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INTRODUCTION 

Data concerning the correlation of the different vegetative char

acters of corn are limited. Although there have been many spec11Tations 

as to the relationship between some of the characters such as ear height 

and date of maturity, few pertinent studies have actually been conducted. 

If certain of these vegetative charact.ers .could be shown to have a high 

correlation with maturity, yield, or other desirable'agronomic characters, 

this information would be of considerable benefit to the corn breeder. 

Much of the early corn breeding work was centered around various 

types of selection--the most prevalent of these types being mass selec

tion and ear-to-row selection. Up to this time, little has been done 

to compare the relative efficiency of these two methods. 

_The purposes of this study are twofold. The first objective is to 

determine the relationship of certain vegetative characters to maturity 

in corn grown at two locations. In connection with this purpose, cor

relations will be presented which are concerned with morphological 

characters such as node number, plant height, and ear height as they 

relate to plant maturity and to each other. The second objective is 

to attempt to determine the size of the variation in regard to the 

characters mentioned above associated with families, progeny, and in

dividual plants. It is hoped that information gained from this study 

utilizing data from two locations will give some basis for evaluating 

the efficiency of certain selection procedures. 
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REVIE\,1f OF LI TERA. TURE 

Studies_ of Maturity and Certa:Ln Morphological 

Characters of Corn 

Date of Pollen Shed and Date of Silk -· .. -··- - ·--- -- -- --- -- --

According to Kiesselbach (12/1 unfavorable climatic conditions 

have a greater effect upon delay of ear development than upon tassel 

development, Hayes and Johnson (9) using inbred lines, indicated that 

there was a strong correlation between date of silk and yield. It was 

further shown that silk date was correlated with plant height and ear 

height, 

Hayes and J'ohnson (9) fc)lmd plant height and ear height closely 

correla.ted. Kiesselbach (1L1.) reported that late maturing varieties 

of corn tend to grow much taller than early maturing varieties. He 

showed that this added height was the result of long continued growth, 

rather than rapid growth. Smith (2)~.) observed that high plants have 

more nodes and longer internodes than shorter plants. Morrow and Gard--

ner (20) found that in general the height of both stalk and ear was in--

creased with 1.ate maturity. In studies of variability of plant height 

in five open-pollinated varieties of corn, Russell (23) found that the 

Z1Figures in parentheses refer to "Selected Bibliographyn, page 31. 
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coefficient of variation ranged from 8,39% to 11.15%. The standard de

viation for this character ranged from 7,72 to 8,94, 

'Ear Height 

According to Kiesselbach (12), several of the adaptive characters 

of corn seem to show close association. These characters are: small 

structure, ears low on the stalk, small leaf area, slender ears, and 

smooth shallow kernels. His five-year study of continuous selection 

in opposite directions, ears high on the plant versus ears low on the 

plant, resulted in a spread of 23% in ear height and a corresponding 

spread of 10% in stalk height. 

Smith (24) using the Leaming variety of corn produced, by ear-to

row selection in opposite directions, two strains of:corn which dif

fered widely in ear height. One selected strain bore the ears three 

feet higher than the other. He also found low ears associated with 

early maturity. Conclusions from experiments conducted at the Ohio 

Agricultural Experiment Station we.re that low ears are associated with 

earliness, according to Williams and .. Welton (31) . In studies on ear 

placement, Montgomery (18) noted that there was little association be

tween ear placement and yield; however, the plants with lower ears were 

smaller and the corJ;l matu:i;-ed earlier. 

Eckhardt and Bryan (2) using crosses bE'ltween several different 

inbred lines, showed that, when two inbred lines from the same variety 

were combined in each single cross parent, variances of ear height were 

significantly reduced. Stringfield (29) indicated that n1aturity of a 

corn variety can be changed by selecting-for low or high ears. In stud

ies on variability of ear height, Russell (23) found that the coefficient 
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of variation for five open-pollinated corn varieties ranged from 15.90% 

to 18 .13%, Correlation summaries of nodes :below the ear and nodes above 

the ear indicated that the relative position of the ear did not affect 

the number of nodes per plant. 

Number of Nodes -----
It was speculated by Leng (15) that there might be a correlation 

between leaf number and the time for a plant to begin tassel initiation. 

He noted that early strains of corn have a much lower leaf number than 

late ones. In studies with inbred lines R53, WF9, and 1317, this specu-

lation was not confirmed. R53, the earliest line, had the lowest leaf 

number; while WF9, the next earliest variety, had the highest leaf num-

ber and 1317, the latest line, had an intermediate leaf number. 

Kiesselbach (13) noted that the total number of leaves·formed by 

an individual corn plant varies both within and between varieties. He 

also pointed out that one leaf is formed for each node on a plant. 

Stringfield (29) observed that ear-node height was not inherited as a 

dominant. Smith (24) indicated that plants with higher ears have more 

and longer internodes.-than plants with lower ears. Emerson and East (3) 

indicated that the number of nodes is greatly affected by heterozygosis. 

In FJ. families, the mean number of nodes was intermediate between the 

number of nodes of the two parents used. This mean nuinber did not change 

greatly in the F2, There was a lack of correlation between number of 

nodes and physiological characters, but there was an apparent genetic 

correlation between these characters. 

Russell (23) found that for five varieties of corn, the coefficients 

of variation were nearly the same for nrunbet of nodes below the ear. Co-



efficients for all varieties ranged between 11.10% and 12.64%. The vari-

ation among the five coefficients for nodes above the ear ranged from 

12.15% to 15.14%~ This study showed that the number of nodes below the 

ear was negatively correlated with the number of nodes above the ear. 

Morphological Characters in General 

Emerson and East (3) emphasized that if an inert character could be 

determined by counting or weighing another visible character, it would 

be of great benefit to the plant breeder. Etheridge (4) stated that 

within limits there is no one character of a normal healthy plant which 

can be used as an index to determine the relative yielding ability of 

its progeny. 

Ewing (5) in 1910 concluded that, nno experimental evidence is 

available regarding the effect of selection of one character on a cor-

related character. 11 Tests by Hayes and Alexander (7) in 1924 indicated 

that the chief difference between high and low yielding rows in ear-to-

row tests was dependent upon characters which in general were correlated 

with vigor of growth. 

Eva1uation of Certain Methods of Selection 

Sprague and Brimhall (27) in a 1950 report:, list the following as 

important items in determining the effect of selection: heritability, 

size of sample, and gene frequency. In studies made by Sprague (28), 

the differences recognized in two systems of selection, mass and ear-to-

row, were as follows: 

Mass Selection Ear-to-row Selection 

1. No isolation 1. Isolation 
2. No progeny test 2. Progeny tests 



3. Limited selection 
differential 

3, :Maximum selection 
differential 

6 

'According to the information presented by Sprague (28), mass selection 

began with the domestication of corn. He reported that this practice 

was begun by selecting large ears for seed, and never has advanced much 

beyond that stage. 

The ear-to-row selection procedure was begun by Hopkins (10) at 

the University of Illinois in 1896. This method involved the selection 

of several phenotypically desirable ears, and the evaluation of these 

ears by means of progeny tests. 

Wallace and Bressman (30) observed that nearly all of the early 

work in corn breeding was accomplished by means of mass selection. They 

also emphasized the influence of the early corn shows upon mass selection 

goals. In this type of selection, the chief aim was toward uniformity 

without much consideration for yield. Montgomery (19) in his comparison 

of ear-to-row selection with mass selection found that more rapid results 

could be obtained by the ear-to-row selection method than with the gener-

al mass selection method. He stated that it might be possible that no 

increase in yield would result from mass selection, unless some vegeta-

tive character were closely associated with yield. Whereas in the ear-

to-row method, the yield record could be obtained from previous years. 

In tests involving ten years of selection, the following conclu-

sion was reached by Smith and Brunson (2.5): 11 The simple method of mass 

selection, that is picking seed ears from standing stalks in the field, 

is just as effective in improving yield as the more complicated method 

of continuous ear-to-row selection. 11 It was further stated by these 

workers that the improvement of a variety by selection is brought about 
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by decreasing the low yielding strain. However, Hayes (8) reported that, 

as a rule, corn cannot be improved by mass selection methods. 

In .studies regarding ear placement of corn, Montgomery (18) noted 

that ear-to-row selectiori·was effective in changing ear height; and 

that yields could be slightly increased by this method. Williams and 

Welton (31) also noted that ear height can be changed by this method. 

In experiments conducted by Smith (24), ear placement was changed as 

much as three feet by ear-to-row selection methods. It was concluded 

from these experiments that corn would give a definite response to 

selection. 

Hartley (6) in work using the ear-to-row selection method, discov

ered that selected ears that look very similar, phenotypically can dif

fer as much as 50-75% when their progeny are observed in separate plant

ings. Jenkins (11) reported in 1936 that ear-to-row selection was very 

effective in adapting a variety to a particular location, but that this 

method of selection seemed to have littJ.e effect over a long period of 

time. 

Woodworth, Leng, and Jugenheimer (33) summarized the results of 

fifty years of selection for oil and protein content of corn. The basic 

design for their experiments was the ear-to-row selection method, al

though there were some modifications during the fifty years. The per

centage of oil content began at a mean of 4.70%; and after fifty years 

of selection for high oil content, a resultant mean of 15,3~% was ob

tained. As a consequence of selection in the opposite direction, oil 

content was reduced to 1.01%. The mean protein percentage started at 

10.92% and was increased to 19.45% when selected for high content. The 

reverse selection procedure resulted in a protein content of 4.91%. 
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Little progress was made in this selection during the past ten to fif

teen years, due to the accumulation of mutations iri the low oil strains 

which caused germless seed. In 1948, reverse selection procedures on 

the high strains resulted in reducing the oil and protein content of 

the high strains, indicating that these lines may still possess some 

genetic variation. 

Sprague (28) summarized the ear-to-row method of selection for 

yielding ability. He indicated that the method often had been dis

credited, not because of genetic limitations, but because of field plot 

technique. 



MATERIALS AND PROCEDURES 

Materials 

The variety of corn designated as Accession 183 Single Cross was 

used exclusively in this study. This variety which originated at the 

Oklahoma Agricultural Experiment Station, Stillwater, Oklahoma, was 

obtained by selfing the Fi single cross of K4 X Ok.11, a corn belt 

line times an Oklahoma line. The actual material used was the select

ed progeny of the F3 of the KLr X Ok.11 cross, 

A duplicate planting of seed from fifty ears representing ten 

families and five progeny from each family was planted at each of two 

locations·.; so that seed from the or~ginal fifty ears would be equally 

represented at the two different locations. The fifty ears used in 

this study were derived by selecting five high yielding ears from each 

of twenty different, maternal rows, which in turn had been selected from 

the F2 of the above cross by simultaneous selection for ten characters. 

The progeny of only ten of these maternal rows was used; these ten were 

selected at random from the twenty. 

The plants at location one were grown under irrigation on the Okla

homa Agricultural Experiment Station Agronomy Farm. The second series 

of plants was grown under dry land conditions at location two, near the 

Paradise Community nineteen miles southwest of Stillwater, Oklahoma. 

Provision was made for adequate border rows. The material for each lo

cation was planted on soil containing the maximun1 available uniformity. 

The plantings at Paradise were made on May 28, 1957, and the Stillwater 
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plm1tings were made on Jlme 17, 1957. 

Procedures 

Cul·tura1 Procedures 

The plantings at each location were divided into two replications, 

each representing a randomized block. Each block contained a one row 

plot, from each of the fifty ears being stud5.ed. The plantings at Still-

water ·were made jJ1 twenty foot, one row plots. The seeds were drilled 

at approximately six-inch intervals, and subsequently were thinned to 

average ten plants per plot. 

At Paradise the plants ·were planted in rows fiftlf;len hills long with 

the hills spaced forty inches apart. Three seeds were planted per hill, 

a.nd later they were thinned to one plant per hill. The reason for the 

wider plant spacing used at Paradise in comparison with that described 

for Stillwater was that 1mder dry land conditions, it was necessary to 

avoid interplant competition for moisture am:l nutrientf:.• and to give each 

plant the maY.imum opportunity for ex:presrling i i:.E:: genotype. 

Within each re,plication at each location the data were recorded on 

succesE1ive plants, so as to average about ten plants per plot. A total 

of' 2i96 pla:nts were studied at Stillwater; and 1,226 plants were studied 

at Paradtse. 

Measurements Taken 

For the purposes of this study, individual plant observations on 

ten variable characters of corn were taken. These measurements were: 

date of pollen shed, date of silk, total actual leaf' nU1nber, plant 
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height, ear height, estimated number nodes below tb1cJ ear, number of 

nodes above the ear, plant score, actual number of nodes below the ear, 

and total estimated nodes. All observations of the the above mention

characters, with the exception of the measurements concerning date 

of pollen shed and date of silking, were made when the plants had reach-· 

ed the stage of full vegetative development. 

Date of pollen shed was determined when the central axis of the 

tasr::: first began to shed pollen. At this time a blue tag bearing the 

date of this observation wa[i stapled around the top part of the pl1:mt. 

The date was recorded using a day nmnber beginning with the first day 

of June a.s number one. 

Date of silk was recorded as the time when sj_J.ks first emerged 

from the shoot and were rtsible. A pink tag was stapled around the 

plant near the c:ihoot. 'rhis tag was dated :i.n the same maimer as was 

described above for date of pollen Elhed. 

Total leaf number is 1.wed in this study as the actual number of 

nodes for 1::ach plant, Since there is a leaf produced for each node, 

this total leaf count 1,·,rould give the total number of nodes per plant. 

In order to det(::r:mine the exact number of leaves per plant:, special 

procedures must be used since at the time the topmost leaf of the plant 

appears, the bottom four to six leaves have been destroyed by the growth 

of adventitj_ous roots or by some c1imatic factor or cultural practice. 

'rhe third leaf of the young seedlings used fr1 this .stud3r was clipped a-

bout one and one-half inches from its tip with a conunon pair of house-

hold pinking shears. This procedure left a leaf with a jagged edge 

which could be seen easily. Each of the individual plants was succes-· 

sively cJ.j_pped :i.n the sixth and ninth leaf stage. Thus at the time of 
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full vegetative development of the plant, by starting at the ninth leaf, 

one could determine 'the total leaf number for each plant. 

Plant height was :measured in inches from the ground level to the 

base of the tassel. 

Ear height also was measured in inches from the ground level to 

the ear-bearing node. Where two or more ears appeared on one plant, 

height to the upper ear was measured. 

Estimated number.of nodes below the ear was determined by counting 

from the first leaf above the ground to the upper ear-pea.ring node. 

Number of nodes above the ear was determined by .counting the leaves 

above the top ear. 

A plant score ranging from one to five was given to each plant, 

with one denoting the best possible score. This plant score was based 

upon gene:ria1 vigor., conformation of the plant, and freedom from dis--

ease. 

Actual number of nodes below the ear was determined by subtract

ing the number of nodes above the ear from the total counted number of 

leaves. 

Total estimated nodes was obtained by adding the estimated number 

of leaves or nodes below the ear and the actual nnmber of leaves or 

nodes above the ear. 

Climatic Conditions and Biotic Factors Prevalent 

During the first part of the grmdng season the plants at Paradise 

· were over supplied with moisture; however, by flowering time they show

ed the effects of dry weather stress. This dry condition resulted in 

near failure of grain production. 
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Plants at Stillwater were supplied with plenty of moisture through-

out their growing seasoni but even with repeated applications of cbemicals, 

their grain production was impaired by the corn ear worm and the fall army 

worm. 

Method of Presentation of Data ---· , __ - ·---·--- -- ----

After all data were recorded, a complete set of simple correla-

tions was run for the ten variables previously mentioned. 'rl1e two 

replications at each locat:Lon were pooled resulting in two sets of 

c0rrelations, one :for each location. 

Analysis of variation was computed for each replication 1vi thin 

each location. The analyses of variance for the two replications at 

each location were pooled. The variances associated with the compo-

nents--farn.ily, progeny, and individual plants--were separated according 

to procedures shmm in Table I, page lli, Mean squares, standard devia-

tions 1 aJ1d means were derived :for each of the characters at each loca-

tion. 



TABLE I 

'FORM OF THE .ANALYSIS OF VARIANCE 

Source of Variation 

Family 
Progeny 
Individual Plant 

Source of Variation 

Family 
Progeny 
Individual Plant 

Stillwater 

D.F. 

9 
~.o 

796 

Paradise 

DoFo 

9 
40 

1126 

Key to Table 

Component of Variance 

s2 + 8. 96s2p + 44. 8os2f 
s2 + 8.96s2p 
s2 

Component of Variance 

s2 + 12.26s2p + 61.Jos2f 
s2 + 12. 26s2p 
s2 

s2 = variance between individual plants 
s2p = variance between progeny 
s2f = variance between fcUnilies 

14 



RESULTS AND DISCUSSION 

Correlations 

Simple correlation coefficients were computed for the following 

ten characters of corn which are known to be variable:.l.? date of pol-

len shed, date of silk, total actual leaf number, plant height, ear 

height, estimated nodes below the earJ nodes above the ear, plant 

score, actual nodes below the ear, and total estimated nodes. A com-

plete set of correlation coefficients was computed relating each vari-

able to each of the other variables. The resultant forty-five corre-

lation coefficients for each location are tabulated in Table II, page 

16. Only the correlation coefficients which seem to have direct bear-

ing upon the purposes outlined for this study will be discussed. No 

distinction as to the cause of any correlation will be made. 

Maturity~ Determined ~y Date of Pollen Shed and Date of Silk 

Data in Table II show a highly significant correlation between the 

date of pollen shed and the date of silk: .818 and .748 for the two lo-

cations. This correlation is to be expected, since both factors are 

measures of plant maturity and are physiologically closely associated. 

f.1Key to Characters for Table II, page 16. 
1. Date of Pollen Shed 6. Estimated Nodes Below Ear 
2. Date of Silk 7. Nodes Above Ear 
3, Total Actual Leaf Number 8. Plant Score 
L~. Plant Height 9. Actual Nodes Below Ear 
5. Ear Height 10. Total Estimated Nodes 



Vari-
ables 2 

1 .818 
,748 

2 

3 

5 

6 

7 

8 

9 

TABLE II 

SIMPLE CORRELATION COEFFICIENTS FOR TEN VARIABLE 

CHARACTERS OF coRNb 

3 4 5 6 7 8 9 

--
.306 -.019 .007 .159 .036 .1Lr9 .287 
.206 ,079 -.096 -.oL.6 .194 .236 .118 

.290 -,023 -.038 .130 .102 .161 .238 

.179 .052 -.149 -,095 .207 .257 .078 

.272 .323 .265 .. 259 -.062 .873 
,379 ,351 .363 .Liao -.089 .840 

.712 .111 .230 -.399 .156 

. 703 ,356 .245 -.271 .266 

.272 . - .086 -.286 .367 

.593 -.102 -.281 .1.i.35 

-.080 -.055 .305 
-.087 -.145 .Lr38 

-.073 -.235 
.075 -.1tf9 

-.027 
-.137 

10 

.253 

.065 

,247 
.032 

.501 
,539 

.326 

.4l~Lr 

,376 
.453 

.L137 

.816 

.486 

.5oo 

-.131 
-.082 

.262 

.288 

The upper coefficient of each pair refers to the Paradise Location. 
The lower coefficient of each pair refers to the Stillwater Location • 

. 062 Significant at 5% Level 
.081 Significant at 1% Level 

DKey to Characters'-for .Table II given in footnote I:;., page 15. 

16 
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There seems to be a slightly significant difference between the corre

lation values for date, of pollen shed and date of silk at the two loca-.. 

tions :i but this difference could be at:l:;ributc:,d to delay of the silk ap

pearance, for plants at Stillwater by corn eiar worm damage. 

In contrast to the findings of earlier workerE,, Kiesselbach (lL1), 

and Srni th (2t1}i it was not demonstrated by this study that plant height 

is significantl;y correlated with date of maturity, using pollen shed 

date cdlk:Lng date a.s an index to maturity. If plan:t height were 

correlated witl:i date of maturity in Accession 1E'1J, it had ample condi

tions to be shoiim, since the range in pl,mt height obtained through this 

study varied considerably between plants witldn each location. 

A lack of correlation is sbom1 between ear height and date of 

maturity, as measured by pollen shed and silk date. This again is 

contrary to what has been shOlim by early workers,, Smith (2!.1) and Mont

gomery (18) . lllthough there is as much as ten days difference in the 

dates of maturity within each location, ear height does not seem to be 

closel:)T associated with this factor. In fact at Stillwa:ter, a small 

but s:Lgnif:icant negative correlation is indicated. 

The correlation coefficient between the two maturity measures and 

total actual nodes is significantly positive. This correlation is of 

such degree that it could possibly be of some value in predicting ma

turity when the variable, total actual nodes, is used in conjm1ction 

with other cbaracters. 

Estimated total node count, the determ.ination of which requires 

considerably less labor than the actual node com1t, also shows a sig

nificant correlation for both date of pollen shed and date of silk at 

the Paradise location. But at the Stillwater location, estimated node 
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count was not ::.;ignificmrtly correlated with maturity. This low corre··· 

lat:Lon value could be attributed to cultivation method::.;, since several 

of the bottom nodes at this location were covered in the process of mak-· 

j .. ng irriga\ion furrows. In any case, the m1111ber of leaves derived by 

estimation seems to be less reliable in predicting plant maturity than 

is the actual leaf or node count. 

The actual nmnber of nodes below the ear which is part of the 

total actual node count, also shows a positive correlation to the fac

tors determining ma.turity, The estimated number of nodes below the ear 

which reflects part of the total estimated nodes, shows a significant 

positive correlation cdth date of maturity a.t the Paradise location; 

but this correlation does not hold true for the Stillwater planting, 

Matur:t-1:,y, as measured by date of pollen shed and date of silk, is 

signi:fica.ntly correlated ·with nodes above the ear at Stillwater, but 

show some inconsistency at the Paradise location. 

Plant 

Plant height i:ems found to be higbly correlated ·with ear height at 

both locatiorrn ,i • 712 for Paradise and . 703 for Stillwater. This result 

in agreement with o'thers who have studied these two characteristic::;. 

In this study it also was observed that plant height is significantly 

correlated wit}1 botl1 actual leaf rrn111ber and estimated leaf nm11ber. Ei

ther the actual or estimated node rnilhber, therefore, should be an aid in 

the pred:Lction of plant height. Plant height is correlated with the 

mlmber of nocles bc)low the ear, as well as witb the nm11ber of nodes a

bove the ear. 
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Ear Height __,.. .....-

Ear height was found to be positively correlated with both actual 

and estimated total node number and with actual and estimated nodes be-

low the ear, but it has a negative correlation with nodes above the ear. 

Number of Nodes 

Table II shows both actual and estimated number of nodes below 

the ear to be negatively correlated with nodes above the ear, which 

is in agreement with the findings of Russell (23). Other significant 

node correlations have been noted in connection with previously dis-

cussed characters. 

Mean Values 

Data in Table III, page 20, show a wide spread in the average date 

of maturity, as measured by date of pollen shed and silk date. This 

difference in means is attributed to the wide spread in planting date 

at the two locations. Seed were planted on May 28, 1957, at Paradise 

and on June 17 ., 1957, at Stillwater; 

The mean total leaf number at both locations is almost the same, 

21. 74 for Stillwater and 21.58 for Paradise. This similar value is 

expected, since node number is thought to be ind~pendent of environ-

mental influence and, therefore, would not be affe_cted by a difference 

in planting dates or by other variations in growing conditions. 

Plant height has a mean difference of 4,73 inches between the two 

locations, the Stillwater location having the tallest plants. This 

added height for Stillwater plants can be attributed to an enhancement 

of growing conditions through the use of irrigation. 
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TABLE III 

POPULATION MEAN AND STMWARD .DEVIATI(~J.IT 

FOR TEN VARIABLES 

Location 

Variable Stillwater Paradise 

Mean 0- Mean 0-

Date of Pollen Shed 74.60~!- 3,13 66 . .58** 3.23 

Date of Silk 76. 72J,(,-lj< 4.38 67. 83*ir 3.28 

Total Leaf Number 21.74 1..52 21..58 1..52 

Plant Height 68 . .57* 9.81 63. 841r 7.23 

Ear Height 30 .16~~ 6.66 32.27* .5.26 

Estimated Nodes Below 8.20 1.18 8.89 1.03 
Ear 

Nodes Above Ear 6.78 0.82 6.67 0,75 

Plant Score 2.JJ*"H 0,77 2 ,05·lHH!- 0.59 

Actual Nodes Below Ear lh.96 1.Lrl 14.91 1.51 

Total Estimated Nodes 14,98 1.3.5 1.5 . .5.5 1.27 

All measures are expressed in unit numbers, except the following: 
-:r Inches 

·l'<"'il- Days, begim1ing -wi:t.h June 1, 1957, as number 1 
~H-1r Units ranging from 1 to 5, with 1 denoting the best 

possible score 
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The mean ear height for the two locations is very closely asso

ciated, the Paradise planting having a 2.11 inch higher average ear 

height than the Stillwater planting. This difference may be due to 

cultivation practices necessary for irrigation, which covered the 

first few inches of stalk at Stillwater. 
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The estimated number of nodes below the ear at Stillwater is .69 

lower than the estimated node count at Paradise. This difference also 

can be explained by cultivation methods used at Stillwater which re.

sulted in the covering of some of the bottom plant nodes. 

Nodes above the ear has a variation of .11 between the two loca

tions. This similarity is to be expected, since this value can be ac

curately determined and is less subject to environmental change. 

The mean value for plant score is relatively similar for both 

locations; but since plant score is a largely subjective determination, 

it would vary considerably in other experiments conducted by other 

workers. For this reason, analysis of plant score data has not been 

considered at leng.th in this discussion. 

Actual nodes below the ear has a variation of only .05 between 

the two locations. This value was accurately determined by subtract

ing the number of leaves above the ear from the actual total leaf num·-

ber. 

The total estimated leaf number indicates some variation between 

the locations. This inconsistency can be attributed to cultivation 

factors already mentioned above. 

~ Squares 

Data in Table IV, page 22, show a highly signi:fici:m.t difference 
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TA.BLE IV 

MEAN SQUARES FOR '.rE!;.J VARIABLES 

-
Location 

Character Source Stillwater 
-

Date of Pollen Bet-ween Families 60 .OJ-lHI-
Shed Between Progeny 15 .B7,\!-

Between Indi vicl"uals 6.83 
Date of Silk Between Families 9J.i,_5'_5·lH~ 

Between Progeny 27.27 
Between Individuals lL1 .. ho 

Total Leaf Between Families 1J.4J~H!-
Ntunber Between Progeny L! .• lJlHI-

Between Indiv;i.duals 1.60 

Plant Height Between Families Lr07 .Ol·H 
Between Progeny 21Lr. 43-lH} 
Between Individuals 65.59 

Ear Height Between Families 211.J.Q{Hl-
Between Progeny 92 .16-lH!-
Between Individuals 30.39 

Estimated Nodes Between Families l+.J.iJ-lH!-
Below Ear Between Progeny 2 .1611-

Between Individuals 1.08 

Nodes Above Ear Between Families 0.78 
Between Progeny 0.93 
Between Individuals o.56 

Plant Score B,~tween Families 0.62 
Between Progeny 1.05-1} 
Between Individuals o .Lr? 

Actual Nodes Between Families 12.htl·lH~ 
Below E.ar Between Progeny 2.60 

Between Individuals L45 

Total Estimated Between Families 5, 36-lH~ 
Nodes Between Progeny 3 .14-l~ 

Between Individuals 1.39 
.. .. -.. -·--------·· 

* Significant at 5% Level 
·H Significant at 1;6 Level 
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Paradise 
··-··· 

79.62·:H~ 
28.91-)H!-
7.02 

77. 2_5-lH!-
JO. 96-:s-it 
7.50 

13. 741H.-
5 • 981H~ 
1.68 

126.2_5·JH!-
161.12-i~A· 

36.10 
9L!..l 71Hi-
72. 40-)(-·}(· 
21.04 

LI-. 38-lH!-
2. 21-)HI-
o.85 

0 ,95·)!-
0 ,95·)< 
o .Lf7 

o.b.5 
0.51 
0.30 

12 .10-tH~ 
5 .4711-* 
1.70 

6.41··}8} 
4.21-lB:· 
1.21 

-----· 
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in mean squares between families at both locations for all of the ten 

variables being studied, except in the cases of number of nodec:, above 

the ear and plant score. With the exception of mean squares for num

ber of nodes above the ear, plant score, and silk date, there also is 

shown a significant cliff erence betwef~n progeny for the ten characters. 

The difference between progeny for silk date is significant, at the 1% 

level at Paradise, but a significant difference is not slwwn for this 

character at E:ltillwater. It is indicated that the differences between 

families and between progeny used in this study are of such significance 

that progress could be made by selecting between families and between 

progenyo 

Components of Variance 

:F'or each of two locations components of variance:, were computed 

between families, between progeny, and between individual plants. 'I'he 

ten variables studied are: date of pollen shed, date of silk, total 

leaf number, plant height, ear height, estimated number of nodes below 

the ear, nmnber of nodes above the ear, plant score, actual number of 

nodes below the ear, and total estimated number of nodes. These com

ponents of' variance are tabulated in Table V, page 2L1. 

It was hoped that a study of the components of variance for these 

ten eharacters would yic,ld some evidence as to the source of variatior1, 

whether highest between families, between progeny, or between individ-· 

uals. It would be desirable if this information concerning the source 

of variation could be m,ed to predict whether it is better to select by 

the ear-to-row method, or whether it i[3 just as profitable to use the 

mass 1-Jelection method. 



TABLE V 

, COMPONENTS OF VARIANCE.,,, 

FOR.TEN CHARACTERS 

,n ..... -~-

Location 
Character Source 

Stillwater Paradise 

L Date of Pollen Between Families 0.99 0.83 
Shed Between Progeny 1.01 1. 79 

Between Individuals 6.83 7.02 

2. Date of Silk Between Families 1.50 0.76 
Between Progeny LL.4 1.91 
Between Individuals 14.4.o 7,50 

3, Total Leaf Between Families 0.21 0.13 
Number Between Progeny 0.28 0.35 

Between Individuals 1.60 1.68 

l1 .• Plant Height Between Families l,.. 30 -0.57 
Between Progeny 16.60 10.20 
Between Individuals 65.59 36.10 

5. Ear Height Between Families 2.65 0.36 
Between Progeny 6.89 4.19 
Between Individuals 30.39 21.04 

6. Estimated Nodes Between Families o.o5 0.03 
Below Ear Between Progeny 0.12 0.11 

Between Individuals 1.08 o.85 

7. Nodes Above Ear Between Families -0.03 o.oo 
Between Progeny 0.04 0.39 
Between Individuals o.56 o.47 

8. Plant Score Between Families -0.01 -0.01 
Between Progeny .. 0.06 0.02 
Between Individuals o.47 0.30 

9. Actual Nodes Between Families 0.22 0.11 
Below Ear Between Progeny 0.13 0.31 

Between Individuals 1.45 1.70 

10. Total Estimated Between Families 0.05 o.o4 
Nodes Between Progeny 0.20 0.24 

Between Individuals 1.39 1.21 
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In general it is foimd that the greatest amount of variation lies 

between the individual plants. The second great,est amount of variation 

is found between progeny.; and the least variation is found between fami

lies. Although the components of variance show family differences to be 

small, mean square values in Table IV, page 22, indicate that the differ

ences between families are significant. 

In order to understand fully the implications which are about to 

be made in regard to the amount of variation from each of the three 

sources, it is necessary again to review the history of the material 

from which the present population was grown. In 19.52 the F]. of the 

cross K!.t. X Ok.11 was self pollinated, and the seed thus produced were 

planted under isolation in 19.53, The twenty most desirable plants from 

this planting were determined by simultaneous selection for ten plant 

and ear characters based on a selection score giving equal weight to 

each of the ten characters. In 19.55 the twenty selected ears from the 

1953 plants, which now will be referred to as families, were planted 

ear-to-row. The five high yielding ears were selected from each of 

these twenty families. The progeny of only ten of the ·pos·sible twenty 

families were selected at random for use in the present study. By 

planting this material ear-to-row, it was possible to compare differ

ences in families, progeny and individual plants. 

In regard to total actual leaf nu111ber it is s.hown that at both 

locations, there is less variation between families than between prog

eny, and more variation between individuals than between either fami

lies or progeny. The amount of variance between the families measures 

the difference in the family means; the variation for progeny measures 

the amount of variation by which the progeny mean differs from the fami-



ly mean. The variation between individual plants is a measure of the 

variance of the plant group of which the individual plant is a member. 

It is not known what part of the variance found between individual 

plants is due to environment and what part of this difference ifJ due 

to genetic differences in the plants. But since the mean and standard 
~ .. ,) 

deviation for total actual leaf nu111ber for both loca:U .. ons (Table III_, 

page 20) are practically the same, it is indicated that this character 

acts independently of its environment. If the total actual leaf mun

ber fa independent of environment, then the differences between individ--

uals must be genetic; aJ .. ::10 the progeny family differences ·would of 

necessity be attributed to genetic variation. 

Under the foregoing hypothesis the greatest selection differential 

could be gained by selecting desirable families, and from these families 

selecting desirable progeny, and from t:hese progeny selecting desirable 

individual pl,nri::,s, 

It also must be noted that the low variation between families as 

compared to tl1e tion of progeny and of the individual plants must 

be the direct result of selection that was carried out in the previous 

generations of the variety being studied. 

The variation :for total estimated nmnb,?r of nodes follows a pat-

tern sj111ilar to that of total actual number of nodes, showing the least 

variation between families and the most variation between individuals; 

while the mean and standard deviation for the two 1ocations remain the 

same. This general pattern is indicated for actual nmnber of nodes be-

low the ear, estimated nmnber of nodes below the ear, number of nodes 

above the ear, and plant score, 

Plant height and ear height also have the prevalent pattern, that 
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of the least variance falling between families and the most variar1ce 

lying between individual plants; but the means and standard deviations 

for these characters vary, indicating environmental differenceo How

ever, the indica:ticm of environmental influence does not rule out the 

possibility that at least part of the difference shown be·tween families, 

progeny, and individuals could be due to genetic influence--especially 

since plant height and ear height possess the same trend of variation 

as do the components for node count. Again the low amotmt of variation 

wh1ch is sl1o·wn between families, in comparif;on to progeny variation and 

individual variation, can be attributed to previous selection of the F2 

material. 



SUMMARY AND. CONCLUSIONS 

The objectives of this study were to determine the ~elationship of 

certain variable vegetative charac_ters of corn to maturity; and also to 

determine the size of the variations associated with families, progeny, 

and individual plants in regard to these characters. In order to ac

complish these objectives a variety of corn designated as Accession 183 

Single Cross was planted at two locations. 

Measurements were tal:en on ten variable characters of this corn. 

After all data were recorded, a complete set of simple correlations was 

run, relating the two locations in regard to the ten variables. Analy

sis of variation was computed for each location. The variances associ

ated with the componentt,--family, progeny, and individual plants--were 

s_eparated. Mean squares, standard deviations .i coefficients of variation, 

and means were derived for each character at each location. 

It was :found that there was a high correlation value indicated be-

tween date of pollen shed ax1d date of clilk. In contrast to conclusions 

of previous worker;,s 1 it was fotmd that plant height was not correlated 

with maturity, as measured by date of pollen shed and date of silko A 

lack of correlation also was shown betwe0n ear height and date of mhtu

rity. A rf:,lati vely large positive correlation coefficient was found 

between the total actual leaf number and date of maturity. It is pos

sible that total 1eaf nmnber could be used to predict date of maturity, 

especially j_f this factor were used in conjunction with other vegetative 

characters. Total estimated node count.showed a significant correlation 
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with both date of pollen shed and date of silk at the Paradise loca

tion; but at the Stillwater location, total estimated node count lacked 

significq11t correlation with these factors. It was shmm that there 

was a significant correlation between both actual and estimated nodes 

below the ear and maturity; and also that there was a correlation be

tween nodes above the ear and plant maturity, 

The means for most of the characters were similar for the two lo

cations, with comparable standard deviations. However, the mean for 

both date of pollen shed and date of silk at the two locations was quite 

different, due to the difference in planting dates. The mean total leaf 

number for the two locations was approximately the sam.e, indicating that 

the environment ha:, little to do with the total number of leaves which 

a plant develops. In genc,ral the mean square data showed a significant 

difference between families and between progeny, except for the values 

for nurnber of nodes above the ear and plant score, 

Generally it was found that the greatest amount of variation for 

each character lay between the individual plants. The second greatest 

amount of variation was found between progeny; and the least variation 

was found between frunilies. By comparing the means e.nd standard devia

tions for total actual nodes, total est,imated nodes, nodes below t.he ear, 

and nodes above the ear at two locations, it is indicated that environ

ment has little influence upon the expression of these characters. The 

ma,j or cliff erences between individuals, progeny, and families may be at

tributed to genetic var:Lation., The low amount of family variation found :in 

tllis study is due to selection in previous generations. Since there is 

indicated a genetic difference between families, progeny_; and individual 

plants, the greatest selection differential should be obtained by using 



.. ,,.., 
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the ear-to-row selection method and selecting desirable families, prog-

en:r, and individual plants . 
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