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INTRODUCTION

Relationships between lint and boll properties of American upland

cotton (Gossypium hirsutum L.) have been extensively studied, but only

limited work has been done on the relationships between morphological
and flowering characters. Several of these characters have been thought
to be correlated, but definite information is not readily available to
verify this assumption.

The objective of this study was to determine the relationships
among certain morphological and flowering characters in order to supply
some information that would be helpful to the breeder. A relationship
between an easily measured morphological character and earliness, 10
and 20 day total bloom counts in this study, would be of value, Such
a character which is significantly correlated with 10 and 20 day
bloom count totals could be used as a "yardstick™ for selecting for
earliness early in the season. .

Four varieties, representing a relatively wide range of variation
in the characters measwed, and the F, generation of single crosses and
the double cross involving those varieties were used to estimate en-
vironmental and genetic correlations eof certain morphological and

flowering characters.



LITERATURE REVIEW

Morphological Characters

The characters that are considered in this experiment are largely

morphological. Some clarification should be given regarding these

characters in upland cotton (Gossypium hirsutum L.).

Eaton (4) in reviewing work with cotton, has clearly stated some

characteristic features of the plants

(a)
(b)
(c)
(d)
(e)

(£)

()

Branches produced by the cotiton plant may be either veg-
etative or fruiting.

One or more vegetative branches are developed from the

basal sixth to ninth main stalk (main axis) nodes.

Flowering is progressive and becomes more rapid as the plant
grows.

The flowering and fruiting behavior of'American upland cotton
is day length neutral,

The fruiting branch develepes from a main stalk or from &
vegetative branch node.

The usual position of the first fruiting branch is at the
seventh main stalk node, but they have been cbserved as low
as the third cor fourth nede,

Variations in growth behavier have led to the classification
of varieties as determinate or indeterminate with respect

to growth rates.



1. Determinates Plants fruit heavily early in the
season and then the terminal bud becomes dormant
and fruiting declines.

2. Indeterminates Plants flower throughout the season,
usually later maturing, bolls are set but floral
preduction does nét stop.

A number of workers have reporhted stﬁdies of morphological
characters some of which were included in the present sﬁudyo In

experiments on Uppam cotton (Gossypium herbaceum L.), Venkataramanan

(16) compared two types of branching which give rise to primary and
secondary sympodia. He showed that bclls on the primary sympodial
branches had a longer maturation peried but were better in seed weight,
lint weight and lint length than bolls on secondary branches. He noted
that the flowering curve of the primary sympodia was earlier than the
gecondary one,

McClelland (cited by McClelland and Neely (11)) worked with plants
of Cleveland Big Boll cotton and found that plants tended to be regular
in blooming habit when grown under constant soil moisture content. He
noted that the vertical intervals were approximately thres days betweeh
tlooms and the horizontal intervals were approximately six days‘between
blooms, McClelland and Neely (11)'theoriied that ®,... if the vertical
interval is 3 and the horizontal interval 6, and nothing disturbs regu
ularity, blooms should occur on any one plant only at 3-day intervals,
and there would be no true daily curve for individual plants.® If
a large number of plants tend to bloom atéthe same time, regularity is
pronounced and the blooming curve has high peaks, but if the plants are
staggered in their date of first bloom a smoothing of the flowering

curve is observed,



MeNamara, et al. (12) worked with six upland typess Acala,

Lone Star, Rowden, Delfos, Half and Half, and Kekchio_ These commercial
strains differed widely in several characters; e. g., plant type,

plant growth, and productiveness, These workers noted that the first
true leaf appeared at the first node abovée the two opposite nodes of the
cotyledon, and after seven or eight true leaves had been develope& they
considersd the seedling to be in the fruiting stage. The mean number of
nodes to the node which bore the first productive fruiting branch was
observed, and the mean values for varieties studied were as follewss
Lone Star, 7.973 Kekchi, 7.52; Delfos, 8.333; Half and Half, 8.55;

Acala, 8,67; and Rowdsn, 8.70 n@dés, These data show some variaticn
among varieties in the mean number of nodes to th@ first fruiting
branch, and there appeared to be & relationship between the mean number
of the nodes to the first fruiting branch and the blooming rate.

Marting et al. (10) state that "different types and varieties of
cotton differ in the length and the number of internodes of the fruiting
branch.®

In McClelland's work (ecited in (11)) it was pointed out that the
time required to pi@duce biooms on a plant was shorter in the vertical
interval than the horizontal interval and the suggestion was made that
the length of the internocde of the fruiting branch may also be a fact@r
influencing earliness,

‘Buie (2) studied methods of déhermining earliness, and possd the
£@llowimg éu@stions
Is it determined by time of initial flowers, rapidity of blooming sarly
in the season, retention of a large percentage of bolls, producticn
of potentially high lint bolls, short boll development and maturation
pericd, or a combination of these characters?

He found that the beoll maturation period as well as the other charactsrs



menticned had a direct relationship to maturity and concluded that ¥earl-
iness, in its final analysis, is not a simple heritable character, but
one dependant upon many factors both hereditary and environmental.®

Hintz and Green (7) studied components of earliness in three var-
ieties of upland cotbton. These components wers rate of sgquaring, rate
of blooming, lemgth of the square period, boll growth rates, and l@pgth
of the boll pericd. They concluded that the inheritance of boll pexricd
was controlled by genes having an additivg effect, Selectiom would be
expected to be effective in hybrid populations segregating for boll

pericd.

Correlations

Snedecor (1L) gives the following definition of correlations

Correlation is seen to be the quotient of two averages of variations
one, the covariance of the two measurements, Xl and Xo3 the other an
average of two sample varisnces (i, ®., mean sQuares). It is an ab-
stract number measuring covariations if of two related characters each
ogcurs in various sizes, this corrslation is a measure of the extent

to which their variations are concomitant,.

The sample correlation coeffisient (r) is used as a measure of

correlation, and is derived from the formlas = X%y vp(xl)Q(XQ)g;
Patterson (13) states that "it has been demonstrated that for
an;lOO‘9 a value of r of$0,30 may be obtained purely by chance from two
¢haracters known to be entirely indepehdent,ﬂ He notes that the
standard error, in a correlation based on n pairs of variates, normally

attribubed to r is eithers 1-v2 or 1-1o.

s

\W#‘?&Eﬁ VB

Correlated Characters iﬁ Cotton

Many correlations have been determined in cotton, but emphasis has

been placed upon lint, boll, and fiber properties with little atbentien



given to the morphological characters.

Dunlavy (3) observed correlations among the following characters
in upland cottons Lint per cent, weight of seed; lint index, boll size,
number of seed per lock, and per cent of five=lock bolls. He cobserved
the following sight pairs to be correlabeds

(a) 1lint index and weight of seed-positive

{(b) boll size and weight of sesd~positive

(¢) per cent of five-lock bolls and boll size-positive

(d) weight of seed and lint per cent-negative

(e) boll size and lint index-positive

(f} 1lint per cent and staple-negative

(g) weight of seed and stapls-positive

(h) Wboll size and lint per cent-negative

He determined correlation coefficients for these characters im all
possible combinations and observed that boll size and weight of seed
were Significantly correlated with four of the six characters.

Brannon (1) found that certain characters were closely associated
with yield of séed cotbon (e. geo, lengbh of lint, lint per cent and size
of boll)., He found that lint per cent and time ‘o maturity were sig-
nificantly correlated with length of lint. He alsc noted that the
characters locks per bell, per cemt flowers shed at 18 days, lint pgr
cent, weight of 100 seeds, and area of the leaf were signifiecantly
gorrelated with sizs of boll,.

Kearney (9) worked on Egyptian types of cotbon and determined
correlations on fifteen ssed, fiber and boll characteristics. He found
signifiéan@e in twenty-six pairs of characters, but the relationships
weren't of the nature to afford genstic correlation. He also worked

with an Egyptian-upland hybrid. Only one significant correlation in



this hybrid, negative correlation between fiber length and fiber color,
appeared to be neither physical nor physioclogical.

Green (5) determined simple corrslations eon all possible combina-~
tions of the lint characters, upper half mean, Pressley index, fineness,
seed index, and lint index., The corrslation coefficients were based on
the phenotype and included environmental and genetic affects. The corre-
lation coefficients are applicable only if selection is based upon the
phenotype. He states that "most publiSh@d studies of correlations in
cobton have not yielded inf@rmati@n on the relative importance of genetic
and environmental effectz.®

Stroman (15) studied multiplg correlations of eight characters in
seven varietiess welght of limt per boll, lint per cent, number of five-
lock bolls, number of four-lock bolls, mumber of vegetative branches,
number of fruiting branches, height, and yield., His results indicated
that (1) seven characters were significantly correlated with yield,
five=lock bolls and weight per boll, (2) a high negative correlation
exists between number of four and‘fiveml@ck belle, (3) the number of
four-lock bolls was correlated significantly to height of plant, and
(i) correlations of five-lock bolls and four-leck bolls with numbsr of
fruiting branches were variabls,

Hodson {8) determined correlations om characters which make up the
type" of the plant. He studied & number of varietiss over a pericd of
S@venhyeargs and reported the following correlationss

{a) Mumber of bage limbs with number of fruiting branches,

 pm =0,15074+0.048h o 0,296730,1123

(b) Number of base limbs with the number of bolls per plant, rs

<0,0182% 0,067k to 0,438+ 0,0938



{(¢) Number of base limbs amd height, r= =0,0845+ 0.0L68 to 0?1.982
£0.0648
(d) Number of fruiting branches with number of nodes on the axis,
| number of imberncdes on the main axis, height of plani, and :
length of the interncde on the main axis. r= 0.2124+0.0699
to oé?%ime%a
Hodson concluded that %the average length of the interncde depends;
upon two factorss The type of variety and the enviromment.¥ He noted
that an environment favorable for production of limbs also was favor-
able to production of bolls.
Hodson's work was more closely related to the type of work involved

in this study.



MATERIALS AND METHODS

One doubls cross (Lenkart 611 X Lockett No, 1) X (Deltapine 15 X
Stoneville 62), its component single crosses, and the parent varieties
were used in this study,

The single crosses were made in the summer of 195h4. The double
cross was made in the summer of 1955, and Fo seed of all erosses were
produced at Iguala, Mexico, in the winter of 195556, Breeder's or
registered seed of sach variety was used.

A randomized complete block design with 10 replications was used
in this experiment. The entire experiment consisted of 13 entries, but
for the purpose of determining the correlations only seven entries
were nsed.

The experiment was planted im a silt loam soil at Chiekasha, Oklahoma
on May 11, 1956 in single row plots 4O feet long with a 4O inch spacing
between rows. A "w-type® seedbed made by commercial L-row planting
equipment was usedo The plots were thinmed by hand te & 2 foot spacing
between plants in each plot, which gave approximately 20 plants per
plots No speecial eultivation practices were used., The plants wers
eultured according to commercial mebhods im this experiment,

‘Since the envircmment influenced the development of the characters
studied, the amount eof rainfall received by months, between April 1 and
September 30, is reported as foll@wsé April 2,23 inches, May L.23 inches,
June 2,42 inches, July 2.0L inches, August 0.55 inches, and September

0,02 inches.

e)
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The plants in this study were tagged using 2 X 3% inch tags. These
tages, numbered from 1 to 20, were atbtached to the mainstem of selected
plantsi/ in every plot. The numbered tags were placed on the plants in
nunmerical crder with the number 1 plant always on the same end of each
plote

The imitial blooming day was indicated by the appearance of the first
bloom on any individual plant in the experiment. The data were taken on
752 plants or an average of 107.4 plamts per entry and 17.9 plants per
plot. Each plant in the study was inspected daily for the appearance
of new blooms and counts were recorded each day for all plants involved.
Accumulated bloom counts were galeoulated for each plant of each entry
at 10, 20, 30, and 50 dsys.

The following morphological measurements were taken on the plants
which had been tagged:

(1) Height at the beginning of the fl@wering‘seasom. This was done

| by measuring the height of each plant with a em, ruile on July kL,
1956, The height of the plant was considered to be the distancs
between the cotyledenary node and ths apex of the plant.,

(2) Height of the plant at maturity. This measurement was made
with a cm. rule at the time of first harvest. The height was
considered to be the distance between the c@tyledoﬁary noede
and the apex of ths plant.

{(3) Total number of nodes at the beginning of the flowering season.

The number of nodes between the cotyledonary node and the apax

%/ On some plants, the terminal bud had aborted and these plants
were not tagged; but to maintain equal distance between plants of each
plob, these plants were not removed,
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of the plant was made and recorded July L, 1956.

() Tetel nodes at maturity. The total number of nodes betwesen the
cobyledonary node and the apex of the plant was taken and re-
corded at the time of first harvest.

(5) Length of first internode of the first productive fruiting
fruiting branch from the main axis node to the flower stalk
(Figure la). When each individual plant bloomed for the first
time, this measurement was taken. The time of measurement
wag variable for the plants in this study.

{6) Length of the interncde of the mein axis directly below the
node that bore the first prodquive fruiting branch (Figure 1b).
This was taken at the same time as (5) above.

(7) Number of nodes from the cotyledonary node to the node which
bore the first fruiting branch. The number of nodes betwseen
the cotyledonary node and the node which bore the first fruit-
ing branch was recorded at the same time as characters (5) and
(6) above.

Bloom count totals were coded as followss 10 days, (8); 20 days,

(9)s 30 days, (10); and 50 days, (11). Code numbers 1 through 1l were
used to identify the variables in appendix tables I and IT.

The first bloom appeared on July L, 1956, Bloom count data were
compiled for 50 days, until September 11, 1956,

Simple correlation coefficients were computed for all possible com-
binations of 11 different @haracters:on’th@ I, Bo M. 650, an slectronic
computer.

Two sets of correlation coefficients were calculateds (1) r

values with replication effects removed, which were computed by taking
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the corrected sums of squares andlcross products pooled over 6 rep-
lications (defe= n=12), and (2) r values ignoring replication effecté;
were computed by taking the total number of cbservations (dof.= n-2)
in.th@ experiment.

_Observed r values calculated within varieties can be considered to
be environmental. Observed r's in the segregating populations can be
considered to be environmentsl and genetic, the differsnce between
varietal r's and those in the FQ“S of single crosses and the double
cross being an indication of the magnitude of the gemetic relationship.

For convenience the entries will be abreviated in the tables for
the varieties, single crosses and the double cross involved in this
study as followss

Deltapine 15 - Delte. 15

Stoneville 62 - Sto. 62

Lankart 611 — Lank., 611

Lockett Noo 1 ~ Locke Noo, 1

Deltapine 15 X Stoneville 62 = (Delt. 15 X Sto. 62)

Lankart 611 X Locketb Noo 1 = (Lank. 6L1 X Lock Noo 1)

(Deltapine 15 X Stoneville 62) X {Lamkart 611 X Lockett Noo 1) «
(Delt, 15 X Sto. 62) X (Lank., 611 X Lock. No. 1) ex D. C,

Also the coefficient of wvariation will be referrsd to ag C. V. in

the body of the thesis.



Figure la. The internode of the first fruiting branch, which was
measured when the first bloom appeared on the plant, is indicated by
the pointer.

13



Figure 1b, The node which bore the first productive fruiting
branch is indicated by the pointer, The number of nodes from this to
the cotyledonary node, and the length of the internode directly below
the pointer were recorded when the first bloom appeared on the plant.

14



EXPERIMENTAL RESULTS

Since the parent varieties used had not been previously classified
for the characters studied, it is of interest to note differences and
similarities among thems Mean values for each character, the standard
error of the mean, and the coefficient of variation appear in table II
of the appendix.

Deltapine 15 and Stoneville 62 were similar in the following
characters:

(1) plant height at the beginning of the fruiting season

(2) plant height at maturity

(3) total number of nodes at the beginning of the fruiting season

(L) total number of nodes at maturity

(5) 1length of the internode on the main axisdirectly below the node

which bore the first fruiting branch.

The F, means of (Deltapine 15 X Stoneville 62) fell below the
means of either parent, and this could be attributed to environmental
effects,

The means, standard error of the mean, and the C. V. are presented
in table I for those characters that differ in Deltapine 15, Stoneville
62 and the F, of their single cross. Deltapine 15 had a higher mean
(71.6L4* 1.91) for length of the first internode on the first productive
fruiting branch than Stoneville 62 (61.89+% 1.98) and number of nodes
to the first fruiting branch (8.69% 0.19), but Stoneville 62 had a higher

mean in the 10, 20, 30, and 50 day bloom count totals than Deltapine 15,

15



TABLE I

MFANS, STANDARD ERRORS OF THE MFANS, AND
COEFFICIENIS OF VARIATION OF 7
CHARACTERS IN WHICH

STONEVILLE 62 AND

16

DELTAPINE 15
DIFFERED
, (Deit. 15 X
. “f Delt. 15 Stoe 62 VS'tnOo, 62)
'(a) length of the first | ¥ |71.6Lt1.91] 61.89£1.98 | 51.25£ 2,52
internode of the first ‘ ,
productive fruiting CoVo|  27.57% 32,88% L8.27%
branch ‘ .
(b) number of nodes to X | 806940,19] 7.610.1L 7¢324 0,17 |
the node that bore the v
first productive fruit- | C.V. 22,67% 19.05% 22.81%
ding branch -
(c) 1length of the inter-| X $28.0440,86] 29.58+0.73 2705540482
node directly below the ‘ :
node which bore the first| C.V.| 31.56% 25.29% 29.22%
fruiting branch . V : ‘
(d) 10 day bloom count X | 0.87£0,10] 1.5240.14 1.2940.17
totals : ' .
CoVe| 124.14% 96.05% 125,58%
.(e) 20 day bloom count ¥ | 2,771 0,24 | 5.74+0.33 LS+ 0,40
totals ‘ '
’ CoVo 89.89% 58089% 850113'6%
(£) 30 day bloom cownt 2 | 6.2040.L5 | 11.69% 0,50 9e1i240,6l -
totals ‘ ' )
CoVol 76,39% Llhe31Z | 66.03%
(g) 50 day bloom count E [1he924 061 | 20.67£0.65 | 15.68%0.75
totals :
CoVo 112.29% 32.51% 116.68%

The coefficient of variation indicated more variation in the Fo of

(Deltapine 15 X Stoneville 62) than in either parent in all the above

characters except 20 and 30 day bloom count totals.

The CoV. of Stoneville 62 (32.88% indicated more variation than

Deltapine 15 (27.57%) in the length of the first internode on the first
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productive fruiting branch; the C.V. of Deltapine 15 (31.56%) was higher
than Stoneville 62 (25.29%) in the length of the internode directly below
the node which bore the first productive fruiting branch, but the means
were approximately the same. More variation was observed in Deltapine
15 than in Stoneville 62 in 10, 20, 3C and 50 day bloom count totals as
indicated by the C.Ve.
| Lankart 611 and Lockett No. 1 did not differ significantly in the

following characters as indicated in table II of the appendix, |
.» (1) total nodes at the beginning of the fruiting season

(2) total nodes at maturity

(3) 1length of the internode on the main axis directly below the

B noderwhich bore the first fruiting branch. |

Lankart 611 and Lockett No. 1 differed im 8 characters. The means,
C.V.,hand standard érror of the mean for these characters of these
varieties and their single cross are given in table IT,

Lockett No. 1 had a higher mean than Lankart 611 in the four
measurements of structure. Lankart 611 had a higher mean than Lockett
No. 1 in 10, 20, and 30 day bloom countltptalso The inherent lateness
of Lockett Noo 1 is shown by a lower mean for the earlier blcom count
periods and by a largse ingrease of blooms between 30 and 50 dayé.
Lankart blocmed earlier but had fewer total blocms at 50 days. The
means of the F, of (Lankart 611 X Lockett No. 1) fell between the means
of the two parents és expected in most of the entries,

The C.Ve of length of the first interncde on the first productive
fruiting branch in Lankart 611 (53.97%) indicated more variation than
in Lockett Noe 1 (L6.83%). The C.V. for the number of nodes to the

node which bore the first fruiting branch in Lockett No. 1 (28.19%)
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indicated more variation than in Lankart 611 (17.3L4%). The C.V. of
height at maturity in the F, of (Lankart 611 X Lockett No. 1) (12.85%)
showed more variation than either parent; and in the single cross the
CeVo (28.,09%) also showed more variation in number of nodes to the
node which bore the first productive fruiting branch. The C.V. of
10, 20, and 30 day bloom count totals of the single cross falls between
the C.V.'s of the parents as expected.
TABLE II
MEANS, STANDARD ERRORS OF THE MEANS, AND
COEFFICIENTS OF VARIATION FOR EIGHT

CHARACTERS IN WHICH LANKART 611
AND LOCKETT NO..l DIFFERED

(Tock. No. 1 X

_ Lank, 611 Lock. No. 1 Lank, 611)
1 I~

(a) plant height at| X |L1.374 0.39| L47.3420.L9 45,00 0,43
the beginning of the
ruiting season C.V._L 10,13% 10,90% 10,02%
(b) plant height X | 50414016 | 61,653 0,62 5503940468
at maturity

C.Vo 9, 7L% 10,69% 12.85%
(¢) length of first| X |L3,7842.20| 63.2742.79 5Le36% 2,05

internode on the

first productive CoVo| 53.97% 16.83% 39.29%
fruiting branch
(d) number of nodes| X | 7.734#0.13| 9.5840.26 8.3240.18
to the node which
bore the first pro- | C.V. 17.34% 28.19% 28.8L4%
ductive fruiting
branch
() 10 day bloom X | 1.82+0.1 | 0,65+ 0,10 1,70+ 0,15
count totals

C.V. 81.87% 158 ,16% 93.53%
(f) 20 day bloom % | 5.8040.31 | 2.48+40,.22 5.0740.34

gount totals
C.V, 56.90% 95.56% 69.82%
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TABLE II {Continued)

(Lock. Noe L X
Lank. 611 |Lock. Noo 1 Lank. 611)

{g) 30 day bloom % 10.39% Ook3 | 7.11+0.35 10,90+ Cebk
count totals i

CeVo  hhoT75% 52.46% . 51..38%
{(b) 50 day bloom % 10.18+0.50 | 20,094 0.7h 1937+ 0663
count totals

CoVo  52.75% | 38.97% 34.02%

The meang and C.V.'s indicated o differences in mean valus or
variation among the parents and the crosses in most of the characters
measured, Under more favorable growing conditions more differences
might have been gbserved.

The C.V.'s for the 10, 20; and 30 day bloom count totals were
uusually higﬁ. This was attributed to the large number of zeros
in the data taken frem these three:periods of counting blooms.

Simple correlation coefficiehts were determined among ll variables
in 7 entries, Two sets of correlétioﬁ‘coefficients are presenteds (1)
r values with repliéaﬁion effects removed, and (2) r values ignoring
replication effects,

The r's ignoring effects of replication do not differ significantly
from'those‘calculated with replication effects removed. This indicates
there were no differences in correlation due to replications in this
environment. The r values considered in the text will be those with
replication effects removed. All correlation coefficients appear in
table I of the appendix. Those correlation coefficients of most
interest are presented in smaller tables in the body of the thesis.

There was an indication of little or no significant correlation,

either genstic or nonngeﬁetics between the following pairs of characters
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in any of the seven entries as indicated by their respectife r values

(table I of the appendix).

Ie

IT,

Length of the internode on the main axis below the node which

bore the first productive fruiting branch and length of the

interncde on the first productive fruiting branch were nob

correlated significantly withs

(a)

()
(e)
(a)
()

(£)
(g)
(h)
(i)
The

height of the plant at the beginning of the fruiting
season

height of the plant at maturity

total nodes_at the beginning.of the fruiting season
total nodes at maturity

number of nodes from the cotyledonary node to the node
which bore the first productive fruiting branch

10 day bloom count totals
20 day bloom count totals
30 dey bloom count totals
50 day bloom count totals

meagurements of internode length, seither on the main

axis or on the fruiting branch, showed no significant relation-

ship with any other character measured or with each other.

The number of nodes from the‘cotYIedonary node to the nods

which bore the first fruimiﬁg branch was not significantly

correlated withs

(a)
(b)
(e)

plant height at the beginning of the fruiting season
plant height at maturity .
total number of nodes at the beginning of the fruiting

geason



(d) total number of nodes at maturity
(e) length of internode on the first productive fruiting
branch
(£) 1length of the internode on the main axis directly below
the node which bore the first fruiting branch
(g) 50 day bloom count teotal
III. Ten, 20, 30, and 50 day bloom count totals were net signifi-
cantly correlated withs V |
(a) ZLlength of internode om the first productive fruiting
branch |
(b) length of interncde on the main axis directly below the
node which bore the first productive fruiting branch
The 10 and 30 day bloom count totals wers not significantly
related to plant height at maturity.
The correlations of certain pairs of characters resulted from
mechanical relationship of the characters in question. Nine pairs of

characters in this study were related in this menner. These are pre-
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sented in table III with the » values for each entry for the characters

which showed this relationship., All r-values express a significant
positive relationship in all seven entries between the pairs of
characters in the table,

The correlations between the number of nodes to the node which
bore the first fruiting branch, and 10, 20, 30, and 50 day bloom
count totals are given in table IV, The significant negative rela=
tionship was weaker with the total nodes to the first productive
fruiting branch than with later total bloom counts taken. There did

not seem to be a significant difference between r wvalues of varieties



TABLE III

GROWTH CHARACTERS SIGNIFICANTLY CORRELATED
BECAUSE OF MECHANICAL RELATIONSHIP,
EXPRESSED BY r, IN 7 ENTRIES

Delt.
15

Sto.
62

Lock.
No, 1

Delt 015
X Sto. 62

Lank,.611 X
Locke. Nool

D.Co

Height at the

beginning of

flowering withs
Height at
maturity

0,47

0461

0652

0,61

0,60

0,50

0657

total node no.
at first

00,66

0,68

0054

0.55

0475

0.6l

0.65

Height at
maturity with:
total node
no, at first

flowering

total nodes
at maturity

046

0,70

0.L9

0.7h

0.k1

0064

0,50

045

0.72

0.36

007h

003k

0.72

Total nodes at

beginning of

flowering with:
total nodes
at maturity

0.36

0.31

0.51

0.57

0.38

0.L2

10 day bloom
count totals
withs

20 day totals

30 day totals

0,68
0e57

082
|
0463 |

0o7h
065

0,76

0.50

0,84
0.76

0.82
0063

0.75
0,59

20 day bloom
count totals
withs

30 day totals

0,86

0.82

0.78

0066

0.91

0.82

0,85

30 day bloom
count totals
withs
50 day bloom
count totals

0.75

0,60

0.72

0,40

0.78

0052

0.70
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and the hybrids of these varieties,
TABLE IV

THE RELATIONSHIP OF NUMBER OF NODES TO THE
NODE WHICH BORE THE FIRST PRODUCTIVE
FRUITING BRANCH WITH 10, 20, 30,

AND 50 DAY BLOOM COUNT TOTALS,
FXPRESSED BY r, IN 7 ENTRIES

Delti .l Stos |.Lank.|Lock. [(Delt. 15. | (Lank., 611 | D.Ce
Al A 15 62 | 611 |Noe 1 | X Sto,62) | XLock.No,1)
No, of nodes
withs
10 day bloom| =0.33 | =037 | =0.32 =040 =027 =0oly2 =0,30
_ totals
20 day bloom| =0,32 | =0,28 | =0:,25(=0.47 =0,35 =0l4l |[=0.27
totals
30 day bloom | =0,31 |=0.19 | =0,18|=0.20 =0e23 =039 |=0,18
totals
50 day bloom | =016 | 0,06 | =0,0k [=0,05 =0,01 =0,02 0,02
totals

4

_ ?he height of t?e plagt at the begipning of the fruiting_Pgrio§ and
total.nodé;‘at the’beginning of the fruiting period a;e significantly
related, as stated previously, because of mechanical relationships.
These two characters were significantly correlated with total bloom
counts (tables V and VI), It was noted that the magnitude of the
r's differed among the entries. Correlations computed within Deltapine
15 and Stoneville 62 of plant height at beginning and 10, 20, 30, and 50
day bloom counts were not significantly different; but the r value
for the F2 of their single cross was significantly higher than either
parent according to Snedecor’s "Z" test (13).

In the case of Lankart 611 and Lockett Nos 1 the F, of the single
cross did not differ from its parents in degree of correlation between

height and bloom counts. The double cross r was not significantly



TABLE ¥

THE RELATIONSHIP OF HEIGHT OF THE PLANT AT THE

BEGINNING OF THE FRUITING SEASON WITH 10,
£0, 30, and 50, DAY BLOCM COUNT TOTALS,

EXPRESSED BY v, IN 7 ENTRYES

{(Delt.15

T Delt.]Sto. | Lank. [Lock. (Tank. 61T X |
15 | 62 [ 611 |No. 1 |X Sto.62) |Lock. No. 1)} D.C.
Height withs ]
10 day bloom
count totals! 0.35|0.31{0.33 | 0.28 0.5k4 0.28 0,20
20 day bloom
count totals| 0.48 ]0.45| 0.40 }0.23 0,54 0.3h 0, 32
30 day bloom ‘
count totals| 0.51 {0.56( 0.47 | 0.38 0.59 0.42 0.3k4
: |
50 day bloom ! . ;
count totals{ 0,46 | 0.57] 0,47 |0.28 [ 0.54 0;31 10.39
TABLE VT
THE RELATIONSEIP OF TOTAL NUMBER OF HCDES
OF THE PLANT AT THE BEGIWNING OF THE
FRULTING SEASON WiTH 10, 20, 30,
AND 50 DAY BLOOM COUNT TOTALS,
EXPRESSED BY r, IN 7 ENTRIES
Delt.] Sto., Lank.| Lock,| (D2lt.l5 |{Lank.bll X [
15 62 611 Wo, 1| X Sto.62)| Leek,Wo. 1) | D.C.
Total No. of ‘ ‘
nodes with:
10 day bloom
count totals| 0.27 [0.21| 0.25 |0.01 0.47 0.37 0.18
20 day bloom
count totals| 0.33 0.2k | 0.27 |0.04 0.U45 0,41 0.26
30 day bloom
count totals| 0.37 |[0.28| 0.42 10.19 0,51 0.52 0,32
50 day bloom
count totals| 0.45 [0.34 | 0.47 {0.27 0.46 0.45 0.25




higher than any of the parents;, and the r value was smaller than
either of the single crosses, showing a significantly smaller value than
the F, of (Deltapine 15 X Stoneville 62).

Correlations computed within Deltapine 15 and Stoneville 62 of
total number of nodes at the beginning of the fruiting season and 10
day bloom count totals were not significantly different; but the r
value of the F, of (Deltapine 15 X Stoneville 62) was significantly
higher than Deltapine 15 at the 5% level of probability and signif-
icantly higher than Stoneville 62 at the 1% level of probability.,
There was no significant difference between the r's of Lockett No, 1
and Lankart 611 between total number of nodes at the beginning of the
fruiting season and 10 day bloom count totals; but the r value for
the F, of (Lockett No. 1 X Lankart 611) was significantly higher than
Lankart at the 10% level of probability and significantly higher than
Lockett No. 1 at the 1% level of probability. The double cross was

significantly lower than the F_ of (Deltapine X Stoneville 62) at the

2
1% level of probability and significantly lower than the F2 of (Lankart

611 X Lockett Noo 1) at the 5% level of probability.



DISCUSSION

Simple correlation coefficients have been determined in cotton
dealing with lint, fiber, and boll properties by such workers as
Dunlavy (3), Bramnon (1), Kearney (9), Green (5), and Stroman (15),
but, to the knowledge of the writer, only one study of the morpho-
logical characters, using simple correlations;, has been reported.
Hodson (8) determined simple corrslations of the charactsrs that make
up plant type.

The morphological characters involved in this study were tested
for correlation in all possible combinations. The relationship of :
these characters will be discussed by sections; with respect to the

degree of significance of the r's determined.

‘}_{g ﬂ.gpificant Correlations Between Characters.

Several characters appeared to be unrelated in this experiment.
Lengths of the intemode measured on the main axis and on the fruiting
branch were not correlated with each other or with any of the other
characters measured. This lack of correlation was unexpected, since
the length of the internode on the main axis was expected to be related
to height. Apparently the internode measured was not representative
of average internode length.

The total number of nodes to the node which bore the first prod-
uctive fruiﬁing branch was not significantly related to the cther

structural characters measured. This character was independent of

26
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total nodes at the beginning of the fruiting season or at maturity, and
interncde length, either on the main axis or on the fruiting branch.

No significant relationship between bloom counts and internode
length, either on the main axis or the first productive fruiting branch;
was observed. This indicated that the total number of blooms at the
10, 20, 30, and 50 day counting periods did not depend upon the length
of the internode. Considering that McClelland and Neely (11) found that
the blooms appeared in regular intervals upward on the plant and out-
ward on the fruiting branches, it would appear that the internode,
whether short or long, would require the same period of time to form.
In this study the internode length was independent of total blooms

at 10, 20, 30, and 50 days.

Occasional Significant Simple Correlations Between Characters.

The positive significant r values observed in Lankart 611 (0.21),
Stoneville 62 (0.27), Lockett No. 1 (0.23), and Qelt. 15 X Sto. 62)
(0e23), between height of the plant at the beginning of the fruiting
season and length of the internode on the main axis directly below the
node which bore the first fruiting branch, aignifiea that as height
increased the internode length increased. The relatively low r values,
with significance only at the 5% level of probability, may well have
been due to chance; especially since these characters were not corre-
lated in the other entries. The length of the internodes on the main
axis contribute to the height of the plant, and if the internode
measured was an average of all the internodes on the main axis then
the possibility of significance is more likely,

The positive significant relationship at the 5% level of probability
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in Lockett No. 1 (0.24) and (Delt. 15 X Sto. 62) (0.22) of total nodes
at the beginning of the fruiting season, and in(Delt. 15 X Sto. 62)
(0.25) of total nodes at maturity, with length of the intermode on the
first fruiting branch is apparently an expression of plant vigor. As
the total nodes increased the internode length of the fruiting branch
increased. All varieties showing this relationship had a rather wide
spreading type of growth; the tendency toward extensive vegetation
probably played a role in the significant r values.

Significant negative relationships in Lankart 611 (10 dayss=0.2l,
20 dayss=0.3L4) and the double cross (10 dayss=0.25, 20 dayss-0.23)
between total nodes at maturity and 10 and 20 day bloom count totals
signifies that as total blooms at 10 and 20 days increased the number
of nodes did not increase as rapidly. Lankart 611 is a determinate
type variety which blooms rather early,. as indicated by the 10 and 20
day bloom count means in table I; the double cross mean for the same
character is also high and a similar characteristic may be present in
the hybrid,

The double cross plants bearizig the first flower on a higher
fruiting branch tend also to have a longer first internode on the first
productive fruiting branch, as indicated by significant r wvalues.

This correlation appears to be a result of chance, It is generally
understood that the cotton plant has a pyramidal branch structure; i. e.;

tﬁa branches tend to become shorter toward the apex of the plant,

In this experiment, branch length and internode length varied together
in most of the entries; and these characters are highly influenced by
environment, In 1956, the most favorable conditions were prevalent

at the beginning of the growing seasonjy thus the intermodes on branches

at the lower nodes were longer,
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In summarizing, the occasional significant correlations observed
for character pairs, not usually correlated in this study, may be atiri-
buted to chance, differential vigor of the plants, or environmental
influence,

Significant Correlations Due to Mechanical Relationships Among

Characters.

The high positive correlations observed between the height of the
plant at the beginning of the fruiting season and the total number of
nodes at the beginning of the fruiting season were expected because
they are components of the same structural part, the main axis,

Both are measurements of growth, and as total height increased the total
number of nodes increased also., The total number of nodes and total
height are dependent upon one another to a large degree, and a close
relationship would exist.

A high positive correlation between height of the plant at
maturity and total number of nodes at maturity can be interpreted the
same as the height and total number of nodes at the beginning of the
fruiting season. The correlation expressed between the characters of
maturity would only be changed by the environment.

Positive correlations of 10y 20, .30, and 50 day bloom count totals
with one another is attributed to the accumlations of the total
number of blooms. The 10 and 20 day totals were not significantly
correlated with 50 day totals in (Lankart 611 X Lockett No. 1) and
Lockett No, 1, and 10 day bloom count totals were not significantly
related to 50 day totals in Stoneville 62, This was considered to be

due to chance.
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The relationships observed, as indicated by the r value, declined
between bloom count totals of 10 days and the later totals of 20, 30,
and 50 days, in that order. According to Buie (2)%... .there is
apparently a negative correlation between the number of flowers pro-
duced during early and late season periods. That is to say, a variety
which produces a large number of early flowers will have but few late in
the season, and vice versa."™ These results are in agreement with
Buie's conclusionsg the determinate and indeterminate entries both
followed such a pattern. The bloom counts were accumulative, and a
leveling off of the entries was observed at 50 days; i. e., all

varieties had approximately the same 50 day bloom count mean,

Correlations of Possible Value in Selection,

The number of nodes to the first fruiting branch may be a goocd
criterion for selecting for earliness. A low main axis node to the
first fruiting branch is accompanied by an increase in number of blooms
at 10 and 20 dgys, indicated by the r values in table IV, This
character was found to be a convenient basis of comparison between var-
ieties or types by McNamars et al. (12). They found: (1) the
number of nodes to the first fruiting branch is apparently genetically
controlled, (2) each variety seemed to be rather constant in node
number of the main axis to the node which bore the first productive
fruiting branch regardless of extremes in the environment; and (3)
upland varieties could be expected to begin blooming after the sixth
to eighth true leaf appeared on the plant, and even though cotton
growers frequently refer to cotton as one which "fruits high” or

"fruits low" this height is attributed to internode length and not
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interncde number, A range of 7.511+0.1L to 9.58i:0.26 was observed
in number of nodes to the node which bore the first productive fruiting
branch in this study.

The neéative significant correlations observed in this study
between number of nodes to the first p;odﬁbtive fruiting branch and
10, 20, 30, and 50 day bloom: count tdﬁéls decreased as the seasoh
progressed. MeClelland and Neely (11) found that the order of bloom—
ing was vertical and horizontal; but in a regular pattern. The de-
creasing r values seem to correspond to the order and rate of blooming,.
The significanb r's are relatively high at 10, and 20 day bloom counts
and this signifieé that this character may be a useful aid in selection
for sarliness. For mechanical harvest, where a high first productive
fruitimg branch is best for machine efficiency, it is desirable to have
earliness and a high node number cbmbined into a single variety., The
correlation observed would work to the breeder's disadvantage in such
2 situation, -‘

Significant positive relationships observed in all entries between
height at the beginning of the fruiting peried and 10, 20, and 50 day
bloom count totals showed a possibility of a genetic relatlonshlpo
Thls is a growths structural, or morphologlcal plant growth rela-
tlenshlp.and the inherent ability to produce a vigorous plant at ti@e :
of>f10wering could be the factor genetically controlled, The occurrence
of more height and more fruiting branches on the plant would increase
the possibility of a higher number of totél blooms. This relationship
of number of blooms would be a seéondary one, and is confounded with
many factors, The r values were higher in the single crosses and were'

lower in the double cross (table V), This poses a genetic problem in
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the relationship of these characters of the parents when combined intd
hybrids. Significant differences would have to occur between the
parents and both single crosses of these parents before positive
statements could be made about the genetic mechanism involved. When
the r's were tested by Snedecor's "Z" test (1), the r values for the
F2'@fmthe single cross (Deltapiﬁe 15‘X Stonevills 62) was significantly
higher than the parents, Such an increase in a segregating population
over parent varieties could be considered to be evidence of a genetic
correlation. The fact that the r in the double cross was lower would
indication that the gemetic relationship was caused by linkage, and that
the additional generation of segregation resulted in recombinations of
crossover types. The fact that the FQ of (Lankart 611 X Lockett No, 1)
did not differ significantly from the parents tends to weaken any .
conclusion drawn from the other cross and would make the double cross
of'little value as a check on recdmbin#tidns.

The significant positive corrélabions in 5 entries between total
nu@ber of nodes of the plant at.thé beginning of the fruiting seascn
and 10, 20, 30, and 50 day bloom count totals indicated a relationship
similar to that of total height and bloom counts. No significant
difference was cbserved between the r's of Lankart 611 and Lockett Noe
1, but the F, of the single crossquaﬁkart 611 X Lockett Noo 1) was
significantly higher than Lankart 611 at the 10% level of prabaﬁility o
and significantly higher than Lockéht?No, 1 at the 1% level of ,
probability. This suggests the posSibility of linkage'and the use of
the double cross as a check on the recombinations of crossover ﬁypes.

The evidence presented thus far suggests that the height of the

plant at the beginning of the fruiting season and the total number of



nodes at the beginning of the fruiting season were an expression of

vigor. This relationship may be helpful in selecting for earliness,
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SUMMARY

The relationships, measured by the simple correlation coefficientg
of all possible combinations of 7 morphological and 4 flowering char-
acters of the cotton plant (Cossypium hirsutum L), were studied in a
double cross (Deltapine 15 X Stoneville 62) X (Lankart 611 X Lockett
No. 1), its compenent single crosses, and its parents,

, Several pairs of characters appeared to be uhrelated in this
study: (1) length of intérnodq,onfthe first productive fruiting branch
or on the main axis directly below thevnode whicﬁ bere the first
fruiting branch was not significantiy reiated to any of the other
charactérs studied, (2) the total number of nodes to the first pro-
ductive fruiting branch appeared.to be unrelated to other measurements
of structure, and (3) bloom counts of 10, 20, 30, and 50 days were not
significanbly relafed to internode length, either on the fruiting
branch or the main axis. |

Occasiocnal significant relationships werse observed between
characters not usually correlated and %heée were attributed to en-
vironment, differential vigor of the plants, or to chance.

The characters, height at the beginning of the fruiting season,
totél number of nodes at the beginning of the frditing seagson, height
at maturity, and total number of nodes at maturity, appear to have a
mechanical relationship. Highly sigﬁificant r vdlues indicated that a
close positive relationship is to be expected in these characters.

Bloom count totals at 10, 20, 30, and 50 days would be expected

3t
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to:be significantly associated because counts were accumulabive.t This
was apparently the case in this,stﬁdy9 but there was a weaker rela-
tionship between early and late period.bloom counts than between counts
of closer intervalse

The number of nodes of the main axis to the node which.borefphe
first producbive fruiting branch appears to be genetically controlled.
This measurement could,be_a‘goodvcfiterioh to use when selecting for
earliness, as indicated by a negative correlation with 10 and 20 day
bloom counts, ’ '

Height and total nodes at the Beginning of the‘fruiting season
wgre significantly correlated with lb and 20 day bloom count tbtals.
Differences in height are genetically controlled, but it is probable
that such differences result from inherited differences in.vigor,

Seasonal conditions were generally unfavorable for plant grthh
in 1956. Only the early season measurements were taken under what
could be called favorable growth conditions, Extreme summer drouth
conditions suppressed growth during the later part of the season, and
genetic differences that may have éXisted:in total bloom number, plant
height, and node number at maturity were undoubtedly obscured. Since
the main objective was to study relationships of earliness, the early
growbth measurements and their correlations are considered to be of

most value.
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APPENDIX

The variables, coded 1 £hrough 11, found in appendix tables I
and>II are as followss
(1) Height at the beginning of the flowering season
(2) Height at maturity
(3) Total nodes at the beginning of the flowering season
(L) Total nodes at maturity

(5} Length of the first internode on the first productive fruiting
- branch

(6) Length of the internode of the main axis directly below the node
. which bore the first fruiting branch

(7) Number of nodes from the cotyledonary node to the node which bore
© the first fruiting branch ' .

(8) 10 day bloom count totals
(9): 20 day bloom count totals
(iO) 30 day bloom count totals

(11) 50 day bloom count totals
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APPENDIX TABLE I

SIMPLE CORRELATION COEFFICIENTS (r's) DETERMINED
 AMONG 11 VARIABLES CALCULATED BY: (1) r VALUES
WITH EFFECTS DUE TO REPLICATION REMOVED,
~ ABOVE THE DIAGONAL; AND {2) r VALUES
WITH EFFECTS DUE TO REPLICATION
IGNORED, BELOW THE DIAGONAL

{a) Deltapine 15

1 2 3 4 5 6 7 8 9

- 10

11

*€ LA Hek - ¥k

0.51

*®

1 | 0.47| 0.66| 0,20 0,15{ 0.14|~0.10| 0.35| 0.48
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b3

TABLE IT

THE MEANS, STANDARD ERRORS OF THE MEANS, AND COEFFICIENTS
OF VARIATION CALCULATED FOR 11 VARTABLES -
FOR SEVEN ENTRIES '

Coded ]
Varieble Source _ Delt. 15 Sto. 62 Iank, 611  TLock. No. 1
43,89 + 16 u3.96 s .52 |WL.37 £ .39 | b7.3h £ .49
-10,94% 12,21% 10.13% 10.90%_
58,20 £ .69 | 53.1h £ .59 |50.41 * 46 | 61.65 = .62
12,3h% 11.37% 9. Th 10, 69%
16,19 £ .11 | 15.06 + .11 |15.23 .10 | 16.76 * .11
7.22% 7.844 ' 6.89% 7.209
21,27 + .17 | 19,07 + .1k 19,20 * .12 | 21.81 ¢ .16
8.27% 7.66% 6.51% T 7%
T1.64 £ 1.91] 61.89 + 1.98 | 43,78 + 2,20] 63.27 + 2,79
2757 | 32.88 53.97% 46.63%
28.0k £ .86 | 29.58 + .73 |27.6L = .88 | 28,0k £ .7k
‘ 31.56% 25, 29% _ 3h,08% 27.02%
8.69 ¢ .19 | 7.61% .1k | 7.73% .13 | 9.58 % .26

22.67% 19,05% 17.34% 28.91%

B7 % .30 | 1.52 % .1k | 1,82 + .1k .65 = .10
12k, 14 96.05% 81;87% 158,46% !
2,77+ .24 | 5.7k .33 | 5.80% .31 | 2,183 .22

89.89%% 58.89% 56.90% é 95 .56%
6.10-+ 45 | 11.69 £ .50 110.39 + 43 | 7,11 £ ,35

76.39% ‘4l , 319 by, 75% 52,467

14,92 £ 61 é6,67 t .65 10.18 i‘aﬁb 20,09 * 7k
_h2.29% 32.51% . 52.75% 38.97%



TABLE II (Continued)

Ll

Coded (Delt.15 X  (lank, 611 X
Variable Source Sto. 62) Lock. No. 1) D.C.,

1 x+tsg | 41,72 % .59 45.00 + .43 43.97 + .48
C.V, 13.88% 10,02% 11.14%

2 X 82 49,61 + .61 55.39 + .68 56.58 + .64
c. V. 12.13% 12.85% 11.61%

3 X + 8= 14,95 + .15 15,95 & ,11 15:78 & .13
&V 9.57% 7.01% 8.17%

4 X+ sz | 18,59 £ .13 20.12 .18 20.53 £ .15
¢.V. 6.94% 9.34% 7.65%

5 xt sz | 51.25 + 2,52) 54,36 + 2,05 55.71 + 1,94
8. Y. 48.27% 39.29% 35.92%

6 Xt sy | 27.55% .82 27.98 + .75 27.69 + .75
e.V. 29.22% 28.,09% 27.88%

T Xt sz T.32 £ .17 8.32 + ,18 7.82 £ .14
C.Vs 22.81% 22.849 18.16%

8 X & s2 1,29 + ,17 170 & .15 1.39 £ .13
c.V. 125.58% 93.53% 93.53%

9 x + 55 L,54% + 40 5.07 + .3k 4,88 + .30
gV - 85.46% 69.82% 63.73% _

10 xteg | 92 64 10,90 + .5k 10,05 .57
C.V., 66.03% 51,38% 58.71%

1 X & 8z 15.68 % .75 19.37 £ .63 19.34 £ .77
BV 46.68% _3hk.02% 41,05%
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