|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu
aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.


https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu




2

5

i

2 [z

936
[~ 3

22

o

Ln
=3

|

”“ I

£k

1]

r

Fr
—_—

22

22

“ flee

FERER

2

N
On

I

it fie

128 it us

MICROCOPY RESOLUTION TEST CHART MICROCOFY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1963-A NATICNAL BUREAU OF STANDARDS-1963-A



http:111111.25
http:111111.25

&/“vlo

"DEPOSITORY

1970

Effecte of Maturlty Changes R

On Nondestructive Measurements

Of Citrus Frult Quallty

REFERENCE
DO NET .L-.QAN |

P

. Technical’ Bulletin No. 1410

JUN 1

Los Angeles Public Library

_ Agricultural Research Service
UNITED STATES DEPARTMENT OF AGRICULTURE




Centents

Page Paga

SUMMALY w oo ccimmmaam e 1 Results and disecussion .......... 7
Intreduetion oo oL .- 1 Nondestructive measurements .. 7
Materials and motheds ... ... 4 Destructive measurementa _.___ 20
Nondestructive measurements .. 4 Analytica! measurements __._ .. 20
Destructive measurements -__._ 6 Field temperature __._.__..__._. 35
Analytical measurements ... ... 6 Literaturecited _ .. ... ... 40
Field temperature . _......--_- 6 Appendix oo mmmaaaa 45

List of Figures

Page
Figure 1.—Weight of Hamlin (H) and Valencia (V) oranges and Marsh
(M) grapefruit during the 1964, 1965, and 1966 geasons ._.._____._. . B
Figure 2.—Specific gravity of Hamlin (H) and Valeatia (V) oranges and
Marsh (M) grapefruit dering the 1964, 1965, and 1966 seasons ___ . _.__ 9
Figure 3.—Length of Hamlin (H) and Valencia (V) oranges and Marsh
(M) grapefruit during the 1964, 1965, and 1966 seasons ... __....... 11

Figure 4.—Form (length/diameter) of Hamlin (H) and Valencia (V)
cranges and Marsh (M) grapefruit during the 1964, 1965, and 1966
BOASONS oo e rn ek e e mm e mm oMM mmm e e mm e ammmm———— 12

Figure 5.—Compression of Hamlin (H) and Valencia (V) oranges and
Marsh (M) grapefruit during the 1964, 1965, and 1966 seasons. Com-
pression values of 50 indicate a reduction in circumference of approxi-
mately 0.28 em ... .._..._ e m e e m e e mmem e mm—a———— 13

Pigure 6.—Direct path {DP) chlorophyll measurements of Hamlin (H) and
Valencia (V) oranges and Marsh (M) grapefruit during the 1964, 1965,
1964, 1965, and 1966 Seas0ns .. ..o meo oo 15

Figure 7.—Integrating sphere (IS) chiorophyll messurements of Hamlin
(H) and Valencia (V) oranges and Marsh (M) grapefruit during the
1964, 1965, and 1966 SERSONS . ociumro e mm oo eccncammaa 16

Figure 8,.—Reflectance chlorophyll measurements of Hamlin (H) and
Valencia (V) oranges and Marsh (M) grapefruit during the 1966
SEASOT o tr o o v wm et m i mmmmam M m e — = e e M m e e e Mmoo mmmmeme—am—=== 17

Figure 9.—Direct path (DP) water-band measurements of Hamlin (H) and
Valencia (V) oranges and Marsh (M) grapefruit during the 1964, 1965
1966 SERBOME . oo oo oo o heemm e e e cmm e e rcmmiaiammemmameen _ 18

Figure 10.—Integrating sphere (IS) water-band measurenients of Harlin
(H) and Valencia (V) oranges and Marsh (M) grapefruit during the
1964, 1965, and 1966 seasOns _ o .. mmmmmme—— o emmamammoo 19

Pigure 11.—Chlorophyll measurements (DP) of peeled Hamlin (H) and
Valencia (V) oranges and Marsh (M) grapefruit during the 1064, 1965,

. and 1966 SeASOMS . et mmme e 21

Figure 12.—Water-band measurements (PP) of peried Hamlin (H} and

Valencia {V) oranges and Marsh (M) grapefruit during the 1964, 1966,

and 1968 SERSOIS oo oo oo c e e e e mm e e e e mm e e mm e mmmam 22
Figure 13.—Weight of peeled Hamlin (H)} and Valencia (V) oranges and
Marsh (M)} grapefruit during the 1964, 1965, and 1966 seasons _.____. 23




Figure 14.—Specific gravity of peeled Hamlin (H) and Valencia (V)
oranges and Marsh (M} grapefruit du.ing the 1964, 19€E, and 1966
Seasons

Figure 15.—Rind weight of Hamlin (H) and Valencis (V) oranges and
Marsh (M) grapefruit during the 1964, 1965, and 1966 seasons

Figure 18— Percentage of rind in Hamlin (H) and Valencia (V) oranges
and Marsh (M) grapefruit during the 1964, 1965, and 1966 seasons ..

Figure 17.—8pecific gravity of the rind of Hamlin (H} and Valencia (V)
oranges and Marsh (M) grepefruit during the 1964, 1966, and 1966
SeaS0TS

Figure 18— Number of seeds in Hamlin (H) and Valencia (V) oranges and
Marsh (M) grapefruit during the 1865 and 1965 seasona

Figure 19.—Juice weight in Hamlin (H) and Valencia (V) oranges sand
Marsh (M) grapefruit during the 1964, 1985, and 1966 seasons

Figure 20.—Percentage of juice in Hamlin (H} and Valencia (V) oranges
and Marsh (M) grepefruit during the 1964, 1965, and 1966 seasons __..

Figure 21.—Percentage of soluble solids in Hamlin (H) ard Valencia (V)
oranges and Marsh (M) grapefrunit during the 1964, 1965, and 1966
3easons

Figure 22.—Percentage of acid in Hamlin {H) apd Valencia (V) oranges
and Marsh (M) grapefruit during the 1964, 1965, and 1966 seasons _.

Figure 23.—Ratio of soluble solids-to-seid in Hamlin (H) and Valencia (V)
oranges and Marsh (M) grapefruit during the 1564, 1965, and 1966
seasons

Figure 24.—Weight of soluble sciids per fruit in Hamlin (H)} and Valencia
(V) oranges and Marsh (M) grapefruit during the 1964, 1965, and
1856 seasons e .

Figure 25.-—Field temperature. Hours below 70° F. during the 1964, 1965,
and 1966 seasons: A, Number of hours below 70° during the 2 weeks
prior to each harvest; B, Cumulative hours below 70° during the
BEUSOTL .. . o it i e e e e e mm e e

Figure 26.—I"ield temperature. Hours below 66° F. during the 1964, 1965,
and 1966 semsons: A, Number of hours helow 65° during the two weeks
prier to each harvest; B, Cumulative hours below 65° during the
season S .

Washington, D.C. Issued March 1879

For sale by the Superintendent of Documents,
U.8. Government Printing Office, Washington, D.C. 20402

Price 40 cents




Effects of Maturity Changes
on Nondestructive Measurements
of Ciirus Fruit Quality
Otro L. JABN

Market Quality Research Division,
Agricultural Rescarch Service

SUMMARY

Studies on Hamlin and Valencia
oranges and Marsh grapefruit
were conducted during three gsea-
sons, beginning in the fall before
Hamlin oranges were mature and
continuing to the end of the sea-
son for each variety. Data were
obtained on changes by a number
of nondestructive measurements,
These included measurements of
color by light transmission, firm-
ness, weight, size, and specific
gravity, Destructive measure-
ments were internal color,
weight, seeds, juice content, solu-
ble solids, and acid analysis.
Twenty-eight measurements were

made on each individual fruit in
the 20-fruit samples.

Btatistical analysis showed sig-
nificant differences among tests
in each series in nearly all obser-
vations. Fruit weight, size, juice
content, and soluble solids in-
creased, and chlorophyll level,
firmness, percentage of rind and
percentage of acid decreased.
Some differences among varieties
in the pattern of change were
noted, and differences among sea-
sons were apparent in some vari-
ables including fruit size, choro-
phyll, number of seeds, percent-
age of acid, and solids-to-acid
ratio.

INTRODUCTION

Findings from previous re-
sezrch on maturity changes in
citrus fruit (26, 21) have served
as a basis for establishing regu-
lations for grades and standards
for Florida ecitrus fruits.! These
regulations have enabled the in-
dustry to make great advances in
improxing fruit quality. How-
ever, occasional problems still
oceur beeause of the range in

! Italic numbers in parentheses refer
to Literature Cited, p. 40.

quality within fruit lots. These
problems are more apparent at
the start of each season and are
particulariy serious in shipments
of fresh fruit. Although a low
quality fruit may pass the pre-
sent grading system and be un-
noticed in a processed product,
such fruit may be quite apparent
to the consumer of fresh fruit.
This study was undertaken to
determine the potential applica-
tion of newer procedures in the
evaluation of ecitrus fruit quality.

1
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Nondestructive measurements as
well as standard chemical analy-
ses and several other measure-
ments were included to provide a
broad base for evaluation. Only
changes occurring during the
season are reported here. Rela-
tionships between various mea-
surements will be evaluated in a
separate report.

Changeg oceur s'owly in ma-
ture citrug fruits, but with the
long  harvest period these
changes may be considerable, In-
creases in weight were found in
Washington Navel (2, 12), Ham-
lin {21, 48, 54), Valencia (2, 13,
83, 36, 43, 48}, Murcott (34), and
Shamouti (79) oranges, ané in
Marsh (20, 42, 46, 54), Duncan
(20), and Ruby Red (29) grape-
fruit. Changes in volume were
comparable to changes in weight
(24, 42, 48). Similar increases in
diameter or circumference were
reported for Washington Navel
(9, 12), Hamlin (21}, Valencia
{2, 13, 88, 86), Murcott (34), and
Shamouti (79) oranges and for
Marsh (20, 42) and Duncan (20)
grapefruit, Changes in thege
measurements  were  greatest
early in the season with smaller,
if any, changes occurring later,
Some decreases occasionally were
indicated, particnlarly in overma-
ture fruit.

The specific gravity of oranges
did not change with increasing
maturity. Results for Valencia
included values of 0.98-1.00 (51),
0.89-0.95 (68), 0.92-0.94 (56),
Washington Navel 0.87-0.92
(63), 0.93-0.97 (56), Pinapple
0.995 (51), and Shamouti .95
(19) oranges. Stout (60) in a
study on freeze-damaged oranges
reported a range of 0.55 to 1.10
in specific gravity for Valencia
oranges with the lower values re-
sulting from freeze damage.

With Marsh grapefruit, a de-
crease from 0.87 to 0.73 was re-
ported with increasing maturity
(27). Other researchers reported
values of 0.87 (51), 0.79-0.82
(56), 0.81-0.85 (60), 0.68-0.76
(24) for Marsh, 0.82 (24) for
Redblush, and 0.86 (51) for Sil-
ver Cluster grapefruit, with no
indication of a seasonal change in
mature fruit, On an unidentified
grapefruit, specific gravities of
(.83 to 0.93 were renorted for the
intact fruzit and 1.00 to 1.11 for
the peeled fruit (35).

Most of the research on citrus
fruit maturity has been limited
to changes in chemical analyses.
Of these, increases in sugar or
soluble solids with maturity have
been found in Hamlin (21, 37, 38,
48), Valencia (2, 138, 33, 36, 38,
48, 51, 55), Murcott (34), Wash-
ington Navel (3, 12, 88), and oth-
er varieties of oranges (21, 33,
87, 88). At the same time, de-
creases in total acid content of the
juice were found in Hamlin (21,
37, 88, 48, 54), Valencia (2, 12,
33, 36, 88, 43, 48, 51, 55), Mur-
cott (84), and Washington Navel
(3, 12, 38) oranges. These changes
resulted in inereased solids-to-
acid ratios in Hamlin (21, 27,
48}, Valencia (12, 13, 36, 48, 55),
Murcott (34), and Washington
Navel (8, 12) oranges.

In grapefruit analyses,
changes were much smaller and
less consistent. Some increase in

soluble solids was generally
found early in the season with
little subsequent change in

Marsh (20, 24, 42, 46) and a
seedling (22). A decrease in solu-
ble solids was found in Ruby Red
(29) but no change was found in
Redblush (24). Data on acid con-
tent showed similar wvariability
with results ranging from little
change to a decrease. Changes in
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solids-to-acid ratic were slizht or
showad some inerease in Marsh
(20, 24, 42, 46), Ruby Red (29),
Redblush (24), and a seedling
(22) grapefrnit. Appavently, at
least part of the variability of re-
sults reported was related to dif-
ferences in the length or part of
the season during whick fruit
was sampled.

Changes in juice content gen-
eraily followed changes in fruit
weight (8. 84). The percentage
of juice in fruit has varied, how-
over. Y Valencia oranges,
‘uice . . ont has ranged from lit-
+3. if any change (21, 51, 55) to
~ome increase (36} with increas-
ing maturity, while slight in-
creases were reported for Hamlin
(21, 48) and Murcott (34) and a
decrease for Navel oranges (55).
With grapefruit, results varied
from no change to an increase,
especially early in the season, for
Marsh (20, 23, 42, 46} and an in-
crease for Redblush (24).

The importance of fruit analy-
sis is shown by the use of various
combinations of soluble solids,
acid, and ratic as the bagis for
maturity standards in the major
citrus areas. Other factors, in-
clading fruit color ang juice con-
tent, are aiso sometimes used.
The value of chemical analyses is
shown by their relation to accept-
ability of fruit in flavor tests (20,
21. 28, 30, 81). However, there
have been probiems in using
these factors as measures of ma-
turity and quality (21, 30).

Packers of citrus fruits have
been concerned with color for a
long time, primarily in relation
to removing chlorophyll in de-
greening. Miller, Winston, and
Schomer {(39) used pigment ex-
traction to follow changes in zev-
eral varieties of oranges during
the season. They found .hat chle-

rophyll disappeared between Sep-
tember and November, with the
loss oceurring earlier in the sea-
son in Parson Brown than in
“alencia oranges. At the same
time carotenoids in the rind in-
creased but these did not reach a
maximum level until March. Ca-
rotencids in the juice also were
found to increase in Parson
Brown and Hamlin oranges (87,
88). Stearns and Young (52}
found that temperatures of 55°
. or below were associated with
rapid changes in rind color. At
higher femperatures, changes
were slower. Responses on Ham-
lin, Parson Brown, and Pineap-
ple oranges were similar. The
rind of Marsh and Duncan grape-
fruit changed color more gradu-
ally with less response to low
temperatures, More recent siud-
jes with Valencia cranges under
controlled conditions showed sim-
ilar effects of low temperature in
improving fruit color (i4, 64,
65}, Chiorophyll levels were
lower and carotenoids higher at
7° C. {45° F.) night tempera-
ture than 20° C. (68° F.). In this
variety, chlorophyll was found to
decrease from November to June,
while carotenoids, particuiarly
xanthophylls, increased.

Electronic color measurements
using reflected light are being
used for sorting fruit. In 1958 an
experimental sorter successfully
sorted lemons (41). Today, a sim-
ilar commercial machine is used
to sort most of the lemon crop
{1). Machines are also extensive-
ly used {o sort cherries (58, 59).

The development of light
transmittance instruments pro-
vides a promising approach te
measuring color of intact fruit
(6, 40). Changes in pigments
with maturity have been fol-
lowed in tomatoes {(7), peaches
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(6, 45, 47}, cherries (61), apri-
cots (44), plums (15, 45), and
apples (6). Correlations of 0.92
to 0.97 have been obtained be-
tween instrument measurements
and ci:lorophyll content of apples
(6, 62) and 0.94 to 0.96 in
peaches (6, 47). Some internal de-
fects, including water core of ap-
ples {6, 8, 10, 18}, hollow heart of
potato (4, 6), and bruising of
cherries (61}, have also been de-
tected by this method., A sorter
based on light transinittance

shows promise on apples (62).

In oranges, greener fruit have
lower solids than more orange
fruit (48, 50). Using a horticul-

tural spectrophotometer, both
wavelength of peak transmit-
tance (32, 34) and chiorophyll
leve! (82) were found to be cor-
related with flavor and soluble
solids in Mureott Honey orangss.
The difference meter (€) is bet-
ter adapted te rapid laboratory
measurements of specific charac-
teristics such as chlorophyll
Changes in this pigment are
readily followed in intact oranges
and grapefruit during matura-
tion and as a result of degreening
{25). This roeasurement was of
considerable value in following
changes in color-sorted oranges
during degreening (17, 26).

MATERIALS AND METHODS

Studies were made during the
1964-65, 1965-66, and 1966-67
seasons, For econvenience in the
following discussions, these will
be referred to as the 1964, 1965,
and 1968 seasons. Hamlin and
Valencia oranges and Marsh
grapefruit were tested. Trees of
both varieties of oranges were on
rough lemon rootstock, while the
grapefruit trees were on sweet
orange. All trees were of mature,
bearing age, The same trees were
used for all samples taken within
a season, and the same or adja-
cent trees were used for all sea-
sons.

Fruit was cbtained at 2-week
intervals each season, Tests

started on September 14, 1964,
and ran until February 1, 1965,
for Hamlin oranges and until
May 24, 1965, for Valencia or-
anges and Marsh grapefruit.
During the 1965 and 1966 sea-
sons, the same geries of tests
were conducted, bhut calendar
dates were 1 and 2 days earlier
than the 1964 tests.

Random samples of 20 fruit
each were taken from washed
fruit. Any fruit that was scarred
or discolored was excluded. The
samples were then numbered for
individual fruit records. The fol-
lowing series of obhservations was
made on each fruit,

Nondestructive Measurements

Weight: Data on intact frait
size measured in grams.

Volume: Size of intact fruit as
measured by water displacement,
recorded as grams of water dis-
placed.

Fruit specific gravity: Weight/
volume of intact fruit.

Length: Size of fruit as mea-
sured along axis from stem to
stylar end, in ecentimeters.

Diameter: Size of fruit as
measured across fruit at right
angles to the axis, in centimeters.

Form: Fruit length/diameter;
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this was used as an indication of
fruit shape.

Compression: Fruit firmness
as measured by a compression in-
gtrument (ASCO “Firmnessme-
ter”) (18). This instrument uses
an arbitrary scale of 0 to 100 to
measure defermation from an ap-
plied stress weight. A reading of
50 means a reduction of approxi-
mately 0.28 ¢m. in circumference
of a fruit. For these tes's, a pre-
stress weight of 1,000 grams and
a test weight of 2,000 grams
were used for oranges and 1,600
and 3,000 grams for grapefruit,
A stress time of 10 seconds was
used, and the stress wasg applied
using a metal-link belt.

Chlorophyll—DP: Chlorophyll
measurements in intact fruit
were obtained with a light-trans.
mittanee difference meter (6, 25)
using the direct path (DP)
sample presentation system (25).
In the DP system, the light beam
was restricted to a 11/8-inch-
diameter path on entering and
leaving the fruit. The path of the
beam was oriented parallel to the
axis of the fruit from stem to
stylar end. Measurements were
made using monochromatic light
from second order interference
filters and a photomultiplier (Du-
mont 6911). The lamp voltage
was set at 0.4 scale (11.5 volts),
and calibration was based on
screens of known density. Chloro-
phyl]l measurements were made as
the difference in optical density
(AODY between wavelengths of
695 and 740 nanometers (nm.),

Chlorophyll —IS: Chlorophyll
measurements in intact fruit as
indicated by the light-transmit-
tance difference meter with an
integrating-sphere (IS} sample
system (25). Here the light beam
was restricted on entering the
fruit, as in the DP system, but it

could leave in any direction. En-
trance to the fruit was through
the stylar end. Filters and calibra-
tions were the same as for the
DP system. Data were recorded as
AOD 695-740 nm,

Chlorophyll reflectances; Chlo-
rophyll measurements on the sur-
face of intact fruit were obtained
using a reflectance attachment
(5) for the difference meter. With
this system, a single reading per
fruit was taken of an area three-
fourths of an inch in diameter
along the equator of the fruit.
‘"he same instrument calibration
procedures were used as for
above measurements. Data were
recorded as relative reflectance
695-740 nm. As a check, readings
of a calibrated orange color plate
were made during each test. This
plate with Hunter color values of
Rd=34.2, a, = +31.6, bz = +34.8
gave a relative reflectance of
0.258 to 0.282 with this attach-
ment and chlorophyll filters. This
observation was made only dur-
ing the 1966 season.

Water band—DP: Measure-
ments of waterband absorption at
760 nm. using the difference me-
ter and DP sample system cali-
brated as described above. Data
were recorded as AQD T60-811
nm. The water-band measure-
ment has been effective in detect-
ing water core in intact apples.
Although spectral curves have not
shown evidence of any similar ab-
sorbance response in citrus, this
measurement was included be-
cause of known changes in strue-
ture during maturation,

Water band—TS: Water-band
measurements of intaet fruit
were made using the IS system
on the difference meter. Calibra-
tion was the same as for the DP
system. Data were recorded as
AOD 760-811 nm.
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Destructive Measurements

Chlorophyll-—peeled:  Chloro-
phyll levels of the peeled fruit
were made using the difference
meter calibrated with the DP sys-
tem. The fruit was peeled, remov-
ing the flavedo and as much of
the albedo as practical. Data were
recorded as AOD 695-T40 nm.
During the 1966 season, all meas-
urements of peeled fruit were ob-
tained only in odd-numbered tests.

Water band—peeled: Water-
band measurements of the peeled
fruit were made using the differ-
ence meter calibrated with the
DP system. The fruit was peeled
as described for chlorophyll, and

data were recorded as AOD
T60-811 nm.
Peeled  weight: Weight in

grams of the peeled fruit.

Peeled volume: Size of the
peeled fruit recorded as grams of
water displaced.

Peeled specific gravity: Peeled
weight/volume of peeled fruit.

Rind -weight: Difference be-
tween weight of intact fruit and
peeled fruit in grams.

Rind volume: Difference be-
tween volume of intact fruit and
peeled fruit in grams.

Rind specifie gravity: Rind
weight/rind volume,
Percent rind: Percent of

weight of intact fruit represented
by weight of rind.

Number of seeds: Number of
typical seeds of the variety. Be-
cause of the range in size of ma-
ture seeds, those smaller than
normal were recorded as 0.5 of a
normal seed. These observations
were obtained during the 1965
and 1966 seasons only.

Juice weight: Weight in grams
of juice as extracted with a hand-
press.

Percent  juice: Percent of
weight of intact fruit represented
by weight of juice.

Analytical Measurements

Percent soluble solids: Sugar
content of the juice as deter-
mined by a refractometer, calcu-
lated as sucrose.

Percent acid: Acid content of
the juice determined by titration
with 0.4095 normal! sodium hy-
droxide (N NaOH) and pheno-

phthalin indicator. This was cali-
brated as citric acid.

Solids/acid ratio: Ratio of per-
centage of soluble solids to per-
centage of acid in the juice.

Weight solids: Weight of juice
times percentage of soluble sol-
ids, recorded as grams of soluble
golids in the juice per fruit.

Field Temperature

A recorder was kept in the
field throughout each of the sea-
sons to obtain eontinuous records
of temperature. The recording
station was placed near the grape-
froit test trees 3 feet off the
ground. During the first season, a

second siation was placed near
the orange trees. Although thege
stations were about one-half mile
apart, the temperatures recorded
were nearly identical. In succes-
sive seasons, therefore, only the
grapefruit station was used, Dur-




MATURITY CHANGES OF CITRUS FRUIT 7

ing the 1965 season, a freeze oc-
curred on January 31, 1966. All
oranges harvested on this aate
for test 11 and all Valencia or-
anges used in later tests, there-
fore, may have had some injury.
No evidence of injury was found
in any sample of Marsh grape-
fruit,

The time of bloom for each va-
riety varied somew’at among the
three crop seasons For the 1964,
1965, and 1966 ‘casons, the peak
periods of bloom for Hamlin or-
anges were March 9-23, March
15-26, and March 11-April 1,
for Valencia oranges, March
1623, March 18-April 1, and
March 14-April 1 ; and for Marsh
grapefruit, March 16-28, March
22-April 1, and March 18-April
1.

Florida regulations for citrus
maturity include regquirements

for minimum color and juice as
well as minimum levels for solu-
ble solids and solids-to-acid ratio
in the juice. In this report, only
the analytical reguirements are
considered, since they are usually
the most eritical factors in deter-
mining maturity.

The data obtained in these
gtudies were analyzed statisti-
cally to evaluate the differences
among tests. Although 19 tests
were run each season {11 for
Hamlin), fewer observations
were available in several in-
stances becaunse of losses from
various causes. Most of those
losges were in the firat three tests
of the 1964 season. Since this
complicated computer analyses,
these three tests were omitted
from the analyses although
available data were presented in
the figures.

RESULTS AND DISCUSSION

Nondestructive Measurements

Weight

Increases in fruit weight with
maturity were found in all three
seagons and in each of the vari-
eties studied (fig. 1). These in-
creases in weight tended to be
more rapid during the fall, with
little change in Valencia oranges
later in the season. The differ-
ences among tests were signifi-
cant within each season for each
variety {(appendix table 1). In
1964, the supply of Marsh grape-
fruit for testing was not ade-
quate, and because of sampling
variability, the data showed a
decline in the size of fruit tested
near the end of the season. The
inereases in weight found here
support similar results found

with these and other citrus vari-
eties (2, 9, 12, 19, 20, 21, 29, 84,
36, 48). Both Hamlin and Valen-
cia oranges showed lower fruit
weights in the 1966 season which
on the Hamlin trees was asso-
ciated with a heavy crop.

VYolume

Changes in fruit volume (not
shown) closely followed those for
fruit weight, supporting earlier
reports (24, 42, 48).

Specific gravity

Specific gravity of intact Val-
encia fruits (fig, 2} increased at
the start of the season. No fur-
ther changes were found except
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FIGURE 1.—Weight of Hamlin (H} and Valencis (V) oranges and Marsh (M)
grapefruit during the 1964, 1965, and 1966 seasons.




MATURITY CHANGES OF CITRUS FRUIT

$ 0 ¥ D I F W A M

09
e 1964
o—s 1365
ceees 1056
g %
100y
s 09
= 09
085

12 18

| B
Test

CERIE AL HARS INGI ATE THE APPROXIMAFE TIME AF WHICH FRNT REACHED FHE MINIMEIM MATURIFY STANDARDS

FIGURE 2.—Specific gravity of Hamlin (H} and Valencia {V) oranges and Marsh
{M) grapefruit during the 1964, 1965, and 1966 seasens,
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for the decline in 1965 which re-
sulted from a freeze, The specific
gravity of Hamlin oranges was
not as consistent from season to
season, but in 1964 and 1965 an
initial increase was followed by a
gradua! decline, Marsh grape-
fruit also showed differences be-
tween seasons. In 1964, increases
in specific gravity were found at
both the siart and end of the sea-
son, while in 1965 a gradual in-
crease throughout the season was
indicated. The values obtained
are similar to those previously
reported for oranges and grape-
fruoit (24, 35, 51, 56, 68).

Leng l-h

Seasonal changes in the aver-
age length of fruit are shown in
figure 8. Again significant in-
creases in fruit size are shown
with the greatest increase tend-
ing to be during the early part of
the season. The smaller size of
fruit during the 1966 season, pre-
vicusly noted in the weight of
Hamlin and Valeneia oranges, is
also shown here in fruit length.
Marsh grapefruit averaged long-
er during the 1965 season than in
the other seasons.

Diameter

Measurements of fruit diame-
ter (not shown) indicated signif-
icant seasonal changes similar to
those of length. These results
support previous reports of in-
creases In fruit size (2, 9, 12, 13,
19, 20, 21, 34, 86, 42). The differ-
ences among seasons shown pre-
viously for Hamlin and Valencia
oranges were also present in
these measurements. However,
the greater length shown for
Marsh in 1965 was not repeated
here.

Foriit

Data on form {length/diame-
ter) of the fruit are presented in
fipure 4. No consistent trend is
evident for Hamlin or Marsh,
but significant differences among
tests were shown for Valencia, If
valid, these findings indicate that
the length of the fruit inecreased
more rapidly than the diameter
during the season. Decreases in
this measurement have been.
shown in other fruifs early in
their development (57). As an
indication of shape, the data show
that differences exist among the
three varieties. A value near 1.0,
as with Hamlin oranges, indieates
that the fruit is essentially round.
Higher values, as for Valencia,
indicate a more elongated shape,
while the lower values, as for
Marsh, indicate a flatter shape.
Congsistent differences in the form
of the fruit were found among
seasons for all varieties. Lower
values, indicating flatfer fruit,
were obtained for Hamlin in
1966, Valencia in 1965, and Marsh
in 1964. The resulis for Hamlin
in 1966 may have been associated
with the heavy crop and resulting
smaller size.

Compression

Significant inereases in com-
pression, indicating a soffening
of fruit with advancing maturity,
were shown in all three varieties
each season (fig. 5 and table 1).
The instrument for r1aeasuring
compression does not appear to
be sensitive or reliable for mea-
suring small differences in firm-
ness. The data do show, however,
a number of expected changes.
Hamlin oranges either at the
same time or at a similar matur-
ity were softer than Valencia or-
anges, During the first season,
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FicumE 3.—Length of Hamlin (H)} and Valencia (V) oranges and Marsh (M)
grapefruit during the 1964, 1965, and 1966 seasons.
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Ficure 4.—Form (length/diameter} of Hamlin (H) and Valencie (V) oranges
and Marsh (M) grapefruit during the 1964, 1965, and 1966 seasons.
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FIGURE 5.—Compression of Hamlin (H) and Valencia {V)} oranges and Marsh
(M) grapefruit during the 1964, 1965, and 1966 seasons. Compression values
of B0 indicate a reduction in circumference of approximately 0,28 cm.
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because of a machine breakdown,
test 5 was delayed. When mea-
surements were finally made, the
readings were high, indicating a
softening of the fruit. A freeze at
the end of January 1966 affected
oranges beginning in test 11.
Both Valencia and Hamlin were
softened, but Valencia oranges
sampled after test 15 again had
normal firmness. Marsh grape-
fruit, on the other hand, did not
show any evidence of injury at
the time and the softening that
showed up in later tests was
probably the result of advanced
maturity,

Chlorophyll--DP

Changes in chlorophyll, as
measured by a difference meter
using the direct-path (DP)} sys-
tem, were significant in each sea-
son for each of the three varieties
{fig. 6). Each variety had a con-
sistent pattern of change; Ham-
lin showed an early, rapid loss of
chiorophyll, while the change oc-
curred later in Valencias. Marsh
grapefurit began changing early
in the season, but the rate was
slower thun for the oranges. No
seasonal variation was evident
with Valencias, but Hamlin or-
anges were nearly a month late
in changing during the 1966 sea-
son. Marsh grapefruit dropped to
a lower chlorophyll level in 1966
than in the previous seasons.
Both Marsh grapefruit and Val-
encia cranges showed some re-
greening in 1864. Since most of
the chlorophyll in citrus is in the
flavedo, these differences can be
seen, although the instrument
can detect smaller differences
than are visible.

Hamlin oranges stil had a
high chiorophyll level when they
first met the internal quality

legal standards. This level was
relatively constant from season
to season, even though the time
of legal maturity varied. By the
time Valencia oranges were ma-
ture, the chlorophyll level had
becomme minimal. Marsh grape-
fruit, on the other hand, showed
marked differences among sea-
sons in time of legal maturity.
These differences were associated
with various chlorophyll levels.

Chlorophyll-IS

Resnlts using the integrating-
sphere (IS) system in measuring
chlorophyll (fig. 7) were similar
to those using the DP system.
Differences within each season
were significant, and differences
among seasons for Hamlin or.
anges and Marsh grapefruit were
again evident. Changes in chloro-
phyll resulting from regreening
were not as apparent, however,
The changes in pigment indicated
here agree with results of chemi-
cal extractions {89) and also sup-
pori earlier work on light trans-
mittance with citrus fruits (84).
These results indicate that
changes in chiorophyll can be
followed in intact fruit. This pro-
cedure has been used successfully
in other studies (17, 25, 26).

Chlorophyll—reflectance

Results from the reflectance
measurements of chiorophyll in
the rind during the 1966 season
{fig. 8} were similar to the com-
parable light-transmittance data
{figs. 6 and 7). Since most of the
chlorophyll is in the flavedo, this
similarity was expected. Changes
in chlorophyll should be compa-
rabie in most parts of tie fruit,
but the actual levels may differ
because the chlorophyll is not
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Figure G.—Direct-path (DP) chlorophyll measurements of Hamlin (H) and
Valencia (V) oranges and Marsh (M) grapefruit during the 1964, 1865, and
1966 seasons.
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FIouRE T.—Integrating sphere (18} chloraphyil measurements of Hamlin {H) and

Valencia (V) oranges and Marsk (M) grapefruit during the 1964, 19656, and
1866 seasons.
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usually distributed oniformly. tem were small, as shown in
Because of this, consistent orien- figure 9. Although there was
tation of the fruit reduces mea- much fluctuation, some seasonal
surement variability with either trsnd is evident, particularly
procedure. In practice, light during the first two seasoms, and
transmittance with the integrat- differences within eath seazon
ing-sphere unit should respond to

chlorophyll in a larger part of

the rind and, therefore, give a

were significant.
better reading than reflectance.

Water band-—-IS
Water band—DP

Az shown in figure 10, the IS
system gave lower but much
more consistent readings than

Changes in the water-band
measurement using the DP sys-

the DP system. The same pattern
of response is shown by both sys-
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FiGURE 8.—Reflectance chlorophyll measurements of Hamlin (H) and Valencia
{V) oranges and Marsh {M) grapefruit during the 1966 season.
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FIGURE 9.—Direct path {DP) water-band measurements of Hamiin (H) and

Valencia {V} oranges and Marsh (M) grapefruit during the 1964, 1965, and
1966 seasons.
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Fi1cuRE 10.—Integrating sphere (IS) water-band measurements of Hamlin (H)
and Valencia (V) oranges and Marsh (M) grapefruit during the 1964, 1965,

and 1966 seasons,




20 TECHNICAL BULLETIN 1410, U.S. DEPT. OF AGRICULTURE

tems for all three varieties. In
each variety results for the third
season were initially lower and
changes less than for the other
seasons. Some increase is shown
near the end of the season, espe-
cially for Marsh grapefruit.
These changes were frequently
comparable to changes in com-

pression (fig. &)}, indieating some
relationship between this mea-
surement and structural changes
that cccur in the maturing fruit.
However, a comparison of results
for Hamlin and Valencia oranges
shows little difference, although
the seasons of maturity are to-
tally different for these varieties.

Destructive Measurements

Chlorophyll—peeled

Significant  decreases  were
found in the chlorophyll level in
the vesicles of peeled oranges
{fig. 11). This decrease oceurred
later in the season in Valencia
than in Hamlin oranges, as in the
intact fruit. Changes in grape-
fruit were inconsistent. As in
previous chlorophyll measure-
ments, seasonal differences were
found for Hamlin but not Valen-
cia oranges. The low values early
in the 1964 season for Marsh
grapefruit have not been ex-
plained.

Water band—peeled

Changes in the water-band
measurements of peeled fruit are
shown in figure 12. Differences
were smaller and more erratic
than with the DP system on in-
tact fruit (fig. 9). In some sea-
sons there was z trend to lower
readings with advancing matur-
ity, but more commonly there
was little consistent change, al-
though significant differences
within each season were present.

Peeled weight

As ghown in figure 13, the
weight of peeled fruit followed
closely the weight of the intact
fruit (fig. 1). Again increases

were more rapid early in the sea-
son, and the fruit, especially the
oranges, tended to be smaller in
the 1966 season.

Peeled volume

The volume of the peeled fruit
{(not shown} followed closely the
changes in weight of the peeled
fruit, and the same comments

apply.

Peeled specific gravity

Changes in the specific gravity
of the peeled fruit (fig, 14) were
small and frequently insignifi-
cant. A significant increase dur-
ing 1966 was shown for Valencia.
A trend toward a decreased spe-
cific gravity was present for
Marsh in 1964 and 1965. De-
creases were also evident for
both Hamlin and Valencia at the
end of the 1965 season. These de-
creases were related to decreases
in fruit specific gravity noted
earlier. The specifie gravity of
1.0-1.1 for peeled grapefruit, re-
ported by Longfield, Smith, and
Gray (35), is slightly higher
than found for Marsh here. As
with the intact fruit, the specific
gravity for peeled oranges was
higher than for the grapefruit.

Rind weight
As shown in figure 15, changes
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FIGURE 11.—Chlorophyll measurements {DP) of peeled Hamlin (H) and Valencia
(V) oranges and Marsh (M) grapefruit during the 1964, 19656, and 1966 seasons.
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Fioure 12.—Water-band measurement (DP} of peeled Hamlin (H) and Valencia
(V) cranges and Marsh (M) grapefruit during the 1964, 1965, and 1966 seasons.
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FiGUure 13.—Weight of peeled Hamlin {(H) and Valeneia (V) oranges and Marsh
(M) grapefruit during the 1964, 1965, and 1966 seasons.
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FIcURE 14.—S8pecifie gravity of peeled Hamlin (H) and Valencia (V) oranges and
Marsh (M} grapefruit during the 1964, 1966, and 1966 seasons.
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FIGURE 15.—Rind weight of Hamlin (H) and Valencia (V) oranges and Marsh
{M) grapefruit during the 1964, 1865, and 1866 seasons,
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in the weight of rind per intact
fruit during the season were
much smaller than in the peeled
fruit {fig. 13). Significant in-
creases were found in Hamlin or-
anges, which were greatest dur-
ing the first two seasons. A trend
toward increased rind weight
was also shown in Valenciaz and
Marsh fruit. The low weights for
Marsh late in the 1964 season
were due to the small size of
these fruits (figs. 1 and 3).

Rind volume

Changes in rind volume per in-
tact fruit {not shown) were simi-
lar to those shown for rind
weight, These measurements of
rind weight and volume were
more variable than the weighis
of the peeled fruit. Since the data
were obtained indirectly through
other measurements, the results
may be expected to vary from
%}ly errors made on these varia-

es.

Percent rind

Data on the percentage of rind
in the intaet fruit (fig. 16) indi-
cated a decline in the proportion
of rind in both Ham!lin and Val
encia oranges early in the season.
Valencia oranges showed no fur-
ther change, and no differences
among seasons were apparent,
There was a trend toward an in-
creased proportion of rind in
Hamlin oranges near the end of
the 1965 and 1966 seasons. In
1965, this increase was associated
with higher compression values
(softer fruit) (Ag. 5). In Marsh
grapefruit also, decreases in per-
cent rind were found at the start
of the season, but no consistent
further change was apparent.

Rind specific gravity

Changes in the specific gravity
of the rind (fig. 17) were small
although some significant trends
were apparent. The 1964 data for
Hamlin oranges showed a slight
decline with increasing maturity,
and similar trends were shawn
for Valencia during most of the
1964 and 1965 seasons. In con-
trast, the specific gravity in-
creased slightly for Marsh. The
rind of oranges was more dense
than that of grapefruit, probably
due to the smaller proportion of
albedo in orange rind. Valenecia
rind was alsa more dense than
that of Hamlin oranges.

Nuiher of seeds

Data on the average number of
seeds per fruit (fig. 18) showed
no significant changes with ma-
turity, as expected. In all vari-
eties fruits contained z wide
range in number of seeds. This is
indicated by the high coefficient
of variability (table 1) and indi-
cates that the variations shown
within seasons were due to sam-
pling variation. There was a
marked difference in number of
seeds between the two seasons
with Hamlin oranges. Part of
this difference may have been re-
lated to the heavier bloom in
1966. Similar seasonal differences
in number of seeds have been re-
ported for Valencia (11). The
number of seeds found here in
Valencia oranges was gimilar to
that reported (11}.

Juice weight

Changes in juice weight per
fruit (fig. 19) were significant
and generzlly followed those for
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FIGURE 16.—Percentage of rind in Hamlin (H) and Valencia (V) oranges and
Marsh (M) grapefroit during the 1964, 1965, and 1946 seasons.
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FigUrE 17.—Specific gravity of the rind of Hamlin (H} and Valencia (V) oranges
and Marsh (M) grapefruit during the 1964, 1965, and 1966 seasons.
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intact fruit weight (fig. 1). The occurred after the January 1966
major increases occurred during freeze, The decline shown for
the fall, and lower values were Hamlin oranges at the end of the
obtained in the 1966 season than 1965 season was associated with
in 1964 and 1965. Some decline in an increase in percent rind pre-
juice weight of Valencia oranges viously noted.
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FIGURE 18.—Number of seeds in Hamlin (H) and Valencia (V) oranges and
Marsh (M) grapefruit during the 19656 and 1966 seasons.
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Data on juice volume were re-
corded during the 1964 and 1965
seasons also. These values were
slightly lower than the asso-
ciated weight or, as in Hamlin
oranges, essentially the same.
Since correlations higher than
+0.99 were found between these
values and juice weight, they
were considered duplicate mea-
surements and discontinued.

Percent juice

As shown in figure 20, most
changes in percentage of juice oc-
curred early in the season. These
changes were significant within

each season, and they are in gen-
eral agreement with published
results on these and other citrus
varieties (20, 21, 24, 86, 42, 48,
55). These tests were initiated
before any of the fruits were of
marketable maturity, and the re-
sults indicated that a maximum
juice content might be reached
before legal maturity with little
further change occurring. The
percentage of juice in Valenecia
oranges was highest during the
1964 season and in 1965 there
was a decline after the freeze. A
decline was also apparent in
Hamlin oranges in 1965,

Analytical Measurements

Percent soluble solids

In Hamlin and Valencia or-
anges, significant increases in
soluble s0lids were found each
season {fig, 21). No seasonal dif-
ferences were evident during
most of the season in either vari-
ety. After the freeze in 1965,
however, liftle increase in solids
content was evident in Valencia
oranges. The decline in Hamlin
oranges in 1965 began before the
freeze and, when considered with
some of the other changes, ap-
peared to be due to the overma-
turity of this fruit. When these
changes were disregarded, solids
increased at a constant rate in
Hamlin, and initially in Valencia
oranges. Later increases were
more gradual in the mature Val-
encia fruit, These increases in
soluble solids agree with pub-
lished results for cranges (2, 12,
21, 34, 86, 48).

Maturity changes were not evi-
dent in Marsh grapefruit in 1966,
while decreases in solids were
found during 1964 and 1965. Al-

though inereases in soluble solids
early in the season have been re-
ported {20, 22, 42, 46}, decreases
have heen found later in the sea-
son (27, 42, 60), a8 well as
throughout the season (29). The
results shown here, therefore,
are not unusual for Marsh grape-
fruit,

Percent acid

Decreases in the acid content
of fruit during the season were
greater in Hamiin and Valencia
oranges (fig. 22}, and the rate of
change declined during matura-
tion. These results are similar to
those previously reported for or-
anges (2, 12, 21, 84, 36, 48, 55).
The changes were small in
Marsh grapefruit and limited in
1966 to the end of the season.
Similar decreases in acid content
were reported in previous studies
of grapefruit (20, 22, 24, 289, 42).
In 1966 acid levels tended to be
higher compared with the two
previcus seasons, particularly in
Hamlin oranges.
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FioUre 19 —Juice weight in Hamlin {H) and Valencia (V) oranges and Marsh
(M) grapefruit during the 1964, 1965, and 1966 seasons.
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Ficure 20.—Percentage of juice in Hamlin (H) and Valencia (V) oranges and
Marsh (M} grapefruit during the 1964, 1965, and 1966 seasons.
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oranges and Marsh (M)} grapefruit during the 1964, 1965, and 1966 seasons,
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FIGURE 22.—Percentage of acid in Hamlin {H) and Valeneia (V) oranges and
Marsh {M} grapefruit during the 1964, 1965, and 1966 seasons.
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Soluble solids—acid ratio

As shown in figure 23, signifi-
cant increases in solids-to-acid
ratio were found for each season
for Hamlin and Valencia or-
anpes, A smaller but steady in-
crease was also found for Marsh,
These changes during the season
are similar to those reported for
oranges (12, 21, 34, 36, 48, 558)
and grapefruit (20, 22, 24, 29,
42). The lower ratios shown for
1966, particularly in Hamlin or-
anges, were the result of the
higher levels of acid (fig. 22).

There was a marked difference
among seasons in time of legal
maturity for Marsh grapefruit.
As shown in figures 21 and 22,
the 1966 fruit had high acid as
well as high solid, which resulted
in the lower ratios shown in
ficure 23. These results did not
differ greatly from those in the
other seasons. However, these
values were close to the mini-

mum standards and, since
changes oceurred slowly, legal
maturity was delayed for several
months.

Weight of soluble solids

The weight of soluble solids
per fruit increased during matu-
ration (fig, 24), but in mature
Marsh grapefruit, there was lit-
tle chanpe. This combination of
early season increase and limited
changes reflects the pattern for
juice weight (fig., 19) more
closely than that for percentage
of soluble solids {(fig. 21). The
differences among seasons are
also similar to those for juice
weight and are due largely to dif-
ferences in fruit weight (fig. 1),
as well as some variation in per-
cent juice (fig. 20). The decline
in soluble solids and juice in
Hamlin and Valencia oranges af
the end of their 1965 seasons is
also apparent here.

Field Temperature

The continuous temperature
records obtained in the grove are
summarized in figures 25 and 26.
The data shown represent 4, the
number of hours below 70° and
65° ¥. per 2-week period prior to
the harvest of each test, and B,
the cumulative number of hours
below these temperatures dur-
ing the season. Temperatures in
this range are the first indieation
of cooler fall weather. They are
also the lowest temperatures that
gecur early enough to affect the
initial changes in citrus eolor in
Florida.

The data for hours below 70°
F. {fig. 25} indicated that the fall
was cooler during 1964 than dur-
ing 1965, This difference was not
associated with any consistent dif-

ference between seasons in the
rates of chlorophyll change (figs.
6 and 7). In Hamlin oranges,
these changes began later in the
1966 than in the previous season.
Since 1965 and 1966 had similar
temperature patterns at this
time, these factors do not appear
to be closely related, Other re-
ports showed more rapid and bet-
ter color development under
cooler conditions (14, 52, 64, 65).
The results shown here do not
necessarily contradicet those re-
porty, but do indicate that more
work I1s needed to evaluate the
field response to temperature
changes and to determine effects
such factors as maturity have on
the loss of chlorophyll.

Data on cumulative hours
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FIisure 23.—Ratio of soluble solids-to-acid in Hamlin (H) and Valeneia (V)
oranges and Marsh (}M) grapefruit during the 1964, 1965, and 1966 seasons.
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Ficure 26.—Field temperature. Hours below 70° F. during the 1964, 18965, and
1266 seasons: A, Number of heurs below 70° during the 2 weeks prior to
each harvest; B, cumulative hours below 70° during the seasson.
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below 70° and 65° F. (figs. 25, B
and 26, B) indicate a trend to-
ward cooler winters hetween
1964 and 1966, The data for 70°
were approaching the maximum
value obtainable and therefore
were not as responsive to sea-
sonal differences as the compara-
ble data for hours below 65°,
Chlorophyll levels in Marsh
grapefruit during the latter part
of the season showed a similar
trend over the three seasons (fig.
7). This finding supports pre-
vious reports of a relationship
between low temperature and
loss of chlorophyll in citrus (14,
52, 64, 65).

The results of these studies
show that most of the measured
variables have some pattern of

seasonal change during the pe-
riod of observation. This was ex-
pected with Valencia oranges and
Marsh grapefruit since a long pe-
riod was studied, including both
immature and mature fruit
stages, Within each season and
variety, significant differences
were usually present (table 1}.
Comparable correlations were
also found between changes in
these variables and the calendar
date as indicated by the test num-
ber (table 1). Some of these
trends, of course, are more con-
sistent and useful than others,
However, the number and extent
to which the variables change
during the season indicate that
correlations may be found that
would be useful in quality sepa-
rations of eitrus fruits.
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APPENDIX

TABLE 1.—Mean squares for tests and error sources for indicated variables with an indication of stgnificance,
coefficients of variability, and correlation coefficients between test number and test means *

Hamlin orange Valencia orange Marsh grapefruit
Measurement and source 1964 1965 1966 1964 1965 1966 1964 1965 1966
Weight:
Tests . vocivceommananan 2,221.6**  7,210.8** 3,621.9** 2,808.2** 6,287.0** 6,178.9** 21,995.0** 37,689.0** 45,255.0**
Error ..cec.caioncia-an 226.8 337.6 191.3 514.2 557.4 322.0 2,227.0 2,989.0 2,835.0
. Coefficient of
variability ......._. 10.0 12.3 11.3 12.9 13.4 12.2 11.7 12.6 134
v (%orrelation ........... .870 926 922 .804 776 925 149 921 936
olume:
TeStS .o ocoimaiemeans 2,815.4%* 8460.5%* 38,708.9** 2,945.4** 6,985.3** 5473.6**  39,473.0%* 43,033.0** 50,082.0%*
Error ..o 267.1 414.2 219.8 622.1 690.5 380.7 3,967.0 5,445.0 4,983.0
Coefficient of
variability .._._._.__._. 10.4 12.8 11.6 13.7 14.3 12,9 13.0 14.2 14.9
Correlation ..._.._.____ .890 .950 913 .813 834 921 .006 .893 927
Specific gravity: :
Tests . .ccnvoce oo .00158**  .00303** . .00123** .00104** .00350** .00833** .00479%*  ,00305%* .00483**
Error oo oo iocaaan .00022 .00027 00032 .00028 .00036 .00035 00055 .00073 00053
Coeflicient of
variability - ... ._.__ 1.56 1.73 2.88 1.73 1.98 1.93 2.76 3.24 2.72
Correlation .._._____.__ -.283 -.363 647 264 —.416 557 .639 812 794
Length:
Tests ool .__. 0.6908** 1.736** 1.0373** 0.824** 1.226** 1.980%* 0.1870** 0.2842** 0.4113**
Brror - .o .0563 .085 0604 143 .133 .100 0302 L0396 .0393
Coeflicient of
variability ._.._.___ 3.61 4.48 4.16 5.34 5.24 4.78 4.96 5.47 b.75
Correlation «......_.... 923 920 .948 .840 894 956 —.002 .834 .808
Diameter:
Tests oo __ 0.5120*%* 1.9153** 1.0025** 0.4119%* 0.852*%* (.8108** 0.4286** 0.2322** 0.4108**
Error ..o iioaoo. 0598 .0914 .0638 0912 115 0777 .0337 .0394 0436
Coefficient of
variability . _.._____ 3N 4.59 4,10 4.44 4.95 4.37 4.75 5.11 5.47
Correlation . .._._..____ 851 .936 918 716 651 .895 016 831 911
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TABLE 1.—Mean squares for tests and error sources for indicated variables with. an indication of significance,
coefficients of variability, and correlation coefficients between test number and test means *—Continued

Measurement and source

1964

Hamlin orange
1965

1966

1864

Valencia orange
1965

1966

1964

Marsh grapefruit
1965

1966

Form:
Tests
Error
Coeflicient of
variability
Correlation

Compression:
Tests
Error
Coeflicient of
variability
Correlation

Error

Coeflicient - of
variability

Correlation

Chlorophyll—IS:
Tests
Error
Coefficient of
variability
Correlation

Chlorophyll reflectance:
Tests

Coeflicient of
variability
Correlation

00151 ™

.00080

2.84
936

751.9%*
34.7

124
.668

1314%*
.0012

27.3
—.881

1281+
.0009

.00155
.00107

3.30
-.284

1,472.0%*
27.2

11.9
904

1.8760**
0020

14.3
—.905

1.8924**
0017

.00116
00077

2.88
.386

988.3%*
28.6

12.5
.948

2.5960**
.0037

13.8
—.936

2.3057**
0022

9.97
—.939

0.6830**

.00530**
.00099

3.04
.316

660.2%*
154

11.3
822

1.1227%*
.0047

20.7
-.891

1.1189**
.0035

.00578**
.00136

3.62
741

837.6**
29.1

15.7
827

2.1661**
0027

13.6
-.869

2,2287**
0022

11.1

.00911**
.00106

3.14
.846

323.6**
12.3

11.6
906

2.5568**
0027

13.0
-.890

2.384%*
.002

9.95
—.880

0.61183**

.01850*
.00878

10.4
—.072

261.7**
214

9.26
.b78

.1906**
.0047

27.9
—.4569

.1940%*
0026

.00284**
.00183

4.56
344

1,602.2**
24.0

9.88
957

9090**
.0037

19.8
-.765

.9893**
.0026

.01080**
.00180

4.59
-.004

550.16**
27.4

11.6
919

1.0395**
{0040

25.1
~.762

1.0673**
.0019

13.2
—.793

0.15797**

9V
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Water band—DP:

Tests .o oo 00371**
Brror . ..o.eeeonian .00009
Coefficient of )
variability ._.__..__. 18.0
Correlation ....._...__. -=.578
Water band—IS: ,
Tests ... o___._.. .020632**
BError . ..oeoociiai.. .003937
Coeflicient of
variability ... ______ 48.0
Correlation . ___.__.___ —.830
Peeled chloraphyll:
Tests ool 0.00029**
Error ... ____ . ______ .00010
Coeflicient of
variability _________ 7.09
Correlation _...___..__. —.767
Peeled water band:
Tests .ooooio i __ 000306**
Brror __ . _____.______ .000014
Coeflicient of
variability .._______ 9.8
Correlation _..._.__._. 021
Peeled weight:
Tests ... . _:. ... __.. 1,462.5**
Error ... ___________ 163.0
Coefficient of
variability _________ 10.7
Correlation __.___.____ Ji91
Peeled volume:
Tests oo 1,257.0%*
Error _____.__..__.___.. 172.8
Coefficient of
variability . _._____ 114
Correlation _._..._____ 193

01537**
.00012

18.3
—.950

.030906*+*
.000048

49.7
—.678

0.01154**
.00018

8.14
~.808

02066**
.00002

20.6
-.282

4,360.7%*
246.0

13.1
851

4,374.4**
254.8

13.6
870

.00206**
.00011

24.1
~.482

00266+
00005

133.3
-.773

0.03276**
.00022

7.68
—~.892

.00190**
00002

10.8
—~.259

8,973.7**
128.2

11.6
522

3,420,5%*
1374

124
912

.00496**
00017

18.8
—.623

.001497*+*
000055

166.0
-.707

0.02127**
00056

12.0
~.950

.000548**
000025

15.9
-.265

2,344.6%*
322.6

12.8
.783

2,085.7**
320.6

13.3
72

.01530**
00035

26.4
~.440

.03133**
.00004

104.0
—.672

0.03514**
.00050

1i.1
—.924

L00463**
.00003

20.9
—.336

5,189.5%*
259.6

13.7
713

4,966.6%*
267.0

14.2
135

.00147**
.00012

19.6
-.297

00175**
.00004

294.2
~.743

0.04027**
.00042

10.1
—.960

.00099**
.00003

10.6
—.059

7.407.6%*
192.9

12.1
.892

6,258.6%*
209.1

131
876

.00659**
00041

15.3
—.104

.00190%*
.00005

25.8
.232

0.00266**
.00015

8.73
.678

2000904**
000044

41.2
.103

10,201.0**
1,263.0

118
192

10,379.0%*
1283.0

12.0
.226

.04958+**
.00067

16.6
—.142

.02635%*
.00007

26.8
—.523

0.00365**
.00014

8.26
.094

J00355**
00007

185.8
—.594

24,285.0%*
1,666.0

12.7
919

25,638.0%*
1728.0

12.9
927

.00458%*
.00058

184
647

.000828%*
000048

814
600

0.00177**
00017

8.87
—.007

001041%*
000061

51.4
412

30,321.0**
1,696.0

13.8
.908

28,225.0%*
1582.0

14.0
916
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TABLE 1.—Mean squares for tests and error sources for indicated variables with an indication of significance,
coefficients of veriability, and correlation coefficients between test number and test means *—Continued

Hamlin orange Vulencia orange ‘Marsh grapefruit
Measurement and source 1964 1965 1966 1964 1965 1966 1964 1965 1966

Peeled specific gravity: :
Tests L00112™ -.00107** .00205*  .00049** - .00069* .00280** .00084** .00061** .00061**
.00068 00037 00119 .00032 .00033 00094 00017 00014 00020
Coeflicient of

variability -......_. 2.53 1.89 3.33 1.72 1.78 2.94 1.28 1.20 1.38
Correlation 455 —.696 .678 611 —.411 .882 —~A477 —.667 .386

Rind weight:
Tests & . 92.29** 550.73**  146.30** 64.69%*  174.97** 89.22* 2,655.00%* 1,714.70**  4325.2**
Error 15.65 19.51 11.06 33.99 42.70 19,99 2:84 360.50 363.9
Coeflicient of
variability 12.6 15.0 13.2 16.1 17.3 13.9 15.7 17.1 18.0
Correlation X .884 .958 .786 494 7568 .698 —.028 869 924

Rind volume:
1009.27** 357.02*%*  184.87** 491.,75%* 351.84** 11,302.00** 3,644.00** 7,202.00**
46.70 34.44 81.34 95.85 49.44 1,212.00  1,703.00 1,615.00
Coefficient of

variability . 16.5 16.8 19.3 19.9 17.1 18.8 20.6 217
Correlation . 937 814 .647 .808 .638 —-.206 .646 845

Percent rind:
Tests 64.46%* 102.64** 26.54%* 82.37**  210.17** 20.30** 19,78%* 62.09**
Error 3.75 4.30 2.58 2.98 4.92 3.38 5.90 6.29 4.82
Coeflicient of
variability 9.22 10.5 7.7 8.39 10.3 8.27 9.29 9.77 8.26
Correlation 499 .594 —.433 —.742 -.305 -.680 -.153 -~.577 -.019

Rind specific gravity:
Tests 0176** .0101** 013056 .0163** .0137** .0347** .01218%*  00677** - .01240**
Error .0040 0026 00669 .0028 .0027 .0057 .00061 .00071 .00076
Coeflicient of
variability 8.44 7.08 11.2 6.80 6.71 9.50 4.23 4,77 4.84
Correlation -.827 174 ~.313 ~.562 ~.667 -.1563 807 847 960
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Number of seeds:
Tests 5.241 ™ 5279 = 10.50%* 7.314% 2.866 °* 3.811
Error 3.950 4,065 4.97 6.021 3.697 4.128
Coeflicient of
variability . 94.5 44.5 . 48.6 i 57.1 51.9
Correlation 106 . —.080 —-.676 —.486
Juice weight: :
2,072.9** 1,841.4** 2963.1** 3,209.9** 5,080.4** 4,729.0** 12,037.0** 14,706.0%*
88.7 54.8 166.2 156.8 97.8 550.0 576.0 483.0
Coefficient of

variability R 12.8 12.2 12.7 14.8 13.2 12.3 11.9 124
Correlation .683 .658 911 817 .483 937 .316 879 .899

Percent juice: )
Tests . 212.44** 223.56%% . 277.27** 290.46** €50.62** 27.19**  64.71**  102.48**
Error . 6.94 5.16 5.29 14.02 4.61 419 6.13 5.95
Coefficient of

variability . 5.36 4.59 4.01 7.81 4.256 4.39 5.32 5.47
Correlation . ~-.276 126 .839 —.183 .881 590 444 588

Percent soluble eolids:
Tests 6.001** 17.041** 32.830**  50.288** 51.785*%* 97.850** 1.691** 1.593%* 1.005%*
Error 281 448 .193 275 .364 221 121 117 240
Coeflicient of
variability 4.54 6.21 3.92 . 4,26 65.31 3.98 3.67 3.95 5.38
Correlation .813 187 .995 978 .949 .969 237 —.550 .313

Percent acid:
Tests 1660%* 1.2580%* 1,8443** 2.921** T.794%* 9.291** 3144** A706%* 2823%*
Error - .0051 .0063 0147 .033 .040 066 .0048 0114 0112
Goefficient of
variability 10.2 9.49 11.04 12.1 13.0 13.7 5.58 8.60 7.68
Correlation -.902 —.958 -.924 —.942  -.936 -.950 -~.969 —.944 -.851

Ratio—solids-to-acid:
Tests 127.26*%* 415.57** 202.83**  197.24** = 348.04** 261.04** T.087*% 11.129%* 6.950**

Error 2.44 1.67 1.65 1.73 1.76 1.34 .225 264 .208
Coefficient of

variability 9.20 9.14 114 14.5 14.8 16.3 6.17 17.23 6.90
Correlation .946 2994 989 994 .989 990 951 933 903
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TABLE 1 —M ean squares for tests and error sources for indicated variables with an tndication of significance,
coefficients of variability, and correlation coefficients between test number and test means '—Continud

. Hamlin orange Valencia orange Marsh grapefruit
Measurement and: source 1964 1965 1966 1964 1965 1968 1964 1965

Weight soluble solids: ;
Tests e 29.14** 53,209** - 61.852**  155.78** 110.22** 218.48** 32.97%*  80.14%* 136.74**
Error . e 1.14 .844 .700 2.09 1.78 1.15 5.37 4.37 4.34
Coefficient of
variability . .. 12.0 11.5 12.1 11.4 13.7 11.7 12.8 12.0 12.3
Correlation ... .., . .851 .740 976 945 780 978 .043 163 .880

Temperature correlations
—(hours below):?
70° F.—2 weeks .. _... .956 939 .853 152 178 .072 =377 314 072
70° F.—cumulative .. 997 974 985 992 995 995 993 992 .995
65° F.—2 weeks 906 .956 .670 ~.094 .146 ~.347 -.154 .253 -.347
65° F.~—cumulative .... .982 .950 999 .985 .988 990 .988 984 .990

1 Statistical significance: ** l-percent level; ¢ 5-percent level; ns, not significant.
? Correlations between test number and temperature data for Valencia oranges-and Marsk grapefruit would normally be the same within each season as
in 19€6. Differences between these varieties shown in 1964 and 19656 were due to differences in number of tests included in the analyses. :
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