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EARLY VIGOR OF MAIZE PLANTS AND YIELD OF
GRAIN AS INFLUENCED BY THE
CORN ROOT,
STALK, AND EAR ROT DISEASES1
By JAMES k. HOLBERT, Agronomist, Ojfice of Cereal Investigations, Bureau of Plant
Industry, United States Department of Agriculture; W. I/. BURUSON, Head of Department of Agronomy and Chief of Division of Crop Production, Illinois Agricultural
Experiment Station; H. HOWARD BIGGAR, formerly Scientific Assistant, Office of Cereal
Investigations, Bureau of Plant Industry, United States Department of Agriculture;
BENJAMIN KOEHLER, Assistant Pathologist, Office of Cereal Investigations, Bureau of
Plant Industry, United States Department of Agriculture; GEORGE H. DUNGAN, Associate
in Crop Production, Illinois Agricultural Experiment Station; and MERLE T. JENKINS,
Scientific Assistant, Office of Cereal
Investigations, Bureau of Plant Industry, United
States Department of Agriculture2
PURPOSE OF THE PAPER

The purpose of this paper is (i) to emphasize the important relation
existing between early vigor and yield of dent {Zea mays indentata),
(2) to call attention to the reduction in early vigor of com plants grown
from seed infected with one or more of the com root and stalk rot pathogènes or seed susceptible to the root and stalk rots, and (3) to present
data bearing directly on the correlation between this reduced early vigor
and reduced yield, with special reference to reduced yield of marketable
com.
A study of any field of com, especially during the first few weeks after
the plants have appeared above the ground, reveals striking differences
in plant vigor. These differences in early vigor may be caused by many
factors and may express themselves in both the size and appearance of
the plants.
REVlEW¿OF¿tITERATURE
Darwin (7)8 found that maize plants grown from self-fertilized seed
were slower growing and less vigorous than plants grown from crossfertilized seed. Beal, of the Michigan Agricultural Experiment Station
(28), in 1877-1882 reported an increase in both vigor and yield in firstgeneration hybrids when certain unrelated varieties were crossed. He
urged the commercial utilization of this increased vigor as a method of
increasing yields. The results of the early experiments of Beal were
confirmed by other workers. CoUins (5, 6) found that many crosses
between diverse types of maize resulted in greatly increased vigor, a
wider range of adaptability, and increased productivity.
1
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Studies by East (9, 10), Shull (56), East and Hayes (11), Jones (24),
and East and Jones (12), with inbred strains or biotypes, showed that
one of the effects of inbreeding in maize was a reduction of vigor and
yield. Crossing unrelated inbred strains greatly increased vigor and
yield. They (11) state that "inbreeding always reduced the yield of seed
and the height and delayed the time of flowering." These workers pointed
out that reduction in vigor due to inbreeding may or may not be accompanied by pathologic symptoms (JI). An illuminating discussion on
inbreeding and hybrid vigor, or heterosis, together with an extensive
bibliography, is given by East and Jones (12).
In his investigations of the chlorophyll inheritance in maize,. Lindstrom
(27) observed1 "a general correlation between chlorophyll factors and
plant growth. '
Ewing (JJ) obtained the following correlations with Funk Yellow
Dent:
Weight of grain and diameter of stalk.
Weight of grain and breadth of leaf
Weight of grain and height of seedlings
Weight of grain and height of mature plants

+0.393
-f . 314
4- . 219
+ . 203

dbo. 020.
± .021.
db . 037.
± . 025.

He expressed the belief that very little use could be made of correlation in practical com breeding. He stated that there were rare cases in
which the coupling of unit characters may assist the breeder in making
selections at an early period of growth, but that the correlation in the
fluctuating variability of two different characters is not likely to prove
of much assistance.
Pearl and Surface (30) made a study of growth and variability in
sweet com in the summer of 1908. Growth measurements of a large
number of plants were made at intervals of three and one-half days,
beginning on June 11 and continuing until growth was completed. They
found that the relative variability of height decreased as the season
advanced and was on the average about 10 per cent lower in the matured
plants than at the beginning of the season. During the tasseling period
a marked increase in variability was noted, followed by a gradual decline.
Their experiments demonstrated that plants relatively vigorous or weak
at the beginning of the season tend to retain this comparative vigor. They
regarded the differences in manner of growth as due to independent
Mendelian factors distributed at random in the population of openfertilized plants.
Reed (31) studied the growth of a number of sunflower plants (Helianthus annuus L.). Measurements of the plants were made in centimeters at 7rday intervals during the greatest period of growth. The plants
were grouped in four equal numerical divisions called quartiles, on the
basis of size. The season's study of the plants in these quartiles showed
a well marked tendency to remain in a given quartile during the entire
period of growth. Plants small atfmaturity generally had been small
from the beginning and those large at maturity had a well-marked superiority from the start. Reed (31) found, as did Surface and Pearl (jo),
that height was determined by independent height factors distributed at
random through the segregating population which he studied.
Hughes (22) made extensive measurements of plants during two years,
involving 828 ear rows. He found that plants highest at the first measurement made the most rapid averagejieight mcrementjperj)lant¿and
produced the greatest yield. Plants from homy kernels made a more
rapid height increment than plants from starchy kernels and also produced
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the greater yields. Kyle {26) found that com plants making a vigorous
early growth gave greater yields than those that were weak in their early
stages of development. Grantham (14) studied the development and
maturity of 100 hills of com where a weak plant was growing with a
vigorous one. From 50 of the hills he removed the weak plant and from
50 others he removed the vigorous plant. Measurements taken at different dates showed that the vigorous plants made the most rapid early
growth and the greatest yield of shelled corn per plant. The vigorous
plants tasseled on the average about nine days earlier than the weak
plants.
From time to time various investigators have attributed the cause of
slow and irregular growth in maize to the influence of pathogenic
organisms. Burrill (5) in discussing a bacterial disease of com said:
The first indication of the disease in a field of com, as noticed in ordinary observation,
is the dwarfed condition of the young plants.

Duncanson {8) noted that diseased plants were dwarfed, slender, and
generally unhealthy. Stewart (57), working with sweet com {Zea mays
saccharata), noted that—
usually, the small plants are the first to succumb to the disease, which fact suggests
that the disease may be the cause of their slow growth. This suspicion was confirmed
by microscopic examination. Plants green and apparently healthy except for their
small size, were found to contain a considerable quantity of the bacterium in their
vessels, while in the larger, more vigorous plants, the bacterium could not be found.
However, in wet weather the bacterium may sometimes be found in quite vigorous
plants.

Selby (34) noted conditions similiar to those described by Burrill.
Later he (55) stated that the root rot of com caused a dwarfing of the
plants and a failure of the stalk to produce an ear. Hoffer and Holbert
(15) pointed out that the use of diseased seed com was one of the causes of
high percentages of blighted and stunted plants and subsequent unsatisfactory yields. Rosen (32), in describing a bacterial disease of
com, noted that the diseased plants could be recognized easily by the
short, stunted nature of the stalks. Holbert, Dickson, and Biggar (16)
conducted experiments in which half of the hills were inoculated at
planting time with a pure culture of Gibberella saubinetii (Mont.) Sacc.
They summarized their results as follows:
In the inoculated hills germination was lowered, earlyjgrowth retarded, relative
vigor during the season reduced, and grain production lessened.

The pathogène with which they were inoculated was readily recovered
from the diseased plants during the seedling stage. They stated further
that—
Plants, strong or weak in the early stages of growth, had a tendency to retain this
relative vigor throughout the season. Average grain production was directly correlated
with rate of early growth and early vigor.

Trost and Hoffer (38) found that starchy ears of com of certain dent
(rarieties produced larger numbers of weak-growing and root rot susceptible plants in the field and yielded less per acre than the plants from
ears of more homy composition, irrespective of whether or not the starchy
kernels were infected with Fusarium spp. before planting.
Baker (2), Butler (4), Palm (59), Rutgers (33), and others working in
the Orient have found that the downy mildews (Sclerospora spp.) in
attacking young maize plants, cause a serious stunting in their early
growth. Plants so affected seldom produce grain. A complete description of this disease is given by Weston (3c).
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EXPERIMENTAL METHODS
The investigations here reported include data on approximately 153,000
com plants grown (1) in experimental plots in the vicinity of Bloomington,
111., in the four years 1918 to 1921, on uniform, well-drained, fertile soil,
classified by the Illinois Soil Survey {18) as brown silt loam; (2) on the
Agronomy South Farm of the Illinois Agricultural Experiment Station,
University of Illinois, Urbana, a brown silt loam (iç)\ and (3) on an
experimental plot near Yates City, 111., also a brown sût loam {20). Thé
seed, representing varieties differing in length of growing season, was all
selected before a killing frost, carefully dried, and properly stored.
The term "relatively disease-free," wherever used in the tables, refers
to seed showing no symptoms of infections by any of the root and stalk
rot pathogènes, including species of Gibberella, Fusarium, and Diplodia.
This information was obtained by testing representative samples on the
limestone-sawdust table germinator described by Holbert and Hoffer (17).
The term "diseased" refers to seed showing such infections when tested
by this same method. The testing of every kernel of a great number of
seed ears has given abundant evidence that usually not all the kernels
on ears classed as "relatively disease-free" are actually free from infections. Nor is every kernel on ears classed as diseased actually infected;
in fact, the percentage of infected kernels in any of the diseased seed lots
used usually was less than 50. The term "nearly disease-free" refers
to seed lots as nearly free from infection as it was possible to have them.
The plots were hand planted in hills 42 inches apart each way at the
rate of three kernels per hill. Great care was exercised throughout the
season to avoid mechanical injury of the plants during cultivation and to
guard against ravages of insect pests and rodents, but no attempt was
made either to thin to a uniform stand or to correct for differences in
stand. When there was any appreciable damage due to these causes
the experiments were discarded entirely. Both acre yields and individual plant yields were recorded in terms of the weight of dry shelled
com. Acre yields have been reduced to a uniform moisture basis.
Measurements and other readings taken in connection with these
investigations were not made on plants selected at random; every individual plant in each of the various experiments herein reported was
measured and the measturements were included in the data. Plant
height was measured to the tip of the tallest leaf. Stalk circumference
was measured at the middle of the first intemode above the ground
surface.
Each plant was studied in the early growth stages from the standpoint
of vigor and classified as either vigorous, semivigorous, or weak. This
classification was based on the general appearance of the plant, including
size, color of foliage, apparent freedom from disease symptoms, and other
characters usually associated with vigor. With few exceptions these
records were made about 30 days after planting.
For three years com inoculation studies have been conducted in cooperation with Dr. James G. Dickson, of the Office of Cereal Investigations,
United States Department of Agriculture, and the Wisconsin Agricultural
Experiment Station, to investigate further the relation of Gibberella
saubinetii, the common wheat-scab organism (23), to the root and stalk rots
of corn. It has been found that this organism, under conditions to be discussed in other papers, may be very active in reducing early vigor of com
plants. A limited number of these data are included in this paper to show
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that reduced early vigor, as a result of artificial inoculation with one of
the root and stalk rot pathogènes, also is directly correlated with reduced
yield. The term " inoculated," as used in the tables, refers to com grown
from seed inoculated at planting time with Gibberella saubinetii, the inocula
being prepared by Dickson. The term <íuninoculated,, refers to com in
contiguous plots of equal size grown from similar seed not inoculated.
HThe yields from experiments conducted in 1920 and 1921 were separated into umarketable,, and "unmarketable,, grades. The latter
grade consisted of nubbins, rotted or partly rotted ears, and light chaffy
ears. Ears that were less than half the length of an average large-sized
ear of the variety were classed as nubbins. Larger ears also that were
poorly filled were classed as nubbins. The term "rotted ears" included
any that showed an appreciable extent of rot due to Diplodia, Fusarium,
or other causes. The chaffy ears were those with the grains imperfectly
matured so that the kernels were thin and loose on the cob. Chaffy
ears that also showed signs of rot were classed as rotted. (See PI.
2, 3, and 4,)
The term "infested,, soil, as used in this paper, refers to soil known
to be infested with one or more of the root and stalk rot pathogènes.
In every case where this term is used the soil had been cropped to com
or wheat for the previous three years. The wheat had been heavily
infected with scab (Gibberella saubinetii), and the com crops were known
to be badly diseased.
The term "clean" soil, as used in this paper, refers to soil reasonably
free from any of the root and stalk rot pathogènes. This soil had not
been cropped to com or wheat for at least 10 years.
EXPERIMENTAL DATA
The experimental data cover numerous and extensive studies on the
relation of the vigor of com plants in the early stages of their growth
to their subsequent yield, under different conditions. The variables
include differences in infection of the seed by rot-producing pathogènes,
differences in physical character of the kernels, and differences in the
soil, in character, treatment, and quantity of infestation.
COMPARISON OF EARI,Y HEIGHT AND YIEI/D OF TRANSPLANTED SEEDLINGS

During the summer of 1918 a number of com seedlings were transplanted to the field and studied in order to compare the performance
of apparently disease-free and diseased seedlings. The seedlings were
grown on the limestone-sawdust table germinator until the plumules
were approximately 3 inches long. At this time those selected for
further study were transferred to small paper boxes containing moist
soil free from any of the com rot pathogènes. One day later the boxes
and seedlings were transferred to the field, the healthy and diseased
seedlings being placed in alternate hills 42 inches apart. Both types of
seedlings used in these studies had the same height and relative vigor
when taken from the germinator. These seedlings were sô selected
that they represented adjacent kernels on artificially cross-pollinated
ears from apparently healthy plants. The field in which these studies
were carried on had not grown a crop of com for at least 10 years.
The healthy seedlings suffered no ill effect from transplanting and
made steady growth in height from the time they were transplanted.
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On the other hand, all of those in the diseased group remained stationary
in height for a period of 10 to 15 days. At the end of that time some of
the diseased plants began growing and continued to progress at about
/*#
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the first week there was an actual decrease in height of the diseased transplant on account of the blighting
of the leaves. During the following three weeks the diseased plant recovered somewhat from the severe
attack of the root and stalk rot pathogènes and grew at about the same rate as the healthy plant, but
after that, it failed to make as rapid progress. The diseased transplant required about zo days longer
to attain its maximum circumference. It failed to produce any grain, whereas the healthy transplant
produced the good ear shown.
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Fio. a.—Growth curves and yield of diseased (No. 53) and healthy (No. 54) com transplants. The diseased transplant failed to make any progress in height during the first week or 10 days, after which it
grew at a rate parallel with that of the healthy transplant. The diseased transplant was considerably
later in attaining its maximum stalk circumference, In tasseling. and in silking and produced a considerably smaller ear.

the same rate as the healthy plants with which they were compared
(fig. 1 and 2). Some of the diseased plants finally attained a height
equal to that of the healthy plants (fig. 3) but they were later in tasseling
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and silking and did not yield nearly so much grain as the healthy plants.
Others, however, grew very slowly and finally succumbed to the attacks
of the parasitic organisms with which they were infected.
A summary of thèse data is given in Table I. It will be observed
that the diseased transplants never recovered sufficiently from the
stunting in growth during the first 15 days to produce a normal yield
of grain. In some cases the diseased plants bore a cob of normal length
but on it there were only a few kernels.
/*o
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Fio. 3.—Growth curves and yield of diseased (No. 95) and healthy (No. 96) com transplants. The greatest
difference in height and stalk circumference occurred during the interval between as and 45 days after
planting. After that time the diseased transplant seemed gradually to recover as far as size was concerned. This apparent recovery, however, was of no significance, for it produced only a short ear which
was badly rotted, whereas the healthy transplant produced a sound ear of normal size.

TABLE

I.—Comparative field performance of 34 healthy and 34 diseased transplants of
Funk Ninety-Day corn grown in clean soil, at Éloomington, III., in IÇ18

Points considered.

Number of seedlings:
Transplanted
Dying within 16 days after transplanting
Living throughout season
Number of transplants producing:
Two ears
One well-developed ear
One midsized ear.
,
One nubbin only
Number of barren plants
CORRELATION OF EARI,Y HEIGHT AND YmU> OF FlEl/D-GROWN PLANTS

Table II gives the average heights, average yields, and correlation
coefficients of height and yield of the plants in two contiguous plots of com.
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The plant measurements were taken 35 days, 56 days, and 146 days after
planting.
II.—Correlation of height (determined at different dates after planting) and yield,
in Reid Yellow Dent arown from relatively disease-free and diseased seed in infested
soil, at Blooming ton, III., in IÇ18

TABI,B

Condition of seed.

Number of Days after
planting.
plants.

Average
height
Cm.

157
157
157

Relative disease-free

91. I

146

119
119

Diseased
I

"9

146

187.3
281.9
86.1
189. I
275.I

Average
Probable
yield per Correlation
error.
coefficient
plant
0

Gm.
201. 1
201. I
201. 1
181. 2
181. 2
181. 2

+0. 5"
+ -S12
+ .319
+ .474

4S
±'
+ .562J

0

±0. 046
± .046
± .056
± .042

± .043
+ .037

The correlation coefficients in this table range from nearly 6 times to
nearly 15 times the probable error. Love, of the Plant Breeding Department of Cornell University, and others, express the opinion that correlation
coefficients which are more than 3.8 times the probable error are somewhat significant. King, as quoted by Babcock and Clausen (1), gives the
following rules for the interpretation of the coefficient of correlation
according to its relation to the probable error:
x. If the correlation coefficient is less than the probable error, there is no evidence
whatever of correlation.
2. If the correlation coefficient is more than six times the size of the probable error,
the existence of correlation is a practical certainty.
3. In cases where the probable error is relatively small:
(a) If the correlation coefficient is less than 0.3 the correlation can not be considered at all marked.
(b) If the correlation coefficient is above 0.5 there is a decided correlation.

Table III gives correlation coefficients between stalk circumference
and yield of the same plants studied in Table II and presents the only
correlations between circumference and yield which appear in this paper.
They are given at this time in connection with the height data of the
same plants to show that the two characters are seemingly well correlated.
III.—-Correlation of circumference of stalk (measured at different dates after
planting) and yield in Reid Yellow Dent, grown from relatively disease-free and diseased seed on infested soil, at Bloomington, III., in IÇ18
'

TABLB

Condition of seed.

Average Correlation Probable
Number of Days after Average cir- yield
per coefficient
error.
plants.
planting. cumference. plant

157
157
157

Relatively disease-free..

119
119

Diseased
I

"9

35

â

'i

146

Cm.
5.6
9.4
9.0

5.3
9.8
9.2

Gm.
201.
201.
201.
181.
181.
181.

I
I
I
2
2
2

+0. 618

+
+
+
+

.478
.643
.643
.568

+ .620

±0. 038
± .088
± .036
± .036
± .036
± .033
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IV.—Correlation of early height (36 days after planting) and yield in Funk
Ninety-Day corn grown on clean soil from relatively disease-free and diseased seed, at
Bloomington, III., in IçIç

TABLE

Condition of seed.

Number of
plants.

Disease-free
Diseased
Seed selected from normally ripened plants
Seed selected from prematurely
ripened plants

Average
height.

Average
yield per Correlation
coefficient.
plant.

Probable
error.

354
331

Cm.
150.4
146.3

Gm.
igi.o
179.4

+0. 359
+ -435

±0.031
± .030

243

156.3

212.6

+ .305

± .039

244

154.O

197.0

+ -307

± .039

The experimental plots represented in Table IV were not planted until
the latter part of the normal com planting season. The soil in these
plots had not grown com during the previous 10 years. These facts
probably account for the correlation coefficients being lower than those
given in Table II. Yet it seems that, even under these conditions, the
correlation between early height and yield is significant.
V.—Correlation of height and yield in Bloody Butcher corn grown from artificially
pollinated ears. Seed planted May 30 in infested soil ai Bloomington, III., in IçIç

TABLE

Days Aver- Average
Group Condition of parent Treatment of seed. Numafter
ber of plantage
yield
No.
plant.
plants. in*. height.
plant.

I

Diseased plants
selfed.
II Apparently disease-free
plants crossed
III Apparently disease-free
plants selfed.
IV Diseased plants
crossed.

fUninoculated...
Inoculated
Uninoculated...
Inoculated
Uninoculated...
Inoculated
Uninoculated...
Inoculated
Uninoculated...
Inoculated
Uninoculated...
Inoculated
Uninoculated...
Inoculated

Cm.
265
200
240
208
240
208
72

57
72

57
65
50

65
50

30
30
30
30
52
52
30
30
52
52
30
30
52
52

67
57
75
72
213
211

56
43

210
199
92
93
211
v204

Correlation coefficient.

Probable
error.

Gm.
132 +0. 167
123 + .360
218 + .405
240 + .366
218 + .569
240 + .429
254 + -432
233 + -537
254 + .600
233 + .680
ISS + .447

±0. 040
± .041
± -037
± .045
± .029
± .038
± .064
± .063
± .051
± .048
± .067
"3 + .007 ± -095
ISS + .650 ± .048
113 + .205 ± .085

In each group shown in Table V, series of plantings of seed inoculated
with Gibberella saubineln were made along with corresponding series with
uninoculated seed.
There seems to be no special relation between the correlation coefficients and inoculation in the four different groups. However, there is
in most cases a strong correlation between early height arid yield. The
correlation coefficients are higher for the measurements taken 52 days
after planting than for those taken 30 days after planting. This can be
accounted for by the fact that weak plants make slower gains in height
during that period of their development (Tables VIII and IX). It will
be noted that the inoculation (Gtbberetta saubinetii) materially reduced
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the stand in every comparison and t&e average yield per plant in every
one except group 2. In this group there was evidence of resistance,
which probably accounts for the different response of the plants in this
group to the inoculation.
RELATION OF EARI,Y VIGOR AND YmU> AS INFUJSNCED BY SEED
INFECTION
STUDIES OF INDIVIDUAI, PLANTS

General observations, growth records, and yield data on the experimental plots planted with apparently disease-free and diseased seed
impressed the authors with the fact that the recorded differences in stand
did not accurately represent the actual differences between the various
plots of com in their early stages of growth. The classification of the
plants as vigorous, semivigorous, or weak was an attempt to record more
accurately the comparative condition of the plots at that time. Although
this classification may be subject to personal error at times, it has been
used advantageously in expressing significant differences in early vigor.
When this classification was first used a number of plants were selected
for study about whose classification as vigorous, semivigorous, or weak,
there was no doubt (PI. 1 and 5). The plants were harvested individually
and the dry-shelled weight of each ear determined. These data are presented in Table VI, where one may note the strong correlation existing
between early vigor and yield, both in average production and in absence
of barren stalks. Occasionally, however, plants classified as vigorous in
the juvenile stage either may be barren or produce nubbins only; but
this is the exception rather than the rule. At least one important disease of com that does not affect early vigor appreciably appears to cause
a certain amount of barrenness and nubbin production. This phase of
the com, root and stalk rot problem will be discussed in another paper.
VI.—Relation of early vigor to yield and barrenness in plants of Reid Yellow
Dent, classified as vigorous, semivigorous, or weak, 3$ days after planting, at Bloomington, III., in IÇ18

TABLE

Points considered.

Vigorous.

Semivisofous.

Weak.

Total number of plants
Percentage of plants dying
Average yield per plant (in grams)
Percentage of barren plants

601
3-3
249.4
6.5

259
3-2
139-9
32.8

250

9.8
100. 5
50.0

Table VII gives data on an experiment conducted with disease-free
and diseased seed of Funk Ninety-Day com. The plot was divided and
one-half was planted with each kmd of seed. A glance at the percentage
of vigorous and weak plants grown from relatively disease-free seed as
compared with the plants grown from diseased seed shows that the percentage of vigorous plants drops from 64.3 in the disease-free half to
29.1 in the diseased half, while the percentage of weak plants rises from
8.8 to 19.1. Early vigor and average yield of grain per plant, as well
as absence of barren stalks, are directly correlated.
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VII.—Relation of early vigor 30 days after planting to yield, as influenced by
seed infection in Funk Ninety-Day corn, grown from relatively disease-free and diseased
seed on infested soil, at Bloomington, III., in IÇI8

TABLE

Relatively disease-free seed.
Points considered.
Vigorous.

Total number of plants..
Percentage of plants in
each group
Average yield per plant
(in grams)
Percentage of barren
plants

Semi-

58

139
64-3
243.5
. 1

26.9

Weak.

19

8.8

Diseased seed.
Vigorous.

Semivigorous.

Weak.

55

98

29.1

51.8

19. 1

172.7

86.8

7.2

50.°

207. 2

97-7

241.5

3.5

26.3

0

36

VIII.—Relation of early vigor to rate of growth and yield as influenced by seed
infection in Funk Ninety-Day corn grown on clean soil at Bloomington', III., in

TABLE
JÇIÇ

Relatively disease-free seed.
Points considered.

Total number of plants..
Percentage of plants in
each, group
Average height (in centimeters) 15 days after
planting
Average height (in centimeters) 36 days after
planting
Average increase in
height per plant (in
centimeters) 21 days
after first record
Average yield per plant
(in grams)

Vigorous.

Semivigorous.

146

159

'

Weak.

45

Slightly diseased seed.
Vigorous.

Semivigorous.

123

165

Weak.

38

41.8

45.6

12.8

37-7

50.6

11. 7

44.3

37-7

26.8

43-3

36.2

24. 4

158.O

146.6

123.8

158.8

1434

114. 5

"3.7

108.9

97.0

"5.5

I07. 2

90.1

199.9

192.0

158.0

184.6

I76.6

135.8
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IX.—Relation of early vigor to rate of growth and yield of Funk's Ninety-Day
corn as influenced by pathologic condition of plants from which seed was selected, grown
on clean soil at Blooming ton, III., in igig

TABLE

Seed from ears ripening normally. Seed from ears ripening prematurely.
Points considered.

Total number of plants..
Percentage of plants in
each group
Average height (in centimeters) 15 days after
planting.,
Average height (in centimeters) 36 days after
planting
Average "increase in
height per plant (in
centimeters) 21 days
after first record
Average yield per plant
fin gramst

Vigorous.

Semivigorous.

Weak.

Vigorous.

Semivigorous.

78

138

27

61

156

Weak.

27

32.I

56.8

11. 1

25.0

63.9

II. I

45.7

38.5

27.4

44.4

36.8

28.8

169,0

154.2

126.6

170. I

I50-3

130.4

123.3

"5-7

99.2

125.7

114. 5

101. 6

220. 5

215.4

177.8

220. 2

194.8

147.1

Tables VIII and IX are of special interest because of the fact that the
classification of plants as vigorous, semivigorous, and weak was made
only 15 days after the com was planted and because the com was planted
at the end of the normal com planting season in soil that had not grown
com for 12 years. These results lend further emphasis to the strong
correlation of early vigor and yield.
In the experiments reported in Tables VIII and IX, the heights of the
plants were taken 15 days after planting at the time of judging vigor,
and again at 36 days after planting. In both measurements there is a
fairly wide variance in the average heights of vigorous, semivigorous, and
weak plants. In the period of 21 days between the first and second
measurements all groups of plants made considerable gains in heights.
A comparison of the average gains in plant height during this period shows
that, in every comparison, the vigorous plants made the greatest gains,
followed by the semivigorous plants, and then by the weak. It is evident
that the more vigorous individuals not only retain their initial superiority
in height but grow more rapidly than the less vigorous plants. The
difference between the vigorous and weak plants in this respect is very
marked.
STUDIES OP PLANT POPULATIONS

From the foregoing data and discussion it seems evident (1) that
early vigor and yield of grain are closely correlated (PI. 4), also (2) that
the percentages of strong, vigorous plants in populations grown from
diseased seed are lower than in similar populations grown from relatively
disease-free seed (PI. 6 and 7). Inasmuch as the total yield of a plot
or field of maize depends on the total number of plants and the average
yield per plant, it follows that the total yields of contiguous plots,
differing from o to 8 per cent in field stand, will be more or less directly
proportional to the percentages of strong, vigorous plants in the populations. A large number of experiments have been conducted during a
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period of four years in which alternate plots were planted with relatively
disease-free and diseased Seed. Where field stands and other factors
were reasonably comparable, there has been a reduction in the percentage
of vigorous plants, as classified 25 to 35 days after planting, as well as
a reduction in final acre yield in bushels, although the relation varied
from year to year, depending on seasonal conditions. These data are
summarized in Table 10. The 1920 data are presented in more detail
and discussed later in this paper. A part of the 1921 data is presented
in both detailed and summarized forms to show more clearly the methods
used in the investigations on which this paper is based.
X.—Summary of data showing influence of seed infection on early vigor and
yield of corn grown from relatively disease-free and diseased seed, at Bloomington> III.,

TABLE

in iQi8t IQIQ, IQ20, and IQ21

Year.

Number
of experiments.

1918.
1919.
1920,
1021

Aveface re- Average inTotal
duction in crease in Average denumber percentage
percentage crease in
of plants of
vigorous of weak acre yield.
classified.
plants.
plants.

22,479
29,013
6,134

9.7
13.3
15.4
22. 6

,4.8
6.3

"Bushels.
14.4
12.9

4.2

8.6

49

9.2

REI^ATlONfOF EARI^Y VIGOR AND YIBI/D AS INFLUENCED BY PATHOLOGIC
CONDITION OF MOTHER PLANT

In the fall of 1917, attractive ears were selected from vigorous and'apparently healthy plants and from plants whose roots and stalks were
rotted. The seed was planted the following spring in ear rows, the seed
from apparently healthy plants being alternated with the seed from
diseased plants. Similiar experiments were conducted during the following two years. The data from these experiments are given in Table XI.
Seed ears selected from plants whose roots and stems are badly rotted
may or may not be infected with the rot pathogènes. In many cases
they are not infected to such an extent that the infection can be detected
by a careful germination test. But when these ears are used for seed
they usually produce plants that are very susceptible to the root and
stalk rots.
XI.—Early vigor and yield as influenced by the pathologic condition of mother
plants from"which seedlwas selected. The table shows reduced vigor and reduced yUld in
plants grown from seed selected from diseased plants, at Blooming ton, HI.

TABLE

Year.

1918
1918
1919
IOIO
*y*y
1920
1920

Variety.

Reid Yellow Dent
Funk 90-Day.
do
do
Reid Yellow Dent
do

Number Reduction Reduction Increase
weak
of plants. in stand. ous plants. in
plants.

5,I40
6,617
2,090
927
1,357
3,144

Per cent,
10.9

•5

2. I
1-5
5- 2
. 1

Percent.
4-4
14. 1
15-4
■5-5
9-5
4-7

Percent,
I. 2
2.8

\:l

1.0
1.2

Decrease Reduction
in acre
in yield.
yield.
Bushels,
7.3
II. 4
6.8
2.5
12.4
6.0

Percent.

IO.9
16.3
9.2
4.3
16.5

7.5
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A glance at Table XI shows that seed selected from diseased mother
plants produces plants deficient in early vigor and lacking in the ability
to produce high grain yields. This is especially pronounced when the
seed is planted in infested soil.
Seed ears from badly diseased plants usually are lacking in luster, and
physical examination of the kernels on such ears frequently shows them
to be more or less starchy (21). Specific gravity determinations on these
kernels also reveal a tendency toward decreased density. Table XII
gives further data regarding the comparative field performance of starchy
and slightly starchy seed, as compared with the harder, more homy seed.
The field stands and seed infections were comparable in all cases. Ordinarily, however, as Trost and HoiBFer (38) have reported, ears with starchy
kernels are very often infected with one or more of the com rot pathogènes.
XII.—Influence of endosperm composition (physical determination) on early vigor
and yield. Data show reduced vigor and reduced yield in plats planted with starchy and
slightly starchy seed as compared with similar plots grownfrom horny seed at Bloomington, III

TABLE

Year.

1918
1918
1919
1920

Condition of seed.

Starchy
Slightly starchy
Starchy (individual plants)
Slightly starchy

Total Reduction Increase Reduction Reduction
number in vigor- in weak
in acre
in acre
of plants. ous plants. plants.
yield.
yield.

1,373
9,243
170
926

Per cent.
14.3
7-7
14.0
21.7'

Per cent.
2.7
3-O
4. O
I. o

Bushels.
13. S
9.9

4.8

Per cent.
19.7
14. S
8.1
9.0

REKTION OP EARI,Y VIGOR TO SIZE OP EARS PRODUCED

As might be expected from the data presented up to this point, early
vigor and size of ears are strongly correlated. Plants vigorous and
apparently healthy in their early stages of growth are much more likely
to produce good-sized and well-matured ears than plants stunted during
this same period. This fact is brought out clearly in Table XIII.
TABLB

XIII.—Relation of early vigor to the size of ears on 1,715 individual corn plants
grown at Bloomington, III. in IQ18

Variety and condition of seed.

Reid Yellow Dent
»
Funk Ninctv-Dav (relativelv disease-free)
Funk Ninetv-Dav fdiseased seed)

Percentage of plants classified in their
early stages of growth as vigorous,
semivigorous, and weak which produced good-sized, well-matured ears.
Vigorous.

Semivigorous.

67. s

18.9
53-4
54. 1

02.0

83.6

Weak.

IS-1

0
2.0

RBI/ATION OF BARI/Y VIGOR TO SHRINKAGE OF GRAIN

It has been found, as East and Hayes (JT) and Grantham (14) have
reported, and as many other investigators have observed, that weak
plants are from 7 to 10 days later in tasseling and silking than vigorous
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plants. Observations and records on many hundreds of individual
plants at frequent intervals over a period of four years have indicated
that plants stunted in their early growth as a result of attacks by the
root and stalk rot pathogènes are nearly always somewhat later in tasseling and silking (figures 1,2, and 3). These plants, therefore, on account of
delayed pollination and fertilization combined with their weakened condi£Xp<£/?//y£/vr ¿2/?
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Fio. 4.—Graph showing cubic centimeters of water lost in the curing of 100 gm. of rfreshly harvested
corn produced on vigorous, semivigorous, and weak {plants, fgrown from 'uninoculated seed. (See
Table^XIV.)

tion, can not mature their grain as early nor as completely as the more
nearly normal plants. As a result, the com from the weak plants and
from diseased! plants usually contains more moisture when harvested
and consequently shrinks more when reduced to an air-dry condition.
Some data on this are shown in Table XIV.
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XIV.—Relation of early vigor to shrinkage in weight of grain, determined on
1,325 plants of Funk's Ninety-Day corn in two inoculation experiments, alternate
hills of which were inoculated at planting time with Gibberella saubinetii grown on
clean soil of high fertility at Blooming ton, III., in igig

TABLB

Shrinkage of srain from plants classified
in their early growth stages as vigorous, semivigorous, or weak.
Experiment No.

52 A.

5a B.

Treatment of seed.

fUninoculated
\lnoculated...
fUninoculated
llnoculated..

Vigorous.

Semivigorous.

Weak.

Per cent.

Per cent.

Per cent.

24.7
26.4
18.9
21.5

26.4
27-3
24.8
28.4

30-I
27. 2
34.4
29. 2

Table XIV gives the percentage of shrinkage of the grain from vigorous, semivigorous, %and weak plants harvested only a few days before a
killing frost. The product from each plant was weighed separately
when harvested and again after the ears were thoroughly air-dried. The
results show that in every case there is a greater percentage of shrinkage
in the grain produced by the weak than by the vigorous plants (fig. 4).
Plants of medium vigor tend to have an intermediate percentage of
shrinkage. This indicates that the same factors which enable the more
vigorous plants to grow most rapidly and to excel in grain production
also cause the grain to mature earlier. At harvest time there was little
apparent difference in the height of plants that were classified in their
early stages of growth as vigorous, semivigorous, and weak. Incidentally it is of interest to note that there is a slightly greater shrinkage
in the product of the inoculated rows than in that of the uninoculated
in the vigorous and semivigorous groups. In the groups of weak plants
the situation is reversed, the weak plants having a smaller percentage
of shrinkage in the inoculated than in the uninoculated rowá This
may be accounted for by the fact that many of the weak plants in the
inoculated rows died prematurely, thus permitting partial curing before
harvest.
RELATION OF EARI/T VIGOR AND QUAUTY OF PRODUCT AS INFLUENCED BY
SEED INFECTION
DATA OBTAINED IN 1920

In addition to the reduced size of ear and reduced yield of shelled grain
from plants semivigorous or weak in early vigor as compared with the
yield of plants strong and apparently healthy in their early stages of
growth, there is a distinct difference in the quality of the grain. Because
many of the less vigorous and diseased plants are killed by frost before
the grain is mature, there are more rotted ears and more light chaffy ears
in the com produced from semivigorous and weak plants than from
vigorous plants under comparable conditions. As brought out in previous
tables, com grown from diseased seed contains fewer strong plants and
more weak plants than com grown from relatively disease-free seed.
Consequently, it would be expected that com grown from diseased seed
would contain more nubbins, more rotted ears, and more light, chaffy ears
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than com grown from nearly disease-free seed. Much of this com of
inferior quality would be left in the field unharvested by most farmers.
Many farmers who might gather such com from the field probably would
either sort it out when dumping the com at the crib or when shelling it
for market. At any rate, small nubbins, rotted ears, and chaffy ears
represent com of low grade and low selling value.
In view of these facts it was deemed advisable, beginning in 1920, to
report separate yields of marketable and unmarketable com. Plates 2,
3, and 4 illustrate the kinds of com that were classified as marketable and
unmarketable. There are occasional ears about whose classification there
might be some question; but, on the whole, personal judgment changes
but little within a given experiment, and errors due to personal factors
are comparatively few when a large number of experiments are concerned.
Although this procedure is imperfect, it gives a more accurate index to
the value of any yield of com than total yield alone. When considering
yield under actual farm conditions, quality should be as important as
quantity, a fact forcibly emphasized in the 1921 data.
In presenting data from experiments conducted in 1920 and 1921, it
seemed desirable to report yields in terms of percentages of increased
yield of nearly disease-free over the moderately diseased seed, inasmuch
as the moderately diseased seed used was representative of the majority
of seed ears used by the farmers supplying the seed for the experiments.
The yields from these different lots of moderately diseased seed were
higher than the average com yield of the counties in which the experiments
were conducted. On the Agronomy South Farm of the Illinois Agricultural Experiment Station at Urbana, these lots of moderately diseased
seed compared favorably in yield with the standard varieties. The nearly
disease-free seed lots used in the experiments (1920 and 1921) were practically free from any of the root and stalk rot pathogènes, as evidenced by
repeated laboratory determinations, and represented the best seed ears
available in the open fertilized seed stocks of the Com Belt.
XV.—Influence of moderately diseased and nearly disease-free seed on early vigor
and yield of marketable corn. Reid Yellow Dent (Macon County strain) grown on
infested soil of medium fertility, at Bloomington, III., in IÇ20

TABLE

Points considered.

Number of olants in experiment
Early vigor:
Percentage of kernels producinç plants
Percentage of kernels producing vigorous
plants
Percentage of kernels producing weak plants.
Yield:
Total acre vield fin bushels')
Acre yield of marketable com
Percentacre of nubbins ibv count)
Percentasre of rotted ears fbv count)
Percentage of chaffy ears (by count)

Moderately diseased
composite.

727

Nearly
diseasefree
composite.

In favor of diseasefree seed.
Increase.

Decrease.

Percent.

Percent.

846

75.8

88.1

16. 2

29. 2
12.3

t\

55-2

49.8
33.7
23.3

63.5
54.6

27.5
62.0

10.7
26.0

11. 6
3-9
7-7

48.8

70.4

Table XV gives data showing the influence of seed infection on early
vigor and subsequent yield and quality. The increased percentage of
26551—23
2
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strong, vigorous plants in the plots planted with nearly disease-free seed
is very marked (PL 6), as is the decrease in percentage of nubbins, rotted
ears, and chaffy ears. The increase in yield of marketable com is very
significant. The relation of increased early vigor to increased yield of
marketable com is brought out more clearly in figure 5.
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Fio. 5.—Graphic presentation of Table XV, showing relation of moderately diseased and nearly diseasefree seed to the percentage of vigorous, semivigorous, and weak plants produced, and to yield of market«
able and unmarketable corn in bushels per acre.

XVI.—Influence of moderately diseased and nearly disease-free seed of Funk strain
ofReid Yellow Dent, on early vigor and yield of marketable corn, when grown on infested
soil of medium fertility, at Bloomington, III., in IÇ20

TABI,E

Points considered.

Number of plants in experiment
Karly vigor:
Percentage of kernels producing plants
Percentage of kernels producing vigorous
plants
Percentage of kernels producing weak plants.
Yield:
Total acre yield (in bushels)
Acre yield of marketable com (in bushels)..
Percentage of nubbins (by count)
Percentage of rotted ears ibv count)
Percentage of chaffy ears (by count)

ModerNearly
ately dis- diseasefree
eased
comcomposite.
posite.

In favor of diseasefree seed.
Increase. Decrease.
Per cent. Per cent.

323

361

84. 1

9I.4

n

34.4
2.6

57-3
42.1
11. 8
4.3
"•S

61.7
54.7
8.2

***
2.6

8.6
68.7
7.6
29.9
30.5
19.4
79.2

Table XVI gives further data on the influence of seed infection on early
vigor and subsequent yield. Figure 6 shows graphically the data given
in Table XVI.
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6.—Graphic presentation of Table XVI, showing the relation of moderately diseased and nearly
disease-free seed to the percentage of vigorous, semivigorous, and weak plants produced, and to yield of
marketable and unmarketable corn in bushels per acre.

FIG.

XVII.—Influence of moderately diseased and nearly disease-free seed on early vigor
and yield of marketable corn of McKieghan strain of Reid Yellow Dent on soil of
average fertility on which clover had been grown for the previous two years but which had
previously never been limed nor phosphated {22), at Yates City^ III., in IÇ20

TABLE

Points considered.

«
Number of niants in exoeriment
Early vigor:
Percentage of kernels producing plants
Percentage of kernels producing vigorous
plants
Percentage of kernels producing weak plants.
Yield:
Total acre vield fin bushels).
Acre yield of marketable com (in bushels)..

Moderately diseased
composite.

1,082

Nearly
diseasefree
composite.

In favor of diseasefree seed.
Increase.

Decrease.

Percent.

Percent.

1,251

75.X

86.8

IS-6

29.4
16.2

39.1
13.1

33-0

67.O
44.5

72.4
52.4

8.1
17.8

19. I

The increase in yield of marketable corn shown in Table XVII and
figure 7 is not so marked as in previous tables, but it is large enough to
be significant.
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7.—Graphic presentation of Table XVII, showing relation of diseased and nearly disease-free seed
to the percentage of vigorous, semivigorous, and weak plants produced, and to yield of marketable and
unmarketable com in bushels per acre.

FIG.

Tables XVIII, XIX, and XX give the results of similar experiments
conducted on the Agronomy South Farm of the Illinois Agricultural
Station at Urbana, 111., during 1920, on very fertile soil (fig. 8), on soil
of good average fertility, and on soil which has had 75 per cent of corn
in the rotation for 13 years.
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Fio. 8.—Graphic presentation of Table XVm, showing the relation of moderately diseased and nearly
disease-free seed to the percentage of vigorous, semivigorous, and weak plants produced, and to yield
of marketable and unmarketable com, in bushels per acre.

In every case there has been a marked increase in the field stand, percentage of strong, vigorous plants, and yield of marketable com in the
plots grown from nearly disease-free seeed. In Table XVIII the difference in stand might account for the difference in total yield, but the
difference in yield of marketable com must be accounted for in some
other way. Figure 8 shows the relation of the increase in percentage of
vigorous plants to the increase in yield of sound, marketable com.
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XVIII.—Influence of moderately diseased and nearly disease-free seed on early
vigor and yield of marketable corn of Reid Yellow Dent on very fertile soil to which rock
phosphate and manure has been applied, at Urbana, III., in IQ20

TABLE

Points considered.

Niimber nf plants in experiment,,,. .,, 4 ,
Early vigor:
Percentage of kernels producinç plants
Percentage of kernels producing vigorous
plants
Percentage of kernels producing weak plants.
Yield:
Total acre yield (in bushels)
Acre yield marketable com (in bushels)
Percentage of nubbins (by count)
Percentage of rotted ears (by count)
Percentage of chaffy ears (by count)

In favor of diseasefree seed.

Moderately diseased
composite.

Nearly
diseasefree
composite.

3,850

4,281

80.3

89.3

II. 2

25.2
195

39-4
12.3

56.3

70.7
54.8
19. S

78.7
68.2
14. 1
3-3
4.3

XL 3
2*5

8.5

Increase.

Decrease.

Percent.

Percent.

36.9

27.7
26. 7
49-4

The same standard for vigorous plants was maintained in taking the
data reported in Tables XVIII, XIX, and XX. In the experiments
reported in Table XX there was little apparent difference in vigor or general appearance in the early stages of growth between the rows grown
from diseased and nearly disease-free seed. However, it was evident
upon dose examination that the plants in plots planted with nearly
disease-free seed were somewhat larger in circumference at the base and
also sturdier. The increase in yield from the better seed is very marked,
even in heavily infested soil. Such results suggest that the nearly
disease-free seed may have possessed some degree of resistance to the
root and stalk rots.
XIX.—Influence of moderately diseased and nearly disease-free seed on early vigor
and yield of marketable corn of Reid Yellow Dent on soil of average fertility, limed and
phosphated, at Urbana, III., in IQ20

TABLE

Points considered.

Number of "olants in exoerimentl

Early vigor:
Percentage of kernels producing plants
Percentage of kernels producing vigorous
plants
Percentage of kernels producing weak plants.
Yield
Total acre vield fin bushels)
Acre yield of marketable com (in bushels)...

In favor of diseasefree seed.

Moderately diseased
composite.

Nearly
diseasefree
composite.

3,847

4,263

80.2

88.8

10.7

9.6
30. s

19. 1
22.9

99.0

67.7
59.6

79-4
74.1

17.3
24.3

Increase.

Decrease.

Percent.

Percent.

24.9

6o4

Journal of Agricultural Research

vd. xxm, Na s

XX.—Influence of moderately diseased and nearly disease-free seed on early vigor
and yield of marketable corn of Reid Yellow Dent on heavily infested soilt limed and
phosphated, at Urbana, III., in IQ20

TABLE

Points considered.

Number of plants in experiment
Early vigor:
Percentage of kernels producing plants
Percentage of kernels producing vigorous
Dlants
Percentage of kernels producing weak plants.
Yield:
Total acre yield (in bushels)
Acre yield of marketable com (in bushels)

In favor of diseasefree seed.

Moderatdy diseased
composite.

Nearly
diseasefree
composite.

2,096

2,338

74.5

83.4

II. 9

1.7

2.6
59.2

52.9

59-3
39-2
32.4

47.9
41.3

22. 2
27.5

Increase.

Decrease.

Per cent.

Per cent.

O. 2

DATA OBTAINED IN 1921

The season of 1921 was different in many respects from the seasons of
the previous three years. As a result of fungus injury following the
unusually heavy attacks of the com earworm (Chloridea obsoleta Fab.)
during the warm, moist weather of the late summer and early fall, there
was a very high percentage of rotted com throughout the Com Belt. In
view of these facts the 1921 data relative to marketable and unmarketable
com in the yields from moderately diseased and nearly disease-free seed
are of extraordinary significance. These data not only give further evidence on the important relations existing between seed infection, reduced
early vigor, and reduced yields of sound com, but show clearly that corn
grown from seed infected with the root and stalk rot pathogènes, or seed
susceptible to the root and stalk rots, is likely to be much more susceptible
to fungi causing ear rots than com grown from seed relatively free from
these pathogènes. In most cases the different lots of com were infested
to approximately the same extent with earworms, but there was a vast
difference in the degree to which the different lots were injured by the
fungi following the attack of earworms. The principal fungi concerned
with ear rots were Diplodia zeae and Fusarium spp.
The data presented in Tables XXI to XXV were secured from plantings on the no-treatment plots in a series of fertilizer experiments. These
soil plots were not all equally fertile, but the soil variation within each
plot probably was very slight. Consequently, comparisons should be
made between the moderatdy diseased and nearly disease-free on each
plot. The plantings on the various no-treatment plots were replications
in which the same two seed composites were used throughout the four
times of planting. The results are reported in Tables XXI to XXV and
graphically presented in figures 9 to 13.
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Fio. 9.—Graphic presentation of TablelXXI, showing the relation of moderately diseased and nearly
disease-free seed to the percentage of vigorous, semivigorous, and weak plants produced» and to yield
of«marketable and unmarketable corn in bushels per acre.

20

SO

<^/?&£A/779&£ur/>/j9/VT&
<?0
00
&>
TO

SO

90

/OO

/fCWMmYÛMÈMSÛ

/ÏO£ËM'£LrWâ£Ha£01

ÙHMMW&X&Œ'

IZZttZtt&r*

MEmym&âe-fxœl
/O

SO

JO

\CW¥/?/?/C£7X0¿£

<40
¿O
GO
TO
&C/&/&.& Or C0/?A/

SO

SO

10.—Graphic presentation of Table XXII» showing the relation of moderately diseased and nearly
disease-free seed to the percentage of vigorous» semivigorous» and weak plants produced» and to yield
of marketable and unmarketable com in bushels per acre.

FIG.

6o6

Journal of Agricultural Research
O

/Û

20

<3a

«¿ó

áO

áO

vd. xxm, N©

70

SO

90

S

/CÛ

SMM/mfS&û
Mmr0mLy0&£9S£P ^^^^^^^

M??*

■■■■■ü

II

#&?s¿yf/j&?3£'/y?££^^^^^^^^^^£zsœè

\fiG*/*/<!VfOW

m59/(

MrtnrM-rr/v0,Afía.9rfi ^V^^S^^^^9^H ^1 i/A/Sf/9/?/<£-r*0¿£"

fMfoWïfïWf*

A£#M.roœ/*3£-r*££

/o

¿O

3Û

1 onmoffAZT/teti*
40

ó&

00

-

7û

¿O

SO

/oo

FIG. ZX.—Graphic
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Fio. xa.—Graphic presentation of Table XXIV, showing the relation of moderately diseased and nearly
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The standard for vigorous plants in 1921 was somewhat different from
that used during the previous three years of the investigations. On •
this account percentages of vigorous plants in 1920 can not be compared
with percentages of vigorous plants in similar composites in 1921. However, the standards for vigorous, semivigorous, and weak plants were
reasonably constant throughout each season, especially within any given
experiment.
The soil was cold at the time the first planting was made and continued
rather cold for 8 to 10 days. In this connection it is interesting to note
that the field stand of the com grown from moderately diseased seed is
12.2 per cent lower than that grown from the nearly disease-free composite (see Table XXI). By referring to Table XXV and figure 14 it
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may be observed that the first planting showed the greatest difference
in field stanU between the moderately diseased and nearly disease-free
composites.

fimr/zMme ¿mwamm 77/m/ïmrm /v¿//?m/i#/mw
mrAíE779a£caw
Fio. X3.—Graphic presentation of Table XXV, showing percentage increases in total stand, vigorous
plants, total acre yield, acre yield of marketable com, and number of marketable ears in favor of nearly
disease-free seed over moderately diseased seed.
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14.—Graphic presentation of the percentage of field stand produced by the two lots of seed when
planted at different dates, the heavy line representing nearly disease-free seed, the light line the moderately diseased seed. (Taken from Tablet XXI to XXIV, inclusive.)
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As the season advanced and conditions became more favorable for the
growth of the weaker plants the difference in field stand became less,
being only 3.0 per cent in the last planting (fig. 14).
XXV.—Summary of data in Tables XXI to XXIV inclusive, showing percentage increases in favor of nearly disease-free seed over moderately diseased seed

TABLE

Percentage increase in favor of nearly disease-free seed.
Date of planting.
Total
stand.

May

7

IS-©
9-7
7-7
3-4

14
21
30

Vigorous
plants.

56.8
49.8
17.2

Total
yield.

17.2
14.5
15-1

Yield of
Marketmarketable able
ears.
com.

49-3
50. 0
35.8
79-4

31.6
35- 0
33- 0 \
67.4

¿55?
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15.—Graphic presentation of the percentage of kernels in the two lots of seed which produced vigorous
plants when planted at different dates. The heavy line represents the nearly disease-free seed, the light
light line the moderately diseased seed. (Taken from Tables XXI to XXIV, inclusive.)

FIG.

From all these data it will be seen that reduction in percentage of
field stand, due to the use of infected or susceptible seed, depends on
several factors, among which are the extent of infection and the general
condition of the soil in which the seed is planted. There seems to be
little doubt that the planting of seed infected with or susceptible to the
root and stalk rot pathogènes is responsible for many unsatisfactory
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field stands and constitutes an important loss to the com crop. This
is especially true with com planted early when weather and soil conditions are more or less unfavorable for germination and growth. However, a good field stand grown from diseased or disease-susceptible seed
is no insurance against reduction in total yield. This fact is brought out
in Table XXVI where the difference in field stand is only 3.0 per cent
and the difference in total yield is 10.4 bushels per acre. It also occurs in
Table XXIV where there is a difference of 3.4 per cent in field stand and
7.0 bushels in total yield. Moreover, in view of the results obtained by
Kiesselbach and Ratcliff (25), it does not appear probable that the reductions in total field stand are an adequate explanation for all the reductions
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16.—Graphic presentation oí the percentage of marketable com (by weight) produced by the two
lots of seed at different dates of planting. The heavy line represents the nearly disease-free seed, the
light line moderately diseased seed. (Taken from Tables XXJ to XXIV, inclusive.)

FIG.

in total yield in the experiments herein reported. An analysis of all the
data shows that reduced stands may be considered, in a great majority
of instances, an indication that a considerable portion of the com population in question has grown from infected or susceptible seed which in
turn is responsible for much of the reductions in total yield. The fact
remains, however, that reductions in total yield herein reported can be
traced to the use of infected seed and represent losses encountered in
actual farm practice.
The reductions in early vigor in the corn grown from moderately
diseased seed were well marked, with a very few exceptions, throughout
all the experiments reported for 1921. Tn§ differences of 24.4±2.14,
26.2±2.38, 23.6i2.46 and ii.o±2,2i m percentage of vigorous plants
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presented in Tables XXI to XXIV, and figures 9 to 12 and figure 15
are very significant. (PI. 7.) Inasmuch as the majority of weak plants
are either barren or nubbin producers, the differences in percentage of
weak plants probably contributed to the wide differences in yield at the
end of the season.
The differences of 17.odb1.89, 16.oi1.74, 12.8i1.79, and 24.3i2.59
bushels per acre of sound com are greater than the differences in total
yield and are of greater economic importance to com growers. This is
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Fio. 17. —Graphic presentation of the total number of rotted ears (continuous lines) and the total number of
chaffy ears (broken lines) produced by the two lots of seed at different dates of planting. The heavy
lines represent the nearly disease-free seed, the light lines moderately diseased seed. (Taken from Tables
XXI to XXIV, inclusive.)

especially true in seasons like 1921 when conditions were so favorable for
the development of ear rots. The differences in the yield of marketable
corn presented in Tables XXI, XXII, XXIII, and XXIV and figures
9, 10, and 11 are similar to those reported for 1920 and are well correlated
with differences in early vigor (fig. 13). However, the results from the
fourth planting that are presented in Table XXIV require some additional explanation. Although the difference in early vigor was the least
in the last planting, yet the difference in yield of sound com in this same
planting was the greatest (Table XXV and fig. 12). The late-planted
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com suffered more from the combination of ear worm attack and weather
conditions favorable to the development of ear rots. Both lots of corn
were attacked approximately to tie same extent by the earworms, but
the com grown from moderately diseased seed proved to be much more
susceptible to the attacks of fungi following earworm injury than
com grown from nearly disease-free seed. Only 36.5 per cent of the
ears from the moderately diseased seed were sound, while 61.1 per cent
of the ears from the nearly disease-free seed were sound. Figure 16
presents graphically the percentage of marketable com by weight produced by the moderately diseased and nearly disease-free seed from the
different dates of planting.
A further analysis of the data, graphically presented in figure 17,
shows that the increases in unmarketable corn in the later plantings from
the moderately diseased seed were due to the increased number of rotted
ears and not to any increase in number of chaffy ears. The decrease in the
percentage of chaffy ears in the last three plantings from the moderately
diseased seed is accounted for by the increased number of chaffy ears that
were rotted. Ears and nubbins both rotted and chaffy were placed in the
rotted class, since the rotting was considered more detrimental than the
chaffiness. The decreased percentage of rotted ears in com grown from
the nearly disease-free seed as compared with that grown from the moderately diseased seed is very significant and indicates that the corn grown
from nearly disease-free seed possessed considerably more resistance to
injury by the fungi causing ear rots, as well as more resistance to the
root and stalk rots, when planted in infested soil.
Additional data, similar to those in Tables XXI and XXII, are prepresented in Table XXVI. A comparison of the field performance of
the corn planted from the three different seed lots, varying considerably
in percentage of infection, shows that the diseased seed is associated with
reduced field stand, reduced percentage of vigorous plants, increased
percentage of weak plants, and reduced total yield, as well as reduced
yield of sound, marketable com. A considerable part of the increased
yield of sound corn from the nearly disease-free seed is due to the smaller
percentage of rotted ears.
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Some strains of Reid Yellow Dent have proved to be very susceptible
to the root, stalk, and ear rot diseases when planted in infested soil or
when the seed was inoculated at planting time with Gibberella saubinetii.
Frequently ears of such strains of com are so badly infected that it is
impossible to select from them seed that is reasonably disease-free,
regardless of the number of ears tested on the germinator. Seed from
such a strain of Reid Yellow Dent was included in the inoculation
experiments conducted in cooperation with Dr. James G. Dickson in
1921 on clean and infested soil, including early and late plantings. Com
grown from this seed proved to be very susceptible to injury by the
organism (Gibberella saubinetii) with which it was inoculated. The corn
in the inoculated plots had a slightly reduced stand and a much lower
percentage of vigorous plants than in the uninoculated plots planted with
the same lot of seed. The differences in percentages of strong plants in
com grown from this diseased, susceptible seed and in that grown from
the nearly disease-free seed were very similar to those reported in Tables
XXI to XXIV and XXVI. The very best seed that could be selected
from this strain by use of the germination test averaged 27.5 per cent
XXVII.—Total yield and yield of marketable corn as influenced by diseased, <*
susceptible, & and nearly disease-free c seed planted at different dates on clean soil
and infested soil at Blooming ton, III., in IQ21

TABI,E

INFESTED SOII,
Yield data.
Total
stand.
Date of
planting.

Marketable
com.

Unmarketable
com.

Condition of seed.

5%_

Il »

¡I

Original composite of
susceptible seed a
Selected
composite of
May zo
susceptible seedb.....
Nearly disease-free com, posite c
Original composite of
susceptible seed
Selected composite of
susceptible seed
Nearly disease-free composite

Bus. Bus.

11
Lbs. Bus.

II
n

S

11
:!

I

r si
Lbs. P.d. P. ct. P. ct. P.ct.

86.7 77-6 48.0 61.8 54- S 29.6 38.2 48.7 53-9 34- 6

3.2

9-3 «

92.5 78-3 50.0 639 54.2 28.3 36.1 47-7 54-2 34-9

2-5

8.5

98.3 89.7 69.3 77.2 S8.S 20.4 22.8 51-5 71-3 17-7

3-2

7.8
8.3

88.8 76.5 37-7 49-3 52.0 38.8 SO-7 49.0 45-S 42.0

4.2

92.8 71.8 39-7 55-3 52-5 32.1 44-7 49-2 49-5 40.S

2-4

7-6

98.3 81.5 59-3 72.7 56-5 22.2 27.3 51-3 68.5 25.0

x-3

5-2

88.6 81.0 Si. 8 63.9 53.5 29-2 36.1 49.2 54-7 30.8

6.9

7.6

93-4 75-7 42. S 56.1 54-S 33-2 43-9 48.7 48.0 32.5

8-8 10.7

CLEAN SOIL
Original composite of
susceptible seed
Selected composite of
susceptible seed
Nearly disease-free com, posite
Original composite of
susceptible seed
Selected composite of
susceptible seed
Nearly disease-free com, posite

96.1 90.6 73.0 80. S 58-3 X7.6 19.5 50.8 71.1 19.0

1.9

8.0

53.6 4I.O 43.2 49.7 50.2 38.0

3-5

8.3

95-8 95*4 55-a ST-8 53.8 4O.2 42.2 50.0 SI'S 37.0

4.0

7-5

98.2 104.7 81.6 77-9 57.8 »3-x 22.x 52.6 73-9 16.2

X.6

8.3

92.1 94-9 53-9

a 96.5 per cent viable and 38.6 per cent diseased.
^e 98.9 per cent viable and 37.5 per cent diseased.
99.9 per cent viable and 3.5 per cent diseased.
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diseased. Although the complete data and discussion regarding these
experiments are reserved for other publications, a limited number of
these data are presented in Table XXVII to show the influence of seed
infection and susceptibility to the root and stalk rots to total yield and
yield of marketable com, with special reference to the percentage of
rotted ears.
The field stand data (Table XXVII) are of particular interest. Many
investigators would consider a field stand of 92.5 to 95.8 per cent a
satisfactory stand. These stand data lend further emphasis to the fact
that satisfactory field stands are no guarantee against losses due to the
root, stalk, and ear rot diseases.
TABI,E

XXVIII.—Summary of data presented in Table XXVII, showing percentages
of rotted ears and yield of marketable corn
INFESTED SOII,

Condition of seed.

Selected composite of susceptible seed
Nearly disease-free composite

Early planting.

I.ate planting.

Rotted
Yield of
marketable ears and
nubbins.
corn.

Rotted
Yield of
marketable ears and
nubbins.
com.

Bushels.
50.0
69.3

Per cent.
34.9
17.7

Bushels.
39-7
59-3

Per cent.
40- 5
25. 0

32.5
19. 0

55-2
81.6

37-0
16. 0

CI,EAN soil.

Selected composite of susceptible seed
Nearly disease-free composite

42.5
73-0

Although there was a consistent reduction in total yield in the com
grown from the diseased, susceptible seed, the greatest and most important differences were In the yields of sound, marketable com and the
percentages of rotted ears. These items are summarized in Table
XXVIII and figures 18 and 19. In both plantings and on both infected
and clean soil the corn grown from diseased, susceptible seed produced
more rotted ears and a much lower yield of marketable com. The
bushel weights indicate that the marketable com produced by the nearly
disease-free seed was of better quality than that produced by the diseased, susceptible seed.
The results secured at Urbana, reported in Table XXIX and figure 20,
were obtained from com grown from the same moderately diseased and
nearly disease-free seed composites as the date-of-planting experiments
conducted at Bloomington, reported in Tables XXI to XXV. The soil,
however, was much higher in fertility than that of the Bloomington
plots; in fact, the Urbana soil was in a better state of balanced fertility
than the average Com Belt soil will be for several years. The standards
for classifying the plants into vigorous, sëmivigorous,*and weak were
based entirely on height measurements. Plants from the moderately
diseased seed were grouped into three approximately equal divisions
according to height. This same standard when applied to the plant
populations from nearly disease-free seed gave relatively high percentages
of vigorous plants and low percentages of weak plants.
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18.—Graphic presentation of data presented in Table XXVIII.
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19.—Graphic illustration of the total yield and yield of marketable and unmarketable corn (in
bushels per acre) produced by a selected composite of susceptible seed and by nearly disease-free seed.
(Taken from Table XXVII.)

FIG.

XXIX.—Influence of an early date, two intermediate dates, and a late dat e of
planting of moderately diseased and nearly disease-free seed on early vigor and yield.
Reid Yellow Dent grown on infested soil of high fertility. Urbana, III., in IQ21

TABLE

Early-vigor data.

Yield data.
•0

Time of
planting.

Condition of
seed.

Total
stand.

!

May

Moderately diseased
2- Nearly diseasefree
Moderately diseased
10
Nearly diseasefree
Moderately diseased
20
Nearly ;diseasefree
Moderately diseased
31
Nearly diseasefree

i

Vigorous Weak
plants. plants.

I

|

i

I

i

1

Rotted Chaffy
Market- ears and ears and Sound
nubable
rotted chaffy
bins.
ears.
nubnubbins.
bins.

!

i

2

1
1

|

I

s

-M

Î

S

Bus. Bus.
1,464

86.8

352 21.6 681 39.1 90.9 73-4

902 67.2

174 13.0 130 97

1,599 95-2

914

58.1 123 6:4 roo. 7 89.6 1, 110 76.1 114 7-8

1,448 85. 7

385

24.9 513 28.2 86.3 69.4

1,626 96.4 1,362
1,477 88.7

578

81. i

790 64.3

154 10. 6

170 13-9 X28 10.4

140 IX. 4

88 5.0 99-8 85.2 x, 022 72.3 138 9-8 128 90.5 126 8.0

342 410 2Î. 5 77.0 57-4

746 58.1

190

14.8 170 13.2 178 13. 9

1,593 94.8 1,028

61. s 21X 13.5 90.5 79.1 1,004 73-2 128 9-3

1,691 88.2

25.8 452 239 790 559

496

I.784 92.9 1,199

65.5

136 10.1

80 5-5

96 7.0 144 10. s

192

13.7 222 159 126 9.0

55 2.9 899 76.6 1,144 72.9 166

xo. 6 114 7-3 144 9. a

860 61.4
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20.—Graphic summary of Table XXIX, showing comparative results from planting moderately
diseased (A) and nearly disease-free (B) seed on four different dates. Upper pair, vigor of seedlings (in
percentages) ; middle pair, relation of seedling vigor to acre yield in bushels of marketable and unmarketable shelled com; lower pair, comparative percentages by number of marketable ears, rotted ears and
nubbins, chaffy ears and nubbins, and sound nubbins.
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SUMMARY
1. Studies were conducted with diseased and apparently disease-free
seedlings, transplanted from the germinator to the field. The diseasefree seedlings made more rapid increases in height and circumference
than the diseased seedlings during the first 25 days. The plants developed from the disease-free seedlings gave a much higher yield of grain
than the plants from diseased seedlings.
2. Approximately 153,000 com plants were classified during their early
growth stages as vigorous, semivigorous, or weak. Of this number, more
than 6,000 were harvested individually and the plant yields determined.
The populations were grown from both diseased and relatively diseasefree seed.
3. Early height and yield of com plants were found to be correlated directly. In most cases the coefficient of correlation was sufficiently large to be significant.
4. Plants strong and vigorous in their early stages of growth produced
a larger percentage of good-sized ears, and therefore higher yields of
grain, and matured their grain somewhat earlier than the weaker ones,
regardless of height at harvest time.
5. Plants weak in their early stages of growth usually produced nubbins only, or were barren.
6. Yields were recorded on the basis of marketable and unmarketable
corn, the latter consisting of small nubbins, rotted ears, and light chaffy
ears.
7. Nearly disease-free and moderately diseased seed were compared
under different conditions in a number of experiments at Bloomington,
Urbana, and elsewhere in Illinois.
8. Com grown from seed not infected with the root and stalk rot
pathogènes or not susceptible to the root and stalk rots had a higher
percentage of strong, vigorous plants, a lower percentage of weak plants,
and produced higher total yields and higher yields of marketable corn
than com grown under comparable conditions from infected or susceptible
seed.
9. Com populations grown from seed infected with one or more of the
root and stalk rot pathogènes or susceptible to the root and stalk rots
produced a much lower yield of sound, marketable com and a larger
percentage of nubbins, rotted ears, and light chaffy ears than com grown
from seed relatively free from and resistant to infections.
10. Corn earworms seem to show little preference between com from
diseased or nearly disease-free seed within a variety, but the total injury
on the latter is much less because the worm injury is not followed by
ear rots to the extent it is on the former.
11. Relatively disease-free seed ears selected from badly rotted plants
proved to be inferior to relatively disease-free seed ears selected from
apparently disease-free plants, especially when the comparisons were
made on infested soil.
12. Not all lots of seed com are suitable for selecting disease-free seed
com. Some types of com are so susceptible to disease that seed which
passes a good test on the germinator proves very susceptible when
planted in infested soil.
13. Com resistant to root and stalk rots is also resistant to ear rots.
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CONCLUSIONS
i. Early vigor and yield of the corn plant are closely correlated.
2. Variations in early vigor are due, not simply to chance, but to certain
factors, genetic, physiologic, and pathologic, which are more or less under
the control of the investigator, the com breeder, and the corn grower.
3. The importance of the disease factor demands that it be given a
prominent place in any program which aims at the permanent improvement of the com crop.
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PLATE i
Characteristic appearance of vigorous and weak young com plants.
A.—A healthy, vigorous plant, grown from disease-free seed.
B.—A weak plant, stunted in size, and somewhat chlorotic, grown from diseased
seed.
C.—A weak plant, chlorotic and partly blighted, grown from diseased seed.
D.—A weak plant, very chlorotic and nearly dead, grown from diseased seed.
All plants were of the same age and were drawn to the same scale.
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PLATE 2
Representative ears of unmarketable com.
A.—Rotted ears. This classification includes not only totally rotted ears but also
those that are partly rotted. Ears of the latter kind may be composed largely of good
kernels, but when shelled the rotted portion would greatly reduce the market grade
of the whole.
B.—Chaff/ ears. There is some space between the kernels so that the ears can easily
be bent and twisted. Such kernels are light and poorly developed and consequently
have little market value. Chaffy ears that also showed signs of rot were placed in the
rotted class shown in A because the rotting is more detrimental.
C.—Nubbins. Although most of the kernels here shown would be good for feeding
purposes, most of these nubbins would be missed by the average com husker. Furthermore, a large percentage of nubbins is produced by weak diseased plants.
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PLATE 3
A.—Representative ears of marketable com. Compare with unmarketable com,
Plate 2.
B.—On the left, an ear of a resistant type grown from disease-free seed and resistant
to ear rots. On the right, an ear grown from diseased seed and susceptible to ear rots.
Both ears were injured by the ear worm approximately to the same extent. On the
resistant type (left) the injury was confinea to that done by the worm, which injury
was practically negligible as far as marketing is concerned. On the other ear (right),
susceptible to ear rots, the worm injury was followed by fungous rots which made it
practically worthless.
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PLATE 4
Total yield from moderately diseased and disease-free seed of Reid Yellow Dent
planted simultaneously in two parallel, lo-hill plots, at Bloomington, 111. .
A.—Product from 10 hills grown from moderately diseased seea. Bars seventh and
eighth {from left) were chaffy, ninth and twelfth were partly rotted, and fifteenth was
a nubbin.
B.—Product from 10 hills grown from disease-free seed. All these ears would be
considered marketable.

PLATE s
A.—Two hills of com of same age, photographed 44 days after planting. The hill
on the left contains two plants from diseased seed, the hill on the right three plants
from disease-free seed.
B.—Same hills as in A, photographed 120 days after planting. The hill on the left
produced 380 gm. and the hill on me right 930 gm. of air-dry shelled com.
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PLATE 6
Adjacent plots of Reid Yellow Dent planted at the same time, on uniform soil,
and photographed on the same day, at Urbana, 111.
A.—Plot grown from moderately diseased seed. This plot contained a large percentage of weak plants.
B.—Plot grown from nearly disease-free seed. This plot had 55 per cent more
vigorous plants than the plot shown in A.

PLATE 7
Adjacent plots of Reid Yellow Dent planted at the same time, on uniform soil,
with rows the same distance apart and same number of kernels per hill, and photographed on the same day, at Bloomington, 111.
A.—View down the center of four rows planted with moderately diseased com.
B.—View down the center of adjacent four rows planted with nearly disease-free
com.
Note the increase in size and vigor of the plants in B. Note that in A leaves barely
meet between the rows in the center of the pircture while in B they overlap considerably.
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