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This paper presents observations on the week-to-week develop-
ment of selected cantaloupe characteristics under several different
sets of field conditions. The analysis is especially concerned with
detecting the period or periods of melon development during
which variations in each characteristic seem to arise. The infor-
mation is presented under several headings: Time required for
maturation, Development of flesh color, Melon size, Fruit shape,
Surface netting, Suture netting, Ground-spot size, Flesh thickness
and flesh proportion, Soluble solids concentration, and Correlation
of seed number with melon characteristics. The observations re-
corded here may be regarded as directly related to those published
by the senior author in 1964, with several of the same co-workers
(Hilgardia, Volume 35, Number 16, July). The latter paper is
frequently cited in the present text.
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Developmental Aspects
of Field-to-Field Variations in Selected
Cantaloupe Characteristics’

(Cucumis melo L. var. reticulatus Naud.)’

INTRODUCTION

THE VARIATIONS in cantaloupe char-
acteristics in response to environmental
variation may be considerable and com-
plex (Dayvis et al., 1964).° Factors caus-
ing some of the variations in a few char-
acteristies, such as fruit size, are dis-
cerned without great difficulty. There
are important field-to-field variations in
certain characteristics of which the ex-
planation remains hypothetical. Notable
among these are fruit shape, netting of
sutures, flesh thickness, and concentra-
tion of soluble solids.

Demonstrating the cause of such
variations is hindered not only by the
elusiveness of the causative factors, but
by the somewhat superficial knowledge
of the variations themselves. Discover-
ing and proving their source would be
facilitated by information showing the
period (s) in melon development when
the variates are established. Changes in
soluble solids during melon growth un-
der widely differing circumstances have

1 Submitted for publication April 27, 1966.

not been charted comparatively; the
stage when large, unnetted sutures are
established has not been determined;
and so on with a number of other char-
acteristies.

This paper presents the results of a
study made for the purpose of gathering
such information. In a few instances,
such as the relation of eolor or net de-
velopment to stage of maturity, “aver-
age” courses of development appear to
have meaning for a wide range of situa-
tions. For most characteristics, how-
ever, the analyses and discussions are
not focused upon calculating average
courses of development, but upon meth-
ods of characterizing the development
of variations in constantly changing
material, upon means of detecting early
meaningful divergences, and upon
methods of drawing valid inferences re-
garding the periods when variations in
mature characteristics are initiated or
determined.

2The term “cantaloupe” shall be used here in preference to “muskmelon.” “Muskmelon” may
be applied to all varieties of Cucumis melo, hence to many diverse forms of fruit. In Ameriea,
by popular consent, “cantaloupe” is applied specifically to C. melo L. var. reticulatus Naud.,
noted for its netted fruit having the characteristic of separating itself from the plant at

maturity.

3 See “Literature Cited” for citations, referred to in the text by author and date.
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SAMPLING METHOD

Plantings for observation were se-
lected in commercial fields in the coun-
ties of Kern, Kings, Fresno, Merced,
and Stanislaus in California. In addi-
tion, plantings were made at the Uni-
versity of California farm at Dayvis,
and at the West Side, Kearney Horti-
cultural, and Lindcove Field stations of
the University, located in Fresno and
Tulare counties. The cultivar PMR 45
was observed. For all University plant-
ings, seed came from the same sample.
Fields C and D were the same physical
field, partitioned by differential treat-
ment. Field D was composed of ran-
domly distributed plots in which the
soil was ripped 2 feet deep directly un-
der the seeding line. Field C was com-
posed of plots not so treated. Table 1
presents information pertinent to each
site observed.

When a selected field had a large
population of young fruits, 100 young
fruits 2 to 3 inches in length were
tagged and staked for identification,
and observations were started. Since
the procedure required the sacrificing
of individual fruits of the sample, a
new sample was required for each ob-
servation date, and the analysis de-
pended on statistical treatment of the
data. On each observation date, at
mostly 7-day intervals, 10 melons were
taken at random from the originally
tagged group. The last observation date
for each field was the one when all
fruits of the sample were at the full-
slip stage (i.e., incipient abscission).

We have found that young melons
usually will survive and develop if they
have reached a length of 2 to 3 inches
and appear healthy. This size is reached
about 1 week after anthesis. Of the 10

OBSERVATIONS

Time required for maturation. For
all fields except Field J, the full-slip
stage was reached 5 weeks after the 27—
3” size. For Field J, it was reached in

groups of melons, 4 were unusual in that
a large proportion of the tagged melons
failed to develop. In Fields A, E, and
K, about 30 per cent of the tagged
melons shriveled. In Field J, about 50
per cent shriveled, permitting samples
of only 9, 8, and 9 melons on the last 3
observation dates. Observation on the
4 fields showed the same mortality for
untagged fruits of the same age group.

For deseribing the timewise develop-
ment of certain characteristies such as
fruit size, the statistical computation of
their regression on the logarithmic
function of time (log time) proved ex-
tremely useful. In some instances, the
value of a characteristic calculated
from such a regression for a particular
date was undoubtedly a more accurate
estimate of the true value than the sam-
ple mean for that date.

At all fields, plant crown samples
were taken to test for possibly occurring
pathogenic fungi or bacteria. The re-
sults of laboratory isolation procedures
are noted in table 1 (bottom).

In this study, the use of the 2”-3”
size as a starting point was a practical
necessity, yet the assumption that such
a criterion can serve as a basis for com-
parison across fields needs examination.
The visually obvious change in melon
size and appearance during the first
week of observation at all locations pro-
vided assurance that there could not
have been more than 2 to 3 days’ dif-
ference in maturity between the largest
and smallest specimens of any sample.
A thorough review of the tables and
conclusions of this report does not pro-
vide reason for belief that the 2”-3”
size criterion could or did introduce er-
ror into any of the conclusions.

AND ANALYSES

4 weeks. At Fields C and D, maturity
was advanced by about 2 days. In the
3 time-shortened fields, the plants ob-
viously were damaged by some disorder.
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TaBLE 1

INFORMATION CONCERNING SITES FROM WHICH SAMPLE CANTALOUPES
WERE OBTAINED

Lateral Observation dates
Lateral . n P
Field County Operation iﬁozi:fﬂ}; Soil geries texstf\)ﬁe‘ : Obefc\g:ltg&;mr}vals.
First Last
A....... Kern Commercial | East Cajon sl 6/8 7/12 1, 8, 15, 22, 29, 35
B.o....... Kings Commercial | West Panoche fsl 6/18 7/23 1, 8, 15, 22, 25, 29, 36
Co.ooees Fresno University East Hanford fsl 6/21 7/26 1, 8, 15, 22, 29, 36
D....... Fresno University East Hanford fsl 6/21 /26 1, 8, 15, 22, 29, 36
E........ Fresno Commercial | West Panoche fsl 6/30 8/4 1, 8, 15, 22, 29, 36
F........ Yolo University West Yolo sl 7/8 8/12 1, 8, 15, 21, 29, 36
G........ Merced Commercial | West Lost Hills cl 7/9 8/11 1, 6, 13, 20, 27, 34
H....... Tulare University East San Joaquin 1 8/9 9/13 1, 8, 15, 22, 30, 36
Joooooin Stanislaus | Commercial | West Pleasanton gel 8/10 9/7 1, 8, 15, 22, 29
K....... Fresno University West Panoche cl 8/13 9/17 1, 6, 13, 18, 24, 29, 36
Proportion Visual
of crowns evidence of
Field Leaf necrosis yielding Organisms isolated mosaic-type
pathogenic infection
organisms
A....... Moderate, at end of growing period 0:4 None Slight
B...... Negligible. ........ccovviiiiiininin.. 1:6 Macrophomina phaseoli | None
C...... Moderate, beginning early......... 0:3 None None
D...... Moderate, beginning early......... 0:3 None None
E...... Severe, large mite population. . ... 3:7 Macrophomina phaseoli | None
F...... Negligible. . ....oooiiiiii ittt iiieenaiens 3:4 Verticillium albo-atrum | None
G...... Slight at end of growing period, small mite population 0:4 None None
H...... Severe at end of growing period, large aphid population 3:10 Macrophomina phaseolt | Moderate
P Very severe, beginning mid-season. ..................... 0:4 None None
K...... Negligible, (Only 1 vine with each fungus was found.) 2:8 Verticillium and Slight
' Macrophomina

*c =clay, f=fine, g = gravelly, 1= loam,

s = sandy.

t Days accumulated to each observation date. First day = 1.

The observed time required for matura-
tion closely fits the observations of Me-
Glasson and Pratt (1963), allowing a
correction of 5 to 7 days between anthe-
sis and the 2”-3” size. Evidently,so long
as plants are not severely disordered,
the mean developmental period for the
cultivar PMR 45 is remarkably con-
stant. These “constant periods” are, of
course, means, and there is noteworthy
variation within these means, accu-
rately reflected in the confidence limits
of MeGlasson and Pratt (1963).
Development of flesh color. Table 2
presents figures which indicate the de-
velopment of internal fruit color in
terms of the per cent of flesh, from cav-
ity to rind, which had changed from
green to pink. At the 2”-3” size, there
was no detectable pink color. The fol-
lowing week, faint pink was almost uni-

versally visible in seed attachments. The
boundary between the expanding pink
ring and the original green was indis-
tinet, so perhaps there is a subjective
error of == 5 to 10 percentage units in
addition to the sampling error in the
means of table 2. Inspection of the table
shows major color development to oc-
cur normally in the fourth week after
the 2”-3” size. Taking into considera-
tion the more rapid maturation of
Fields C, D, and J, it seems generally
true that most color development occurs
in the week preceding the last week of
maturation. Evidently, for melons hav-
ing about 50 per cent color develop-
ment, full-slip will oecur in about 10 to
14 days.

Melon size. Melon size, as measured
by cross diameter, increased until full-
slip, as previously deseribed (Leeper,
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TABLE 2

PER CENT OF FLESH COLOR CHANGED FROM GREEN TO PINK AS A
FUNCTION OF FIELD AND TIME

Accumulated observation time (days)*

Field
1 6 8113 15 18 |2 21 22 24 25 | 27 29 30 | 34 35 36
0 0 0 16 90 95
0 0 0 23 49 60 95
0 0 0 55 84 95
0 0 1 64 85 95
0 0 5 40 92 95
0 0 0 10 78 77
0 0 0 28 52 100
0 0 (1] 39 92 85
0 0 1 7 83
0 0 0 0 64 63 76

* Time | = first observation date; melon length = approximately 2 inches. Last observation date for each field = day

on which all sample melons were mature,

1951; McGlasson and Pratt, 1963). The
cross-diameter growth rates after the
2"-3" size at all the fields closely fit
straight-line functions on log time.
Growth curves for 2 fields are shown in
figure 1. Mean initial and terminal di-
ameters calculated from log funetions
are shown in table 3. Also shown are the
coefficients of log time (em/log time)
and the correlation coefficients for the
regression of cross diameter on log time.
Also shown are the sample cross-diam-
eter means for each location for the ter-
minal date and a pooled estimate of the
lowest significant difference between
means.

Since the growth rate is fastest in-
itially, initial variations in environ-
ment must have a dominant effect on
final size. Since growth increments are
so closely associated with log time, it
appears that even later growth rates
reflect much the same influences that
affect early growth rates. Thus we may
imagine, for example, that if soil mois-
ture conditions are optimum in the first
20 days, a subsequent drought could in-
tensify but gradually, and as plant
stress would increase with time, its
range of effect upon ultimate size would
diminish.

An illustration of this proposal oe-

curred in Field J. There, we did not tag
the first group of fruits to be initiated,
but did tag a group initiated perhaps
10 days later. On the tagging date, it
was noted that some disorder was start-
ing. From an unknown cause (table 1,
bottom), 75 per cent of all leaves were
dead at harvest time. The tagged fruits
(as well as untagged fruits of the same
age) matured as small, poor-quality
melons. The fruits set earlier matured
as large, high-quality melons, although
at least the last half of their develop-
mental period occurred when plant
vigor was declining rapidly.

Fruit shape. The shape of canta-
loupes of the variety PMR 45, as shown
by Davis et al. (1964), and as observed
in this study, can vary considerably
from field to field. Table 4 shows the
statistically calculated initial and ter-
minal shapes for each field. The calcula-
tions assume that the association of
shape with time is lineal on log time.
The slope of the funection (the modifica-
tion of shape with time) and the co-
efficient of correlation between shape
and log time are also presented. Two
examples, showing the modification of
shape with time, are presented in figure
2. As expected, shape becomes rounder
with time. It will be noted in table 4



ultimate shape may be effectively al-
tered until the final two weeks of
growth? A reasonably good hypothesis
is that it cannot, and the reasons are
advanced in the following discussion.
The examples of figure 2 illustrate
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TaBLE 3
MELON CROSS-DIAMETER GROWTH STATISTICS
Cross-diameter gl;o:;:lg:ﬁrggttzr Cross diameter Slope (b) of . Coefficient of correlation
Field mean for . from reg(essioﬁ f?:g’xggggf; rz%r::so;gl:ﬁeg;zazn (r) of regression of cross
terminal date (thzqi:z:;;z:pt) equation on log time diameter on log time
cm cm cm em/log time
Ao 11.9 3.9 12.2 5.34 .974 (001t
Bo......... 13.1 3.9 13.2 5.98 .996 (.001)
Coveennn 10.7 3.7 11.5 5.05 .985 (.001)
D......... 11.9 3.7 12.0 5.28 .995 (.001)
E.......... 11.6 3.8 11.9 5.19 .988 (.001)
F... 13.0 43 12.6 5.32 .982 (.001)
G.. 13.1 3.3 13.2 6.43 .993 (.001)
Ho........ 12.3 4.0 12.3 5.34 .992 (.001)
oo 9.8 45 10.6 4.18 .979 (.01)
Kooooo.. 13.2 43 13.0 5.53 .989 (.001)
* Lowest significant difference = 0.8 (Pn = .05).
t Numbers in parentheses are the statistical probabilities of significance (null hypothesis, Px).
that there are significant differences e
among the slopes of the functions.
‘When do the comparative shapes of L
immature melons become representative ° e N\
of their comparative shapes at maturi- 12 MERCED CO
ty? Using for each field the shapes cal-
culated on the basis of log time regres- P
. . )~ \\
sion for that field, the correlation co- 10f o
efficient was determined between the 27 .S‘MN/SMUS co
terminal shapes and shapes for pre- E 0,”
ceding dates. These coefficients were, ! gl /
successively from the first date: 0.16 &
(.,50), 0.58 (.10), 0.81 (.01), 093 §
(.001), 0.99 (.001). The values in pa- < ol
rentheses are the approximate prob- 3 °[,
abilities that the null hypothesis (no S |
correlation) is true. Comparative melon !
shapes did not become truly representa- 4'2
tive of final shapes until the second
week before harvest. Evidently, al-
though one may predict at an early date 2F
the final shape in some fields by casual
observation, such prediction is not re-
liable over a wide range of situations. 0 . . A
Does this mean that the trend toward 0 10 Dﬁ(;s B 0

Fig. 1. Fruit growth as a function of time,
at two locations. Dots (for Merced County)
and circles (for Stanislaus County) indicate
sample means on certain dates. Lines are de-
rived from statistical analyses based on the
assumption of a log time relationship.
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TaBLE 4
MELON SHAPE AS A FUNCTION OF TIME*
Field Sh?igg ef?}'ri:]i:ial Shape for terminal Slope (b) of regression Coeflicient of correlation
regressi on equation date; from equation of shape (r) of regression nf ehape
(the inter%ept) regreesion equation on log time on log time
Al 1.59 1.06 —.345 4 .083 .985 (.001)1
B 1.56 1.02 —.349 + .063 .990 (.001)
[ 1.37 1.02 —.221 + .094 .956 (.01)
5 1.33 1.06 —.172 £+ .046 .982 (.001)
E...ooooiiiiiiii 1.56 1.12 —.280 += .067 .985 (.001)
) 1.43 1.13 —.191 + .051 .982 (.001)
[ 1.58 1.10 —.315 £+ .070 .987 (.001)
Hoooooiiiiio 1.48 1.08 —.254 + 071 .981 (.001)
R 1.46 1.12 —.229 £ .112 .956 (.01)
) 1.42 1.08 —.219 £ .060 .972 (.001)

* Melon shape = polar diameter/cross diameter.

t Numbers in parentheses are the probabilities of significance.

1.6

YoLo co.
S~ 4
\‘~Q

==
KINGS CO
)

7

% 0 20 30
Days

Fig. 2. Melon shape as a function of age, at
two locations. Shape is defined as the decimal
ratio, longitudinal diameter/cross diameter.
Dots (for Kings County) and circles (for
Yolo County) indicate sample means on cer-
tain dates. Lines are derived from statistical
analyses based on the assumption of a log time
relationship. The University Farm at Davis is
the Yolo County location.

Predicted Shape of Melons from Regression on Log Time

the basis for possible lack of correla-
tion between terminal shapes and ear-
lier shapes. There may be a “compara-
tive” reversal of shape, yet there is a
continuous relationship between later
shape modification and earlier shape

modification. As in the determination
of size, since major growth ocecurs in
the first half of the developmental term,
major shape determination must ocecur
during the same period.

Terminal shapes not only had no sim-
ple correlation with initial shapes, but
a low coefficient of correlation (0.27)
with the slope of the regression of shape
on log time. Neither were there signifi-
cant correlations between initial sizes
and either initial shape or slope. There
is, however, a relationship between the
initial shape (a¢) and the slope (b)
(r=0.92, P,=.001). Thus, a slope (b.)
might be predicted fairly accurately
from the initial shape (@) by the rela-
tionship,

be=.699 — .647a. I

If one hypothesizes that growth from
the initial shape occurs in equal abso-
lute increments along all radii (Sinnott,
1936), one may deduce a formal rela-
tionship between the initial shape and
the subsequent modification in the form,

br = 463 — .463a. II

Functions I and II, I being empirical
and II being rational, are not statis-
tically different, and both have the
property that given an initial shape (a)
of 1.0, the subsequent modification (b)
would be zero and the terminal shape
would be 1.0. If there is a real difference
between Funections I and II, it appears
to be such that the empirical regression
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(I) has a more-than-geometrical com-
pensating effect on initially longer
fruits. It is as though the stresses of
growth were somewhat resolved in the
direction of sphericity.

The formal regression (Funection IT)
undoubtedly accounts for a major por-
tion of the shape change during fruit
development; that is, for the fruits’ be-
coming rounder. It cannot, however, ac-
count for ultimate variation in shape
between fields; that is, it cannot aec-
count for the initial shape, and given
an initial shape, cannot provide an in-
tersection or “crossing over” of regres-
sions within a finite period of time.

Since terminal shapes had very low
coefficients of correlation with initial
shapes and with subsequent slope of
change (b), it must require the particu-
lar combination of initial shape and
subsequent modification of this shape to
reliably reproduce the ultimate shape
for each field. Thus, in looking for fac-
tors influencing the ultimate shape, we
must pay particular attention not only
to, say, the first half of the develop-
mental term, but to the period in which
the very young fruit or ovary is de-
veloping.

For seeking basic relationships, we
must not overlook the important ob-
servations of: (a) Rosa (1928) on the
relationship of melon shape to flower
type (perfect versus pistillate) in the
variety Salmon Tint; (b) Weetman
(1935) on the relationship of melon
shape to ovary and cotyledon shape
across and sometimes within cultivars
and hybrids; and (e¢) Sinnott (1944)
on the relationship between the orien-
tation of mitotic axes and variation of
fruit shape owing to variety.

Surface netting. We characterized
net development in 3 ways: (1) by per
cent of fruit surface occupied by the
incipient net—small initial epidermal
cracks, always longitudinally oriented;
(2) by per cent of surface occupied by
developed net, i.e., the network of corky
tissue developing from these cracks and
from transverse cracks which join them;
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and (3) by an estimate of the average
diameter of the interspaces between the
net strands.

The incipient net (table 5) reached
its maximum extent about 1 week after
the 2”7-3” gize. In most fields, the aver-
age melon with such a net, being about
8 em in cross diameter, became ripe ap-
proximately 4 weeks later. The corky
net was almost fully ramified 3 weeks
after the 2”7-3” size (table 6). In gen-
eral, the size of net interspaces ap-
peared not to vary with time once the
net was ramified (table 7). Sinece fruits
continued to expand past this time, sur-
face growth must have been accom-
panied by equivalent expansion of the
net strands.

Surface netting is a distinguishing
feature of the cantaloupe. Its char-
acteristics vary with location in ways
which eannot be deseribed simply. Since
netting as a quality feature per se is
not an important variant so long as it
covers the fruit surface uniformly, a
simple uniformity rating may be the
best for the immediate future. A great
deal of attention commonly is paid to
net characteristics as indicators of in-
ternal eating quality, but the slight as-
sociation which the size of interspaces
(net tightness) and met height have
with flesh concentration of soluble solids
is so variable as to have no predictive
value (Davis et al., 1964). For a field
to have many cantaloupes with poor and
nonuniform coverage with net is praec-
tically positive evidence of substandard
eating quality. On the other hand,
handsome net is not reliable evidence of
good eating quality.

This study was not conclusive as to
the time when poor net became evident,
mainly because most fields had accept-
able net. Melons of Field J ultimately
had poor netting, but this was not evi-
dent early. In this case, one could ima-
gine that later surface expansion was
not accompanied by thickening of longi-
tudinal net strands or extension of
transverse strands. It is probably gen-
erally true that for melons with poorly
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TABLE §
PER CENT OF SURFACE COVERED WITH INCIPIENT NET AS A FUNCTION
OF TIME
Observation dates*
Field

1 2 3 4 5 6
0 3 22 6 2 6
0 13 16 7 0 0
0 70 19 4 1 0
0 57 18 6 0 0
0 52 35 0 0 0
0 2 19 8 0 0
0 30 27 0 0 0
0 72 0 1 2 0
0 64 36 0 0 t
0 46 34 0 0 0

X te‘ T]ables 5, 6, 7, 8, and 9 are tabulated on the basis of relative observation dates. Table 2 shows actual observation
intervals.

t Melons ripened 1 week faster in Field J compared to the other locations.

TABLE 6
PER CENT OF SURFACE COVERED WITH DEVELOPED NET AS A FUNCTION
OF TIME
Observation dates*
Field

1 2 3 4 5 6
0 0 65 91 98 92
0 5 84 93 100 100
0 4 81 93 99 100
0 1 82 94 100 100
0 0 65 100 100 100
0 0 81 92 100 100
0 0 73 100 100 100
0 1 100 99 98 100
0 0 64 100 100 t
0 0 66 100 100 100

) be. T:lr.bles 5, 6, 7, 8, and 9 are tabulated on the bacsis of relative observation dates. Table 2 shows actual observation
intervals.

t Melons ripened 1 week faster in Field J compared to the other locations.

TaBLE 7
AVERAGE DIAMETER (IN MM) OF NET INTERSPACES AS A FUNCTION
OF TIME
Observation dates*
Field

1 2 3 4 5 6

3.3 2.8 3.6 2.7

2.4 2.3 3.1 2.9

2.6 2.9 2.9 2.4

2.4 3.0 2.7 2.8

3.2 3.2 3.2 3.4

2.9 2.2 2.5 2.3

2.5 2.9 3.0 2.1

2.2 2.2 2.1 2.7

3.0 2.1 5.2 t

3.3 2.6 2.5 2.8

. te. Tables 5, 6, 7, 8, and 9 are tabulated on the basis of relative observation dates. Table 2 shows actual observation
intervals.

t Melons ripened 1 week faster in Field J compared to the other locations.
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TABLE 8
UNNETTED SUTURE WIDTH AS A FUNCTION OF TIME*

Observation datest
Field
1 2 3 4 5 6
A 16.3 12.4 38.2 9.7
- 2 5.5 7.7 14.4 11.8
Correeei 12.6 25.4 15.5 2.5
Do 15.4 7.0 2.6 2.5
B .. 3.4 3.2 1.8 .8
Foo 13.2 9.3 21.0 8.4 20.5
Goovoveveve .. 12.2 31.4 29.0 20.4
Ho.oooo 22.3 51.0 47.6 40.3 35.6
T .. 7.3 34.3 11.2 29.4 b
Koo, .. .2 39.4 34.1 22.6 34.7
* Sample mean (number of unnetted sutures per melon X average width in mm of 3 largest unnetted sutures).
intelv{?sbles 5, 6,7, 8, and 9 are tabulated on the basis of relative observation dates. Table 2 shows actual observation

1 Melons ripened 1 week faster in Field J compared to the other locations.

developed net, interspaces tend to be
longer longitudinally than transversely.
These suggestions lack confirmation at
present.

Suture netting. The use of the term
“suture” will be continued here as it
was employed in Davis et al. (1964),
although it could be misleading. These
differentiated stripes of surface tissue,
10 in number, running longitudinally,
are associated with the vaseular strands,
10 in number, in the receptacular tissue
which envelops the earpels; not with the
carpels, which are 3 in number.

The unnetted breadth of these dif-
ferentiated tissues is positively corre-
lated with fruit size (Davis et al., 1964).
There are important deviations from
this relationship, however, and larger-
than-expected sutures are occasionally
associated with poor internal quality,
in addition to contributing to the un-
sightliness of fruit.

In this study, unnetted sutures were
rated in two ways: (1) as the number
of unnetted sutures on each melon; and
(2) as the average unnetted width of
the 3 widest unnetted sutures, meas-
ured at the equator. These ratings were
found to be closely correlated with each
other. They were combined as a product
to form the ratings presented in table 8.

The sample error inferable from
table 8 indicates that 10 melons are not

enough for an accurate index of this
characteristic. An inspection of the
table, however, indicates adequately the
nature of suture net development.

For fields producing melons with
very wide sutures, the fact was dis-
cernible when the first incipient netting
appeared. Apparently sutures, if they
are to develop netting, do so concur-
rently with the rest of the fruit surface,
not afterward. The full, unnetted width
of sutures was reached in the seecond or
third week after the 2”-3” size was
reached. There is some indication that
this width may have narrowed slightly
during the last week of maturation.
This presumably could occur only by
extension of net strands into suture
areas.

We may conclude that large devia-
tions from normal suture netting are
determined very early.

Ground-spot size. Our earlier study
(Davis et al., 1964) indicated that the
ground-spot varies independently of
other quality characteristics. That
study showed a significant tendency for
the ground-spot to be smaller in those
fields producing melons with a higher
(more yellow, less green) color at the
full-slip stage. This may have been be-
cause the ground-spot was less distinet
on yellower melons. An attempt was
made in the present study to rate the
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TABLE 9
DIAMETER OF GROUND-SPOT (IN CM) AS A FUNCTION OF TIME*
Observation datest
Field
1 2 3 4 5 6

A, 2.2 2.3 2.5 2.6 2.8 1.9
Boiiiiiiiii .4 2.5 3.4 4.1 3.1 3.5
Corviiiii .7 2.6 3.3 3.8 4.3 4.2
Do .8 3.5 4.2 4.5 5.1 4.5
Eoorriiiiii 1.0 4.8 3.6 4.4 2.7 2.9
Fooriiii 2.1 2.9 3.9 5.2 2.8 7.4
[ PR 0.0 1.7 2.6 2.0 2.2 2.7
Hooooo 7 3.9 2.8 2.9 6.5 2.1
Too 1 3.0 1.6 2.7 1
SO 1.1 2.6 2.2 2.3 5.6 4.1

* Sample mean

t Tables 5, 6, 7. 8, and 9 are tabulated on the basis of relative observation dates. Table 2 shows actual observation

intervals.

$ Melons ripened 1 week faster in Field J compared to the other locations.

ground-spot solely by the diameter of
the area on which the net was morpho-
logically affected by its contact with the
ground. In some cases, the visible effect
was a deficiency of netting; in others,
an over-growth or callusing of net. This
distinetion was not recorded, but per-
haps should be noted in future studies.

In this set of observations, as in the
previous study, there seems to be no as-
sociation between ground-spot and
other characteristics. It seems reason-
able to propose, as is commonly held,
that the character of the ground-spot
is due more to the nature of the contact
between fruit and soil than to fruit-
plant relations. Fineness of tilth and
humidity of interface would affect
aeration, light diffusion, and activity of
microorganisms. The contact area af-
fords a protected site for inseets and
other pests, including those which feed
preferentially on the net. '

There are differences between fields
to be inferred from table 9, although
the range of variation is not so great as
that observed in the previous study
(Davis et al., 1964). Some variations
seemed to arise early in development;
others, in the final 2 weeks.

It is probably safe to assume that pre-
vention of badly affected ground-spot is

chiefly a cultural problem, perhaps in-
tensified by pathogens or insects acting
directly on the melon surface.

Flesh thickness and flesh propor-
tion. The proportion of flesh to melon
diameter or to ecavity diameter is a
greater factor in subjective quality
rating than flesh thickness per se. Flesh
thickness is associated with fruit size,
but the proportion of flesh thickness to
fruit size is independent of fruit size
(Davis et al.,, 1964). These relation-
ships are elaborated under the heading,
“Correlation of seed number with
melon characteristies.”

The proportion of flesh to fruit size
has been expressed as flesh:cavity ratio
(Davis et al., 1964). It is found to be
better adapted to analysis if expressed
as the ratio of flesh thickness to melon
radius (or equivalently, the ratio of
twice flesh thickness to melon diame-
ter.)* The ratio of flesh thickness to
melon radius will be called the flesh
proportion. Flesh proportion (f) can
be calculated from the flesh:cavity
ratio (m) by the equation,

f=m/(m+.5).

Table 10 presents the calculated re-
gressions of flesh thickness on log time
for each location. It also presents the

¢ The largest equatorial diameter was used, and flesh thickness is calculated as .5 (cross di-
ameter — cavity diameter). The cavity is essentially triangular in cross section, and was measured
from base to apex along the general axis of the largest equatorial melon diameter.
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flesh proportion for each lot of melons
for 3 dates, calculated by 2 methods.
The first method uses the mean flesh
thickness and mean cross diameter for
each date and each location. The second
method uses the predicted flesh thick-
ness and predicted cross diameter, cal-
culated from the regression of each
characteristic on log time for each
location.

According to each set of calculations,
for most locations flesh proportion in-
creased from the initial date to the last
date. There is a diserepancy between
the two sets of calculations for the
second date. In the set using sample
means, for 6 locations the flesh pro-
portion is lower on the second date than
on the first. This is not reflected in the
set using the log time regressions. The
feeling of discrepancy is heightened
when it is observed that for most fields
on the first and last date, the predicted
values are lower than the actual mean
values, and for the second date, the pre-
dicted values are higher than the aec-
tual mean values. Evidently, the log
time assumption does not reflect the de-
velopment precisely. By and large, the
predicted values fairly approximate the
mean values for the last date and, since
they reflect the total sample for all dates
rather than for 1 date, they may be a
better estimate for values on the final
date than the sample means.

We may conclude that, in general,
with significant exceptions, the flesh
proportion increases with time, except
for a brief period, say in the first or
second week after the 2”-3” size, when
there is a temporary decrease in flesh
proportion.

How are we to characterize the de-
velopment of variation in flesh propor-
tion due to location? The following dis-
cussion presents one method.

The general regression equations for
the growth curves of the flesh and the
cross diameter are:

Y (t1esn) =@+ b log time;
@ being the probable initial flesh thick-
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ness on Date 1, b being the coefficient of
change in flesh thickness with log time;
and
Y’(cross diam.) = a+b IOg time;
@’ being the probable initial cross di-
ameter on Date 1, b’ being the coeffi-
cient of change in cross diameter with
log time; then
(Y-a)/(Y'-a') =b/V’,
and since b and b’ are constants for each
lot of melons,
b/.5b =k,
a constant representing flesh thickness
increase/cross radius increase.

Values of %k, for each location are
shown in table 10, which also shows
values for k, representing a/.5¢’ or ini-
tial flesh thickness/initial ecross ra-
dius.

There is no association between k,
and k, among locations; that is, there is
no association between the initially ob-
served flesh proportion and its subse-
quent change. There is lack of associa-
tion also between initial flesh propor-
tions and terminal flesh proportions.
There is a highly significant correlation
(r =.91, P, =.001) between the values
of ky and the predicted terminal flesh
proportions. The related coefficient of
determination (r*) indicates that 83
per cent of the variance in terminal
flesh proportions is associated with the
variance in ks, the ratio of flesh thick-
ness increase to cross radius increase.
In comparison with fruit shape, then,
the final flesh proportion has very little
relationship with the initial flesh pro-
portion. Sinee growth of both cross di-
ameter and flesh was proportional to
log time, we must conclude that the
factors most determinant in flesh pro-
portion were being exerted early, and
that their influence continued to pre-
dominate throughout melon develop-
ment.

Soluble solids concentration. The
soluble solids concentration is a major
concern in cantaloupe eating quality.
The U. S. No. 1 Grade rating requires
a soluble solids level of at least 9.0. The
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TasLE 11
SOLUBLE SOLIDS CONCENTRATION AS A FUNCTION OF TIME*

Field

Accumulated observation time (days)

1 6 8 |13 15 18 | 20

A 4.5 4.4 4.6
B 3.6 3.5 3.9
Coovveniiii 5.5 4.3 4.1
Dol 4.7 4.3 4.2
E................ 4.5 4.3 4.6
Foooooo 2.7 3.4 3.7
G 3.5 |3.6 4.9 4.7

=
het
)
o
o
-~ on
> -

Koo 3.4 |3.6 5.1 4.3

21 22 24 25|21 29 30|34 35 36
5.8 6.6 9.6%
4.4 5.6 6.7 11.4
6.7 10.9 11.4
6.6 9.5 1.2
5.4 8.9 9.3
5.7 8.0 10.8
7.2 9.7
6.7 8.3 10.4
6.3 8.2
6.9 8.9 13.2

* Soluble solids concentration is measured by the refractometer reading of unfiltered juice, calibrated as per cent

8sucr:

each field = day on which all sample melons were mature.

range of soluble solids concentration at

maturity was greater in this study than
in the 1962 survey (Davis et al., 1964),
and the over-all mean was lower. The
association between shape and soluble
solids across fields in this study was less
obvious, being not quite significant at
the 10 per cent level. Extensive general
observation indicates that this is a
physiological relationship which is dis-
turbed by conditions not understood,
but resembling pathogenic conditions.

In this study, the relative terminal
levels of soluble solids were not attained
until the final week of maturation
(table 11). There was no correlation
between terminal levels and even those
of the previous week. The final week ap-
peared to be the one of greatest gain if
there was to be a high final concentra-
tion. We cannot conclude from this
that the determination of the ultimate
concentration occurs, or oceurs only, in
the final week. At Field J, as discussed
in the section headed “Melon size,” the
first eantaloupes to set and to ripen—
those developing previous to the studied
group, but on the same plants—were of
high quality in appearance and in
soluble solids concentration, though the
plants were severely debilitated at har-
vest and obviously disordered for at
least the last half of their developmental
period.

oge.
t Lowest significant difference for mean on terminal date at each location = 1.0 (P» = .05). Last observation date for

An examination of table 11 indicates
that soluble solids at different locations
may attain their final concentrations
along different regressions with time,
but in all cases the ascent was con-
tinuous in the last 3 or 4 weeks. There
were no instances of decline during the
final period.

Correlation of seed number with
melon characteristics. On one date at
each field, the seeds were counted for
the 10 melons in the sample. Only those
seeds judged to be viable were counted.
Seed viability was judged by fullness,
color, and ease of detachment from the
funiculus. Judgment was occasionally
tested by water flotation, and the re-
sults were the same. At Field K, there
was seed abnormality in several fruits,
pronounced in 3; some seed coats were
loosened, and there was some embryo
swelling. Such seeds would often float,
but they were counted as viable.

Table 12 presents the mean number
of seeds per melon for each location,
with confidence limits estimated for
each group. On this basis, there are only
2 or 3 means which are significantly
different from each other.

One purpose of making this observa-
tion was to detect correlations (if any)
between seed number and quality char-
acteristics. Coefficients of correlation
were low and nonsignificant between



178

seed number and terminal soluble
solids concentration, shape, suture net-
ting, and flesh proportion. Within some
locations, there were significant corre-
lations between seed number and ecross
diameter or flesh thickness, and there
was a correlation between seed number
and flesh thickness as they varied be-
tween locations. Table 12 presents these
coefficients of correlation as well as
estimates of variance for seed number,
cross diameter, flesh thickness, and
flesh proportion.

We may conclude that, at least at
some locations, there was an important
association between seed number and
either cross diameter or flesh thickness
or both, and that this relationship ex-
tended across locations. At locations
where there was no evidence for such
correlations, there was a low variance
in one or more of the variables con-
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cerned. In the future, where there is
difficulty in determining why a given
field is producing melons of a given size
or flesh thickness, the presence or ab-
sence of the seed number correlation
should provide an additional aid to
diagnosis. At present, of course, we do
not know the causal nature of this as-
sociation: whether the success of fer-
tilization affects subsequent growth or
whether an exogenous factor influences
growth and the success of fertilization
independently.

These results are consistent with
those of 1962 (Davis et al., 1964) ; there
is a relationship between size and flesh
thickness, but not between size and flesh
proportion. Evidently the factors de-
termining flesh proportion are inde-
pendent of the association which links
size, flesh thickness, and seed number
per fruit.

TaBLE 12
NUMBER OF SEEDS PER MELON; CORRELATION OF SEED NUMBER WITH,
AND VARIANCE OF, CROSS DIAMETER, FLESH THICKNESS,
AND FLESH PROPORTION

Correlation coefficients (r) Variance (s2)
Field Meﬂ.ll)'l seed
n T
! ux:;eleonper Sg:;ie:( S’ﬁ%ghx s?iighx Seed Cross Flesh Flesh
diameter thickness |proportion number diameter | thickness | proportion
Aol 541 + 79 .72(.02)* .92(.001) .50 61.7 1.24 .12 .0013
) S J 532 4 94 .21 .27 17 86.0 .46 .06 .0010
Covereennnn 458 + 95 .79(.01) 73(.02) .34 85.7 2.09 .18 .0013
D.......... 463 4= 67 .23 .36 .39 43.8 .75 .08 .0006
E.......... 518 - 84 L71(.02) 65(.05) .48 69.3 1.21 .20 .0009
Foooooooon. 474 4 94 67(.05) 75(.02) .29 84.9 1.11 .09 .0007
G.oovveennne 605 -+ 45 .23 .22 —.04 20.7 .57 04 .0005
H.......... 491 4- 90 .36 .23 .00 79.9 .43 08 .0007
Jeveirinenn. 464 4 107 62(.10) .53 .10 90.3 .61 10 .0009
Koooovnnn 526 + 56 .41 .18 —.24 31.8 .40 03 .0007
r and s? among fields. ....... .57(.10) .75(.02) 50 23.7 1.29 09 0007

* Numbers in parentheses are the probabilities of significance (null hypothesis).

SUMMARY OF CONCLUSIONS

The development of selected char-
acteristics of the cantaloupe (Cucumis
melo L. var. reticulatus Naud., cultivar
PMR 45) was observed in 10 different
sets of field conditions. In general, the
early period of melon development

seemed to be the dominant period in
determining field-to-field variations in
important fruit characteristics. This
statement is qualified by the following
list of conclusions concerning the de-
velopment of each characteristic. Some
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of these in turn are qualified in the more
extended discussions of the text.

Time required for maturation. Over
a wide range of conditions, the meam
time lapse from the 2”-3” size fruit to
full-slip was remarkably constant from
field to field. The normal requirement
of 5 weeks was abbreviated in fields
where plants were obviously disordered.

Development of flesh color. Most
flesh color development occurred in the
week preceding the last week of matura-
tion. For melons having about 50 per
cent color development, full-slip oec-
curred in about 10 to 14 days.

Melon size. Major field-to-field dif-
ferences in melon size were related to
variations in the growth of fruits while
relatively young.

Fruit shape. Fruit shape was de-
termined while fruits were young. A
significant portion of field-to-field vari-
ation was attributable to the shape
fruits had acquired at the 2”-3” size.

Surface netting. In most fields, young
melons in the incipient net stage re-
quired about 4 weeks to reach maturity.
The size of net interspaces appeared not
to vary once the net was ramified (2
weeks after the 2”-3” size). An impor-
tant exception to this statement oec-
curred in the 1 field which produced
melons having poor net at maturity. At
this field, final inerements in melon size
apparently were not accompanied by
equivalent extension and thickening of
net strands.

Suture netting. The degree to which
melon sutures were netted at maturity
was evident at very early stages of net-
ting, even at the incipient net stage.
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Ground-spot size. Observations con-
firmed the commonly held opinion that
the size and character of the ground-
spot, aside from insect damage, depend
chiefly on the nature of the contact sur-
face between fruit and soil, rather than
on plant—fruit relationships.

Flesh thickness and flesh proportion.
The proportion of flesh thickness to
melon radius was associated with
growth subsequent to the 27-3” size.
During this growth, nothing short of
severe pathologic debilitation appeared
to alter the function between time and
flesh proportion in the later stages of
fruit development from that obtaining
in the earlier stages.

Soluble solids concentration. Field-
to-field variations in the coneentration
of soluble solids at maturity exhibited
no simple association with concentra-
tions of soluble solids measured at pre-
vious weekly intervals. The regression
of soluble solids concentration as a
function of time varied between loca-
tions, but at no location was there evi-
dence of a decline in soluble solids dur-
ing the 3-week period preceding the
full-slip stage.

Correlation of seed number with
melon characteristics. Within certain
fields, there were significant correlations
between seed number per fruit and
cross diameter or flesh thickness. There
was a significant correlation between
seed number and flesh thickness across
fields. Seed number was not correlated,
at least on a simple basis, with the other
measured fruit characteristics.
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