. 13 : i ! | | : ! ) !
Cokato .......... | 1910 R T I VR | 2 534 6 1 49. | 52.4 | 50.1 | 51.4 | 30.5
Cokato .......... ;1913 [ oo leeeiB ‘ 526 9 - 44.3 L7 ‘ 48. 44.8 | 47.7 | 48.1 | 46.8
| e e | o e —— -— e | e | e |
Average...... [, : 48.9 48.6 1 48.9 1 49.8 | 48.7



TABLE XIII

Revarion ofF Tips to YieLo—UniversiTy Farm
! Tip score classes, based on 5 as a perfect score
| | | | Tl o5kl b b
Year o 1.0 2.0 .0 ! 4.0 5.0 Z.= =B} = 3 3
—|— | SELRESS 8] ST
Ears {\ Yield | Ears \ Yield | Ears | Yield | Ears | Yield | Ears | Yield | Ears | Yield
! | —_—
Bu. Bu. | Bu. Bu. ] Bu. Bu. Bu. Bu. Bu. Bu. Bu.
Minn. 13 ' :
1906, cu e eneiennaunn .. .. 4 61.8 11 63.0 . 19 62.0 8 59.1 62.7 62.1 | 6o.3 63.4 61.0
1907 v vt vecr i 7 50.3 2 47.4 16 50.9 13 | s0.4 | 2 46.1 R 50.0 50.8 49.8 50.0 50.1
1909, cv e v v rieeneannan 14 65.7 .. ceee 16 66.3 6 : 66.4 | 4 67.0 1 63.2 65.7 66.3 66.3 65.9 66.4
TQI0. et ar oir v ennnnas 5 46.2 .. P 18 | 45.5 12 460.7 4 47.3 2 437 45.8 45.9 46.4 45.5 46.6
23 & S 5 55.4 vees 8 55.6 15 56.7 7 55.4 3 | 57.6 55.5 56.7 56.3 55.6 56.1
TOIZ. eiinneneenevnnnn 12 46.5 2 41.4 14 45.5 11 46.1 5 46.2 .. 45.8 45.6 46.1 45.7 45.9
247 & T 7 68.8 2 72.0 5 | 67.1 [} 68.2 9 66.2 4 69.0 68.9 67.9 67.1 68.5 67.3
203 7 B 13 63.3 3 62.3 8 ! 69.1 6 66.6 2 67.9 1 70.7 63.3 66.2 67.7 64.2 67.2
Average ............ | I 577 58.0 57.3 | 57.2 57.7 57.5 57.4 ' §7.6
Average all years ex- / :
cept 1906.......... ..+ 563 57.3 57-3 56.6 1 ! |
—— N — . — i
Minn. 161 } . | j ;
JO06. e .. ; Loy 62.1 17 61.9 ‘ 10 62.5 3 62.1 62.0 61.9 | 62.4 ! 62.0 | 62.3
IQO07 . v innenainn g 62.2 eee |7 63.6 18 628 | 3 63.6 1 67.0 62.6 63.0 , 63.4 ;. 62.7 63.3
| €7 N |17 67.5 | 11 67.3 15 | 65.9 3 67.2 “ 2 66.6 1 60.6 6.5 67.0 } 65.9 67.3 | 66.3
205 £ TN ’ 10 45.2 ; 5 . 47.0 i 19 50.9 13 49.5 ‘ 3 49.8 46.4 50.9 | 49.6 47.9 | Sso.r
13 & S 10 647 | 8 . 6o4 | 10 63.7 [ 64.9 | 6 62.6 .. N 63.5 62.8 | 64.0 | 63.3 } 63.6
D153 3 S 14 71.7 } } bog 65.9 5 67.3 ! 5 74.8 6 60.8 71.7 68.0 P72 | 705 70.7
Average ............ R T RN e .. 62.0 .. 62.3 : 63.3 62.3 62.3 | 62.9 E 62.3 62.7
Average all years ex- ) ‘ ! 1 i
cept 1006.......... coo D623 .. L 62.0 ‘ .. 62.4 | 63.4 | oL




TABLE XIV

RreLaTion of Tips 10 YIELD—WEsT CoNCORD, WILLMAR, AND COKATO

i | , ) \

| Tip score classes, based on 5 as a perfect score ) : | !
Variety : ‘ - ) 5 -%'E 5? Bw i 8w
and ‘Year | o I os 1.0 I 1 | 2.0 ! 2.3 3.0 3.3 i 4.0 4.5 i 5.0 L BE|mEl &8 BT S
i | | i ] = | &g i o8| a8

place i i ; ' — R IEEIPE AT IR

i Ears] YId. |Ears| Yid. | Ears| Yild.| Ears. Yid. | Ears| Y1d. | Ears| YId. |Ears ‘Yld. Ears | Yid, |Ears ind. Ears . l l
e e e e e e e e e = e e — ol
: ; 'Bu. | Bu. ! Bu. ‘ Bu. : Bu. i Bu. ?Bu. ' Bu. | . Bu. Bu. 1 Bu. | Bu.

Minn, 13 1 1 RN : ol |
W. Concord. . | 1908 19 14T5| T 1457 2 4291 8 1424 4 1379 I . 35.2 ; ! 30.3 421 | 40.4
W. Concord. . F 1909 .. [ ....i 5 {37.5! 6 13660 5 141.3 3 l411 [ i : 41.2;37.1 " 39.0
W. Concord.. 1910 13 ; 7 | 34.9 7 ;328 ; 3 :3L.5, : . ; ! i 32.4,31.9  33.2
| i i . I PRI N N DI D | [P

: ; i i : ! .
Average Cee [ . ; 1 : | 37.6 i 37.0}37.2
| I e e e e el et — —_

Minn. 161 ! i ! . o :
Willmar [ 2 477110 464 7 ;483] 3 48.1 1 46.6  48.1
Willmar .....: 64.1| 11 ' 50.3 7 619 61.9 | 59.8 {61.2
Willmar ..... 2 . 37.1 I - 32.3 37.032.4 1 38.2
Average 49.6 ' 46.0 ! K 48.8 | 46.3 ! 49.2
— U DU AN SN P RN AR P

Minn., 332 ‘ ! i :
Cokato ...... . e 5 146,91 13 46.9 1 47.1 1 46.0
Cokato ...... ; . | 3 {572 [ 56.8 1 55.5 1 56.7
‘ i , ; , e el R ——
Average ... | . i ; i ‘ ! $1.9 ' 51.3 |51.4
__.._._—_.__:—‘_‘__ B e e Rl R e e | —— e | —— ——— .

Minn. 13 ) i i . } j : : ' ! : . ‘ ‘
Cokato ...... ‘19710 i 6 ts0.5 ]’ eeio 2 54:4 1 .. aeen & s0.7 3 50.z| 3 :48.4 T 50.4 | 51.2 | 50.5
Cokato ...... 1013 1 ’ 54.2 IR YA RS 1 48.3 7 : 46.4 ' 2 5087 .. 1.. ‘\ | eeen | 47.8147.2 47.5
: { | J— — e —— e e | e | i [ e [ B

! i : i . | i | i .
Average ... .... .. 524 . ‘ S1.4 REE 50.8 Feen] I | . 49.1 1 49.2 | 49.0
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At the outlying stations, grouping into upper, lower, and middle
third classes seems to indicate some positive correlation.  Yields of
upper and lower third classes, which are rather close, are considerably
in excess of those of the lower class at three of the four places. Upon
grouping into lower and upper half classes, however, no indication of
relation is found. There is a distinct difference between the two
classes in only one of the four cases, when the upper half leads. In
the remaining three the yields are essentially identical. There is one
plus difference of 0.2 and another of 0.1 bushel. There is one minus
difference of 0.2 bushel. Mere chance array of the data in the various
classes is apparently operating to a large degree in bringing about the
differences between the final averages.

Relation of kernel uniformiiy to yield—Table XV indicates no
relation between kernel uniformity and yield. Minnesota No. 13 shows
upper third class leading middle and lower classes, which are essen-
tially identical. But when results for each year are noted, the lower
and upper classes each lead in three years and the middle class in two.
When upper and lower half classes are compared, each leads in four
out of the eight years.

In the case of Minnesota No. 161, the upper class is outyielded
by the middle and lower classes, which are again essentially identical.
When each vear is considered separately the same tendency is shown.
Possibly a slight negative relation exists altho it is rendered doubtful
by the Minnesota No. 13 results.

At the outlying stations the lower third class leads in all of the
four cases (Table XVI). In one, however, the difference in favor
of the lower third class is only 0.2 bushel. IFurthermore, in this in-
stance the middle class is considerably below both extremes, indicating
no relation. Possibly some negative relation exists.

Relation of variety character to yield—Final averages for Minne-
sota No. 13 show a small progressive increase from lower to upper
class. Differences between lower and upper third classes are 0.8
bushel and between lower and upper half classes o.5 bushel in favor
of upper class. When the distribution of the yearly yields of these
classes is noted, it is found that positive relation is indicated in, at
most, five of the eight years.

In the case of Minnesota No. 161, the averages are clearly mere
fluctuations. While upper third class leads lower third, the excess is
practically no greater than that of middle third class over upper third.
There is no agreement between the three years in the test as regards
the arrays in the final classes. IFFurthermore, the averages of the
original classes show no definite tendency.



Kernel uniformity score classes, based on 10 as a perfect score

Recation or KerneL UNIFORMITY

TABLE XV

Yizrp—UnNiveErsiTy Farm

— - o = ] i G
Year 2.0 3.0 4.0 I 5.0 6.0 7.0 8.0 9.0 2z | 22 a= 2's &E
! ‘ CaA¥ L EE 8%

Ears ) Yield ;| Ears | Yield | Ears | Yield ! Ears ]Yield Ears | Yield Earsi Yield | Ears ? Yield | Ears ;. Yield ‘ |

| |
Bu. Bu. Bu. I I Bu. Bu. Bu. { Bu. | Bu. | Bu. | Bu Bu. ' Bu Bu.

Minn. 13 \ i : | | i ;
1906, e v, 1 \ 64.1 11 61.3 7 | s87 16 ‘ 60.5 s | 632 622 ! 59.7 61.4 61.3 60.8
1007 e viinecnnnn i 52.4 8 51.6 S S 48.4 18 . 49.9 5 51.9 50.8 | 49.3 50.6 30.3 50.1
TG00 cennunen.nn. . 1 63.2 15 65.9 15 ‘ 67.5 4 | 66.6 : 64.7 66.4 67.1 65.3 66.9
I9T0. . vvuennnnn. 1 \ 45.8 15 45.8 7 447 5 \ 45.6 i 45.6 45.8 45.2 45.5 45.2
IOIT.eseennennnnn l 2 56.0 18 55.2 18 ’ 56.5 : , 53.3 55.8 56.5 55.4 | 56.3
|23 2 T [ 457 6 44.3 | 19 46.9 4 | 465 ool 4500 | 460 | 468 | 45.6 | 46.8
I9T3eceennennennn : : 635.2 21 67.4 13 ‘ 68.9 1 ‘ 71.4 | 67.2 67.8 69.0 67.4 68.6
I9T4 e vvvunnnnnnn ‘ ‘ 1 6:1.8 | 11 67.1 21 | 65.1 i : “ 66.6 65.3 6s.1 66.1 65.1
Average ....... i 57.0 i 573 ] | 57.2 | 571 | s57.7 | s57.2 | 57.5

Minn. 161 . 3 ‘

1906, vvuv i, 1 68.3 | 17 62.5 17 61.3 ! | 59.2 I : - 63.0 61.9 61.0 62.7 61.3
IG07. cieincnneann 10 63.2 22 62.4 6 64.9 | . | - P TN ' 63.0 62.4 63.7 62.8 63.3
1900 v evnrennnan 1 63.8 1 69.9 | . 63, 21 67.4 ' 1% 65.2 1 i 72.5 : .| 66.3 67.4 65.7 66.7 66.3
213 & S 1 70.8 | 1 64. 20 63.2 15 63.3 2 62.1 F e j 64.1 63.3 63.1 63.9 63.2
I1QT3.eeunnrnnnnn . .. { ! 2 66.4 | II 70.2 18 71.3 3 ! 603 I 69.5 71.1 70.8 70.1 70.9
IGI10 e e v mnrnnnn. H 49.7 5 48.8 { ' 48.9 | 21 50.4 ! 16 47.4 2 48.7 . " 49.4 50.0 47.6 49.6 48.4
Average ....... | | 61.9 ’ 61.5 } 63.7 ‘ ‘;‘ 62.6 62.7 62.0 62.6 62.2



Variety
and
place

Minn. 13
W. Con-
cord ...
W. Con-
cord ...
W. Con-
cord ...

Average

Minn. 161

Willmar. ..
Willmar. ..
Willmar. ..

Average

Minn. 332

Cokato ...
Cokato ...

Average
Minn. 13
Cokato ...
Cokato ...

Average

1g1o
1913

TABLE XVI

ReraTioN oF KERNEL UN1FoRMITY TO YIELD—WEST CoNCORD, WiLLMAR, AND CoKATO

Kernel uniformity score classes, based on 10 as a perfect score

|
! P
= : | ] | 1 83 5T
20 1 23 3.0 335 | 4.0 4.5 ss | 6.0 6.3 7.0 75 | 8o 1 BZ|z=F
. ! | ” Q= | 2%
Ears! Y1d. |Ears Yld.!EarsF Yid. Ears!Yld. iEarsmd. !Ears{YId. Ears: YId. [Ears|Yld. [Ears] Yld. Ears! Yid. 'Ears; Y1d. ‘Ears| vid. |
; ; ‘ : : i | ; i : i
it Dl el S R : 2 e e S S DU DU D
I’Bu. Bu., Bu.' [Bu.! {Bu.. |Bu. | Bu. ! | Bu. Bu. ‘Bu.  IBu.| |Bu. | Bu. | Bu.
| IR L B
| [ R U T S R | R ;
2 |41.4 7 |40.3 i 9 i42.1] 5 139.7' 1 ‘42.8 1 1457 ‘I ‘ Sl ] . . ;40.5 42.1
1 ‘ i P 1 . oo i
box l35.8% 9 L41.3l 8 407 3 [384 i[ E; : ANUR R i 40.5 | 41.0
; . ! - ! i ! i i i i
| ! ) | ! i i i : ; (} i ; i
' P i : ! . : 1302, 6 5.31 3 |34.6. 6 ;304! 4 J 34.6| ¢ | 30.5;34.5 321
_— — h— _— E — 1 — i ‘ - ‘ - | _I [ — K T —
L ... 39.0 | - i . |38.5 38.4
e | e PR U S SUUUN [N SN B SUU UUIU §UUI SU (US [ —
1 ! ! | |
I
foobes 1 530 4 432 8 © (457, 47.4
e L 1 647 8 . 67.1 | 62.6
. : i 3 324 7 (3620 6 e 34.335.7
PR I SN UM [ N e P
[ : ! ,
. | s e 149,00 486
|
. oo |45.345.3
| coo. 56,7} 55.5
; . 5 .... ! §I.0]| 50.4
—! T
11 ;49.5]52.1 I 51.0
11 49.5147.2 1 45.6
[ [
- ' |

49.5 1 49.7 : 48.3

Upper
third

Bu.

41.1

39.7

30.5

37.1

49.3
6o.1
33.6

47.7

43-5
56.2

49.9

49.5
49-5

49-5

Lower
half

41.0
40.7
33.3
38.3
45.9

66.8
34.8

49.2

45.3
56.3

50.8

52.3
45.3

48.8

Upper
half



TABLE XVII

RELATION oF VARIETY CHARACTER TO YIELD—UNIVERSITY FARM

; T
Variety character score classes, based on 15 as a perfect score ! ! :
= T
| : on - oL | 2%
Year } 5.0 6.0 7.0 l 8.0 9.0 ! 10.0 : 11.0 ‘ 12.0 13.0 14.0 15.0 i gé “é"’t { &E’ J Eg
; ; - ‘ | =7 BT R
IEars | Y1d. | Ears | Y1d. “Ears ‘ Yid. [Ears| Y1d. |Ears | YId. |Ears | Yid. ‘ Ear | YId.! Ear \r Yld. Ear< I Yid. | ! EarsJ Yld. Fars‘ Ylid. J ‘ !
— | e e e e e __,1 | | ] e e |
Minn. 13 ; Bu. Bu. . i Bu. | Bu Bu. Bu | Bu. ‘ Bu i Bu. | Bu. Bu. ,‘ Bu. | Bu. | Bu. | Bu.
1906. ... .. | 5 0595 7 164.6 17 |62.2] 12 | 607 1 505 . i : | | . 62.4 | 62.2 | 60.7 ] 62.3
1907. .. ... . cer ] 1 ls07 1 12 14947 23 [505| 3 l49.5] 1 | 55.4 : : ; ; 49.5 | 50.5| 50.6 | 49.8
1009...... b3 676 o l6s0 s (6460 15 L6788 Lo Ll )L L R 65.5 | 64.8| 67.8| 65.3
19I10...... 1 |41.2 10 {47.1% 1 1461, 18 |45.3] 2 48.6 i 46.4 1 45.3 | 46.3 | 46.1
10TT. ..., | X Polon (5540 11 490‘ 55.6 | 55.9 57.7 ) 55.8
1912, ..... ; 3 |44.3| 2 426 7 1456 22 ; 46.1, 7 ‘46 5! 45.2 | 46.1 ! ab.0 45.6
IGIZ. ... | i1 664 o (668 i 18 |69.2' 7 | 65.9 | 67.21 69.2| 67.1] 67.9
19140 une. ' | ) Loz |62.0. 5 166.3) 17 :65.1 65.1| 65.1] 67.0| 65.1
[ O I SR IS NN N I S RS S, [ D R B
| | | e e e ] ,

Average | | o b L56.5 55.0 | | 57.1| 57.4| 57.0| 572
—_— e e e — — el e e | N B Bl T T
Minn, 161 | | o | ! f :‘

i : ; i
1G10. . ... . I, 45.0 6 1515 5 (35441 %0 49.60 13-'49.0 2 49‘61 [ 50.0 | 51.0; 49.1 J 50.3
1911, .. ... 1708 3 ;566 | 8 632 12 632 | 14 1639 I 4 167.8 . 6231 63.4 650! 62.7
1913...... ! 2z 664, 1 1637 9 4{ 712 14 71.2] 7 708 |1 1 56.8 .1 69.6 7y1.2 69.8 yo.1;
— e e — | e e e e e e e e e e e e | e e e e
Average : ‘ 62.0 ’5 .2} }.61.3 161.1 i i61.4i ‘\ .. Lo 606{ 61.9; 61.31 61.0

Upper
half

49.7
64.5
70.3

61.5
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Maturity score classes, based on 235 as a perfect score

TABLE XVIII

[N L4 " "
; o =7 o Cum G
. I i g2 | gk 5 3] &g
Year 18 [ 19 ‘ 20 i 21 { 22 23 24 i 25 ,_o]ﬁ Ef‘ S_E :1": 5.':
{ H , f |
| Ears| Yield| Ears Vield | Ears . Yield « Ears | Yield | Ears | Yield | Ears | Yield ! Ears | Vield | Ears | Yield |
SR St P S Vel Bl — |- i !
' i Bu. ‘ Bu. Bu. ‘ Bu. Bu. Bu. \ Bu. 1’ Bu. | Bu Bu. Bu Bu i Bu.
Minn. 13 | i | ; ] : | ‘
IQIO. . eueerennnnn iz | 480 ¢ 9 45 ! 17 46.3 8 ! 46.1 4 1 437 46.2 46.3 45.5 46.3 45.8
i i !
253 3 P i 6 §3. | 26 56.3 | .. e 6 1 56.6 54.9 56.3 56.5 55.4 56.5
| | ;
IQTZ.evnnnenne.n 1 . [N 6 47.2 8 46.7 I | 49.4 i 29 ; 45.2 47.0 45.2 45.2 46.4 45.2
| .
IGI3uneeenevacnns ! i I 64.7 2 68.0 3 64.3 6 69.7 24 68.2 67.6 68.2 68.2 67.8 68.2
19T4 v eiennanennn , .. | 2 62.2 e 69.5 44 62.8 11 66.6 3 70.9 12 \ 64.8 | 64.7 67.6 64.8 65.7 65.7
Average ....... i : .. 56.1 i 58.5 ! 56.1 56.7 ‘ 56.0 56.3 } 56.3
; I |
! 1 i Tt T | ; !
Minn. 161 : I i | ! | !
IQTO0. e innsnnnn : PR N 2 48.5 12 50.3 8 | 4358 1| 45.2 27 | 49.7 49.2 48.2 | 49.7 48.9 | 49.2
i H ’ H |
50.6 | 3 57.2 4 63.7 PR SN 12 63.3 7 | 64.4 | 68.5 10 63.8 1 61.4 63.8 l 64.8 62.2 | 64.5
R .. 1 68.1 1 58.4 7 1t 735 I 74.4 | 21 69.3 71.5 69.3 69.3 70.8 | 69.3
S At B L | | |
; . ; .. ! 57.3 | 61.1 f 62.7 .. ’ 60.9 | 60.7 60.4 | 61.3 60.6 | 61.0
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Relation of maturity to yield—It is apparent at once that no rela-
tion between maturity and yield is indicated. These data, however,
do not constitute any real test of the question, or at least this method
of analysis does not, because of the high degree of maturity of prac-
tically all of the ears. It will be noted that in only two out of the
eight individual year tests do any considerable proportion of the ears
used fall below the 22 class for maturity.

Another comparison which to some extent explains the lack of
correlation between maturity and yield is that of the few extremely
low ears with those of average maturity. In Table XIX, the ears
falling below 21 are compared with those above this score.

TABLE XIX

CoMPARATIVE YIeLps oF EArs oF Revativery Low anp Hicu Marurity

% | Yield for ears scoring | Yield for ears scoring
' 21 and lower i above 21
Variety ° . Year | )
Tests . Average yield [ Tests l‘ Average vield
| !
Bu. 1 Bu.
Minnesota I3........... © 1910 11 46.0 19 ! 45.9
Minnesota 13........... . I19II 6 . % 53.4 ! 32 ; 56.4
Minnesota I3........... . 1913 1 . 64.7 ! 35 : 68.1
Minnesota I13........... 1914 ‘ 3 64.6 ! 30 | 65.8
Minnesota 161.......... 1910 | 2 48.5 ! 48 i 49.1
Minnesota 16I..........: 1911 1 9 60.7 : 32 i 64.1
| r \

Minnesota 16T.........., 1912

68.1

| 30 i 70.2

While this comparison can not be regarded as entirely trustworthy,
owing to the small number of ears in the lower extreme class in most
cases, the fact that the ears scoring above 21 outyielded those falling
below this in six out of seven cases is significant. It is indicated that
the ears of lower maturity, even tho carefully cured as were these
ears, will not give as high yields as those more nearly mature.

Relation of total score to yield—The relation of total score to yield
obviously is the final criterion of the validity of the score card as an
index to yield, so far as the present data are concerned. Those ears
which approach the perfect standard with respect to every character
in the score card are compared with reference to yield with those
which possess these characters in a less degree. The range between
poorer and better ears is considerable, as reference to Table XX shows.
The extreme range is over 28, altho most of the ears are included
within the range of about 68-88. University Farm data only are
available for this study.



TABLE XX

REeLATION OF ToTAL ScorE To YIELD—UNIVERSITY FARM

Total score classes, based on 100 as a perfect score

Year 66.0 69.5 73.0 76.5 80.0 83.5 87.0 ‘ 90.5 94.0
Ears! Yield Ears| Yield! Ears| Yield| Ears| Yield | Ears| Yield | Ears | Yield | Ears 'Yield Ears 'Yield Ears | Yield
Bu. | Bu. Bu. Bu. Bu. Bu. . Bu. Bu. Bu.
Minn. 13 l : I
1006, v v veivnnan.. I 51.8 1 1 64.8 1 2 65.0 4 62.3 8 61.3 3¢ 63.1 7 ' 6a.0 4 62.2
IG07 e it vncnennn 2 50.5 8 50.7 | 10 49.7 8 47.7 2 53.5 5 53.5 3 50.4 1 56.2
1909, v ivevunennan I 65.9 4 65.8 : 7 63.7 12 67.9 10 66.5 3 62.8 2 69.5
TGI0. .. iuvunvn s 3 46.8 3 48.1 1 45.6 10 459 4 45.7 8 46.1 1 43.9 | i
22 & SR 3 55.2 | I 62.7 10 54-3 8 55.2 14 57.3 2 54.4 ¢ .. i e
2°7 & 2 : 2 449 | 3 43.6 5 45.0 13 46.3 33 46.3 3 49.0 | 3 ‘ 42.0
) 223 & T : Lo 62.7 ‘\ 1 65.5 z 64.1 3 68.5 18 68.8 5 68.1 3 | 66.0 . PN
€+ 3 TN i “ i 3 61.7 1o 64.3 14 66.4 5 | 67.3 b 74.0
1 | : !
e —_— | | —_—— [
Average ....... 1 57.3 57.8 57.7 ' !
Average all years ; !
except 1914.. | 56.0 | 56.5 55.3 56.7 56.9 ¢ 56.5 i
Minn, 161 ’ : i
L33 & SN 5 64.6 | s 60.1 7 62.8 6 63.6 15 62.3 3 69.2 1 63.7 . r
IGT0. o vvennvnnns : 8 468 1 3 51.9 13 47.9 13 46.5 8 50.6 2 49.7 1 47.7 O
b £+3 & JA e f 2 64.2 i 67.1 3 69.7 70.8 4 72.3 8 73.3 ¢+ § 70.6 b¢ 56.8
e e | JRSIIIIOEN, PUISURNISEIG, SN, [ U P I P S IS U, | | — S —
i i i |
Average ....... { i 38.5 ‘ 359.7 60.1 60.3 .. 61.8 .. 64.1 60.7 | i

i 61.9

50.4
65.6
46.5
55.2
45.1
67.1
63.6

56.9

.9 | 60.7

48.8
67.7
45.8
55.8
46.3
68.8
66.0

57.7

63.0
47.2
71.9

61.2
52.1
66.1
45.8
56.8
46.0
67.7
67.5

57.9

63.9
48.9
70.9

61.2

Lower
half

62.1
49.9
66.5
46.3
55.3
45.5
67.7
64.4

57.2

62.6
48.1
69.7

60.1

Upper
half

Bu.

62.4
51.0
66.7
45.8
56.5
46.1
68.1
67.0

57.9

63.6
48.0
71.3

61.0
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Some correlation is indicated by the data for both Minnesota No.
13 and Minnesota No. 161. The differences between the upper and
lower classes, however, are small. Minnesota No. 13 shows a dif-
ference of 1 bushel in favor of the upper third over the lower third
class. Between upper half and lower half classes the difference is
only 0.7 bushel. Corresponding differences in the case of Minnesota
No. 161 are respectively 1.3 bushels and 0.9 bushel. Examination of
the results for each of the eight years reveals that in case of Minne-
sota No. 13 there is a regular increase from the lower to the upper
class in two out of eight years. For the other six years the upper
third class surpasses the lower in four years. In one of these four
years the middle class falls below both extremes, indicating no cor-
‘relation. To put the matter more concretely, in two out of the eight
years positive correlation is definitely shown; in three years positive
correlation is indicated, upper third yielding more than lower third,
but both being exceeded by middle third; during the remaining three
vears either negative correlation or no correlation is indicated.

Comparison of the original classes, for six of which there are seven-
year averages, shows a good deal of fluctuation, altho a positive tend-
ency is indicated.

In the case of Minnesota No. 161 definite, positive correlation is
shown for one year. Of the remaining two years, one shows no cor-
relation, the middle class falling below both extremes, while the other
indicates positive correlation, the upper class exceeding the lower, but
the middle class exceeding both. When averages for each of the
original classes are noted, positive correlation is indicated. A gradual
increase is shown through the first six classes compared. The last
class falls considerably below the two preceding ones.

Another comparison is afforded in this study of the relation of
total score to yield which was not possible in case of any of the sep-
arate characters. Since, according to the score card, the upper third
class of ears represented in Table XX includes absolutely the best ears
that could be found among those tested, the yield of this group should
exceed that of any other “third” group represented in any of the pre-
ceding tables. Such a comparison must obviously be made between
groups in which the same years are represented. By omitting the
years 1906 and 1907 in data for Minnesota No. 13, all of them are
comparable for the purpose mentioned. The averages thus obtained
are represented in Table XXI.

Obviously the positive correlation indicated in Table XX becomes
of doubtful significance in the light of this final comparison. In the
first place, the upper third class for total score is now slightly ex-
ceeded by the middle third class. Tfurther than this, it is exceeded
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by two of the other six groups, namely, “weight,” and “variety char-
acter.” It is equalled by three other groups, namely, “length,” “tips,”
and “kernel uniformity.” As a matter of fact, the differences among
the seven groups amount to nothing. '

TABLE. XXI

ComparisoN oF Upper Tuirp Crass For ToTaL Score Wita HicuesT THirp CLASS FOR
Eacnt oF tHE OTHER CHARACTERS

.

Character = Minn. No. 13 | Minn. No. 161
| Bu. Bu.
Total score (upper third class)........ ... .. ....... 58.3 01.3
Total score (middle third class)..................... 58.4
Length ....... e e e e e i 58.3 i 61.7
Weight ..ottt e e : 58.4 ‘ 6r.2

Circumference ........c.o....en ! 57.9 62.0
Shelling percentage : 58.2 61.5
BUtS vttt e e et et ; 58.0 61.6
Kernel uniformity......... e e e ‘ 58.3 ‘ 61.5
TIPS ettt it i i e e e et e e ; 58.3 61.9
Variety character. ... .. ... ... . iiiiirtennrnnnnnnnn ’ 58.7 ) 61.9

In the case of Minnesota No. 161, the highest scoring group suffers
even more strikingly by this comparison, being in fact the lowest
yielding of all the groups but one, namely, weight.

APPLICATION OF STATISTICAL METHOD TO DATA

Relation between any two characters or factors can be determined,
when sufficient data are at hand, by assembling them into a so-called
correlation table. This has been done in Table XXII with the data
from University Farm for Minnesota No. 13. These alone were used
because in the other cases -there were too few to be treated by this
method.

On the horizontal line at the top of the table appear the classes for
total score. These classes have been arranged in the same manner
as in other tables in Part I. On the vertical line appear the corre-
sponding classes for yield.

These classes do not represent the actual total scores or the actual
yields, as will at once be apparent. Instead of that, both yield and
total score have first been reduced to terms of 100 by considering the
average for each of the above two factors as 100, and referring the
values for each ear to this. For instance, if the average vield of all
ears in 1911 was 56 bushels, this was taken as 1oo. A vield of 54
bushels, then, was equivalent to 98.2; a yield of 6o bushels, 107,
and so on.

The reason for expressing the values in this form is that it was
necessary to include all years in one table in order to have sufficient
data for this type of analysis and the different years were otherwise
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not comparable. It will readily be seen that a yield of 6o bushels per
acre for one year may not indicate a higher yielding capacity on the
part of the ear which it represents than a yield of 40 bushels for an-
other year. Similarly an ear which scores 85 may not be inherently
different from an ear grown during another year which scores only
75, environment having affected the degree of expression of its
characters.

TABLE XXII

CorreLATION BeTweeN TortaL Score aAnp Yierp, MinwvesorA No. 13 Corn—Un1veErsity Farm

Yield i Total score classes i
classes & —— - . Total

| 78 : 83 j 92 ! 99 106 1‘ 713 ¢ 120 i
8o i 4 ‘ 3 ‘ 2 6
835 1 | I | 11 5 4 19
90 : 1 6 | 17 11 2 t 38
93 \ 1 ! 5 13 36 6 6 1 68
100 3 13 i 21 19 [3 | 61
103 i 3 12 | 27 19 3 ! 64
110 H ! 6 l 14 14 2 1 37
113 i : LS 9 2 3 15
120 1 i I 3 5
125 | i 1 1
Total 1 14 ; 56 139 79 22 ’ 3 Po314

r= + 0.119 &+ 0.038

It will readily be understood that since the classes for each of the
two factors whose relation is to be studied increase from the upper
left-hand corner of the table on the horizontal and vertical lines, the
figures in the table, which represent the number of individuals occur-
ring in each of the classes, would be parallel to the diagonal extending
from the upper left-hand corner in case a distinct positive relation
existed, and would be parallel to the diagonal extending from the
upper right-hand corner if a distinct negative correlation existed.

A definite mathematical expression for the degree of relationship
has been worked out, however, for data tabulated in this way. This
expression is known as the “correlation coefficient.” As a basis for
this coefficient, perfect correlation is designated as 1. Accordingly 1
indicates perfect direct or positive correlation, and —1 represents per-
fect inverse or negative correlation. Amount or degree of correlation,
therefore, is expressed in fractions of I.

The correlation coefficient for total score and yield appears im-
mediately beneath the table. It is 40.119 (r is a symbol adopted by
statisticians for correlation coefficient). Immediately following the
value for correlation coefficient, another value, 0.038 with the sign -+
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before it, appears. This value is “the probable error of the coefficient
of correlation.” It is designed to test the statistical significance of the
correlation coefficient. By “statistical significance” is meant signifi-
cance as affected by the number of individuals involved in the study.
Obviously the larger the number of the data the more trustworthy are
the indications which their analysis presents. That is to say, a cor-
relation coefficient of 0.119 obtained for 100 individuals evidently will
be very much less trustworthy than the same correlation coefficient
obtained for 500. This is because certain values will be thrown in one
direction or another by mere chance, and the larger the number of
data, the greater the possibility that an equal number of these fluctua-
tions will go in opposite directions, thus neutralizing each other. The
calculated probable error increases in size, therefore, as the number
of individuals decreases.

Concretely, the calculated probable error as applied to the corre-
lation coefficient means that the chances are even that the true corre-
lation coefficient falls within a range represented by the calculated
correlation coefficient, plus and minus the calculated probable error.
In other words, the chances are even that the true correlation coeffi-
cient in the present instance lies between 0.157 (0.1194-0.038) and
0.081 (0.119—0.038).

It is evident {rom the above that the significance of any correlation
coefficient depends upon how it compares in magnitude with its prob-
able error. The following table illustrates this concretely :

Chances that the true correlation coefficient is within the limit
established by

time the probable error=—even
times the probable error=4.5 to 1

3 times the probable error== 21 to 1

4 times the probable error=r142 to 1

and so on until at nine times the probable error the
chances are about one billion to one.

—

™)

In Table XXIII are presented the correlation coefficients with their
probable errors for each of the characters studied. 'The correlation
tables are given in the appendix.

Out of the nine correlation coefficients appearing in the table, two
(possibly three) are large enough to have possible significance. Chances
are 21 to 1 that positive correlation exists in the case of total score.
They are considerably greater than 21 to 1 that such correlation exists.
in the case of shelling percentage. This of itself is a contradiction,
however, for as was noted in the discussion of the facts set forth in
Table XXI, there is no group of ears so good from the score-card
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standpoint as the highest scoring ears, hence none should give so great
a correlation with yield.

TABLE XXIII

CorreLATION COEFFICIENTS FOR THE VARIOUS CHARACTERS AND YIELD

Character or type Cofficient of correlation

(Tables XL to XLVIII)
Length ... i e +0.098 =0.040
Weight ... +0.047 =0.044
Circumference ........coviiiriiiinnnnn.. —0.052 £0.041
Shelling percentage........oovvieirineenn. 40.157 #0.043
Butts ... -+0.006 =0.037
1 -3 -+0.030 . *=0.038
Kernel uniformity............. ...t -+0.048 =0.037
Variety character.......................... +0.033 =0.037
Total score.. .. iiii i +0.119 *+0.038

Chances are more than 4.5 to 1 that positive correlation exists in
the case of length. In all of the other cases, chances are either only
slightly greater, slightly less, or considerably less than 1 to 1 that cor-
relation exists!

In conclusion it must be noted that those correlation coefficients
which appear to be significant are significant from o statistcial stand-
point only. They are certainly not significant from a practical stand-
© point. Many plant breeders consider that o correlation coefficient must
be not less than 0.5 to be of significance from their standpoint. How-
ever, disregarding any arbitrary limit, it is perfectly obvious that none
of the present coefficients indicate sufficient increases as a result of
selection of better ears to make it worth while to expend time and labor
on selection. Furthermore, it should be noted again that in view of the
test applied to total score in Table XXI, even the higher correlation
coefficients are of doubtful statistical significance.

The above conclusion applies with equal force to all of the results
from all of the analvses of the ear-to-row data.

PART II. SELECTED EAR TYPES

The investigation of selected ear types was begun in 1914. From
five to ten selections representing each of the following types were
made from a crib of Minnesota No. 13 corn at University Farm: Show
(these were the very best ears obtainable according to the score card
standard), small, thick, elongated, poor tips, good tips, poor butts, good
butts, and tapering. Each of these ears (except “good tips,” which
were omitted through an error) was planted in a separate row. A
check row was planted between the groups of five rows. The seed
planted in the check rows was a composite of all of the ears repre-
sented in the test.
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Half of the seed from these ears was planted at Monticello, about
forty miles north of University Farm, in exactly the same way.

In 1915 a somewhat different plan was followed. A much larger
number of ears representing each character or type was selected, and
all of the ears of one type were shelled together and planted in a plot
instead of by the ear-to-row method. Each plot consisted of four
rows, the object being to use the middle two rows for the yield test
in order to overcome possible unequal competition with adjacent rows
of another type. It was found, however, that there was no such un-
equal competition. That is to say, when the outer rows of the re-
spective plots were compared, the rank of each plot as regards yields
was substantially the same as when the middle rows were compared.
For this reason the yield from the entire plot was used in all of the
comparisons appearing in the tables which follow. The types of ears
selected for this test were as follows: Show, elongated, short thick,
tapering, cylindrical, small, smooth, rough, medium smooth, high
in shelling percentage, low in shelling percentage, and medium in
shelling percentage. These ears were selected at random from the
crop of the previous year’s experiment. That is to say, the long slender
ears were not selected from the progeny of the corresponding parent
ears of the previous year, the short thick ears from the progeny of
short thick, and so on, but were selected from any and all progeny.

The season of 1915 was extremely unfavorable for corn in Minne-
sota, hence the crop was very immature. In fact, that on the test plots
was not far past the roasting-ear stage when harvested. No distinct
difference in the degree of maturity of the different plots was observ-
able, however, so the results are probably not materially affected by
this condition of the crop. ' ’

The experiment was repeated in 1916, on the same plan as was
followed in 1915. It was necessary, however, to go outside of the
Station to obtain seed. Seed of Minnesota No. 13 was obtained from
E. G. Enestvedt, Sacred Heart. This is substantially the same latitude
as University Farm. The corn, however, averages somewhat larger
than that grown at University Farm and may be somewhat later ma-
turing. The general character of the ears selected is shown in Figures
1 to 9. The ears shown are typical of the groups. The same general
character was shown by the ears selected in 1915.

RESULTS

Detailed data from the 1914 experiment, University Farm, are
presented in Table XXIV. The yield for each ear row is given as
well as the average yield for each type of ear. At the foot of the
table is given the rank of each type in yield and the average weight
of the parent ears of each type in grams.
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TABLE XXIV
YieLp prr Acre oF INpiviouar Ears oF Variovs Types, Minnesota No. 13 CorRN—
UnxtiversiTy Farm, 1914
S - o S Chéracter of ears
| ‘] Elon- ‘ Poor 1 Good \ Poor “ Taper- |
i Show Small '\ Thick | gated ! tips i butts : butts l ing l Check
- ‘ 1 ‘ ! | ‘
! Bu. Bu. Bu. | Bu. Bu. | Bu. j Bu. | Bu. [ Bu.
72.9 69.5 73.7 68.9 64.8 . 710 ! 703 69.7 | 65.3
64.0 65.8 73.5 | 68.7 625 | 61z . 581 : 39.6 | 64.4
74.0 62.2 76.6 | 551 64.7 | 61.8 ' 70.3 - 58.9 L7307
72.3 62.6 | 64.8 52.2 70.0 65.8 73.7 i 67.6
57.5 75.0 | 66.0 56.7 59.3 63.2 57.7 69.9
70.6 65.0 61.2 74.3 63.3 , 64.1
717 ; 64.8 73.5 .. l 63.2
70.4 i 58.6 56.7 I 58.2
71.7 : i e l 67.8
63.2 i | I 69.3
! | I 635.6
|
|
Average 68.8 66.7 . y1.1 | G4.7 Go.7 64.7 66.8 63.5 ‘ 66.3
Rank ....... ; 2 4 1 ' 5 7 5 3 6
Av. weight 5 i |
parentears,\ ! } :
grams. . ) 9.25 6.75 10| 8 8-75 8.75 9.25 |

It will be no+ed that some of the types are at a dec1ded dlsadvan—
tage owing to the small number of yield results obtained for them.
This is notably true of the “small” type and to a lesser degree of “good

butts” and

RiraTioN oF WEIGHT oF Ears To YIFLD MINNESOTA No

Lower third

“elongated.”

TABLE XXV

T Middle third

13 COR\~UN1VERSUY FAR

Bu. Bu. Bu.
62.2 64.0 72.9
65.8 2.5 74.0
55.1 57.5 70.0
62.5 71.7 76.6
66.0 71.7 62.6
69.5 63.2 75.0
70.4 73.5 73.7
64.7 63.0 64.8
32.2 68.9 , 64.8
36.7 68.7 58.1
71.0 64.8 70.3
39.3 61.2 65.8
50.6 61.8 74.3
73.7 70.3 735
63.3 65.2 69.7
56.7 ; 58.6
i 70.0

I
Awerage 63.5 66.0 69 T

Superﬁc1ally the most strlkmg ﬁgures in the table are the high
yields of “thick” and °

Closer examination of the table seems to indicate that in the case of

‘show”

ears and the low yield of “poor tips.”



Fig. 1. Representative Rough Ears (1916 Test)
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Fig. 4. Representative Long Slender Ears (1916 Test)

Fig. 5. Representative Thick Ears (1916 Test)

Fig. 6. Representative Small Ears (1916 Test)
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the first two, these yields are associated with the weight of the ears.
The relation of weight to yield is rather strikingly shown in Table
XXV. The correlation coefficient for these data has been determined
as 0.324 + 0.003. .

In Table XXVI are presented the corresponding, data for Monti-
cello. It must not be assumed that these figures constitute a definite
check on the University Farm results. The seed used was not accli-
mated, a fact which might be expected to materially affect the relation
of size of ear and yield, in particular. As a matter of fact, the data
indicate that the relation found at University Farm was reversed at
Monticello. This is most clearly shown in Table XXVII, which cor-
responds exactly to Table XXIV. The correlation coefficient in this
case 18 —0.2G1 - 0.066, somewhat less than that for University Farm

data, but significant nevertheless.

TABLE XXVI
YIhLD OF I\IDIVIDUAL EARs oF VARIOUS Tvrzs, MI\INFSOTA \'o 13 CORN—MONTICELLO 1914

Character of ears

| ‘
‘ Elon- | Poor | Good | Poor  Taper-|
\

Show | Small = Thick | gated . tips ‘ butts | butts ing Check
i : i | !
i Bu. l‘ Bu. ! Bu. | ‘ Bu. l ‘ Bu. Bu. | Bu.
| 263 ‘ 36.7 29.3 ’ 313 | 331 36 1| 250 30.8 32.5
‘ 28.7 ! 334 , 31.6 | 32.3 i 301 | 242 i 18.1 33.5 | 36.0
" 27.3 ‘ 32.3 i 29.8 ; 31.0 ! =290 ‘ 287 | 334 {232 ‘ 30.2
Vo 29.2 [ 30.2 28.8 ‘ 26.1 26.4 | 277 . 240 . 350 . 303
' 3.2 \ ceee 1301 1 265 382 | 223 i 20.9 ;. 43.4 | 26.6
Po2r6 L. v 244 | 287 ... | 327 28.1 | z27.0
36.1 e } 3.3 1 ... : 21.6 : 27.6
R 72 T v 2403 0 30.3 30.1
| 308 T R L IR TT R - 7 5%
| 28.7° B T L R T cees 1387
\ 1 | : —
Average .. i 29.4 ! 33.8 209 . 286 | 30.1 ; 27.8 | 269 32.3 i 31.0
Rank ....... ! 5 ‘ 1 4 s | 3 7 8 z
Av. weight ‘ : i : I |
parent ears,i ' | : : E ; i '
grams. | 9.25 6.75 ; 10 : 8 1 8.75 J' 8,75 - 9.25 ' 8.25 !

'Ihe above does not explam all the dlsagreements between Um—
versity Farm and Monticello data, however. Thus “poor tips,”
which showed such a strikingly low yield at University Farm,
yielding 4 bushels less than “good butts” which is equal to it in ear
weight, exceeds the latter at Monticello. This low yield, therefore,
probably has nothing to do with the character of the ears, but is purely
accidental.

Since each of the ears used in this experiment was measured, it
is possible to group the entire lot for a study of relation of length to
yield. The result is shown in Table XXVIII. Obviously, there is no
relation.
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TABLE XXVII

Revation oF WEeicuT orF Ear 1o YieLp, MinNeEsota No. 13 CorRN—MONTICELLO, 1014
) Lower third Middle third Upper third

|
| —
Bu. Bu. - Bu.
20.3 28.7 26.5
35-4 29.2 27.3
21.1 31.2 27.6
30.1 36.1 29.8
24.4 30.8 28.8
32.3 28.7 30.1 :
36.7 31.6 29.5
27.6 31.3 26.5
29.0 32.5 31.3
26.4 31.0 18.1
38.2 33.1 33.4
3€.1 28.7 24.0
52.5 28.7 32.7
43.4 25.0 21.6
33.5 29.9 30.8
35.0 30.5 24.3
28.1 e 27.7
Average 31.5 1‘ 30.4 | 27.6

TABLE XXVIII

Revation oF Lexncetir oF Ear 10 YieLp, Minnesotra No. 13 Corn—UNivERsITY FARM, 1914

" Lower third ; Middle third J Upper third

Bu. ; Bu. ! Bu.
63.2 i 64.0 E 74.0
71.7 ; 70.6 | 72.5
69.5 71.7 ‘i 68.9
65.8 ‘ 70.4 [ 68.7
62.2 64.8 5%.1
76.6 ! 71.0 ! 64.8
62.6 65.2 66.0
75.0 ( 70.3 ’ 61.2
65.0 i 61.2 { 58.6
62.5 3 72.9 | 38.1
64.7 ‘\ 64.8 ( 65.8
61.8 ! 52.2 | 74.3
70.0 | 69.7 | 73.5
59.3 | 56.7 ’ 64.1
58.0 | 56.7 J 57.5
57.7 ‘ 73.3 ] 66.0
73-7 i L ] 70.3
et ) ! 59.6
Average 65.9 65.9 | 65.5

In Table XXIX the data are similarly arranged for the study of
the relation of number of rows per ear to yield. It is apparent, when
averages for upper, lower, and middle third classes are compared, that
there is a decided positive relation. Roughly, the number of rows is
simply another measure of the weight of the ears, as reference to
Tahle XXX will show.
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TABLE XXIX

Reratiox o¥ NumsiR oF Rows 1o YieLp, Minnesota No. 13 Corn—UnNiversity FaryM, 1914

Number of rows - i | i
i Lower ! Middle | Upper
20 third | third | third

|

" Bu. . Bu. | Bu. | Bu. | Bu. Bu. ; Bu.  Bu.
' ogsat 0 648 1 73 P73y o661 ...
i i 66.0 69.7 73.5 75.0 |
: | 6rz 56.7 62.6 61.2

i 70.3 ¢ 729 65.0
[ eeee 1 38 64.0 64.8
Iowe.. L 65.2 74.0 74.3

¢ 59.6 72.5 73.5 1 een. ;
C e 01 3577 57.5 58.9 !
R . 63.3 70.6

62.5

52.2
56.7
38.6
; : 71.0 |
l-61.8 !
70.0
59.3 !
;703
I 65.8

Average 35.1 62.9 | 66.1 | 68.3 67.6 ' 63.8 | 66.1 67.4

"TABLE XXX
RerLarron or WeicuT oF EArs to YIELD AND 170 NuMrER 0F Rows PER EAR—UNIVERSITY
FarMm, 1914

. Average ; Average i Average

Type . yield i weight | number

per acre ; parent ears of rows

Bu. ' Oz. “

Good o ov i e 68.8 9.235 ! 16.0
Small ... 66.7 6.75 15.6
Short thick................ P 72.3 ' 10.0 : 18.7
Elongated slender................ ! 64.7 8.0 14.8
Poor tips.........iiiiiiiiiii,.. 60.7 8.75 16.0
Good butts........... .. .. 64.7 8.75 16.8
Poor butts........................ : 66.8 9.50 : 15.8
Tapering ......oiiiiiiiiii. 63.5 8.23 ! 15.4

'

In Table XXXT is given the summary for 1915. In the left-hand
columns are given the yields for each of the duplicate plots, and in the
right-hand columns the rank in yield of each type. The only types
for which there is any indication of relation to vield are “show” and
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“small,” both of which appear to be low yielders. Evidently it made
no difference in this test whether ears had a high or low shelling per-

centage. Both of these types are high yielders, according to these-

data. The shelling percentages were respectively, 87.5 and 79.5.

TABLE XXXI
RELA’XIO\I OF EAR Txmzs TO YIELD, MINNESOTA N 13 Cox\'

UNIVERSILY I‘AR‘V[ 1915

\ Yxeld per acre : Rank as regards yxeld ;
Character of ears ' Plots Plots Plots Plots | No. of ears

| SeriesI Series IT ‘| Series I Series IT ; in test

| | :

! Bu. 3 Bu. : ;
SHOW 4 vveeenreeirennanns | 20.4 ‘ 17.7 o : o ‘ 30
Elongated .....ooveeveen.n : 23.2 ! z2.2 7 4 44
Short thick............... i 23.9 : 20.1 5 7 50
Tapering ....covvevevnn.. i 24.2 i 19.8 4 ! 9 i 33
Cylindrical .............. | 23.4 ' 16.2 6 | 11 i 29
Small ......iiiiiii. z0.6 i 15.7 9 12 40
Smooth ........... ... .. 22.3 i 20.4 8 6 60
Rough .......ceivveun... ; 19.9 21.2 11 5 ; 50
Medium smooth........... 19.8 23.0 ! 12 3 48
High shelling percentage. . 24.4 24.4 | 3 1 { 17
Low shelling percentage... | 24.9 ; 24.1 I | 2 ; 17
Medium shelling percentagei 24.6 ! 19.4 ; 2 ‘ 8 17

TABLE XXXII

Reration of Ear Tyeprs To YieLp, Minnesora No. 13 CORN—UNIVERSITY FARM 1916

| Yxeld per acre Rank as regards yleld ;
i I
Character of ears ; Plots ‘ Plots Plots f Plots i No. of ears
SeriesT | Series IT Series I | SeriesII in test
|

. Bu. | Bu 1
Show ....viiiiiiiiiin, k 42.7 49.5 8 3 i 29
Elongated ................! 41.8 ! 39.9 9 8 i 27
Short thick............... 44.0 : 39.5 . 3 9 4z
Tapering ..........o..... 44.7 49.9 4 i 2 . 37
Cylindrical ............... | 46.9 i 34.2 3 i 12 i 10
Small .......... .. ..., : 505 | 45.6 1 4 ! 40
Rough .................. i 41.6 41.4 10 7 | 29
Medium smooth........... : 50.0 i 38.4 2 10 : 25
Crooked rows............. | 43.4 42.1 6 ! 5 i 11
High shelling percentage. .. | 38.1 416 12 : 6 ‘ 17
Low shelling percentage... : 40.8 50.0 1T 1 ! 17
Medium shellmg percentage i 43.2 i 37.4 7 11 [ 18

Table XXXII presents correspondmg data for 1916. Elongated
and rough ears appear to be rather low yielders, while tapering and
small ears appear to be high yielders.

The data analyzed for relation of weight to yield are presented in
Tables XXXIII and XXXIV, for 1915, and Table XXXV, for 1916.
Table XXXIV indicates a slight relation; so slight, however, as to
be practically insignificant. Table XXXV, for 1916, indicates a nega-
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tive relation altho the yield of ears of average size is practically equal
to that of ears of largest size.

TABLE XXXIII

ReratioNn oF WEIGHT OF EArs 7o Yienp—UNIvERsiTY FaArM, 1915

- o | Average Rank
Type of ears | weight as regards
| parent ears yield
Grams
SROW ottt ittt i e e et 199 8
Elongated 193 1
Shott thick...vv e rininiiiriineiinnenerin s 175 zand 3
Tapering «.vvveniii i it it 188 zand 3
Cylindrical ... ...t i i iiin e 180 7
Small L. e e e 108 9
Smooth ............ P N 155 5
Rough ..ottt i iis ittt ren e 175 6
Medium smMOOth. .o.vvinuiiiieiineneninnnneenas i 177 4
TABLE XXX1IV
RELATION oF WEercut or Ears 1o YIELD—UNI\ ERSITY FAR\[ 191 5
Lower thlrd . Mlddle thlrd i Upper thxrd

Bu. § Bu. : Bu.

22.0 22,0 19.1

18.2 19.8 | 22.7

21.4 21.4 ' 22.0

20.6 : 20.6

i

Average 20.5 : 20.9 21.3

TABLE XXXV

RFLATIOI\ oF WEIGHT oOF EARS TO YIELD MINNESOTA No 3 Corn: LN!\!;RSH‘Y FARM, 19x6

Lower third [ dedle ‘third } Lpper thll‘d
Bu. | Bu. Bu.
50.5 : 44.0 41.8
45.6 | 393 39.9
46.9 ‘ 38.1 j 43.4
34.2 ! 41.6 ; 42.1
41.6 ' 40.8 | 43.2
41.4 50.0 J 37.4
44.7 ! 50.0 42.7
49.9 } 38.4 49.5
Average 44.5 r 44.1 | 42.5

MAINE DATA ON RELATION OF WEIGHT OF EARS TO YIELD

Reference has been made to certain data gathered by Pearl and
Surface, of the Maine Agricultural Experiment Station, in their ex-
periments in breeding sweet corn. The writers have compiled such
of these data as bear upon the relation of weight of ears to yield and
the results are presented in summarized form in Table XXXVI.
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TABLE XXXVI

RerLatioNn oF WEIGHT oF Ear To Yiecp*
“Type” Corn

Average Weight Weight
Yield weight of of lightest | of heaviest | Number
parent parent parent of ears
ears ear in class | ear in class | in class
Bu. Grams Grams Grams
1908
Total weight per ear
Lowerthird......... ....... 18.4 81.3 71.5 88.0 33
Middle third......... ....... 16.9 94.5 88.4 99.5 34
Upper third......... ....... 17.4 111.0 100.0 125.0 33
Weight per ear of shelled corn
Lower third................. ! 18.1 63.4 56.7 68.0 33
Middle third................ | 17.4 74-9 68.6 79.9 34
Upper third........ ! e f 17.4 87.4 80.0 112.3 33
1909
Total weight per ear
Lower third......... ... .... 10.3 77.0 62.0 96.5 15
Middle third................ i 9.5 118.0 98.0 131.5 16
Upper third......... ... ... : 10.0 1471.5 132.0 157.0 16
Weight per ear of shelled corn
Upper third................ 10.2 65.2 49.5 77.5 13
Lower third................. 9.6 94.9 78.0 107.0 16
Middle third........ ....... : 9.8 114.6 108.5 126.5 16

* Data by Pearl and Surface, Maine Agr. Exp. Sta.

Data from a two years’ investigation are included in the table.
The study has been made on the basis of both total weight of ear and
weight of shelled corn per ear. In the second, third, and fourth col-
umns are given, respectively, the average weight of ears in each of
the three classes and the weight of the lightest and heaviest ears
in each class. A slight negative correlation is indicated. When ana-
lyzed by the statistical method for the determination of correlation
coefficient this is found to be —0.033 -+ 0.067 and —o0.023 - 0.067 for

total weight of parent ear with subsequent yield and shelled corn weight
per parent ear and subsequent yield, respectively, in 1908. Obviously
these coefficients indicate no correlation, since in both cases the prob-
able error exceeds the coefficient. Because of the smaller number of
ears used, this latter analysis was not made for the 1909 data. By
comparison it is readily seen, however, that the relation amounts to
nothing. '

PART III. SELECTION FOR YIELD AND EAR TYPE VS. SELECTION
FOR EAR TYPE ALONE

Simultaneously with the ear-to-row work which has already been
discussed, a plot was maintained in which ears were selected annually
on the basis of the character of the ear only. While this selection was
not based on the detailed scoring which formed a part of the ear-to-
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row work, a conscious effort was made each year to adhere to a stand-
ard type of ear. Minnesota No. 161 was the variety used. A com-
parison with the ear-to-row results for this variety is shown in Table
XXXVIL

TABLE XXXVII

br_x ECTION FOR YU-LD anp Tyre vs. SELE(,HON For Type ALO'\IE

Year ; Selectlon Fleld cured welght J le‘ference
! i
| Bu. I Bu.
1904 Yield and ear type.......coviininnnnn | 51.4 | 1.3
Ear type. .ot ! 50.1 i
1905 Yield and ear type................... 75.8 : +21.1
Ear type ..o i 54.7 |
1906 Yield and ear type................... 57.3 !
Ear type. .o vve it e : 57.6 ; —o0.3
1907 Yield and ear type................... : 64.1 i +7.8
Ear type....oviviiiiii i i 56.3
1908 Yield and ear type.............. .. ... 36.3 .
| Ear type. ..ot ‘ 56.5 : 0.2
1909 i Yield and ear type................... | 62.5 !
| Ear type. v cin i e ' 62.6 | —o0.1
1910 Yield and ear type................... ‘ 44.0 i “+11.3
Ear type..oooirin i 33.3
1911 I Yield and ear type................... 62.5 : +4.1
ﬁ Ear tyPe. .ttt i e \ 58.4 i
Average of yield and ear type.......... ¥ 59.3 ; +3.6
Average of ear type..........covininnn. | 53.7 ]

As an average of the eight years in the test there is a difference
of 5.6 bushels in favor of the ear-to-row selection. The latter, more-
over, had the advantage in five of the eight years. During the other
three there was an insignificant difference in favor of the ear type alone.

The investigation does not afford any direct evidence on the ques-
tion of the comparative effect of selection for yield alone with selec-
tion for vield and type. Since type of ear does not, according to
the preceding data, bear any important relation to yield, it is fair to
assume that the entire difference of 5.6 bushels may be credited to
vield selection.

SUMMARY OF EXPERIMENTAL RESULTS
I. EAR-TO-ROW TESTS

In the ear-to-row tests carried on at University Farm and at three
outlying stations, West Concord, Willmar, and Cokato, a large num-
ber of ears selected each year from the highest yielding rows were
carefully scored in the laboratory on the basis of the customary corn
score card. Several of the highest scoring ears (thirty-six or more
in most cases) were used for each succeeding year’s ear-to-row plant-
ing. The value of this intensive selection was studied by grouping
the ears in classes according to the size of their score for each of
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various characters and noting the comparative average yields of these

groups.

is given in Table XXXVIII.

A summary of the results according to the final groupings
The figures for University Farm repre-

sent a much larger volume of data than those for the outlying stations
and are regarded as more trustworthy.

TABLE XXXVIII

SumMary oF Yierps FoR Lower, MippLe, ANp Urper Tuirp Crasses

University Farm

{t
Ear character : Minnesota No. 13 Minnesota No. 161
‘ .
i Lower Middle | Upper Lower Middle | TUpper
, | Bu. Bu. | Bu. Bu. . Bu. . Bu.
Tength ..oooviiniiineenneinn. ! 57.5 580 | 583 1 621 62.0 | 63.3
Weight ..ot i57.0 584 ' 57.9 1 623 62.1 62.6
Shelling percentage.............. 1 57.3 58.1 582" 63.1 62.4 | 62.3
Circumference ................. . 579 57.7 57.5 62.9 61.6 | 627
Butts oo e I sy | 57.6 | 57.4 62.6 62,9 | 62.0
TIPS oot . 57.2 L 577 57.5 62.3 i 62.3 62.9
Kernel uniformitv............... ) 57.2 | 57.1 57.7 62.6 62.7 62.0
Variety character................ Cos7.1 | 57.4 57.9 60.6 61.9 61.3
Total score.......ovviiii i 56.9 57.7 37.9 50.9 60.7 61.3
i Qutlying Stations
West Concord Willmar
?
| Minnesota No. 13 Minnesota No. 161
i Lower Middle | Upper Lower ; Middle Upper
|
Bu. Bu. Bu. Bu. | Bu. Bu.
Length ..., 33.8 36.9 35.3 47.1 ‘ 47.5 47-5
Welght ......oiiiiiiiiiiinen. 35.5 37.5 37.0 520 | sna | 320
Shelling percentage.............. 37.7 37.1 36.9 46.7 | 46.9 | 458
Circumference ................. 36.5 35.2 37.2 481 | 472 47.5
Butts 37.4 36.0 36.2 |, 49.z | 48.8 48.4
Tips 36.7 38.3 37.6 454 48.5 48.8
Kernel uniformity............... 38.3 38.4 37.1 49.0 | 48.6 47.7
Cokato Cokato
' Minnesota No. 332 i Minnesota No. 13
Lower | Middle | Upper & Lower : Middle = Upper
Bu. Bu. | Bu. Bu. | Bu. = Bu.
Length ........... ... civin., 50.7 51.8 | 486 i 49.5 | 503 | 47.1
Weight ...vvirnniiiiinnnn... 49.9 51.5 ] 49.9 | 47.5 | 50.6 49.8
Shelling percentage.............. 52.3 51.5 | 488 | 402 . 489 49.4
Circumference ................. 48.1 49.9 , 529 | 481 . 508 | 506
Butts ..ovvviit i 51.0 50.2 J 49.9 ' s0.3 | 486 | 489
B o 51,1 52.0 |, S§I.9 49.2 . 40.3 | 49.1
Kernel uniformity............... 50.4 | 483 |

51.0

49.7
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An additional test of correlation has been made with Minnesota
No. 13, University Farm, the correlation coefficient having been worked
out for each of the characters. By this test even statistical significance
can be attached to indication of correlation in only two or possibly
three cases. The correlation coefficients for total score, shelling per-
centage, and length are respectively three, three and a half, and two
and a half times their probable errors. (See Table XXIII.)

The validity of total score as an index to yield has been further
tested by comparing the yield of the “upper third” group of total score
ears with the highest yielding third group for each of the other char-
acters. By this comparison the highest scoring ears become only aver-
age. In the case of Minnesota No. 13 they exceed three groups, are
surpassed by two, and are equalled by three. In the case of Minnesota
No. 161 they are surpassed by all but one group. As a matter of fact
the yields are very close in both cases. (See Table XX1.)

In view of this final analysis it is very doubtful if any of the indi-
cations of correlation found in any of the analyses of all the data are
even of statistical significance. It is, of course, clear that they are not
of practical significance as the differences in any case are very small.

2. SELECTED EAR TYPES

Definite types of ears, as show ears, elongated ears, short thick ears,
tapering ears, etc., were selected from a lot of corn, and each type
planted in a separate plot. This method was continued three years.
The selection was not continuous. The various types were not selected
respectively from the crop produced the preceeding year from a cor-
responding type. The results in brief are as follows:

" 1914. Show ears and thick ears were outstanding in yield. A sig-
nificant relation existed between weight and yield (Table XXV).
The correlation coefficient for weight and yield was 4-0.324-40.063.

No relation between length and yield was shown.

1915. Show ears and small ears appeared to be low yielders. No
relation to yield was indicated in case of any of the other types. A
very slight indication of relation between weight and yield was shown.
(Tables XXXI, XXXIIT, and XXXIV.)

1916. Some positive relation was indicated in the case of tapering
and small ears and some negative relation appeared to exist in the
case of long slender and rough ears. (Table XXXII.) Thus no con-
sistent relation is shown when results for different years are compared.
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3. SELECTION FOR YIELD AND EAR TYPE VERSUS SELECTION FOR EAR
TYPE ALONE

Simultaneously with the carrying on of the ear-to-row work de-
scribed under I, a plot of Minnesota No. 161 was maintained in which
ears were selected continuously on the basis of the character of the
ear only. As an average of eight years, the ear-to-row method out-
vielded the exclusive ear selection method by 5.6 bushels.

GENERAL DISCUSSION OF RESULTS

With reference to their method of fertilization, field crops are of
two kinds, namely, those which are generally self-fertilized, and those
which are often cross-fertilized. Familiar examples of the former are
wheat, oats, and barley ; of the latter, corn and rye.

If all the kernels produced by a single wheat plant were planted,
a very high degree of similarity among all of the resulting plants would
be seen. In fact, the only differences would be fluctuations in size
due to inequalities of soil or other environmental conditions. If, on
the other hand, all of the kernels from an ear of average corn were
planted, considerable differences among the resulting plants would be
seen, differences in shape of kernels, shape of ears, number of rows
per ear, in many cases in color of kernels, and many others which
could not be ascribed to differences in environmental conditions. The
wheat plant is pure for all of its transmissible or heritable characters.
This obviously must, under normal conditions, always be true of the
wheat plant, for the pollen, containing the male reproductive elements,
and the egg cell, or female reproductive cell, which unite to form the
new individual are produced from generation to generation by tHe
same plant. The male and female cells are identical with reference
to the qualities or potential characters which they contribute to the
new individual. In the case of corn, however, the situation is quite
different. The potential characters possessed by any ear have been
contributed by a large number of plants. Male and female reproduc-
tive elements are quite unlike in the majority of cases. Necessarily
unlike progeny must be the result.

But the degree of variability in corn may be reduced by artificial
means. By close and long-continued selection a similarity of type may
be obtained. Such similarity is due to the fact that the selection tends
toward the production of a variety in which the inheritance for the
selected characters approaches the condition in self-fertilized plants.
That is to say, for these characters the male and female reproductive
cells tend to become of like nature.
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It is now generally recognized that inbreeding in cross-fertilized
plants tends to reduce vigor. Self-fertilization in corn, for example,
causes an immediate reduction in yield. After continuous self-fertili-
zation a state is reached in which a purity of type is obtained. Such
self-fertilized strains are very inferior from the standpoint of yield.
After this purity of type is reached, however, continued self-fertiliza-
tion does not further decrease yield. (Shull 1910.) (East and Hayes
1912.)

Reduced yields accompanying inbreeding are, according to the best
genetic evidence, a direct result of increased gametic purity. That is,
as the gametes or reproductive bodies which meet to form the new
individual become more and more alike, the stimulus to growth re-
sulting from the union decreases. Continued selection to a type, there-
fore, may be expected to tend toward the same reduction in yield. The
reduction will take place much less rapidly than under artificial self-
fertilization, because the approach to purity will be much less rapid.

A rather attractive interpretation of this well-known stimulus which
very frequently accompanies heterozygosis, has recently been offered
by Jones (1917). His hypothesis attributes this stimulus to an in-
creased number of growth factors entering into the heterozygous in-
dividual as compared with the number contained in either of the par-
ents. As factors are frequently linked in inheritance, it*is considered
mmpossible for a homozygous individual to contain as many growth
factors as can be obtained in a heterozygous form.

The results presented in this paper show conclusively that close
selection for high-scoring ears is of no practical value in increasing
vield. The selection of high-yielding ears as determined by the ear-
to-row method proved to be of considerable value as a means of in-
creasing yield. Whether selection for yield plus selection for type
will give as high a yield as selection for yield alone is not known.
Close selection for any particular set of characters, we believe, tends
to reduce yield if such selection succeeds in producing a uniform type.
As evidence of results having been obtained, the Illinois selection for
high and low protein and high and low oil may be given (Smith 19o8).
" The figures in Table XXXIX are taken from Illinois Bulletin 128.

These results show that the standard variety gave an average yield
for the four-year period of 4.4 bushels per acre more than the close-
selected strain of low protein, and 15.9 bushels more than the average
obtained for the high protein selection.

Similar results were obtained for high and low oil selections as
compared with the standard. In selecting for a valuable character,
as high protein, some sacrifice of yield may be worth while. This is
clearly pointed out by Smith (1908). From the standpoint of a close
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approach to a score card type the breeder must determine the particu-
lar value of such approach for himself. The results of all experi-
ments would surely tend to show that such score card selection might
tend to a reduction in yield if long continued and if no new blood
-were introduced.

TABLE XXXIX

Yieips OBTAINED IN VARIETAL Tesr Prots

‘High | Low | High Low | * Standard

Year | i
! protein protein oil 1 oil : variety !
| ! ‘ —
I | | |
1903 wevveneaenns i 27.3 | 37.7 ‘ 32.7 | 41.3 : 40.9 (Boone Co. White)
1004 vvvrnvnnenn : 32.1 i 55.5 ; 41.9 ‘ 40.5 ' 53.7 (Boone Co.White)
TOO5 curiiriaas i 56.6 i 60.7 i 58.4 58.1 ! 68.4 (Silver Mine)
1906 ... ! 65.1 ; 73.2 66.3 H 83.2 § 75.7 (Silver Mine)
} i I 1 87.9 (Leaming)
1 1
| i ) -
Average ....... | 45.3 I 56.8 49.8 | 55.8 61.2

A broad system of breeding for corn would seem, therefore, to
be the correct procedure. Such a method is here given.

RECOMMENDED METHOD OF BREEDING

If the breeder is willing to use the ear-to-row method, the follow-
ing plan is recommended. It is taken from the work of Montgomery
(1000).

I. Select from 100 to 200 ears of the variety to be grown. If pos-
sible, select these ears in the field from those stalks which under com-
petition give a good yield.

2. Make an ear-to-row test of these selected ears, saving half of
the seed from each ear planted. From this ear-to-row test the 3 to
5 high-yielding ears may be determined.

3. Mix the remnants of the 3 to 5 high-yielding ears and plant the
following year in a seed plot. Select all ears obtained which are fairly
desirable, eliminating the very undesirable types.

4. Use the selected seed for field planting.

5. Give special attention to a part of the field so that a uniform
stand may be obtained. Select enough seed from this part of the
field for the entire acreage. Select seed in the fall from those stalks
which under competition show ability to produce one or more good
ears. Eliminate only the very undesirable types.

6. Continue the method outlined under 5 for a period of four or five
years and then use the ear-to-row method as outlined under para-
graphs 1 and 2.

For the grower who does not have time for accurate ear-to-row
breeding the following plan is suggested:
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1. Give special attention to a part of the field with regard to plant-
ing and cultivation. Select each fall before frost from those stalks
which under competition show yielding ability. Do not select from
stalks which clearly have unusual environmental advantages, such as
more room for development, as these environmental variations are
not inherited. Discard the very undesirable types but do not practice
a close laboratory selection to type.

2. Continue the above plan each crop season.
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APPENDIX

TABLE XL

CorreLATION Brerween Totar Score axp YIELD

Yield Total score classes |
classes ’ ‘ Total
78 83 92 09 106 ; 113 ‘ 120 1
l | |
8o | 14 3 2 | .. i 1 6
85 | { 1 I 154 35 | I . I 19
90 1 . ; 1 6 17 11 i 2 H g 38
95 ] 1 & 5 13 36 16 i 6 1 s 68
100 i i 3 13 21 19 = 5 ! 61
105 | i 3 12 27 19 : 3 . ! 64
i1o ! { 6 14 14 i 2 T ! 37
115 | i 1 9 2 i 3 ! 15
1z0 - i 1 1 3 “ ] 5
125 | .. I ‘ i 4
|
|
| | ;
Total | 1 1 14 56 139 l 70 ¢ 22 3 1 314
r= '+ o0.119 -+ 0.038
TABLE XLI
CorRELATION BETWEEN ScorE ror Tips anxp YIELD
Yield ! Tip score classes
classes | ‘ | Total
’ 17 52 87 122 f 157 192 | =227 262 1 297 I 332
8o 2 .. 2 .. 1 1 ! . .. . l .. 6
8s 5 2 1 3 4 | T 1 .. .. ! .. 19
90 7 2 9 5 4 | 3 4 . ) 38
93 16 4 19 13 1o 50 1 ; 68
100 13 4 16 14 5 6 C 3 | 61
105 7 5 15 17 7 6 5 ER 64
110 5 z [ 10 6 3 ! . PR 37
115 6 3 1 3 ! 1 1 15
120 1 1 2 1 1 . 5
125 1 i i I
Total | 62 10 75 66 | 40 27 5 15 3 3 “ 4 314
r= - 0.030 * 0.038
TABLE XLII
CoRRELATION BETWEEN ScorRe For Burrts axp YIELD
Yield | Butt score classes ;
classes | - | Total
L 30 45 | 60 75 g0 to5 | 120 ‘ 135 | 150 |
| ; i ' i H
| —— I | |
8o 3 I 1 | S | 6
85 L | I 4 3 4 4 [ 1 i 19
g0 i i 1 4 8 13 ! 7 ‘ z 3 38
95 - | 4 8 16 26 7 5 .. 68
100 Coz | 12 12 17 8 [ 3 7 61
105 ! 2 10 17 24 7 2 2 64
110 1 be 6 7 14 7 | 1 1 ; 37
R } 3 3 5 13 E . rooas
120 I ! 1 2z t } ! 1 | 5
125 .. .. J .. .. .. L } T
Total | 3 f 10 52 68 105 . 44 | I3 15 314

r= - 0.006 z+ 0.037
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TABLE XLIII
CorreLatioNn BerweeN Scorg ror KernenL Unirormity axp Yieup
Yield Kernel uniformity classes ‘
classes - - i Total
1 i ! H '
i3 L6510 74 83 | 9z . 101 ;o110 119 ‘ 128 137 |
i i H : ¢ |
; H i : I , | T T
80 i ! .o 4 .. i 2 .. 1 : 6
8 ! ! | z | 5 3 ! 8 T .0 19
H 1 H ]
go | U 4 i 15 4 | 13 T to1 38
05 L3 3 0 o |8 13| 12 s | 2 | 1| 68
wo | “ 2 1 r 10 ' 16 3 | 20 4 4 T 61
105 ' i 1 : 1 i 9 | 17 12 ! 19 2z 2z I 64
110 i b2 2 1 9 | 6 1 14 3 I -3y
s | o - 6 3 3 1 [ 51
120 . | : 1 I oz T is
125 | | i ‘ i ; 1 | 1
LS F S | e
Total | 7 7 | 39 | 9o 435 1 o4 8 | 9 4 o314
r= - 0.048 =+ 0.037
TABLE XLIV
CoRRELATION BETWEEN VARIETY CHARACTER AND YIELD
Yield Variety character classes i
classes - : Total
3! 78 } 85 92 99 106 . 113 120 | 127
— P i j |
8o . b4 ; .. 4 . 1 1 .. ; ‘ 6
83 1 1 T 2 7 6 1 2 : : 19
90 i 2 3 13 16 3 .. 38
93 I 2 ! o 13 16 2 5 10 ; 68
100 2 3 6 7 14 14 1T 4 . ; 61
105 .. 3 [ 14 16 18 6 e LI 64
110 2 1 1 5 8 10 6 4 I 37
115 1 1 5 6 [ 1 | 15
120 1 3 o j ; 3
125 ! I | ¢ i 1
| i | :
Total ! = 1z | 26 ) 1 79 87 35 9 | | 314
r= - 0.033 £ 0.037
TABLE XLV N
CorrerLaTion BrerweeNn Lenera ofF Ear awp- Yierp
Yield Length of ear classes
classes Total
85 90 | 95 100 103 " 110 i3
8o 1 1 .. T : ¥ .. 4
83 ! .. 2 6 4 ! 3 1 . 18
90 1 2 9 7 7 ' z i 1 29
95 ‘ 2 2 ! 20 18 18 3 ! 63
100 1 : 2 | 19 6 24 3 55
i H L i i
103 i 1 ; 3 i 18 16 1 15 2 .. 55
110 : : I 3 9 ' 6 . 2 33
113 R ! 6 3 ! 3 ! H i 13
120 } 1 ; 1 i 1 ! 3
125 ! I 1 i 1 : 1
; | :
Total 7 13 84 64 91 12 i 3 274
r = - 0.008 =+ 0.040
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TABLE XLVI
CorreELaTION BETWEEN CIRCUMFERENCE OF EAR AND Yigrp
Yield Circumference of ear classes .
classes - Total
6o | 90 . 093 | 96 99 toz | 105 | 108 | 11t
| : { H i i
| ! | A
80 . . } T .. .. 3 .. [N 4
85 A S 3 6 1 3 ! P 18
90 L L A O 5 | 8 ., .. 29
93 : Cog 6 | 17 19 o3 63
100 ! P | 13 14 18 5 4 55
103 1 2 3 9 15 16 | 7 | 2z 55
110 ! i 4 13 1z ; 4 ! ; 33
113 | .z 6 5 0 .. } P13
120 E i 1 . | 2 4 ; 3
125 | : 1 ‘ | { 1
— | ‘ ‘ |
Total 1 5 10 | 42 79 84 43 | 9 1 274
r= — 0.052 % 0.041
TABLE XLVII
Yield '
classes - -
C 84 \ : i ‘
- : \ i i !
i i : i
80 1 .. 1 1 P e .. ! ! 3
83 2 3 1 4 o P33 P 16
90 1 4 [ 5 41 .. 1 6 e 1| 27
95 2 4 5 8 9 s | 8, 1 70 4 53
100 . I 1 5 5 8 6 10 | 5 3 L | 45
103 2 1 3 12 10 l 6 5 - 3 2z | 45
110 2 9 3 5 5, 3 i 27
115 | 3 2 2 1 2 | I
120 | 1 1 :
125 i | 1‘
P e —_—
Total | 6 by 13 27 47
¥ = - 0.047 = 0.044
TABLE XLVIII
CORRELATION BETWEEN SHELLING PERCENTAGE AND YIELD
Yield | Shelling percentage classes )
classes | - . Total
I o935 | o3 o7.5 | 99.3 tors | 1035 | Tos.5 |
| | !
8o ; 1 ! . 1 .. 1 i 3
83 ; . | 1 6 2 2 5 .. J 16
g0 L 5 5 4 5 5 2 oz
93 1 ! 10 11 14 12 4 1 53
100 3 11 1t 10 9 1 45
105 1 1 8 ' 13 12 8 2 45
110 i 2 2 { 12 7 2 .. 27
113 ! ; 5 4 : 2 1 12
120 i ' 2 T _ 3
125 T i 1 ! v
Total 4 ! 22 46 61 55 | 37 7 g 232
r= - o0.137 * 0.043
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