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HANDLING THE COl\fMERCIAL CROP OF LEMONS 
The commercial lemon-growing i'ndustry 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 fig~s do not take into U('count the lemons used for bypro ducts, 
anurunti~to 15 percent or more of the total production. The bulk Of. 
thaemOIt5>ypl'oduet~1 is used by the armed forces. 

tfhe leIlJ,Qn tree blooms more or less continuously, and mature fruit 
ust«!ell as;Wossoms occurs on the tree every month of the year; however, 
th&'heavie!t bloom OCcurs in March or April, so that most of the fruit 
is ~dy f6P>harvest in winter and spring. The greatest market demand 
fo~mon~however, is from June through August. This demand is 
m~y stating 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 rooms equipped 
with ventilating or air-conditioning devices to maintain the desired 

I Submitted for publication August 20, H)45. 
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the first phase of these s.tudicll, 1 ...1. P. Masurc for assistallce in rceording uuln, Illld 
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2 TE(;UNICAL BULLETIN 908, U. S. DEPT OF AGRICULTURE 

storage condition. The average storage period for the lemon crop us 
a whole is .about 3 monthsj such storage costs about 11 cents per box, 
or about 1 percent of the 1943 retail price. When the time for shipment :. 
al'l'ivcs the Jemonsare graded, sized, and packed in boxes as they are 
usually seen on tho market. Lemons may also be stored temporarily 
after rec:eipt in terminal markets, but the investigations 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. 

IMPROVI~G THE KEEPIL~G QUALITY OF STORED LEMONS 
TI:.e cost of holding lemons in storage is increu~ed by the practice 

of altering the temperature and moisture content of outside air intro­
duced in sufficient quantities to keep the carbon dioxide content below 
0.5 percent. This limit was evidently set rather arbitrarily from the 
results of experiments on degreening, or coloring, of citrus fruit with 
ethylene, which showed thn,t more than a few tenths of 1 percent of 
carbon dioxide retarded t·h~> coloring process. It would be supposed 
that factors which favor rapid coloring would be likely to favor ripening 
and those which tend to retard. coloring and ripening might be expected 
to favor longer storage of fruit through the returdation of vital processes. 
While it is highly improbable that even much larger accumulation of 
carbon dim.:ic1e in itself would be injurious to stored lemons, the problem 
is complicated because other substances (emanations) are given off by 
fruit in storage and some of these less abundant products may be far 
more injurious than carbon dioxide. Under such conditions a very 
small limitation set as a permissible accumulation of carbon dioxide 
becomes a practicable and easily determinable indirect index of the 
presence of the more harmful products that cannot be determined 
directly. 

Direct evidence of the production of other gases by citrus fruit was 
obtained by Miller, Winston, and Fisher (7)3 and Bin.le (2). These 
writers showed -that decaying and even normal citrus fruit may produce 
emanations, presumably ethylene, which cause epinasty in tomato, 
potato, I1nd other growing plants and accelerate respiration and degreel1­
ing in lemons. Their findings indicated that the relati.ve value of 
ventilation (i.ntroduction of rn.ther large quantities of fresh, conditioned 
air as in commercial storage) and air circulation in storage of lemons 
should be rechecked. 

The problem claims further attention because of the growing sus­
picion, supported by evidence of plant indicators, that the "fresh air" 
around lemon storage basements located near busy streets and highways 
may carry a sufficien:t admixture of automobile exhaust gases to be 
harmful; for example, it is not uncommon to see trucks with motors 
running standing with exhausts cliredecl toward the fresh-air intakes of 
lemon storage rooms in the basement of packing plants. If the inereas­
ing amounts of automobile exhaust gases in the environment prove to be 
a serious factor, it will be necessn.ry to devise methods for chemically 
freeing the introduced fresh air from carbon monoxide, ethylene, and 
other ul1sa+,urated hydrocarbon gases in addition to the present air 
conditioning. There is a possibility too that certain gases, such as 
are now being introduced into lemon storages as disinfectants (6), may 
also prove capable of destroying in situ the injurious emanations of 
fruit and molds and the harmful constituents of automobile exhaw:its. 

3 Ttalic numbers illparcntheses refer to Literature Ciled, p. 32. 

http:necessn.ry
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SUCh considerations are likely to keep open the question of the amount 
and kind of ventilation necessary for lemons in storage. 

From 1938 to 1941 Eurekalemons, the most common variety grown in 
California, were studied to determine the physiological changes that 
occur during long periods of stomge, the eorrelation between such 
changes, their relation to alternar.ia 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 gene"al (1) that ail' eireulation cannot be sub­
stituted for ventilation as ordinarily pro\'idcc! in eommercial storage; 
(2) that sufficient carbon dioxide does not ac('umulate in commercial 
storage to injure lemons, but it diclnot eliminate the probability that 
certain other emanations (particularly ethylene) of molds and of the 
lemons themselves can easily become injurious to lemons held in long 
storage; ::md (3) that the percentage of buttons that are green and their 
rate of change .:from one color class to another afford a practical melins 
of predicting the maximum safe period for holding a p;iven 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: 

• 

Weekly loss of weight was greatest in the commercial storage (control) 
and least in the Gtill-air chamber. Lemons of different stages of 
maturity lost weight in the following order: Tree-ripe, silYer, light:.. 
green, and dade-green. The differences in rate of weight loss for all 
practical purposes was negligible, because of differences in the relative 
durations of s1;,Qrage of fruit of dHTerent maturities. Lowering the 
relative humidity in storage 5 percent without ('hanging the tempera­
ture more thall doubled the rate of shrinkage of lemons for about 
3 weeks afterwttrd. 

In commerciul storage (control) the curbon dioxide content. was less 
than 0.1 percent. In 1938 the uverage maximulU carbon dioxide 
uccumuln,tion was generally greater in the circulating-air chamber than 
in the still-air one, but in 193H the reverse was true; in Hl40 the accumu­
lation was greater in the circulating-air chumher than in the ventilated 
one. The total extrnrtnble volumes of internal p;ases of lemons varied 
with the maturity in the {ollo\ying decreasing order: Silver, tree-ripe, 
light·green, and (htrk-green. Hip;h volume yields were associated with 
high oxygen 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 nlternaria deeay was seldom found to 
indicate decay in more than 1 porc'cut of thc other lemons. "\\""hen at 
least 2 percent of the lemons $ilow(>d externally visible symptoms of 
decay the lot was considered to hn,ve rca('hed decay break (beginning 
of definite susceptibility to .f1licl'lwl'ia). This IMer was arbitrnrily 
fixed at 3 pereent. Tlte length of time lcmons eQuId be held in storage 
before decay break o('curred depended upon their stage of maturity 
at storuge, the time of piddng, I;ho year, and the ('ondition of storage; 
but the ratc of suhFlequent de(~tty was rapid and rather uniform regurd­
less of the original storage quality. At or near (lIiH'U,y break lcmons 
('hanged from almoiit ('omplote immunity to A,lIernul'ia. to extreme 
susceptibility. The ordei' of inercllsing k(lpping quuJity of fruit picked 
011 the same date wus iLl general tree-ripe, 8ih-('r, light.-green, and dark­
green. Lemons picked in midwinter llltd the best storage qualities; 
after ,February their .keepinp; quality diminished until late spring and 

http:alternar.ia
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early summer. Bight-green lemons picked in February did not reach 
their decay 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 still-air chamber than in the 
circulating-air one and earlier in the latter than in co llllercial storage. 

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

Buttons of stored lemons were classified in five categories (full-green, 
intel'green, interblack, full-black, and off), described on page 19. The 
chang,es in button conditions were related to time of picking, stage of 
maturity, and condition of storagfl. 

Close correlation was observed between the condition of buttons 
and the development of alternaria decay, often many weeks later. A 
possible practical method of predicting the maximum safe storage period 
for any given lot of lemons, particularly silver and tree-ripe ones, by 
several inspections of the button condition and comparison with stand­
ards is described on page 19. The behavior of tree-ripe lemons often 
could be predicted from an initial inspection and another about 3 weeks 
n,fter storage, of silver .from two or three inspections during a storage 
of 8 to 10 weeks, and of light-green only after one more inspection and 
n, longer period of storn,ge. 

Spedal respiration tests indicn,ted that during storage the potential 
anaerobic responses of lemons continually change. Immediately after. 
being placed in storage their potential for anaerobic respiration increases 
for usually a few weeksj afterward it decreases steadily to the end of 
the storage life of the lemon. The decay break appears to come just 
previous to what may be called the storage. climacteric, when the 
nnaerobic responses of the lemon show complete reversal from what 
they were at the beginning of the storage period. 

MATERIAL AND EQUIPMENT 

From 1938 to 1941, inclusive, the storage of Eureka lemons, the 
most common variety in California, was studied. During 1938 the 
lemons were from four districts: Coronn" Glendora, San Juan Capis­
trano, and Piru. In subsequent seasons they were, with a few excep­
tions, from different blocks in the large 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 control 
of temlperature, relative humidity, and ventilation. During the early 
part of 1938 (to May 18) a temperature near 56° F. and a relative 
humidity of 90 to 93 pcr('cnt were maintained. Later the temperature 
was kept the same, but the relative humidity was lowered to 85. to 88 
per('ent, or about 5 percent. The amount of fresh outside air intro­
dueed into the circulating system was so regUlated tha.t a.t no time ' 
was the cn,rbon dioxide aeeumull1hion found to exceed 0.1 percent. • i 
This commercial storage provided the control eonclition in the various 
experiments. 

Two experimental chamhers were bdilt in the storage basement just 
mentioned. They measured 8 hy 8 hy 7 feet !tnd were constructed of 
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three-ply boards 011 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 general storage outside except that the slight fluctuations 
occurring outside were not noticeably trn,nsmitted into the chambers. 
The relative humidity was usually slightly higher within the chambers 
than outside. The inerease in relative humidity wn,s difficult to measure 
but could be sn,fely assumed to be 1 to 2 percent. Each chamber was 
proyided with copper-tubing outlets to n,llow gas sn,mpling without the 
neces':3ity of opening the doors. One of "he chambers was used for 
testing the effect of air circulation; the other was maintained until 
1940 (p. 7) without either ventilation or .air circulation 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 n,nalysis of carbon dioxide and oxygen wn,s made with a some­
what modified Halchtne-Henclcrson apparatus, and the extraction of 
the illtel'llul gas of lemons was done with a specially constructed 
apparatus described by Brooks (3). The extracted gases were collected 
for analysis in 250-ml. gas-smnple tubes. ,. 

• 

The respirn,tion studies were of the special anaerobic type described 
by Harvey and Rygg (5). Most of the results were obtn,ined with the 
apparatus mentioned by them, but in 1941 the I-gallon mayonnaise 
jars were replaced by 2-gallon mctn,l containers hn,ving specially con­
structed rims' n,nd lids. This type of chn,mber not only increased the 
size of the sample but simplified gren,tly the operation n,nd removed the 
danger of violent breakage . 

The detn,ils of other m0t.hods u.nd procedul'es employed are found 
in the sections presenting the results. . 

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

Loss OF WEIGHT IN LEMONS 

Some loss of weight, or curing,4 of lemons is generally. accepted as 
desirable, for it deC'reases the risk of injury in subsequent handling 
operations and consequently lessens the danger of fungus invasions. 
However, during relatively long storage -periods this loss of weight can 
easily exceed the amount clesir:1ble for best curing if the temperature, 
air circulation, n,nd relative humidity are not controlled within the 
proper ranges. The more modern plants for lemon storage are undoubt­
edly meeting these conditions very satisfa(·torily, so that the only 
justifieation in presenting t.he observed results on the rates of Rhrinkage 
of lemons in storage is to sb::nv the relative etTrets of the n,ltered 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 ...veight under 3 storage positions (table 1). 
They represented 3 general picking periods 6 to 7 weeks apart und 4 
stages of maturity: Di~l"k-p;l'een (9 boxes), light-green (21 boxes), 
silver (21 boxes), and tree-ripe (12 boxes). All 3 general pickings 
were made Itt Corona, the first and second n,t Glendora, und 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 scrtion of a grove, but under this condition one may often obtain 

4 The term "<mring" is sometimes used to include the coloring process also. 
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3-either dark-green, light-green, and silver or light-green, silver, and 
tree-ripe; the shift in maturity stages occurs from midwinter to early 
summer. At each picking period and location 3 stages of maturity. 
VI,ere obtained for these tests under the limitation indicated. 

The range of losses from the 21 boxes in commercial storage was 
0.32 to 1.62 percent per week, the average being 0.83 for the entire 
storage period (table 1). The 2 experimental storage positions showed 
slower rates of shrinkage than the comm~l'eial; the still-air storage 
showed the least, as was to be expected. In the various characteristics 
observed the response of lemons in the circulating-air chamber was 
always intermediate between those in the still-air and those in the 
comm'~rcial, usually, closer to the former. 

TABLE I.-Average loss of weight per week by lemons in storage, 1988 
[3 pickings, 01 stages of maturity, and 3 positions of storage at 90 to !l3 percent relative humidity before 

May 18 nnd 85 to 88 afterward nnd 5(\° F.] 

I Average loss of weight in indicated position of storage 
Date 

picked 
Date 
stored 

Storage
period Commercial 

room 

1 
Circulating-nil'

chamber 
Still-nil' 
cbamber Average 

February 28__•••••• 
tf.ril13••••••••••• 

ay 29•••••••••••• 

Week.! 
Mnrch 2••••••••• 11001' 214 
Ar,ril16-•••••••• 4 
11 ay 31 ••••••••• 11 

Perctlll 
(\.66 

.87 

.97 

Perctlll 
0.50 

.71 

.53 

Perctllt 
0.49 

.46 

.36 

Perc",1 
0.55 

.68 

.62 

Average_•••_ ----------------- ---------..... .83 .58 .44 .62 

1 7 boxes. "2 box,,". 

The stage of maturity had some influence on the u,yeru,ge rate of .' 
shrinkage, but the difference did not seem to be signifirant. Tree-ripe 
fruit, which is not genern.lly considered storable and is held for only 
relatively short periods, if at all, g:we the highest rate of shrinkage 
(0.69 percent weekly). The weekly shrinkage rates were 0.60 percent 
for silver lemons, 0.57 percent for 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 noted .in the rates of shrinkage would be negligible for all 
practicable purposes. 

During 1938 the relative humidity of the commercial storage room had 
been maintained at 90 to 93 percent untillVIay 18. "\Vith this yery high 
humidity molds were able to establish themselves upon the walls, 
which had received a casein-base paint, and on the softer strips of 
lumber of the box ends. Because of the suspicion of possible harmful 
effects of these molds, a series of tests for ethylene in the storage 
atmosphere was made with tomato, potato, and etiolated sweet pea 
seedlings as indicators. These tests all proved positive. Therefore, 
without then knowing whether these emanations were produced by 
the molds, the fruit itself, or both, it was recommended that the relative 
humidity be lowered as a means of controlling this mold growth. On 
May 18 the ,relative humidity was lowered to 85 to 88 percent, or 
alJproximately 5 percent. The molels soon came under control, but in 
a few days it was noted that the lemons were losing a considerable 
amount of their previous fresh appearance and luster. This suggested. 
a special check on loss of weight of fruit under the altered relatiye 
humidityc 

Four boxes of lemons of the first pickings at Corona and Glendora 
(stored .March 2) were selected from the commercial storage and 
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reweighed on May 23, 5 days after the; relative humidity had belm 
lowered 5 percent and 10 days after the last regular weighings. For the;. 7 

10-week period before May 13 the average loss of weight of these four 
boxes had been 0.65 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. '1'he next period, May 23 to. 
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 io).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 Joss of about 0.8 
pound per loose box PCI' week in storage. 

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

With the beginning .of the 1940 season the still-air chanlber was 
altered to a ventilated one by making openings through its walls for 
continuous 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, 

10an average temperature about 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 fTom storage for certain 
laboratory experiments. Table 2 gives the average loss of weight per 
'week under the thrce storage conditions. The losses shown for the 
second period of storage appear too large, as there was no recorded 
change in the general environment. However, the ('ontinual dwindling 
of the supply of fruit in cO'l1mercial storage might account for the 
increase, bceause of the resulting greater exposure of that fruit to 
e\raporational faetors. 

TABI,E 2.-ilveragc loss of wez'ght per IL'cek b!llemQn.s in storage, 1940 

Storage position Febru.ry 14 to April 30 April 30 to Muy 27 

Ptrcenl Ptrctnl 
Commercial room•••••••••••••••••••••••••••••••••••••••••• 0.74 1.13 
Ventilated chamher ••••••••••••••••••••••••••••••.••••.•••• .68 .91 
Circulating·.ir chumber "'" ••••••••••••••••••••••••••••••• .62 .77 

I---~ 
J\."'eragc.......... _.... ___ .. __ ................ __ ... ___ ... _...... __ .................. ___ .. 
 .94 

I. 
CARBON DIOXIDE AND OXYGEN CONTENTS 

EXTERNAL ATMOSPHERE 

The carbon dioxide and oxygen contents of the experimental storage 
chambers were determined at intervals throughout the season. The 
samples were always collected immediately before the necessary opening 
of the doors to put in or tl1ke out fruit. In every analysis the air of 
the commercial storage room showed less than 0.1 percent of carbon 
dioxide, probably too little to be considered of significance in itself. 
Examples of the accumulation of carbon dioxide in the experimental 

http:Febru.ry
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chambers are shown in table 3, in which are given the carbon dioxide 
maxima and the oxygen minima, selected from analyses made at the 
eud of the longest 'Periods 'with closed doors in 1£)38. The fiverage. i 
highest accumulation of carbon dioxide for finy position was 1.31 per­
cent. It seemed clear that the accumulation of carbon dioxide was 
prevented by the ventilation resulting 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 l)eriod when the doors remained closed for 
21 days, yet the maximum carbon dioxide accumulation was only 1.14 
percent in the circulating-air chamber and an average of 1.39 percent 
i.n the still-air one (average of top, middle, and bottom portions). 

TABLE 3.-Maximum carbon dioxide and minimum oxygen in closed experimental 
chambers, 1988 

Carbon oioxide ano oxygl', aft"r indieBteo period (oaysl.' on-

Btorageposition Mareh 18.(6) 1~~'~~1~3)_J ~!"l'2:;(8) 
C02 I 02 IC02 I o. C02 I O. ICO. I o. ICo. I o. 

, ,------1-'-1-1--- ­ -1--­1 .' I •
Still-nir cbamber: P<Tcf7Il: Perccnlll'rrccni Percent 1'<Tetll/: Percell! ;Prrcl1lll't7Ccn! I'rrwlI'l'rrctnf 

'rop___________________________ 0.32! 20 521 0 40 I lOGO 061 ,-------t 062 i ....... 01l71' .. - __ _ 

~Jiilule________________________ .37 2U ·15 Ll2 i HI 7560 ___ .... r .84 I 2fl 04. 114 2U Ii 
Bottom________________________ 42 I 2042 l.31 i 10.50 .60 IU.70 I .88 I 20 1)4! .7ll 20 12 

Avcrage____________________ .~! 20 40 1--:n:J1 1074 --:6:lf-::=-nl 20 o4-m'2Oiii 

C,rculuting-uir chamber: l=""-i'~=l=r"'-""=I·=I"'~=" -:-"-I=I~< -'- , 
Average--------------------·1~J~.': I 1_~1.!~~. ~J 2J H.~I-=I .73 \ 20.1~ 

'Analyses IIlllde at end oC longest periods with clo~cd ooors. 

Before 1940 a materia,l was sought with which to surface the walls 
and ceiling of the experimental chambcrs in order to retard the escape 
of carbon dioxide. Several commercial firms were qucstioned as to 
the permeability of various surfacing materials to carbon dioxide. 
Because no pertinent information was obtained, a method was devised 
and a series of tests was made to determine the rate of penetration of 
carbon dioxide through about 20 clitTerent surfacin~ materials or COlll ­

binations. All determinations were made at laboratory iemperatures 
and an arbitrarily chosen and maintained 20-percent carbon dioxide 
gradient.

Remarkably wide differences ,vere found between some ('ommon sur­
facing materials in the resistance they otTerecl to the pass?.ge of carbon 
dioxide. These differences were expr{'ssed as logarithms of the Tecip­
rocals of thel'elative rates of ditTusion of carbon dioxide through the 
material, in a manner similar to that used for expressing hydrogen-ion 
concentration. The three mORt ('tTcetive nutterials tc::>ted Were n 'Paint 
prepared specially Jo[' these tests by n Pasndenn. firm, white shella(', 
und a white uatluoom enamel. All of these were more than 200,000 
times as resistant to the passage of carbon dioxide us plain moist 
three-ply board. Four paints tested sbowed an etTectivcness between 
10,000 ancl 100,000 times that of moist three-ply boarcl. Among the 
tests of these was a sUrlaee consisting of two ('oats of a hand-prepared 
paint composed of wbite lead, linseed oil, and turpentine. This paint 
was finally chosen for surfaC'ing the. expcrimct.:tnlstol'llge chambers 
because of its relatively low eost and high ctlcetivenes5. 

During 11)40 the carbon dioxide content of the vcntiln,tecl chamber 
was less than 0.1 percent by nil analyses, but in the drculating-air 

http:pass?.ge
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one it built up to neat;~y 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 coneentration for the season did 
not exceed 1 percent in the circulating-ail' 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 storage chambers. With 
a few exceptions these 1emons were from Corona, but they ditl"erea 
in stage of maturity, time of picking, and condition of storage. 

The dHIerences 1n carbon dioxide nnd oxygen content of the samples 
were interesting, though possibly of little significance in connection 
with the storage problem. Exa,mples of the sort of differences encoun­
tered are shm"TI in table 4, which gives the results 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 lemons were very scarce in the grove, it was 
with some diffieulty that three l>oxes one-third full were obtained from 
the same block. 
TABLg 'i.-Infernal gases of lemons of various 11latun'lies slored abdut 11 weeks lmdt!!· 

clijJmmt conditioll.~, 1938 

~ Gas content of fruitCarbon I ________ . __ . __ ._ 
Period diOXIde i Dllte ! },laluriLy iwith~tonl.ge Jlosltiull dosed content I' of I oUruit i Gas 
door 

j
I O:;h~~I~~r tcst when sl<lreci ; c'<j~15ted I Si~<t;:J~ O,ygl'jl 
1 ~ l ! nlluutes 
----j_._~.1 : ! : 

PerCtnt! ! IMillililtr.~; Percent Percell I 
I: 'l'ree·ripe... .12 02 , 3.63 18 60 

Commercial room__................ .. 0.1 Jnly 6...JJ1'ilVcr...... 70S!! j 22:1 I 1000 
II,igbt-Rrcen.; :17.65 I 439 , 17 26 
,Dllrk·grccn.. 36 30 I 4.69 ' 1680I 


: I A...crngc•• :"..~o~~"'1,-_3 74~-"'=;,s,;,,L~,"," 
I lITrcc.riPc ••• \ 69.15 3.02 1847

Circulating.air chamber ••. 7 .66 Jul~·S••• riilvcr....... SI 40 1 7S I' 20 Iii 
,[,igla-grecll. 5343 3.61 17.30 
(Dark.green_': 4045 S.88 17.32 

A,·crago•• 1 63 36 3.07! IS:ll 

fTrol'-ripc•. ,1'''"7290 . 42~,~6(-)·· !=1178··~.·888S····'
Still·air chamber • ________•• \ July7 .•_ \Hilvcr •...• _'.. 8240 u 

J.ight·grccn. 5425 5.S:': 14.lfi 
Dark'llrccIl." 51 01i 5 SO I 15,24 

AVerage•• t 65. Iii flG.:,-·\­.1. 60I 
Each sample of lemons used foJ' gas extraetjon weighed approxi­

mately 650 gm. The number of fruits per sample was usually seven. 
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 cm. of mercury. 

The greatest average volume of gas extracted in 5 minutes was from 
lemons in the still-air chamber and the least from those in commercial 
storag'.} (table 4). This is probably due to the fad that the shrinlmge 
of fruit wasgreatcst in (!ommcreial and least in the still-air chamber. 
With respeet to stage of llltLturity, the volull.h.\ yields of gas from the 
samples waB ill the following deercasing order: t;ilyer, tree-ripe, light­
green, and clark-green lemons. This order may be due to n. decreasing 
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compactness 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, they •• 
may show more compactness than the silver lemons on account of 
their genel'!1l1y smaller size and slower growth rate. 

The volume yield of internal gas seems to be definitely correlated 
with its carbon dioxide and oxygen percentages. High oxygen and low 
carbon dioxide are associated with a largo volume of e:-..-tractable gas and 
low oxygen and high carbon dioxide with a smull ono; so the samples 
from the four stages of m.aturity may be listed in the same descending 
order for oxygen as they were for gas yield8 and in ascellding order for 
carbon dioxide. 

ALTERNARIA DECAY 

The inspections for alternaria decay were in the main extE'rnal. To 
have had sufficient fruit for representatiYe samples for cutting at each 
inspl:lction would have required an impractir'able 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 60 fruits of that lot were cut in an attempt to determine the 
amount of hidden alternaria 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 <inte of decay break the one when 
2 percent of an experimental lot had alternaria decay visible; thus, 
decay break means that altern aria decay may be present in 3 percent. 
Defore t1." time of decay break sometimes 1 to 2 percent of the i'ruit • 
showed decay due to blue and green molds or other organisms, but . • 
Alternaria must have attacked tLt least 2 percent of the fruit before the 
decay-break point was regarded as having beon rcached. 'fhe term 
Ilalternaria decay,or rot," in this bulletin is based nob upon critieal 
mycological determinations of Alternaria tilri Ell. and Piert~e, but 
upon careful inspections for those black dec'ays of lemons 3n storage 
commonly grouped us alternarin, rot. As so. used it holels its practical 
interest for managers and foremen of lemo.n pac'king houses. 

The elata showing the l'haracteristic J'csponse of lemons to alternaria 
decay in storage were plotted with the emphasis o.n the p('reentage of 
L'uit remaining sound after eaeh inspection rather than on th(: amount 
of decay itself. 1'his method produees a graph that may be called the 
complement of Olle dire('tly showing dceay. The difference between 
100 and the percentage of fruit sound reprcsents the percentage of decay. 

'fhe comparative etIcets on storage life, of storage position, stage of 
maturity, time of picking within the season, and year are given in 
table 5 for the period when the still-air chamber was in use tlnd tWO 
shown graphically in figures 1 and 2. The data at hand permit little 
to 'be said about either the year or the locality in which the fruit was 
grown. . 

The still-air chamber in general made a poorer showing than circuh'1t­
ing-air and commercial storages, and commereial storage gave a con­
siderably better performance regarding decay and length of storage 
than did the t'ireulatillg-Ilir chamber. The shrinkage in weight, 11ow- .•. ; 
ever, was less in the eirculahillg-air ('hamber than in commercial storage 
(table 1), The resulting greater firmness 0.1' the fruit in the former 
position ('aw:lcd it to. appear superior to that in commerdal storage, 
but this appnrent 11clvlmtage wus lost soon after the samples were 
bro.ught into the laboratory, 
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FIGURE l.-Silver lemons that remained sound after diITerent periods of storage 
under dilTereT;lt conditions, Corona, block 23_ A., W38: .First picking, .February 28; 
seGond, April 13; third, May 20. B, 11)39: First picking, February 14; second, 
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FIGURE 2.-Lemons of different maturities that remained sound after different periods 
in the circulating-air chamber, Corona, 1938; picked February 28 and stored March 2. 

In 1940 the still-air ehamber was abnndoned in favor of a ventilated 
one (p. /'), but the circulating-air chamber without ventilation was 
.retained. The results in genr::ral corroborated the findings of the two 
previous seasons_ However, the circulating-air chamber proved less 
:favorable than in previous sonsons, prohahly because at the .beginning 
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TABLE 5.-Stcrage penod~ oj lemons of different stages of maturity, picked at different times and stored under different cOnditions 
~. 

Storage p<riod of fruit of specified .tage of maturity in indicated position 
~ 
l"l 

Dark-grecn Light-grecn Silver 	 Tree-rip< C'> 
I:r.l('ondition of [nlit. at emlQrigin of fruit and 2!

datcslured of storage p<riou 
Circulat­ Still· Com· Cireulat· Still· Com· Cil~u\at­ stm· Com· Circulat· Still· .....

Com· 	 air mercial ing·air air C'>air mercial ing·nir air mercial ing-airmen'ial ing-3ir 	 room chamber chamber 
room chamber chamber room chamber chamber room cbamber chamber'____'____,____,____,____,____,____,____'____'____'___-,---- ~ 

b:lW..h lVeeb lI'rek. 1I'tth Tl"ttk! Wtth lV"h 
1938 	 I 11"uk. IWub 111"tth Wccb ~ot~' 14 23.5 20.5 14 14 13.5 12 d 

('orona, hlotk 23: No deeay..••.•••••••••.[•••.•••••••••..•••.•.•••..••:: ~~.~ 2;" 	 21 16 14.5 ~ 
22 28.5 25 21 	 .....

March 2 ................ IDeeay breaL••--.....-J-..................:. :=:=====.. 15 9 15 9 10 9 8 7 §

No dreay............... ·..........1'•. -...--\ 25 16.5 

8 
19 18 17 16 14 
 11

12 	 ~.>.priI16•••• -............ Dl~~' break..._...._•• ) .......... \............- ••----- 11 IZ 	 4
11 1-15 8 4 4 ....15 
14.5 175 14 5 12 11 5 4.5 Z185M.}·31................. ~~~t~;k:=::==:::::::::::::==:: :::=:::::: :::::::::: 16.5 185 


12 12 1I 	 "" o·19 '14 24 111 15l'iru: (No deeay_____....____.. '-"---"'1 95 5 ; 22 2;.5 24 18 24 18 14 
---------- :=:=:===::\::::::=:=: ~ 

I" 

1.larch 10.....__________ \Decay brenk................~....., •. . . 


12 11 ---------- .-----.--- ~ 
90 ': 9') j' 15 22 14 ~ Glendora: No decay __....._____... • _ ; 28 ••. 98 24.5 10 
12 

13.521 15
March 3 __ ._.___________ {Decay breaL_•• _.______ 2,'\ I i2 16 17 	 ?l10 10 9 9 

155 16 15
.,.priI6........______••·• {~~~~k=:::=:==::: =::=::==== :===:=::=: :=:::.=:::, \9 20 5 2: .. ; 

125 _~~-,~I~_;i:_ tl 

• - • 9 12· 12 '13 12!!. 12 12 ~ ~!\n Juan ('aplStrano. {NO decay______._._•.___ ~3 5 I "4 5 'HI 23 5 24 .0 	 ~.24 -5 !!O 17 

0 
Murch 4•••••_.......... Decay break ••.• ______... •. • 	 I 


4 '=:l
19S9 	 'I 25 . 21 5 I 15 I 22 16 12 4 U 

6.5I .-. 	
12 

eo",,!,, bloc~ 23; No decay ______• ___...__ -..-.-.-.' -::=:::::: :=:::::... 34 I 2U I 22 I 	 12 1225.5 	 23 16.5 
7 ; 2 1 >­

0
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of the season the storage chambers had received two coats of a paint 
specially selected for its imperviousness to cal' bon dioxide. Thus, the 
circulating-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 fruit in the ventilated chamber had a 
longer storage life and was superior in every way except for more loss 
in weight to that in the circulating-air chamber. '1'11e results from 
the ventilated chamber were almost identical with those from com­
mercial storage. 

PROGRESSIVE CHANGES IN LEMONS DURING STORAGE 
SIGNIFICANCE OF DECAY BREAK 

The decay records for the 4 years (1938 to 1941) 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). '1'he 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 became 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 cond,ition of almost total immunity to 
Alternaria to one of extreme susceptibility. 

INFLUENCE OF VARIOUS 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 thil1' relation accumulated during the 
course of these studies seem of sufficient interest to be reported briefly 
(table 5 and fig. 2). 

• 

In general, the order of increasing keeping qualities of the four color 
classes 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 them behav­
ing very similarly. Some packing houses separate silver lemons into 
two gNl.des, the poorer of which is then handled much as tree-ripe ones. 
The classification of lemons as to maturity on the basis of color, as 
commonly e.mployed, 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 whep the harvesting is done at widely different dates. 
That is, silver lemons l?icked in February are not necessarily com­
parable with those picked in May, but the relation between the maturity 
of silver .lemons and that of dark-green ones in February is relatively 
the same as that found between those of similar rolor classes pieked 
in May. 

Lemons with the best storage qualities are harvested jn midwinter. 
After Febl'uary the ke.eping quality noticeably diminishes until late 
spring and early summer i from this point in the season the keeping 

• i 

quality seems gradually to improve until the midwinter maximum is 
reached. However, over a considerable part of this period of improving 
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keeping quality the lemons are usually picked and marketed at once, 
so that little 01' no storing is' done. The initiation of the change for 
better quality in midsummer seems to be due to the gradual coming .• 
into the pickings of lemons developed from bloom of the late SUlllmer 
or autumn of the previous year. 

The time of picking has a relatively great influence on keeping 
quality (table 5). For exauple} in 1939 light-green lemons from 
Corona, block 23, picked February 14 were held 1 week on the :;.'1cking­
house floor and afterward 24 weeks in commercial storftge without any 
visible alternaria decay and 33 weeks to their decay break. I,ight-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 
earlier did not reach their clecn,y break 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. It 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 111ay be concluded that lemons do 
not store nearly so well on the tree 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 earlier pickings were made; hence,they were probably set 
at later elates. If all the winter crop of lemons were of proper com­
mercial size anel storage facilities were (1V[Lilable, there would be no • 
doubt as to the desirability of picking the entire crop as early as possible 
and placing it in storage. 

TAPLE 6.-Average length of storage period for each general picking of lemons, 1938-39 

1938 1939 

Picking 
Storngc StorageDatcstorcd Datuatorc<\period pcriod 

lI'rek., WeeksFirst__________________________________ M:lrch 2 __________ 22.8 February 22.______ 2:3.4 
Second________________________________ April19___________ 10.5 April 10___________ 9.6 
Third_________________________________ Mill' 3L__________ 14.5 Mal' 17 ___________ B.6 

Average______________________ ___________1----------1--------"-----------1--------__ •_____ _ 
17.n r------------------ 13.9 

In view of the fact that the various qualities of citrus fruit are 
assumed to vary greatly with the season (year), the average length 
of the storage periods of lemons until the decay.break was calculated 
for all Corona lots held in commercial storage in 1938 and 1939. Three 
groups of picking dates were selected and called first, second, and third 
pickings foe each yeu;r. The date used for each picking was the average 
of the dates of each group of pickings. The average length of the 
storage period for each general picking is given in table 6. The three 
general pickings of 193\) averaged 8, 9, and 14: dtLYs, respectively, 
earlier than the ('orresponding ones in 1938. This should havo given • 
the lemons of 1939 some advantage over those of 1938, but they failed 
to make as good a showing. . 

Another example of difference in keeping quality of lemons) probably 
due to season (year), is the' following: Dark-green lemons picked 
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August 171 1940, from Corona, block E 13, were held in storage 31 weck~ 
before decay break; but those of the same color class picked August 10, 
1941, from the same location in the grove, were held only 11 weeks 
before decay.brealc5 

RESIDUE-SOLIDS RATIOS 

Among the changes taking place in lemons during storage it seemed 
probable that those in the pectic acids, hemicellulose, and other wall 
materials would be involved. The writer had made numerous deter­
minations of methoA"}' and UJ'onic acieL groups in SUell materials as 
remained in the water-insoluble frllction of grapefruit tissue and had 
found the available standard quantitative methods very unsatisfactory 
for following specific changes that might be induced by experimental 
treatment. With this difficulty in mind, it seemed advisable to avoid 
the involved and expensive methods mentioned und to adopt frankly 
some simple one that might integrate n, group of complex factors with 
sufficient accuracy to show tbe trend of the chan{~es in the wall material 
in lemons during storage. Fifteen different solvents were tried for the 
purpose of causing mild to drastic etIects upon the solubilities of these 
substances in lemon tissue. After the general trials, four solvents­
water, sulfurous acid, acetic acid, and bromine wn,ter-were retained 
for use in the regular determinations; after l1 few weeks the acetic acid 
and the bromine water treatments were discontinued. The result 
obtained by employing this method was called the residue-solids ratio. 

• 
The proc'eclure 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-butter attachment of l1 food chopper. The escaping juice was 
recovered and carefully stirred back into the ground pulp, and the 
entire sn.mple was thoroughly mixed. From this freshly mixed sample 
25-gm. portions were taken for determining tobl solids. These portions 
were covered with l1lcoholl1nd dried in an oven at 77°C. Other 50-gm. 
portions 'were transferred to I-liter flasks, and 900 m1. of the treating 
solvent was added. For the larger part of the work, as inferred, there 
were 2 solvenif, 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 earh flask were transferred to 
a 3-liter beaker, the top of eaeh beaker was tightly ('overed with cheese­
cloth, and the contents were washed vigorously and continuously with 
tap water for 10 to 12 minutes. The weight of the fine solid material 
escaping through the cheesecloth dict not exceed OAn gm. l1nd was 
therefore negligible in this work. 

Ordinary filtering proreclure required many hours) ::l.lld. the material 
was less thoroughly washed than by the rapid method' just described. 
The washed insoluble ftaction) or residue, was transferred to an evapo­
rating dish for drying and weighing. The residue-solids ratio was 
calculated by dividing the weight of the residue from 50 gm. of fresh 
tissue by twice '!;he weight of the solids irom25 gm. of fresh tissue. 
This value, or ratio, was then doubled in 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 tests with the residue-solids ratio method were on lemons 

5 A. C. 13arnes, of the American Fruit Growers, Inc., confirmed these indications 
from his own geneml ohservations of the relative storage performance of the summer 
lClIl,ons of the t.ivo 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: "Vater, 20-percent acetic acid, 15-percent ammoQium hydrox­
ide, and 12- to 13-percent ~ulfurous acid. The gren,ter 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 b~r the residue-solids rntio in regnrd to stnge 
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 011 this fruit from April 3 to September 25, 

0.7.----------------------------, 

mill WATER 
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~ AMMONIUM HYOROXltll • 

• SULFUROUS ACI,D -
TI:l 

-~ ­

-
I ­

~~ 
 -
SILVER 

FIGURE 3.-EITects of different solvents on residue-solids ratios ill lemons of diITerent 
stages of maturity. 

1940. The reS\llts from the three general picking groups and the 
three storage positions are given separately, b4t each value in the 
table represents an equal quantity of fruit from three blocks in the same 
grove. The results show a rather steady decrease in the ratio to a 
minimum near the close of the storage period, followed in general by 
a slight increase. 

The fruit in commercial storage and that of the first picking received 
the most attention ill these tests. A comparison of the general results 
of the three storage positions indicates tnat the relative humidlty, as 
it affects shrinkage, influences the value of the ra~io, probably through 
the effect of water content on the hydrolysis and synt.hcsis of wall 
substances. The shrinkage, or drying, toward the end of the storage 

'. " 
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TABLE 7.-Changes in the residue-solids ratiw in lemons during storage from April 3 
to ,september 25, 1940 

Rcsidue-solids rstio 
Storage position Solvent!and picking Apr. Apr. May May May June June July July Aug. Aug. Sep~. 

3 10 7 15 28 17 27 1 12 :I 23 25 
------11----------------------------
Commercial room: 

~lrilL•..••._.__ • Iwater••• -.!0.A46 •••••• 0.440 •••••• 0.398 0.408 0.346 ..........__ 0.352 0.329 0.365 
Acid ....__ ••'74 ______ .:148 ____ •• .364 .286 .296 ________.... .284 .282 .304 

Seccnd.......__ • Water. __•• :450 .......382 __.....352 .318 .... __ 0.298 ____ ...328 .321 .~36 
ACid"_"'1.1~0 ••••-- .314 •__....314 .264 ' __'" .240 • ____ ••274 .264 .284 

Third....______• Water____ • ____•• ______ .356 0.3501.330 .328 ............ 0.328 .300 .320 .345 
AeiU•••••_ "" __ 1'____ ' .278 .290 .293 .268 --.._. --"__ .258 .278 .274 .288 

Circulating·air 1 
chamber; .., l • 

FirsL....____ •__ Iwgter--.-- t.--... 0.400 t'"'''' .44~ 1.----- .--....H2 "--" ------ .342 .324 .321
ACld....__/.__.__ .'120 •__... .41 .....__ ..___ • .372 • __ ........_ .294 .290 .290 


Second••__ •____• Wuter ___ • ______ ..--__ '....__ ••__..1...... ----......-- .290 ______ .330 .307 .317 

Third______•__.. ~~~.;_r::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: .~~~~. ':328' jg~ :m :~r~ 
Acid ..._•• ____.. ___... ____.. ____ •• " __" ...... ___ ......... , .258 .268 .252 .250 

Yentilated chamber: 
Fin!t........__ •• I\\·ntcr.......--.. .408 ....-- .423 ••---. --"" .348 " __ "1""'" .344 .348 .362

Acid.........__ • .390 __"" .381 ____ •• _____ • .306 __.... ...... .298 .303 .29D 

!;ceond._______.. W~ter......__.....____ ...__ ...____ ".__ ..........._•.374 .......312 .351 .351 


Third....._...._ f.t~~::::f:::::: :::::: :::::: :::::: :::::: :::::: :::::: ::;;:~p~J :~~ :~~g :~t~ 
I Acid was 12- to 13-percent sulfurous. 

'. 
period might account for the rise in value of the ratio through resyn­
thesis. li'ruit in commercial 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 
lea&'t in the circulating-air cl~amber, and none is shown for the fruit 
of the first picking. 

The maximumperce.ntages of change in the residue-solids ratios 
during the storage per:iod!? al'~ shown in tabl~ 8. In the lemons in 
commercial storage the average rate of increase of the ratio per week, 
after it had reached its l1Verage minimum, was 1.15 percent as com­
pared with the avcrage decreasc of 1.G4 percent per week before the 
minimum was rcached. The minimum ratios in the lemons in com­
mercial storage show a fair correlation with the decay break, but the 
evidence does not seem to justify the assumption that it is significant. 
In genera:l, however, the method has indicated that some v.ery striking 
changes take place in lemons in storage and upon the tree as they 
develop from commercial-size, dark-green to tree-rip~ matur~ty. 

TABLE 8.-,l[a.J;imum decreases oj the residue-30lids ratios in. lemons in storage 

Storage pooition Decrease Stora~e Average dec,.."... Solvenl'and picking oerstio period perweck 

PtTctnt IV«h PtTunt
Commercial room: {Wllter....______.._ .26.2 20 1.3First..____•••------. ·----··l Acid.____...__..__ 24.. 6 20 1.2 

I. 
3.3.8 13 2,6Seccnd....___...... --- 'f~r"""""--- 34.4 13 2.6 

Third . hV~ter:=:=:::::::: 15.7 13 1.2 ......----.--------.--- lAcid..____________ 7.2 7.5 .M1----------1---------1·---------Average.___...___________ •__........ __...__ • 23.7 14.4 1.6

\=========\========\======== 

VeDtilated chambet·;· {Water_......_____• 26.5 18 1.7First CI _________... __.. _-------.--.-----------. A'd 24.7 111 1.5 
Circulating-air chamber: {Water....___• ___.. 

Fin!~......_...._..__________ A'd
CI ... ____ ..________ 

30.2 
31.0 

24 
19 

1.3 
1.6 

1 Acid was 12- to 13-pcrr,ent sulfurous. 

672962-46-2 
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The method might be improved by the choice of more suitable 
solvents and better prQcedures for appJying them. The sam,pling 
especially could be irnproved. In th~ present study the entire lemon, 
including rinds and seeds, was taken as a sample.' The seeds alone 
must have introduced a considerable variable as well as a dilution of the 
main cdtical changes in which ~here. is most interest. The nlethod 
used in, relation to susceptibility to Alterna7'iu, for example, probably 
should deal.only with the central core of tissue, which is often the first 
to be invaded by the fungus, 

BurTON CONDITio:N 

TALLYING OF BU'fTON CONDITION 

Those who work with f.:itrus fruits, especially lemons, usually observe 
the condition of the buttons as to whether, for example, they are black, 
brown and shriveled, or green and plump; they then employ the result.­
of these observations in a geneml way as 0,11- aid in judging the quality 
of the fruit. Fawcett (4, p. 590), in writing of storage decay in lemons, 
made the following statement: ' 

The separation of beginning stages of nlternuria rot is especially difficult. It is 
being done, however, in a rough way in some cuses by such indefinite signs as "high 
colol;'," "black button," "button off," "black at scar," and "soft fruit," but some more 
definite, satisfactory method still remains to be evolved. The 'presence of large per­
centages of black buttons is an indication of potell,tial decay, espeCIally afternaria rot, .. 

Early in the lemon-storage studies in .1938 the writer made some 
statistical examinations of butt.on conditions. For example, on Jun.e J 
and 2 button inspections were made on half of the contents of each 
ofaB boxes of lemons, grown in such separated localities as Corona, 
Glendora, San Juan Capistrano, and Piru. The pickings were made 
Februa,ry 24 to 28. At the time of stqrage the fruit had been classified 
as follows: a boxes of tree-ripe, 12 of silver, 12 of light-green, and 9 of 
dark-green. The period in storage had been ubont 13 weeks. Four 
categories were chosen in which to tally the buttons; (J) Green (dark­
green and tight, light-green), (2) dark, (3) moldy, and (4) oiL The 
moldy buttons usually belong also to the dark cln;ss. The results of 
the inspection of half boxes showed the following percentages of buttons 
that were green:. For tree-ripe lemons, 35; silver, 56; light-green, 72; 
and dark-green, 87. 

After the buttoq. 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' 1940 some observations made it seem 
worth while to follow statistically the ('hange in button condition from 
week to week. All the experimental lemons on hand at the time were 
silver, but after July smalJ 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 lemons were .inspected for 
button condition at intervals of 2 to 4 weeks. After J 3 weeks of storage 
at Corona silver lem.Jns showed an l1Verage of 50 to 55 percent of the 
buttons remaining 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 pbase of the study t!lC system of classification •

of button condition had .to be somewhat altered, so that it coulcL be 
used with rapidity, but with sufficient accuracy for the observer to 
approximate closely previous inspeetion figurcs for a given lot on 
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immediate reinspection. The main sources of error lay in the border­
line cases. 

The five categories of buttons adopted are described as follows: 

Full-green.-Dark-green, fresh-looking buttons, green to the very murgi~ and with 
the marginullobes tightly appressed; also light-green, fresh-looking, rather uniformly 
colored ones with appressed mD..rginE. 

Intergreen.-'1'wo general types of buttons are included here. Qne is dark-green, 
often unusually thick or plump hut with margins dry, brown, und dead. Fruit having 
this type of button is common in late spring and throughout the summer, with 
maturity classification of light- or dark-green, especially the latter. In some lots direct 
from the grove as high as 50 percent of the buttons arc of this type. These buttons 
are placed somewhat doubtfully in the intergreen class because they seem to be 
associated with fruit poorer ill keeping quality than is normal for its maturity classifica­
tion. The other type of intergreen button is very light green to light brownish 
yellow, beginning to dry, and with margins only slightly appressed. 

Interblack.-l)1 this class are included buttons that arc still rather turgid; they may 
have considerable clear yellow but shOlv one or more black patches. Their margins 
areseldom appressed. 

Z.'ull-black.--!rhe buttons arc black throughout, mostly dry, with margins turned 
back from the fruit surface. They.are often moldy. 

Off.-When buttons fall from greell fruit during washing and other handling opera­
tions preceding storage, the scars usually callus and the lemons seem to keep as well 
as those with buttons intact. l:iuch lots may start their storage with, for eXlimple, 
3 percent of the buttons off, and 15 to 20 weeks later the tally may still show the same 
3 percent otI; but the dropping; of many buttons after the lemons arc stored indicates 
all unfavorable condition. Tree-ripe lemons arc especially prone to drop buttons 
in storage. 

RELA.TION OF DUTTo.N Co.NDlTION 'I'O ALTERNAUIA DECAY 

The classification of lemon buttons us described was employed in 
the inspection of more than 90 lots of fruit, with an average of 7 inspec­
tions per lot at intervals of 2 to 4 weeks. S0111e of the typical results 
of these inspections are discussed in this section. 

The data o.n the button conditions of three typical lots of lemons 
at different inspections arc given in table 9. The cUlllulative alternaria 
decay at euch inspection date is also givcn. There were about 1 percent 
of the lemons with buttons off in each of the three lots during the 
entire Btoruge period. The percentage of buttons in micb class changed 
with each inspection. The full-green buttons decreased from the begin­
ning of storage, at first slowly and then faster to a relatively rn,pid rate. 
After decay had appeared in 5 to 15 percent of the fruit, the rate of the 
full-green-plus-intergreen decrease usually became slower again. The 
change -in the full-green class proved to be the most uniform. The 
full-green_ l)uttons changed to intergreen,the intergreen to interblack, 
the interblack to full-black; the full-bluck button class then lost to 
alternaria decay. This change of buttons from class to class was not 
uniform and resulted in considerable fluctuation, especially in the 
intergreen and interblack classes. However, the full-black buttons 
increased steadily to o.l)oint when the rate of decay became more rapid 
than the transformation of buttons from the other classes to full-black. 
As to. the statemcnt just made that the full-black class lost to alternaria 
decay there seems to be no relation between button condition and 
decays ciLusc,d by blue and green molds; but the writer has not seen what 
apPeared to be altemaria decay in any lemon that did not show a 
full-black button.6 

6 Dr. H. S. Fawcett, however, brought to the writer's attention the fact that rarely 
Alternaria may invade lemons showing green buttons but the point of entry of the 
fungus is then elsewl1~lrt) than nt the buttoll site and apparently the invasions are 
associated with special types (If injury. 
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ThBLE 9.-Results oj button inspections oj 8 lots of lemoTls picked l}[arch 5 and stored 
March 6 in commercial storage, CorOlla, 1941 

Duttons in indicated class 

FruitsMaturity when •.,..d 
Full· ueenyed '... nd date of insp<*tiun Full· Inter· green Inter· Full· (cumulative) 

gn.>en green Jllus black black 
iutergrt.·cn 

Tree-ripe:
Mareh 12••••••••__________
March 18. _________•_______ 

Percent 
05 
62 

Percent 
41 
30 

Percent 
96 
91 

Pucenl 
3 
7 

Percent 
0 
1 

Percent 
0 
1 

~ra~13::::::::::::::::::::: 
June 9_._. ___••__ ._••••••_. 
July 8 ••••••__ ._••__._•••__ 

49 
23 
0 
0 

32 
30 
11 
3 

81 
53 
11 
3 

7 
14 
23 
2 

10 
28 
56 
63 

2 
6 
9 

30 
Silver:March 12__________________ 

March 18. ______•_________ • 81 
7. 

19 
25 

100 
100 

0 
0 

0 
0 

,0 
0 

~fa~l::::::::::::::::::::::June 9._ •• _________________ 
July 8 •• ___________________ 
August 4 ___ ._._____________ 
September 2._______________ 

75 
57 
29 
8 
1 
1 

25 
35 
29 
15 
10 

7 

100 
92 
58 
23 
11 
·8 

0 

" 6 
10 
6 
2 

0 
2 

33 
04 
74 
69 

0 
1 
2 
4 
II 

22 
Light-green:March 12. __ •_____________ • 

March 18••____•__ •________ 84 
84 

16 
15 

100 
99 

0 
1 

0 
0 

0 
0 

Af.'il9-•• -.-----.--- ••----.r. ay 6.__ ••____ ••_____ •____ 
Junc D_._._________________ 
July 8._._____________,_____ 
August 4 •• ___________._.__ • 
September 2 ••••••• _ ••••_._. 

79 
74 
68 
47 
20 
1L 

20 
23 
21 
27 
32 
26 

99 
D7 
89 
74 
52 
41 

0 
1 
6 
4 

11 
2 

1 
0 
4 

20 
34 
51 

0 
1 
1 
1 
2 
5 

It would seem that the darkening of lemon buttons is mainly due to 
the development of alternaria decay within them and that the button. , 
is extensively destroyed before conditions within the lemon 'itself have 
become favorable for invasion by the causal fungus. This is in accord 
with Bartholomew's conclusions (1). He concluded also that the buttons 
are infected at an early stage of development on the tree and that the 
attack within the fruit is made from 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 lor 2 percent remain green throughout storagej this 
percentage of fruit does not decay but gradually shrivels to dryness, 
and the buttons dry green. A possible reason for this apparent immunity 
may be that such buttons escaped the usual Altemariainfection in the 
grove, and hence the fruit escaped alternaria decay in, storage: 

The progress of the changes inthe appearance qf 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 closel.l' with the matu­
rity of the lemons when storedj the more advanced the maturity the 
shorter the delay. The rate of change after initiation is greatest in 
lemons most advanced in maturity. The fact that these observable 
changes in the buttons precede 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 illtergreen 
classes and calling the sum green. The same grouping may be made of. 
buttons in the jnterblack and full-black classes, and the sum may be 
referred to as black. These classes can be so grouped and still give 
approximately accurate values, cspe<:ially whe.n for cach inspection the 
percentage value in theilldividual elasses (e.g., full-green and inter­

i 
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FIQURE4.--Changcs in buttons in relation to decay of lemons of different maturities '. 	
20 

and after different periods of storage. )t, Gorona, block W34, 1940; fruit picked 
November 25,stored November.28. B, Gorona, block 11, 1941; fruit picked March 7, 
stored Murch 10. C, Corona, hlock E 25, 1941 i Jruitpicked March 26, stored 
March 27. 

30 

40 
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green) is written beside the graph. 1£ the numbers 54-34 were placed 
.atapoint on a graph marked u8B percent green.buttons," it w{)uld mean 
that 54 percent of the buttons wel'e full-green and 34 percent.interC'reen. 
Figure 4 represents the general features of such gra,phs witho:t the {. 
details that often are placed on working graphs of larger .scale. 

100~----~----~----~----~ I~----~----~·----~-----~ 

~ GREEN BUTTONS 


9.0 B~---<> INTERGREEN BUTTONS 

Q---Q INTER BLACK BUTTONS 
80 .~ 0--0 BI.ACK BUTTONS 

0----4 DECAY 
70 

.. 60 
z 

~ 50 

Ir 
W 
.Q. 40 

30 

20 

13 17 21 25 9 13 25 
STORAGE PERIOD t WEEKS) 

RroURE5.-ReIation of percentages of buttons in different clnases and the decay
aeV'eloping in two lots of commercial lemolls picked nt Corona May 7, 1940, and 
selected on .July 9 .Irom Il. pucking conveyor ufter 9 weekS instoruge. A, Lot with 
ull buttons full-green or intergreen. B, Lot with aU buttons full-bluck or intetblack. 

Figure 5 shows the results of inspecting a 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 
packing conveyor one box each of fruit with green and black buttons. 
The two boxes were carefully inspected with respect to button clas3ifi­
cation and returned to the commercial storage room for subsequent 
observations; inspections were continued at intervals for 13 weeks. The 
lemons selected 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 decay 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 clo,ssifieation into fruit that should be shipped 
at once and that might be safely held for a longer period. However, 
only an unusual market oemand would justify such a sorting. 

A good example of the relation of the time of picking to change in 
button color and decay is shown in some records of three pickings of 
silver lemons from CoroM, block W 34, 1940. The first picking was 
made February 16, stored February 20 i the second, April!, stored April 
5; and the third, May 10, stored May 14. The storage was in the com­
merdatl'oom. The first complete button inspection of these lemons was 
made after they hnd been stored 21, 15, nncl 10 weeks, J;espectively, and 
subsequent inspections at intervals of about 3 weeks. At the first button 
inspection the percentages of buttons remaining green in the first, 
second, and third pickings were 53, 51, and 74, respectively; but 12 
weel,<:s later the corresponding values were 8, 2, and 3 and the percent­
ages of fruit decayed were 15, 23, and 20. The three pic:kings reached 
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their respective decay breaks 2G, 18, and 15 weeks after picking, when 
23, 2G, and 38 pereent of the buttons were still green. 

Figure 6 shows the illfiuence of the storage conditions of the buttons 
of dark-green lemons picked A.ugust 12, 1940, and stored August 15, one 
lot each in the ventilated ('hamber, the ci:'culating-air ~hamber, and the 
commereial room. 'rhe darkening of the buttons was relatively very 
rapid in the C'ireu1ating-air chamber between Sentember 9 and Novem­
ber 11. On K oyember 11 lots in the ventilated cLnd the cireulating-air 
('hambers 'were transferred to the commercial room; the rate of button 
ehange then ut'f'ame praetically the same for all. The rate of decrease 
in the percentap;e of buttons that renmilled green in the cireulatillg-air 
('hamber was relatively more rapid than the progI;ess of decay, as com­
pared with the other two locations. Apparently in the drculating-air 
chamber with the minimum of ven.ti1ntion the buttons were atTeeted 
more scyerely than the frtdt itself, for the decay bl~eak was not reached 
in this fruit until the buttons remu,ininp; green had been Trciu('ed to 
about 15 percent. In the other ehambers, however, about 40 percent 

100 _. oj, 

-U_~g I 
90 '\ ~II_ • COMMERCIAL-STOflAGE ROOMt\~~ v VENTILATION CHAMBER 
ao "",.~'" CIRCULATI'>IG-AIR CHAMBER 

v__--....... - GREEN BUTTONS 
70 ALL LOTS -.....:::::::::. -- OECAY 

PLACED v.,,~.'* OECAY BREAI\S
UNOER • 


... 60 COMMERCIAL-STORAGE ........ 


I:: .:::W""'~• 
30 -.........., 
 o~. ",,+ 
20 ~_ ....... ¥~f 

+~ /' _ V-:;;~v 
10 

~--+' ."..,.­+--l._+_ _.,.= ....~;;;_ ~--. 
o 4 12 16 20 2B.'v 32 40r 

STORAGE PERIOO (WEEKS) 

FI(Jt:nr~ G.-Relation of pcrccntages of buttons remllinill{l; grce',) and decay in dark­
gr£>cn lemolls picked August 12, H).lO, Corona, blockE 13, and stored under different 
conditions from August 15 to November 11 and Bubscquc:.. tly under the same 
conditions. 

of l)uttotlS were still green at the decay break. It has been observed 
that the gl'pen huttons of lemolls c()nuner(~lally treated with nitrogen 
tri<'hloride gas sometimes are rcdu('('d to percentages mnging from 0 to 
10 before the depay break 1S re[l.!'hod. 

• 

The pJ'iwtic'at yalue of ohserving ehanp;ps in the ('onclition of the but­
ton must dC'pcnd upon the con~tlUl('y of the relation between it and the 
susceptibility of the lemons to u.ltcmaria decay. :B~xperiC'nee has already 
shown that the relation may vary gren.tly with the storage treatment, 
but the main prolJlnm js to determine how constant it will be in a given 
t'ommerC'iallcmon storage. Home light ,,,ill be thrown on this matter by 
rererem~e to tn,ble lO, in. whieh are datu. for the button condition of 27 
lots of lernon5 held in the cOnlmel't'ial storage room at decay break ariel 
4: weeks before. The totals of gl'N'n buttons at either of these periods 
varied with the maturity clns!', (\ttic of storage, and other faetors. The 
more mature the fruit at the time of storage the greater was the total 
percentage of grCCl:t buttons ut the clecuy break or 4 weeks before. For 
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the latter period there was an average of 56, 60, 67, and 84 percent of 
greenbuitons in 'dark-:-green, light-green, silver, and tree-ripe lemons, 
respectively. One of the best indicators of a probable danger poin.t in. 
the green-button graph. for any lot of lemone was the rate of change. 
Until 4 weeks before decay break the average rate of decrease in green 
buttons.in. tree-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 Hght­
green, 1.95 percent (range 2..52-2.22 percen.t). There were only 2 
lots of dark-green fruit, but they gave an average of 1.73 percent de­
crease in green buttons per week. 

TABLE 10.-Lemon buttons remaining /ull~green arid intergreen at decay break and -4 weeks 
be/ore, CoroTia, 1940-41 

4 weeks before decoy brenk At decay bren";Period 
Maturity of lemon8 "hen stored to 

and datu of storage decay Fun. Inter· Full· Iu\er·brenk Totol Totalgreen green green gr~'Cn

---------·1---·1----------------- ­
Dark..gruln: Wu'" PerU'llt Percent Perctllt Percent Percent Prrctnl 

August 17................... 29 24 26 50 1"1 21 38
Do..................... 31 26 35 61 15 29 44 


Average................... 30 25 31 16 2.; 

==~=,==;:::::=:=

Light-green: 

November28................ 26 44 10 63 14 29 43 

,December lO................. 28 38 J8 56 18 24 42 

Jonuary3................... 2i 30 32 62 21 32 .,3 

January 17.................. 26 35 34 69 28 29 57 

February 6 ....,............. 26 45 15 60 14 36 50 

Mareh4.................... 25 28 20 57 15 28 43 

March 10................... 23 17 37 54 0 30 30 


Average................... -2-6- -3-4-1-2-6---60- --~7-'-3-0- -4-7­=1===,'=1
SilveNovember28................ 17,5 I 48 30 78 17 25 42 
December 10................ 19 37 31 68 24 29 53 
January 3................... 
.January 17.................. 
Febmary 5.................. 
March 4._.................. 
March 10................... 

25 
26 
24 
16.:; 
15 

34 
27 
19 
44 
43 

10 
29 
32 
30 
37 

53 
56 
51 
74 
80 

10 
21 
7 

J8 
10 

20 
26 
26 
23 
35 

39 
47 
33 
41 
54 

March 27................... \4 34 20 63 22 25 47 
April 18..................... J1 52 20 81 4.; 21 66 

Average................... -1-9- --38- -3-0-1-6-7---21- -2-6- --47­
==='.= == 

T.-ripe:
November 28................ 7.5 117 13 82 25 10 44 

December 10................ 6.5 42 ,41 83 33 27 60 

January 3.................... 4 56 34 90 45 37 82 

January 11.................. 6 50 18 77 43 36 79 

,February 5.................. 8 4:1 44 87 20 10 48 

March 4.................... 6 53 37 00 36 37 73 

Match 10................._ 13 50 30 80 21 0 30 

Mareh27................... 7 56 23 70 31 27 .18 

April 18..................... 7 71 21 02 30 12 42 


Average................... --7-,--55--;---81-1'-.3-3-1----;5 5'8-'-


Toward the close of the observations on buttons here reported it wus 
.found thatJ after about three inspections (including the initial one) 4 
weeke apart, the subsequent behavior as to change in the buttons and 
alternaria decay could sometimes be prediGted. This was done by plot­
ting the data for the lot of lemons in question and comparing these 
uncompleted graphs with completodones obtained from other experi­
mental lots. Silver and tree-ripe fruit were found to be the nlOst pre­

i. 
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dictable. For tree-ripe lemons a second insp()ction, 3 weeks after they 
were stored, WiIS sometimes suffioient to determine within a range of 2 
weeks the time of decay bre!Lk. It was only after a storage period of 

http:2.01-2.97
http:3.11-7.72
http:buttons.in
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8 to 10 weeks and after two or three inspections tlmt the subsequent 
behavior of silver lemons could be pl'edil'teti, and light-green oues 
required about 12 weeks. '1'l101'e .lmvo bePll too fow obsl'l'vations on 
button char,gos in dlLrk-green lemons to permit any statement, but 
presumably they would behave in lUuch the StLme manner as the light­
green, since they do so in other rcspects. 

The observations on lemon buttons reported here bring up u.n old 
subject in a somewhat different manner. The change in condition of 
buttons during storage was found to be remarkn,bly regular, on the 
whole, and to par!Lllel, weeks in advance, those internal changes in 
lemons that make {OJ: increased susceptibility to Alternaria invasion. 
The fact that this change b the buttons is stCftdy and that it precedes 
the artun,l fungus invasion of the lemons themselves suggests the possi­
bility of nntieipating the safe storage 1)('I'iod of any lot of lemons, pro­
vided their button ('ondition he elLrcfully observed, reeorded, and 
comparcd with certain stu,ndards. Stn;ndards suitable for this purpose 
would have to be dcyeloped from tests mn.de under the different eurrent 
eOllunercial-storuge conditions and wouldl)l'eSull1ably take the form of 
tables or grlLphs indic'ating the expeeted maximum storage period cor­
responding to different per(:entages of green buttons and rates of change 
in them. The required button inspe(,tions tllemselves would be easily 
praeticlLble were their v(Llue 1n this connection definitely proved. 

The possibility of developing a eurve of refereuee which might be 
useful in predicting tile keeping quality of different lots of lemons is 
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illustrated in figure 7. In it are plotted the observed lengths of time 
different lots of lemops were in ~torage before l'eaching their decay 
break. The points in the figure ttre plotted from the cn.leulatecl rate of 
change of button color anclthe time of clceay break of 42 separl.1te lots 
of lemons; the l"Ccord of 2i 7 of these Jots nre given in table 10. The 
curve representing prob(Lble time of deeny break was cOllskuctecl with 
reference to the previously plotted points. The eUl've labeled 4 weeks 
before decay break. was Silllply drawn through polnts at distances from 
the other curve equivalent to 4 weC'ks according to the t1.bscissal scale. 

The manner in whieh one migllt employ such !t curve of l'eference in 
predicting the probable keeping quttlity of t1. lot of lemons just stored 
would be somewhat us follo·ws: Assume the lot to be silver lemons. 
The button condition is l'oeol'ded ~1.t the time of storage. The second 
inspection and retallying; of button co1.ors ttl'(} ll1u.cle in 3 to 4 weeks. A 
third inspection. is made nfter mlOther equttl pel'iotl of time. The calcu­
lated weekly rate of change in buttons from green to blade during the 
period lJetween the second and th.ird inspection ll'l.ny, nfter reference to 
the curve, indicate the probable keeping quality. Very weak silver 
lernonslllay give some indications at the second inspectiolli 011 the other 
Imnd, with very strong silver lemons there may be little. or no indication 
of probable decay break before a fourth inspection period, Unfortu­
nately the significance of any weekly rate of change in button color 
depends upon a number of already l'ecogniJ.:ed factors (p. 22), so that the 
position ancl perhaps shape of such n I'urve of reference as proposed 
would undoubtedly have to be determined for the particular conditions 
maintained in inclividuallelllon-stOl'uge houses. 

SPECIAL RESPlIlATION TES1'S 

ClUneAL RESPIRATION CHARACTERISTICS AND THEIn INTEHPUE!J'ATJON 

The speciall'espiru.tion test for citrus fruits described by Harvey and 
Rygg (5), with further data. by Rygg and Harvey (8), was employed 
from thue to time throughout these RtucliC'fl on lemon storage, Formerly 
the hlethod had been applied to grapefruit, omnges, and lemons, but 
n.lmost entirely to fruit either direct i'rom the field or stored relatively 
short periods. From suc'lt tests there developed a general interpretation 
of the resulting respirntioll grnphs based upon four selected critical 
('haracteristics (fip;. 8). This interprct:ltion regarding the condition of 
the fruit was as follows: The longer the period of negative pressure (A), 
the greater the rn!l.xhnutn negative pI'essure (B), the lar!1;er the area (0), 
and the less the slope, or angle, (D) the better the cOXlcUtion of the fruit; 
the converse the poorer fruit. The lower the storage temperature the 
more pronouneed these characteristiC's became. 

During the first 8 to 10 weeks of lemon storage in 1938 the results of 
the special respin1tion tests on frult irom the three storage conditions 
showed, with few exceptions, the comlnereial storage to be the best and 
the still~air chamber the poorest, accordi-ng to the general interpretation 
of the respiration graph just outlined. This is illustrated by a typical 
analysis prescntcd in table 11. Here the fruit in (~ommereial storage 
was interpreted as best, because the values of A, B, and C were the 
largest and that of D the smallest or the three lots. The converse of 
these conditions made the fruit from the still-ail' chamber the poorest. 
The difTerenccs wCI'e not laq~e but were constant through the tests. 

71'he records of the re!IJaining lr Iota wore taken after the original study wus 
c;ornpletcd. 
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FIGuRE S.-Typical spe­

cial respiration graph

'!lhowing critical char­

,acteristics:A, Dura­

tion (in ho.urs) of 

negative pressure; B, 

maximum negative

preSS)lre (in c~nUm6-
tel'S of mercury); 0, 

area bounded by zero 

'abscissa and the por­

. tion of the graph be­
low it (in s.quare
centimeters); D, slope, + . 
or angle, between the 
graph which lies above O-tr.......~~~,....,.'<"'<"'1~~~~-r-------O 

zero abscissa 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 
critical respiration characteristics. 

TABT,lE H.-Critical respiration charaoteristics of lemons stored in 8 positions, June 1988 
[Values tnken from respiration grapho; terms cxplnined on p. 26 and in legend for fig. 8] 

Duration Maximum 
Storage position of negative negativo Area SJ1lrpressure preasuro (C) ( ) 

(A) (B) 

lIollr! em.Ro 8q.cm. I)'oreaCommerciill room________: ________________ 48.5 3.3 24.8 54.5Circulating-oir chamber ____________________ 46 3.2 22.6 56Still-oir ohomber______• ___________________ 38.5 2.7 16.6 61 

RELATION OF STORAGE PERIOD AND CRITICAL RESPIRATION CHARACTERISTICS 

. .As the storage period extended into the summer the respiration tests 
gave more anc1.moreexceptions to the expected behavior of lemons from 
different storage conditions, maturities, pickings, and button colors. 
'rheseexceptionsc1ecic1ec11y cast doubt upon the previous interpretations 
of ;the significance of the respiration graphs as applicable to lemons 
under ,the conditions developing. • 

After m.uch study and comparison ;ofmany respiration graphs irom 
,tests on lemons differing in storage period, maturity, time <Of picking, 
,button condition, and amount of Alternaria .infection, it was finally 

.~..• apparent that the response of -very old lemons to the conditions imposed 
by ,the '~pecialrespiration tests were opposite that of fresh ones. .This 

:, change was interpreted to mean that the potential of fresh, and espe­
cially ·oLlf.ssmature, lemons{Qr anaerobic respiration was relatively 
weak,butthat it increased c1uring the first weeks of storage, .even at 

. ~. ~ . 
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the mild temperature of 560 F. Later the potential for anaerobic 
respiration gradually subsided until, near the decay break, it became 
1ess than tl~at of newt~y stofrehd lemops. When hthi1s s)tagebwas realcheld.: 
the genera mterpreta Ion 0 t e respiration grap s lac to e comp ete y 
reversed to read (fig. 8) as follows: The smaller A, B, and C and the 
larger D the better the condition of the £ruit; 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
cally, and it was useful in making late-storage comparisons of the con­
dition of lemons. 

Evidence of this reversal of response of olel lemons to anaerobic 
condition is presented in figure 9. At the time the respiration tests 

COMMERCIAL- CIRCULATI NG-AIR VENTILATION 
STORAGE ROOM CHAMBER CHAMBER 11:"
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702~~~~..J3 -z L-: ( I !?~(.1 ;;.~'_=3 ' "~~.l -1 ' ..~::U· t :~! 1- 1I I40 
~ULY AUG. SEPT. ~ULY AUG. SEPT. NOV. ~ULY AUG. SEPT. 
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I FIRST PICKING 2 SECOND PICKING 3 THIRD PICKING •
FIGURE 9.-Changes in critical respirat.ion"chllracteristics of lemons after long storage 

in different positiom;. (Three pickings from Corona, block W 34, 1940: First. 
picking February 10, stored l?cbruary 20; second, April!, stored April 5; third,. 
Muy 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. It was planned to make three 
separate series of comparative respiration tests on these lots, in order 
to test for the reversal of anaerobic respirational response as follows: 
(1)' Shortly before the decay break, (2) just lLfterward, and (3) well 
beyond it. These were considered critical points for the task in handi 
but the fruit lots, representing as they did three storage conditions 
as well as three pickings, rendered it difficult to anticipate the exact 
dates 011 which the test ought to be made. However, the results incli­
cate that the lemons of the first picking from the commercial ·:room 
and the ventilated chamber were tested at or ncar the critical points 
as planned. These lemons were in the best condition, as judged by 
all standards available. Nearly all fruit of all pickings held in the 
circulating-air chamher had apparently advanced beyond what was 
intended as the thil;d test point before the first. test was made. A 
fourth test was mado November 2 on the same stock 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 9 indicate that lcmons of the third 
picking were in tho poorest condition and those of the first picking 
in tho-best, because in most instances tho respiration characteristics 
A, B, and C aro tho largest for the third and smallest for the first 
picking. The samo interrelation of the three pickings is also indicated 
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 eommercial room were the best, 
those from the circulating-air chamber the poorest, and those from the 
ventilated chamber intermediate but closer to the commercial room . . 

RELATION OF ALTERNARIA DECAY AND CRITICAL 
RESPIRATION CHARACTERISTICS 

The complete reversal of behaVIor of lemons under anaerobic condi­
tions seemed to take plaee very ncar the deeay break, although from 
the evicieuee at hand the progress toward this condition begins only 
a few weeks after storage. An example of the evidence will be found 
in table 12, which shows some changes in value of the critical respiration 
eharacteristics of lemons from the beginning of storage. This fruit 
was picked August 13, 1941, and stored 1 day later in the commercial 
room. Although it was classed light-grC'en it was ('onsidered weak 
because of the prevalence of endoxerosis, or internal decline. This 
fact was part of the reason for seleeting it for the experiment. How­
ever, to avoid as much a.'3 possible severe endoxerosis, two experieneed 
graders seleded five boxes of lemons from the genera: lot. Neverthe­
less, it was found by subsequent C"utting of eaeh sample ufter it was 
used in the respiration chnmbers that through the twenty-five 2-gallon 
respiration cham hers of fruit used the percentages of severe cndoxerosis 
ranged from 0 to 2, of medium cases 0 to 6, and of slight or trace 24 
to 45. 

These inspection rer'orcis help to U('('Olmt for the rapid changes in 
the crith-fil charnderisties of this fruit in storage (table 12). Normal, 
winter-pi('ked, light-green and silver lemons showed much slower 
ehfinges under stor;tge conditions. The data in table 12 indicate that 
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the lemons had 'reached their maximum anaerobic respiration capacity 
within 1 or.2 weeks and a complete reversal (or return to their original 
fresh capacity) in about 10 weeks. No decay was found until aftl"_r. the 
October 16 examination. 'Vhen the inspection was made by~ut;~ing 
after completion of the respiration test beginning December 10, o.-total 
of 5.1 percent of the fruit was found affected with o.lternaria rot. By 
int~rpolating backward o.Iong 0. working graph plotted from the data 
in table 12 it was indicated tho.t this sample of lemons probably had 
reached the deca.y break November 15 to December 1, with probably 
40 to 45 percent of the buttons remaining green at that time. 

TABLE 12.-Chan!les from the beginning of storage in the critical respiration characteristics 

of lemons at 76" P. stored asl{gltt-green!ruit, Corona, 1941 


[Terms explained On p. 2ti nml in legend lor fi~. 8] 


Cr..\i"~l characteristics 
.~pprol.· ,im.:1tc BllwllISDatccnmined Duration ~taximumstorage green 1 ofnegauve negative Area Slopelleriod ,pressUre pr\'SSurc II:, ID)

(.{, I W, 
---------------------- -----_. ---'-' 

lruk. Partn t /lours Cm.1Ju Sq. em. Dfwit! 
"qAugust 16••••••••••___•••• _••_ 0 07 2~ 3 i 17 6 .-August23 ••_._.____..... _.... 1 97 21 3 ~ Iii i5 

September 5 ••_____....__....._ 3 95 23 ;; 2 9 11 2 73 
Septtmber 25._.......___•••••• 6 68 2S .i 2 S 12,2 68 
Octqber 16•••____............ 9 54 30 3 0 I'.' 0 62 
December 16_......_..._..._.. IS 36 32 2 Q H.O 58 

...-.--~-.---~--j.--~-'---
I Green plus intcrgrccn. •The results of all respiration tests also indicate a relation between 

the button color and the tendency of lemons to alter their response to 
o.naerobic conditions. Table 13 presents the results of four tests of 
this sort. The lemons 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, 1941, 0. fourth test was made on specially selected lemons 
which had been in storage 14 weeks and stored as dark-green. When 
removed to the In.boratory for the test the sumple showed 34, 24, 35, 
and 7 percent of the buttons full-green, intergreen, interblaek, and full­
black, respectively. In this fourth test the lemons showed but slightly 
the tendency toward reversal of anaerobic response. The lemons were 
still in excellent condition and 0. few weeks away from their decay 
break; but in these and in the other examples of tubIe 13, the reverse 
formula: can mostly be applied; that is to so.y, lemons with the lip;hter 
colored buttons are botter in general, as indicated by showing smnJler 
A's, B's, and a's an<llarger D's, 

EFFECT OF ALTERNARI,\ DECAY ON CRITICAL RESPIIIA'fION CHARACTERISTICS 

The question arises whether developing .ftliernm'ia hus a part in the 
reversed and sluggish resPQnse of older lemons to anaerobie condi­
tions. From the results of several eXl.)criments desiITned to solve this 
problem, it appears that it does not; in faet, the effe~t of visible AZter- '. 
naria o.ctivity has proved to be thr. opposite. Lemons with activ(' 
alterno.ria decay have always shown a specded-up response under thl' 
conditions of the spcdal respiration ('onditions employed in this investi­
gation. This does not mean that the ill/f'?1'naria infedion has increased 
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'!\\Sf,Fl 13.-Critical respiration characteristics of lemolls in utait'on ttl t:oruJition of 
the but/oils 

{Terllla ""pl:1;l1e<l all p. 26 :1n<l in legend for fig. 81 
I 	

..' ..__.~!"- .. ~" 
Critical thal"~ctcri~ti!;s , -------,-_._-----­

~InturitySwrngc ButlOIloUruit DUrdLiun ~1aXiU1UIUperiod eonditlon ,1 

whenston.·d ~ or n~3th'(!- mogath-e .~ru., Slope 
pressure I.ressutc WI I (D) 

j ,,4. W, ___ _-. f___ 

! 
J9.fO With , { ' {'m.lly i)q.cm. Dtgru.

Ftbruur), 6. .... :I : Trc'<'-ril~••••••!{r,ull.grCCII.-... i ~ :I :!(J.S 69 
. t"rnte~reenh" .. ~+ 4 1 22,1 66

June. 6_ .... ___ ....... 7 }:tlvl'r......___... __ t 1 Full-i;n~·n. . ", .. ~ 2 1 10.9 61 

,; Fuli·hlack ••. 2 1 14 .S 58 

April n......... ' H l-i!;ht.1.'ft'CIl. ___ ,; ~ull'Jlrt'CJl. ,., . i .-,- J5.2 (\.35 
I HEuIl.bluck..... 3 :1 )(10 M.o 

1041 	 i 
4 8 68

.hlIS 2 ..._____ 	 II..l 7 6 62.5 
! 	 9 6 65.5 

the respiration rate of the lemon tissue, but that the total respiration 
of lemon tissue plus l1liernarin hus inel'easecl, so that .tilternaria. activity 
within lemons ('un pr('w,Jut the ('xpression of the reversed response of 
old ltlmons to anaerobic condition. Table 14 gives the prjnejpal results 
of a test to show the efTeets of 11l1cmaria on the respiration. The 
lemons used were the combined left-overs of five ditlerent storage lots 
from the still-air chumber, 1939. Most of this fruit had been in storage 
18 to 21 weeks, and to the date of the test 15 to 35 percent of it 'had 
shown alternaria decay. All buttons were black. Twelve !respiration 
chambers were filled with these 1(,111011S, and after the respiration test 
the lemons were cut and arrayed aceording to increasing amounts of 
Alternaria. The values of the critical respiration charaeteristics of the 
three lots with the l('llst Alternada infeetion (0, 11, and 1) and of the 
three with the most (4, 2, and 12) arc presented in table 14. With few 
exceptions the critical values of the six intermediate samples as regards 
alternaria decay fell between those of lots ] 1 and 4. The anaerobic 
respiration. response of lots (i, 11, and 1 was very slow us compared with 
that of lots 4, 2, and 12 i the total reeorded response of the lust group 
was much more rapid than the fresh fruit could have made at any time 
nfter being placed in storage. 

TABI," 14.-('rill'cal rcspl'ralion dwracicrisiics -it~ relation Lo Alterrzariu. ill!ectioll 
(Terms explained on n. 26 nile! illicgend for fig. 8] 

M.ximum "'--11 -.~ -SIO~-'"Fruiw I)umuon
infcctc..J by of n~g"ti"e ncgutiyo AreA p.LotN". .i11ttfTlarW pr	....'u'e pressure lC,I CD)

(Al (lJ)I 
-----~---- -----, ~----I·----·,-----

G_ ...__________....... fO«nt ~ou,. r C:i:J1g Sri! 'In. Dt'tfJ'" 

11 ___ .....___......_." fJ :\4 ;, 25 135 .1i 
1•••• __ •_____....___ •• \, 5 .! 34 ;, 3.1 159M 
4......______..._..... 2·.1 4 16;' LI 2 8 Gi 
2.........._.__....___ 35 0 10 1.0 I 6 6;' 

~2..•••~ •• __ .=..__ ..!._~__"__s__....:..___._1_--''--__.2_---'____i_1 _ 
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