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INTRODUCTION

The study of correlations as an aid to plant breeding was at one time
thought to be full of promise, but in recent years little use has been made
of correlations by practical workers. From this fact it might appear
that the early hopes were unwarranted, and that correlation is a factor
of little or no importance. It must be conceded that the elaborate
calculations of correlation coefficients have in few instances proved of
value to the practical breeder, yet it must be admitted on reflection that
nearly all successful breeding has in reality been made possible by the
fact that correlations exist.
In plant breeding the improvement and preservation of varieties has
largely resulted from the ability of the breeder to recognize desirable
types, and the existence of definite types is in itself a manifestation of the
correlation of characters. The existence of types must mean that there
are many individuals that present approximately the same combination
of characters, and this is exactly what correlation implies. The characteristics of the desired type are recognized by the breeder even though they
may not be formulated, and varieties are seldom established by selection
confined to a single character. If the study of correlations has appeared
to have little bearing on plant breeding, it must be that we have been
studying the wrong characters or studying them in the wrong way.
In the improvement of maize varieties (Zea mays), as with other plants,
the recognition of types has been an important factor. The selection,
however, has been almost entirely confined to the ear. In a field of any
commercial variety it is easy to recognize differences in the plants, but
even after long familiarity with the variety the plants refuse to be classified into distinct groups. This difficulty in recognizing types among
maize plants greatly increases the difficulty of breeding this crop.
The lack of recognizable types in maize is very different from the condition that obtains, for example, in cotton (Gossypium spp). With cotton,
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skilled breeders are able to detect deviation from type even in the early
stages of development and the practice of roguing can proceed with certainty. It appears that when a cotton plant deviates from type it
deviates in a more or less definite way and in many particulars, or, in
other words, there are a number of coherent or correlated characters.
It seemed desirable to determine whether the difficulty in recognizing
types in maize is due to a lack of familiarity with the plants or whether
there is a fundamental difference between the heredity of maize and that,
for example, of cotton.
In the seed characters of maize a definite correlation has been found
between the color of the aleurone and the texture of the endosperm (Collins and Kempton, 1913). Correlations have also been noted between the
color of the silk and the color of the anthers (Webber, 1906), and between
the color of the seed and the color of the cob, dwarfness and broad leaves,
and between stamens in the ear and club-shaped tassels (Emerson, 1911).
There was, therefore, abundant reason for suspecting that the difficulty
of recognizing types among maize plants might be due to a lack of sufficient discrimination, and it was with the idea that correlations were the
rule rather than the exception that the present experiment was undertaken. Contrary to expectation, the results give evidence that for the
varieties and characters studied there is almost a complete absence of
genetic correlations.
CLASSIFICATION OF CORRELATIONS
Correlations may be classified in a great variety of ways and with almost
any degree of refinement. As with any classification of organic activities,
no particular grouping can be made to serve all purposes, for it is necessary
to divide the subject in different planes.
For purposes of the present discussion correlations, or the mutual
relations of characters, are divided into three main groups, to which the
names "physical," "physiological," and "genetic" may be applied.
PHYSICAL CORRELATIONS are those in which the relation is obviously
causal. In many instances correlations of this kind are little more than
different names for the same phenomenon, or parts of the same phenomenon, as when increased weight is correlated with increased height.
In physical language one of the characters would be described as a
function of the other.
PHYSIOLOGICAL CORRELATIONS are those where both characters are
the result of the same physiological tendency, as when long internodes
in the main stalk are correlated with long internodes in the branches.
This may be looked upon as a general tendency to elongated growth
that is manifested in different parts of the plant.
GENETIC CORRELATIONS cover the large residue of correlations, the
nature and causes of which are questions of controversy, but which are
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associated with the method or mechanism of heredity. An example of
this type of correlation is shown in the association of yellow petals and
deeply lobed leaves in Egyptian X Upland cotton hybrids.
This classification differs from those proposed by Webber (1906) and
East (1908) chiefly in placing physical correlations outside the pale of
biological correlations. Most of those correlations classed by Webber as
morphological would here be considered as physical. This distinction
is made because it seems to the writer that the relation between length
and weight, for example, is inherent in the properties of matter and is not
a biological phenomenon. Certainly a relation of this kind would be
found in stones or any inanimate objects selected at random.
Since physiological functions are always directly or indirectly induced
by or at least associated with environmental stimuli, Webber's environmental and physiological correlations are here combined. That the
examples of physiological correlations cited by Webber are reverse or
negative correlations need not confuse the issue, since by simply stating
the relation in other terms the correlations can be made to appear as
positive.
The distinction between physiological and genetic correlations may
not always be easy to apply, and the apparent need of it may disappear
entirely with a more complete knowledge of inheritance and methods
of growth. For the present, however, the distinction will be useful even
if physiological correlations are confined to pure lines or asexually
propagated stocks where differences in inheritance can be eliminated.
To ascribe the long internodes of the main stem and branches to the
activity of a single determiner or gene is hardly less futile than to offer
the same explanation for the correlation between the length and weight
of inanimate objects. If the one is inherent in the properties of matter,
the other is inherent in the properties of plants.
All examples of genetic correlation are exceptions to the third law of
Mendel, which implies that characters are redistributed in the perjugate
generations of a hybrid in accordance with the laws of chance. Conversely, all instances in which Mendelian ratios, other than the 3 to 1
ratio of a monohybrid, are followed with exactness demonstrate the
action of this third law and the absence of correlations among the factors
which make up the characters. It should be kept in mind, however, that
multiple hybrid ratios have seldom been determined with any great degree
of accuracy, so that correlations, unless of a pronounced type, would
escape detection.
The significant factor in genetic correlations is the grouping of the
characters in the ancestry and not the inherent properties of the characters themselves. Thus, when colored aleurone and horny endosperm
are found to be correlated in the progeny of a hybrid, involving colored
and white aleurone and horny and waxy endosperm, it does not indicate
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any attraction between colored aleurone and horny endosperm, but
rather that one of the parents had colored aleurone and horny endosperm, while the other parent had white aleurone and waxy endosperm.
This tendency for parental combinations to reappear has been called
" coherence/' and, so far as known, all genetic correlations thus far recorded are of this nature.
Many investigations have been devoted to correlations in agricultural
plants, but unless the special class of correlations covered by coherence
is kept in mind the results are likely to be disappointing to the breeder.
Cylindrical ears of maize may be correlated with high yield in one population and the opposite result be reached in another case, depending on
whether these characters were introduced into the population under
investigation from the same parent or from different parents.
There are doubtless many physiological correlations that may be detected by elaborate measurements, but unless the observations are confined to asexually propagated groups or to those of which the ancestry
has been carefully studied, there will always remain the uncertainty
whether there is an inherent physiological relation between the development of the two characters or whether the correlation is the result of
ancestral combinations. The distinction is not without practical importance, for a physiological correlation can not be reversed by any direct
means at the disposal of the breeder—that is, without evoking mutation
or some form of evolutionary change—while, if the correlation is genetic,
the relation between the characters may usually be reversed by a few
generations of selection in the desired direction.
Two principal theories have been advanced to explain genetic correlations. These are the theory of reduplication (Bateson, Saunders, and
Punnett, 1906) and the theory of linkage developed by Morgan and his
students (1915) from studies of the fruit fly Drosophila ampelophila.
Both of these theories deal with characters which are alternative, both
having been derived from the study of Mendelian inheritance.
With the idea that continuous inheritance is to be looked upon as a complicated form of alternative inheritance, it should be interesting to
learn what light the study of genetic correlations between characters
that are blended in inheritance may throw on the theories of reduplication and linkage. The experiments described below constitute a preliminary attempt to extend the study of genetic correlations to characters
that are continuously inherited,
METHODS OF DISTINGUISHING BETWEEN PHYSIOLOGICAL AND
GENERIC CORRELATIONS
To determine with certainty that a given correlation is physiological
and not genetic, it would be necessary to demonstrate the existence of
the correlation in material where all the individuals possessed the same
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hereditary tendencies with respect to the characters studied. Theoretically this is only possible in asexually propagated groups. Approximately pure lines may be obtained where self-pollination is possible,
so that if correlations are found they may with assurance be considered
physiological. In maize, however, even to approximate pure lines
produces such abnormal conditions that some other method of study
must be sought.
Even in maize it would seem that the question might be approached
by comparing the degree of correlation in types or varieties having a
relatively restricted ancestry with that observed in the per jugate generations of hybrids between two contrasting forms.
An equally satisfactory method is to compare the degree of correlation in the first or conjugate generation of a hybrid with that of the perjugate generations. Where the conjugate generation is all descended
from a single cross, the gametic differences should be no greater than selfpollinated progenies of the parents.
Unfortunately in our experiment the number of first-generation individuals was too limited to detect any but relatively large correlations.
Wherever data were available, additional evidence has been presented
from the behavior of the original varieties. Although a large number
of plants of both parent varieties have been grown and measured, the
data have been secured in different localities and in different years, a
fact that renders many of the measurements unavailable for these studies.
DESCRIPTION OF MATERIAL
The hybrid that afforded the data for the present paper was a cross
between Waxy Chinese and Esperanza, two varieties of maize separated
by a number of definitely contrasted characters. The hybrid was made
at Lanham, Md., in 1908.
The peculiarities of the Waxy Chinese variety (PL LV-LVI) have
been described elsewhere (Collins, 1909).
The particular plant used as female parent of the hybrid was grown
from the original seed imported from China. The individual notes taken
in 1908 give the following details:
Height, 167 cm. Length of fifth leaf from the top, 83 cm. Width of fifth leaf, 9 cm.
Leaf sheath smooth. Nodes above the ear, 4. Suckers, o. Plant rather open, but
distinctly one-sided.

The Esperanza variety belongs to a peculiar type of maize that appears
to be confined to the table-lands of Mexico, the Zea hirta of Bonafous
(1829). This variety was obtained in 1906 from Esperanza, Pueblo,
Mexico, by Mr. H. Pittier, of the Bureau of Plant Industry (PI. LVIII
and LIX).
The plant that was the male parent of the hybrid was raised from seed
grown at Lanham, Md., in 1907. Regarding the 1907 plants, the notes
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state that all were typical of the hairy Mexican type, ranging from 150 to
210 cm, in height. The notes recorded for the 1908 plant used in making
the hybrid state that it was typical of the variety except for a general
shortening of the internodes. It was 105 cm, high, had three tassel
Branches, four nodes above the ear,, and the fifth leaf from the top
measured 83 by 14 cm.
Sixteen first-generation plants were grown in 1909. Three pure-seed
ears that provided seed for the second generation are designated as No.
i,2, and 3. Four plants entered into the parentage of these three ears.
No. 1 and 2 were reciprocals. No. 1 resulted from pollinating plant 225
by plant 226. No. 2 by pollinating plant 226 by plant 225. No. 3 was
the result of pollinating plant 262 by plant 263. The ears on all three of
the first-generation plants that produced ears 1,2, and 3 showed the usual
mixture of waxy and horny seeds that result from crossing the Waxy
Chinese and a corneous or horny variety. The notes taken on the four
first-generation plants are presented in Table I.
TABLE

I.—Description of four first-generation maize plants grown in xgog

Plant No.

263

Height
Number of tassel branches
Nodes above the ear
Length of fifth leaf
Width of fifth leaf
Kxsert of tassel
Arrangement of leaves
* Exserted.

cm..

222
20

cm..
mm..

14

5

& Scorpioid.

5

5
14

13

63

(>)

212
18

22S

(b)

76
o

86

230
17

5
13-

88

(b)

c Neither monostichous nor scorpioid.

The final planting was made in 1914. The remnant of seed from the
original hybrid ear was planted and furnished 31 first-generation plants.
Six rows of approximately 30 plants each were secured of second-generation plants, one row from waxy, and one from the horny seeds of each
of the first-generation ears.
The means of the characters measured are given in Table II, and the
coefficients of variation in Table III.
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TABLE III.—Coefficient of variation of characters infirst- and second-generation maize p lants

Second generation.

Character.

Height
cm,.
Length of branching
space
cm..
¡Length of central spike,
cm
Number of branches
Number of secondaries,.
Number of nodes above
ear
Length of longest leaf.
Width of longest leaf,

First
generation.

Ear i.

Ear 2.
Plants
from
waxy
seed.

Plants
from
horny
seed.

Plants
from
waxy
seed.

Plants
from
horny

8.o± 0.7 14-7± 1-5 13- o± 1.

14.5 ± I*

19. o± 1.

;*9± 1

-.o± 1.8

i9-3± 1.8 20.4± 1.9 I9*6db 1.

IS* 8± 1.

18.3 ± 1.

I.O± 2-5

>. 6± 2.2

14. S± 1*3 19. 7± 2.0 15* 2± i26. 3± 2.5 27. o± 2.7 25.2± 2.
46.4± 4-9 40.4± 4.2 42.4± 4-

13.8± 1.
17. 5± !■
43-6± 4-

I7-S± I-

:.6± 1.4
(.o± 2.7
t.o± 9.1

1. 7± 1*0
>-i± 3*3
>.2±11.6

Plants
from
"waxy

Plants
from
horny-

14.4± 1.3 17-4± 1*7 i7-3± 1.
4*4±

*4

8.i±

.7

8.2±

.

10.o± 2. 5 10.7± x.o iS-i± IRatio of length to width. o.3± -8 II.0± I.O 10.7± 1.

Number of nodes, above
longest leaf
Total number of nodes..
Number of sheaths with
hairs
Number of sheaths encircled by hairs
Length of hairs... .mm..
Density of spikelets....
Length of glumes, .mm.
Number of erect blades..
Angle of tassel axis... ( °)..
One-sidedness
,
Number of rows, upper
ear
Number of rows, lower
ear
Number of husks, upper
ear
Number of husks, lower
ear

Ear 3.

22. o± 2.

41.9± 4-

9-6± i.(

14* 3 ± 1.

3±

>-4± i*i

-l

9-7± i-

7±

4=b I-O

6.7±

10.4± i.<
10.2± i.<

8.2±
10. s±

.
.

i.8± 1.3
(*9± 1-4

4± 1.9
7± 1-3

2I.8± 1.
9*i± «

i.8± 2.0
i.o± 1.0

7±

12. I± I6.2± .1

18.4± 1-7 17* S± i10.9± 1.1

14. 2± I.i

14. I± I.:

26. 2± 2.5 19-8± I.

29.4± 3*2 26.4± 2.5 23.3± 2.5

IOO.O±I5-< i70.o±42.o 83.4±"22.4± 2.1 19. 7± 1.9 17-2± 1.
30.3± 2.< 20. 2± I.9 36.2± 3.
10. 7± 1.1
9* i± -9 6.8± .
57-4± 6.« 68.7± 9-8 66.9± 967.2± 8.< 98.2 ±16.5 66. 7± 7*

S3-6± 6.< 48.8± 5-7 56. 5 ± 7*

6.8± .

169. o± 42. o
18. s± 1.9
29. 7± 3.1
IO. 2± 1.0
60.6± 10.1
74-4±io.4
49.6± 6.6

I32.0±25.
10,4± 1.
19. 8± 1.
10. s± I.
75- o± 989. 5 ±13-

52.6± 6.

o± 78. 2
6± 2.3
6± 2.4
i± i-o
2± 8.0
9±I2.8
4± 5-9

i± 1.4

-7

i± 2.1
o± 50. o
3± 2-3
8± 2.8
S± i« 7

3± 7-S
o±i8.6
8± 6.3

13. 7± î..

20. 7 ± 2.5

17.2± 1.

13.8± 1.8 13* 7± i-

7± i*4

3± 1*9

18.6± 2.1

15* S± «• 5

19.9± 3-

12.4± i.6 15* 0± 2.

8± 1.7

o± 1.9

15. i± 1. -

24.6± 2.6

20.6± 2.

18.8± 2.0 20. 2± 2.

3±. 1.

7± 2*6

19* 3± 2.<

23.1 ± 3-6

14* 4± 2.

n.6± 1.8 i9-5± 2-

8± 2.5

o± 2.5

A comparison of these tables shows that the first-generation plants
exceeded the second-generation plants in height, length of branching
space, length of central spike, length and width of longest leaf, number
of nodes above the longest leaf, number of leaf sheaths with hairs,
and number of single-ranked blades. The second-generation plants
exceeded the first-generation plants in the number of tassel branches.
In the other characters there was no significant difference between the
means of the first and second generation plants.
The first-generation plants were distinctly less variable than the
second-generation plants in height, length, and width of longest leaf,
number of nodes above the longest leaf, total number of nodes, and
number of leaf sheaths with hairs. The first-generation plants were more
variable with respect to the length of the tuberculate hairs and density
of spikelets.
The least variable character measured was the length of the longest
leaf. The total number of nodes was also comparatively uniform. The
very high coefficient of variation for the number of sheaths encircled by
hairs results in part from the alternative nature of this character.
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In the progeny of the reciprocal ears 1 and 2 there are no really significant differences. The progeny of ear 3, however, which descended from
entirely different first-generation plants, shows a number of differences
from the remainder of the second-generation plants.
Although the average height of the plants from all these ears is practically the same, the progeny of ear 3 shows smaller values for a number
of other dimensional characters. The number of branches, primary and
secondary, length of leaf, total nodes, length of glumes, and number of
rows of grains are all slightly lower. With the exception of length of
leaf and length of glumes, these differences might be interpreted as
indicating a more pronounced development of the Esperanza characters.
The same may be said of the exsert, which is higher in ear 3. In the
development of tuberculate hairs, on the other hand, the progeny of ear
3 was decidedly more like the Chinese variety.
In addition to the measurements given in Tables II and III, there are a
number of differences that deserve to be more fully discussed.
HAIRS ON THE LEAF SHEATH
Perhaps the most striking difference between the varieties is the covering of the leaf sheaths. In the Chinese variety the leaf sheaths are
similar to those of the ordinary types of maize. The surface is smooth,
except for fine spicules, which occur especially over the fibrovascular
bundles. The spaces between the fibrovascular bundles are crossed by
numerous diagonal ridges or cross veins irregularly arranged and usually
discontinuous at the fibrovascular bundles. These cross veins with the
fibrovascular bundles cover the surface of the sheath with a coarse
reticulum.
In the Esperanza variety the cross veins of the sheaths are absent or
confined to the seedling leaves, and the spaces between the bundles are
occupied by tubercles, each bearing a long hair (PI. LVIII). These
tuberculate hairs are absent from the sheath of the first six to eight
leaves of the seedling. They appear abruptly and may cover the entire
surface of the first sheath on which they appear. The hairs are from
3 to 5 mm. long, and the tubercle is approximately }4 mm. wide and of
the same height.
In the Waxy Chinese variety tuberculate hairs are completely absent
(PI. LVI, fig. 2). As in all varieties, there is a small area closely confined
to the throat of the sheath that is clothed with long hairs. It is not
clear whether these hairs are homologous to the tuberculate hairs of the
Esperanza variety or not. Even considering these hairs at the throat
of the leaf sheath in the Waxy Chinese variety as of the same type, the
two varieties are completely separated, with not even an approach to
overlapping forms. In the hybrid and its progeny three methods of
measuring the degree of hairiness were employed:
(1) By recording the total number of nodes with hairy sheaths.
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(2) By recording the number of nodes with hairs completely encircling
the sheath. In the pure Esperanza maize this usually occurred at the
lowest node on which hairs were borne; or at most there was a difference
of only one of two nodes. In the hybrid plants there were usually a
number of sheaths with tuberculate hairs at the side, but with a narrow
smooth strip at the back over the* midrib.
(3) By recording the length of the longest tuberculate hairs. In all
hybrid plants of both the first and second generation tuberculate hairs
were present, there being no plant that resembled pure Waxy Chinese
plants in this particular. The length of the hairs varied, however, in
different plants, thus affording another measure of the extent to which
hairs were developed.
TASSEL CHARACTERS
In the nature of the tassel the two varieties are hardly less distinct
than in the covering of the leaf sheath. The Waxy Chinese variety
has many branches, 15 to 30 primary branches in normally developed
plants, with numerous secondaries. The Esperanza (PL LVII) seldom
has more than 5 branches and in many plants the tassel is simple, consisting only of a large central spike. Associated with the difference
in the number of branches is a corresponding difference in length of the
axis or "branching space/' the distance from the lowest to the uppermost branch.
In the Esperanza variety the glumes vary from 10 to 16 mm. in length
with a mean of 11.7 ±0.14. In the Waxy Chinese variety the range is
from 7 to 12 mm., with a mean of 9.2 ±0.09. All of the above characters
were directly measured or counted.
The typical arrangement of the spikelets is also different in the two
varieties. In the Waxy Chinese the arrangement on the branches is
similar to that in most of the better known varieties of maize. The
spikelets are paired, one pediceled and one sessile, the pairs alternating
on the sides of the branch. In the Esperanza maize when branches
occur the spikelets are nearly all sessile and are borne in clusters of
from 2 to 5. They are also disposed on all faces of the branch instead
of being confined to the Sides. The arrangement of spikelets and general appearance of the branches in the Esperanza is similar to the arrangement on the central spike. One result of these differences in arrangement of spikelets is a greater crowding of spikelets in the Esperanza.
As a measure of this difference the number of spikelets in the last 10
cm. of the lowest tassel branch were counted. This number is referred
to as the "density of the spikelets."
TASSEL EXSERT
In the Waxy Chinese variety the base of the tassel is frequently
inclosed in the uppermost leaf sheath. In the Esperanza variety the
lowest branch of the tassel is usually well above the uppermost leaf
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sheath in the mature plant. Differences in this particular were recorded
by measuring the distance from the top of the uppermost sheath to the
origin of the lowest tassel branch, the measurement being expressed as
a minus quantity when the base of the branch was included in the sheath.
This character is especially subject to environmental changes. Unfavorable conditions, such as drought occurring late in the season, will
prevent the elongation of the upper internodes to such an extent that
all varieties may show a minus exsert. Comparisons must therefore
be confined to plants grown in a single season in the same locality.
The range as recorded for Waxy Chinese grown at different times is
from —14 cm. to 7 cm., with the mean at —1.31 ±0.3. In Esperanza the
range is from —3 cm. to 18 cm., with the mean at 6.07 ±0.5.
NUMBER OF ERECT LEAF BLADES
In the Waxy Chinese variety the upper leaf blades are held erect
instead of diverging. In ordinary varieties which the* Esperanza resembles with respect to this character the upper leaf blades make approximately a right angle with the axis (PI. LV, LVII). As a measure of this
character the number of erect leaf blades was recorded. For example,
if the two uppermost leaves were erect and the third leaf was the
first to exhibit an angle, the plant was classed as 2, with respect to this
character.
Recorded in this way there would be some overlapping in the parent
varieties, since in some Waxy Chinese plants even the uppermost leaf
shows an appreciable angle. In reality, however, the two types are distinct, for in the Esperanza not only is the uppermost leaf never erect, but
it is seldom borne at less than a right angle with the stalk.
ANGLE OF TASSEL AXIS
In the Esperanza variety the tassel is always erect. In the Waxy Chinese plant the tassel is usually curved or declined (PI. LV, LVII). This
character is variable in the Chinese, some plants having the tassel perfectly erect. The tendency, however, to an inclined tassel, as it appears
in the hybrid, may properly be ascribed entirely to the Chinese variety,
no similar tendency ever having been observed in any Esperanza plant.
The character was measured by estimating the angle which the branching space, or that portion of the axis of the tassel between the lowest and
highest branch, made with the main stalk. In the pure Waxy Chinese
variety this character appears definitely associated or physiologically
correlated with the following character of "one-sidedness."
ONE-SIDEDNESS
One of the most striking peculiarities of the Waxy Chinese variety of
maize is the displacement of the leaf blades from the usual distichous
arrangement, with the result that a number of the upper leaf blades are
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borne on one side of the plant instead of alternately on opposite sides of
the culm (PI. LVI, fig. i). Like the angle of the tassel, this character
is not universally present in the Waxy Chinese plant, but, on the other
hand, no tendency of this kind has ever been observed in the Esperanza
variety.
When one-sided plants occur in the hybrid generations, it is therefore
reasonable to assume that the character was derived from the Chinese
parent. Measurements of these characters in the hybrid plants were
made by recording the number of moruostichous or single-ranked leaves.
A recapitulation of the more definitely contrasting characters of the
two parent varieties is here presented in parallel columns :
Esperanza variety

Horny endosperm.
Branching space short.
Tassel erect.
Spikelets in clusters.
Glumes long.
Leaf sheaths with tuberculate hairs.
Upper leaf blades horizontal.
Upper leaf blades distichous.

Waxy Chinese variety

Waxy endosperm.
Branching space long.
Tassel curved.
Spikelets in pairs.
Glumes short.
Leaf sheaths without tuberculate hairs.
Upper leaf blades erect.
Upper leaf blades monostichous.

If the characters of maize were subject to coherence, the second generation of a cross between two such diverse and long-established types as
Esperanza and Waxy Chinese would seem a most favorable opportunity
for its manifestation.
In the -whole series of second-generation plants there were none that
even approximately represented either parent variety; nor did the plants
fall into recognizable groups. With respect to the individual characters,
the parental forms reappeared or were even intensified in some instances,
but an almost complete and chance reassortment of the characters seems
the rule. If the characters were completely independent, a reappearance
of the parental types could not, of course, be expected, for, treating the
characters as alternative and allowing for only 10 characters, a plant
possessing all the characters of either parent could not be expected of tener
than once in 10 billion plants. Although the characters themselves,
with few exceptions, were non-Mendelian in the sense that they were not
alternative, the results conformed to the Mendelian law of recombination.
Examples of the combination of characters from the two parent varieties
are shown in Plates UX to LXIII.
Endosperm texture was the only strictly alternative character noted.
The number of erect leaves and angle of tassel, while not alternative in
the sense of falling into definite groups without intermediates, do, however, approach a Mendelian form of inheritance. The distribution,
instead of approximating a normal frequency curve, was distinctly
bimodal with respect to these characters. A similar tendency is apparent in the first-generation plants. In connection with this evidence
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of segregation in the first generation, it should be recalled that neither
of these characters, which belong to the Waxy Chinese variety, is universally present in the plants of that variety, and the parent plant may
have been heterozygous. There is also a less pronounced indication in the
second-generation plants that one-sideness is Mendelian in its inheritance.
CORRELATIONS
Eleven of the characters most definitely contrasted in the parents were
selected and the correlation coefficients between all possible combinations were calculated for both the firét and second-generation plants.
The results are shown in Table IV. The correlations are so stated that a
positive, or plus, correlation indicates a correlation between the characters derived from the same parent ; in other words, a coherence. For
example, the Waxy Chinese variety has a large number of tassel branches
and no tuberculate hairs, while the Esperanza variety has a small number
of tassel branches and well-developed tuberculate hairs. In expressing
the relation between these two characters, when a large number of tassel
branches is found associated with short tuberculate hairs, the correlation
is recorded as positive.
Since ears 1 and 2 were reciprocals and no significant differences were
found between their progenies, the observed values were used directly
in calculating the coefficients of correlation. Where the mean progeny
of ear 3 differed from the mean of the combined progenies of ears 1 and 2
with respect to any character, all measurements in the progeny of ear 1
were multiplied by the percentage difference between the means before
combining the populations in a correlation table.
The combined progenies of the three first-generation ears numbered
183 individuals. Complete notes could not be taken on all the plants,
so that the number of individuals entering into the different correlation
tables was reduced to from 125 to 150. Assuming all correlations that
are more than 3.5 times the probable error to be worthy of consideration,
an examination of Table III shows that 20 of the 55 character pairs
fall into this class.1 With three exceptions the coefficient for the character pairs of this group is 0.2 or larger. Of these 20 character pairs that
may be held to show definite correlations in the second generation, 17
are positive—that is, in the nature of coherences—and 3 are negative.
All but 5 of the 20 are, however, open to the suspicion of being physiological correlations, since they do not differ materially from the correlations shown for the same characters in the first generation.
The 5 character pairs that show most evidence of genetic correlation
are given in Table V. Even here there are no very striking differences
between the coefficients of the first and second generations, and it is by
no means impossible that even here the differences may be due to chance.
1

These coefficients are printed in bold-face type in Table IV.
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IV.—Correlation coefficients

TABLE

First
generation.

Characters.

Second generation.

Coef. P.E.i
long branching space
o. 27 o. 13
large number of tassel branches
• 30
• 13
large number of erect blades
. 22
.14
high degree of one-sidedness
.00
•IS
large angle of tassel axis
.18 .14
Small exsert of tassel and-i small
number of sheaths with hairs
—. 21
•13
short hairs
,
—•39 . 12
low density of spikelets
—. 10
.14
short glumes
—.24
•13
.waxy endosperm
large number of tassel branches
.09
•50
large number of erect leaf blades
—. 22
.14
high degree of one-sidedness
—.14
.13
large angle of tassel axis
. 00
•13
IvOng branching space and 1 small number of sheaths with hairs
.00
short hairs
—. 12
low density of spikelets
■32
short glumes
—.01
,waxy endosperm
large number of erect blades...
.14
. 12
high degree of one-sidedness...
.27
large angle of tassel axis
.38
number of sheaths with hairs —.30
Large number of tassel branches and«i small
short hairs
.25
low density of spikelets
•45
short glumes
.07
Iwaxy endosperm
'high degree of one-sidedness
. 14
•17
large angle tassel axis
.29
•13
small number of sheaths with hairs —. 21 .14
Large number of erect leaf blades and*á short hairs
.14
•17
low density of spikelets
-.18
.14
short glumes
•31
•13
waxy endosperm
large angle of tassel axis
•67 .07
small number of sheaths with hairs..
•13
-•IS
hairs
•15
•13
High degree of one-sidedness and short
low density of spikelets
.36
short glumes
-.08
waxy endosperm
—.23
[small number of sheaths with hairs
short hairs
. 01
Large angle tassel axis and-ilow density of spikelets
short glumes
Iwaxy endosperm
Ílong hairs
—•OS
short|?umes0i.SPikeletS:. '. [ '.
waxy endosperm

{low density of spikelets
shyrt glumes
waxy endosperm
Low density of spikelets «*{*& «dS^ ;;:;:;;;;:;;;:::;:;;;;
Short glumes and waxy endosperm
1

TABLE

. 202

.234

•057

.054

—, 01

-•OS

-.'¿6

4.5

P. E.»* probable error.

V.—Character pairs exhibiting genetic correlations
Coefficient of correlation.

Character pair.

Small exsert of tassel and
one-sidedness
Branching space and number of erect blades
Branching space and onesidedness
Number of tassel branches
and number erect
Number of erect blades and
one-sidedness

Difference
between first and Differences
probable
second generaerror.
First generation. Second generation.
tions.

0. oo±o. 15

0. 353±°-056

o.353±o. 160

2. 2

—. 22± . 14

. 202 ± . 061

• 422± . 153

2.8

-• I4± • 13

.234± .057

. 374± • 142

2.6

—. ndb . 14

. 222± . 063

. 33 ± • 143

2.3

. I7± . 14

.4&7± -05°

-3i7± • *49

2. I

2
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Owing to the small number of first-generation individuals and the
consequent uncertainty that attaches to correlation coefficients in that
generation, it is, on the other hand, possible that other correlations
shown in the second-generation plants are really genetic. From this
point of view, it should be noted, however, that 18 of the second-generation correlations are negative.
The possibility of a reduction of physiological correlations must also
be considered. The existence of a significant positive correlation in the
first generation is taken to indicate a physiological correlation between
the characters. With such characters as branching space and the number
of branches, the relation is obvious; indeed this relation might almost
be classed as physical, since as the branching space approaches zero the
number of branches must necessarily become less. There would also
appear to be a necessary relation between one-sidedness and angle of the
tassel axis, for a perfectly erect tassel could scarcely occur with a high
degree of one-sidedness. Where correlations of this nature are lowered
in the second generation, it would seem necessary to assume that this
reduction is brought about by a tendency for the characters from different
parents to reappear in the same individual, thus reducing the normal
physiological correlation that exists between the characters.
The following are two such character pairs:
First
generation

One-sidedness and low density
of spikelets
o. 3Ó±o. 12
Large angle of tassel axis and
short glumes
47 ± • 10

Second
generation

Difference

D.
P.E.

0. 030 ±0. 059

0. 33°±°- *3

2-5

.043± .056

. 427± •

Ir

4

3-7

It has been mentioned that with respect to both the number of erect
leaf blades and the angle of tassel axis there was a tendency for the plants
to fall into two groups. This raised a doubt as to the applicability of the
customary "product-moment" method of calculating the correlation
coefficient where these characters were involved. This group of correlations was therefore recalculated, using Pearson's biserial correlation
coefficient (Pearson, 1909). Slightly different values were obtained, but
no additional significant correlations were brought to light.
In the second generation the waxy and horny seed were planted
separately, thus affording an opportunity for observing whether the
plants from seeds having the waxy endosperm characteristic of the Waxy
Chinese variety showed any preponderance of other Chinese characters.
No consistent differences were apparent in the general appearance of the
rows from the waxy and horny seeds. There was such great individual
diversity, however, that comparison was difficult. Analysis of the
measurements showed little more. The only character that showed a
measurable correlation with endosperm texture was the degree to which
tuberculate hairs were developed on the leaf sheaths.
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Since endosperm texture is strictly alternative, while all other characters were expressed in varying degrees, the method for calculating the
correlation coefficients was necessarily different for this group of character
pairs. In calculating the correlations with endosperm texture Pearson's (1909) method for calculating a biserial correlation, together with
Soper's (1914) formula for the probable error, were used. With a strictly
alternative character such as endosperm texture, it would seem impossible to distinguish physiological from genetic correlations. Since one
variety always' has waxy and the other always has horny endosperm, to
detect correlations with this character in the parent varieties seems out
of the question. Likewise, as a result of the dominance of the horny
endosperm, the seeds from which the first-generation plants were grown
were all horny, and there was no opportunity to determine correlations
with endosperm texture among first-generation plants.
At the time of planting it was, of course, impossible to distinguish
between the seed that were pure for the horny character and those that
were heterozygous. An examination of the open-pollinated ears produced
by the second-generation plants grown from horny seeds made such a
separation possible. All ears that produced any waxy seeds must have
grown from heterozygous seeds. No correlations sufficiently large to
be detected in the small number of individuals available were found
between these two classes and other contrasting characters.
It may be urged that the absence of coherence in the progeny of such
a diverse hybrid as the one here discussed may not prove that there is a
similar lack of coherence among crossbred individuals within the
variety. All maize varieties are, however, of such mixed ancestry that
they are in effect hybrid progenies, and even if an exhaustive study of
the inheritance of the characters of a narrow-bred variety should show
the existence of coherence the results would be beside the point from a
practical standpoint, for to maintain a satisfactory degree of vigor in
maize a condition of mixed ancestry must be retained.
INTENSIFICATION OF CHARACTERS

The present hybrid affords an interesting sample of an intensified
character. One of the peculiarities of the Waxy Chinese variety is the
scorpioid top. In plants which exhibit this character the leaf blades of
the upper nodes are monostichous and erect, and the tassel is curved to
one side. The curving of the tassel was originally interpreted as a direct
result of the monostichous arrangement and erect blades. The manner
in which this complex of characters reappears in the hybrid with the
Esperanza variety shows that, although always associated in pure
Chinese maize, they are separable and each may be inherited independently of the others. The curved tassel supposed to be merely the result
of the other characters may not only occur alone—that is, in plants with
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distichous leaf blades all of which make an angle with the main axis—
but the extent of the curving is much greater in some of the hybrid plants
than has ever been observed in pure Waxy Chinese plants. The angle
of the tassel axis had not been recorded for Waxy Chinese plants before
the season of 1915, but thousands of individuals have been observed, and
it can be definitely stated that no plant showed a tassel inclined as much
as 90o from the perpendicular.
In 148 hybrid plants of the second generation of the hybrid there were
12 plants with the axis of the tassel inclined from the perpendicular by
more than ioo° and 5 plants having the angle of the tassel axis recorded
as more than 1450. The phenomenon is not due to any weakness of the
culm, as examples of more than 1800 show (PI. LXII); in fact, the upper
part of the culm is particularly thick and rigid, a characteristic of the
Chinese parent.
The positiveness of the character was well shown in some of the plants
where the curving of the culm caused it to break through the upper leaf
sheaths. In such plants the pendent tassels very strongly suggested the
"goose neck" of certain sorghum varieties. A plant of this type is
shown in Plate LXIII.
CONCLUSIONS
Two principal methods of breeding may be distinguished, depending
on the manner in which selection is applied :
(1) Selection may be directed toward the isolation and propagation
of desirable types of individuals. The new type may occur as an aberrant individual or as a recognizably distinct strain within the variety, but
in either case it is differentiated from the stock by many characters.
(2) Selection is directed to variations of the individual characters
regarding which improvement is desired.
With most crop plants the method of selecting types has been by far
the most productive, but in the improvement of maize, this method has
figured very little. Selection has been by characters instead of by types.
Why the isolation of types of plants has not been a factor in the improvement of maize has not been clear. Though diversities in plant
characters are obvious and striking, few breeders have been able to distinguish well-defined types of plants within commercial varieties.
If recognizable types exist it must mean that groups of characters tend
to appear together; in other words, the characters are correlated. The
extent to which obvious characters are correlated is therefore proposed
as a measure of this tendency toward the persistence of types. In the
progeny of a hybrid between two very different maize varieties the results
here reported show that the characters studied, instead of forming coherent groups, are almost completely independent in inheritance.
37769°—16
2
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By attempting to measure the extent to which types persist by means
of correlation coefficients, it is necessary to distinguish different kinds of
correlations. For this purpose correlations are here classified as physical,
physiological, and genetic. A method is also proposed by which physiological and genetic correlations may be distinguished.
The case studied was a hybrid between two extreme types that must
have been completely isolated from very remote times. The large number of well denned characters which differentiate the varieties rendered
this material exceptionally favorable for the study of coherence, by
which is meant the tendency for characters associated in one of the
parents of a hybrid to remain together in the later generation of the
hybrid.
For the study of correlations 11 characters were selected in which the
parent varieties showed little or no overlapping. The correlation coefficients of all the combinations were calculated, and of the 55 possible
combinations 20 were found to exhibit significant correlations. In all
but 5 of these, however, the correlations are believed to be physiological
rather than genetic. In no instance was there a correlation between two
characters closer than 0.5, a fact which in itself offers an explanation of
the difficulty of recognizing types in maize.
This lack of coherence of characters in maize, taken with the fact that
to maintain a satisfactory degree of vigor a diversified ancestry must be
maintained, would appear to make the method of isolating types inapplicable to this plant. As an offset to the limitation thus imposed, advantage may be taken of the facility with which desirable characters derived
from different parents can be combined.
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PLATE LV
Typical plant of the Waxy Chinese variety of mai^e, showing numerous tassel
branches, erect leaf blades, one-sidedness, and curved tassel.
(454)
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PLATE LVI
Fig. i.—Uppermost leaf sheaths of Chinese maize plant, showing the one-sided
arrangement of leaf blades and absence of hairs. Natural size.
Fig. 2.—Leaf sheath of the Waxy Chinese variety of maize, showing the transverse
lines and absence of hairs. Compare with Plate LX. Natural size.

PLATE LVII
A plant of the Esperanza variety of maize, showing the drooping leaves, few tassel
branches, and elongated internodes characteristic of the variety.
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PLATE LVIII
Leaf sheaths of the Esperanza variety of maize, showing the maximum development of tuberculate hairs. Compare with PlateXVI. Natural size.

PLATE LIX
A leaf sheath of a second-generation hybrid maize plant. This plant represents the
maximum length of hairs. They are even longer than any thus far observed in the
Esperanza variety. Compare with Plate LX. Natural size.
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PLATE LX
A first-generation plant of Chinese X Esperanza maize hybrid. Measured by the
number of sheaths with hairs, this was the most hairy plant in the first generation.
Combined with this Esperanza character is an accentuation of the Chinese character
of a scorpioid top.

PLATE LXI
A second-generation plant of a Chinese X Esperanza maize hybrid. This plant
showed a maximum .development of the Esperanza character of hairiness combined
with the erect crowded leaf blades and deflexed tassel of the Chinese variety.
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PLATE LXII
A second-generation plant of a Chinese X Esperanza maize hybrid. An extreme
example of the scorpioid top ; the angle was recorded as 1900.

PLATE LXIII
A second-generation plant of a maize hybrid, showing the "goose-neck" character
that appeared for the first time in this hybrid. This plant showed few Esperanza
characters. Although the plant is one-sided, it shows that the displacement of the
tassel is not the result of crowding by the leaf blades.
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