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L\TRODUCTIO:.\f 

Storage of apples at 32 0 F. has long bl'en recognized as a standard 
procedure (29).2 The United Statl's Dcpartm('nt of Agric·t.Ilture, in 
a publication drnling pl'ineipally with apple stot'age (16), h~s recom­
mended 30° und 320 for the st(ll'nge of apples except the Yellow New­
town variety frrown in the Pnjura Vallt'y of California for which a 
temperature of 35 0 to 38° is recommended. ~ [ore recently the De­
partmeJlt (31) has recommended storage at 31° to 32° with the above­
named exception and the additiontll exception of Grimes Golden 
apples that are to be marketed carly, in "'hich cases storage at 35° to 
38° should be used. Recently Plagge, ~Ianey, and Pickett (27), of 
the lown. Agricultural Experiment Station, have recommended storage 
at 35° and 36° for sound apples of ;)ropel" maturity. This conflict of 
recommendations has rcopenNl the question of the proper tempera­
ture for the storage of apples, and the investigations reported herein 
were undertaken to obtain further information as to which tempera­
ture lC'vel should be usee'.. 

I Received ror public.~tion ."u!!'ust 27, 10·10. 
I Italic numbers In parentheses refer to Literature Cited. p. 39. 
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REVIEW OF LITERATURE 

Several low-temperature disorders of a physiological nature have 
bpcn described which may be controlled or rendl'red lrss severe by 
storing the fruit at tempel'l1,tures sompwhat abo\'e 32° F, pprhaps 
til(' first to be studipti (2, 18) was internal browning of the Yellow 
Newtown apple, This occurs particulnrly in the Pajaro Vallpy of 
California, tlnd storage at 35° to 40° has been rl'comnwndeti for its 
control. 

On the othrr hand, Brooks and Cooley (4) and Brooks, Coolc>y, and 
Fishrr (5) found that Jonathan spot and scaJei dcyplopl'd more 
rapidly at l"C'latin'ly high tempprfl.turps and w('re considprably 11101'(, 
sev('re at 41 ° F. titan at 32°. Tlll'sl' writprs (5) also show thnt various 
fungus decays, such ns ruh'rnnria rot (Altn'naria sp.), anthl'l1cnosc 
(Y((~fabraea malicorh"cis (A. B. Cordlpy) .Tack), black rot (Sphaer01JS1.S 
1/lalol'lun PIc), and bltlt' mold (Pellicilli1Un e.l'pan811m Lie) ('x Thorn" 
(\PnloPN\ more l'npidlv at high templ'ratme alld eausecllarger dccay 
spots nl 41° than at :n°. 

Plagge nnd ~[aney (23) confirmed th(' r('sults of Brooks and Cooky
U) thal Jonnthnn spot was mor(' s('v('rp at highp(· tpmp('('i1turps (40° 
compared to 32° F.). Th('y nlso found that Jonathan spot was in­
crensed by ddny I)('fol'r stomgl'. 

Powell and Fulton (29) as NI.l'iy as 1903 found tllnt scnld nppearC'C) 
enrlirr on n.ppl('s storN\ at 36° F. than on those sto('('d at 32°. This 
WllS confil"Illed by RamsC'y et al. (30). TIl(' ('('stIlts of ~lngncss and 
BUl"roughs (15) show('d that scald was fIWfl(('ntiy Illorp S{'\'('l'(' at 32° 
than at 35°. The'Y found soft senld to be' grC'atly rpciucrd !>\Y stol'llgp 
nt 35° compnl'l'd \\'ith 32°. Thry 11k,) klll1d Ilho\lt twice 'as mUllY 
(!Pca:n·d appl!'s in lots slol'('d n.l 3C as in lots nt 32°. Softening of 
tbl' Ilpplps was grnc1'nlly much mo( e rn.pid n.t :35° than nt 32° and the 
r('spirntol",\' rnt<' was about flO 1)(,l"Cl'nt gr('atrr at 35°. Thp,Y rrpol'U'd 
a gmdualloss in flavor and ftron1a (luring stomge and, with long krrp­
ing, storagl' at 32° gave a s0l11r\\bat highel" qunlity product than 
that at 35°. 

Plnggp (20) confirmed the rpsults of ~[agnpss and Bmrollghs that 
soft scnitl of Jonnthn,n WI1S mOl'r sC'wrr at 32° F. tban nt slightly 
highrr temp('l'Iltul"PS (34°, 36°, and 40°) and repol'trcl nlso thnt. 
soggy hreak-down of Grimrs Golden l'espon(lPcl to stol'llge tempera­
ture in a mannpr similar to that of soft scald. 

:\fngnrss et ni. (16) ha\'<, studird the ratrs of softrning fl,nd rpspim­
tion of a numhe'r of vnTieti('s of apples a,t \'ul"io\ls temppmturrs, They 
state' that softrning wns about 25 pN'cpnt morc> mpid at 32° F. than 
ut aoo; at 40° it was slightly mo('r than lwiC'(' as fast as nt 32°; and at 
36° it was intp['mpdintr brtwprn that nt 40° and tbat nt :)::l0. Thrrc 
wns a closr tlgl'('<,I1Wn t in the change in respil"ation and softl'ning mtes 
in l'rlation to tt'mppratul'e. 

A consiclembIP incrrasr in decay and hitter pit in Gm\yenstein apples 
at 36° F. as comparrd with 32° was indicated by (lata presentcd by 
OV(,l'hols(,l" (17), Scald was nlso increased by a highp(' temprmture 
(45°) thnn 32°. 

Kidd nnd 'YC'st (12) drscribe intcrnal brenk-down of some English­
grown applC's nnd I'PPO('t n low temprm.ture type of hr<,ak-down that 
wus more severe ut 32° F, than Itt slightly higher temperatures. 
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Additional results on the relation of temperature to soggy break­
down of Grimes Golden and Wealthy apples have been reported by 
Plagge and Maney (24). They state that soggy break-down may be 
as severe in apples from other States (Washington and Michigan) as 
from Iowa, and that it was more severe at 30° F. than at 32°. It was 
greatly reduced at 34° and practically eliminated at 36°. They state 
that the apples became more yellow and attractive at 36° than at the 
lower temperatures and that the eating quality was decidedly im­
proved by storage at 36°. Grimes Golden apples stored at 36° were 
only slightly softer at the end of the storage period than those stored at 
32°. The increase in decay was only slight at 36° and scald was largely 
eliminated by the use of oiled paper. They state further that Grimes 
Gelden held at the lower temperatures and then removed to a warm 
room appeared to become mealy just as soon as tbe fruit stored at 36°. 

Golden Delicious has been reported by Plagge (21) to be very suscep­
tible to soggy break-down, and as with Grimes Golden the trouble 
was more severe at 32° F. than at 36°. Storage of this variety at 
36° is suggested. 

The effect of storage at 32°,35°, and 38° F. on New Zealand apples 
has been reported by Tiller and Chittenden (35). With fiye 
varieties internal break-down was less severe at 38° than at 35° and 
32°. Bitter pit was less severe at 32° in the few varieties in which it 
occurred. Soft scald on Jonathnn decreased with increased tempera­
ture. Better desSl'rt quality was generally obtained at 35° and 32° 
than at 38°. For most of the varieties, storage at 35° or at 35° to 
32° was recoIllmended. 

For Jonathan apples grown in Washington, Gerhardt and Ezell (11) 
recommended storage at 36° F. when the fruit is picked somewhat 
overmature or is delayed at room temperature before storage. 

Brooks and Harley (6) haY(' shown that soft scald and soggy break­
down can be largely controlled by various prestorage treatments, 
among them exposure to carbon dioxide. This would serve as a basis 
for the control of these two diseases where it is desired to hold the 
fruit at 32° F. 

Powell and Fulton (29, p. 21) state that­
the ripening processes arc delayed more in a temperature of 31° to 32° F. than 
in 35° to 36°. The apple keeps longer in the lower temperature, it sea.lds less, 
the fruit rots and molds are reta.rded to a greater extent, while the quality, aroma, 
flavor, and other characteristics of the fruit are fully as good, and \"I'hen removed 
from storage it remains in good condition for a longer period. 

Kidd and West (13) have pointed out the importance of small 
differences in temperature in the development of wastage. Difference 
in temperature between 39° and 37° F. greatly influenced the per­
centage of \\Tastage. In two seasons in which wastage was due to 
decay, it was greatgr at 39° than at 37°, whcr0as in one season in which 
10w-tempCl".Lre break-down was prevalent, the wastage was greater 
at the low;:r temperature. 

In studies of scald on apples stored at 30°, 32°,34°,36°, and 40° F., 
Plagge, Maney, and Pickett (26) observed that scald inct'eased with 
increase of temperature. As one of several means of controlling scald, 
they recommend storage at 36° to 35°, although their results indicate 
less scald at the lower temperatures of thoir tests. 
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In a report on break-down in Tasmanian apples, Oarntl and 11artin 
(7) report that break-down was greater at 32° to 34° F. than at 38~' 
to 40°. 

Working with IvIcIntosh and Fameuse apples, Davis and Blair 
(8, 9, 10) found that decay incr('ased with hig-her temperatures (30°, 
32"', 36°, and 40° F.). Scald was greater at 36° and 40° than at 30° 
and 32°. Oore flush in Fameuse was also gr(,[lter at 36° and 40° 
than at 30° and 32°, but in McIntosh it was l('ss at the higher t.em­
peratures. Storage of 1:fcIntosh at the higher temperatures, however, 
was not recommend('d except in an ntmosphere conta.ining 7.5 percent 
of carbon dioxide. They observ('(1 (9) thnt scald was controlled by 
oiled wraps during storage, but that it developed on removal of the 
apples to wn,rm temperatures despite the oiled paper. 

Plag-ge, Maney, and Pickett (22, 27, 28) hav(' discllssed various func­
tional discnses of the apple in storagr. Th(T show that the sen·rity 
of scnlel nlld Jonn-lhall spot is incrras('(1 by incl'pns('() storagr tl'mpera­
hires nnd that soggy bl'p[lk-down (soft scale is cOllsider('d to be one 
type of soggy brrnk-down) is Iwiuc('(1 by incr('asccl storage t(,ll1pera­
tur('. Tlwy stut(' that stomgp results for 10 years show(·d that well­
sprayed, carrfully handl('ci appl('s picked at correct mnturity keep 
bett('r at temperatures of 35° to 36° F. than at 31 ° to 32°. Apples 
so stored lIn'elop beth'I' flavor Iwci eolor, fil'p not susceptible to soggy 
break-down, a1ld nrc much more vnluahle on HI(' ll1nrkf't. This 
conl'insion wns based on results with GrinH's Golden, Jona.than, 
Golden Delicious, Northwestrrn Greening, Arkansas, Delicious, Bell 
DU'vis, 'Winesap, Willowtwig, and Staymnn Winesap. They state 
that sound apples seldom bC'come infected with rot-pI'Odueing; fungi 
and that scold is well controlled with oil(·ci paper, and consequently 
there is littl0 nC'('d to store at minimum tl'mppratures to pl'Cvent 
these troublrs when modern methods of spraying, harvesting, and 
paeking are used. 

E\'idence that soggy break-down is more severe at 32° thnn at 
36° F. is presented by Plagge and I'daney (25) for the varietie:s Jona­
than, Northwestern Greening, vVealthy, Wintl'r Banana, and Golden 
Df'lieio\ls. 

'Yith New Zeahnd apples, Sutherland (33, 34) has reported that 
interTlnl hreak-down in Oox's Omnge Pippin 'wns less nt 37° F. than 
at 34° nnd that soft scald in Jonathan was less at 36° chan at 34°, 
with no di(rerence in bn·nk-down and decuy, . 

Working \"ith Northwestml apples, Smith (32) reported thut 
storage at 3(jO F, shortened the storage life of apples. Although the 
dessrrt quality of the apples might be better at the time of removnl 
from storage it wns usually poorer after a period nt room temper1Ltm-e. 

Bl'Ooics and ~IcOolloch,3 wol'l\:ing with eastrl'll-gl'Own apples, con­
firmed the results of Brooks and Harley (6) that sQ.[t scnld and soggy 
break-down tendencirs ill Grimes Golden and Jonathnn may be 
inhibited by pr('storn.gC' treatments with cUI'hon dioxide and by 
waxing. They found that decay nnd internal break-do\vn of Jona­
than were· approximn.tC'ly twice as grrat at 36° F. as at 32° and, with 
immediately slOl'C'd lots, ,Tonathan spot was five times as serious 
at 36° as at 32°. They also found scald on Grimes Golden to be 
much mol'l' se\'ore at 36°. 

I Unpublfshcd results. 

http:pr('storn.gC
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The vitamin C content of apples has been found to decrease during 
storage, and the decrense is more' rapid at 40° F, than at 32° (3), 

The review of literature indicates agreement amor..g invC'stigators 
that certain physiological disorders, such as intC'l'llal browning of the 
Yellow Newtown apples (2, 18), low-temperature break-down of 
certain English varieties (12), and soggy break-down and soft scald 
of GrimC's Golden, Jonathan, and certain OtlH'l~ varieties (15, 20, 21, 
23,24-,25,27,3.1) will be more severe at 30° to 32° F, than at 35° to 36° 
unciPr conditions in whicb tbese ciisordC'J's may be prcvalC'nt, On 
the otlwr hnncl, certain otliN' storage' disorders, such as scald (4, 5, 
10, 17, 2(], 27, 29, 30), Jonn.than spot (5, 23, 27), and decay (5, 10, 
15, 17,29), htly!' [wen found to be mol'(' severe at the higbN' temp('I'n.­
tures, The l'll.t('S of ripening and softening (15, l(], 2.9) and of respira­
tion U{],) haw been found to incJ'ease' greatly with the temperatul'('. 

A distinction lH'twN'n Inpfll~T bn'ak-down dUP to old age and low 
tcmpl'['ature or soggy brC'ak-down has not nhnlYs bpcn made; the 
results rl'pol'(p<l indicate in so111p instances that break-down (pre- , 
sUillably thl' l11l'aly type) incn'n!:wd with tl'mTWl'n tUl'l', Likpwise, 
invl'stigntors !ln' not ngJ'C'ed HS to the effect of low-storage te111pl'ra­
tUI'('S on the dC'ss('I't quality of nppll's, Bpttc'r qunlity at 36° .ii', is 
cluiu1l'd foJ' applps by the IO\\'fl work(,I's (24,25,27), when'as Powell fllld 

Fulton (29), }'-lagnC'ss and Burroughs (15), Tiller alld Chiltclldt'n 
(35), and Smith (32) report efIlIally satisfactory or belll't' quulity at 
low('r temperatures, 

MATERIAL AND METHODS 

Apple:; of :l TlmnoC'l' of conU1lf'reinl varieties w(,1'e obtnint'd during 
tlJ1'(l(' SI'aSOns, 10:3:1, 193G, and 19a7, [rom conullt'J'cial ordutrds within 
cOllnni('nt di$titncC' of \Yuf;hingtoll, D, C, Results were obtained in 
1984 also but [01' tlH' .Jonathan Yari('[y olllv. Thc fruit was obtaill(ld 
during Lhl' comllH'l'cialltan'('st lwriod 'nt 11, timp whpll it wns considert'(l 
to lU1\'c' l'('ac1 I ('(I propPl' piekillg Ilulturity, The apples \\'(1r~' takt'Tl 
imnlt'diatPly to the cold-storagp plant of the Unikll Stah's Dl'part­
ment of Agricultul'e nt the AdingtOll [i;xpPfiment FarIll , Arlington, 
Vn" fmc! placed in storn!l'(' thr samp day as picked, nxccpt thn,t certain 
lots ot' the ,Jonathan varit'ty W('fe delayed llt (j5° 01' 70° F. for various 
periodq PI'('\'iOliS to stol'HgP in order to make thrIll lllGlt' subjrct to 
softsenld, GpllC'l'I111v 4 to Ghusltpls of a vn1'ietv w(,1'e obtailH'd and half 
of tlit'l1l W('1'{, placed' at 32° and thn othpJ' 1u1.1£ at 3Go, One to two 
buc;hds W('I'(' nI~o placed :It 70° [oJ' imllH'din tp ri pell ing, At intcrvnll'i 
of 1, 2, Ol' 3 months, d('lWnding on tllp ytll'ipty, 1 busll('1 WfiS l'('mov<'C1 
from each temperatm'p nnd inspC'ctt'cl, 'flip 'lots we're then plucl'd fit 
70° and insp('ctpd ag!tin nftt'r 1 w('l,k at the ltig-hpr templ'ratuJ.'l'. It 
was intended thnt the inspC'ctions should come lH'IH' the beginning, 
midcllC', and end of th(' main mark('tillg spason rOt' each vl1rit'ty. After 
remoyal from storagC' the fruit should hold lip long enongh for market­
ing find for lise by the consumeI', Fndl'1' coml11l'reiul rondit.ions the 
period between r(,l11ovnl from storage and con;;lllllption no doubt 
varies gl'l'tLtly, III i1H'S(' illY('stigntiollS 1 w(,pk at 70° was lIsed as l'ep1'e­
sentin~ a rensonn.ble tiuH' for this pln'post', It is consic1l'lwl that the 
conditIOn of t.lw ft'llit after a w('PIc at 70° is morl) important thnn the 
condition at the time of removal from stomge, 
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The ground color and firmness and ripeness of the fruit weredetermined 
at the time of storage and at each inspection. At each inspection 
the amount of decay, break-down, scald, and other stornge disorders 
wa.c; also cktprminecl and the dessert quality was C'stimatf'd. Tlw 
ground color was determined by comparison with a color chart (16) 
in which No.1 represcnts a green color that corresponds to colol' K 6 
on plate 20 in MaC'rz and Paul (14), No.2 corrC'sponds to K 4 on plate 
19, No.3 to color K 1 on plate Hl; and No.4 is yellow Hnd corresponds 
nearly to color 11 on plate 10. The firmnt'ss was determined by means 
of a 'pressure tester with a }{s-incIl diameter plunge:' anu a ~fs-incb 
penetration of the pared surface. The ripeness of the fruit, was esti­
mated in accordance with the tC'rms used and dl'fined in the Unitl'd 
States Standards for Apph's. 'I'his was donp by at lellst one of tlw 
writf'I's and freqlH'ntly hy one or morC' of the marketing specialists of 
the .Agricultlll'all'.hrketing Sprvice. The dessprt quulity of thl' fruit 
was judged by tasting a numbe'r of apple's in a lot, and the Tiltings arp 
based on tIl(' quality of the particular variety conc('rned. This is 
oppn to considerable pl'rsonfll ermr, but no more accurfite means of 
evaluating dessert quality is availn,hlP. 

All temperatures referred tv in this bulletin are of tbe Fahl'l'nheit 
scule. 

PRESENTATION OF RESULTS 

The results for each variety are prescntcd separately in tubles 1 to 13. 

ARKANSAS (MAMl\IOTH BLACK TWIG) 

The effect of storage at 32° and 36° F. on .Arkansas apples is shO\vn 
in table 1 for the three scasons cowred by these in vestiga tions. The 
main market se'ason for this variPi)', as giwn by Park find P!lilthorp 
(19), extends from November to ).[ny. Considering all three seasons, 
the results do not indicate any consistent difference in the ground color 
of the fmit after st()ra~e at 32" and 3GO. The apples ,wre ~l'llel'ally 
distincCly softer and riper at 3Go than at 32°. Th(' a yera~e pressure 
test of the lots stored at 32° for various periods was 15.9 pounds as 
compared with 14.2 pounds for compamhle lots stored at BGO. Gen­
erally there was little or no deeny found in tlwse lots. The clpcay 
awr;lgl)(l sli~hUy more at 36~ than at. 32°, but the diifcl't'llCC does not 
appl'llr to bC' significant. 

Considerable water core was prescnt: ill the apples whell they were 
pickl'd ill 1D;)5, and ratlH'r sp\'el'e internal break-down deyeloped dur­
ing storage as a l'l'Sltlt of this; the elecL'case in \HttpI' core dUl'in~ stoJ':tl!e 
"'as apparently due largely to its de\'(~lopment into break-down. The 
bl'('flk-doWI1 noted in the crops of Hl31) and HmO was distinctly greater 
at ;3(JO. Althou~h thp applps were paeked with oiled paper, con­
siderable scald dl:'\'ploped after 4 to 1) months' storage. Generally 
somewhat more seaId was fonnd at 32° than at 3GO. Xo difference in 
dessert quality \yas 11ot('(1 after 2 to 3 mOllths' storll~e. "!ith more 
ext elided 8tol'Hge~ ho\wyel', the apples held at 32° were generally of 
higher quality than those held at 3GO. 
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TABLE I.-Effect of storage at 32° and 86° F. on Arkansas (Mammoth Black Twig) 
apples 

1935 CROP 

Storage 	 .5) S ~ 
§r=:: g ~ ~ CD~'" 
Co 	 ::; 8 ~~Date oC examination 

'C 'Cf2 	 "C 0 ~ ~ '0 I» c:: 0 r...~-;:
'E J-~ §Z ~ § c g ~~ :E B ~ g. 
Q) ~c: 	 £ e ,90 S Q) ~ 5 ..d 

1935 0 F. :'V8 2,V8 ~ :b. 	-~-- P~I. :1./ :CI. P~'. :1. ---
Oct. 24._______________ ('l o 0 	 2.4 20.2 II (H. 0 0.0 0.0 0.0 36.0 _. _____ _
Oct. 31.-______________ ('1 
Dec. 26.______________ { 	

3030 f2 b U i~:~ '--ii--- ~~:g :8 1:8 :8 ~~:8 
63 0 	 3.7 16.4 F 90.0 .0 1.0 .01 10. 0 

1936 I I
Jan. 2_. _______________ { 	 32 63 7 :1. 7 16.5 F 63. 5 2.5! 4.0 .0130.0 a36 fM 7 ~.8! 14.3 FR 160.0 .0; 20.0 .0 ,20.0 a
F~b. 27 ______________ { 	 32 12ti o 3.8, H.7 F 100.0 

36 126 01 4.0 1 13.71 Fit I~0.5 :g I o:g :8 1 10:8Mar. 5 _______________ { 	 32 , 126 
12ll ~. I' 4.0 I 13.6,' FR-It I .2.0 1..5 i 19.0 7.5 j .0 

4. 0, 13. 7 R ,45.0 .0 ' 51. 0' .1. 0 I .0.-I.pr. 21. ______________ { 183 0 I 4.0! 13.6 • FR-R ' no. 0 
36 ~~ I' 	 8.510."112.°, .OJ' 'p"--­Ib:1 0 4.0 I 12.8 I' FR-H, 57.5 4.0 I 20..5 12.0 .0 

I 1 I I. 

1036 CROP 

19S6
'S"ov.13... ____________ (') 0Nov. 20 .. _____________ 0 2.1 122.1 n 1100.0 0.0 I 0.0 J 0.0 I 0.0 

~-------(') 0 7 1.9 i Ill. 7 F 1100.0 .0 .0 .0 .0 
D~c. 14 .. ___________.. { ~~ :1I 0 I.X , 19.9 II-I-' '100.0 .0 .0.0 .031 0 l.'i ' Hi.S F 100.0 .0 .0 .0 .0 "0-'-
De~. 21 ......___..._.. { 32 31 7 2.91 15.9 FH-R 04.5 1.5 .0 4.0 .0 a36 31 7 2. S 14.1 I! 95.0 1.5 .0 3.5 .0 a 

1987 
F~b. 13.. __________... { 	 32 92 0 2.0 16.4 F 93.5 .0 .0 0.5 .0 0
36 92 
 0 2.4 13.9 FIt sa. 0 6..5 .0 10.5 .0 Fa 

Feb. 20.. _._---_._-.. [ 32 I 112 7 2.S 14.2 FR-I! (13.5 .0 1.5 35.0 .0 0 


l 36 • 92 7 3.0 12.9 It 63.0 7.5 7.5 j 2'2.0 FG.0 IApr. 13. __ • __ . ________ { 	 :J2j 152 0 2.1 15.1 FH 15.,.0 1.0 .0; ·11.0 .0 I n152 0 2.2 13.6 FIt-R 62.5 2.5 2.0 i 33.0 FOApr. 20. ___ •_________ • { 	 36/:12 1;;2 7 3.0 :g IH.7 FH 15.5- 3.0 3.5 ; 7S.0 n30 152 i 2.0 11.91 R-OH 17.5 11.0 21.01 50. 5 .0 I F 

1937 CROP 

I1937 
Nov. 22 ('1 10.1 I too. 0 ,- ~ -~-.-------- 0 0 1. i n 0.0 0.0 0.0 0.0 aNo,'. 29 

~ ~----------- ('l 0 7 I. 9 	 .0 .018.0 I Ii-.F too. 0 .0 .0 
lfKJ8 

Jan. 24._____________.. { 	 32 63 0 2.2118.3 I ll-F ,100.0 .0 .0 .0 .0 a36 6:1 0 2.0 H.~ J F?i iIOO.O .0 .0 .0 .0 (I
JAn.3L. __ ..•_____....I{ 	 32 ~ 6.'1 i 2. i 16.1 F-FH :JOO.O .0 .0 .0 .0 	 FO:16 I 6:1 i 2.3, 14.1 F~-H I 99.0 .0 1.0 .0 .0 FO:1 0 ' 1M 0 2.5 I J5.8 1 J j{ 187.0 1.0 .0 12.0 .0 GApr. 25~ .. ------------~J :16 15-1 0; 3.1 I H.9 i FR-R 81.5 5.0 .0 13.5 I (l
lIIay L ___________._.:{ 32 . 2.8;14.6 	 I~H-RII~.O 33.5 2.0/50.;; .0.0 036 : 15-1

j ; 154/ ~ 1 3.61 15. 5 1FR-R 2..0146.5 2.0 29.5 .0 a-F 

I Numbt.!r on color chnrt, In whi~h I rO(lr~scnts l!rr~n nnd 4 represcnts yellow. 

I H=hanl, F=firm, FR=firrn rlpl', R=rlpc, OR=o,·erripp. Italic letters indicate apples were 1Il0stlv oC


that degreo oC ripoz1l'ss. 	 • 
• All lots pncked in oill'd pnper. 
• a=I!OoO, FO=fairly good, F=Cnlr, P=poor.
INOL stored. 
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Storage of the 1935 crop at 320 F. was more satisfactory than at 36
0 

because of the softer and riper condition of the fruit and the greater 
amount of internal break-down at 360. Stomge of the 1936 n.pples at 
either 320 or 360 was equally satisfactory for 1 month. For 3 or 5 
months' stomge, however, 320 was distinctly superior, as the apples 
storl'd ",t 36 0 dlweloppd mQre break-down and dClcay, were riper and 
softrr, and had distinctly poorer dessort qun.lity. Although more 
scald developed nt 320 this was not consi(lered as serious as the greatrr 
amount of drcay and bren,k-down at 360. Storn.ge of 1937 apples at 
eithl\r 320 or 360 was equany satisfltcto1'y for 2 months fLlld eyen aftl'l' 5 
months therll wn,s no distinct superiority inliicn.tt'd for rither tempera­
ture. 'Vhen tl1(\ apples wo]'e ripened at 70 0 after 5 months' stomge0those from :320 showed more scnM n.nd those from 36 more decay. 
The ll.pples from :320 had sOlll(\what bettor dessert qunlity. Considel'­
ing all three seasons, stomge at either 22 0 or 36 0 has sornrtimes given 
('quall~T satisfactory results, pn.rticulal'ly for short periods. TIow­
('vel', when there has bern a ditl'el'Pllce it has l)('en in ft1.Yor of the lowcr 
templ'raturo. On t11(\ bnsis of tlws(\ results, storn.ge at 32

0 should 
be recommended for the Al'kam:n.s vn,ri('ty. 

13i;;~ DWlS 

The !'frect of Rtomge at 320 and 360 F. on Brn Dayis fLpples is shown 
in tn,hle 2 [01' the crops of 19:35 and 1936. The mn,l'ket sefLson for 
this vt1,l'iety extends from Nov('mbel' to .Tnne (19). Although the 
fruit was picked eOllsidern.bly IfLtel' in 19:35 than in 19:35, the g],ound 
colo]' wu,s not as Yl'lIow in 1936 as in ] 9:{i), nor did it lwcome fLS ynllow 
during stomge. 'l'hel'C WfLR no indicfl.t:ion thn,t tho appil's h!'C:l,m(' l11ort' 
y(\llow at. 360 thftn at :320. The n.pples storo<l at a6° W(\]'O gonern.ll)­
clistinctl)T softer and ripnl' than thos(' stored n.t :320. '1'11(' fi],I11JH'sS 

n.vorn.ged 1:3,9 pounds in lot,s stored fLt 32 0 n.ncl 12.7 in thoso stol'{'d n.t 
360 . Consirlcrfl.hle dccn,y dnvPiopNl in thesn lots of apples. In thl' 
193fi CI'OP the]'n was no consistent difrol'oncl' hetween the amount of 
dl'cay thn.t rlevdop('(l aft.er stOl'fLge ut the two tern pern,tllr es, hu Ii in the 
1935 CI'Op the lots stored n.t :360 grnemlly d('wlopt'd 1110rc dl'en.y than 
those stored at :320. V('J'Y littlc internal hJ'('ak-down deYrloped, wit.h 
no significant diO'Noncn between b~mp('l'atlll'es. T11(\se appll's were 
not pn,eked with oilt'd paprl' and in somr instances considerable scald 
(ll'v(\]opncl in In.to stonwo lots. In the 19:3fi crop, scn.ld deYeloped 
onl~T n.ftC']' sliorn.gr at :320. In the 1936 erop tlw scald was lrss seyere 
n,t :32 0 than at 360 on the F('bl'l1fl.l'Y ](1 insprrt,ion but mon'· Sl'vere n.t 
320 thfLn 360 on the April] 6 inspection. Somewhn.t superior flavor 
t\Jl<l dl'ssl'rt qUfLlit.y ,,-n,s ~(,Ilel'fl.lly noted in the n.ppll's from 32

0 
, 

pn.l'ticu1n.rly aftpr long st.omgr. 
For the 1935 fruit thr softer and riper condition and the poorer 

drssert qunlity at :36 0 F. s('(~m to indicate 320 as a more dnsimble 
stomge temperature [01' this vn,ripty, at Ipast for long periorls (5 to 6 
months) of stol'ngc. Although some sCfLld deYrlopccl at 32°, it is 
likply thn.t this could have bren contro\lNI hy the usc of oiled paper, 
For 1936, fruit storage at :32 0 wn,s distinctly superior to stol't'tge at 
360, as the fruit lwld at 360 wn,s distinctly softer and riper, developed 
cOllsiclcrn.bly more decn.y, and wn,s of infrriol' drssert quality. On the 
basis of these rpsu\ts, ther('fo]'r, 320 should be recommended as the 
storage temperature for the Ben Dayis variety. 

http:sliorn.gr
http:gonern.ll
http:storn.ge
http:Storn.ge
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TA.BLE 2.-Effect of storage at 32° and 36° F. on Ben Davis apples 
1935 CROP 

,
Storng:e ci z 	 c;3 ~ ..., 	 .. 

g ~I ~ :a§r:: 0 
'0 ~ 	 .c::: ilDate of examination l- gj 	 =­0.<> .", °Ek .",'" f! 	 ~6 " 

c.~ ::: ." >. '"~.. g E'" " EE .~., g::e § " ~ ::>. g 1l <> e: l; 
> i<>" 	 0 <>

E-< p.. :;: 0 d: 2 en A" .5 rn '" rr. A 

19S5 of. f)"1I' Dr.v., Lb. p,t. Pd. Pcl. Prt. Prl.Oct. 9 .• _______________ ('l 0 0 a.9 21.2 TI 1'10 0 O.n O. n 0.0 0.0 --------Oct. 16 ________________ t') 0 7 3.4 16.9 F 97.0 3.0 .0 .0 .0 
---~----

Dec. 2L ______________ { 	 32 73 0 4.0 17.3 H-F 9~, 5 1.5 .0 .0 .0 ---.---­
36 .3 0 4.0 lfi.n F 97.0 3.0 .0 .0 .0 

Dec. 28 ____ • _________ . { 32 ;1 7 4.0 H.5 F-FR 95,0 5. n .0 0 .0 n 
30 73 7 4.0 14.7 PIt 90.0 8.0 2.0 .0 .0 0 

19SBMar. 10_______________ { 	 32 1;;3 3.7 IrJ..1 PR·R 91. 5 8.5 .0 .0 .0 I .....0 ~-----

aq 1;;3 0 4.0 11.0 R 95,5 3.0 .0 .0 1.5 -­....0
Mar. 17_______________ { 	 32 l,'ia 7 4.~ i 12.3 R nO. 0 21. 0 .0 21.5 1.5 

3fi 15:! 7 4.0 i lJ.4 R .0 .0 2.0 P80.51 17.5 
Apr. 24 _______________ { 	 32 19~ 0 4.0 i 11.9 R R5.0 0.0 3.0 q.O .0 F 

36 IUS 0 I 4.0 I 11. 4 R 95.0 ; 5.0 .0 .0 .0 p
I 

103n ('Rap 

, ~! I ! I ,
Oct 27 ,,1~~~ ______...1 e'l o 0 ' .. 9 19.1 TI-F 100.0' 0.0 0.0: 0.0:N'0".5 .._____________ (') 1	 0.0.0,1-------­o 9 3.5 14.6. F- FR R'.O 13 0 I .0 .0 I 0 
D 	 9 { 32 43 o i 2. fi 1R. 1 I U - F . P.1. O. 7.0 .0 .0 i .0: F1" o 2.7 14. ~ i F 193.0 j 7.0ec. . ------------- .. 1 13 	 .0 .0 I .O! F 

43 	 .0 .n, .0: 0+Dec. 16______________ • i { 	 ~~ 
43 

I~ I' 3.0 13.9' FR 87.0.13.0 
3. S I 1:1. 3 I F R 85. 51' H. 5 .0 .0 I .0 I n 

Feb. 9. __1.~~~ ..____..J{ ~~ I :~ I ~g103 1 3.0 i 13.2 I F-FR : 92.0 8.0 .0 .0 
\03 o a.3 11.7\FR-R'8s'0 11.5 .5 .01 

Feb. 16_______________ !{ ~~ I 103 i 3.2' 12.1 I PH-H' 75.0 : I·\.O 2.0 9.0 .0 I 0 
103 7 3.·2 11.2' FR-R 51.0' 2~.O 4.0 . 23.0 .0' PO 

A r.9________________ ,i{ 32 I o 13.4FR t i F-Par, J lfi2 3.1 ! 91.0 9.0 .0 
P 162 o 3.1 I!.fi R 183,0: 17.0 .0 I F:8 i :g I31') ~ lfi2 7 3.512.5 PR 137.5;H.0 1. 0 i 47.5 .0 O-F 

Apr. 16..------------.
1 
{ 3ii I 162 7 3.6; 11.8 R. 37.S i 3·1.0 .0 j 28.5 .0 i F 

I Number on color chnrt, in which I represents green Bnd 4 represents yello,v. 

I H=hard. F=tlrm, FIl=firm ripe, ll=ripe. 

• Not pRcke·1 in oilc'l p3pcr • 

• O=goorl, PO =fairly good, F=falr, P=poor. 
• Not stored. 


BONU.M 


The effect of storage at 320 and 36° F. on Homm1 apples is shown 
in table 3. In 1935 the appips Wl're obtf,inl'd from an orchard l1rar 
Falls Church, Va., at a r!.'iati,-ely low altitude, whereas in 19:36 and 
1937 the applrs w('re obLainrd from an orchard at a much higher 
altitude ncar Linden, Va. The appll's were much fIrmer at harvest 

'r in the latter two sensons than in the first. 
The 193.5 and 1936 fruit was generally distinctly more yellow and 

riper after storage at 36° than after ::32 C1 F. storage. There was no 
marked or consistent difference in ripeness or ground color of the 1937 
fruit. Appreciable amounts of decay occurred only in the 1935 apples 
and at the time the fruit was removed from the storage temperatures 
there ,yas no significant difference in the amount of decay. However, 
after the fruit was ripened at 70 0 

, the decay was considerably more 
severe in the lots from 360 storage in the 1935 season. In two instances 
al. lemlt 5 percent break-down occurred, and in both instances it was 
in fruit that had been stored at 36°. Severe scald occurred with the 
1936 crop, although the apples were packed in oiled paper. In HI35 

286080·-'1--2 
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and 1937 scald was present only at the finnl inspection when the 
applrs were ripened after 4 months' stomge, find it WfiS more severe 
in the apples from 32° storage. In the 1936 crop, all the contrary, 
scald was more seyere in apples from 36° storage except fit the final 
inspection when no difference was found. There was a tendency for 
this vfiriety to shrivrl, find this WfiS more seyere at 32°, probably 
becfiuse of the somewhat 10weL' humidity in the room hrld at this 
temperature. Little or 110 difference in dessert quality WfiS noted 
between apples from the two temperatures. 

TABLE 3.-Effect of storage at 82° and 36° F. on Bonum aJ1J11e.~ 
1935 CROP .. 

~ 0;Storage 0: 0 .!I. 
~'0 . 'n",,- '2 e 't " g."' .00: .c -.!. .~~ 
~ 

r:l -:.Date oC examination <>'" "'Co '" ~c '" !!2c..!:; 5Z 
~ 

" ... e~~ "" ~ a ::: E"".~ EC: '"z;§~ ~ e .e- '" " ~ "" c; 
0 Q) " > 

E-< Il<" < 0 Il< >:< ~ " H en A"UJ " '" ------------- --.-'.----- ------ --- --- ­
lOS,; 0 F. Dugs Dall., r,h.,. Prt Pr!. Prl. Pel. Pel. 

S~pt. 9._____ . ______ • (') 0 o 1.7 10.4 n i1llO.1i 0.0 0.0 0.0S('p!. 16 ______________ (.1) I 0 0: 8--0--­7 2.6 13.4 rH-R ;100.0 .0 .0 .0 
~ I" { 32 I 04 o 2.·\ I 1:;.2 fJ-F i OS..; l.ii .0, .0 .0 Jo' 
r 0\'.....------------ 30, n.1 o 2. S 14. 7 I F 'I O<J. 5 .5 .0 F 
Ko,'. 10. _____________ . { ~l~ I ~! 2.7 13.1 I PH 90.0 9.r. :~ i :g .0 F 

3.9 13.0 IR-O R 180.0 18.0 2.0 .0 .0 P 

1986 
.Tnn. n .. _______ •______ { 321 122 o 3.2 I H. I I FR 79.5 13.0 .0 .0 7.5 

30, 122 o 3.6 I 12.3 FR-R R4.0 10.0 .5 .0 5.:; 
;12 i 122 7 3.a la.1 FR-R:3!1.5fH.1i .0 . 4r,.0 • 0 . ______ _ 

Jan. 16 -------------..I{
I 

7 4. 0 Il 10. Ii 11 R I 4(i.O i 33. 5 5.0 115.5 .01·------­30 I}')') 

1936 CROp· 


/9.16 I ' I I
Sept. n ....... ________ (') 0 0 

2.0 I 20.2 F pOll. a .0 .0 .0~~::: ~6::~:::::::::::: {('l 0 7 
2.n 

1.3.211.0 

I iii 2 

I 
I 

IT ,100.0 0.0 

.0 
0:8 I 0.0 

.0 

0.0 "'(!---
a:12 01 0 F 0100.0 .0 I .0 

36 61 0 2.3 1r..4' P·rlt 11000 .0 a 
32 01 7 

2.0 I12.1 FR \10.0 1.0 
.0 i .0 .0 I 

No\,. 10 .. ___ •_________ { .0 .0 .0 a6136 7 2.8 10.:; , FR-H 73.5 .5 .0 , 26.0 .0 Fa 
I 

/.?37 141 0 2.21 13.1 IFR-R 88.0 .0 .0 \ .0 12.0 aPch. 3. _.-------------I{ 147 n 2.8 13. I FR-R 76.0 1.5 .0 i 21 .•1 1.0 FO~~ jl'eh. 10 .. _____________ { :l2 147 7 2·2 ' 11.0 FR-R 10.0 1.0 .0 i 50.0 .0 0 
117 7 3.\} 11.7 FR-fl 3.0 .5 .0 a 

Mar. 8 ______________ . { ~:g I' I~O 0 2,,1 I 
I 

13.7 FR-H 6.1. :; ..5 2R.5 0-1'0 
16 IHO 0 R 64••; 1.0 .0 29.0 5.5 F 
: 1 

2. \1 /12.7 T~Mar. 15____________ ... { ;12 I~O 7 ..... 11.7 F'H-R 11.0 1..'i 1..5 81tO .0 Fa 
I 

w30 180 7 .. _.... 12. i FH-R 1.0 n.o i. 0 ~O. 0 .0 F 

IDa7 CROP 

! j I 
Sept. IIi .......___ ... I'l 0- Co
,~ I I III o! 1.2 .... 1••) I IT '100.0 0.0' 0.0 I 0.0Sept. 2L._________ .___ ('1 ._ .. ____0 2.2 20,0 I H-r 100.0 .0 .0 J .0 '".0 1---­i{ 32 61 g! 1.4.17..1 i I'-I"R I !19.5 .5 .0 i .0 .0 aT •No,. 10--------------- ao 61 1. 71 1a. s . FH-R I09.5 .5 .n I .0 .0 0+ 
...) 1{ ;\21 01 7 2.6 12.5 FR 99.5 .5 .0, .0 .0 a'm _';~;_____--I "' 61 7 3.0 j la.4 }'R 08.5 1.0 .0 i .0 .5 O-F 

I 

32 123 0 2.3115.1 I'R ,100.0Jan. 17.___________ • __ . { ali i .0 .0 i .0 .0 G-F 
12.1 0 2.4 . 13.5 ~'R I J.9.5 .0 .0; .0 .5 0 

Jnn. 2-1.. ..____ •_____ •• :{ 32 12a 7 2.!i : 13. I FR-R : on.5 .0 1.5 ! 32.0 .0 a 
30 l!!a 7 3.0 /12.8 Fl1-U I 7·1. 0 .5 .5 25.0 .0 GI 1 I 

t Numher on color chnrt. in which 1 represents grrl!l1 and" rcprr~(\nt~ ~·t.~now. 

'lI=hnrd, F=flnll. I'R=flrm ripe, R=ripe, OR=o\·(·rripe. Italic Ictt,~l's iudicntc apples were mostly 


oC that degl1!o oC rip('I1(''''. 
'Appl~s PI\('k~d In Oiled pll[",r in 19:16 and 1937 but not in 1D35. 
'G=gnod, FO=Culrly good, F=ClIlr, P=poor.
'Not stored. 

http:FR-R:3!1.5fH.1i
http:i1llO.1i
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Storage at 32° F. seemed preferable in 1935 because of the greater 
amount of decay that developed during ripening after storage at 36°. 
Although more scald developed during ripening after storage at 32°, 
this was not as serious as the decay and might have been controlled 
with oiled paper. In the 1936 season, 32° storage was again preferable 
because of the greater amount of scald that developed at 36°. In the 
1937 season there was practically no difference between the fruit from 
the two tempC'ratures, and either 32° or 36° was satisfactory. On the 
basis of these reslllts for all three seasons, 32° storage should be 
recommended for the Bonum variety, as this temperature was some­
what preferable during two seasons and equally satisfactory in the 
other. 

DELICIOUS 

The effect of storage temperature on crops of Delicious apples for 
the three seasons is shown in table 4. The main market season for 
tIllS variety extends from October to April (19). The ground color 
at harvest was about 2.5 in all three seasons and changed gradually 
during storage to 4 or deC'pC'r with no nppreciable difference betwC'en 
storage at 32° and at 36° F. The apples were generally distinctly 
softer and riper after storage at 36° than after storage at 32°, and the 
firmness averaged 11.6 pounds at 36° and 12.9 pounds for comparable 
lots at 32°. Relatively little decay or break-down devC'loped in these 
apples, and there was no signifieant differenee in the amount of decay 
at the two temperatures in any of the seasons. In the 1935 and 1937 
crops more scald developed at 32° than at 36°. Although the fruit 
was packed with oiled paper in 1936, rather severe scald developed. 
TillS was more severe at 36° at the earlier inspection, but at the time 
of the final inspection it was more severe at 32°. The dessert quality 
of this variety depended greatly upon the ripeness of the apples at 
the time they were sampled. Thus, after 2 months' storage in 1936, 
the apples from 36° were in prime eating condition and were more 
aromatic than those from 32° that had not yet ripened to prime eating 
condition. However, nfter 8 days at 70° the apples from 36° were 
past their prime and had less flavor than those from 32°, which were 
now prime. In general, there was no appreciable difference between 
the dessert quality of apples of the 1935 crop stored at 32° and those 
at 36°. The apples of the 1936 crop wel'e g('uerally considered better 
after storage at 32°, whereas those of the 1937 crop gave better results 
at 36°. 

For the 1935 crop there was very little choice b('tween the two 
temperatures with slight preference for 36°, particularly with storage 
of about 4 months or less bec-ause of the greater percentage of decay 
and scald at 32° when ripened after 4 months. However, the scald 
was not severe and probably could have been controlled with oilfld 
paper. For the 1H36 crop, storage at 32° \vas more satisfactory be­
cause of the firmer condition of the fruit from this temperature and 
the consistently better dessert quality. There were rather large but 
not consistent differences in the amount of decay, break-down, or 
scald that developed. ]'01' the 1937 crop, storage at 36° seemed some­
what more satisfactory, as the dessert quality was better at this 
temperature, and considerable scald developed when ripened after 
4 months at 32°. Although the apples were riper at 36°, they did not 
become undesirably so during the storage seRion. These results 
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indicate that either temperature of storage might be used with the 
Delicious variety, there being a slight prefere.nce for 36° for short 
storage. 

TABLE 4.-Effect 0/ storage at 32° and ."160 F. on Delicious apples 

1935 CROP 

be ,,:, QlStorAge c ::; ... ;;"2 . ~ ",I« ,(L E ·t15c " 0'." ~I- -~Date of examination 'E'~ -gZ ~ ...... 
Q.~ 't:I ~ 't:I ... "0 " ~ ... '"'' ... C e't:l 't:I e
53 ~.9 

1-

~ c 
CJ 

".­
,," .,~ "'''' " e c. '" c " 13 ;; '" ~ 

Eo< ~ Cl ~ Pi tl1 " A'" .:l u; " tl1 '" '" A 
--'"' ----------------------­

1985 F. DaV8 Dav& Lb. Pct. Pct. Pct. Pel.. Pri.Sept.. 27_______________ 
D 

(I) 0 0 2.7 18.0 H 100.0 0.0 0.0 0.0 0.0Oct. 0_________________ --'10-­(I) 0 8 3.0 15.6 F-l'R 100.0 .0 .0 .0 .0 
Dec. 4. _______________ { 32 68 0 3.7 17.0 l1-F 100.0 .0 .0 .0 .0 va 

36 68 0 3.9 15.5 F-FR ,100.0 .0 .0 .0 .0 va 
Dec. 11. ______________ { 32 68 7 3.8 I:!. 2 F-l~R 99.0 1.0 .0 .0 .0 va 

36 68 7 3.9 13.6 FI~ 99.0 1.0 .0 .0 .0 VO-O 

19.'8 
Feb.H_______________ { 32 137 0 3.9 14.4 F 98.0 2.0 .0 .0 .0 va 

36 137 0 4.0 13.7 FR 100.0 .0 .0 .0 .0 va 
Feb. 18_______________ { 32 137 7 4.0 11. 0 FR 84.0 L.O .0 8.0 .0 a 

36 137 7 4.0 11. 0 FR 99.0 .0 .0 1.0 .0 a 
Apr. 13 _______________ { 32 199 0 4.0 12.3 FR-R 87.0 2.0 .0 8.5 2.5 Fa 

36 199 0 4.0 12.3 FE-R 96.5 3.5 .0 .0 .0 ._-----­

1036 CROP 

19S6Sept.2L_____________ 0 0 2.7 15.6 F-FR 1100. 0 0.0 0.0 0.0 0.0
Sept. 28. ____________ ._ 1').) ---0--­0 7 3.5 11.4 FR i100.0 .0 .0 .0 .0 
Nov. 19. ______________ { 32 59 0 3.5 13.8 F-FR i 99.0 1.0 .0 .0 .0 a 

36 59 0 3.8 10.7 FR-R 100.0 .0 .0 .0 .0 G-VO 
Nov. 27_______________ { 32 59 8 3.0 9.2 FR-R !1'i.0 1.0 .0 1.0 .0 G-VOr 

36 59 8 4.0 8.0 II 90.0 1.0 .0 .0 .0 G 

1937 
Feb. 5________________ { 32 137 0 3.7 12.4 F-FR 98.5 1.5 .0 .0 .0 va 

36 137 0 3.6 9.8 FR-ll 91. .i 1.0 .0 7.5 .0 a-va 
Feh:12_________ . _____ { 32 1a7 7 4.0 10.5 FR-R 29.0 2.5 2.0 66.5 .0 a 

3n 137 7 3.8 8.7 R-OR 28.5 1.0 1.0 60.5 .0 O-F 
Mnr. 22.____________._ { 32 IR2 0 3.5 11.1 FR 86.0 5 .0 12.5 .0 va 

36 182 0 3.7 9.9 FR-R 63.0 1.5 1.0 , 34.5 .0 Fa 
~fnr. 29.______________ { 32 182 7 3.9 10.4 R 5.•J 1.1.5 1 1. 0 , 92.0 .0 Fa 

36 182 7 3.7 9.2 R-OR 13.0 5.5 5.0 I ;6.5 .0 F 

1937 CROI' 

1937Sept. 21. ______________ 
~') 0 0 2.4 17.8 IT 100.0 0.0 0.0 0.0 0.0 --------Sept. 28 ..____________ . .) 0 7 2.5 12.0 F-FR 100.0 .0 .0 .0 .0 

Nov. 22.______________ { 32 fl2 0 3.2 16.5 F 100.0 .0 .0 .0 .0 
36 (i2 0 3.1 14.6 F-FR 100.0 .0 .0 .0 .0 --FC}--

Nov. 29"______________ { 32 02 7 3.4 12.5 I<'-FR !l9.0 1.0 .0 .0 .0 Fa 
36 62 7 3.7 12.2 FR-R 100.0 .0 .0 .0 .0 ro-o 

/998 
Jan. 20..______________ { 32 121 0 3.3 15.3 F 99.0 .0 .0 1.0 .0 F-P 

36 121 0 3.4 12.8 F-FR 100.0 .0 .0 .0 .0 F 
Jan. 27________________ { 32 121 7 3.3 12.4 FR 48.0 1.0 .0 51.0 .0 F 

36 121 7 3.6 n.5 FR-R 9·1.5 1.0 1.5 .0 .0 a 

I Number on color cbart, in wbich 1 represents green and 4 represents yellow. 
I IT=hnrd, F=firm, I<'R=firm ripe, R=ripe, OR=ovorripo. Italic letters indIcate apples were mostly 

of that degree of ripeness. 
, Packed in oiled paper in 1036 nnd 1937 seasons but not in 1935 season. 
• VO=very good, O=good, FO=(airly good, F=fair. P=poor. 

I Not stored. 
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GOLDEN DELICIOUS 

The effect of storage temperatures of 32° and 36° F. on Golden 
Delicious apples is shown in table 5. Somewhat deeper yellow 
developed on the apples at 36° in the 1936 season. In the other two 
seasons, however, there was no appreciable difference between the 
two temperatures. The apples were distinctly softer and riper at 36° 
than at 32° during two of the seasons, but there was no apparent 
difference in the 1935 crop. Appreciable amounts of decay developed 
in the 1935 crop only, and it was more severe at 32° than at 36°. 
Scald developed on the apples of the 1936 crop only and was most 
severe at 36°. Golden Delicious apples are rather subject to shriveling 
during storage, and appreciable shriveling occurred in the 1935 and 
the 1936 crops. This was most severe both of these seasons at 32°. 
With the same relative humidity the vapor-pressure deficit would 
be greater at the higher temperature (36°) and more transpiration 
and shriveling therefore would be expected. However, at the lower 
temperature (32°) there is a greater tendency for the moisture to 
freeze out of the air and consequently a lower relative humidity 
would be maintained. 

An examination of the hygrothermograph charts for the period of 
September 16, 1936, to January 10, 1937, showed that the humidity 
at both temperatures varied between 80 and 90 percent but that at 
36° it generally ran above 85 percent and at 32° below 85 percent. 
The appro}.imate average humidity for this period was determined 
by averaging the humidity at noon of the 1st, 5th, 10th, 15th, 20th, 
25th, and 30th of each month. The avel'llge thus obtained was 83.6 
percent for 32° and 87.5 percent for 36°. Thus the greater shriveling 
at 32° was due to the lower humidity at this temperature and only 
indirectly to temperature. Differences in dessert quality due to 
storage temperature were not generally apparent. However, in some 
instances in 1936 and in 1937 the apples from 32° storage were found 
to be of better quality than those from 36°. 

In the 1935 season storage at 36° F. was more satisfactory for this 
variety, as there was generally a higher percentage of sound fruit at 
this temperature after 4 or more months' storage and there was no 
apparent difference between fruit stored at this temperature and that 
stored at 32° in firmness or dessert quality. For short storage (2 
months) 32° and 36° were equally satisfactory. In the 1936 crop the 
apples stored at 3(,° weTe distinctly softer and riper than those stored 
at 32°, and after 4 months apples stored at 36° developed considerable 
scald when ripened at 70°. The 1936 results, therefore, indicated 32° 
for the storage of this variety. Practically no storage disorders oc­
curred with the 1937 crop. At 36° the apples were softer and riper 
and of somewhat poorer dessert qu.ality. The 1937 results, therefore, 
also indicated 32° storage. Thus in two of the three seasons studied, 
32° was found to be superior to 36° for the storage of Golden Delicious 
apples. 
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TABLE 5.-Effect oj storage at 32° and 36° F. on Golden DeLicious apples 

1035 CROP .. ... 	 OJStorage c 0 	 ~ <i. 'C-	 't 'OJ 
"r:, ! I " .c<> 	 C'.1Il 15" '" 

Date of examination 'E'~ 	 ~" '" ....... 

,~ 

-eo '" 	 "'0 ~~" 'CI §Z c 'CI ;.,",'" 0 ...... '" c ;:'CI 'CI ~ ~~ SE 0 ~ c. 5.,,' ~ "" " g ~ "§ '" > ill 
&< i>< ~ c'5 p:; Pi Ul A" ,s Ul Ul " A 

1985 of. Daus Daus Lb. Pct. Pct. Pcl. Pel. Prl.Oct. 9_________________ 0 0 3.6 16.2 II-F 	 100.0 0.0 0.0 0.0 0.0 0Oct. 16________________ ~') 0 7 4.0 12.5 F-FR 	100.0 .0 .0 .0 .0 VO'J 
Dec. 16_______________ 32 68 0 4.0 13.7 F 100.0 .0 .0 .0 .0 VO-O 

36 68 0 4.0 13.7 F-FR 98.5 1.5 .0 .0 .0 VO 
Dec. 23 _______________ 32 68 7 4.0 12.2 FR 100.0 .0 .0 .0 .0 VO 

t 
36 68 7 4.0 12.3 FR 96.5 3.5 .0 .0 .0 VO 

1958 
Feb. 18_______________ { 32 132 0 4.0 11.4 FR 95.0 4.0 .0 .0 1.0 VO 

.. 36 132 0 4.0 11.4 FR 97.5 1.5 .0 .0 1.0 VO 
Feb. 25_______________ 32 132 7 4.0 10.1 FR-R 81.5 14.5 .0 .0 4.0 VO 

36 132 7 4.0 10.6 FR-R 91.5 5.0 .0 .0 3.5 VO 
Apr. 14_______________ { 	 32 188 0 4.0 11.8 FR-R 71.0 18.0 .0 .0 11.0 .-----­

36 188 0 4.0 11.5 FR-R 92.5 4.5 .0 .0 3.0 ---a--Apr. 21. __________..___ { 	 32 188 7 4.0 10.6 FH-R 54.0 35.0 .0 .0 11.0 
36 188 7 4.0 10.8 FR-R SO. 5 16.5 .0 I .0 3.0 ------­

1936 CROP 

1996 
o o 2.3 15.5 H-F 100.0 0.0 0.0 0.0 0.0~~~·6~~:::::_-::::===_ ~:l o 10 2.8 13.6 F 100.0 .0 .0 .0 .0 

Nov. 16_______________ { 	 ~~ 51 o 2.5 13.9 FR 100.0 .0 .0 .0 .0 
51 o 2.0 1l.5 FR-R 100.0 .0 .0 .0 .0 

Nov. 23_______________ { 3~ 51 7 3.3 10.2 FR-R 100.0 .0 .0 .0 .0 
51 7 3.5 10.0 R 100.0 .0 .0 .0 .0 

1997 
Feb. L ______________ { ~~ 	 131 o 3.0 0.7 R 97.5 .5 .0 .0 2.0 F 

131 o 3.8 8.8 R+ 09.5 .5 .0 .0 .0 F 
131 7 3.0 10.6 FR-R 97.0 1.0 .0 .0 2.0 F 
131 7 3.0 8.8 R ft' 5 2.0 .5 37.5 .5 P 

Feb. 11---------------1 	 ~~ Mar. 16.._____________ 	 ~~ 171 o 3.3 10.2 R 01.0 .5 .0 .0 8.5 FO 
171 o 3.8 9.6 R+ 94.0 .0 .0 5.0 1.0 FO 
171 7 3.7 9.0 R 82.5 3.6 .0 3.0 11.0 F-PMar. 23_______________ 	 i~ 171 7 3.8 8.4 R+ 14.0 3.5 1.5 SO. 0 1.0 P 

1937 aROP 

1987Sept. 22_______________ (I) 0 0 1.0 15.9 H-F 100.0 0.0 0.0 0.0 0.0Oct. L ________________ 	 '--G--­(I) 0 9 3.6 	 12.6 FR 100.0 .0 .0 .0 .0tNov. 23_______________ 	 32 62 0 2.5 13.4 F-FR 100.0 .0 .0 .0 .0 0 
36 62 0 2.8 11.1 FR-R 100.0 .0 .0 .0 .0 O-F 

Nov. 30_______________ 32 62 7 3.3 11.1 FR 99.0 1.0 .0 .0 .0 G-P 
36 62 7 3.3 10.1 FR-R 100.0 .0 .0 .0 .0 O-P 

1098 
Jan. 20________________ { 32 120 0 2.9 11.4 FR 00.5 .5 .0 .0 .0 P 

36 120 0 3.0 9.9 FR-R 99.5 .5 .0 ,0 .0 P 
Jan. 27________________ { 32 120 7 3.8 10.7 FR-R 99.5 .5 .0 .0 .0 F 

36 120 7 3.6 9.6 R 95.5 4.5 .0 .0 .0 F-P 

I Number on color chnrt, In which 1 represents green and 4 represents yellow. 
I H=hard, F=flrm, FR=flrm ripe, R=rlpe. italic letters Indicate apples were mostly of that degree

of ripeness. 
I Packed in oiled paper• 
• VO=very good, O=good. FO-falrly good, F=lalr, and P~poor. 

I Not stored. 
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GRIMES GOLDEN 

The effect of storage at 32° and at 36° F. on Grimes Golden apples 
is shown in table 6. The market season for this variety extends from 
September to January (19). Thf're was generally a tendency for the 
ground color to become somewhat more yellow during storage at 36° 
than at 32° in the 1936 and 1937 crops, but not in the 1935 crop. 
The data do not indicate any marked difference in firmness or ripeness 
during storage at the two temperatures. During the three seasons 
there was no consistent difference in the amount of decay that devel­
oped at the two temperatures. Likewise, internal break-down was 
not consistently higher at either of the temperatures. A high per­
centage of the 1935 and 1936 fruit developed scald when no oiled 
paper was used, and even the 1937 fruit packed in shredded oilC'd 
paper developed considerable scald. The scald did not devC'iop on 
the 1937 applC's while they were in cold storage, but becilr.~e apparC'nt 
after they were removed to the 70° ripening room. It was more 
severe in the fruit from 32° storage. In the other seasons, scald 
developed in cold storage, and there was no consistent diff('rence be­
tween the two tempC'ratures in the amount of scald induced. For 
1936 fruit, storage at 32° resulted in somewhat better dessert quv.Iity 
in the apples than did storage at 36°. In the other two seasons no 
difference in dessert quality was noted. 

With the 1935 crop the results indicate that either 32° or 36° F. 
would have been satisfactory for 2 months' storage, as there was no 
appreciable difference ill the fruit, and it is lilu'ly that the scald could 
have been greatly reduced by the use of oiled paper. After 4 months' 
storage, neither temperature was satisfnctory, principally bectlusC' of 
scald. In 1936 storage at 36° for 2 months gave better results than 
32° primarily becn.use of the greater scald development at 32°. After 
4% months, lJOwever, 32° was superior because of the much greater 
amount of scald at 36° at the time the fruit WI1S removed from stoTnge 
and because of the better flavor and less ripe condition of the fruit 
from 32° storage. During ripening at 70°, excessive senld devC'lopecl 
on the apples from both storage temperatures. After 6 months' 
storage, 32° was again superior because of tIl(' better dessert quality 
and slightly less decay at this temperature. Excessive scald devel­
oped at both temperatures, but no oiled paper had been used in the 
packages. With the 1937 crop 36° storage was distinctly superior 
both for 2 and for 4 months, as considerably more scald developed at 
32°. The apples also developed more break-down at 32° when ripened 

Ir after <1 months' storage. 
On the basis of these results for the three seasons, storage at 36° F. 

is recommended for Grimes Golden apples, particularly for reltttively 
short storage of 2 months or less. 



16 TECHNICAL BULLETiN 776, U. S. DEPT. OF AGRICULTURE 

T.\BLF. B.-Effecl oj slorage at 32° and 36° F. on Grimes Golden apples 

1935 CROP 

-Storage d.. 
c 

<>
Z 

..:. 
f ~ 

Dato of examination 
f 
3 
;: 
<­",c a 
E­

-= 0 
-.: 
" ll< 

~rz.: 
0,,-0 
';:R 
~ 

~ 
~ 

~ 

0 
(3 
<.> 

'"S 
§ 
0 

~ 

'" .3 
f 
::I 

~ 
t 

~ 
" 0 
Cop: 

-g 
:5 
rn 

'"5 
" A 

.0::; 

" _0 

"'-::;: 
~ 
,:; 

-:: 

~ 
rn 

§ 
C" 

~ 
0 

~ 
0 

i iJ,9jG 
S~pt. 15................. 0.0 1.2) Zl.6 II :100.0 0.0 0.0 0.0 

0)Sept. 25 .••••.•••••.••••. ('l I .0 2.7 1.5.4 F-FR 1100.0 .0 .0 .0 "'0'" 
3') 62 1.5 l.'i.4 F-FR '((JO.O .0 .0 .0 G'I I
No\,. 16 ................. { 36 IHlO,O62 0 2,0 l!j.O Fit .0 .0 .0 G 

{ 32 fi2 7 3.2 12..1 l'R-R .5 1.0 82.5 G+No,'. 23 ................. 
 :!f. 62 7 :l.0 11.7 FH-R I ~~:~ .0 .0 61.5 G 

1937 00 I32 142 0 I 12.3 FH 100.0 .0 .0 0.0 GFeb.4.....••_._..._•.••. ,{ ..36 142 0 2.9 12~5 R 20.0 1.0 .0 79.0 F 
32 142 7 3.:1' 12,3 FR-R .0 4.0 1.0 95.0 F-GFeb. 11..................If 
3ii 142 7 3.3 12.5 YR-R .0 5.0 5.0 00.0 F-G 
32 lSI 0 ...... 12.8 FH·It 17.0 .0 .0 83.0 G~.Mar. 15 , ................ i{ 
 ~!l lhl (I - .....-- 12.8 PR-H 4.0 S.li .0 00.5 F 
32 1~1 7 12.0 R-OH .0 10.0 8.0 82.0 FG ----~-].[ar. Zl ............... '{ 
 36l 181 7 -._--- 11.6 R-On .0 15.5 8.0 76.5 FI 

1937 C ROI' 

1991 
Sept. 14 __ .. _...._...... "1:1 "\ 0.11 0 1.6 21.9 H 100.0 0.0 0.0 0.0 ..-------Sept. 21_ . _____________ _ .0 7 2.1 19.3 fl·F lUO.O .0 .0 .0 

Jr.~~~~ ~Nov, _________ •___ 62 0 1.9 lfi.3 j, ..FR 1OIl,O .0 ,0 .0 cj':V"(i"
{ ••33~(~1 	 62 0 2.3 13.S F-FR 100.0 .0 .0 .0 G-Va 

62 7 3.2 14.6 I'H lil.O 2.ii 33.0 GN ov. 2................... " { 02
36 3.7 13.5 }'R 3.5\62 7 98.5 .0 1.5 .0 0 

J998 
32 122 0 2.1 14.3 FR-H 99.0 .0 1.0 .0 0Jan. 14 ••• _..•••••_...... { :llj )~2 0 2.0 14.0 j"R-R 100.0 .0 .0 .0 0j	 1
32 I 7 :l ~ 13.4 l"[l nnd OR 3.5 .5 I 22..0 74.0 O-FJan. 21. ........_........ { 1~1 ! -.
3~, 122 I, 3.8 12.9. ~H-U-OR 4,.0! 1.5 110.0 41.51 O-F 

I Number on color chart, in which 1 rcprrscnts green Bnd 4 represents yellow. 
'H=ltnrd, ~'=tJrm, Fit=lirm ripe, H=ripe, OR=overripe. Italic letters indicate apples were mostly

of that de~rpc of ripeness.
, Packed with oiled p~per in 1037 but not in 1935 or 1930. 
f \'(1 = \'ery good, Ll=good, FO=(uirl)" gaud, F=faJr, P=poor. 
• x-;ot stored . 
• Also scalded. 
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JONATHAN 

The effect of storage at 32° and 36° F. on Jonathan apples is 
shown in table 7 for foul' seasons. This variety is particularly 
susceptible to soft scald, which is generally more severe in apples that 
have been held at high temperatures (50°-70° or higher) for sen·ral 
days before storage (5) and which has been found to be morc severe at 
32° than at 36°. The studies with this variety in 1934 and 1935 were 
concerned to a large extent with an investigation of this storoge dis­
order, and certain lots were held at 65° and 70° for a delay of 3 to 10 
days before storage. Pickings in 1934 and 1935 were made at different 
stoges of maturity. In 1934, susceptibility to soft scald was in­
creased by delay at room temperature of fruit picked on September 11 
bu t was decreased in the case of fruit picked later (September 19). 
Likewise in 1935, soft scald was increased by delay in the pickings 
made on September 6 and 19, but not in the later picking of Septemb(·,· 
30. Considerable soft scald developed in some lots of the 1934 and 
1935 pickings. As reported by others (5, 27), soft scald was much 
less severe at 36°. In 1934 a superficial browning of the skin was 
observed. This was generally confined to small spots a quarter to a 
half inch in diameter and was not typical of either soft scald or super­
ficial scald. It was designated IIbruise scald," as the lesions wrre 
slightly depressed and sometimes seemed to have been callsed by 
bruising or rubbing. This type of scald developed at both 32° and 36°, 
with no consistent difference between the two temperatures. Jonathan 
apples are very susceptible to Jonathan spot. This disorder is oggra­
vated by late picking and by exposure to high temperatures during 
storage. Thus delay at high temperature previous to storage is likely 
to increose the amount of both soft scald and Jonathan spot in storage, 
which fact makes prompt stornge of this variety doubly important. 
Although storage at 36° greatly reduces the percentage of soft scald, 
it tends to increase the percentage of ,Tonathan spot. 

There were no consistent differences between the two storoge 
temperatures in the amount of decay or of brrak-down that developed. 
The greater percentage of soft scald that drveloped at 32° F. was 
counterbalanced by the greater percentage of Jonathan spot at 36°. 
Consequently there was no consistent difference between the per­
centages of sound fruit present in the lots from the two temperatures. 
For all four seasons, the difference between the mean percell tages of 
sound apples from the two temperatures in 44 comparable lots was 
only 1.3 in favor of 32° storage. This is obviously not a significant 
difference. Jonathan apples stored at 36° were generally distinctly 
softer and riper than the comparable lots held at 32°. 'Then a 
difference in dessert quality was noted, this was also in favor of 32°. 
As a further indication of their greater ripeness, the apples generally 
became slightly more yellow at 36° than at 32°. This difference in 
ground color was not sufficient to materially affect their salability. 

286080°---41--3 
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TABLE 7.-E:ffect of storage at 812° and 86° F. on Jonathan apples I 

1934 CRQP 

Date of ex· 
amlnation 

1954 
° F. Dav> DaV8 Lb. Pel. Pet. Pet. Pet. Pet. 'Pet. 
(.) 0 0 1.;.7 _. ___... 100.0 0.0 \ 0.0 0.0 0.0 0.0Sept. 11. .•.• 
32 6.1 0 12.0 81.0 2.0' .0 .5 6.0 10.5

Nov. 13._ ••. { 11.1 U3.536 63 0 3.0 .0 .0 2.5 1.0 
32 57 0 II. I 87.5 1.0 .0 6.5 4.0 1.0No\·. 13 1••• _ { 36 57 0 10.8 86.0 2. Ii .0 1.0 7.0 S.li 
32 '>3 0 10.5 74.5 1.0 .0 11.5 4.0 9.0 

Nov. 13 ' •••..{ 36 53 0 10.7 74.5 1.5 .0 6.0 3.5 14.5 
32 00 0 .0 .0 .0 1.5 1.0________ •• « _________ 07.5 

1Dec. 10••••.• { ..___• __ '_'_ ••..••__ 94.036 00 0 .0 .O! .0 2.51 3.5 
32 I 84 0 ..._._ •• , ••• _•. _.•,. 69.5 .5 .0 26.0 4.5 .5

Dec. 10 r_•.. { 
36 I 84 0 ..............,._.•_ 73.• 5 .5 .0 4.5 5.5 t 16.0 
32 80 0 .5 .0 114.0 4.01 12._. __............._._ 69.5 0


Dec. 10 ' .••.• { 80 ______ ..... __ . ________ 77.0 __ 10.0 13.036: 0 .0 .... .0 

111.~5 
32112" 0 87.5 4.5 .0 .0 5.5 2.5

Jan. 13 •...•• { 36 f 124 0 00.0 2.0 .0 .0 2.0 6.0 
32 IIIR 0 72. .5 2 .• 1 .0 14.5 3.5 7.0

Jan. 13 r••••• { 36 118 0 63.0 3.0 32.01.5 .0 .5\
82 114 0 M.5 2.5 .0 13.0 7.0 23.0Jan. 13 ' .••__ { 36 Il4 0 60.0 2.0 .0 .5 1.5 16.0 

1934 

Sept. 19 .••__ 2 (.) o . ___ .. __._.. 13.01 .....__ .100.0 .0 .0 .0 .0 .0 
2 I 32 55 0 ...- .• '1 65.5 1.0 .0 23.5 0.5 .5

Nov. 13._.... { 2' 36 55 0 ..__._ •. _ ••.•._. sr,. 0 2.0 .0 2.5 7.5 2.0 
2 32 49 0 .......... _ B7.5 2.0 .0 2.5 4.0 4.0

Nov. 13 r. __ . 2 36 49 0 ...... _..... 68. 0 a.li .0 1.5 1.5 2.,. a 
45 0 ........_. __ .. __ .... 55.5 3.5 .0 2.5 .1.5 33.0 ""_'
Nov. 13'_... 2 3~ 45 0 __.... •.•••• ........ 48.5 4.5 .0 ,5 i.5 I 39.0 1----- __ 

82 0 ...... ...... • •• ____ is.1i .5 .0 8.5 16.0 I 1.5 , _____ __ 


Dec. 10...... ~ ~~ 7 •• 1 3 .• ,' _______
82 0 84.5 .0 .0 4.5 
76 0 :::::=1:::::: :::::::: ii.O .0 • 0 15.5 2.5 5.0 • __.. 

1
 
Dec. 10 L •• {~ ~~ 76 0 _____ .. __ .. _.,,/" _______ 7~l). 0 2.5 .0 1.5 3.0 IS n 

.0 .0 8.5 .0 26. .j . _____ _
Dec. 10 '._.•_ { ~~ g g :::::: :-: ! ::::::: ~~: g .5 .0 .0 1.1.0 21. 5 1_______ 

i j19S5 
32 IIi ,0 .0 ! 2.1.0 2 0 ..i _____ __

Jnn. 14. __._. { ~ 1.0. 12.0 i __g:::::: :::::: -:::::::i ~~:g .0 i 10.0 _____36 IIi .5 
32 III 1.5Jnn. 14 7_.__ • { ~! .0 I 5.0 i 3.0' 12 f) ',------ ­
36 111 81:::::::::::: ::::.:::1 I~:~ .1. ,~ .0 I .5 III.a i :lli.O ______• 

2! 32 lOi 6.0 .0 9.0 4.5;48'~1 _____ " o ... _.. 1_ ...__ • ''''''_'1 :;..,Jan. 14"_"'1{ 2 i 36 107 o ..... :.........___.. _~. Ii 2.5 .0 .0 I 6.5 64.0 :... __ __ 

) , . 1 

1935 CROP 

1995 

Sept. 6 ______ 
Sept. 13. __ __ 

(.) 
(') 

0 
0 

0 
7 

1.0 16.4 
2.~ 15.6 

II 
II-F 

1100.0 
90.5 

0.0 
.5 

0.0 
.0 

0.0 
.0 

0.0 
.0 

0.0 1_______
.0 _______ 

1998 

fan. 29 ______ { 82
36 

145
145 

0
0 

3.1 II. 1 FR 
_______________ .____ 

85.0
99.0 

2.0
.0 

4.5
.0 

.0

.0 
,.0

() 
8. 5
1,0 

Jan. 29 7_____ { 
32 
36 

130 
130 

0 
0 

_____________..___._ 
. ____• __ .___ ________ 

66.5 
39.5 

4.5 
2.5 

.0 
3.5 

20.5 
. a 

,0 
.0 

8.5 
54.0 

I Sum of percentage may be more than 100, lIS apples showing more tban I kind of disorder were counted 
in more than 1 cntegory. 

I Number on color chart, In which I represents green and 4 represents rel1ow • 
• II-bard, F=lIrm, FR=lIrm ripe, R=rlpe, OR=overrlpe. Italic letters indicate appies were mostly 

of that degree 01 ripeness • 
• Fruit packed with oiled paper in lOBi senson only, but no supcrflclal scald developed on nny lots. 
'VO=very good, O=good, FO=lalrly good. 
• Not stored. 
1 Delayed 6dnys ut65° F. in 1034 and 70· F.ln 1935 seasons. 
'Delayed 10 dllYs at 65° F.ln 1934 and iOo 1-'. in 19:15 sensons. 
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T.... BLE 7.-Effcct oj storage at 820 a.nd 360 fl. on Jonathan apples-Continued 

loa5 CROP-('olltln"e I 

., ... ...Storago 
~ 

0 Scald .. 
c "0 ~'" .:, " ~ .D~ fE 

Date of ex· ... ir.: "0 0 c 

0 2 
'"C1"0 ",,, e ., " 

amin3tlon i:fi; ~ .c ...Z c.;; cZ ... ~.g 
,,~ 0 " c " g 

~ 

-ll ~ " ... " 0. '" 
"0 

!l s " -" ~ ~ ~ ~ 0 ~p:; E-'" " < 0 Po< ~ 00 " A'" .5 00 ~ ~ A"" 
1986 I ° F. 1DaVB, Dav. Lb. Pet. 

Fcb. L ...•. '{ :12 1-\5 8 ~w ____ --- .. ~- -------­ 62.0 
ail 145 8 -----­ .----- -------­ 92.0 

Feb. 6 , ..•.• { ~i2 139 8 ------ .----- -------­ 47.5 
ao ' 130 8 -----­ .----- -------­ 20.0 

/935 I 
Sept. to ..... j 2 (.) 0 0 2.814.3 F !100.0 
~ept. 21. "". 2 (.) 0 5 3.t 13.6 

1 

F-Flt rnu 
:\'0\'.30 -... { 2 32 72 0 3.7 15.1 n-r' 00.5 

2 36 72 0 3.8 r 14.0 F-FR 90.•~ 
D('c~ {w __ ., ___ { ~, 32 72 7 4.0t 13.3 

1 

F-FR 80.5 
36 72 7 4.0 11.0 FR Oi.O 

1996 i 
Jnn. 20 .. { ~ I 3" ' 132 0 3.0 11.8. F-FR &1.5 

'" 36 I 132 0 3.8 10.0 FH 80.5 
Jnn.2\11._ ... { ~I 

:12 ! 120 0 ---­ .. ­ -----­ ---- ..--- SO. 5 
36 ' 120 0 -----­ -----­ -------­ 80.0 

Jan.20'..... '{ 2 :12 f 126 0 -----­ ------ -------­ 45.•i 

~ I :10 112t1 0 ------ .. ---- .. -------­ 64••1 
Isll.:!9 ,,_ .• _'{ 32 12:1 0 -----­ .----- oo------­ 32.0 

36 12:1 0 -----­ -----­ -------­ 29.5 
1936 I , I: 

Feb. 6...____ '{ • 32 i 132 8 3.8 10.8 i FR-H : 62.5·1 
21 36 i132 8 4.0 11.1 FR-R' 53.5 

Feb. 6 ,------ i{ ~ I 32 126 8 -----­ --­ .. -- -------­ 38.5 
36 126 8 -----­ -----­ -------­ 00.0 

Feb. 6 IO.... _.{ 
2 32 123 8 -----­ -----­ -------­ 27.0 
2' 36 12:1 8 ------ -----­ -------­ ~>O. 0 

Pct. Pct. Pet. 
6.5 2:1.0 : 

0:80.0 .0 
13.5 .~.0,20.5 
1a.5 5.5 .0 

.0 .0 .0 

.5 .0 I .0 
1.0 I .0 2.5 
.5 .0 I .0 

1. 0 16.0 2.5 
.0 8.0 J 1.0 

2.5 i2.0 9.5 
2.5 6.0 .0 
2.•~ 3.0 I 3.•~ 
. 5 2.0 .0 

2.~ .5 33.0 
2. ~ 1.0 .5 
2.0 2.0 34.0 

11.5 4.5 7.0 

3. 5 12.~.., 6.0 
11.0 i 18.5 .~ 
8.0: 13.0 36.0 
9.0 3.5 .~ 

20.5 8.5 35.5 
15.0 14.0 5.0 

' 

Pct. Pct. 
0.0 i 8. " 
.0 ' 3.0 
.0 13.5 
.0 

1 

52.0 

.0 .0 0 

.0 t .0 
"v'6".0' .0 

.0 ; .0 VO 

.0 ' .0 VO 

.O! .0 I VO 

.0 i 2.51__ ...__ 

.0 1 11.0 I G

I 7.0 1------­.0.0 8.5 ______• 
. 0 i 32. 0 .._____
.0 ; 31. 5 _______ 
.0 ' 42.0 
.0 , 66.0 

!.0, 4.5 

:8 :! ~~:g
.0 i 32.•1 
.0 ' 35.0 
.0 49.5 

19'5 

Sept. 30_"- .. ~:l 0
Oct. L. _____ 0"" 1956 

~----!3, 32 121 
3 1 36 I 121 

Ian. 20 , _____ 3 I 32 I ll~ 
31 36 ! 1I~ 

Feb. 6.._____ 3 32 \ 121 

~ I 
36 : 121 

Feb. 6 'Oo' ___ 32 j 115 
31 36 llS 

0 
7 

0 
0 
0 
0 
8 
8 
8 
8 

a.1 1~.8 U-F 1100.0 
8.6 12.•~ F-FR i 09.5 

3.6 12.0 F-FU i 80.~ 
-----­ ------ ------- .. 84.0 
-----­ .--- .. - -----­ .. ­ 71.0 
-----­ -FR:':Ii' 82.~ 
----­ .. 11.1 53.0 
---­ .... ........... -------­ 00.0 
-----­ _... ---­ -------­ 02.5 
------ .. ----- -------­ 62.0 

.0 

.~ 

3.0 
2.5 
2.~ 
2.5 
7.5 
0.5 
4.0 

17.0 

.0 .0 

.0 .0 

.0 16.0 

.5 .0 

.0,25.0 

.5 ' .5 
7.5 i 16.5 
4.0 I .04.5 25.0 
.5 .0 

.0 .0 

.0 .0 

:g 1 .5 
13.0 

.0 1.5 

.0 14.0 

.0 IS.5 

.0 ' 17.5 

.0 I 4.0

.0 2:1.5 

19360ROP 

1086 

Sept. 18 _____ ----­ ('l 0 0 2.3 16.1 H-F 100.0
Sept. 25 .. ___ 

r== 
(I 0 7 3.0 13.9 F-FR 97.5 

Nov. 18. ____ 32 61 0 2.8 13.6 F-PR 96.5 
J6 61 0 2.7 10.8 FR-R 07.5 

Nov. 25 _____ t~~ 32 61 7 3.3 10.3 FR-R­ 82.5 
OR 

36 61 7 8.4 0.6, R-OR 69.0 

• Not storod. 
'Delayod 6 days at 65° F. In 1934nnd 70° F. In 1935 seasons. 
• Delayed 3 days at 65° F.ln lOSt Rnd 70· F. in 193.~sellSons. 
10 Delayed 9 days at 65° F. In 1934 lind iO· F. ill 1935 SOllSons. 

0.0 
.0 
.~ 

2.0 
5.0 

3. ~ 

0.0 
.0 
.0 
.0 

7.0 

24.0 

0.0 
.0 

1.5 
.0 

4.0 

.0 

0.0 
.0 
.0 
.0 
.0 

.0 

0.0 
2. ~ 
1. ~ 
.5 

1.5 

3.5 

0 

"veS" 
Q-VO
VO 

0 
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TAB;,E 7.-Ejj·cct of storage at 52° and 86° F. on J analhun a.pple.~-('Ol1tilH\('d 

19:16 CROP-Continued 

Stomge I~ I~ ~ 1 I Scald 1 51 ~ 
Dat.e of ex- "I g~ ~ 0 .s z ~ ~::: 
arn!natlon 0 ~ 21 .S-b 1 oZ ;: ~ "3 0 IS:;Z c,;j ~ I-.r--:j ::: I=: "0 >.:::~ ~ {::; !:­

.... I' 2= .~ ~ ~ ~ ~ § fi I{3 ::: "; I 2 1 ~ 

.~ Co> t:;I - 0 ... .- 0 <:> Q 0 I- 0 
Q.. 8 P-! ~ ~ ~ UJ A ~ en ::: • ..,' ~ 

----;·---1----1---------------'--'- ­
1937 0 F. Dav.'! Dav.. Lh. IPr!. Pet. Pel. Pet. Pel.! Pel. I 


F b 4 {.... 32 1~9 I 0 ? 5 : 11. 4 FR, ~a. 5 4. ~' .0 .0 .0. 2.0' 0 

e .. , ••.•••..• 36 1.19 0 .l.3, 9.4 H 0-1.0 3.0 1.5 .0 .0 41.0. FO 


F'I 11 32. 1:19 i 3. 1 1 11. FR-R 70.0. I!. 0 3.0 .5 .0 I I~. 5' G+
0 
It""

C)•••-.-••••_ 36,1.19 7 3.0.10.5 R-OR 21.5· 10.0 11.5 .0 .0 5,.0 G 
M IS .... 32 181 0 2.i'IO.7:FR-H lli.li! 4.0 .0\ i.5 .0.21.0. (} 
,nr..•••••.•. 36 181 0 3.1: 11.0 I FR-R ·lO.O I' 5.0 3.0 I .0 .0' 62.0 1'0

1 r t 1 

1937 ('HOP 

1937 	 II I, I 
Sept. 14 .•••. -----	 (.) Of 1.9 W.2 I [[~F :100.0 : 0.0,I 0.01 0.0 Ioj 

0.0 I 0Sept. 21. _ ••••"" 	 (0) il 2.7 H.9 ~'H 100.0 I .0 .0 : .0 .0 :J! 
I 	 I 

Xo' l' { .•.• 	 32 2.3 14.2 I P-FR 100.0 . .0 i .0, .0 .0 :8 :'o::\~d"" ,.. ,,-----,I .•.. 30 	 81 2.5 12.0 FR :100.0 .0 I .0 ! .0 .0 .010-VO
32 02 7 2.0 12.5 FR- i, 92.0 .0 6.0 2.0 .0 .0 O-vOonNoy.22•..•-'f"·· (121 

... 36 62 3.0 I 11.3 JiR·H·: 95.5 .0 4.5 .0 .0 .0 0
j Ion 


1998 I 
j 


I 
122 0 2.3 ! 12.1 FH ; 97.5 2.5 	 (}Jlln. 14 •._ 	 .0 .0 .0 .0 

3~ 122 0.•• t··----
32 

2.0 i 10.7 FU-R: D7.5 2.0 .5 .0 .0 .0 0 
Jan. 21._ ••.. 	 32 122 7 i 3.0 11.5 Fn i 00.5 .0 .1.5 1.5 .5 2.0 O-VG

36 ; 122 7 I 3.3 11 L 0 1i .FR-R I 91..1 ..1 4.0 .0 .0 4.0 0I 

• Not stored. 

In the 193<1 crop little decay and no break-down occurred. There 
was more soft scald at 32° F., but more Jonn.thun spot at 36°. These 
results do not indicate !l,ny difference in desirability betwpen 320 and 
36° storage. The relative ripencss and dessert quality was not deter­
mined with these applcs. In the 1935 crop also there was no con­
sistent difference between the percentages of sound fruit at the two 
storage temperatures. Neither was any difference in dessert quality 
noted. With comparable lots in which firmness and ripeness were 
determined, the data show that the applcs from 36° storage were softer 
and riper. This would indicate that 32° storage is somewhat prefer­
able. In 1936 very little soft scald developed, but considerable 
Jonathan spot occurred, principally at 36°, and consequently there 
was a greater percentage of sound fruit after storage at 32°. The 
apples were also of higher dessert quality and were not so soft and 
ripe as those stored at 36°. The results for this season therefore dis­
tinctly indicate 32° for the storage temperature. With the 1937 
crop the percentage of sound fruit wa.s high at both temperatures at all 
inspections. The apples from 36° storage were softer and riper, and 
when ripened at 70° were less desirable in dessert quality than apples 
from 32°. Thus somewhat better results were obtained by storage at 
32° for this season also. 
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On the basis of the results for the four seasons, storage at 32° gave 
better results with the Jonathan variety, because of th(' more rapitl 
ripening and poorer dessert quality obtained at 36°. The data also 
indicate that storage immediately after picking was an important
factor in obtaining the best results. 

RmlE BEAUTY 

The effect of storage at 32° and at 36° is shown in table 8 for Rome 
Beauty apples. The mnin market season for this variety is NovembC'r 
to ~lay (19). There was little or no difl'erC'nce b('tween the ground 
color (;f apples storNI for 2 months at 32° and at 36°. 'With longer 
storng(', apples held at 36° w('re genNally distinctly more yellow. 
The fruit was generally rip('r and softer at 36° than at 32°. Consider­
able dC'cay developed in tllC's(' lots, but there was no consist('nt differ­
ence that could l)(' r('lated to tli(' temperntures. Although the mean 
diff('rt'nce showed 5.4 percent more decay at 36°, this difl'erence was 
not statistically significant. Practically no brC'ak-down occurred 
C'xcept in the 1937 sl'ason, and then then' was no consistC'nt ditl'ercnce 
betw('('n lots stored at the two tC'mpC'raturC's. The apples were 
pachel in oiled paper in 1935 and in 1936, and practically no scald 
occurred. In 1937 no oiled paper was used, and considerable scald 
show('d on the apph\s from 32° at the final inspection, After 4 to 6 
months' storagl', mther severe spot (apparently Jonathan spot) 
den,loped, which was very much more severe at 36°. Principally 
because of the Spottii'lg at 36° there was generally more sound fruit at 
32°, There was a gradual decline in dessert quality during storage, 
and this was more marked at 36° than at 32°. 

In all three seasons the fruit was softer, riper, and of poorer dessert 
quality, and developed more (Jonathan) spot at 36° F. than at 32°. 
These r('sults, thel'('fore, indicate 32° for the storage temperature for 
Rome Beauty apples, although for short storage of 2 months or less 
36° would be equally satisfactory. 
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TAnLE 8.-Effect oj s/(lrage at 82° and 86° F. on Rome Benutll apples 

1935 CHOl' 

- ".; ..::

dtorngc tl1 ~ ~ ~ ~ ~I 

t .~~ ~ ~ ~ ~ ~ ~j 

Dntr of cxnminntion It ~ .e.~ 'C :: ~ - 0 :; ­

;-3 "5 ~I- g ~ ~ "2 2 E'O :; z 9 
G: .~.:: e ~ .S g ~.~ 51 -5 ~ 
E- ~ I ~ C ;:.. :::::: rL ~.:; tn 0 A 

------------1----1--'---------1-----­
1fJ35 I 0 F. Day.,! Day., I Lb. I I Pet. Pct. Pet. Pct., Pct. 

Oct. 27 ............_•. 1 e'l 0 I () 1 2.9, I(I.~ j' /l-P HX1.O O.U 0.0 0.0' 0.0 .. _____ 
""0\'.4 .... _________ •• I'i II S 3.3 '114.0 r ,lm}.O .0 .0 .0:.0 '. ____ .. 

Dec. 28....,..______ .:{ ~~ g~ ~ ~U g:~ I ~=:::ii 11~J:g 1:8 :8 :8 I :8 \'0 

J 4 1936 :r 32 62 ~.O 12.7 }'H ~J(XI.O .0 .0 .0 .0 VO 
an. -------.--------- I 30 62 7 3,5, 12.0 I~R 07.0 a.o .0 .G 0 VO 

'~32 121 0 3.a 1 11.0 FH 07.0 2.5 .0 .0 I '.5 0F eb. 25___ •__ •• _. ___ .. , 30 121 O:U 10.8 FR-R 100.0 .0 .0 .0 .0 
'r 3 i 32 121 7 3.S 111.2 i J-'IHt 07.0 2.5 .0 .0: '.5 ____• __ 
"nr. ------------.... ao 121 7 4.0 11. 1; It 90.0 .0 .0 .0' 10. 0 1------­
:\ 30 { a2' 181i 0 2.7 11.:J FH-R ,74,5 2.5 .0 I .0 '23.0 O-F 
.pr.•-------.-..... " 3r.i 1SI1 01 a.6 11.1 H 155.5 3.5 1.0 .0,1.10.0 F 
'[ 6 '{ 32 ' 1M1]1 0 \ ........--.-

I' 

..... --. '1 0'1.5 12.5 .0 .0 '23.0 I F 
"' 'l' ---.--... --- ... , 36, ISO 6 __.... ____.. __ ' ___ '" 46.5,11.5 2.0 .0,'40.0 F-P 

1 

1930 CROP 
, 

I1936 
Oct. 17. .. .... -- ('l 0 0 2.5\IS.9 F :100.0 0.0 0.0 0.0 0.0~.,. ~--~Oct. 24 •. ___ .. __ .. ____ "l 0 7 FR I 9S.0 .5 1.5 .0 .0 
Dec. 17 __ • _____...____ { 32 61 0 n· \g:~ P-PH 1100.0 .0 .0 .0 .0 ---d--­

36 01 0 ::!.l 1a,4 FI/-H I 99.5 .5 .0 .0 .0 0 

Dec. 24 ......... "' .. ~_. _____ !{ :12 61 ~I 2.9 12.4 I'lt-R I!H.5 4.5 1.0 .0 .0 FO 


ao 61 2.6 11.0 FH-It 00.5 9.5 .0 .0 .0 FO 

I 


Feb. 17 ..1.~!>: _______ .. { 321 In 0 2.2 12.8 F-FH 198.0 2.0 .0 .0 .0 0

:1O . 123 0 3.0 II.S FU-R : 86.0 2.0 .0 .0 '12.0 FO 

a2 123 7 2.2 12.1 1-'It-R 80.0 17.0 .0 1.0 12.0 0
Feh. 24. ----.------... l{ 36 123 7 2.9 11.3 H 65.5 27.5 .0 .0 ;'12.0 O-F 

32 FR
Apr. IS .••____ ._._... !{ lAO 0 1.8 13.0 88.0 8.5 .0 .5 \'3,0 0 
3!1 180 0 2.8 12.8 nt-H 68.5 3.5 .0 3.0 :r25.0 10-FO 

APr.22 ___ •• ________ -;{ :l2 180 
~ I 7.0 13.0 PI/-H 00.0 I ~'2. 0 .0 7.01'5.0 O-F

36 ISO 3.8 12.0 ; FR-H 37.0 128.5 1.0 3.5 30.0 P 

W37 cnop 

I 
1087 I 

Oct. 11 - , .. ~. --- - --I (ll 0 0 2.3 i 21. 2 F 1100.0 0.0 0.0 ' 0.0 0.0 
Oct. IS (,l 0 7 2.5 . IS. 1 F .0 .0 .0 .0 'O:'YG.... ------~l I 


1M3 : 
 11:::32 92 0 2.3 i 10.7 F .5 .0 .0 .0 FO 
Jan.u .... -- ao 112 0 3.0 I 15.1 FR 97.1) 2.5 .5 .0 .0 o-VO 

32 112 7 2.9 13.0 FR-OR i SI.0 1.5 17.5 .0 .0 O-VO 
.. -------·'i 

Jan. 18. '" .........___ i 


36 92 7 3.0 13.4 FR-OH is. 0 3.5 1S.5 .0 .0 0 
Apr. 11._.___ ... ____ 15.21 FH.. i 32 1S2 0 2.5 94.0 .5 , 2.0 0+I. 51 7.030 IS2 0 7.0 13.0 PR-R 38.5 15.0 4.5 .5 '41.5 0 
Apr. IS •• __________• __ , 37 1S2 7 2.S 13.7 R-OH 32.5 17.0 21.5 29.0 .0 FO 

30 IS2 7 3.4 13.0 R-OR 10.0 75.0 5.5 3.0 16.5 F-P 

I Numhrr on color chart, In which I represl'nts green and 4 represents Yl,1I0W. 
I U=hnrd, F=firm, FR-f1r711 ripe, R=ripc, on=ovcrrlpe. Italic letters Indicateappllls were mostly ot 

thllt dl'grell of ripeness. 
• Applrs pa.'ked In oiled paprr In 1935 and 1036, but not In 1937. 
• VO=very good, O-good, FO=fnlrly good, F~r8lr, P=poor. 

, Not stored. 

, Severe shrivel. 

, Spotting similar to Jonathan spot. 
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The erTl'ct of storage of 8tayman 'Yinpsap appll's at 32° and at 
36° F. is shown ill table 9 fOl" tlm'(' 8N1sons. The main mltrkd Sl'ason 
for this varidy is Novcmb('r to April (10), and tl\(, inspcctions wcre 
mad(' within this period. The grouJld color of thl' 1935 and 1937 
apples became more .\Tl'llow at 3{)0 than at 32°, but not of tIl(' 1936 
npples. The npples Wl're generally distinctly soft!'r nnd rippr n.fter 
storage nt 36°, llnd somewhat less desirablr' (\l'ssprt quulity was fl'e­
qUl'lltly noted at this tr'mp('raturl'. ThpJ"(' was llO ('ollsistent diffNl'IWe 
I)('twcen the amounts of dl'cay that d('\'l'loped at tlH' two templ'rfLtml's 
during n11 three s('asons. COJ)sidl'l'ablr' brl'uk-down d('Vl'lnp('cl in 
applps of tlw H)35 and 193(i crops and was gl'lll'rall.\- mort' severe after 
storage at 36°. Considerahle scnlel d(,vplop('d, jltu'licularly in fruit 
of thl' lnst two SN1sons, ey('11 tbough the npplps wprp packed in oiled 
pnppr. Although rather large diffe('('nces in lllp amount of scald were 
nppnrpnt in apples from the two tl'mlWI'ntures, these difl'l't'Cnees were 
not consistently greater at either temperatu!'(', 

TIll' fruit of the 1935 crop was p:eneI'ally softer and rip('r and there 
Wl'l'l' fewer sound appi('s n.fter storagr at 30° F. than at 32°. This 
would indicate :32° us the better storage tl'mlH'mture for periods of 
4 to 6 months, although either tempprnture was suitable for 2 months. 
Apples of the 193() crop stored nt 3()0 were softer and riper and of 
POOl'('I' dessert quality than those at 32°. There was p:pnprally more 
sound fruit ai't('r 32° stomge, and this t(,IllPl'ru.turC was ag'llin supC'l'ioI' to 
35° for storu.ge. Lib'wise tile appks stored at 36° in 1937 were softer 
and ri p('r and of pOOl'pr desseIt qunli ty than those 8tOI'('<I at 32°. There 
was no significant diffl'I'('ncc in the percentagl' of sound fruit after 3 
months' stomge, On r('111 0 \'111 after () months' storage there was a 
gn'atl'r percentage of sound fI'uit from 32° than from 3uo storage, but 
nt the end of the aftl'I'-ripl'ning ]w!'ioc\ thl' greater percentage of sound 
fruit was from 36° stol'ngp. The 1'('sults for this Sl'lIson indicate that 
either temperntut'l' wns satisfactory for 3 months' storage, nnd that 
neither temp(,I'atu!'e WllS satisfncto!'y nftcr 6 months' storuge, as seyere 
decay llnd scnld dev(>lopl'd in npp\l's frol11 hoth temperatures during 
ripening. The data for nil thn'(' Sl'HsOnS indicn tt' that 32° was 
preferable to 35° fo!' stomge of ::ltnYlllnl1 "Winegap apples. 

http:storu.ge
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TABLE 9.-·Effect oj slon/(/c al 320 lInd S{jo F. 01/ Slayma1! Wincsap apples 

lU3" ('HOP 

, 	 ! I 
j I~I)~a~(' .§ . I ~ I ~ 	 ,I i_ 	 I c;; 

InDille or m;nmi- I S2~ I '0 3 .c::j I ~. f ::... 

nation ~ ~ . ~ 'Cf: ~ I ~~ ~ ~~._., I g 5 I " ~ i ~.~.53 ~, £... ~~ I :j ~:::!. I E"O 
=' ~Ie § _~I"§~- I ~ -< ~:a lfJ - - 'l:. t f ~ 

~J",::-__ 
~93-;--' -o~.~ r~)a;!"lJny~ ILIJ.j'------ --lloo/'r.;,).1 ~,:,'.I,., '--/(')'.'11 ;,-/o'r.'(., 1'..,. I 

Oct.I~.. p), 0 0 2.2,IIi.H ifF , II. 0 •••.••••
Oct. 2.1 .......... (1\ () 7 2.6' la.' r·I·'It ,J(.~).O, .0 .0 I .0 .0 .••••••

I'r :12 IiO n ?~ I.J.I)· I··-Flt '11K) 0 0 O· n .0
Doc. 17 .. __ ... .. :!Il riO n :1.0112.0 F-FH :IIH1'O I '0 :0 I .Il .0 0 

a2 00 ,:1.0 11.0 Fit 1 \lS:O 2.0 ,0 .0 . () \'nDec. 1·1 ....... . 
 all no :U ill, 2 FH-H 117.., 1. 0 1.5 r .0 .0 va
10,,6 

Feh. I.~... "... ". { 	
12:J 11 2.7 I 10. n , I'!l 90.0 1.0 .0 I .0 .0 ...__._.o 2.11 I 111.2 Fit 1_ O:t.j f 4.5 .0 . ______• 

J<'eb.25 _____ • __ • { :~;: j 7 2.0 . 1I1.!1 FIt·1t IO:.t 5 I 5.5 ~:g I ::; .0 ... ___• 
123 7 :J.n i n.s It 'fi. n i 1-1. () 7. () 3.n .0 __• 

Apr. 1-1. ___• ___ .. { 	 170 o 2.71 11•s FII H 1 un. fi i S •• i -J.() .0 .0 F 

179 o 3.2 II. I FH-r~ 
 : !III. 0 I 2.0 1.5 .0 .0 F 
170 7 H.O ! ILa FH-Il I M.O 2:1.5 5, n 7.5Apr. 21. ~ __ ..... !{ 	 .() I~""----1.9 7 -1.0 [ 10.0 FH-II I -li.O 22.5 11.0 l Hl.b .0 .. ___... 

W:Jr. CHOP 

1996 

Oct. 12 ... (» 0 0 2.4 16.4 If 100.0 0.0 o.n 0.0 1).0

Ocl. ~'O..... ~ ..... ~ (') 0 8 2.3 14.4 I'll 


~-~~-~-

~--------on. 5 .5 .0 .n .0 

Dcc. ll .. _....... { 
 a2 !lO 0 1.5 10.0 F-1'H 100.0 .0 .0 .0 .0 0-\'0'

all !lO 0 1.8 11.7 FIt 100.0 .0 .0 .0 .0 0 
De~. IS. 	 .0 .0 .0 0+;{2 fj() 7 2.6 10.2 H 07.0 3.0..-- { 30 /i0 7 2.7 10.0 R-OR 00.0 • .1 O. fi .0 .0 a

IOS7 
32 123 0 2.0 12.7 FR 100.0 .0 .0 .0 .0 	 vaFeb. 12~ ......... ?
36 1~'3 0 1.8 10.7 H 111.5 .n .5 8.0 .0 O-F 


Feb. 19 ... _...... .5 8.0 19.0 .0 a
:12 12:1 7 2.8 II. i FH-/?-OH 72.5 
36 123 7 2. n 0.0 R-OR .';8.0 1.0 12.5 28. .1 .0 F
32 182 0 2.0 Ill. 8 R 77.5 ~Apr. 12.......... { 	 .li . 19.5 2.0 0+

36 182 0 2.1 10.9 R-Oll 87.5 

Apr.I9 .... __ ... { ~:g I ~:~ I;JU:Z FO+32 182 7 2.8 I 11.0 R-Olt 4R. 5 
.0 a 

136 182 7 2.0 , 10.0 R-OR 40.0 18.0 I 10.0 23. 0 I .0.0 I FO 

!\l37 (,ROP 

,:1997 
Oct. 13~ ___ ...___ (') 0 0 1.0 17.3 Jl-I' 100.0 0.0 0.0 0.0 0.0Oct. 2O~ ......_... ('l 0 7 2.3 13.8 F-FR 100.0 .0 .0 .0 .0 VO

--. 
19,'8 


02 0 2.5 14.8 F-FR 100.0 .0 .0 .0
JBn. IL ... ___ ... f 32 	 .0 VO36 02 0 2.5 12.5 FR ng~fi ~ fj .0 .0 .0 VCl-O 
IBn. 2O~ ........__ 7 2.6 11.6 FR-R 07.•'; 1.5 1.0 .0 .0 vO-O+32 92 

36 0% j 2.8 II. 2 FR-R 00.0 2.5 1.5 .11 .0 VO-GiApr. 13 __________ 32 	 IB2 0 2.7 12.1 FIt 00.5 2.0 .0 1.~ .0 va36 182 0 3.2 10.0 Fit-it 8.;. [) 14.0 .0 .5 .0 0 
Apr. 20. ___.._... 32 	 182 7 2.0 11.1 R 2.1.0 28.0 .0 49.0 .0 VO-O

36 182 7 3.5 10.0 R+ 38.5 30.5 2.0 20.0 .0 ; (} 

I Number on color chart, In whIch I ropresent.s greoll 1111,1 4 yellow. 

I H-hard, F=t1rm, FR=flrm rIpe, H=rlpe. OR=[)\,erripe. Hallc letters indIcate apples were mostly


of that rlpenoss. 
I Apples packed In oiled paper In W301llld 1037, hut not In 1035. 
'VO=very good, O=good, Fa-faIrly Kood, F-falr. 
I Not stored. 

WEALTHY 

The effect of storage at 32° and at 36° F. on Wealthy apples is 
shown in table 10. The main market season for this variety extends 
from October to December (19). During both seasons the applps of 
this variety wert' subject to growth cracks, particularly around the 
stem. Apples with lnrge crnckR W(,I'(' SOl'tN\ out, but it was not pos­
sible to eliminate all crncking. COllseqlwntly the apples were rather 
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subject to decay, particularly black rot, which was prpyalent in the 
orchard from which till'se apples were obtained. DC'cay was consist­
ently more seyere at 3Go than at 32°. Some scald developed, par­
ticularly during afterripcning at 70°, but th~rc was no consistpnt 
difi'Ncncc betwepn fruit stoj:ed at the two temperatures. In the 1935 
crop, a disorder resembling soft scald developed on some of the apples 
from 36°, but not on those from 32° storage. There was no appre­
ciable difi'errnce between fruit from the two temperatures in the 
chfinges in ground color, in firmness, or in ripeness, and Yery little 
difl'prence in desset·t quality. 

In 1935 the fruit storN1 for 2}~ months hdd up better at 32° than D,t 
36° F. After 4;~ months, which was rather long storage for this 
vfiriety, the applps from 32° storage were in better condition at the 
timp of rr111oya1; but neither lot held up for as much as a week at 
room temperllture (70°). In 1935 there was yery little difi'erence 
b(·t w('('n the apples from 32° and 36° in most respects, but the dessert 
qunlity was s0111('what better at 32°. On the basis of these results, 
32° is indicated fiS tIl(' storage tempprature for the Wealthy variety, 
as it WfiS somewhfit superior the first season and was equally satis­
factory or slightl~T hrtter the second srason. 

TARL~J lO.-Effect of storage at 32° and 36° li'. on Wealthy apples 
1935 CROP 

d 0 ".

I
Storage .., ~z , t­

::: 
c 
.. '"e 'E'=~ 0 3 .c" 

Date of examination ;:: :::'0 - _0
:. ~ 

:;; 
" C' 

~o 

" '".;: f! " Po!:: ~ >0 s'Cc 
0;EZ '" .~ 

'" .. '" ~ 

e 
" :::, '" a .c 

a j
<> <> " "8 " c:; g" <> '" " Q 1i '" 

Eo p.., < t r.tJ A .... r.tJ 05 A'" 
------" ----------------­

1936
Aug. 14 ..• ___________ • 
Au~. 2L--------------i 
() t 30 ,{c. ~~~.---------- .. -\ 

,. . . I{'So,. 0.. ______________ j 
{Dec. 30-------------- ­

1/996 {Jan. 6_________________ ; 

of. nav.
C') 0.0 
(') .0 
32, 77
:lti j 77 
32 1 7130 i ii 
3" '138 :j6 :138 

3" i13836 1 
138 

DaV3i 
oj 
7 
0 
0 
7 
7 
0 
0 

7 
7 

Lb. 
1.9 13.9 F 
2.3 n.8 FH-.R 
2.6 12.6 I F-FR 
2.3· 12.0 I FR'" I'"I'R-R
3.1 10.2 FR 
2.8 11.6 FR 
3.0111.8 FH 

______ 10.0. .R 
------, 9.2 i .R+ 

Pet. 
100.0 
80.0 
97.5 
83.5 
72.5 
.52.0 
82.5 
55.0 

9.0 
24.0 

Pct. 
0.0 

20.0 
2.5 
16~5 
24.0 
34.0 
17.5 
33.0 

49.5 
49.0 

Pct. 
0.0 
.0 
.0 
.0 

1.0 
.0 
.0 
.0 

.0 

.0 

Pct. 
0.0 
.0 
.0 
.0 

2.5 
11.5 

.0 

.0 

41.5 
13.0 

Pcl. 
0.0 
.0 
.0 
.0 
.0 

~ 2. fi 
.0 

'12.0 

.0 
'14.0 

---0--­
0 
0 
FO 
F 

FO 
FO 

-------­
-------­

1936 CROP 

1936Aug. 21. ______________
Au~. 28 _______________ 

Sept. 21.._____________ { 

Sept. 28_______________ { 

Oct. 21..______________ { 

Oct. 28._______________ { 

:-<OV.1L_____________( 

No\,. ~_______________ { 

~')
')
32 
36 
32 
36 
32 
:16 
32 
36 
32 
31j 
32 
36 

0 
0 

31 
31 
31 
31 
61 
61 
61 
61 
90 
00 
90 
90 

0 
7 
0 
0 
7 
7 
0 
0 
7 
7 
0 
0 
6 
6 

1.1 115.8 
1.0 12.6 
1.1 14.1 
1.3 13.3 
1.1 10.5 
1.0 10.6 
1.3 12.2 
1.2 12.8 
2.1 10.9 
1.5 9.8 
1.2 1I.5 
1.1 10.8 
1.3 9.4 
1.3 9.1 

H-F [100.0
F-F.R 84.5 
F-FR 101.0

FR 02.5 
FR 68.0 
FR 70.0 
F.R 87.5 
FR 78.5 
R 56.0 
R 56.5 

FR-.R 77.5 
R 70.5 
.R 59.0 
R 43.5 

0.0 
15.5 
1.5 
6.0 

32.0 
30.0 
12.5 
21.5 
38.5 
43.5 
18.5 
211.0 
35.0 
39.5 

0.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 

3.5 
3.5 
5.0 
5.0 

0.0 I0.0 
.0 .0 

7.5 .0 
1.5 .0 
.0 .0 
.0 .0 
.0 .0 
.0 .0 

5.5 .0 
.0 .0 
.0 T .5 
.0 .0 
.0 TI.O 

12.0 .0 

---0---
F 
F 
0 

FO 
FO 
F 

F-P 
P 

FO+ 
FO 
F-P 
F-P 

I Number on color chart, in which 1 represents green Rnd 4 represents yellow. 
• H = hard, F=llrm, FR=llrm ripe, R=ripe. Italic letters indicate apples were mostly or that degree or 

ripeness. 
• Not packed in oIled paper. 
• o = good , FO=(alrIy good, F=(alr, P=poor. 

I Not stored. 

• Boft scald or a disorder closely resembltng It. 

T Bevere shrivel. 
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WINES.\P 

The effcct of storllge Ilt 32° and at 36° F. on Wilwsllp apples is 
shown in table 11. The picking ill 1935 was made rllJher llltc in the 
seas!' D, Ilnd a largo part c,( the crop had droppl'Cl. The apples were 
almost entirely covored with l'ed, so the ground color could not be 
determined. In the subsequ('ut soasons the fruit WIlS picked earlier 
and was harder. The main mllrket sellson for Winesap apples is 
January to May (19). The first insppctions of the 1935 and the 1936 
spasons were made somewhat early for this ,'aripty and, therdore, ore 
not as important as the latcr inspoctions. Relatively few stol'llge clIs­
orders developod on Ul('se lots, nnd t1H'J'{' was no consistent or signifi­
cant difl'el'C'nce in the perc(mtngl's of dpcny, brenk-down, or scald after 
stornge at the two tempprntul'Ps. 'YIH'n rippned at 70° Ilfter 6 months' 
stornge there was more decay Ilnd hl't'ak-dowl1 at 32° in the 1935 lot, 
and more decay and scald at 32° in the 1937 lot; but tlH're wns more 
dccay, brcak-down, and scnld at 36° in the J9:30 lot. However, there 
wns no consistent clifrt'rPllce in the pel'cl'ntnge of sound fruit at the 
two tc·mperatures. Tho development of yellow gt'olmcl color was not 
more rapid at 36° than at 32° during the two sensons in which de­
terminations were I11IHk. TIl(\ apples Ilt 36° wpre distinctly softer and 
riper. No appreciable difl'nrence in dpssert qunlity was noted in 1935 
or in 1937 lots. The fruit of the 1936 crop, however, wns generally 
9uprriol'in c1rssrrt quality nftt']' stol'l1gr nt 32°. 

Tlw rrsults indicate that either 36° or 32° would 1)(' satisfnctory f0r 
stornge of vVint'snp apples for 2 to 3 months. BeCI111Se this vnriety is 
generally stored longer than this, 32° stornge would he preferable 
because of tht' loss ripe and l1len.iy condition und probubly superior 
dl'sscl't qunlity. However, in two of the three st'nsons there WIlS a 
hig-ht'r pprcentnge of sound fruit nt 3Go when uftorripent'd following 
6 months' storage. In the other senson tbn percentage of sOlUld fruit 
wns higher at 32°. 
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TABLE ll.-Effect of storage at 3.'80 and 36° F. on Winesap apples 
1935 CROP 

-.,;Storage Z 	 .!< 0; ~...,
'2 "" " . ... 	 I 

1::" T-
<- O;",Ii. n~ E 	 .:.' ~ .c coDate oC examination .~~ 1:: '" ~i< ..," to 1- '0 ::: ~ "'c '" ..Po" 0 ... .., 	 '0 I» E'C " E 

.;: 	 " BEEl "" SOl " 	 '0 ., iil 
<.d "2 ~.. 8. := c: ... iii 
Eo I'-" ::;: 0 Il< Pi en" 0 A" .Ei en '"' en " A 

1935 of. Days Days No. Lb. Pct. Pct. Pct. Pc/.. Pcl.Oct. 24________________ (') 0 0 10.1 U 100.0 0.0 0.0Oct. 31. _______________ ~-.---	
0.0 0.0 -------­

(') 0 7 IS.0 n Og.•~ 1.5 .0 .0 .0 --._---­
{ 32 ------ -------­Der.24- ______________ 61 0 IS.3 IJ-F 100.0 .0 .0 .0 .0 

36 61 0 16.0 ll-F 97.0 3.0 .0 .0 .0------	 ---0---Dec. 3L ______________ { 32 01 7 16.3 F-FR 9S.0 2.0 .0 .0 .0 
------ G36 61 7 14.5 ),'R 93.5 6.5 .0 .0 .0 

1936Feb. 25_______________ { 	 32 12·1 0 
~-----

13.7 FR 97.0 3.0 .0 .0 .0 -------­
36 124 0 12.0 R 9S.0 2.0 .0 

~-----	
.0 .0 -------­

l\Inr. 3________________ { 	 32 124 7 14.5 F-FR 04.0 5.0 .0 .0 1.0 
36 124 7 14.0 FR 00.0 5.0 5.0 .0 .0 

Apr. 28_______________ { :l2 IS7 14.5 FR 11.0 1.5 .0 
36 IS7 0 13.4 R oo.r; 0.5 .0 .0 .0 

~-----
0 	 80.5 1.0 ---- ---­

]\fay 5________________ { 	 32 187 7 14.0 FR-R 61.0 29.5 S 5 1.0 .0 l' 
-----~ 

36 187 7 .----- 13.0 R 74.5 10.5 3.5 2.5 .0 F 

1036 CROP 

1996Oct. 12________________ (') 0 0 2.9 	 22.1 0.0 0.0 0.0 0.0Oct. 20________________ 	 IT !wo.o -------­
('l 0 S 3.1 17.2 F-FR 100.0 .0 .0 .0 .0 

Dec. lL ______________ { 32 fiO 0 2.2 21.3 II 100.0 .0 .0 .0 .0 
:16 60 0 2.8 Hi. 0 F 100.0 .0 .0 .0 .0 ---0---Dec. 18_______________ { 	 32 60 7 3.0 15.3 F-PR 100.0 .0 .0 .0 .0 
36 60 7 3.5 13,0 PR-R 90.0 1.0 .0 .0 .0 G 

1987Feb. 13 _______________ { 32 12·1 0 3.1 16.S F 9S.5 .5 .0 .0 1.0 G 
3(1 124 0 2.0 13.7 FR 00.5 .5 .0 .0 .0 G-1' 

Feb. 20. ______________ { ;i2 124 7 3.3 13.8 FR 95• .1 3.0 .5 .0 1.0 G 
31i 124 i 3.0 12. .1 FR-R 99.0 1.0 .0 .0 .0 F 

Apr. 12_______________ { 32 182 0 2.9 14.6 FH 86.0 .0 .0 .0 14.0 0 
30 182 0 3.2 13.3 FR-H 9\1.0 1.0 .0 .0 .0 F 

Apr. 19_______________ { :12 182 7 3.6 14.0 .FR !J.I.5 1.5 .5 .6 3.0 0 
3U 182 7 3.0 12.6 R 88.0 4.5 2.0 5.5 .0 O-F 

lU37 CROP 

1987Oct. 6_________________ (') 0 0 3.0 	 24.1 II 100.0 0.0 0.0 0.0Oct. 13 ________________ 	 0.0 I '--a--­(') 0 7 3.0 	 10.4 U-F 100.0 .0 .0 .0 .0 

1998Jan. 6_________________ { 32 92 0 3.3 19.4 ll-F 100.0 .0 .0 .0 .0 F-O 
31i 92 0 3.4 16.7 F 100.0 .0 .0 .0 .0 G 

Jan. 13________________ { 32 92 7 3.6 17.3 F 99.5 .0 .5 .0 .0 FO 
36 02 i 3.5 15.0 PR-R 100.0 .0 .0 .0 .0 FG 

Apr. 7________________ { 32 IS3 0 3.4 17.2 F 100.0 .0 .0 .0 .0 G 
36 183 0 3.5 10.1 FR OS. 5 1.5 .0 .0 .0 G 

Apr. 14_______________ { 	 32 183 7 3.0 15.2 FR 50.0 9.0 .0 41.0 .0 G 
36 183 7 3.9 14.4 R S4.5 4.0 .0 S.5 3.0 G-FG 

I Number on color chart, In which 1 represeJ,ts green nnd 4 represents yellow. In 1935 ground color was 
coverod b~· red color. 

Ill=hard, F=f1rm, FR=t!rm ripe, R=ripe. ItRlic letters indicate apples were mostly oC that degree oC 
rIpeness. 

I AIl lots packed in oiled paper. 
• G=good, FG= Calrly good, F=Ca1r. 

I Not stored. 
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YELLOW NEWTOWN (ALBERlUARLE PIPPIN) 

The effect of storage at 32° and 36° F. on Yellow Newtown apples 
is shown in table 12. The pickings of this variei.y for the storage 
tests were made the latter part of October, although this variety is 
frequently picked commercially much earlier in Virginia. However, 
for best storage a relatively late picking is recommended (16). The 
main marketing season for this variety is given as January to May 
(19). The first inspection of apples of the 1936 season was somC'whn,t 
early and consequently of less importance than the later inspections. 
The ground color at the time of picking ranged from. 1.4 to 1.9 in the 
d·ifferent seasons. As the apples became more Yl'liow in storuge, 
they became rather mottled, which made it difficult to accurately 
estimate the ground color. During the three seasons there was no 
consistent difference in ground color between apples from the two 
tcmperatures. Although the apples from 36° storage were generally 
softer than those from 32° storage, the differences were not great 
and the fruit from 36° storage was sufficiently firm for good markl'ting 
condition. The difference in ripeness as l'stimated by tasting was 
slight or impC'rceptible. Decay was prevalent in these lots after 
long storage and averaged somewhat higher at 36°. The amount of 
decay was variable. Based on those lots only in which at least 5 
percent of decay occlll'rC'd at one of the temperatures, an analysis of 
variance indicated that the difference in decay at the two tempera­
tures was baTely significant. Severe shriveling and bitter pit were 
noted. Pitting occurred only at 36°, but shrivpling was usually more 
severe at 32° because of somewha.t lower humidity in the 32° room. 
In the few instances in which scald OCCllITPd, it was more severe at 
36°. The dessl'rt quality was generally distincLly sllIwrior in the 
apples from 32° storuge. 

For the 1935 crop, storage at either 32° or 36° F. was equally satis­
factory for 4 months. For 6 to 8 months' storuge, 32° was superior 
to 36° because of the greater amolmt of decay at 3Go and the better 
dessert quality at 32°. In lots of the 1936 apples removed from stor­
age in February and April, there was more sound fruit at the time of 
removal, in the lots stored at 36°, but after a week at room temper­
ature there was more sOlmd fruit in the lots stored at 32°. The 
condition of the fruit after a period at room temperature should be 
more important than its condition on removaL The results, therefore, 
indicate that 32° is the preferable storage temperature because of the 
better dessCl·t quality and higher percentage of sound fruit after 
ripening. With the 1937 crop there was no appreciable difference 
between 32° and 36° storage after 3 months except that slightly 
better dessert quality was noted in the apples from 32° storage. At 
the end of 6 months, 32° storage was superior because of the higher 
percentage of sound fruit and the distinctly superior dessert quality 
at this temperature. Therefore, when all thrl'e seasons are con­
sidered, the results indica.te that for short storage either 32° or 36° 
might be used for Yellow Newtown, but for storage of 4 months or 
more 32° should be used. However, when grown under conditions 
that make this variety susceptible to internal browning a higher 
temperature (36° to 38°) should be used. 
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TABLE 12.-EjJect of storage at 82° and 36° P. on Yellow Newtown apples 

1935 CROP 

c:iStorage Z ... 
o 


d '0 

Date or examination ~ e <> 


Po= '0 
6..l .~ "" " o8 ~ 	 W 

::! 

I 
----I-YS-5---- ·-O-F-. Day., Pel.. Pel. ,-;:;- Pel.DaV8 --1-;;--- Pel. 
Oct. 25..••• ___________ (') 0 0 1. 7 19.2 IT 100.0 i 0.0' 0.0' 0.0 0.0 _______ _ 
Nov. 1_.______________ (') 0 7 1. 9 19. 1 IT 99.0 I 1.0 .0' .0 .0 ----____ 

1998 	 j I 
Feb. 27.. _____________ {~~ m g H 1 iH F-~R' g~:g: l:g :g i :g I :g 
Mar. 5.. ______________ { :3~g II m ~ 2.9 I 13. 0 t~~ ~j i 5: ~ :gj :8: : 8 

'''0--­" I~ij 0 1. 9 ; 12. Ii 	 It 93.5. 5.5 I. 0 i .0 .0
Apr. 28.. _____________ { ~~! 186 0 1.9; 12.0 R 91.5' 5.5 .0 i .0 .0 	 F 

oMay 5,.______________ { 	 36 1 l~~ I ~ ~: ~ ,g: g ~ ~8: g . ~g: g. I: gI : 8 :g F 
F

June 26 _______________ { 	 ~~ I ~1~ gI U 1 1U ~ff=~ I~U ,~k ~ I : gI : 8 :8 F-P 

1U36 CROP 

IOct. 19._______________ (5) o 	 0.0 
1996 	

0:8 I 0:8 '''0---Oct. 26..______________ (5) ~ IT~ !l~:g J.F !lgg:8! ?:8'o .0 
Dec. L ______________ { ~~ 51 o 1.5 18.8 II 91.01.0 .0 .01'9.0 0 

51 o 1.6 17.9 H-F 97.0 I .5 .0 .0 .' 2.5 0 
Dec. 16.. _____________ { ~~ 51 .0 .0: '8.0, VO 

51 ~ i:g lU 	 ~ ~g:~! ~:g .0 .01'12.0 1o-vo 

3" Jl3 o 2.1 15.7 	 IT-F 162.0 I3.0 .0 .0 ,'35.0 lo-vo 
Feb. 9..-~~:~---------1{ 	 36! o 1.9: 14.2 77.51 .0113 FR-R 3.0, .0J-6J5.0}1 0 

1'14.5 
Fch. lG... ________ .. __ ·{ 32 I 113 7 2.1! 14.8, F-PU, n.o I 12.0' .0 .0 '16.01 0+ 

31i t 113 i 2. 3 13.21 F R 165. 0 i 0.5 .0 .0t'II.O}: 0 
\; 1 S. 5 

:12 112 !Apr. 9___________.. ___ :16 o L 7 14. 8 F R 44.5 I 2.0 .0 .0 :'5:1.5 I 0
{ o 3.0 14.8, FR )61.5 i 15.5 .0 .O{ '.1~.5}! F-G~:~ " Ii.) i&' 1.5 i

:12 7 1.6 13.21 FR .50.0 _0.5 . 5 I .0 I29.0 , 0Apr. 16.. ------------- { 	 36 172 7 2.9iI3.1iFR-R,32.5;3S.0 .0 i 22.0 'i. 5 I F 

1937 CLtOP 

1987 	
0 1Oct. 21.. ..____________ (5) 

Oct. 28._______________ (5) 
o 1.4[17.5 IT '100.0 I 0.0 I 0.0 0.0 
o 7 1.4]17.8 IT-F iIOO.O i .0 I .0 .0 

1998
Jan. 24..______________ { 	 32 95 o 1.6 17.5 H-F 199.011.0 .0 I .0 .0 I 

au 95 o 1.5 i 16.0 F-FR' 9S.0 I 2.0 .01 .0 .0: a 
0 

Jan. 31..______________ { 	 :12 95 7 2.8: 15.9 F 91.5 3.5 2.0 .0 .0 Io-vo 
36 95 7 2. 4 I 15.6 F 96. 5 3. 5 .0 .0 .0 0 

Apr. 25.. _____________ { 	 186 01 1.8.15.:1. F-FR 90.0, 4.0 .0 .0 .0 f 0 

186 3.0 1.51 F-P
O~ I 2. -I ! 14.81 F-FR 74.0 f 22.5 .0 

May 2______________ •• { 	 32~~ I 180 2.5114.5 FR 65.0 i 32.0 .0 3.0 .o'o-vo 
36 186 2. 2 14. 1 F R 21. 0 I67.0 .0 12.0 .0 'j F-P 

1 Number on color chart, in wbleh 1 represents green nnd 4 represents yellow. 
'H=hard, F=!lrm, FR=flrm ripe. R=ripe. Italic lelters indicate apples were mostly or that degree or 

ripeness.
, AIlPles packed in oiled paper. 
• VG=very good, O=good, F=rair, P=poor. 

I Not stored• 

• Severe shrlvel. 

1 Bitter pit. 
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YORK blPERIAL 

The effect of stomge of York Imperial applrs at 32° and -at 36° F. 
is shown in tnhlc 13. In all thrl'C srusons tilr fruit used was pickl'd 
towanl the ('nd of the conlllwl"cial hlllTPst spuson. Thp tlYl'l"fige 
firmnpss ut hflrvC'st rnngl'd from 18.6 to 2].3 pounds und the ground 
color from 2.0 to 2.6. Thl' main Ilmrkpt s£'ason for this \'aridv 
l'xtt'luls from Octo\)C'r to I'\'bru:1 ry (J 9). Thl' ia~t insl)('('t ion:; of ('ucil 
s('ason, t!wi"eforc, \\'r1'(' consili(H·tlbiy bC'Tond till' llStllli 1ll1ukl'ting 
Sl'nSOn nnd cons('qlH'nlly should be giVl'u it'S:; \\'l'i~hl thun carli(,:'
insp('(·tiom,. 

Tilt' results in tnbl(' ]:3 indienlt' no consistl'llt or mnrkcd difr('rl'nce 
in ground coiOl' of appi<'s from slorng(' nl til(' two U'll11)('l'l1tlll'('S. Tlw 
appl('s g£'lll'rnIly SOfl('IH'd moJ'(' rnpidly nnd w('r(' rippr aft!'l' storn~l' 
at ;~Go; howl'n'r, till' fruit did nol \)('('OIl1(, loo sort or ripe during till! 
main mn.rkl'ting SPUSOll ('\'('n nt :·Wo. 1\0 \'pry Illnrkc,d difrpJ'PIl('P in 
dl'ssl'J't quuiity wus not<,d ill apples ilPld III thp t\\'o tpmpl'mtuJ'Ps. 
D('('ny was the prillcipnl storngp disordl'l' to d£'Yl'lop, alld it did /lot 
difrpJ' consistl'nlly fOl' thl' two tt'InIWJ'n.tuJ'l'S, nt ll':lst durill~ til(' main 
mni'kcting spason. Rlig-hl scnld den'loppt\ with ('xtp)llipd stomge nnd 
wns tlsually 11100'P SP\'('J"l' at aGo. 

III gPllpj'nl, thps(' J'l'mIils indicatp thnt pithpl' ~2° or :36° stomgp 
should be llspd for Uw York 1m pprit'tl \'aridy d ul'ing its mnin Il1IlJ'kpting 
senSOll, but that :32° mny 1)(' somewhat prpfl'mbIP \)N'1tllSP of tilt' 
firn1Pl' condition of tite fruit nlld til(' sonwwhnt h(,tt('r d('ss('rt qunlity. 
Fol' stomge extending \)p,Yolld the lllain IlHtrk!'ting SPllson, a2° would 
be l)('lter. 
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TABLE l3.-Effect of storage at 82° and 36° F. on York Imperial apples 
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I Number on color chnrt. in which I represents gr~cn aud 4 repreSl'nts yellow. 
'lI=hard. ~'=firm. FR=firm ripe, R=ripe. Italic letters indlt'llte Ilppies were mostly ot LhllL degree of 

ripeness.
, Apples pncked iu oilcd paper In 1935 and 19:17 but !lolln 1936. 
• Va=verygood. O=good, FO=!lliriygood. 1>'=f8Ir. P=poor. 

, Not stored. 

'Severe shrivel. 

, Bitter pit. 
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AVERAGE RESULTS FOR ALL VARIETIES 

FIGURE 1 shows on a percentage basis the averages of the 13 
varieties for sound Iruit and for amounts of decay, of break-down, of 
scald, and of oth~1' storage disordrrs. This is based on all lots and 
not just those that show at least 5 prrcent of a disonlt'I·. This chart 
shows rrsults for only two periods of storagr, stich iLS w('n' wwd ill the 
1937 se'ason. 'Vith the longer storage varieties stich fiS Admml!lS, 
Ben Dayis, Rome Brauty, Stayman "Winesap, \Vine'sap, Yellow Nl'w­
town, and York Imperiai thl's\' two storage Jwriods W('1'l' approxinuLtc·ly 
3 and 6 mouths in 1937. In tlt(' 1935 and 1mw S('llsons th(' last 
inspC'ction was after 6 months. The oLll('r ins[l('cliol1s, nftl'r 2 and 4 
months' storage, were aVl'rag<,<1 to COITl'spond to til!' inspl'C,.tion IlJt('r 
3 months' storage in th(' HJ37 S('llson. 'Yith llH' sholter Htomge 
Yarietirs, such as Bonum, Dt'lieiollH, Goldpll Dl'liciollS, Grimes 

'00rn-------------.---.---~----..--- ..--_., 
SOUND

90 -
0- 3Z· 

eo - n­ 36· 

70 - ­

1---3
30 -;-

DECAY 

20 

OTHER DISORDERS 

----,-mill n BREAK-DOWN fi ... ~10 -rll 
n 

USCALD 

illU~tilliWL~~~~·lllnw:jl~tI~~~~~m~.--~~m:~~N~~~.~nll~~. 
O'234!) 12345 12345 12345 12345 

FIGURE I.-Effect of storage at 32° and at SIiO F. on \\"n~tage of apples. Averages 
of 13 varieties for three seasolls: (I), Before storage; (2), storage for 2 or 3 
months; (3), ripencr! 7 (bys Ilt 70° after 2 or 3 mouths' storage; 0), storage 
for 4 or 6 lllonths; (5), ripelled 7 dnys at 70° aftcr '1 or 611101lths' storage. For 
detnils of storage periods, sec text (p_ 32). 

Golden, Jonathan (comparable lots of Jonathan W(,I·(, not avn.ilable' 
in 1934, and only one picking of this variety in 1035 was lIsl'd in the 
aycmgl's), and Wealthy, the data for 2 and 4 months' storage were 
used. Thus the columlls ill figure 1 reprcsent a '{erages of 13 YlLrietics 
for 3 seasons (2 seasons for Ben Davis and 'Yeulthy), with inspections 
made beforc storage (1); wl1('11 rellloYl'd fro III stomgl' Ilftcr 2 or 3 
months at 32° and at 36° (2) j whe'll ripened (7 dn.ys) nt 70° nfter 2 
or 3 months' storage at 32° and at 36° (:3) j when removed from storage 
after 4 or 6 months at 32° nnd at 36° (4) j !tnd when ripened at 70° 
alter 4 or 6 months' storage at 32° nnd at 36° (5). 

'fhe results indicate that practically lIO disorders developed during 
a week at room temperature immediately aftet' harvest. The slight 
amount of decay was largely due to lots of the '~:ralthy varieties in 
which growth cracks wcre present. Likewise, the average prrcentage 
of disorders that developed in the fruit after 2 or 3 months' storage 
(2) was small. That the fruit had become riper iLnd weaker, however, 
was indicated by the appreciable amounts of decay, break-down, and 
scald that developed when the apples were exposed to room tempera­
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ture (70°) for a week (3). After 4 or 6 months' storage (4) consid­
erable wastage was present in the fruit, and this became very severe 
with exposure to room temperature (5). At the time of removal 
from the low temperatures (4) all of the disorders averaged higher in 
the apples from 36° storage than in those from 32° storage. 

The results in figure 1 indicate that with long storage the fruit 
may appear to be in good condition and not show excessive storage 
disorder, but may be so weakened that after removal from cold storage 
it rapidly deteriorates when exposed to relatively warm temperatures. 
This emphasizes the importance of prompt marketing and utilization 
of apples during the late storage period of a variety. 

DEVELOP.MENT OF DECAY IN RELATION TO STORAGE AT 32° AND 36° F. 

Although isolations were not generally made to identify the organ­
isms causing decay in the various lots, the symptoms on the fruit in­
dicated that the decay was mainly black rot and blue mold rot. In 
some instances side rot (Sporotrichum malorum Kidd and Beaum) , 
gray mold (Botr1ltis sp.), bitter rot (Glomerella cingulata Ston., Spauld., 
and V. Schrenk.), or organisms causing other decays were present. In 
comparing the influence of temperature on the development of decay 
it seemed logical to consider only those lots in which decay was found 
in appreciable amounts (at least 5 percrnt) at one or both tempera­
tures. The results with the Wealthy variety were not included, be­
cause the growth .cracks that were present on these apples made them 
particularly susceptible to decay. Likewise, results with the Jonathan 
variety in which special treatments, such as delayed storage, were 
used, were not included. Only the results of the inspection after the 
7-day ripening period were used, as this was the more imfortant in­
spection and included the decay present at time of remova as well as 
that developing during the afterripening. 

With these restrictions there were 49 comparable lots from each of 
the 2 temperatures in which at least 5 percent of decay developed. Of 
these 49 lots 20 were from 1935, 22 from 1936, and 7 from 1937. They 
were distributed among the different varieties as follows: 2 each for 
Delicious and Golden Delicious; 3 each for Arkansas and Bonum; 4 
each for Grimes Golden, Stayman Winesap,... and Winesap; 5 each for 
Ben Davis, Rome Beauty, Jonathan, and Yellow Newtown; and 7 for 
York Imperial. In these lots there was an average of 13.6 percent 
decay at 32° F. and 19.8 percent decay at 36°. On this basis the decay 
averaged 45.6 percent greater at 36°. Although in a number of in­
stances there was more decay at 32° than at 36°, a statistical analysis 
of the data indicated that this higher average decay at 36° was highly 
significant. 

The average percentage of deCRY for all lots, and not just those that 
showed at least 5 percent, is shown in figure 1 for the various inspec­
tions. At all inspections the decay averaged higher at 36° than at 
32°. It was 80 percent higher at 36° after 2 or 3 months' storage, 26 
percent higher when held at 70° after 2 or 3 months' storage, and 55 
pereent higher when stored for 4 or 6 months, and 51 percent higher 
when held at 70° after this period of storage. 

The results are in accord with those of other investigators (5, 10, 15, 
17,29). 
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DEVELOP~IENT OF SCALD IN RELATION TO STORAGE AT 32° AND 36° F. 

As with decny, it seemed advisnblr in comparing the n.ffiount of 
scald at the two temprraturrs to considrr only those lots in which at 
least 5 percent of the disorder was prrsent at one or hoth temperaturrs. 
Althou~h the apples were not always packed in oiled paper, consider­
nble scald dewloped in many lots packrd in oibl paper, as well ns in 
those without it. Tbpl"e were 61 compnrisons \)rtwl'pn 32° nnd 30° F. 
in which nt lcnst 5 pplTent of scald drn'loprd nt onr or both tempem­
tures. Thirty-ei~ht of thrse compnrnhle lots \\'(,I"r pncked in oiled 
paper and 23 were not. This does not menn that morp scnld would 
occur with oilt'd papPI' than without, ns more' lots W('I"{' stored with 
oiled paper thtm without it and th('re we're no comparisons betw('en 
comparable lots with nnd without t1w oiled paper. It dol'S indicnte, 
howovpr, thnt oiled paper cannot be dependecl on to ~i\r compl('te 
control of scnld. Scald was present in on'r twice as many lots of 19:36 
as in either 1935 or 1937. This is in accordance wi til genoral rxppri­
ence, ns scald wns found to be q'ry pn'Ytl\('nt in commprcial cold­
stornge holdings in the SbpllUlldoah-ClUulwriand ]"('gion in the 1936 
crop.

In many instnllces very little or no scald was found in lots when 
inspected at the time of removal f!"Om storn~e, hut it bccame s('\'('re 
during aftl'rripening nt 70° F. Thus there \\'pre 18 compnrisons in 
which apprecinble scald wns oyident at the time lhl' fruit wns removed 
from storage and 43 comparisons aft('r a we('k's ('xPOSllI"P to 70°. The 
avcrnge scald present in the 18 lots at the time of J"l'moyal was 12.5 
p('rcl'nt for 32° anel 21.1 percent for the storage at :36°. In til(' 4:3 
comparisons nft<'r 7 days at 70°, there was 35.4 pprcent of senld for tlll' 
32° nnd :31.2 percent for the storage aL :30°. Tho data indicat(' that 
scnld was morro s(,Vl're at the time of removal fonowin~ storage nt :36°, 
but it deYl'loped with grl'atl'r rapidity nt room tempNalurl' nftpl" 1'e­
mo\'nl of appks from :32° storage, and showrc\ ~r('at('st SP\'Nit.\' in such 
fruit aHel' a week nt 70°. Howcyrr, bl'CllUSr of thr ~rl'at val'iahility in 
the nmount of scald dl'\'eioping in til(>, different lots, the difrrrences \)('­
tween the nmount of scald nt the two t('mpl'rntur('s wns not fonnd to 
be significant. Had the lots been rcplicn tNI so tltn t It more precise 
measure of the errors could have bren deh'rmined, it s('oms likely that 
the differl'l1c('s might have b('('n founel to be si,wificant. 

'I'll!' avernge p<'l"C<'ntagl' of scald in n1l10ts, itlld not just those with 
at 1('nsL 5 pN"Cl'nt, is shown in flgurn 1. Tlwse l"l'sulls inc1ieate that 
scnld may not be very appnl'pnt during stornge bllt inel"l'as('s gl"('atly 
after removal of the fruit from storage' \,0 wtu'm temIWl"tltur('s. l{<'suits 
on this basis nlso indiente that scnlll may b(' mort' S<'\'('I"(' dUl"ing 
stornge nt 36° than at 32° F., but dcwlops more rapidly tl£t('l' H'movnl 
on lots from 32° storage.

These results are in accord with those of ~Iagnpss and BUITOUghs 
(15) in which scald in some instnne('s was mor(' SPY('L'e nt ~2° than 
at 35° F., hut nrc not in ncconl with thos(' of otllpr invrsligators (.~, 
5, 10, 17, 26, 27, 29, 80) who hay(' consistrntly found storngr scald to 
he more seYl'rl' Ot· to d('v('lop more rapidly at tho hi~her temperatures. 
The cn,IISl' of this discrppaney is not Itpptu'PIlL Howeyer, in some of 
the previous studies on scnld the inspections !lppn.rellLiy were made 
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at the time the apples were removed from storage, and thC're is no 
indication that inspections were made after a ppriod at room tem­
perature, It is possible that a greatet' potential susceptibility to 
scald is developed at the lowt'!, temperature, but the dC'velopmC'nt of 
the actual scald is retarded by the low temperatul'e ancl cI{'velops 
rapidly 011 removal of the fl'llit to rippning temperatul'C's, On the 
otht'!' band, tlH're ma.y lllwe been some facio(' otlH'1' than tC'mppl'atul'e 
that bas inn lI<'ncpd th(' dp\y('lopm('n t of scald in thes{' in v('sligations, 
The 32° room was gpn('('ally mol'(' compil'h'ly fiIll'd with appIl's than 
the 36° room, find this migllt han' rpsIIlt('(1 in a hig-hpr conc('nt('alion 
at 32° of the volatile Stl bstanc('s that Cfiuse scald, 

DIWELOl>l\IEN'T OF INTERNAL BnEAK-DOWN IN RELATION TO STORAGE 
AT 32° ANI) 36° F, 

As ,,-ith d('cl1v and scald, it sp('m('(1 ad\-isnhle to conRi<i('(' only lhosp 
10tR in which at Ipnsl .'i IW('C('nt of intc'('nnl hl'pnk-down wns ])('C's(,llt 
in nppl(';; fl'om stomg(' at on(' 0(' both t<'mlw('ntllI'Ps, This am01lnt of 
brenk-down did 1I0t O(,CUI' in Bm Dnvis, OolliPn D('liciollS, YI'Ilow 
N('wtown, 0(' York lmp('rinl Yari('tips, Con:-;idl'('nble brpnk-down 
ocC'urrNj ill .Jonathan, Stnyman 'Yin('sap, Arkansas, Griml's Gold(,lI, 
and Rom(' Bl'auty nppl('s, In tll<' At'lmnsns nnd Stayman \Yilwsap 
Yllripti{'s hl'pak-down WIIS conRist('ntly mol'c' Sp\'('rp at :Wo, wh('rpas in 
Jonathnn, GrinH's Goldpll, ROIlH' Bp!1.uty, nnrl Winl':'mp thprr wrre 
oft('n rathr(' lnrg(, difl'(,I'PIlCPS, but tIll'V W(,I'(' not cOllsistpntiy highpl' 
lit pitlH'l' tC'mp('(:nturc, l.'h(' Hv('mge of 1111 lots (fig, 1) shows ii. gl'Ciltl'l' 
percentage at :36° ilt all inspectiolls, 

In ugJ'c'l'lll<'nt with the findings of )'Ingllpss pt ul. (16) anc[ otlwr 
W"ol'k('('s, th('s(' results indientl'd u fnstp(' !'nt(' of softl'ning and J'ilwlling 
at 3Ho than at 32° F, Th('('(, is n tc'ndpllcy fol' til(' ('itt(' of softpning 
to plow dO\m nJll'L' rC'lIching n. fairly low point (dc'p('nding on thl' 
Yariply), ('olls('q U(,11 tl,Y till' fil'lllll(,RS lit 32° ma,Y p\'('n t llally [)('('omp 
ahollt lit(, saIHc' ns lit 3(j° stO(,lIgC', Cndp(' tbps(' con<iitiom;, II1C'I'(' WIIR 
oft('n a difl'f'l'pnc(' in l'iP<'(H'RS \vith litUl' 01' no difrp('('(H'(' in fi 1'111 I1t'SS, 

Th(' av('rn~(' fl('mnpss and l'ip('IlPSS of all lat.;; is shown in li~lIl'c' 2, 
The stol'l1gp Ilt'riods shown COl'l'(,Rprmd with thORP in figl(l'(' 1. Thn 
fl.vPl'nge difl'l'I'('(H'l' in fil'IHlll'RR n,t :32 0 and 36° F, rangpd f(,om 1.8 to 
0,7 pounds, bping p'pai<'st nJtpr till' shol't storng(' Iwriocl and least 
after l'ippning at 70°, The n.vl'('nge 1'ip('n(,8s WIIs dpt('rminNI by 
giving lIumpl'ical VIIlul's to til(' difl'prent d('grl'C's of l'ipe(H'ss, with hard 
ratecl n.s 5,0, firm as 4,0, firm l'iPL' as 3,0, rip(' n.s 2,0, und OYt'ITip<, as 
1.0, Int(,l'Tlwdintl' dC'grc'('s of rippllC'ss W('('p given fl'nctionn,l Jlllmbe!'s, 
For exampl(· a lot mt('d hard to fil'lll would be givpn a vnluc of 4,,1), 
The results in figure 2 indicII.l(' a rate of rip('ning at th!' two temp('l'a­
tlll'(,S COITPsponding to the soflC'ning 1'nt('s, Thus, at thre(' inspections 
thp a\'ernge firmness of th(' lots was 12.4 pounds, alld the ripeness in 
all of these instances averngc 2,6 01' about firm ripe to ripe, 
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FIGURE 2.-EITcct of storage at 32° nnd at 36° F. on firmness, ripeness, and 
ground color of apple's: A, Before st.orage; B, ripened immediately (5 to ]0 
days, generally 7) at 70°; C, after 2 or 3 mOll tha' Iltorage; D, ripened (7 nays) 
at 70° after 2 or 3 months' storage; H, after 4 and Ii months' storage; F. ripened 
(7 days) at 700 after 4 nnd 6 months' storage. In ripenesR, H (hard) is rated 
as +5.0; F (firm), +4.0; FR (firm l'ipe), +3.0; R (ripe), +2.0; and OR (over­
ripe), +1.0. In ground color, 1 represents green and 4 represents yellow. 
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DEVELOPl\IENT OF GROUND COLOR AT 32° AND 36° F. 

As would be expected from the faster ripening at 36° F., there was 
also a more rapid change in ground color at 36° than at 32°. With 
mallY of the varieties the average difference was not statistically sig­
nificant and with others the difference was too small to be of practical 
importance. The greatest average> differences were found in the Rome 
Beauty and Bonum varieties, in which tll<.' differences averaged about 
0.50 of a color unit on the color chart used. Grimes Golden, Golden 
Delicious, Jonfithfin, Yellow Newtown, and Stayman "\Vinesfip fiver­
aged between 0.18 find 0.30 difference in ground color and the other 
si.x varieties 0.12 or less. There was no indicfition of lack of ability 
to develop yellow color in these vnripties after storage, as there were 
changps in ground color during afterripening at 70° in the last lots to 
be removed from storage (fig. 2). 

DESSERT QUALITY OF ApPLES STORED AT 32° A:'iD 36° F. 

Dpssert quality is a combination of taste, aroma, texture, and juici­
ness of th(' fruit. There is no precise measure of dessert quality, and 
its estimation is open to considerable error due to personal jUdgment 
or stfindards. The results, however, indicate a grndual deterioration 
in dessert quality during storage. As with ripening find other changes 
this deterioration appears to be mOl'e rapid at 36 ° than at 32° F. In a 
few instances the quality was somewhat better at 36° on the first 
inspection. This was gcnernlly due to insufficient ripening at 32° for 
the fruit to be in prime edible condition. In many instances there was 
no appreciable difference in quality, but particularly in the laie 
inspections there was frpquently distinctly better quality in the apples 
from 32° storage. This is not in accord with the reports of Plagge, 
Maney, and Pickett (24-, 27) but is in agreement with the findings of 
Powell and Fulton (29), }.i!ngness and Burroughs (15), Tiller and 
Chittendon (35), and Smith (32). 

DISCUSSION 

Storage at 35° to 36° F. instead of at 31° to 32° has been recom­
mended by Plagge, Maney, and Pickett (27,28), because certain low­
tempel'l1ture disorders may be largely controlled and better ground 
color and dessert quality may be obtained at the higher temperatures. 
These authors further maintain that scald, which was found to be 
more severe at 36°, could be very largely controlled by picking the 
fruit at proper maturity and storing with oiled paper. They also 
state that with present methods of spraying and handling, only sound 
fruit (free from skin breaks) need be stored and consequently decay 
will not be a factor. 

In the investigations reported herein, on the contrary, low-tempera­
ture injury, such as soggy break-down and soft scald, was not a factor 
and occurred only on Jonathan apples tllfit were delayed at room 
temperature (65° and 70° F.) previous to storage. Even in these lots 
the greater amount of soft scald at 32° was largely counterbalanced 
by the greater amount oJ other disorders, such as Jonathan spot, at 
36°. Furthermore, apples of this variety that have been delayed for 
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any appreciable time at room temperatures become so ripe as to be 
hardly suitable for storage. 

On the other hand, considerable scald developed in many of the 
experirnentallots even though the apples were picked during the com­
mercial harvest senson nnd packed in oiled puper. Applps of the 1936 
crop in the Shenandoah-Cumberland region were particularly sus­
ceptible to scald, and much scald was obselTed in comnH'reial lots 
during that storage season. 

Although these rrsulls indicate little or no differrnrp in tbe develop­
mrnt of scald at 32° and at 36° F., ot\trr innstigators han' found that 
scald incrensed with tempPl'aturc nnd was greater at 36° than at 32°. 
Thus storage at 32° would bp dl'sintbk for the control of this disorder. 

Brooks, 'Cooley, and Fisher (5) found tbat scald increas(·d with 
tcmperature up to 68° F. In the rpsul ts rrportpd herpin no seald was 
found at 70° when tl1(' apples wel'r held at this temperatu1'r immedi­
ately aftrr harvl·st. 

Baker and Heald (1) have shown that lenticel infection is one of 
the important causes of loss from blue mold in lots in which small 
percentages of decay (1 to 3 lwrcent) occur, and thnt it, rather than 
meclu1llical injtll'Y, is responsible for mueh of tbe development of blue 
mold decay showing in stored fruit. W]1('re black rot was present in 
the innstigations rpportpd herein the centpr of infection was generally 
in the calyx and not at a skin brpak. Bitter rot also apparently may 
gain entrance into the apple· through the unbroken skin, and the 
infections frequently occur in the orchard bdore the fruit is handled. 
Likewise gray mold is apPIll'ently able to enter sound fruit. Side 
rot genernlly centers around lenticels. Thus, although careful han­
clling to prevent skin breaks would tend to reduce the amount of 
decay, it would not control it, because organisms that are responsible 
for practically all of the rot of apples in storage may gain entrance 
through the unbrokpn skin. This is contrnry to the contention of 
Plagge, 1\luney, and Pichtt (27) that decay need not be a fact,or if 
the fruit is handlpcl so that bruisillg and skin breaks are ayoided. 

In commprcinl storage where large blocks of fruit may be stacked 
close togctl1l'r the tcmperaturp of the fruit may be 2° to 4° F. higher 
npa,l' the centel' of the stacks than is the temperature of the nil' in the 
aisles. Consequently, if n storage temperature of 36° is IIsed, it is 
likely that many applt's will be held at fruit temperatlll"es of 38° to 40°, 
pnrticulnrly during the etlrly part of the stornge prriod. 

These ill \Testigations hayc shown certain materiaJ ad van tages in 
storing apples at 32° F. rathel' than at 36°. The principal advantage 
of storage at 36° has been in til(' control of soggy break-down and soft 
scald. Brooks and Harley (6) and Brooks and McColloch ~ have 
shown that several prestoragc treatments will also control these dis­
orders. They state tha,t accumulated soft scald tendencies have been 
largely removed by coating tIl(' fruit with a mixture of oil and paraffin 
or by short-period prestorage exposure to partial vacuum, to high 
temperatme (95° to 110° F.), or to carbon dioxide gas, and that 
accumulated soggy break-down tendencies have made a similar 
response to carbon dioxide treatments. Furthermore, the carbon 
dioxide t['('fltments had a beneficitll effect upon firmness. With 
fruit that is thought to be susceptible to soft scald or soggy break-down 

• Unpublished results. 
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it would seem advisable to control thpse disordprs by prcstoruge 
treatments with carbon dioxide and then storage ut 32°. If such 
treatment is not feasibh' it ma,y be desirable to store such fruit at 
36° if the storage is not to be for an extended period. Likewise, 
Yellow Newtown apples when grown under conditions that make them 
susceptible to internal brc. wning should be stored at 36° to 38°, as 
previously recomm('mled (2, 18). 

SUMMARY Al\'D CONCLUSIONS 

Results ar(' pr('s('n ll'd showing til(' r('sponsc of 13 Yal"ieti('s of appl('s 
(Arkal1stls, Bpll D1Wis, Bonum, Delicious, Goldpll De/ieious, Grinws 
Golden, .Jonathun, Rome Beauty, Sttlymun 'Yin('sap, ":ealthy, 
Winesap, Yt'llow Kl'wlown, and York Imperinl) to storage at 32° 
and 36° F. during thr('t' St'llsons. 

Thl' a"('rtlgp Ill'rc(,lltagc of <i('('uy in lots that d("'l'lop('(l nppr('eiable 
amounts aftl'r rip(,llt'd was neudy 50 pl'rcent greuter following stol'tlge 
at 36° than at 32°. 

Thl'rp wus sonw indieation that. senld npp('arNI ('udier at 36° but 
eventunlly bl'eame ('qually as or morc S('.v(,J'e IIftpr stornge itt 32°. 

In the Arknllsas and Slayman "Tinl'snp YariC'ties intemnl br('nl;:­
down was more SPVPI'(, nl 36°. In thl' other varieties there was no 
consistent difI('l'(,l1ee in l'l'lalioll betwN'n amounts of break down in 
till' two storage templ'rnLul"Ps. 

Soft('ning and ripening of the apple's wus gpn<'rally much more 
rapid at 36° than at 32°. 

There was a. more rapid changp in grollnd eolo1' from grppn toward 
yellow ut 36° than nt 32°. Thp dif\'l'rt'llec ill ground color wns lnrgely 
due to diJl'pJ'('llcp in J'ipt'IlPss of til(' nppll's from tht' two temppratuJ'Ps, 
lind with most YllriC'til'S it wus not suffieient to bp of practical signifi­
cunep. 

TIl('re WllS It gmduul dpipriorntion ill d('ss!'! ~ qultlity during storag<'. 
This WfiS g(,IH'I'filly 1110l'P rnpid at 36° tllltn at a2°. 'Yith short periods 
of storngp thl' dill'm'('IIC'(, in qutllity was slight 01' impl'l'cl'ptibl<" Ilnd 
in n ft'w instnllcPs tIl<' dl'ssl'I,t quality WIlS bettl'!' at aGo because of the 
unripp condition of nppl('s from 32° stOl'ngp. 

Individual ,'nriptips Yl1l'i('d. somewhat in th(·ir J'l'spons(' to tempern­
ture. "'itb Ill'nl'ly nil of Lhe Yarit'lips studh'd, 32° was prpfernbl(' for 
long periods of storngl'. In SOI11(, instnneps either 32° or 3(j° was sntis­
factory for rehLtiwly sholt IWl'iocls of stomgl'. Of thl' vttridil's studied, 
only GrinH's Golden gn.n with fair eonstancy b(·ttcl' results when 
stored ut 3(j°. 

Oil thp basis of th<'se resul ts and in consiriprn.tion of til(' f('ports of other 
workers, ther(' appPltrs to be no sound n'nson for changing the l'('com­
melldatioll tiln.t, in gcnel'tll, apples bp stored at 31 ° to 32° F. 
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