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HANDLING THE COMMERCIAL CROP OF LEMONS

The commercial lemon-growing industry of the United States is
centered largely in California, where the annual fresh-fruit production
averages upwards of 14 million packed boxes, or about 30,000 carloads,
of which about 4.5 percent went to the armed forces during the war.
These figutes do not take into account the lemons used for byproducts,
angeinéingsto 15 percent or more of the total production. The bulk of
th@fmo yproducts is used by the armed forces.

e lerign tree blooms more or less continuously, and mature fruit
ag@ell ag biossoms occurs on the tree cvery month of the year; however,
t.hé‘heavig'. bloom occurs in March or April, so that most of the fruit
is paady fowharvest in winter and spring. The greatest market demand
forﬁl;’emon&* however, is from June through August. This demand is
metby stifing most of the winter- and spring-harvested fruit at the
place of duction, The fruit is sorted, washed, sometimes treated
with a water-wax emulsion, and held loose in boxes in roosss equipped
with ventilating or air-conditioning devices o maintain the desired

! Submitted for publiention August 24, 1145,

2 The writer ackrowiedges the eooperaiion of the Americun Truit Growers, Inc.,
egpecizlly thut of A. C. Burnes and his staff, Corons, Culif. Thanks are also due the

following present or former memhers of the Division of Fruit and Vegetable Creps nnd

Disewses: D. ¥. Fisher and the late C. W. Mann for valusble suggestions in planning
the first phase of these studies, M, P. Masure for ussistunce in recording dutn, fnd
Alme. H. Clark for help in preparation of the manuscript.
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stornge condition. The average storage period for the lemon crop us
2 whole is about 3 months; such storage costs about 11 eents per box,
or about 1 pereent of the 1943 retail price.  When the time for shipment

- arrives the lemons are graded, sized, and packed in boxes as they are

usually seen on the market. Lemons may also be stored temporarity
after receipt in terminal markets, but the investigntions reported in this
bulletin are concerned altogether with the storage of loose fruit in the
producing area. The storage of packed fruit after arrival in terminal
markets involves additional problems that are not covered.

IMPROVING THE KEEPING QUALITY OF STORED LEMONS

Tte cost of holding lemons in storage is increused by the practice
of altering the temperature and moisture content of outside air inkro-
duced in sufficient quantibies to keep the carbon dioxide content below
0.6 percent. This limit was evidently seb rather arbitrarily {rom the
results of experiments on degreening, or eoloring, of citrus {ruib with
ethylene, which showed thot more than a few fenths of 1 pereent of
carbon dioxide retarded ths coloring process. I would be supposed
that factors which {avor rapid voloring would be likely to {avor ripening
and those which tead to retarg coloring and ripening might be expected
to favor longer storage of fruit through the retardation of vital processes.
While it is highly improbable that even much larger aceumulation of
carbon diexide in tiselt would be injurious 6o stored lemons, the problem
is complicated because other substances {cmanations) are given off by
fruit in storage and some of these less abundant products may be far
more injuricus than carbon dioxide. Under such conditions a very
small limiation set as a permissible aceumulation of carbon dioxide
becomes a practicable and easily detcrminable indireet index of the
greserilce of the more harmiful producis that cannot be determined

irectiy.

Direct evidence of the production of other gases by citrus fruit was
obtained by Miller, Winston, and Fisher (7)3 and Biale {(2). These
writers showed that decaying and even normal citrus {ruit may produce
emanations, presumably ethylene, which cause epinasty in fomato,
potato, and other growing plants and aceelerate respiration and degreen-
ing in lemons. Their findings indicated that the relative value of
ventilation {introduction of rather large quantities of fresh, conditiocned
air as in commercial storage) and air circulation in storage of lemons
should be rechecked.

The problem claims further attontion because of the growing sus-
picion, supported by evidence of plant indicators, that the “Iresh air”
arcund lemon storage basements located near busy streets and highways
may coarry o sufficient admixture of automobile exhaust gases to be
harmful; for example, it is not uncemmon to see trucks with motors
running standing with exhausts direeted toward the {resh-air intakes of
lemon storage rooms in the basement of packing plants. If the increas-
ing amounts of automobile exhaust gases in the cnvironment prove to be
a serious factor, it will be neeessary to devise methods for chemically
freeing the introduced fresh air from ecarbon monoxide, ethylene, and
other unsafurated bydrocarbon gases in addition fo the present air
conditioning, There is a possibility too that certain gnses, such as
are now being introduced into lemon storages as disinfectunts (6), may
also prove capable of destroying in situ the injurious emanations of
fruit and molds and the harm{ul constituents of automobile exhausts.

3 Tielic numbers in parentheses refer to Literature Ciled, p. 32
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CHANGES IN LEMONS DURING STORAGE 3

Sueh considerations are likely to keep open the question of the amount
and kind of ventilation necessary for lemons in storage.

From 1938 to 1941 Eureka lemons, the most common variety grown in
Californiz, were studied to determine the physiological changes that
occur curing long periods of storage, the correlation between such
changes, their relation to alternasia rot, and the relative effects of
ventilation, air circulation, and still air on such changes and the keeping
quality of lemons.

The study showed in general (1) that air cireulation cannot be sub-
stituted for ventilation as ordinarily provided in commercial storage;
(2) that sufficient carbon dioxide does not accumulate in commercial
storage to injure lemons, but it did not eliminate the probability that
certain other emanations (particularly ethylence) of molds and of the
lemons themselves can easily become injurious to lemons held in long
storage; and (3) that the percentage of butions that are green and their
rate of change from one color class to anocther afford a practical meuns
of predicting the maximum safe period for holding a given lot of lemons
in storage. Suggestions are made for collecting and arranging data
for index purposes (p. 25). The results of the tests are summarized
in more detail as follows:

Weckly loss of weight was greatest in the commereial storage {control)
and least in the still-air chamber. Lemons of different stages of
maturity lost weight in the following order: Tree-ripe, silver, light-
green, and dark-green. The diflerences in rate of weight loss for all
practical purposes was negligible, because of differences in the relative
durations of storage of fruit of different maturities. Lowering the
relative humidity in sterage 5 percent without changing the tempera-
ture more than doubled the rate of shrinkage of lemons for about
3 wecks afterward.

In commerecial storage (control) the earbon dioxide content was less
than 0.1 perecent. In 1938 the average maximum carbon dioxide
accumulation was genecrally greater in the circulating-air chamber than
in the still-air one, but in 1939 the reverse was true: in 1940 the aecumu-
lation was greater in the circulating-gir chamber than in the ventilated
one. The total extractable volumes of internal gases of lemons varied
with the maturity in the following decreasing order: Bilver, tree-ripe,
light srreen, and dark-green.  High volume yields were associated with
high oxypen and low carbon dioxide and viee versa. The average
carbon dioxide content of lemons was greatest in the still-air chamber
and least in the eirculating-air one. )

The first external sign of alternara decay was seldom found to
indicate decay in more than 1 perceat of the other lemons. When at
least 2 percent of the lemons showed externally visibie symptoms of
decay the lot was considered to have reached decay break (beginning
of definite susceptibility to Alternarie). This later was arbitrarily
fixed ot 3 percent.  The length of time lemons could be held in storage
before decay break occurred depended upon their stage of maturity
ab storage, the time of pirking, the year, and the condition of storage;
but the rate of subsequent deeay was rapid and rather uniform regard-
less of the original stornge quality. At or near decoy Lreak lemons
changed from almost eomplete immunity to Allernaric to extreme
susceptibility. The order of increasing keeping quality of fruit picked
on the same date was in general tree-ripe, silver, light-green, and dark-
green.  Lemons picked in midwinter had she best storage qualities;
after February their kecping quality diminished until late spring and
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early summer. Uight-green lemons picked in February did not reach
their deeay break until 6 weeks after those picked from the same
grove in May. Fruits keep much longer in storage in some years than
in others. Decay developed earlier in the séili-nir chamber than in the
circulating-air one and earlier in the latter than in co imercial storage.

The residue-solids ratio «f lemons, as determined by a method
described {p. 15), decreased rather steadily to 2 minimum near the
close of the storage period and then increased slightly. Thus, there
was indicated o corresponding change in the solubilities of the wall
substances. The rafios also dilfered greatly with stage of maturity of the
fruit.

Buttons of stored lemons were classified in five cafegories (full-green,
intergreen, interblack, full-biack, and off), deseribed on page 19, The
changes in button conditions were related to time of pieking, stage of
maturity, and condition of storage.

Close correlation was observed between the condition of butions
and the development of siternaris decay, ofien many weeks later. A
possible practical method of predicting the maximum sefe storage period
for any given lot-of lemons, particularly silver and tree-ripe ones, by
several inspections of $he button condition snd comparison with stand-
ards is described on page 19. The behavior of tree-ripe lemons often
could be predicted from 2n initial inspection and another about 3 weeks
alter storage, of siiver from $wo or three inspections during a storage
of 8 to 10 weeks, and of light-grecn oanly afier one more inspection and
a longer period of storage.

Special respiration tests indicated that during storage the potential
anaerobie responses of lemons continually change. Immediately after

heing placed in storage tlheir potential for anasrobic respiration increases
for usually a few weeks; afterward it decreases steadily to the end of
the storage life of the lemon. The decwy break appears to come just
previcus to what may be called the storage climacteric, when the
anaerobic responses of the lemon show complete reversal from what
they were at the beginning of the storage period.

MATERIAL AND EQUIPMENT

Trom 1938 to 1941, inclusive, the storage of Tureka lemons, the
most common variety in California, was studied. During 1938 the
lemong were from four districts: Corona, Glendors, San Juan Capis-
trano, and Piru.  In subsequent scasons they were, with a few excep-
tions, from different blocks in the lorge grove of the American Fruit
Growers, Inc., at Curona.

Space was provided by the American Fruit Growers, Inc., in the
storage hasement of its packing house at Corona. This basement was
equipped with one of the most modern types of apparatus for the confrol
of temiperature, reiative humidity, and ventilation, During the early
part of 1938 (to May 18) o temperature near 56° F. and a relative
humidity of 90 to 93 pereent were mainteined. Later the temperature
was kept the same, but the relative humidity was lowered to 83 to 88
percend, or about § percent. The amount of fresh outside air mbro-
duced into the circulabing system was so reguluted that at no time
was the carbon dioxide accumubation found to exceed 0.1 percent.
This commercial storage provided the control condition in the various
experiments,

Two experimental chambers were bailb in the storage basement just
mentioned. They mensured 8 by 8 by 7 feet and were constructed of
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three-ply boards on two-by-fours, The doors were tightly fitted, and
all joints of the walls and ceiling were sealed with a waterproof linoleum
paste, The temperature within these chambers was the same as that
of the peneral storage outside except that the slight €luctuations
occurring outside were not noticeably transmitted into the chambers.
The relative humidity was usually slightly higher within the chambers
than outside. The increase in relative bumidity was difficult to measure
but could be salely assumed to be 1 to 2 percent. Each chamber was
provided with copper-tubing outlets o allow gas sampling without the
necessity of opening the doors. One of vhe chambers was used for
testing the efiect of air circulation; the other was maintained until
1940 (p. 7) without either ventilntion or air eirculation except that
due to infrequent opening of the door to put in or take out fruit, in
order to compare a storage known to be unfavorable with others thought
to be favorable,

The analysis of carbon dioxide and oxygen was made with a some-
what modified Haldane-Henderson apparatusg, and the extraction of
the internal pgns of lemons was done with a specially constructed
apparatus described by Brooks (3;. The extracted gases were collected
for analysis in 250-ml. gas-ssmple tubes. .

The respiration studies were of the special anaerobic type described
by Harvey and Ryge (5). Most of the results were obtained with the
apparatus mentioned by them, but in 1941 the l-gallon mayonnaise
jars were replaced by 2-galion metal containers having specially con-
structed rims’and lids. This type of chamber not only increased the
size of the sample but simplified greatly the operation and removed the
danger of violent breakage.

The details of other methods and procedures employed are found
in the sections presenting the results.

COMPARISON OF STILL-AIR, CIRCULATING-AIR,
AND COMMERCIAL STORAGES

Laoss or Wrigar v LeMons

Some loss of weight, or curing,* of lemons is generally, accepted as
desirable, for it decreases the visk of injury in subseguent handling
operations and consequently lessens the danger of fungus invasions.
However, during relatively long storage periods this Joss of weight can
easily excecd the amount desirable for best curing if the temperature,
air circulation, and relative humidity are not controlled within the
proper ranges.  The more modern plants for lemon storage are undoubt-
edly meeting these conditions very satisfactorily, so that the only
justification in presenting ihe observed results on the rates of slirinkage
of lemons in storage is to show the relative cffects of the altered experi-
mental conditions in comparison with those in commercial storage.

A total of 63 boxes of lemons was used in tests to determine the
average weekly losses of weight under 3 storage positions (table 1).
They represented 3 general picking periods 6 to 7 weeks apart and 4
stages of maturity: Dark-green (9 hoxes), light-green (21 hoxes),
silver (21 boxes), and free-ripe (12 boxes). Al 3 general pickings
were made at Corona, the first and seecond at Glendora, and the first
only at San Juan Capistrano and Piru. It is rarely possible to obtain
lemons representing all 4 stages of maturity on a single picking date
in 1 scetion of a grove, but under this condition one may often obtain

{The term “curing” is sometimes used to include the voloring process also.
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3—either dark-green, lighi-green, and silver or light-green, silver, and
tree-ripe; the shift in maturity stages oceurs from midwinter to early
summer. At each picking period and location 3 stages of maturity
vrere obtained for these tests under the limitation indicated.

The range of losses from $he 21 Doxes in commercial storage was
0.22 to 1.62 percent per week, the average being 0.83 {or the entire
storage period (table 1). The 2 experimental storage positions showed
slower rates of shrinkage than the commerecial; the still-air storage
showed the least, as was 1o be expected. In the various characteristics
observed the response of lemons in the circulating-air chamber was
always intermediate bebween those in the sfill-air and those in the
commercial, usually closer to the former.

TasLe 1. —Avereae loss of weight per week by lemons in siorage, 1958

[3 pickings, 4 stages of mat.urit{. and 3 nositions of storage at 80 Lo 03 percent relative humidity befora
Moy 18 and 85 L6 88 afterward and 56° 17

I Average loss of weight e indicated position of storage

Storage
period Commercial | Cirevlating-alr Sl-nir

room chamber ehamber Average

Weska Pereent Pereent Peroent Percent
Februsry 28 Mareh 2 1iGor2i4 0,60 .58 0.49 .55
Arnzil 13 Apri} 16 4 87 W1 A6 68
L May 31 11 a7 .53 A5 62

Average 83 .8 A4 .62

17 boxes. 232 boxmes.

The stage of maturity bad some influence on the average rate of
shrinkage, but the difference did not seem to be significant. Tree-ripe
fruit, which is not generally considered storable and is held for only
relatively short periads, if at all, gave the highest rate of shrinkage
{0.69 percent. weekly). The weekly shrinkage rates were 0.60 percent
for silver femons, 0.57 percent {or light-green, and 0.52 percent for
dark-green, However, since the relative length of the usual holding
time increases in the order in which the maturities are named, the
differences moted in the rates of shrinkage would be negligible for all
precticable purposes. : '

During 1938 the relative humidity of the commereial storage room had
been maintained at 90 to 93 percent until May 18, With this very high
humidity molds were able to establish themselves upon the walls,
which had received & casein-base paint, and on the sofier strips of
lumber of the box ends. Because of the suspicion of possible harmful
effects of these molds, a scries of tests for cthylene in the storage
atmosphere was made with tomato, potato, and etiolated sweet pes
seedlings as indiecators. These tests all proved positive. Therefore,
without then knowing whether thesc emanations were produced by
the molds, the fruit itself, or both, it was recommended that the relative
bhumidity be lowered as a means of controlling this meold growth, On
May 18 the celative humidity was lowered to 85 to 88 percent, or
spproximately 5 porcent. The melds soon came under control, but in
a few days it was noted that the lomons were losing a considerable
amount of their previous {resh appearance and luster. This suggested
a special check on loss of weight of fruit under the altered relative
humidity.

Tour boxes of lemons of the first pickings at Corona and Clendora
(stored Mareh 2} were sclected from the commercial storage and
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reweighed on May 23, 5 days after the relative humidity had been
lowered 5 percent and 10 days after the last regular weighings. For the
10-week period before May 13 the average loss of weight of these four
boxes had been 0.685 percent per week. The 10-day period from May 13
to May 23, including 5 days at the higher relative humidity, showed an
average loss of 1.12 percent per week. The next period, May 23 te
June 3, showed an average loss of 1.51 percent per week. However,
during the last period that this fruit was weighed, June 3 to 17, the rate
of loss had fallen to 1.88 percent per week. The lowering of the rela-
tive humidity had apparently allowed more than double the rate of
shrinkage of fruit for 3 or more weeks after the change, amounting
to the difference between a loss of about 0.3 and a loss of about 0.8
pound per loose box per week in storage.

During 1939 the same experimenta! conditions were maintained as
in the latter part of 1938. Therefore, from the earliest pickings of this
season only two boxes in commercial storage were selected for shrinkage
determination. These samples were weighed at intervals of 3 to 4
weeks {rom late FFebruary to May 17. The results were in good aceord
with those obtained in 1938,

With the beginning of the 1940 season the still-air chamber was
altered to a ventilated one by making openings through its walls for
confinuous forced ventilation through the chamber from the main
storage room. The main commercial room was maintained through
this season at 56.5° to 58° F. and 88 to 90 percent relative humidity,
an average temperature about 1° higher and an average relative
humidity about 3 percent higher than that of 1939 and the latter
part of 1938.

All the lemons used in 1940 were from Corona. At various intervals
during the season fruit samples were removed from storage for certain
laboratory experiments. Table 2 gives the average loss of weight per
week under the three storage conditions. ‘The losses shown for the
seeond period of storage appear too large, as there was no recorded
change in the general environment. However, the continual dwindling
of the supply of fruit in commercial storage might account for the
inerease, bocause of the resulting greater exposure of that fruit to
evaporational factors,

Tante 2. —:verage loss of weight per week by lemons in storage, 1940

Stotupe position Fehruary i4 lo April 30 April 30 to Muy 27
Percent Pereent
¥ AL P i 0.74 1.
Yeatilated chamt B R
Chrenloting-nir ehaRIEr e oo oo e mem e mmmm e ] Kk J7
Average 5 84

Carpon Dioxipe axp Oxvcen CONTENTS
EXTERNAL ATMOSPHERE

The carbon dioxide and oxygen contents of the experimental storage
chambers were determined at intervals throughout the season. The
samples were alwnys collected immediately belore the necessary opening
of the doors to put in or take out fruit. In every analysis the air of
the comimercinl storage room showed less than 0.1 percent of carbon
dioxide, probably too little to be considered of significance in itself.
Examples of the aceumulation of carbon dioxide in the experimental
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chambers nre shown in table 3, in which sre given the carbon dioxide
maxima and the oxygen minima, selected from analyses made at the
end of the longest periods with closed doors tn 1038, The average
highest accumulation of carbon diexide for any position was 1.31 per-
cent, It seemed clear that the accumulation of earbon dioxide was
prevented by the ventilation resalting from the occasional opening of
doors and by leakage through the three-ply board walls of the chambers
into the general storage room. This is also indicated by the fact that
during 1939 there was one period when the doors remained closed for
21 days, yet the maximum carbon dioxide aceumulation was only 1.14
pereent in the circulating-air chamber and an average of 1.39 percent
in the still-gir one {average of top, middle, and bottom portions),

TaBLE 3.—Mazimum carbon dioxide and minimum orygen in closed crperimenial
chambers, 1938

Carbou dinxide and oxygy | afler indiculed period {dnyal! on—

. | !
Biorage position March 18 {6) i Mareh 28 {18Y  April 22 (0) l May 513 ¢ Muy 25 (8)

Qe E Gz | Oz

i
CG:I Gz P02 O C(lz' Q3 | COs

i
'

. N |
SUll-nir chamber; Pureemd, Percent i Prrcont Percent Pacent’ Percent Perectt Peseent
‘Top 022 L2552 1 040 . 18 60, 0 6 LRI IR PO B P
Middie AT p S 1420 TS . I gi:moi b ad
Bouom A2 20042 L3 RS0 6D 85 200

Aversge S7E20 46 90T 03] T

Pereent Pereent

Cireuluting-air chuneber: i 1_ ) ! :
Average Al 26 45 ! PIT 2020 Al : A B3 ) i 2010

i Analyses mnde at end of fougeat periods with cloyed duocs.

Pefore 1940 a materinl was sought with which o surface the walls
and cetling of the experimental chambers in order to retard the escape
of carbon dioxide. Beveral commcercial firms were guestioned as to
the permeability of various surfocing materials to earbon dioxide.
Because ns pertinent information was ohtained, a method was devised
and a series of tests was made to determine the rate of penetration of
carbon dioxide through about 20 different surfacing materials or com-
binations. All deferminations were mude ab laboratory temperatures
and an arbitrarily chosen and maintained 20-percent carbon dioxide
gradient,

Remarkably wide differences were found bhetween some common sur-
facing materials in the resistance they offered {o the passage of carbon
dioxide. These differences were expressed as logarithmg of the reeip-
rocals of the relative rates of diffusion of carbon dioxide through the
material, in a manner similar to that used for expressing hydrogen-ion
concentragion. The three most cflcctive materials tested were o paint
prepared specially for these fests by a Passdena firm, white shellac,
and = white bathroom enumel.  All of these were more than 200,000
times as resisiant to the passage of earbon dioxide as plain moist
three-ply hoard. Four paints tested showed an effcetiveness bebween
10,000 and 100,000 times that of moist threc-ply board. Among the
tests of these was a surface consisting of two coats of a hand-prepared
paint composed of white lead, finseed oil, and turpentine. This paint
was finally chosen for suriacing the experimental stornge chambers
beegsuse of ts relatively low cost and high effectiveness,

During 1940 the carbon dioxide content of the ventilated chamber
was less than 0.1 percent by all analyses, but in the circnlading-air
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one it built up to nearly 1.5 percent during any week in which the
door remained closed. In one case when the doors were closed for
16 days the carbon dioxide reached 2.86 percent. However, it is prob-
able that the average carbon dioxide concentration for the seeson id
nof exceed 1 percent in the ecireulafing-air chamber.

INTERNAL GASES OF LEMONS

From June 28 to August 25, 1938, numerous samples were taken for
analysis of the internal gases of lemons in the stornge chambers. With
a few exceptions these lemons were from Corona, but they differeq
in stage of meturity, time of picking, and condition of storage.

The differences in carbon dioxide and oxygen content of the samples
were interesting, though possibly of litéle significance in connection
with the storage problem. IExamples of the sort of differences encoun-
tered are shown in fable 4, which gives the resulls of one series of analyses
of the internal gases of lemons that had been picked from the same
orchard block at Corona April 16 and stored April 19 for approximately
11 weeks. As dark-green lemous were very scarce in the grove, it was
with some difficulty that three boxes one-third full were obtained from
the same block,

Taswn de—nternal gases of lemons of various malurities stored about 171 wecks under
diflferent conditions, 1938

CGas conlend of fraiv

i
Cart r
. arin i - i e m—
) : I\':,’-;:Ed dionde Imte 1 Matorly |
Plorage posiliog Jused | content of | affuik ' Guy
cdusn [ just tfore tost *whcnat::rml extracled | Carbon Oxvee
VAL | openiug door Y dinxide Fen
H ! ¢+ Miles
i e i e
Dage " Pereemt ) Ailliditers ¢ Percent Pereeat
i '-"'!'wcvﬁm..-l A2 82 &.83 18 Y
C Frooim, ot Jaly §...ffever, ..o 70 83 {23 - a9
: b iiziglzt-urccu.; 37 85 IR S Y
yDurk-green.! 3030 ) 488 7 15 8p
' TR
! ‘ree-ripe Taoz o ja 47
Cirewlating-air chomber .. .., 7 .86 July S ) Silver, . :{ETi] 138 |, 215
‘ aght-green.! 53 4% 3.61 17.30
i {Butk-green. 48 45 3.88 17 32
! Average... 8236 | 4.07 + 18 91
: (Treoripe,. | 1200} {2 ;_“1::‘ 83
Still-nir AR e mraen Yooy 54 July To.fgilver, 0.0 8240 28 T 1B B
i yLihtgreen. 5425 .85 1,15
i {Park-gireen,:  5) 15 ' 58 1324
x\vumge.,l 635 | 180 { 1654
! i

HEach sample of lemons used for pas extraction weighed approxi-
mately 650 gm. The number of fruits per sample was usually sevén.
The extraction time for each sample was 5 minutes, with the aspirator
bottle lowered to a shelf that allowed an initial negative pressure of
70 em. of mercury.

The greatest average volume of gas extracted in 5 minutes was from
lernons in the still-air chamber and the least from those in commereial
storag: (table 4). This is probably due to the fact thaf the shrinkage
of fruit was greatest in commerrial and least in the still-air chamber.
With respect to stage of maturity, the voluse yields of gas from the
samples was in the following decreasing order: Silver, tree-ripe, Hght-
green, and dnrk-green lemons. This order may be due to a decrensing
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compactiness of tissue with advancing maturity until the silver or
perhaps the tree-ripe stage is reached. The tree-ripe lemons had a more
rapid rate of shrinkage, which may have changed the order: also, thay
mey show more compactness than the silver lemons on account of
their generally smaller size and slower growth rate.

The volume yield of internal gas scems to be definitely correlated
with its carbon dioxide and oxygen percentages. High oxygen and low
carbon dioxide are associated with a large volume aof extractable gas and
low oxygen and high carbon dioxide with a small one; so the samples
from the four stages of maturity may be listed in the sume descending
order for oxygen as they were for gas ylelds and in ascending order for
carbon dioxide.

Avrernaria Decay

The iugpections for alternaria decay were in the main external. To
have had sufficient {fruit for representative samples {or cutbing at each
inspection would have required an impracticable quantity, However,
particularly during 1938, extra fruit was reserved for cutting. Whenever
the first alternaria decay was detected externally in an experimental
lot, 40 to 80 fruits of that lot were cut in an atterapt to determine the
amount of hidden alternsria decay. As such inspection seldom dis-
closed additional decay in more than 1 percent of the lemons, it finally
became the practice to regard as the date of decay break the one when
2 percent of an experimental lot had alternaria decay visible; thus,
. decay break means that alternaria deeay may be present in 3 poreent.
Defore t'.» time of decay break sometimes 1 to 2 pereent of the fruit
showed decay due to blue and green imnolds or other organisms, but
Alternariz must have attacked at least 2 percent of the [ruit before the
decay-brealt point was regarded as having been reached. The term
“alternaria. decay, or rot,” in this bulletin is based nob upon eritical
mycclogical determinations of Alternaria ciiri Ell. and Pierve, hut
upon careful inspections for those black decays of lemous in storage
commonly grouped as alternaria rot.  As so used it holds ifs practical
interest for managers and foremen of Iemon packing houscs.

The data showing the characteristic response of lemons 1o alternaria
decay in storage were plotted with the cinphlinsis on the percentage of
f.uit remaining sound after each inspection rather than on the amount
of decay itself. This method produces a graph that may be called the
complement of one directly showing decay., The difference between
100 and the pereentage of fruit sound represents the pereentage of decay.

The eomparative efiects on storapge life, of storage position, stege of
maturity, time of picking within the season, and year ave given in
table 5 for the period when the still-air chamber wag in use and are
shown graphically in figures 1 and 2. The data at hand permit liftle
to ‘be said about either the year or the locality in which the fruit was
grown, S

The still-air chamber in general made a poorer showing than circulat-
ing-air and commercial storages, nnd commercial storage gave a con-
siderably better performance regarding decay and length of storage
than did the circulating-air chamber. The shrinkage in weight, how-
ever, was less in the circulating-sir chamber than in commercial storage
(table 1). The resulting greater firmness of the fruit in the former
position caused it to appear superior to that in commercial storage,
but this apparent advantage was lost soon after the samples were
brought into the laboratory.
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In 1940 the still-air chamber was abandoned in favor of a veatilated
one (p. 7), but the eirculating-air chamber without ventilation was

reteined. The resulls in general corroborated the findings of the tawo

previous seasons. IHowever, the circulating-air chamber proved less

favorable than in previous seasons, probably because at the heginning
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of the senson the storage chambers had received two coats of a paint
specially selected for its imperviousness to earbon dioxide. Thus, the
¢irculating-air chamber was much more nearly gastight, as shown by
the higher build-up of carbon dioxide during the periods between
necessary entrances into it.  The {ruit in the ventilated chamber hud a
longer storage life and was superior in every way except for more loss
in weight to that in the cireulating-nir chamber. The results from
the ventilated chamber were almost identical with these from ecom-
mereial storage,

PROGRESSIVE CHANGES IN LEMONS DURING STQRAGE
SieniFicANCE OF DEcAy BreAk

The decay records for the 4 years {1938 to 1041) of lemon-storage
work show remarkable uniformity, even though the fruit used repre-
sented different localities, dates of picking, and stages of maturity and
received different storage treatments, The most important difference
between the lots was the length of time in storage before the develop-
ment of serious alternaria decay, or decay break (p. 10). The length of
time that lemons could be held in storage before decay break varied
greatly with the stage of maturity, time of picking, and condition of
storage, but when decay break occurred the rate of subsequent decay
soon hecame rapid and then was practically uniform for all lemons
regardless of their original storage qualities, The decay break is a
stage of considerable interest, because apparently at this stage, or near
it, lemons change from a condition of almost total immunity to
Alternaria to one of extreme suseeptibility.

INFLUENCE oF VaRlous FacTors oN PossiBLE STORAGE PERIOD

It is well known that the stage of maturity, or color class, at the
time of picking has a great influence upon the possible length of time
that lemons may be held in storage. Nevertheless, the numerous
quantitative data concerning this relation accumulated during the
course of these studies seem of sufficient interest to be reported briefly
(table § and fig, 2).

In general, the order of inereasing keeping qualities of the four color
clagses is tree-ripe, silver, light-green, and dark-green. Sometimes,
however, the orders of adjacent classes picked near the same date are
reversed as to keeping quality. The writer has not seen the order of
tree-ripe and silver lemons reversed but at times has found themn behav-
ing very similarly. Some packing houses separate silver lemons into
two grades, the poorer of which is then hiandled much as tree-ripe ones.
The classification of lemons 2s to maturity on the basis of color, as
commonly employed, is fairly accurate for fruit picked near the same
date, but it does not always afford a means of obtaining fruit of the
same maturity when the harvesting is done at widely different dates.
That is, silver lemons picked in Pebruary are not necessarily com-
parable with those picked in May, but the relation hetween the maturity
of silver lemons and that of dark-green ones in February is relatively
the same as that found beiween those of similar color classes picked
in May.

Lemons with the best storage qualities are harvested in midwinter.
After February the keeping quality noticeably cdiminishes until late
gpring and early summer; from this point in the season the keeping
quality seems gradually to improve until the midwinter maximum is
reached. However, over a considerable part of this period of improving




14 TECHNICAL LULLETIN 908, U. 8. DEPT ‘OF AGRICULTURFE

keeping quality the lemons are usually picked and marketed ab once,
so that little or no storing is done. The initiation of tlie change for
petter quality in midsummer seems to be due to the gradual coming
into the pickings of lemons developed from bloom of the late summer
or autumn of the previous year.

The time of picking has a relatively great influence on keeping
quality (table 5). TFor example, in 1939 light-grecen letons from
Corona, block 23, picked February 14 were held 1 week on the »acking-
house floor and afterward 24 weeks in commereial storage without any
visible alternaria decay and 33 weeks to their decay break. Light-green
lemons picked May 13 from the same block and similarly stored were
held only 11 weeks without visible alternaria decay and 15 weeks to their
decay break. ‘Thus, the light-green lemons of the lot picked 13 weeks
carlier did not reach their decay breal until 6 weeks after the later
lot had reached it. ‘This is not an extreme case, for it is a common
experience for lemons of different maturity classes picked in January
and February to outlast in storage those of corresponding color classes
picked from then into May. If is for this reason that lemons picked
later often are removed from storage for sale while those of the same
maturity picked earlier are held. It may be concluded that lemons do
not store nearly so well on the free as in modernly equipped lemon-
storage rooms. However, there are many factors involved in the differ-
ences noted, one of which. is the period of growth. The lemons picked
later generally represent fruit that had not reached commercial size
when the catlier pickings were made; hence, they were probably set
st later dates. If all the winter crop of lemons were of proper com-
mercial swe and storage facilities were available, there would be nn
douht as to the desirability of picking the enfire crop as early os possible
and placing it in storage. .

TapLe B.—Awverage length of slorage poried for etuch yencral picking of lemons, 1933-39

1938 10349

Htormue
Diute stored perioil

. ! Btarage
Vate gtored l nerio

l
Picking -1
}

Wreka

Firat o] Mareh 2. 9.8 February 22.
Beeond 16.5

Third - Muy 3l 4.5 May 17

Averape.

In view of the fact that the various qualitics of citrus fruit are
assumed to vary greatly with the seuson (year), the average length
of the storage periods of lemons until the decay.break was calculated
for all Corons lots held in commercial storage in 1938 and 19398, Threc
groups of picking dates were selected and called first, second, and third
pickings for cach year. The date used for each picking was the average
of the dates of each group of pickings. The avernge length of the
storage period for each general picking is given in table 6. The three
gencral pickings of 1930 averaged 8, 9, and 14 duys, respectively,
carlier than the corresponding ones in 1938. This should have given
the lemons of 1939 some advantage over those of 1938, but they failed
to malke as good a showing. )

Another example of diffcrence in keeping quality of lemens, probably
due to scason (year), is the following: Dark-green lemons picked
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August 17, 1940, from Corona, block I 13, were held in storage 31 weeks
before decay break; but those of the same color class picked August 16,
1941, from the same loeation in the grove, were held only 11 weeks
before decay break.s

Resipue-SoLips Ratios

Among the changes taking place in Jemons during storage it seemed
probable that those in the pectic acids, hemicellulose, and other wall
materials would be involved. The writer had made nunerous deter-
minations of methoxy and uronic acid groups in such materials as
remained in the water-insoluble {raction of grapefruit tissue and had
found the available standard quantitative methaods very unsatisfactory
for jollowing specifie changes that might be induced by experimental
treatment. With this difficuity in mind, it seemed advisable to avoid
the invelved and expensive methods mentioned and to adopt frankly
some simple one that might integrate o group of eomplex factors with
sufficient aceuracy to show the trend of the changes in the wall material
in lemons during storage. Fifteen diffcrent selvents were tried for the
purpose of causing mild to drastic effects upon the solubilities of these
substances in lemon tissue. After the general trials, four solvents—
water, sulfurous acid, acctic acid, and bromine water—were retained
for use in the regular determinations; after a fow weeks the acetie acid
and the bromine water treatments were discontinued. The result
obtained by employing this mcthod was called the residue-solics ratic.

The procedure for determining the residue-solids ratio became stand-
ardized as follows: A sample consisted of 12 lemons, totaling about
1,000 gm. The lemons were quartered and ground vory fine with the
nut-butfer attachment of a food chopper. The escaping juice was
recovered and carefully stirred back mto the ground pulp, and the
cntive sample was thoroughly mixed. Irom this freshly mixed sample
25-gm. portions were taken for determining total solids. These portions
wore covered with alechol and dried in an oven at 77°C,  Other 50-gm.
portions were transferred to 1-liter fiasks, and 900 mi. of the treating
solvent was addod. Tor the larger part of the work, as inferred, there
were 2 solvents only—water and 12- to 13-percent sulfurous acid,
The samples were stirred during the 24-hour treatment period. At
the end of this time the entire contents of each flask were transferred to
g, 3-liter beaker, the top of each beaker was tightly covered with cheese-
cloth, and the contents were washed vigorously and continuously with
tap water for 10 to 12 minutes. The weight of the fine solic material
escaping through the cheesecloth did not exceed 0.01 gm. and was
therefore negligible in this work.

Ordinary filtering procedure required many howrs, and the material
was less thoroughly washed than by the rapid methode just deseribed.
The washed insoluble fraction, or residue, was transierred to an evapo-
rating dish for drying and weighing. The residue-solids ratio was
caleulated by dividing the weight of the residue from 50 gm. of fresh
tissue by twice the weight of the solids irom 25 gm. of fresh tissue,
This value, or ratio, was then doubled it order to bring all the values
above 0.100, as many of the earlier ratios resulting from treatment with
more drastic solvents were less than this value.

The first tosts with the residue-solids ratio method were on lemons

5A. C. Barnes, of the American Fruit Growers, Ine,, confirmed these indications
from his own genernl observalions of the relative stornge performance of the summer
lemons of the tivo seasons named.
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representing different stages of maturity. In figure 3 are presented
some of the results obtained for dark-green, light-green, silver, and
tree-ripe lemons by treating the ground tissue with the following
solvents: Water, 20-percent acetic acid, 15-percent aimnmopium hydrox-
ide, and 12- to 13-percent sulfurous acid. The greater the amount
of insoluble solids, or residue, the greater the size of the ratio. As
most of the insoluble solids are cell-wall materials, the values given
indicate strongly that the four maturity classes differ considerably
in these wall substances.

The differences disclosed by the residue-solids ratio in regard to stape
of maturity encouraged the hope that it might also indicate changes
during long storage periods. Consequently, tests were started at once
on lemons from storage at Corona. All experimental lemons held there
had been stored as silver. Table 7 presents the results of the tests with
the residue-solids ratio made on this fruit from April 3 to September 25,

0.7

WATER

N
% AGETIC ACID

Eg AMMONIUM HYDROXEDE

. SULFUROUS ACID

RESIDUE-SOLIRS RATIO

b

DARK-GREEN LIGHT-GREEN SILVER TREE-RIPE

T1cure 3.—Dffects of different solvents on residue-solids ratios in lemoens of different
stages of maturity,

1940. The results from the three general picking groups and the
three storage positions are given separatety, byt each value in the
table represents an equal quantity of fruit frem three blocks in the same
grove. The results show a rather steady decrease in the ratio to a
minimum near the c¢iose of the storage period, followed in general by
2 slight increase.

The fruit in commercial storage and that of the first picking received
the most attention in these tests. A comparison of the general results
of the three storage positions indicates that the relative humidity, as
it affects shrinkage, influences the value of the ratio, probably through
the effect of water content on the hydrolysis and synthesis of wall
substances. The shrinkage, or drying, toward the end of the storage
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TapiLE 7.—Changes in the residue-golids ralits in lemons during storage from April 3
fo Seplember 25, 1940

Residuesolida ratio

Btorage position Solvent
a:ispmkmg Apr. | Apr | Moy Moy | Muy | June | Junc | July | July | Aug. | Aug. | Sept.
4 19 7 15 28 17 27 1 12 3 = 25

Ccm;?en:inl roam:

Circulnling-air
ehinmnber; :
Fimt. [Weter_.... , 0,458

K5
}‘\Eid i 20 412
Becond Water_____
}Aﬁ ..................
Thied Water
Acid___... SN P
Vantilated chawmber:
Firmto oo Wadero__. .468 423 . 4. 481 382
Acid 306 JBBY e o . 298| .381 ) .20
Pecond o oo.. Water. ... - | R I {2} .3s1| .351
Acid ——— 284 382 .283
Third Water JERS SN TG FUUI M - 42 3| 330
Actd, ... 272 ) 266) 271

1 Acid waa 12- d0 33-percent eullurous,

period might aceount for the rise in value of the ratio through resyn-
thesis, I'ruit in commerecial storage showed the most shrinkage and
that in the circulating-air chamber the least. The increase in the
residue-solids ratio near the close of the observation period was also
least in the eirculating-sir chamber, and none is shown for the fruit
of the first picking.

The maximum percentages of change in the residue-solids ratios
during the storage periods are shown in table 8. In the lemons in
commearcizl storape the average rate of increase of the ratio per week,
after ib had reached its average minimum, was 1.15 percent as com-
pared with the average decrease of 1.64 percent per week before the
minimum was reached. The minimum raéios in the lemons in com-
mercial storage show & {air correlation with the decay break, but the
evidence does not seem to justify the assumpiion that it is significant.
In genergl, however, the method has indicated that some very striking
changes take place in lemons in storage and upon the tree as they
develop from commercial-size, dark-green to tree-ripe maturity.

TapLe 8.—Acrimum decreases of the residue-solids ralins in lemons tn storage

Slorage posilion ] Decrease Storage Average decresae
amrpickin;; Bolvent ! : of ralin poriad prr week
. . Percent Weeks Pereent
C°°‘“:,‘;§”‘l il 26.2 20 1.3
"""""""""""" E2 g “;B ;28
33, 3 .
Gecond .- :H.; ;; ?g
: 15. .
Third 73 7.5 K
Average. 23.7 4.4 1.4
Ventilated chamber:
26.5 is 1.7
Firet 247 1t 1’5
Circulating.air chumber: ater e 20.2 2 5.3
A 1.9 19 L.6

¥ Lcid was 12- £ 13-peroent sulforous.
672962-46-2
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The method might be improved by the choice of more sultable
solvents and better precedures for applying them. The sampling
especially could be improved. In the prresent study the entire lemon,
including rinds and seeds, was taken os n sample. The seeds alone
must have introduced a considerable variable as well as o dilution of the
main critical changes in which there is most interest. The method
used in, relation to susceptibility to Alternaria, for example, probably
should deal only with the central core of tissue, which is often the first
to he invaded by the fungus.

Burron ConNoiTioN
TALLYING OF BUTTON CONDITION

Those who work with citrus fruifs, especially lemons, usually observe
the eondition of the buttons as to whether, for example, they are black,
brown and shriveled, or green and plumnp; they then cmploy the result-

-of these cbservations in a general way as an aid in judging the quality
of the fruit. Faweett (4, p. §90), in writing of storage decay in lemons,
mede the following statement:

The separation of beginning stages of alternaria rot is especially difficult. 16 is
being done, however, in a rough way in some esses by such indefinite signs as “high
eolor,” “black hutton,” “button ofi,” *black at gear,” and “sofi; fruit,”’ bub some more
definite, satisfactory method siill remsains fo be evolved. The presence of lprge per-
cantages of black buttons is an indication of potential decay, espeainlly slternariarot, . .

Early in the lemon-storage studies in 1938 the writer made some
statistical examinations of button condifions. For cxample, on June 1
and 2 button inspections were made on half of the contents of each
of 36 boxes of lemons, grown in such separated localities as Corona,
Glendora, San Juan Capistrans, apd Pire. The pickings were made
February 24 to 28. At the time of storage the fruit had been classified
asfollows: 3 baxes of trea-ripe, 12 of silver, 12 of light-green, and 9 of
dark-green. The period in storage had heen about 13 wecks. Four
categories were chosen in which to tally the buttons: (1) Green {(dark-
green and tight, light-green), (2) dark, (3) moldy, and (4) off. The
moldy buttons usually belong also to the dark class. The results of
the inspection of half boxes showedl the following percentages of huttons
that were green: For tree-ripe lemons, 35; silver, 56; light-green, 72;
and dark-green, 87.

After the button inspections in 1938 no tallies were made for 2 years,
largely because the figures, though interesting, did not seem to lead
anywhere. However, in July 1240 some observations made it seem
worth while to follow statistically the change in button condition from
week to week. All the experimental lemons on hand ab the time were
silver, but after July small lots of those in other stages of maturity
were .obtained from time to time for observation of buttons, Subse-
quently, more than 60 half boxes of silver leinons were inspected for
button condition at intervals of 2 to 4 weeks. After 13 weeks of storage
at Corons silver lemons showed an average of 50 to 55 percent of the
buttons remsaining green. This percentage is very close to the average
for the 12 half boxes of silver lemons inspected in 1938,

CLASSIFICATION OF BUTTONS

Before beginning this phuse of the sfudy the system of classifieation
of button condition had io be somewhob alfered, so that it could be
used with rapidity, but with sufficient aceurncy for the observer to
spproximate closely previous inspection figures for a given lot on

-
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immediate reinspection. The main sourees of error lay in the border-
line cases.

The five categories of buitons adopied arc described as follows:

Full-green.—Dark-groen, fresh-looking buttons, green o the very margin and with
the marginal Iobes tightly appressed; also lght-green, fresh-locking, rather uniformly
colored ones with appressed morgine.

Intergreen.—Two genernl types of buttons are included here. QOne js dark-green,
often unusually thick or plump but with margins dry, brown, and dead. Fruit having
thia type of button is common in fate spring and throughoyt the summer, with
maturity clussification of lighl- or dark-green, especially the latter. In some lots direct
irom the grove as high as 50 percen of the buttous ave of this type. These buttons
are pluced somewhat doubtfully in the intergreen class beeause they seem to be
pssociated with frult poorer in keeping quality than is normal for its mnturity classifica-
tion. The other type of intergreen button is very light gresn to light brownish
yeilow, beginning 1o dry, and with margins only slightly appressed.

Inlerblack.—1n this cinss sre included buttons thak ave still rather turgid; they may
have considerable clear yellow but show one or more blsek potches, Their marging
are seldom appressed.

Fuil-black.—The buttons are black throughout, mostly dry, with margins turned
back from the fruit surface. They,.zre often moldy.

Of ~When buttons fall from green {ruib during washing and other handhing opera-
tiens preceding storage, the scars usually callus nnd the lemons seem Lo keep as well
ag thase with %)uttens inlactk. Such lots may start their storage with, for example,
3 percent of the buttons off, and 15 to 20 weeks lzler the tally may still show the same
3 percent off; but the dropping of many bubtons after the icmons are stored indieates
an unfuvorgble condifion.” "ree-ripe lemons arc especially prope fo drop buttons
in storage.

RELATION OF BUTTON CONDITION 70 ALTERNARIA DECAY

The classifieatior of lemon buttons as described was employed in
the inspection of more than 90 lots of {ruif, with an average of 7 inspee-
tions per lot at intervals of 2 to 4 weeks, Some of the typical resulfs
of these inspections are discussed in this scetion.

The data on the button conditions of thres typical lots of lemons
at different inspections arc given in table 9. The cumulative alternaria
deeay at each inspection date is also given. There were about 1 percent
of the lemons with buftons off in each of the threc lots during the
entire storage period. The pereentage of butions in each class changed
with cach inspection. The full-green buttons deereased from the begin-
ning of storage, at first slowly and then faster to a relatively rapid rate.
After decay had appeared in 5 to 15 percent of the fruié, the rate of the
full-green-plus-intergreen decrease usually became slower apgain. The
change 4n the {ull-green class proeved to be the most unilorm. The
full-green bubtons changed to intergreen, the intergreen to interblack,
the interblack to full-black; the fuli-black butfon class then lost to
aliernaria deeny. This chanpge of buttons from class to elass was not
upniform and resulted in considerable Auctuation, especially in the
intergresn and interblack ciasses. However, the full-black buttons
increased steadily to o point when the rate of decay became more rapid
then the transformation of buttons from the other classes to full-black.
As to the statement just made that the full-black c¢lass lost to alternaria
decay there scems to be no relation between button condition and
decays caused by blue and green molds; bub the writer has not seen what

appeared to be alternaria decay in any lemon that did not show a

{ull-biack bufton.®

5 Dr. H. 8. Faweett, however, brought to the writer's atfention the fact that rarely
Alternarie may invade lemons showing green butions but the poiné of entry of the
fungus is then elsawhere than at the bution site and apparently the invasions are
nssoviated with special types of injury.
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Tapue 9.—Resuliz of bullon tnspections of 3 lols of lemons picked Mareh 5 and stored
Mareh £ in commercial dlorage, Corona, 1941
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It would seem that the darkening of lemon buttons is mainly due to

the development of alternaria decay wifthin them and that the button
is extensively destroyed before conditions within the lemon itself have
become {avorable for invasion by the causal fungus. This is in accord
with Bartholomew’s conclusions (7). He concluded also that the buttons
are infected at an early stapge of development on the tree and that the
atback within the {fruit is made {rom the infected button only after
certain changes have taken place in the constitution of the lemon.
In this connection it has been observed that in many lots of lemons
the buttons of 1 or 2 percent remain green throughout storage; this
percentage of fruil does not deeay but gradually shrivels to dryness,
and the buttons dry green. A possible reason for this apparent immunity
may be that such butions escaped the usual Aliernaria infection in the
grove, and hence the fruit eseaped alternaria decay in storage.
" The progress of the changes in the appearance of the buttons is very
similar to that of alternaria decay in the fruit. The delay in the begin-
ning of the change from green to black correlates closely with the matu-
rity of the lemons when stored; the more advanced the maturity the
shorter the delay. The rate of change after initistion is greatest in
lemons most advanced in maturity. The fact that these observable
changes in the buttons preccde alternaria decay in a given lot of fruit,
often by many weeks, should make them a valuable potential index of
the safe storage period.

Plotting the data on change in the condition of the buttons is usually
simplified by adding the percentages in the full-green and intergreen
classes and calling the sum green. The same grouping may be made of
buttons in the interblack and full-black classes, and the sum may he
referred to as black. These classes can be so grouped and still give
approximately aceurate values, espeeially when for each inspection the
percentage value in the individual classes (e.g., full-green and inter-
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TFrigure 4.~—~Chuonges in butions in relation to decay of lemons of different maturities
and after different periods of atornge. A, Coruna, bloek W 34, 1940; fruit picked
November 25, stored November 28. 3, Corona, block 11, 1941; fruit picked March 7
?\t&om(i g;urcll 10. C, Coronn, block E 25, 1041; fruit picked March 26, wtored
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green) is written beside the graph. If the numbers 54-34 were placed

&t o point on a graph marked “88 percent green buttons,” it would mean _
‘that 54 percent of the buttons were full-green and 34 percent intergreen, P
Figure 4 represents the gencral features of such graphs without the @
details that often are placed on working graphs of larger scale.
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Fioure b.—Relntion of percentsges of butions in difierent clnsses and the decay
developing in two lots of commercinl lemans picked at Corona May 7, 1940, and
selected on July 9 from o pucking conveyor aiier 9 weeks in storuge. A, Lot with
alt butions full-green or intergreen. B, Lot with all buttons full-black or interblack.

Figure 5 shows the results of inspecting o single commercial lot of
silver lemons picked May 7, 1940, and stored May 8. On July 9 when
they were being packed for eastern shipment the writer selected from the
pocking conveyor one box each of fruit with green and black buttons.
The two boxes were carefully inspected with respect to bution clasaifi-
cation and returned to the commercial storage room for subsequent
ohservabions; inspections were continued at intervals for 13 weeks. The
iemons selectod for green buttons (fig. 5, A) did not reach the decay
break until about 8 weeks after being put aside, but those with black
buttons (fig. 5, B) reached the decny break in less than 4 weeks. Thus it
appears that after several weeks of storage it would be possible to sort
lemons of one maturity classification into fruit that should be shipped
ot once and that might be safely held for a longer period. However,
only an unususl market demand would justify such o sorting.

A pood example of the relation of the time of picking to change in
button eolor and decay is shown in some reeords of three pickings of
silver lemons from Corona, block W 34, 1940. The first picking was
made February 16, stored February 20; the second, April 1, stored April
5; and the third, May 10, stored May 14. The storage was in the com-
mereial room. The first compicte button inspection of these lemons was
made after they had been stored 21, 15, and 10 weeks, respectively, and
subsequent inspections ot intervals of about 3 weeks. At the first button
inspection the percentages of butions remaining green in the first,
second, and third pickings were 53, 51, and 74, respectively; but 12
weeks later the corresponding values were 8, 2, and 3 and the percent-
ages of fruit decayed were 15, 23, and 20. The three pickings reached
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their respective decay breaks 26, 18, and 15 weeks after picking, when
23, 26, and 38 percent of the buttons were still green.

Figure 6 shows the influence of the storage conditions of the buttons
of dark-green lemons picked August 12, 1040, and stored August 15, one
lot each in the ventilated chamber, the circulating-air chamber, and the
commercial room. The darkening of the butions was relatively very
rapid in the circulating-air chamber between Sentember 9 and Novem-
ber 11. On November 11 lots in the ventilated «nd the circulating-air
¢hambers were transferred to the commercial room; the rate of button
change then beeame practically the same for all.  The rate of decrease
in the percentage of buttons that remained green in the circulating-air
chamber was relatively more rapid than the progress of decay, as com-
pared with the other two locations. Appurently in the circulating-air
chamber with the minimum of ventilation the buttons were affected
more severely than the fruit itself, for the decay brealk was not reached
in this fruit until the Duttons remaining green had heen reduced to
about 15 percent. In the other chambers, however, about 40 percent
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Figune 6.—Relation of pereentages of hutions remaining geeen and deeny in dark-
green leroous picked August 12, 1940, Coronu, block E 13, and stored under different
t:ongitmns from August 15 fo November 11 and sulisequc..tly under the same
eonditions.

of Luttons were still green at the decay break. It has heen observed
that the green buttons of lemons commercially treated with nitrogen
trichloride gas sometimes are reduced 1o percentages ranging from 0 to
10 before the devay break is reached.

The practical value of observing changes in the condition of the but-
ton. must depend upon the constancy of the relation between it and the
suseeptibility of the lemons to alternaria decay.  Xxperience has already
shown thab the relation may vary greatly with the sterage treatment,
but the main problem is to determine how constant it will be in a given
commereial lemon storage.  Some light will be thrown on this mattor by
reference to table 10, in which arve dasa for the button condition of 27
lots of lemons held it the commereial storage room at decay break and
4 weeks before. The totals of green buttons at either of these periods
varied with the mafurity clasy, dote of storage, and other factors. The
more mature the fruit at the time of storage the greater was the total
percentage of green buttons at the deeny break or 4 wecks before.  For




24 . TECHNICAL BULLETIN 98, U. S. DEPT OF AGRICULTURE

the latter period there was an average of 56, 60, 67, and 84 percent of
green buttons in dark-green, light-green, silver, and tree-ripe lemons,
respectively. One of the best indicators of a probable danger point in
the green-button graph for any Iot of Jemons was the rate of change.
Unti! 4 weeks before decay break the average rate of decrease in green
buttons in ftree-ripe lemons was 5.60 percent per week (range 3.11-7.72
percent); in silver, 2.45 percent (range 2.01-2.97 percent); and in light-
green, 1.95 percent (range 1.52-2.22 percent). There were only 2
lots of dark-green fruit, but they gave an average of 1.73 percent de-
crease in green buttons per weel,

Tasre 10,—Lemon buttons rematning full-green and inlergreen af decay break and 4 weeks
tefore, Corona, 1840~41

Period 4 weeha befure deeny Lrenk At deeay hreal
Mnturitﬁ ﬁl‘ ﬁm?n:n when gtored 3 te
Bac date of starsge caa Fuil- Inter. Tull. Tater-
hrmﬁ green aresn Total groen groen Tatat
Trark-green: Waeks Percent | Pereed | Pereewi | Poceat | Percent | Percent
Avguat 17 e 2D 24 26 a0 17 21 48
L S, 31 26 36 0l 15 st 44
Avernge. ... 0 25 ;il G it 23 4l
Lighl-greent
November 28 v 26 44 10 X H 20 43
k bor 210 28 38 I8 a6 18 123 42
v E) 32 [+ 2 i 33
20 35 34 1] 28 0 a7
25 45 15 [4i1] It} 16 50
25 28 bit] &Y 1i 8 43
23 17 37 at ] 30 k)
26 34 26 1] L7 30 47
November 28 v ecrnacamaaasf 17,5 48 an 78 17 25 42
D ber 10 10 37 3 CB 24 20 b
January 3_ 25 34 19 &3 10 20 30
Janunry 17 20 m il af a 26 47
Fehnuary & 24 19 az 3l i) 3
Marchd_. 16.5 44 an 4 18 2 4]
March 10, 15 44 AT 0 19 35 o
March 27_ 14 H ] i} 22 a5 47
April 18, mman i &2 20 81 43 21 L]
AVETBEC e mtee e 19 38 30 a7 a1 28 47
Tree-ripe:
November 8. e m oo vvaee s B &7 13 &2 25 in 44
D ber 10 8.5 13 41 83 a3 7 G0
January 3 4 56 3 a0 45 at A2
Jaouary 17... - & &0 18 77 43 30 10
Februaty 5... - [ 44 4 87 20 10 48
arch4..... . i) 53 37 50 34 a 73
March 19, 13 50 30 80 | ] an
March 27, 7 96 23 0 3l 7 58
Aprit 18 7 71 k4 92 an 12 42
AVERE su e aememe e 7 i 55 24 34 | 33 ’ 25 58

Toward the close of the observaiions on butions here reported it was
found that, after about three inspections (including the initial one) ¢
weeke apart, the subsequent behavior as to change in the buttons and
alternaria decay could sometime$ be predicted. This was done by plot-
ting the data ior the lot of lemons in question and comparing these
uncompleted graphs with completed ones obtained from other experi-
mental lots. Silver and tree-ripe frult were found to be the most pre-
dictable. Yor free-ripe lemons & second inspection, 3 weeks after they
were stored, was sometimes sufficient to determine within o range of 2
weeks the time of decay break. It was only after o storage period of
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8 to 10 weeks and after two or three inspections thab the subsequent
behavior of silver iemons eould De predicted, and light-green oues
required aboub 12 weeks. There have been too few observations on
button charnges in dwrk-green lemons fo permit any statement, but
presumably they would behave in much the sume maaner ns the light-
green, since they do so in other respects.

The observations on lemon buttons reported liere bring up an old
subject in & somewhat different manver. The ehange in condition of
buttons during storage was found to be remarkably regular, on the
whole, and to parallel, weeks in advance, those internal changes in
lemons that make for inereased susceptibility to Allernaria invasion.
The fact that this change in the butions is stendy and that it precedes
the actual fungus luvasion of the lemons themselves suggests the possi-
bility of anticipating the sale storage period of any lot of lemons, pro-
vided their bution condition be carefully observed, recorded, and
eompared with eortain standards. Standards suitable for this purpose
would have to be developed fram tosts made under the diferent current
conupercigl-storage conditions and would presumably take the form of
tableg or graphs indicuking the expected maximum storage period cor-
responding to diflerent pereentages of green buitons and rates of change
in them. The required button inspevtions themselves would be casily
practicable were their value in this connection definitely proved.

The possibitity of developing a curve of reference which might be
useful in predicting the keeping quality of different lots of lemons is

] l I i l ! [

PRAOBABLE TIME OF DEGAY BREAK
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b
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Fravre 7.—Relation of rate of ehange of bulton color from preen fo black to lengih
of stornge period before deeny break,  (Duln from 42 lots of lemons in storage
wb Corenn, 10 42




26 TECHNICAL BULLETIN #08, U. 8, DEPT OF AGRICULTURE

illustrated in figure 7. In it are plotted the observed lengths of time
different lots of lomons were in storage before reaching their decay
break. The points in the figure are plotted from the caleulated rate of
change of button color and the time ol decay break of 42 separate lots
of lemons; the record of 27 7 of these lots are given in table 10. The
eurve representing probable time of deeay break was constructed with
reference to the previously plovted points. The curve labeled 4 weeks
before decay brenk was simply deawn through points at distances from
the other curve equivalent to 4 wecks according to the ubseissal scale.

The manner in whiclh one might ciploy such & curve of reference in
predicting the probable keeping quality of a lot of lemons just stored
would be somewhat as follows: Assume the lot to be silver lemaons.
The button condition is recorded at the time of storage. "The second
inspection and retallying of button colors wra made in 3 to 4 weeks, A
third inspection is made after another equal period of time. The enleu-
lated weekly rate of ehange in huttons from green to black during the
period between the second and third inspection may, atfer reference to
the curve, indicate the probable keeping quality.  Very weak silver
* lemons may give some indications at the second inspection; on the other
hand, with very strong silver lemons there may be little or no indication
of probable decay break before a fourth inspection period.  Unfortu-
nately the signifieance of any weekly rate of change in butfon color
depends upon a number of already recognized factors (p. 22), so that the
position and perhaps shape of such o eurve of reference as proposed
would undoubtedly have to be determined lor the particular conditions
maintained in individual lemon-storage houscs.

Srrcray, Respmarion Tesrs
CIITICAL RESPIRATION CHARAGTERISTICS AND THEIR INTERPRETATION

The special respiration test for eitrus {ruits deseribed lhy Furvey and
Rygg (4), with further data by Rypge and Harvey (8), was employed
{rowm time to time throughout these studies on lemon storage. Formerly
the method had been applied to grapefruit, oranges, and lemons, but
ahmost entirely to fruit either direet from the ficld or stored relatively
short periods. I'rom such tests there developed n general interpretation
of the resulting respiration graphs buased upon four selectied critical
characteristics (fig. 8). This interpretation regarding the condition of
the fruit was as follows: The longer the period of negative pressure (4),
the greater the maxiimum neygative pressure (B3), the larger the area (0),
and the less the slope, or angle, (D) the better the condjtion of the fruit;
the converse the poorer fruit. The lower the storage temperature the
more pronounced these charneteristics becaine,

During the first 8 fo 10 weeks of lemon storage in 1938 the results of
the special respiration tesls on {ruit from the three storage conditions
showed, with few exceptions, the commercial storage to be the best aned
the still-air chamber the poorest, accordmg to the general interpretation
of the respiration graph just outlined. Tbhis is llustrated by a typical
analysis presented in table 11. Here the fruit in commercial storage
was interpreted as lest, becanse the values of 4, I, and ¢ werethe
largest and that of D the smallest of the three lots. The couverse of
these conditions made the fruit from the still-air chamber the poorest.
The differences were not large bub wore constant through the tests.

TThe reeords of the remaining 17 lotg were taken after the original siudy was
completed,
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Figurg 8.—Typical spe-
cial respiration graph
showing critical char-
acteristics: 4, Dura-
tien (in hours) of
negative pressure; B,
maximum negative
presshre {in centime-
ters of mercury); C,
area bounded by zero
-abscissa and the por-

‘ tion of the graph be-
low it (in square
centimeters); D, slope,
or angle, between the
graph which lies above
zero gbscissa and any
convenient abscissa as
indicated (measured
with a transparent
protractor in degrees),

Therefore, in these results, as in those of all previous studies involving
this type of respiration, there have been but few exceptions where any
grounds were observed for doubting the foregoing interpretation of the
eritical respiration characteristics.

Tanre 11.—Critical respiration characteristics of lemons stored in 3 positions, June 1958
[Valuea taken from reapiration graphs; terms explained on p. 26 and in legend for Ag. 8]
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RELATION OF STORAGE PERIOD AND CRITICAL RESPIRATION CHARACTERISTICS

. As the storage period extended into the surnmer the respiration tests
gave more and more exceptions to the expected behavior of lemons from
different storage conditions, maturities, pickings, and button -colors.
These exceptions decidedly enst doubt upon the previous interpretations
of the significance of the respiration graphs as applicable to lemons
under the conditions developing. *

After much study and comparison -of many respiration graphs from
tests on lemons differing in storage period, maturity, time of picking,
button condition, and amount -of Allernaria infection, it was finally
apparent that the response of very old lemons o the conditions impoged
by the special respiration tests were opposite that of fresh onea, This
change was interpreted to mean that the potential of fresh, and espe-
cially -of less mature, lemong for anaerobic respiration was relatively
wesk, but that it incrensed during the first weeks of storage, even at
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the mild temperature of 56° F, Later the potential for anacrobie
respiration gradually subsided until, near the decay breal, it became
less than that of newly stored lemons. When this stage was reached
the general interpretation of the respiration graphs had to be completely
reversed to read (fig. 8) as follews: The smaller 4, B, and ¢ and the
larger D the better the condition of the fruit; the converse the poorer
the condition. It should be added, however, that when this situation
had arrived the fruit was of little commercial value, because of its
susceptibility to decay. However, the situation is interesting physiologi-
eally, and it was useful in making late-storage comparisons of the con-
dition of lemons,

Evidence of this reversal of response of old lemons to anaerobie
condition is presented in figure 9. At the time the respiration tests
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Freure 9.—Changes in eritical respirntion®charucteristios of lemong after long storage

in different positions. (Three pickings from Corona, bleck W 34, 1940: Firsi

icking February {6, stored Februury 20; second, April 1, stored April §; third,
-K’Iuy 10, stored May 14.)
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were begun with this fruit the three pickings had been in storage
approximately 22, 16, and 11 weeks, and they still retained 49, 42, and 68
percent of green buttons, respectively. If was planned to make three
separate series of comparative respiration tests on these lots, in order
to fest for the reversal of anacrobic respirational response as follows:
(1) Shortly before the decay break, (2) just afterward, and (3) well
beyond it. These were considered eritical points for the task in hand;
but the fruit lots, representing as they did three storage econditions
as well as three pickings, rendered it difficult to anticipate the exact
dates on which the test ought to be made. However, the results indi-
cate that the lemons of the first picking from the commercinl room
and the ventilated chamber were tested at or mear the critical points
as planned. These lemons were in the best condition, as judged by
all standards available. Nearly all {ruit of all pickings held in the
circulating-nir chamber had apparently advanced beyond what was
intended as the third test peint before the first test was made. A
fourth test was made November 2 on the same stoek of lemons from the
circulating-air chamber, in order to determine how extreme the reversal
of behavior might be in old lemons. But by this time only 44, 32,
and 17 percent of the first, second, and third pickings, respectively,
remained sound,

The data presented in figure ¢ indicate that lemons of the third
picking were in the poorest condition and those of the first picking
in the"best, because in most instances the respiration characteristics
4, B, and C ore the largest for the third and smallest for the first
picking. The same interrelation of the three pickings is also indieated
by the characteristic D, which is smallest for the third picking and
largest for the first. Likewise, in comparing the three storage positions
it can be seen that the lemons from the commercial room were the best,
those from the eirculating-air chamber the poorest, and those from the
ventilated chamber intermediate but closer to the commnzercial room.

RELATION OF ALTERNARIA DECAY AND CRITICAL
RESPIRATION CHARACTERISTICS

The complete reversal of behavior of leinons under anaerohic condi-
tions scemed to take place very near the decay hreak, although from
the evidence at hand the progress toward this condifion bLegins only
o few weeks affer storage.  An cxample of the evidence will Hhe found
in table 12, which shows some changes in value of the critical respiration
characteristics of lemons from the beginning of storage. This fruit
was picked August 13, 1941, and stored 1 day later in the commercial
roem. Although % was classed light-zreen 15 was considered weak
because of the prevalence of cndoxerosis, or internal decline, This
fact was part of the reason for selecting it for the experiment. How-
ever, to aveid as much as possible severe endoxerosis, two experienced
graders selected five boxes of lemons from the genera' lot, Neverthe-
less, it was found by subsequent cutting of each sample after it was
used in the respiration chambers that through the twenty-five 2-gallon
respiration chambers of {ruit used the percentages of severe endoxerosis
ranged from 0 to 2, of medium cases 0 to 6, und of slight or trace 24
to 45.

These inspection rerords help to account for the rapid changes in
the critical characteristics of this fruit in storage {table 12), Normal,
winter-picked, light-green and silver lemons showed much slower
changes under storage conditions. The data in table 12 indicate that
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the lemons had reached their maximum anaerobie respiration capacity
within 1 or 2 weeks snd & complete reversal (or return to their original
fresh capacity) in about 10 weeks. No decay was found until after the
Qctober 16 examination. When the inspection was made by ruthing
after completion of the respirution test beginning December £4, a total
of 5.1 percent of the fruit was found affected with alternaria rot. By
interpolating backward along a working graph plotted from the data
in table 12 it was indicated that this sample of lemons probably had
reached the decay break Navember 15 to December 1, with probably
40 fo 45 percent of the buttons remaining green at that time.

Tanve 12, —Changes from the beginning of slorage in the erilival respiration characleristics
of lermong at 76° F. stored as light-green fridl, Corong, 1841

[Terms explained on p. 26 and in legemd for bg. 8]
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The results of all respiration fests also indicate a relation hetween
the button color and the tendency of lemons to alter their respouse to
anaerobic conditions. Table 13 presents the results of four tests of
this sort. The temons of the first three tests recorded in the table
were selected for button color from the commercial conveyor as the
general lots were being packed for eastern shipment in 1940. On
October 8, 1841, a fourth test was made on speciully sclected femons
which had been in storage 14 weeks and stored as darl-green. YWhen
removed to the laboratory for the test the sample showed 34, 24, 35,
and 7 percent of the buttons full-green, intergreen, interblack, and full-
black, respectively. In this fourth test the iemons showed hut slightly
the tendency toward reversal of anaerobic response. The lemons were
gtill in excellent condition and a few weeks away from their decay
break; but in these and in the other examples of table 13, the reverse
formula ean mostly be applied; that is to say, lemons with the lighter
colored buttons are better in general; as indicated by showing smaller
A’s, B's, and (s and larger D's.

EFFECT OF ALTERNARIA DECAY ON CRITICAL RESPIRATION CHARACTERISTICS

The question arises whether developing Alternaria has a part in the
reversed and sluggish respanse of older lemons {o anaerobic condi-
tions. From the results of several experiments designed to solve this
problem, it appears that it does not; in fact, the elfect of visible Aller-
naria activity has proved to be the opposife. Lemons with active
alternaria decay have always shown a speeded-up response under the
conditions of the special respiration conditions employed in this investi-
gation. This does not mean that the Alfernaria infection has increased
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Tanng 13.—Critical respirafion churacleristics of lemons in relation to condition of
the butlons

[Terma eaplained on p, 26 and in legend for fig, 5]
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the respiration rafe of the lemon tissue, but that the total respiraticn
of lemon tissite plus Alternaria has increased, so that dlferneria activity
within lemons can prevent the expression of the reversed response of
old lumons to anacrobie condition. Table 14 gives the principal results
of a test to show the effects of Allernuric on the respiration, The
lemons used were the combined left-overs of five different storage lots
from the still-air chamber, 1939. Most of this fruit had heen in storage
18 to 21 weeks, and to the date of the test 15 to 33 percent of it had
shown. alternarin decay. All huttons were black. Twelve respiration
chambers were filled with these lemons, and after the respiration test
the lemons were cut and arrayed according to increasing nmounts of
Alternarie. The values of the critieal respiration characteristics of the
three lots with the least Alternaria infection (6, 11, and 1} and of the
three with the most {4, 2, and 12) are presented in table 14. 'With few
exceplions the critical values of the six interinediate samples as regards
alternaria decay {ell between those of lots 11 and 4. The anaerobic
respiration response of lots §, 11, and 1 was very slow as compared with
that of lots 4, 2, and 12; the total recorded response of the last group
was much more rapid than the fresh fruit could have made at any time
after heing placed n storage.

TanLe W——(rilical respiration characleristics in relution lo Allernariv infection
{Terms explained on p. 26 and in legend for fig, 8]
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