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¢ INTRODUCTION .

: Gi’trgsl'fruif 'fm'_atﬁifeé:’,gﬁadﬁaﬁy'=ox‘7'.e'r an é:';'ii:é:z-.-xélféd.fT per‘ioc‘lv;; The

 mormal period of ripening of most citrus varieties is late fall and win~ .

" ter preceding the spring blooming period. Ripening periods differ with

- climatic conditions so.that fresh fruit is obtained from different ‘dis-
- tricts during the year. . Storage of fruit is not required under such con-
| ditions. However, in manyparts of the world no citrus fruit is .é'vaii-,i

~ able d.uf.’i‘ng about half of the y*ea;er “In \fﬁ-aiéﬁ'ciia‘orfa:n._g-e's;; é;onis&id‘t,eifabl.ég v

'idsé from gi'anuiagi:imn and inter‘naldeclmemayoccur if "",tit-'xév Sfruit. is heid‘ ST

on the t"r.é.e té“o: 1o;n_:gj aftermatur1ty,, In F‘Vs"é‘me re g;figns: of high humld:.ty,
the mature fru1t s.ponfa‘il's-v and m -Otrc:le{rj-;c:o' a;yoid lo'sisymiz,:_s;t»b:é pICked B
B 1mmed1ately An adequate st@rage prcgram weuidextend theperiod casf s

' ava11ab111tyof fresh frult |

Vi Attentmnféhouldbe directed to t&e" fact tha’c e;n'w}i‘rgnmér;tagl faéﬁ

tors Inﬂuencethe ph)fi’s'ié'ai and chemiteal 'chair:actéfiSttifc:s'aﬁd, hence, the

R Aquahty of ,Ci’i:?rus:-_ frmtq ‘Nutritional conditions, annual tyempbe rature, and' . .

' annual rainfall are ameng such factors Whlch affect the guality of citrus
fruit (5‘3*5,'1';1.‘, 23 s Tﬁei.mgiﬁt.enan:cé of n_égood.“c‘guai‘ity during s.tQ'r:agé ofa =
| given ‘variety offrult ‘6% vegetables depends greatly on the physical as

- Well as the chemi.cai.chaf‘r_,acte ristics of the stored commodity. The '

1
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3

8 : ;_S"tored't.a’c 3%189' P and 48° F ‘ afte-r) a pr‘ie"stq:cé-ge;'tr,eatment 'df_ Washlng plus
Wa,xmgand ai:ry brushing plus waxing. In fadd;i‘,ciojn, lirriited.vq;asirer.x}é.j;i‘o.ns.‘ n:
o ‘:V%{,e(ré ma&é ;:f ‘tvﬁe 'effe.ct of Pr‘e{s_,to»;rav;g_e‘*.tfe"é’tﬁzent ‘df fr.u';it With 2 ,4-—}) ) -

(Z, 4;—’iChlorovphe_hqu-a'cetié"éC_i_d) and MCPA (2, Met.h‘yl 4,Chlorg., S

T4

= "éh.éfr;bxyacgtizc‘).,; :




REVIEW QF LITERAT URE

e Many environmental and cultural conditions under which fruit is
grown may affect the storage life of citrus, fruit. Among these are type
of soil on which trees are grown, rootstock, cultural practices, mineral
nutrition, position of fruit on the tree, age of fruit when placed in stor-
age, washing, coating materials such as waxes, type of container, ster-
ilizing as well as the temperature, and humidity of the storage rooms. e
Since the beginning of the citrus industry in the United States, all these =
factors’have been tested by many investigators. /

V =m Environment, particularly climate and nutritive factors, affect m
the. deyelopmcnt of Quality factors in citrus fruit, and in turn the

N behavior of'these.fruR”in storage. Jones et al,, (23), Kmnison and /.

Finch. (25) found that grapefruit which matured under high nitrogen
nutrition was greatly different from that which matured under low nitro-
gen nutrition. Under circumstances of high nitrogen supply, fruitwas
‘characterized, by a high nitrogen content of juice and peel, lower brix
and higher acid of juice which resulted in a relatively lower brix. to acid
ratio, higher pH of juice, lower ascorbic acid content, later coloration
of the fruit, and a relatively thicker, coarse textured peel than fruit ;

produced under circumstances of declining nitrogen nutrition. Chapman



et al (3) ﬁote:é that frult :Efem nit»fogen defitc‘;iem’i ffe.e 31s ﬁs‘ﬁally char - 3
ac‘tje;rized. by smooth, ':tjhinner’ -p'ee_l_ and g‘reate‘i .jﬁijee\‘cohten"cq" ";‘s‘?’&/"ehbextf -
(41) poﬁ?ced out that eranges of grea‘ter acidrty and less suge,r centent
.can be obtamed by mcreasing the potas s;mn supply of the t‘ree-, -‘

'Sizte' of the frult has been found to affect the stﬁorage of .the'fr'u,i_'.c_,.'i'.
v vpe;rticulalr'ilyi:it s 154u§~ce1;tibil<i‘ty to. ‘gi"'anulz;tionc ‘Ere\“ﬁrcet‘t (9) mdlcated that
- rapld_ly grox?mg and la;t‘ger frult have a greete-l""‘teiﬁdenqy.“t‘@'gj:anulafi.qn
the,n r@ere slewly fgrow1ng, sfnaller frult° iﬁ."addition to -te,mper‘:’a'itvi;re
: ,and atmosphemc hmnldlty, Eaks ( 5) found that picking methods, hand—
lmg and scul mmsture affect the occurrence of phys1elog1ca1 breakdown

Q.f.tt;e‘*- ::jindt: of llme’s:ln, ,s':'sc;:;rza,"ge He found that rmd 1n3ury (oleocell@s:Ls) T

L W'asg.:,*aé'sbs-‘:ia:_t‘e&.-"dife',e‘t.'ly with e;_ -bx’ui:s'.’e or'a presis:u)r e on the r_inu ‘whe‘;;; o

K -~the frult was plcked., 'I’he Zmere 'tuf’gi'd the fruit when haﬁdled, themore

"sﬁscept;ble 1t is te th1s type of 1njuryo 'B’oth.s‘e‘i‘l}aﬁd‘ a’cmesphemc mozs-
‘ J_tuJ;-e pla.y a rele in fruit turgldl‘tyo )
| The effect of tbe degree of maturlty of the fruit has been. studled
k _by deale and Peggle (40 in Vlctoma, Austrahao Was‘hi‘ngfon‘navel L
Oranges were stored from an edly (.]'une), a midseeson (Juls;) end a’
.Tfla*t:e‘ (August) har-x_r‘e;s;a“- Early-wplcked fI‘U.lt was more sueceptlble to o
storagedn.so:rdersthan 'leté.-.pi;cked. fr‘u'i’t° Ju_dged by loss of flavor, thei‘
ts‘to.fag;e iife‘ ef early p}icked'erange"s wag three months at 45e F; tha‘;' of
midseason fruit was three months at 40° F; while the late-picked frait

 lasted only two months at 40° F. Storage disorders developed in



Obliges from all three harvests after toe and a half months at 35° F,,

Valencia oranges harvested in Texas'in"mid rMay have held up in, ,stor- ,
age.as well as .thos:#,,picked in mid-April (34). It has been suggested. "'
that Texas Valencia oranges might be haryested even later than early
May. Grierson et alc (1$ stated that in some of their experiments
there have been extreme differences in decay and peel injury of fruit
samples harvested and placed in. storage at weekly intervals. No infor-
mation has; been available as to whether these differences were due to
weather,,, maturity changes, or other factors.

The mbenefit of wax as a coating material for citrus fruit in stor-
age, shipping and marketing has been demonstrated. The main result
of waxing fruit is reducing water loss. Mauri (30) stated that in three

experiments weight losses of both oranges and lemons during storage

dip." The process showed particular promise for late -maturing orange
varieties and for lemons. Effects of waxing on appearance and quality
were investigated by Yukawa, Takahashi, and Suzuki (43). The effects
of Several waxes on orange quality were studied. Weight loss was

5D ) waxed fruit and. rot # rence;was- lbw> In waxed fruit there
was a relatively high proportion of black ) of the calyx and
shriveling; of the skin. Appearance of oranges was greatly improved by

waxing. Yukawa and Takahashi (42) stated that the loss of weight of



They noted that initial lasses were usually reduced by precooting, bit
. semetlmesatthe expense O‘f‘ 1ncl’eased '"c"i-e.?éay.‘aftei; rzremé»v‘al‘ frgm-sto;r‘; |
a‘geThe benefits fEogm ilo%,v;er?d trarsit temPel‘atur es (unlike th05¢ ‘
achleved by raPld pr:ec‘or.olilig) t‘en‘de'd'}:é lperStist ‘”thr‘Oughoﬁ/ the .st'-of 3 g.e"
Perlod S - “ .

| Theeﬁects of té‘@peffatﬁrf.e, W:a;é:hing,- and Waxmg on the e:@mpaj";:
. Siﬁléﬂ of Lhe gases feund mslde the frmf. of Washmgtén Navél o-ranges _

- ’:Were studled by Eaks and’ Ludl { 7)., The hlgher the holdlng tempera~

ture was the hlgher the carbon d10x1de content and the lower the ozygen?ﬁl-: e

' ~‘,-c;0ntent:0'f_’?the 3f.1:*uite,. W a;r,iz‘;gtended t‘qrincre'a;ge t’h,e carbon dioxide con- s o

| tentand decrease tk}é_ox_ygen cqn‘tent orf:the fr-uif, thé de gféé of the |
.' éﬁan-gjé &éj&_ﬁjéx.lgii‘ng upon the wax u.sed : ?ﬁei,ghf-lés's Ié':‘;‘ the fruit was '
inc reased bywashmg and reduced by Waxmg” ascompar edWlth tha’c of 3
unwashed f“ruito:.v I_J:ndevr‘thef aégnditi;;n‘s;l ‘_éf .tAh,eISe teis‘t,s.:, \;v.ashin‘g and wax~ = “

ing ha;d;l:j‘.ttl”e inﬂuéﬁcé on the .re,SipiitaAtdry r-af,.e of the fruit at 20° C.

" With the recent de"vélazpmze‘n’c of synthetic growth regulators, the ' .0

fu:s,:e of 2, 4*‘Diigchl'@'lf@}phaﬁéiy‘acefic u'acid‘ ’(Z, 4-»-—:_133) 'm tfe.atin g” c..i"cru;s," fruit k

was one of 1mp®rtant means for slovvlng down the fesplratlon rate in

' storagéa Mahmoud (28), Werkmg on ’che effect of 2 4-D on mecabohsm |

vof grapefrmt in storage, states that a. spray Gf 15 ppm of Z 4-D reduced_ :
onygen uptake as well as carbon dloxz.de production m frult stored on .

‘.th'e‘ t:re“e? ‘ Alsa, When frults of good Leepmg quahmes dipped before

stcrage in.B-Q@ ppm"@:f .25;4:_—:;33, th:_e, :,r‘espjm__atl_,e;n rate de‘cresa.s\;e‘d; ':-./-x.ygen:’-



uptake was reduced to a greater extent than the reduction in the GOw
production, indicating that 2, 4-B may exertits effect in activating
some enzyme system involved in the aerobic cycle of respiration,
fAAhmoW (29) also reported that treating lemon fruit with 2, 4-D pre -
vents the dropping of the fruit button and prevents the development of
using higher concentrations
of the growth regulator than a certain limit may reverse the action of
the substance in activating the metabolic reactions., This, in turn,
indicates that higher concentrations of the growth regulating substance

could be hsed. tb retard the vital activities which hasten,the senescence

of the fruit, | . ' / . . '
Investigations by Stewart et ad. (37) showed that the use of
2,4-D and 2,4,5-T(2,4,5-Trichlorophenoxyacetic acid) at concentrations
df, I1B# 10: 1, ###' ppm added'tO the wax emulsion just before storage-
increased the storage life of lemon fruit. This effect was due to a .
reduction in the )#G$% of fruit developing black calyx (black button) :
and black rot. Both 2,4-D and 2, 4, 5-T significantly reduced water
rhm & D% & # &% i =7 & " = >
Erickson et al. (8 ) testedj in vitro# both 2, 4-D and 2, 4, ST
on nine species of citrus fruit pathogens to determine the degree of

inhibition of growth. They used concentrations of from 5x 10" M to

hx 10° The species tested were: Alternaria citri Ellis and
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Sources of £ruit, time of harvest, prestorage treatments and
storage temperatures used in this experiment are listed in Table 1»
Eighteen, specific treatments were involved., Valencia orange fruit used
in this, experiment were obtained from the University of Arizona Citrus
Experiment Stations at, Yuma -and at Tempe in the Salt River Valley.
Fruit waS picked from each growing area, at two different dates. Ovranges
from Yuma were picked on March 1, 1960 and on June 3, 1960. Fruit
from the Salt River Valley district was picked on March 2, i960 and on
June 5, | 1&:. The twwdifferent dates .of :haryesi from each growing
area Were chosen to test the effect of the degree of maturity on the
storage life of fruit from different locations.

Fruit from each growing area and at each date of harvest was
pasSdd over a commercial grading .table at the Citrus Experiment Sta-
tion at Tempe. Befeetive Jcul* fruit and second grade fru# was
remoded so that fruit used was equal to U.S. Grade No. 1. Approxi-
mately one third of the harvested fruit was discarded.; Twenty standard
field boxes Of fruit from each growing area at each date of harvest were
subjected to the prestorage treatments, using commercial packing house

equipment at the Habeeb Growers in Mesa, Arizona.



Table L Sources of Fruit, Dates of Harvest," Prestorage Treatments,
and Storage Temperatures included in the Study of Physical
, and Chemical Factors Affecting the Storage Life of Valencia

/ N.granges, t - ol Yoom Y, A

IT Fruit from Salt River.Yalley”

Dates’of harvest March 2, 196.0 June 5, 1960

Storage Tempera' R R o " o

" tures 38° F 48°F 38° F 48° F

Prestdrage.trem - L W&W 3. W &W 5. W %W -- 7. W&W

'ments™~ .V ' . 4, D o 9 D&W . 1,D &V 3,D &'(F:
Il - Fruit from Yuma”n

Dates of harvest March 1, 1960 June 3, 1 1

Storage tempera . *:380: F- 48° F . 38@F\ :.:  48°F

,. tares m

Prestorage treat- 9. W&W 11, W&W 13. WIitw 15 W&W

''mentsh "/ ,10,,. D &V HZ, D'&W' .14, D &W 16.D& YJ

' ;o " A rn 2,4-B . m 9 ;

, 4 . [ | [ | '18. mcpa ' .9 [ |

 University ofArizoEa, Citrus Experiment-Stations, Tempe (§a|t
,  River Valley) and Yuma.

N W & Wi Washing plus waxing. v "
m B &W $ Dry brushing plus waxing. 2
2,4-D ( Fruit treated by dipping for 3 mlnutes in a 500 ppm solution
of 2, 4-Dichlorophenoxyacetic acid, -«
MCPA: Fruit treated by dipping for 3 minutes in a 500 ppm solution
of 2, Methyl 4, Chlorophenoxyacetic acid. 4
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'I'he two bas;tc prestm:’age treatments Wefe ‘(a) Wa’shmg plus

waxlng, and (b) dry bruslhing vplu“_si Waxnzg., ko ru1t subjected to. the wash-.

;itr;'g plus Waxmgtreatment was firi;s',j:_‘_: wa,_fsjk‘iéd in -a.,;sfolu_i‘:ion of one pound.'of .

‘V”‘C‘i’_c,jr‘é. Suds” per. 106 gallon:é of Watei;'o "'Ci‘c‘;:'a» Suds" is avrc?dmvme.rcial |
T dﬁté;rgﬁﬁ_t compound Wldelyused in the c1t1'us ', p&ackin.g haﬁ;f‘s_e..so Fruit

_ thu-‘sf;i"ea‘t‘éd' Was then passed through a‘w;axi'n:g machiﬁe', :vwl;qe-i-e; it was

sprayedwrth "vr'vaIa,VQ.'ff;':?Se'a_clgu_.W:-ajx- émui‘s’i@#? - After being wa.xed, the fr’uit :‘ |
VVas -d,fiedi aﬁd -aga.iﬁ:' passed thréugh a‘sﬁi;;ziﬁg r;;'achihéo | -

p The dry" b{rﬁéhiﬁg Plus Waxmg -1':r>e a.t"rr;en‘,ér was e; "sfs:enf:ially the
same as abové é‘xr\capt‘th.at in piade of being run,‘ﬁhroughté %v.ashifn‘g pro-
ées"s‘f the fi‘ui"é Was passed :t.hr'oug;h a serles q.f -«ﬁry‘ bll_'ushe:;é,o 'I'he same :
Wax Awas'u‘s‘é’d’ for b‘ﬁfh; prestorage tlrzevafi;:rjn(é?ﬁts;;

Frmtwas bulk packed_ Wl‘thouﬁ referencetos;,zesmuntreated Bt
qiqmr-f‘ﬂ;efr-cial' é:a_iédbb»afd cartons '-T'h:é!se were two-pleceboxes with hpl'é?s
in thesz.des, bottorn, and t@p for ventﬂa;i:lom AII prestorage treatments
- were '}Ca;r-r‘ii'e‘d ou‘twrthlntwa :&:aysi";aﬂ:erk each harvest.

Thetwostorage fémpei‘.atur?s of 38° F’ and. 480 .‘é‘f“x-tsA/ere te:s;téd m
two. sterage rooms at tb,e Unlver SltV Qf AmzonaAgmcultural Experlment .

Station Ve getable Research Division at Mxe-sa‘; )C‘értain yég_éta‘bl\e;s._'wer'é

f‘f‘.-a;fi,l.i:s:é-'.:isﬂ*t@n&ed;in: the i‘@@ﬁs.-.durixz;g'-gi:he- test. No hﬁmid‘ity caﬁtr.ol‘sif w.ere

avé.ii-a.blég Relauve hu_midlty of the storage rooms ranged between 82

'-,f.per cenﬁ and 92 per cerrt m the 38° F r*:mm, and between li per cent

S and 8& per cen‘t in the 480 F room.
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| 16‘.‘ : ‘
Fruit sampleswereplaced in 'vlet‘or‘ag.e in ih&ividual cartqrfs: as
follows: ('a'):One caf’ton COntainin;‘g"' lO(é'fru‘it frena each’ trefatﬁleat for "
| le'ss of weiéht det‘erniinat:lo‘ns., : (b) T'We cartons‘ from each tre’atment 7
for observa‘tlons of deveIOpment ef decay and phy’smloglcal dlserders,
| eac.h containing appr’-o:;in‘;ateiy 100 iruito Samples for the monthly
'1aborat0ry‘ana1ysis 4W,ere placed m meysﬁh bag;s‘ W:.thm c‘ar’tons (20 fruit

per mesh bag, 4mesh bags per carton) Each of the monthly analysw o

E samples consisted of 40 frurt (2 mesh bags) The 1n1t1a1 We1ght of

oranges in each mesh bag was recerded on a tag Whlch was kept in the
bag. Table 2 illustrates the num.ber of cartons a.nd numbers of fruit
g for 'eac'h:s_’pe-ciﬁ_,c treatment, Zach storage room ccntainej& 20 cartons

of fruit for each harvest date. .

. Table 2, Nuxnbers of Cartons and Frult Placed in Storage for Each of‘ SN

‘ the Waxmg TJn'ea‘t::rnen’cso

Tarton T Namber of 1

© No. ' Fruit - Use -

1 106. ' Loss t)‘f Weigh’c de’ce‘rminati.o‘n ‘
2 - none . . Determlne changes in ‘carton Welght

3 & 4 - (‘1 50 te o 'Observa‘tlons of development of decay
o 220 both). .. - and physiological diserders -
5 & 6 "80.’&{"8‘0 . For mcxith}.y'laboratéi‘y an.al,ysec
(4 mesh bags : o
per carton) ,‘
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In order to avoid ',Weitin_,g the 1a’bc$r'atofy‘ .‘_a'z%‘ialys\isf vsjém@le’s befdre_

p1a01ngthem 1n storage , theml‘clalvolume for eachsaxnplewascal- R
‘.reﬁ‘la’ced in.‘ the follow1ngmanner ‘T'en. édditie\nal ‘_s:amp»les."w‘eiz;e -s.ei'e:e;jced'

foif initiéi presitora:_ge{ ahéisrsis; Eight _sam_pl}ée fr‘oﬁnifhe Weecing ‘i:'r‘eza”t_—; |
 ments (40 i’f_rufl'tv'per siampie ). and two sémpiee' from'the chemicali\:r ‘
tre'é.tedafruit }(15 fruit pe-f 'S‘é;?nple ) were 4'1n'.cludec1° ;‘”iffb-e“weigh‘t_':s and

' »'voluznes (by water dlsplacement) of each of these samples was. deter-

o i.~1qi’1‘ned ‘. A iine graph of th1‘s deta w%ras eons£ructed (weyl‘gl.lt Versus volulne):_ s
and. used to celculate equlvalent volume fex; the welght ef each la‘\boraton‘cy"'. o
‘ >a'ria,1ysis‘ sampl.e which was placed in storage. | |
Chemical tree,tments wrth 25 4~D1chloropheno%yacet1c ac1d (2 4-D)
and 2, Methyl 4, Chlorephenoxyacetlc ‘acid (MCPA) were performed sep- iy -'
' a:_r"at-ely in the ho.rt_leult.ur:e lgbo:rjator-y at the A_grlcultur»al mxperlmvelét‘ '
| Statlonat vMe‘ s-’a,‘: FrmtwerelePed for three;minut'e:s.»,"in, a500ppm o
solu‘tlon 6.f either 2; 4-Dor MC:PJA"thleﬁé.&j::;ied"“at "rqc}:mv,- tempera;cﬁfe .
.)ﬁefore belng biaced in storaéee "T‘he 2”.4.—’énd MCPA ‘,trea‘émentsuwer.es
;"'[:applled only to fruit harvested' in March and stored at 4:80 F. One hun-
.:id’r,ed and fifty fr.uit;_‘w.exfe ’;‘;ﬁeeted _Wi‘ch Z,4,—D and: av;p‘eciiual nuneber of .
» ._,%gruﬁ_.itlvwas.“}trea;te& Wlth MCPA a.s'fme.ﬁtipnefi pfevigﬁe‘lye - |
| }"'."F’x?om eech of me";s;g.m.gumie;x .it»rea.tment_'s' 50 fruit wers aeed”
for deterrﬁmatlon of los s} of we1gh’c, 25 fru1.t for determmatvlon of decag;

and physmloglcal dlsorders, and 75 fru1t for the monthly 1aboratory
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"' analyses. These consisted of 5.5amples of 16 fruit each. Data
obtained “inf this .'s_"‘i:'tidy inc‘iudéds

1. Per cent loss in W‘eig_ht,. . 8. Total soluble solids in the
R RS . juice.
" 2. . Volume of the fruit. S Lol
N : 9. ”Ratlo of total soluble sohds
~ ..’ 3. Diameters of the fruit, . toacid. o oo DR

e VOIumeof‘the Jjuice. . 1007 Ascorblc ac1d conten‘i: of the o B
5. Per cent juice by | ' S _ _

“:Vdiizme'q _— o 11, ,Per cent fruit showing rind.
: : B ' pitting and discoloration. =

6. ‘Per cent juice by o ' ’ :
Welght; ' ' ' 12, Per cent fruit spoiled by -

iy e Lo ‘decay and mold,

7. Tltrata,ble ac1d1ty of o o

e f'the Ju.mea R

Methods o;E anaflysm and collectmn of data were as follaws. o )

Decay and physlologlcal é1sorders durmg storﬁg_cx The observed

‘ d1sorders Whlcb occurred durlng the experlmentaf[ permd mcluded
: 10 V‘Blue-‘—green‘mqld de;:.a;;y' whmh f;s Ac‘au,sed by :th‘e“fungus

" Penicillium sps’ W L0

Zo Blackrot, ‘due“‘.‘t_o Alternana Clt]ﬂ“
?;_d | Plttmg and dis‘_celo:ratiq_n of ;ﬁhe--r,ind,ov
' 4., ‘Gf‘anul.ation or"dryi'n‘g:ofv t;txe‘ Julce sacs.
5. ';Slhi-:inka;ge.} '
. ‘The first two in this List are reférred to in this thesis as decay, and

tf;e 6’;cfﬁe‘f three as physidl;ofgical ‘d_il‘:,:é‘d_rd,e:;”s"; "



Tabulations of. pitting and discoloration of the rind were made
by recording tbs percentage of fruits showing (a) no pitting™ (b) slight
pitting, (c) moderate pitting, and (d) severe pitting. The total of sound
fruit plus that showing slight rind injury were considered marketable.
Molded fruit was removed whenever it was found,, !

Color of the fruit, physical changes, general appearance, and
taste pf the juiee were observed during the experimental work, The
identification of molds and physiological disorders was done with the
help of,the Department of Plant Pathology at the University of Arizona.

per cent loss in weight* One carton of 100 fruit from each
tieabAd%:was" held:intsforage for determination of loss of weight.:.One
empty carton in each storage room was used to determine the changes
in weight Of the container during the storage period. Fruit was weighed
each month. Decayed fruit was discarded whenever it was found and
per cent loss in weight was calculated on the basis: Of weight per fruit,
v' Volume of the fruit. WThe volume of each analysis sample was
determined bywater displacement by means of a volumetric tank.

.Diameters' of the fruit. Both the axial and equatorial diameters
of the fruit were measured at the monthly examinations. Measurements
were recorded in millimeters, and were determined by means of a

micrometer caliper. The values obtained were divided by the number

Of fruit per sample to, give the average value of one fruit.
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. EXPERIMENTAL RESULTS

- De\cay and’ Physmlogical D{i;s;s);rde:zs ';_:

. Asthe dur'atian 6‘:‘?-.s:tve:rié,éje;linéfe’éﬁed, pe.];_’C entmarketable fruit;
: in alltreatments ;_el'e.cre-ae_vste&;tei‘diffe‘re'int 'eez.tentis.,,' at:a’. showing the
development ef de evay -a‘hd physmlo gmal : d1 s;:e:miefsf‘ er‘e i)r e s ei:;;tvi_e d m :
: 'Tafbles 3 and 4 ‘and. Appendlx Tables I and II “
When oranges were plcked in March. f1;u1t from the Salt Rlver
‘ Va,lley sto,red_ beitte‘r' than’ft,;it fﬁjemv_Y-um«a.undex_'.-alrl C'end'itftons,; By the -
ehd. ofthe s:te'rag~e period ,for orange 8 ‘vlte‘;r*‘v-‘e;s:teé in Mer‘ch -929 7: ée.r”"cent 1
| »ef. cb.e Salt Rlver Valley fruit Wa.'s marketable, eompared to only 48 0
: .pefrlr e-ent marketable. Ym'na ffﬂlto 2 Phys‘iologlcal plttlng and d15colorat10n
- ef ttle rtnd Wa.sﬂthe major preblem in the storage ef. Salt Rlver Valley '
o i "f*lj"qit.,,"“Onlyrmine’r .ammunts:,ef.b‘lrtrlee green 'm:;o.,l,d;deeay’ '_af,fected 'o_:rianges: S
picked frm:n thls dxstrmt., No @ther dlsorders were observed with
bzﬁ;a:ngé:é ffo::ﬁ .thesalt»‘f{i‘vefi Véileiri dﬁr‘ing; s,.tora.geo, ' |
| Qn the otﬁer hantd biue gre’en mold wes of. majot‘ mportance in -
f the e_ite.‘l\-'a.gezef fr‘txxt‘.vfrem, t'he Ywna,- dl‘strtc~t¢‘< Percentage of frult affected:
i W‘ith blue —greenmoidwas ashlghas 4107 per eexet in,fruit harves‘ted in -
: , ‘June fnom Yuma. and stored at the hlgher temferatﬁt'e 480 F (See a

- k_:Ta,ble 4) 24 L v



T.able_ 3. Relatlon of Pre storage Treatment and Storage Temperature to.
T ”Marketa’bility of Valencia Oranges from the, Salt River Valley -~ |

- District and from the Yuma D llstrlct Harvested in March 196@
and. Stored fer Five Monthsa

T:reatment o ’M . ’ bl 1F. Unmarketable Truit
. Storage ' ’Prestorage £ a}; eta © *Physiological ¥ Mold
) Temperature 3 Treatment & ruit ot Dlsorders ¥ . Decay
A Fruit from SALT RIVER VALLEY ,
1. 38°F  Wash & wax 90 2 .1 2.7
2 ) 38 | F Dry bruse % 9 c9ee L1

- & wax - o ,
Average S (90.0) v
3. 4% F Wash &wax - 932 64 0.4
S 4.048°F  Dry brusho, .0
T mwax 97.6. - V 2.4 00
'Average "(9:5»04)- o

T ,Average of fruﬁ: from :
Salt River Valley ': (92 7)

Frm‘é frem YUMA

. 30 .w‘asa&wax s s s
.10, 38°F D L B ST .
(10, 387 F ;y brush 46,0 42.7 13
S -':Average A 1) I Qo R
11, 48° F  Wash & wax 37.6 . 47,8 . 14.6.
o 12 489 B - v
L M BT E ,‘-;.-.DLV brush o gg 4 o 16,4 0 .52
‘ Average ' (58.0) -

SN Average of fruit frem. Yuma . (48.0)

o © 489 F o2, 4.p% S ooBs.0 e 1200

-1.8, 48° F Mcpad 6.0 S 240 o 0.0
| Average of viwaxed, cheml— o TR R |
g cally treated f.ruit (Yuma) (82. 0) v

. 1 Marketable frurt 1nc;1udes sound :Eru1t and frurt show1ng only shght rind ,‘ o
- breakdown, , A . L
B Frmt trea‘ted Wlth 50@ ppm 2 4»—Zlichlorephenoxyacet1c ac1d

3 J:rm.t treated Wlth 500 ppm 2 Methyl 4 Chlorophenoxyacetlc a.c:.d
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o Table 4 Relation of Pvestorage Treatment and Storage Temperature. to o

- Marketability of Valencia Oranges from the Salt River Valley
District and from the Yuma Dlstrlct Harvested m June 1960
and St ored for Four Months,

“Treatment . ' .. 1 ¥ Unmarketable Fruit

" Storage "Prestoragev 1. Marketable rPhysmloglcalt - Mold

Temperature & Treatment ¥ Fruit ‘Disorders ! Decay

o Fruit from SALT RIVER VALLEY |
5, 38° F  Wash &wax . 6l.9 . 19.5 . . . 8.6
6. 38° F Dry ‘brufs;hﬂi L " -
o & wax .
3Av,ef.a;geg.' . {74, 9)

'88.0 - 8.0 . 4.0

7. 48° F  Wash & wax 43,0 470 10.0
,YD . 4 o D . ’ ) , . - L ) V
] 8 F Dry brus’h... 49,0 - 44,0 7.0
. _ _&zw_ax, ' | s ST AR
Average = (,46:,, 0)
Average of vfruiti from-. :
Salt River Valley . = (60 5)

' 'F‘rult from YUMA

13, 38% F . Wash &wax 72,1 1.9. - 26,0
14, 389 F  Brybrush o . o
4. 38T F ’E;V bmSh . 67.9 - 3.5 28.6
WaX o . . . s N ] .
» ~Average SRR (70. 0) _ ; o _
15, 48° F = Wash Swax 488 les a7
16. ‘480 ¥ Dry brush -7.'7;4_: . .. 8.1 - EREE 1,4°4V
o & wax B T

Average . {63.2)

«A‘v;er-}a.geuof frultfrem Yuma. ' . (66., 6)v "

Marketable fruit m\,ludes sound frult and frmt showmg only sllght rind -
]oread«imvrz° : '
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' Ph?s@olo*gica:l dvi.sbjrder,s‘were“ also important with fruit from . T

~ .Yum.,a,. es,pe.cially'wﬁehf h'ar‘ves‘.ted in,Mé,rch ;and. stored at th'e i-ower
tempera’cures 38 F P;Lttmg and dIScoloratmn of the rmd affected about L
| SR

: 68 0 per cent of frult 1n ‘thls treatlnent a.fter ‘one mon‘thxs storage.

"Gvr,anulatiqnl sh’oiwed up in a;-c‘o.n.siderable p—r‘dpbrtien in eranges from

E Yulnawhich were fn:;cl‘{ed 111 June, f Black ,x;cajtﬁ‘;i.ue to 'Agl‘t‘e‘.rnar”iar c}iﬁii '
Elhs and Pi’e%(’:’e‘.": affectéd' aﬂs,mé,_lllpr‘o‘.’pq-.'rtior.l “of‘ the Vf;ruif 'ha‘r‘vested in -
June from Yuma‘. N:éi‘fheﬂr granulatlon ‘gof Elé;ck rot -W‘;'e‘r.e ‘oﬁs.efire-a iﬁ :
oranges :Erom the Sa‘,l‘t?;Riyejf”Valley dlstrlc‘t (lrrra}rve‘ssfted' 111 Ma‘rch ‘;»or juﬁé .
R The SaltRlver V.’a!ﬁéyt fﬁcugt storedbetter un‘d,er’ éli cdn&i%iioﬁ:s o
‘ than frurt frC,m _Yﬁ;@;a when the frult WaS harve é‘teé in Marcﬁf,‘. W’b@?"
frult was harvested 1n Iune .7 éhe, opposrte <>.~c§1;i*fed'iﬁ.'.xﬁ,o,‘st “t?ééﬁineht& 8
, The d.ate of plcklng affected the. mest. p.revalent‘ dlsorder in éach harves‘tf: ;
‘,Vhth fruﬁ ffom'Yﬁma, phsrs;lelogical dlsor&efé Weré r.aorevpr’evalent |
p chan mold decay When ‘picked 1ﬁ Mé;r;:h while the blue ~green mold decay
‘ﬂ;,a.;":'-the major defect ,*When:'the‘»fr.uit( (*;;va'.bs“p_;cked. Ajin-J;néq | SalLI Rlver
‘“\,.fallefsr".fr‘uit harvested iﬁéiﬁcher March 'er: J'i;._n.e"vé.u‘sftai_ﬁied phys'iolo éical
- prtﬁmg and di:s,c;,‘cx.lé)"fatid;lx. as ’che m'aj-dtr stolra.,'?g‘e ‘p':t?"obiem.."" |
| Starage tempel‘*"ature affected g?eétly the developinézﬁ: of decay ,7

and physmloglcal chs::;rders° W hen frul‘c was p1cked in March sterage

at 48° F ¥ produc ed lesser pathological and phy_s:l’olo gical l.o"ssesv than when

l This is the sum of ‘per cent frult showmg shght meoderate,
and severe rlnd breakdown for Treatment No. 9, see Appendlx Table I ‘



fruit was stored at 38? F, whereas 380:"14" tempe‘rature was superior
“when fruit Waﬁs harvested in Juune. The only',efzc eption was that fruit -

harvested in June from Yuma which was treated with dry brushing plus

w'a.xing‘,shewed a gx’e_aft.e'»'r preportion"off@isord‘efs when stored at 38° B

than when ‘stored at 48° F,
When the hairve's’f"‘wa)sk 'done' in March, per cent mark'e-tabie‘* fruit ‘

from the Salt R1ver Valley d1str1ct averaged 90. 0 at 38O F and 95. 4 at d

48 F a:t the enci of the storage perlod Fru‘l’cffrom Yumaharvei_sted_-.at‘ o o -

the same time aver‘aged .38;6 per cent marke‘_t,able fruit at 38° F and
58. 0 per cent marketable at 48° B, The situation, hoWe Vef,, was

reversed When fruit. Was' ha;r‘ve*s;ted in June., Marl\etable frult from the ) _

ualt Rlver Valley @Lveraged 74 9 per cen’c at 38° F and 46 0 per cent aE

4m-ar‘ketabl.e et 48; E‘g ‘Or‘an‘ge:s fromthe Yumadlstmct ,vay:erag.e,d 70. 0 E -
per cent marketable frultatBSO F and 630 2 percent marketable at "
'48 F. (Table 4}). | | o | |
| ' Addltlonai comparlsens Whmh. can be made Wrth data presented

in Tebles.:?;. and 4 j’;adic’:ete that the pr.',es-‘to'rége treatment of d‘ry. b‘rushin’g :
pluswa;xlng was ‘g‘;e..ﬁefall_y ,s:;pe‘rni-ez-:\ %&,;{{Ezashmg plus Waxmg | In si‘:;, of

: ’the eight: coxrllparls.ons (washmg plus. Waxl.ng v dry brushmg plus wax-
'.1ng) bwhlclrvl can be Amade .'the eiry brushing plus Wax1ng p'roduced a’ hlghez;
. percenta.ge of marketable frmt at the end of the storaae pemod than

ﬁ aﬁc_:zi‘urre@ with the ‘wa,.smng p’:lu;s W'axm,g tr’e'atment; The bigge st
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difference ;is':: Shiwn 1n percent marketable fruit for Treatments No. 11 .

o andlZof Yuma fI'U,l‘t harvestedearch and stored at48° F.o _vT:he'r.e‘-»
| was 8.4 pe(r cent marketable fruit from the 'a:ry brushlng plus Wax:m,g

" treatment compared to 37° 6 per cent mzirkef;t,able fruit as ‘a result of the -

K | Washing pluswaxm g tfeaﬁménfn‘ ?y:br‘ugbin,g and wax:mg Yuma. fﬁ:uit

. harvested in June and 'stored at 48° F resulted in more marketable fruif =

“than When51m11ar fruit was washed and waxed (Treatments 15 and 16).

" b‘In only one case dld Weshlng plus. Waxmg give better results than dry
Mbrushlng iplus Waxmg k Thls 13 shm&n in the ner(cent marketable frurt
.Vd:afta‘ in T’able‘ 4_ for iTﬂr-.‘ez;tm_en’c;'s 13 "_a;nd‘ 14 ,of June lfxa;r'.ves‘ted Yu‘m-a fruit.
L With this one: exceptlonthere Wexe lax gerdifference s 1n favor Ofdry s
brushing plus WﬁXlngYuma frult tha.n Whe re snnllar comparlsens are
 madé for Salt River Valley fruit. i o
o "é»he‘micai trea,tment oéf Yuma ibfruif har"\'res‘ted ‘in; Marc‘h with the
. ..‘growth regulating subs*tances 2, 4 ) and MGPA resulted in'a evurpris~
- ingly hs,gh percentage of marketable :Ermte On the average, March

harvested Yuxma frult treated Wl‘th Washmg plus waxing and dry brush- at e

ing pi{us wax1ng and stored at 480 F hac, an average of 58 [ per cent

B ~‘mafke.tab1e-fruit,at th.e' .e“nd':of the‘-‘ Storage,, Frurt treated w1th the growth ) o

:regulators Wltheut Waxnlg averaged 82.0° per cent marketable frult,, _ co

A strlkmg observatwn was the complete preven’uon of mold ,

‘ *decay When oranges were treated Wﬂ:h the 5‘@ ppm MCPA salutlena

. j_]Despﬁ:e the fact that 24 @ per cent o;f fruit treated Wl‘ch MGPA were
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" effected by shrinkage, none .;gf th‘i_s',‘fruit de%reloped' any it'ype of mold

decay. Under identical circumstances, 12..0 per cent of t‘h,,e fruit

B treé.ﬁéd; Writh 2, 4D were :‘S‘efy‘eér‘é‘l"y-binffe"sted with, the "‘bluﬁe.-.-'g"iﬁ"eyen, mold ':;; S

dgéay; o

- MC PAI i,s.‘v a 's‘"ynthet,ic, '. grewth..re gula‘tingi;,s‘_ubs’icance W‘h‘ic‘:h ‘Was ‘
u.sed inthlsexperlment for’che flrs‘t tlme as a i:are.s.to-f;getr“eafl‘fﬁeht for
: c;lt'i;u,sl. “fruit‘.; ' ﬁo e,x‘pe" rimeﬁtai Work has b.eén' done éféviously to 'i'n_v;e sti-
"‘g‘.ate the e‘ffecéc; of thi‘s_,fcothp;;jfun& Qn_ci‘tru's‘ fruita :

It is WOrthWhlle mentmnlngthat mepercent of the ¢ hemlcally
; trea’t.ed;’:unwa:{ed ‘,‘ofaz;ges were satlsfactorﬂy marketable iaiter threé
. ‘m@,ﬁhsriinb"stofagﬁé (See da"t?‘_inlApPénd'_iX Table I) Pﬂs;si;e-lo:.gvical d‘isl-"
“ orders,mainly 's:‘@;r'ir;kég'e, toek pléc er-a,ft;e,}‘r :"l’;hlfe'e‘ -n:;.anhs?, w}sfh’ille;' decay
iiid not ,show up until ﬂv:e m'@nths 1n storage e:ééept for fruit treated 'With*" s

o 2_‘,4%'(‘5(3?5 Appendlx Table I).

Loss 9£Weight ‘

A graduaiand contmueus yred:uctigfni in the average Weig_ht of the
‘ frult Whlleln storage is shown P, T‘abie.s’ 5 aﬁdi 6. Un;i‘er all c’o“ndi’tion‘s"
tjh,ejr‘-.e'fw’a;s é;'x;:ather‘ c‘o,ri,s..tant 1ess 1n Wei‘gvht*dﬁ’rihg fch;e‘t's“‘tor"age per'i'od.or' a
‘ :_- .'lij?'he ._;@r@ge ,lov'S'sf of Welght WaSSlmllar \f@;r"fr.uif,picl%ed m

.. Mazrch frémqu_t’ﬁ tb.é éaﬁ River V':a,iiey and from Yuma (_T’able 5) At _' .~ ": :

’ché end. of five months storage, per cent lb.sé‘ in weight of fruit from the

&;alt Ri,v._e"r‘ :,vane‘-y f.ang,éd b’eﬁﬁeén Te “"I.-‘aﬁd'"lzli.,,"-ifper cént, while ',t_he" range” .-
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,_‘T'a,ble',5 Effect of the Growing Area, Prestorage Treatment and Ster- g
e Prgge Tempera‘ture on the Loss in Weight of Valenc1a Oranges ’
‘ y I—Iarvested in March 1960

N Treatment U Tnitial ¥
T Storage. !Prestorage TWelghtl i L
' ',‘Tempera‘cure v Treatment wer Frult 30 K 60 ' 90 & 120 CF ‘,"1,‘53 s
: : B o g . Per cent loss in Welght V

Da,ys in S‘Lorage

Fruit frsam Salt vRiyexff Ya_lley

1. 38° F . Wash & wax 1597 2.2 3.3 5.3 6.8 8.7 .

Zq .?‘:;85 F ,:;lry brush - 157.8 2.0 2,7 4.0 5.4 7.1

3. 48°F Wash &Wax'” 1387 3.4 5.8 8.6 1.0 12,7
4, - 48° F o Dry'bfushv, ‘ ' R ‘

Fruit from Yuma ' . a0 0

9. 38°F . Wash &wa.;_; 1414 1.8 3,5 5.6  T.4 9.5

10, 38°F. - Py brugh '

11, 48%° F W,ash &Wax . 141:06 3.5 5.7 8.8 9.8 .11.8

12, 48° F Dry brush ‘
o & wax .

17 48°F . 2,4.p% 0 1850 4.0 54 81. 1.8  13.6.

1605 1.9 2.2 3.7 5.4 7.0

152,88 2.4 4.1 6.0 . 8.5 10.1

1433 3.5 5,4 7,0 82 . 9.9

18, :48° F 'MCPA D 156.0 4.1 6.4 9.1 12,2 1405 0

Average of 100 fruli: (See cartons No. I and 2, Table 2),
Frui‘t treated Wl‘th 50. ppm solutmn of Z 4-jllchlorophenoxyacet1c ac1d

Frult i:reated W:Lth 500 ppm 25 Methyl 4 Chlorophenoxyacetlc ac1d
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' A'.Table 6., Effect of the Growmg Area, Prestorage Treatmen‘t and Stor--‘ o
) age Tempera‘ture on the Loss in Welgbt of Valencia Oranges
- Harvested in June 1960 :

Trea:tment T -t Tnitial _ * ‘ ' -
Storo,ge B Prestorage 3 Weigﬁtl 1 Days in Storage ‘

Temperature L3 ’I‘reatment ???»i‘ Fruit t 30 T 60 r 90 T 1267_’; LR gl

gm - Per cent loss in weight

F ruit from Salt River ﬁ}alley

5. °38°F  Wash &wax  155.0 L4 2.6 4.6 6.4
6.. 38°F - Dry bragh 144.5° 1,8 3.3 5.2 7.1
7. 480 . Wash &wax . 153.2 2.9 41l 59 7.8
'8{'._48 o Drybrush 4040 350 48 0 6.6 .89
&owax T A

U Fruit from Yuma

13,389 F 'Wash &waxj 1850 1.4 2.3 . 44  6,5.
R &_wa,a |
.15 48°F  Wash &wax 2051 © 3.0 47 7.1 9.2
- 16@ 4:80 F - | Dry brush :

207,008 2.1 3.6 59

2149 2.3 41 59 82

Average of 100 fruit,
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- Table 7. The Avera ge Per Cent Loss of .}'u1ce from Valem:la Orange
Fruit Harvested March 1960 from the Salt River Valley Dis~
trict -and from the Yuma Dis Dlstmct as Effected by Prestorage

'VTreatmenjt and Storage .Teln_peratureo .

Treatment ; 1 Per Cé1ﬁt'.1tiice by Weightlt P ‘ C o
Btorage Pres‘tef&ge - Before V. After ! ir ent
Temperature ' Treatment ' -~Storage - ° 120 Days ! O88
’_‘Frul‘t frem Salt Rlver Valley A ST L
1 389 F  Wash &wax  50.4 - 43.8 13. 0
2. 38°F  Dry brush e s o .
B - - : " & Wa.X ‘ - 49» 9 = v~ ‘ 4.50 8 » »- klZ_’a 2 .
3, 48°F  Wash kwax  48.7  4L4 . 149
' o _ - . _
4:0 48 F Dry brush . 490 6 ' ‘424 6 . 140 1
‘ 3 & wax ' . :
Fruit from Yuma
9. . 38% @ Wash & wax =~ 50.4 ‘ 43,9 12,8
10. - 38° ¥ . Drv brush o o
l:_(:)o ’ 38 F , Dry })?ush 5.1 . 45.6 - - 10.7
11. 48°F  Wash & wax 51l.2 44,5 13,0
. ' . Q- ./ F ) - . B
12, 48° F <’Dry brush 51..3 6.2 9. 9
17, 480 F 2, 4-)2 | 48,2 4Lz T.0
18, 48°F MCPA? 49,5 43,1 6.4

Values from trends derlved by plottmg per cent juice by Welghi: values
in Appendix Table IV 'See pp. 20-21 for explanation and methods of
calculatlono " :

Frult treated wrth 500 ppm 2 4—lichlorophenoxyacet1c acid,
Frmt trea’ced Wlth 500 ppm 2 Methyl 4, Chlorcphenoxyacenc acid



37
Wa.shlng plus Wex1ng and stored at 38° F | At the same temperatu;re,
these frult los’c only 12 2 per ‘cent When treated Wl’ch dry bru‘shmg plus .
| Waxmg prior to storage. |
AIn. mO'S't;veiase s, s’te-.r;a.-ge at the highe'r' tvefnéeraﬁufe, 489 F, fc.au‘s:ed\ |
-a“ ‘-grfe}aj":ej?v"l;efs‘s. of Julce than s_té:iir‘..a'ée‘é;t {t‘he lower éemlee'r.atlife, 380 P,
Thls wWas partmularly tru‘e of frult haryested m Jt‘me° ’ "Di%ferzen.ceé betwe,éx}' :
.stora,ge temperatures were not 'as gfeat for March harve sted ffulte ’MI:'h:ere
- ig ne clear cut dlfference shown betweer; storage temperatures of March
| ] harvested Yuma frur‘c 1%1 respect to loss of JIIlCea After 120 days ef 38° F
eterage ef March harvested frlnt from the Salt River Valley, the avera‘:ge
I:@:s'ec‘in per cent Ju'xce Wa;s. 13.,,0; '.and 1.2.02 pe';r cent in the tWo;. prve.st»o'rage
‘W:ax.mg treatmeets, weshmg plus Wa.xlng and dry brushing plu;s waxing,
‘ A‘respectwelya The corresponchng values at 48% F after the same dura—'
tion m storage were 14 9 and 14 1 per cent reepectlvely,. With fruit
hafvested from Yuma ne March ‘the average loss of per cent julce wasi ‘
‘.,I;z&:.a.B“.and 10, 7 per cent’ at i_t’he lsweir tﬁe'm'gé‘r'at}lir? and 13 @ an’d. 9;m9 per
cent, e»e,fsfﬁeativeiiy;t at the hlgher tem,geratufe, S;milér'rela-tiqns hip .
occurredalsg when the g;e;rf}es;t;was d;dee‘ laf,;ev_;-:fin‘t‘!f’xe? S.e_asjen_, June -
(Table 8). This QQ’Q}fl,firI;tifS.‘ othe:r results in this study c oﬁcerni_ng the loss: -
Qf“w.ei.gh’c.’@f the ,fr“t‘1",i1:‘x
| ‘ The Ja&e;rag:e less n per cent Julceof fruif tx_*e*afe‘d; with jtﬁe grow’ch
| :t";e;gl‘:_tlia;;":iﬂg substances, 2 ,.;4.-15ichiofaphen@xyacetie acid (2 »4-D) and.

2, Methyl 4, Chlorr;oﬁphenézyacetic acid (MCPA), was higher in fruit tr*ea;te&‘i
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- with 2, 4—D than in fruit trle.ated‘:xﬁ‘zith, MCPA Fruit ﬁre-ated Wﬂ:h 2,4-D
showed a 7@ per cent z‘eductmnlnthe per cent _j_uicé‘ by Welght afte:r o
120 days-ifn? ;sto>r.ag,e»», Whlle fruit tre.a,ted wrth MCPA. ghow'e‘d a r’eduction; )
of .é:n_ly 6. 4 per ‘¢ent. Cemplete &ia’éaf«?ahéﬁtﬂpér*c ent’ j’tﬁ--‘cr:e by volume :a;n&
pﬁ?r’:éeh’t Julce by .we‘i"gh;t are pr€e~§ented in Tables IIIia.rwxd IV of the Avppen-’-j
dm, respectlvely The tt_#,:é..adver/‘w%‘iiil find ‘.,sé;m;e' percentage ;df jﬁi;:e ‘value.‘s;” o
| }#hich érei higher i:l’ién i:h.d‘é’é ’fotr‘ aprevious analysis. This is due pri- |
- mamly to .‘v'a,vr:;ajt,mn,ﬁetwetéh v:a;qgiysi‘:s sample lwe‘ight;.s.‘ and to 'vélfki.al:i‘l'e' loss N

of moisture from the fruit.

© " Ascorbic Acid

There Was 'aﬁ ‘a;ci*ftfu,éir.ll reduction in the ascorbic acid cﬁntént of the..
fruitunder all cendltions, although Ta'bles 9 a.nd 10 show a sl1ght 1ncrease -
in :_f,'r;‘ui’t J.nseme gg;s,e'sg.: Th1s can be explamed by the'A‘facf that there ‘Was
. a reductlonln ‘thejulce contentéiurlng sterage As shown pr:évio:u:sly_ 1n
‘ T{é;bie-s, 7 Lé_nd 8, the I"‘.édl},(}fki@ffl in’ P?"f cent j’aice was as much as 14. 9 per
. centafter 120 days strage Since ascrblcaCLd 13 .yreport‘,e‘d as m;llll- - -
gfams per. 16 ml julce at ‘fhe' time of removal f:rm:n stor«.a,ige;_,' s since
‘ theameun‘t of jﬁizcg pé:cj:‘fr‘uit déé?'lf’,e‘a?%ed .‘.ap;pregiébiy, in Agtc;fa;gg,,;thereiq_ré,

the total amoun’c of ascorbic acid per fruit, in fact, deC'reaseaq‘ Table 9



Tabie 9 Ascorblc Acui Content of Valencxa. Oranges from the Salt
" River Valley: llstrmt and frem the Yuma District Harvested
March 1960 as Effected by Prestorage Treatmen‘t and Sterage '
' Temperaturs. ’

Treatment =~ . - Mgs Ascorblc A01d per 1@0 ml Julce

IS..td,l‘age“-i‘- v Prestorage T Before T Afer o Diffe ‘
Temperature 3 Treatment - ¥ storage ' 150days T i :er-e‘r%ce -

‘Fruit from Salt River Valley

- ‘:‘ | :1“.0 380 F .“- WaSh &E WaX ’ o 66 C - 51 T ; “ "].5
2, . 387 F, Dry brush 70 : TB4 216
Av.er,a»ge : B S ' A(SZ)

" Wash &wax 68 .. b4 -4
: 'A’Verage,' _ o (61) .

B

N
@0
o0
ff ke V

Average of fruit from S.R.V. : SR . (-10)

- F r.l*i’i‘ftff_l;._“()m Yurna,
9. 38 F Wash &wax 76 59 . =17
10. 38 F D i e \
10 8" F | Ty brush 74 s _ 15
. Avera;ge BT TR ‘ (59)
i1, 48%F  Wash &wax 74 .. 76 - 2

Z-LZ‘Q 48 :_Fj o lry brush 72 73 1
A B .Averége S - (14)

. Average of rrmt from Yuma L S - 7
oI 48%F 2,4.pt 7t o g0 100
18 48°F MCPAZ - 71 -V 13
Average of chemlcally treated frult o (‘8’2,') ﬁ

3,[ Frm‘t t:‘eated with 506 ppm 2, 4-D1ch1®rophenoxyacet1c acid

Frult treated w1th 500 ppm 2, Methyl 4, Chlorophenoxyacetlc ac1d° |
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Table i0. Ascorbm Acld ‘Gontent of Valencia Oranges from the Salt
oo River Valley DlStrlCt and fr‘om the Y’urnaAllstrlct I-Ta,i'vested

Temperature.,

' ‘A:‘frea‘fc‘ment' f Mgs ASCOI‘blC Acui per, 100 ml Ju.1ce

o St;afa:gé' K Pré;si:or,é_gfe' . Bef@re ‘ k Af@@r
Teraperature * ‘Treatment' o storage b 120 dav A

A |

. Fruif from Salt Rlver Valley

5. 38°F  Wash & wax 38 - 4l 3
' ’r&z’;th 37 34 . -3

o
e
Qo

=

A | ‘b“Average o o 37)
Ts 4: g0 o Wash &Wax R 37 ‘, . 33 ,.4, ,
8. 48°F . 1 Dry brush o 36 TR l .4
' .Average : o (32)
| Average of fruit from S, RV, o (=g

. Frait fromﬂYuma .

13. 38°F  Wash & wax 60~ 56 -5
YA 2O . g _ =
14p 38 v o ’I”Y bI"TISh. 61 B . _‘11 .
-_‘A've"r‘a‘.g’e‘ - N R (53)

15, 48% 7 Wash & wax 61 46 215
16, 487 D'ry brus.lh, 62 . ag 14
L e & wax S ‘ ' T

Average . (47)

' ‘A.‘x;/ér’ag;e of fruit from Yuma - - L o (_ll)

T S
¢ Difie‘xﬁ*e’nce?fgf v
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indicates that ‘some "tfe{atﬁiérﬁ;sr showed a ’gr'ef-b.t‘ reduction in ascor bic ~
acid during storage, i—~15 to —17ﬁig per lGGmI juice, while others fshbwed S |
. ah-apparent increase of not more than 3 mg per 100 ml juice.

- When har‘vgst‘ed at t;h,e; ‘same .time; fruit frem Yuma é.lWay’s had a

higher ascrobic acxd ‘content than fruit from "‘the Salt River Valley. In

: n‘sto‘rié;gfe;: frul‘t ‘lié::i%fe’sﬁed 1n1\/iarch fl}'ozéci ‘both locations behaved simizlar«:ljj-:_ ’ :

as far as the ascorbzcamd c‘dnbtbeh%‘, is comc erned When -.tihé: ‘hai‘;fe st Was
.don:e‘»laier," ’iJun,e~, ,ffui;t from. theYﬁma dlstmct showed a g::;-eate}r,i-edﬁ¢—,
"tlon in ascor‘mc-amd t’han the cerre séondlng frulf from the Sélt Rlver L
Valley (Table 10) The évervage redﬁction 1n ascorbic acid in frult from
the- Salt Rlver Valley harvested in June was )omly 2 mg per 100 ml juice A‘
o ‘a.ﬂ:‘é.rl‘ 12 0 d,ay-s" ini ﬁ_s.to_r:ag,e;r F rui;ici?piek‘éd,;at ﬁbe s‘,a;me time. frrorri‘Yi;rg;a
avera;g'ed a redﬁc‘tiqﬁ \Q‘f 11 mg éﬁéi‘c‘ofbic ééid:pe.r' 100 ml;ulce fc;i" tt;hej}
‘ same s.tor.ag'e- period, g

| Oranges plckedin Junecentamed lessascorblc ac1d’chanoranges
pi,.cke:;l m Mafc.h befa’r'e aﬁd during ‘;s’i.:OQairge;, - _jThe _cvha_nge in a,verage v;alu';e:s
iof ascorblc ac1d he%rever, ww}a.s essenuallyv the' Sanae for all treatments of
;‘f;rurt harvéstecl in June 'exceiat frult fror;n Y@a stered at. 48 F (‘ Thlg
group shojw’eﬁ a glr'eat:e'r blfeducti"gnyi’n_‘ a,scorblc acid c'oncc"aﬁ.’cra‘tion tﬁaﬁ all
Aotherj bgrgups;g ‘ |

,Theré iSi an ’iv_ndic'aiiicn of an ‘Aiifllte:n"aétioﬁ. of séor&g’é temperétufe*‘z“

' a;;ld time at which i.ruit ‘wasg hiarve ,S‘"t.ed _.ip ‘rgs}p:eg‘;t to... ch,aﬁge in -a_s;;{qrbic ‘ -

- acid during storage: There was a greater reduction in ascorbic acid in
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March harvested fruit when it was stored: at 38° F than 'Wheﬁ' it wasg

st@redat48° F The average cOncentrationof ascerblc acuim Salt

: Rlver Valley fruit after flve months in storage was 52 mg per 100 ml
_julce a.t 380 F and 61 mg per 10@ ml julce When stered at 480 F For
Yuma frult harvested in March the ascorblc acld centent after the sa.me',

si:orage perlod was . 59 mg per 100 ml JUICe ior fruit stored at 38° F and . -

| “74 mg per 100 ml ior frurt stored at 480 F Data presen:ted in. Table 19
show that for fru:rt harvesteé in June, storage at 48 T caused a greater‘
: reduction. iﬁ ?-.»as:eo:r‘bic za;cidx content th.an. Wh‘en-fruit-w;a’s sto-red at .38‘ F. o ;

Salt Rlver Valleyr fruit harvested in June had an average ascorblc ac1d

’»content of 37 mg per 10@ ml after 120 éays storage at 38 F compa;red »l

: “’5‘to 32 mg Per 10@ ml Jmce When frult was stored at 489 F. J'Ime har- -

""vest:ed Yuma ‘oranges sto-red for 12..- days h-ad ‘av‘erage ascorb’re a‘C.ld- :

S _':concentratmns ef 53 mg per 1@0 ml julce and 47 mg per 10@ m], Julce fcrr s

: fmut vtored at 38° F and 48 'F, respectwelyq

There Was ne partlcular ei'fect ef Washing or dry brushmg prlor "

té .si:erag‘e _on ’che‘changets‘ 'e';f_ a;szce:r‘bie' :agczd, concentr:atmn d-urmg stora ge{&’ :

However, the cencentracmn mcreased in the Julce of unwaxed oranges L
‘7treateo:1 Wrth 2 4—1 or: MCPA and decreased generally in Waxed fru;.to :

’I‘he grea‘ter loss of Water from unwaxed fru1t could account for the

. f.mcrease of ascorbic acid cencentratwn m thls frm‘to Wmle ascorb1c

: a_cid Wa’s ‘very hig'b,_i‘n. ur;v?axed fruit, 82 mg per' 100 ml1 j’ui:ce'»o:a the airer’—:.'

. ‘.;a:g,;a..,, a.t the }'_end of the "si_;’ozr-:a._g‘;e, ‘the .as;celfbiyc‘ac‘id‘;cem:ent.ratiéﬁ: was lower,
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.74 mg per 100 ml juice on. the average,. in waxed Qra’ng»e‘é. stored under
similar conditions..

* Total Acidity -

T@tal aéltilty of the Jﬁlce decreased proportmnall?r?with the
L' léngth of the storage pe:c'm«:i° Data in Tables 11 and 12 show the reduc—” S
e —tlon in total ac1d1ty by the end of ihe storage pemod_ for a.ll treatmentsq .
Oranges frém the Salt Rlver Valley contained more total ac1d-
than thos"e fztzom_'th?‘ Ynmadlstrlcta Re;iuctlon in totai _a:cidi‘ty:occurred
ata31mllarrate in eranges fr@m both growmgareasa
" Goneerninig the time of hatvest, fruit picked tn June had less acid
i,‘ﬁl: thegulce iﬁé.n frult i)i:cke"d;in Ma,rchq :T“ihe-'a;fe‘ra\ge J1_::ez‘r‘ ce‘nt‘ to'té.-‘l‘ ,ac'idif‘ty‘ "
l was' I 46 m March harvested frult £rom the Salt Rlver Va.lley, bwhlle‘toté.l :
‘liai.c’icyiity m J;lﬁé har-vested frmt from the same areé, averaged @, 78 per -
cen’c The san;e r;alatlébnSh;p held frue \of frurt frém the Yuma d1str1ct
.- ;‘Whéﬁpicked iﬁ,t-Ma.‘r“ch;: ,al‘aingfe‘s:i‘ frr@m‘ Yuma cganta'inc'a‘d an, avex;ag.e tot,al |

l‘ aczdﬁ;y of 1 13 per cen‘t whereas they contamed only 0. 56 per’ ‘cent total

S a.czdlty when p1cked m .TwﬂLeo o

}During storage, greater' reduc‘:twn m’total aé:tdrty" oééurred W:rtﬁ
ffult haf%rested in March tha.n' Wrth frult of’the June’ harve st. "‘A_lt‘h‘éugh e
 "1 March"h_az:ve S#éd}éra?xg'esi_wére. ﬁ_Sit;)’?ed fQ’-r. 150 éaYs’ a‘_"d' J une ﬁéi"\}g':st‘.ed .
orangesfor 120 days, the amcmntof r‘eduction i t@tal 8.C1 dlty of March |

harvestéd ‘_"frtii_t?\x‘ra".:é more than twice "that which gcctirred in June harvested =
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Table Il Total Ac1d1‘i:y in the Juice of Valencia .ranges from’ ’che Salt

o ‘River Valley District and from the Yuma District Haryested

~March 1960 as Effected by Presterage Treatment and Stor--
age Temperatureo : : L

A

.A Per Cent Total Ac1d1ty :

‘. Tre atménf

" Before I . After T .

' S{d'»ra:'ge' t Pres'tor'ag‘ei e
storage ,T, 150 days ¥ Dlﬁ‘erenic'?'

. Temperature ! Treatment

L B M

S Frmt Irom Salt Rlver Valley

387 F Wash & wax  1.36  L20  -0.16
2, 387 F - Dry-brush' : 1. 4% . .18 -0.28
: & wax . :

®. .

- Average | “ '(1,0-4'1) o (19)  (=0.22)

F Wash & wax' 1,54 - 1,04 ' g, 50 |
8 F - 'Dry brush e 1,48 ' 0. 98 ‘ :7 =0 50 .
& wax ‘ ‘ '

- v 'AVera.ge ‘~ (L 5-1) ~(L.00) . (;-0,0‘5;) '

W

Q
W T
0 0.

‘Average o:f frult fr@m S, R Vo (1046) = (L.o9) - (=0 36) S

Fruit from Yuma

9. 38°F  Wash &wax- 1,13 0.8  -0.27

, | 113 0,85 g,:o,;fzg

’ ‘ _,Aver,ag_e_ R (1013) | (0. 85) (-0.28)
11, 48°F Wash & wax 11 0.75 -0, 36
12, 48°F . Drybrush L13 . 0,70 -0.43
LD e, TR SN S o ETE
e .A'ye':::ag‘e"‘ S (1012) (0.72)  (-0.40) "
Average of fruit from Yuma (L 13) ©  (0.79)  (-0,34)
17. 48°F 2,4 1,07 e.70 - -0.37

o 18, 489 F MCPAZ L L9 0,69 o <040 o

Average of chemlcally treated frurt o - (0. 69) | (- 0 39) h
1 Frul’c treated Wlth 500 ppm 2, 4—)1ch10rophenoxyacet1c ac1d., .
5 :

Frult treated Wlth 50! ppm 2, Methyl 4, Chloropheneayacetm acid.,
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Table 1,2 Total Acidity in the J'ulce of Va.lencn.a Oranges from the. Salt .
: Rlver Valley District and from the Yumia Bistrict HarVes‘ted.
_June 1960 as Effected by Presterage ‘Treatment and Storage

T empe ratur e.

‘ Tréatmént : Per Cent Total Ac1d1ty

Before - Aﬂ:er r

Stora,ge T Prestorage ; N
Storage T 120 days 1 Dflffetgnce

Tempe r a‘ture 1 'I‘ re. a_tment

o 2

Frult from Salt R1ver Valley

38° F* . Wash &wax  0.78 0, 63 -0, 15.
: 00 . ‘ v
‘ :6‘@ i. ) 38 F Dry brush ) @ 78 : o .Qa- 67 , -_/e. 11

Py .

U Ayerage . (0 78) TO{0.65) 0 (-0.13)
7. 48°F  Wash & w.a_x‘ ‘j 0. 780,61 - 0.17
8. 487F - Dry brush. 078 0. 63 -0. 15

Cavbrage (78l (e2) (036

- '.V‘A,Average of frult Ir@m S R V~ (078) S (0063) o V‘(...QQQ];S) » 3 |

R F .i“uit' fr-o_rn Yuma
13, 38° F ©  Wash'and wax:~ 0,56 . - - 0.49  -0,07
14, 38°F  Dry brush 0. 53 0. 51 -0z
L wwex AT R O T
‘~ _.Average e, 55) {0, 50) (-0, i5) .
15, 48°F  Wash &wax: 0,57 041 -0, 16'
16, 48 F 4 Dry bru,sh 6,57 | 0. 44" _ er 13

Average . {0,57) - (0.43) . (-0.14) -

' Average of fruit from Yuma - (0.56) (0.46)  (-0.10) .
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After 150 days or ;_1',21@ days of storage, ‘there‘v\xzra;s‘* 2 net increase
in .s.Q'lubl*e solids in Salt River _‘\;r’;alley_fijuit ‘avnd‘ a net reduction in soluble
solids in "f‘ru'it from Yuma. “On the vave'rage., s»o;luble{ _‘?svollidsg in the ;j'ui;ce‘ o

of -orange’s ‘from Salt River Valley harvested in March increased from

12.6 per cent to 13 I per cento Te:’c.al rso'luble solids. iﬁ‘f'rui‘vt ffr-em‘Yuma"

: harvested in March decreased frem 13 O per cent to 12 6 per cent after B

-~ 150 'days in stb'r age. A .isizn,ilar‘,tfend‘eccurred 'With;oran ge‘-s‘vha_r‘ve-“sﬁed

.‘111.'.J'1.1‘r'1e,o Fruit fromvth‘e Sal't Ri_v.er’Vavlley chéngedﬁ <‘1n ’v:‘zetal solulble solids S

’Afrlom 12, é‘per cent to 12 1 per cent, Whlle ‘that fr*om Yuma changed '

from 12 5, pex; cent. o 10 9 per cent durlng the IZGIdays storage peno‘d.‘
(Table 14) ’

. N ‘:;:‘an:g‘es 'haryge sted in March con‘camed m_qre solublesellds than -‘ S
f:r:‘uit li,ar'vee?c‘ed m.]’u.neo | The combmed effeet' of tiéxie of harvestand o
grow;ing e,r‘ea can be se.én. by comﬁ'aring data. in Tabie:s 13 and 14, . The
amoﬁﬁt of dhan.ge~" of _‘Eh.e'.,’s.oluvble s,.miid.s;.»cohce-ntratio;n. in fz;uitiha-;:‘:"v.,‘e:st_-ed‘;_
fromthe Salt River Valley iﬁﬂ..yi\/iairc'h":&afs | g:;: sater than 'mef 'c‘ﬁ,:aﬁ‘n g_.g-" which
OCCurrea ‘irlxif‘xf#i‘i,t_ har'V‘eeted"in '.j"uﬁe; The reverse was ;'i*f'rue in frult :
plcked from Yﬁmag o

s Storagetemperature appearedto have Very 11tt1eeffectmchang~

‘ 'iﬁg t.h:,e..:éb'lub.ie S’olié’e' ;,‘c'on"c::entra,tj.e;i 1n‘che vj'uicze of fruit in ,51’1 tn':'eatIﬁe_r_rts:'
except- ii;i the,c.aee of ,ffuit from "Yuirna, W‘hich was piek.ed in June .er'id

"stwred at 480 F This trea:i:men‘t ,&ppeared to result in a reductlon in.

.solu'bla sohds by the end ef the storage period.
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" Ratio of Total Sofuble Solids to Acid

‘ Thev ratio‘y..’o"f ﬁdtal .‘s-olublé' tééli%is "’cé acid 'inf::‘reva-sed g.r‘adﬁallsf dur—- .
.i-rig'.fthe's‘jtc')rage‘ fe.r_iodf, 'Thi.s .ihdicates:_é.: relative ‘vr.edu,vcti;oﬁ in the aciﬁ | . -
content of ’E‘Elé,jﬁi'cfeﬁva‘,nd,a ‘r'e‘la‘i‘;ivx'}e;inc'rev‘a.s‘ié ;ﬁ;ihe;;;;glﬂ%lél _so:lid.;séf S

whetﬁé-r‘ it was haivested in Mazch or J_u'n'é,? frait from Yuma 't'l_a—d:
ia., hiéher s;)lids t_o" écid ratio than. Salt ‘.‘R‘iver ‘i}a;lléy fruit. As was
expeicted‘, ‘.frﬁi:t har‘ve.sig.ed‘ in June h,ad-a,ratid: ne‘va'rly 'twme as hlgh ,as" the
e V ra’cmfoundm frult Ha.ive‘stéd 1n March SaltRwer Vail_éyx frult I%;.éj;*-veét_e’d o
in Mar.qh ha'd\vé .sAoZ’lid:'s t§ ac1d 'r’at:i-o of 8. 6-'é(jyrr;pafie<i. to June haifv’e:',s‘te&“ kA
frurt Whi‘c‘hv had a ' 15 4 t:_o’ ,1 ra;t:iog W 1th .f.fuit from Yuma, ‘the raﬁo av.el.'- o ,
:.‘ ag.ec} 11 5 1n Marchand 22 0 i#. J une :és‘. dl-ev,‘ter.'mined, by ‘_t_line. p:r:estbzfafgé :
aﬁéiyvéis,; , 'ﬁring.;fs.tor.é;g:e:f, 'hQ".E_'f.é"‘)‘erl’; vér-igtions mthe soluble sol;tis: to
acid ratio Were m_o>re frequent Wiﬁﬁ fr.ui‘f. hérx}ésﬁ:‘ed in .Jﬁﬁe, ‘wh‘ilej‘_(_thé .
, ratm i1ic_réa$‘_¢d constan‘cly inthe juice of fruit h.‘afve-svt@_idi in Ma,rch '(sée' -
Appenduc Table "\[III) H |

» "'J-Z"Vhe a,vje r.a’g»g change in the ratio of .S’o'liaé toa acid was gr"ea;ter- in

fruli: stored at 4’80 T than in fruit ;s"iié*red at the lower t.emlf’),er.g’tu:;‘:t‘a;, 38° F ,
;_-fe:'gard'lé:éé Qf the_ t1me®f harvest andgrow:l.ng area,, | o

| . The p.ré:‘sﬁ'i;};c;xr.ag.,e tf-e»,atmeﬁt,,Véfié.d 1n1ts 'efféélﬁ, depeﬁding'qﬁ th_é
date 'of..ha;'c-ve's:t;-. 1n ‘.re»ga_rdbw t'hei ratio of solids to acid. In fruit. har JRE

v.e'ét_ed mMarc h, i::xféati%:ier;t with the d.ry b.:ic‘ush‘plus; waxitnvg ‘cau.stedv' bg' ’

hlgher rate of increase in the ratio than the washing plu‘s,: waxing



T 17, 48°F 2,4D

Table 15. The. Rat1o of Solids to Ac1d in the Julce of Valenc:.a Oranges
e from the Salf River Valley Dlstrlct and from Yuma District -
Harvested March 1960.as Effected by Pvegtorage Treatmen‘t'
L ,and Storage Temperaturec : ; o

Sol:Lds to. Ac1d Ratlo

‘Before . ' After tkD‘ffv: T
storage T 150 days R ‘l» kerevz«nce

Treatrnent

= ey e )

Storage ¥ Prestorage
_Temperature ¥ Treatment

Frult from Salt Rlver Valley

F o Wash kwax 8 9 107
2. 38°F .\Dry bruslh. | 8.8 1L.e . 2.2

,_.
w

R
e
bef

Average . (8&8) (10.8) (2.0)
Wash & wax 8 3 12,9 0 46

- Pxy brush 895 . 13,5 0 50
& wax 5050

Averagef R “_‘(sgé_,g) S o(13.2) . (48)

0.
%
b

‘Average ‘of fruit from S R. V. ( 8fa 6) » ’(120 0) o .(3‘@ 4)

B Frult from Yuma

9. -}38 F "“Wa,sh&«%ra:';' s 14z R
10. 387 F - Dry brush L5 15,1 3.6
: & wax : o _ R
: . Average e (1L (14.5) - (3. 0)
11, 48°F " Wash & wax . 115, - 16,4 " 49
o o ™ ‘ i H.\' : C . o L - L “ . . E
12.,; 48 I‘ Bry bru,shv. 11,7 i8. 6 b9
Lo . Average o {11.8) (17.5) . (5.9)
Average of frult from Yuma | ) (1105) ‘ (‘lé‘gi);)‘ V (45}
, : ?é S TiLe o 1803 6uB
18, - 48° F ‘MCPA® . 11,7 18,8 0TI
‘ Average of chemlcally treated frult N (18.5) (6. 8)

‘ .1 F‘ruﬂ: t'reated with 50@ ppm 2 4—D1chlorophenoxyacetlc acid. o
qult treated with 500 pprn 2 Methyl 4 Chl@rophenoxyacetm ac;.d‘, o
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Table 16, The Ratio of Solids to Acid in the Juice of Valencia ‘Or"ange‘g‘. I

from the Salt River Valley District and from the Yuma Dis- |
trict Harvested June 1960 as Effected by Prestorage Treat-
: .ment and Storage Texnperaturen B : :

) Treatment Sohds to Ac1d Ra’clo

‘ Storage R Pfestorage

" Before ¥  After % D'ff '
Tempera‘ture 2 Treatment ! .er‘en_ce

storage 120 da‘jrs *

fad «z«-@ L

J:' ru:ﬁ: :from Salt Rlver Valley

F' Wash & wax 15&_4» ' 19.4 4
Dzry br.us.h. ‘ 15,4 1902

o
1]
(V]
L.
0
bz
W
o

L& wax o , A |
7. 48°F  Wash &wax ~ 15,5 19.7 4.2

8 48 F = Drybrush 154 0 19,5 4.1
T & wax : :

I""-‘Avemge (15° 4) '”'-.{-v:“.“(:19;,;6) o

i /-kverage of fruit from S.R. V. “(15«‘4) B ’(1‘9‘?4)""' | (4.0) ;

“Fruit from Yuma

13 "38° F . Washand wax . 22.3. . 23,7 L4
N Cowr Taoary by : o . : I
14{ ,' 33 .Ff - Dry brush 21,7 7 23,1 - 1.4

’ ,Ave»r‘a,g;e’ ’ » (22, 0) v (23.4) (10‘14')"
15 48%°F  Wash & wax 2203 .o 2506 . 3.3

P, SR - N T - '
16, R R ;Y\f;‘?hu 21.9 - 248 2,9

Average S 2.1 @2s.2) (3.1}

Average of fruit from Yuma  (22.0) (24.3) . (2.3) .-




- "

' tréeatment.  There was no difference beétween prestorage treatments when
" the harvest was done in Tune.

- Miscellanequs Qbservations

Cvo'IO"f;;;%fColor'w’eé‘ moi'(‘e*-developed‘,in,fr'uit from the Salt 'Ri‘ve”r"
' Va.lley than m frurt from Yumzap Us;mg the ”Mer”z” and Paﬁl &icia:ieﬁa;r-y of |

corlor, Dranges from:?the Salt Rlver Va.lley gfaded t9 I 91 While these oy

;'f' r;from Yuzn graded‘ 39 K 8jI Zlunng sterage as a frurt became ér:ter 1n
,‘.appearanc;e it usually developed a duller shadeo : T;hi's. was moset e’ftren

‘ observed m unwaxed oranges subjected to the chemlcal treatmentso At )

w.:‘;_-_fj;,j.the higher temperaturey the Stered frult became netlcea.bly deeper in '

-' f*.cqlerr,, The deeper erange cele:r however, was net consniered detrfl—
) men‘taL ‘

‘Taste. = Q—At eaéh‘examiﬁe:tien:, a.ll fr‘ui.t' Vira‘s 'cut intd helvets;' an‘d
L _

. systematmaliy tasted The taste was Judged by a group of people Whe

» represent the regular consuxmer° Frult from the Salt Rlver Valley main- -

'-taine‘d-~ ge'od ‘,ﬂa;var duffing the -entire’ storage ,per-ie.d and, the tla_ste ev.en

:.“T_‘;"seemed to be 1mproved dn sterageot On the other hand Jirurt from the

Yuma Dlstrlct started developlng 2 Watery ﬂat taste. after three onths
L in storage, espec:LaIly at tb.e hlgher ‘cernl:terature<x Suc.h taste is cha.r-

'-,aetefistm of over-,ripe fruit aﬁd ‘c.a;n. be r'ela..tea to the: lo:‘s.-s» of'acida, After o

-,iou;r months n sterage ¥ Valenc.las frem Yuma wh:Lch were plcked 1n June E

- "develgped an noffﬂ taste, even When the fruit a.ppeared perfectly good o
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~extern.atlly° There was 2 slight ch.ange in the taste of June harvested

| . frurt frora Sal‘t Rlver Valley at the end of stora.ge

Genezr.al appearaglceo ~-Firmness, wrinkling, drying out, pitting,

.tam'i' color w:ere 'ali‘i?'aken,:lnto’ cen.ejideta’cion,‘in:. judging the fruit for its
R fg;‘eIie'r.a;.fI._é‘m):earé;:ﬁ{ee; :? ranges ffom,.tjhe_éal‘t 'Ri;v‘iefrj‘\?vfailey "ﬁicked in
| Mérc’h were in e‘xeeilent appe*a‘;ra‘nee at -’che-‘ enel of five menths? storage.
' Fruit fr‘vo:r.ﬁ Yumé of t,'h,e ,s;.am-e' h_a.’rveé‘t were greafly affected ‘by ﬁnd .
, p:fctmg and discaleratlon when s’cored under the lower temperature, 38° o
| When harvested in June, a releztively hlgh proportlon of the Salt .

River Valley ir‘u;ft_w—as 1,nfer10'r' in its general appearance to that of Yuma

'Eec;-ause. of fhr’i?s ‘_J',,n;j:ury;, Sﬁi?‘?‘@f@ﬁ C‘iﬁtrii (Mouli‘:on), ahd Wi,nd scaring.
Thmps 1n3ury was desarlbedby Hllgeman (Zﬂ)as a eca.:r rlng around the
fruit bﬁttdﬁ and !s_;c;mg .o:;f ether portions of the fruit. | o

| ‘ Des,.pite t.he{. fect that a h.igh. prfoi'p.o:.r"’ti'c-)n of oranges from the Yuma
“ Dlstrict Whichfwe‘re pmked m June kept _th.e'ir, good 'appearan‘cehg‘n_t_il the
eﬁc"; of v‘che\‘ ,s-i;,e-fza‘gé,i"‘ a e:ensficie.rﬂabﬂie'»nﬁrnbe;' 'c}f ’t’h,eﬁs;e .fruAit s‘us:;cained’ gr‘an#f
uiaticxn. (dr‘y’he-‘s‘s 'o.f_ the :juic e sac s) | In addition, some of these_oran:ges
d.évé-mpedf' black ro’t‘v}h'ich, éid; nmt‘.?"shew' a;ny exter:nél .symptojxnis‘:; :

Fruit bott@ns, »~After three or. four mon‘tb.s in storage frult |

buttons starte& i:o dry out ané’. fa.ll off.’ Some‘ d,f. the se bu‘tte-ns d_evelo.ped

' bla.ck rot due to the £ungus Rhyzmpus mgrlcans whlch affected the :

. genera.l appearance of the fru.it, .



‘' DISCUSSION

The ob;ective of this study Was to determlne the keep;mg quality' -
: and changes 1n phys:tcal and chemlcal characterlstlcs durlng storage of".: :
o V_a,l'enc'ia; ‘Q‘r'anges Whic;h .h,»_ad d_i,ffe ren_tu.initial 's’itage-s of m.atufity.u These

'di,ffe.r‘eht iﬁitial,cdb_;ditiﬁ-ns- were obtalned as, are sult. of ‘ha’,llf;x}'e't*sting-i.f:uit = )

o fi::Om «tWQ; d;i,fferﬂen"c‘ eﬁvi(x:’:o’nﬂflental é;onditiéﬁ"‘sx—'-Yuma and the Salt River ey

: Valley--andat two éiffe_feﬁfda’ces—-M_érch and June. Such fruit, in e:a‘cih_ -

'r"»g:.a;se was subJ e.cted Ti::O" tw.o- ’diffferient " pf'e"sftor:a ge tfre'atmentis' of Washin_g o

pIus Waxing and dry brushmg plus waxlng, and was stored for four to

o : 'ﬂve months a‘t two dlfferent temperafcures—-SS 'F and 48 F

Frui‘t from "th‘e Salt River 'V,a,lléy was grown under' c-o‘nd_iti;(;ﬁ's Gf ,
ggrav‘e‘iiry sandy loam S‘OilAjﬁﬁdérlain at éyﬁsut.éhe SO-Anéh. diept_'hﬁ Wit,h a cal-
A' -car:éaué calich,e'-@,.ii"‘i'h,e" cii:;%nét_e is ch_;arégter'ized by high maxzmum and
‘meantt.érf:'apeir!aiui;:e;s 3 1ong ‘&ot sw:nmersand .s_'hor’t‘xhild; wmters, I'o:w;' . |
| annual- .ra,lnfall 1G;W relative humldﬁy; fe;pid evapora;uo'ﬁg a.nd é h:Lgh per-? N
| _c'ent.a;gte of sunshlnea 'I'i:e dally range in tempera‘ture is usually great

and 31;he~ énnua,l me:éﬁ. ."c.emép,e rature i-s 69’,;_ 4° F (19, .250)\,..
T.he'soil of thé YﬁmabMesa distrmt 1s a deep, fme. sand contam-;’ |

E_fi‘rfi;gg";;i;_.n'"s\:ome ‘agr',g'afg‘,_ ,‘s'.’mal_l qua’.ntltl;,es,bi" s1lt Nltro gen is deﬁcwnt but
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phosphorus and pclatas;:"s’iﬁmi‘aije pn;_:e?ient in é,mple quantitie‘;s fc;jr"éitfus:n_
The Cllma‘telsc haractemzed b;r 11ttle ramiallpa dry atmosphere, rapld :
| evapazl;‘.-a_’lt.i‘éﬁ A. of :’cné‘i'sk’:cﬁrbe 5 and ah ,vu'n'u"s ually hlgh ‘pe é‘éenta g"e" of :é‘.uﬁ,s:hineg
| The ‘n:;ean.(‘a;nr::u-al ‘{cérﬁp'e;r’a‘c“ur‘e 1s 72.19F ( 187,, 2@)'}-0

"‘ Suc',:.h.&fiffevfeﬁc 'e‘.é im: enyirgonm,entall é@ri&_i,tion‘s would be éXpee‘tetd
. ’_It'd cauSGSOmedlfferences ini rates of‘the biOChemlcal reactlonsoccur— -
ij,iﬁ'g, m fhé fruit durmgdevelapment and m@fu?a;’tiioﬁ, and, jé’ubse‘%;ﬁenf:tlyi .
-é.ffe ct' st@r%ge behavior. Ev1de,nce fo:x;‘ d.iﬁériérxces in the pﬁy:s_:ic:‘al and
' chemlcal é:h‘a,'ra;‘cte.fi\sti'é-éf"be*i;we.en.Qr‘anges,‘ harve Sted' fr;nm the two grow- - '
ing. areasga‘tthe twodlfferem dates has been pfe-sf:ent_éav 1nthls ‘_:s;tiudy,,_ Gt

T@tal ac1d1ty was hlgher 1n the Juice o_'f oranges from the Salt

Riﬁer Valley fh;anv‘in :o«xf.angé:s‘; fr@m Yuma at ei{‘:her d_ate of h‘arve:s;td Fruit
'pi-ck‘_ed.’,:‘i,n March I'c'c;«‘x;..ta;i‘.l}'i,edv, mﬂ‘if‘}e‘total ac:iciity‘ than fruit p‘i'ckeé m J@e |
- fromboth areaSFor ‘the. @range'SUSed in thlsstudy the descendlng »
';.0:‘1%‘16_1; o.fi iniﬁai totél ac1d1ty0fthe JuICe was as ,f;ailows;é o'raiiges picked
in Mar.ch, frs;n the Sétlt. Rj.xfer ”Valle.y' 'had an“.iaj've’ra-ge initital..aéidity"df' '

1. 46 per cent oranges pmkeﬂ in March from -Yuma Wl‘th 1, 13 per cent

o -“vtatal ac1d1ty, mranges plcked in J'u.ne from the Salt Riyer Valley w1th Q. 78 pa

‘per cent t@rtal ac1d1ty, and frurt harvested in June from Yuma Wlth the
'»1owest average initial total ac1d1ty of <56 per cento o

There was, generally, an :mverse relatlonshlp between the mltlal

.. toﬁal amdrty and the soluble solids con‘ﬁ:ent of the fruito Fruit har‘vested



T o m March from the Yuma area. contained the hlghest soluble sol:u:ls per—

‘..centage, wh,ile eranges fro‘rn the Salt Rlver Valley harves:teé in June had

- the‘ lowe‘stb :

The seluble solids t@ ac1d raﬁ;: 1s wsually u.s"jezdj."asf aﬂ.’index'j;:o{ L

the de gree of nafsﬂnuv:rt:y'° Anz’ elgh{: ,to Qne ré,tio: i"‘s’i:conSide‘réd the mmlmum ’,

Lo le ga,l maturlty for Valencna eran,ge ﬁruita Accerdlng to Harémg et al..

. '(17), oranges useé{ in this experlment ceuld be cla.s sified Wlth regard
to the degree Of maturrty as followsu o
{1) Oranges pmked in March fz“om the Salt River Valley, ha.v;ng ot B

' a. ratm of 8. 6 were legally mature Wri;h the presence of a coarse tas:teo o

(2) .ranges p:Lcked in March frem Yuma, hav:mg a ratm O:f ll 5
were ef gooci c.ommermal‘ma‘tumty; S
(3) I‘rm.t plcked in J'une frem the Salt Rlver Valley, haﬁng a
. :lra;xt‘m §f 15 4 Were prlme frult;, R | R
(4) Oranges harvestéa 1ﬁ J'une from Yuma, h.avm.g a ratm af
' :22 O Were overs i-lﬁe; § |
‘Hardiinkgi‘s. c_’la.ssifi;zaig{idn'is based on Flonéa Val-e;néﬁié;‘ .o,?anges'
'from trees ﬂn Réugh leme;x r@otstock° It Would bé gene.rallfcons;tdered 2 - .
‘fhat Arizt);ma Valem:ias Wlth an' 8.6 ’1 .r.atlo We:al;i be belc)w commermrals,‘[ B
a‘cc epta;biiity with an zaclid,fltl',aavarq Ari%@#é qran'_gezs' having_ g_ rgtio_highe:r.y
than15 1 Wauldbe cons:Ldered aver-ripeo These. dlfferenees m omg- b
' iﬁél‘ fruitmatunty We‘iﬁé:_ ;f;n.:}z;‘it'he-rl refl’eﬁé?eé in'itﬁ\e‘n éha-ng_es: which ta:ol;. A

placedurmg storage, .o
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The 1nver se 'J;é'latign "11'1 ch‘éﬁn géﬁ's‘ of total acidity and ascorbic .- acid-
men‘twnedabevels : a.ls@ 1nd1catedforMarch Ha;_ve:s&?i_ Yuma frmt, |
.,g'chorﬁrgh no;t as clearly g This,,v,;féla‘i’cmn;‘s:hip'dé,és.,ﬁcv,)-'t"apéeléari to be tr"u‘.eifc;fﬁ '
fruit’,hai‘vej..sfed mJuae | N |
Storage ch1111ng 1nju1~y ig known to affect frul’c of troplcal and
.subtrepical origin When exéosed to fempéra;tures below 509 F but %Lbove
_ ,their -:ﬁrc.ae%in._g p@int,.§28'~’ F f@r;o:r;ang‘e;s ) :S.e:y‘erity :zé.f_ ;inlﬂiry;_g?#efraliy; :
'Lincr‘e,‘vzia;.é"le s as s‘té‘rﬁgét‘e‘mperature' dec fea;rs;{exs -and duratiéﬁ ef exp@Sure '
inczfea's.é,é:; - |
‘Data has ‘b‘e;e‘n pre':Sre-nted in jthi;s" t,he-sis indicating th‘fatt" ﬁnd break-
. down ‘and dlscolorati@ﬂ was. the most ‘sermu‘_s defect durmg sterage
| espe‘ciaﬁli\j .With ffru‘it frtor'n‘ Yuyna. ‘s.tor’éd at 38_30" F. Th1s ph‘;’rsmloglcal
dlsorder re sul‘ts from 11berated oll‘from the ;skln due to the depress10n
. of .the'v tissues .s:ﬁrjroﬁnqdinlg the ,ind_ividual_ oil glands (’33-_);.,“ S;hortly after -

the injur y’occ‘uer’, irre gular' shaped '.é;;reas develop a brownish-green

Wh1ch materlally decreases the marketabllity of the frul’co ‘ Many factér.si v'

' | cmuld account fer che greater ausceptlb:tllty kof Yuma frm’c to rmd break—;
down a;’c the loW ,As;f't-'?erage temﬁératureg : _'Th‘i:s fruit was subject to a short

‘ per‘;iod of néar fre:é.ziﬁ-g ’t.em.pe.r-ature ‘.dulring the first week o,:'f‘;]'vam‘z:ar_y,

’ two mon‘ths béfore the first harvést and four months "before the June har-—

: V'Ve.fs.ftvp‘ Thls cald weather couId bave cmntributed t6 the @ccurrence of

B vr"ind bbr'ga;kdown in Ymna fruit ‘Wh_ilef in fs.tﬁrage. A brui.s.eror' pzjés's‘{ure_ R

on the rind when the fruit was picked, handléd, or during transportation
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. _from Yuma to Tempe (La.bouf 200 mlleS) mi g’h‘f r;;l'_'s“o' have b‘.e»,e}:;‘:a( :C,'t‘}ﬁftr'iﬁu--' .
‘- ting faét-o'if 1n the ”hi.ghe.r injury with rmd bfe.akdown (5)° _Ri‘ﬁéj‘bx":eal%dﬁwn :
. the ,s‘everity of the injury increases with the dura’cion of expesl;xre ‘(}5, 6',

33)9' lecc-Qi‘ding‘ffo. E‘;aksv (6), diffe rential temperature coefficients Afor-

“some of the yarious enzymes or enzyme systems could very well account . .

- for an-accumulation of ceértain metabolic ‘int.e'rmed‘i”a’vce.sr‘a.t low tempera- .

~tures, 0° C to 10° c, ,Izi‘additie.n? “the' accumulation of excessive 'aj_tnqzunts'

of certain m-et.ébO'_lfit‘e-s,' may result in pﬁysiqlo-g‘i,c al gps.et.S" andde'ait‘h:o'f e

the cells, with subsequént devel.opfn.enit of the ty?iéa-; sym.pt@irié of chill- - =

- img inj:u,:gytduiﬁﬁgi-;ﬂjﬁ@i}‘aig@?, e

In ‘thlS éx@er’imehf the best keei)?i;iig ,quality Was‘ ic;bt:ainéd’v&'ith' |
oranges harvested in March treated Wl‘kh dry brushmg plus waxmg ana
‘storage at 48 F, Best results were @bta.med with Salt Rlver Valley

',fruit Whlch had & sohds ’co ac1d ratlc of &; 5a The'sre vej’sults ’ar-e .s'imilar ‘

to those of Sta.hl a,nd Camp (36) Wh@ suggeste'i tha;t best storage Would be S

, .obt-alned Wlth. :sl;ghtly under:-mamrie rmt
| i-“ne gf ,t_he‘ més@ inter'élsfix;g ;r‘e.svu]‘.tvs' a‘b‘tainedv 'ff'dm thivjs? gxpe,fi:cnent
'y"lwas thétt obtained from- trea“tizig o:"ranges: with ‘tﬂe ~ grewth ‘fe.girlle;t.ing sub-
stance MC‘DA (Z Me’chyl 4 Chlorophenoxyacetic acid) w’hich Was uSed for
' T“the flrst tirne as a prestorage trea‘tment Wlth citrus fru_:.ta. A relatively ‘
high proportlen cf eranges Lrea‘teu with both 2,4-D and MCPA remamed o

ina rketable condition untll the end of the five months? scora.ge,, .
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‘_‘s,tora;g"eo/ Pot.afo- tubers:, for exa:mpi'e, show no m-ar‘kerd'bﬁd.-’inhibiting__ , |
\,-effecitis": from épplifc.atio‘h' of 4»thldr’-‘o-p:hendxy‘ace-'tic ac_‘id-; Z, 4-}3?,’%.9&14 :
Z, 4 6 tr:chlorophenoxyacetlc ac1d However, the closely related.

phenoxy compound 2 4, 5 T is very potent in'its bud—lnmbﬁ:lng effectsp L

The action of growth regulatmg substances agams’c the develep-

| 'vnent ef fungl Was 1nvest1ga.ted by lescafre Arnllaga (16) He found

that Z 4 D showed strong inhlbltory actmn agamst Penlcilhum algztatmn, ;

whAichaeau's:e;s the Agf:eer;.‘ mo%d' of citr‘us, .ffuit;, and Phomopsis ci_tri,’ Wthh -

' Gauses the stem-end rot. Marked reduction oceurred in'oranges dipped <
- ‘t_k‘;r’ee toflve mlnutes 1n@o 1 aﬁd 11., 4] perc eﬁt :vsoliutiensf_ ef 2,4-]3),, . |

i G?;anuiatioﬁ ‘?E_T;d:r‘yﬁes o ;Jf.f the jlé«;ice".s_a.‘?s was 0'$-$e-r'vec_1 afte'l; 120

daysmfst@rage m lfrul‘t frgf.n Ymnawhlch Was plcked 1nJune° ThlS
il]éhyﬁ:iﬁlé:éi;ééi defectwasnot 'ab:eer-;re'évinv elther March or | Juneharve steé;
fruit from f,he S.e],t River 'Vaiiey' or"iﬁ‘ fruit fr.em, Yuma vharvte‘s:fed :-'Ln'v

. ‘March i)eveiopment of granulatlon ef Valenua ora‘qges d;zrlng storage
Was demonstr‘a’ced by MacRﬂl (26) Fawcett and Lee (18) stated ’chat

| grahule‘tion occurs mest often on Valenc’ia’y o,rang_e s picked late in the
sv'e_'a.sgr'iov_ Gram;ia_ti@nz m Vfa,:_Lvencive.:is, was .fep@x’téd by Hilgeman (20) to

: @ccuron f;he‘»la.r ges‘:ti frmt a,nd tobe a,ssoc;1ated with o,-ve;.r:m@?turitﬁ He-

a \ée.ihted‘ Q.u{ tha£ ir»riggi’a'tiﬁn; .airsfa\ affects gifenulativo‘n;. Frequeﬁfif:::i:‘g.m |

‘i:iens, such a.s Wcm,id be expected ior Yuma trees, have caused mere

- frmt f_.’\B'O. dev-elo'p, granulait:ian ‘than infxfequen‘c irri gation:sfo Khahfah (24)
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indicétéd. t&ta',‘tb"_g‘}tahgiaﬁ.én;df Alg’er:ian tangerlne and Valenc:La '6irza;;nge‘
f‘ruift’ was, as,sqé‘iated Wlth ia;_r g,_er“sfrze, f'of ;ﬁh\,.e" fruit_, o~vér-r§13tuirify, and
R.Ough Iemon rootSthk; | |

. One ‘of tﬁe; strlk:mg changes Wh1ch teek place i stmrage of Arl-‘
vzbo'h‘-;é_tivalez;:ci‘a"§:fan\ge,s" Wa‘,‘s a . harp drop 1n the éolids to ac1d 1;a;txe dﬁrnxg
tﬁé lastmonth of st_m{argf,e ef June harye.sttre‘d fruit. 'This dr:.a‘p{.‘m fhe'. ratiori o
isr.?%qbéb‘lj the ‘r"e.salfnt_ “e‘f drops in solids Igh%i‘?c:id in the juice %hich indi-

. cates .ali‘:afch.é r sharp ‘r_i.ise‘iia. r‘es,pira,‘cidn of the fruit, Da_.ta presented

:'-iy:}if,tbe: oceurrence of molds, due to Penicillium 5p. and Alternaria.
. citri, during storage .iﬁdic"a;te‘s. that there was a rather sharp increase in

.-jk;e}« incidence of moeld ‘i;xr_ing the period preceding these abrupt changes

in the so'iid's .to. acid .rai;i;ﬂo-

In severa‘l studies by Bla_le (2) of the respiratmn Of souna levnons”

- *and oranges after exposure to emanatlons @f several citrus fungly it Was'

,feund. thai; f.e't’hy‘lene Wa,s_i produced by 'bei‘:h, ’Pénicillimn digiﬁta‘euzn and

L ..,A;L_f'ejrnaria, citi;i éau;s;ing"'é.m'axirﬁum rige in re.spi‘r,éj’:ion of'ajbéut I,GQ pe-;h;-‘*'
K ., (;em':o The e;manaf;mn Qf green mélci a?:celerated alwo the rate of chlforo-‘-.”'v :
iA“""fipimrll destrﬁc£1on, bréught abou‘t the sheeiamg of ‘the fruit huttons‘ anﬁ
| 1c,‘>we;r’e§; .gtrikingly’ the .EI‘i:Q-I":age life of the iru;_'t?;@ He stated that a suigle
i:{ro:Id.y Alemfbn 'ér oi'af;z:g“e;v&:a;s’ 's';1f:€i-'cf‘ie‘,nt‘ télﬁring iébéu’t the de_sfcri’bedr :
resgidnises in at least 500 frst. - Biale noted arlier that the sempiration

" rate of oranges w as ma;‘riiedly stimulated by ethylene, -






 SUMMARY

’ '_ This ‘theSJ.Sconcerns a stu&y oftheke epmg qualltyand changes
m physmal :ana“ chemlcalcharacterlstlcs durmg storage 'of,fVatIenc ia
1 graﬁ.gves’;{rvhic‘h had du’feren‘c initial stages 6£. z‘zlé;tufity; F-Qﬁr different B
. 4‘ prestorage r;'n,atgrit‘;r 1evels %Ne re p'rgx’}iée‘a{ by har§e stirig frurtln March
; and Iune from both’che Salt Rwer | Valleyandf:om Ymna |
o Theresultsof thls eXperllnent a.re summarlzed asfoliows
, J,o ; Fr'rui"c} harVESted in Ma'fch.,. Wlthsoluble solid's to acml ratios >
of. 8. jS.a;;xdvllnyé‘c,‘ .fs‘torgi.iﬁﬁefttevr at 48;?' F Lhan at ‘3 g° F‘o, "The QPPO‘Slte &véu:é :
‘frueof frultha.rve s‘tedln J'uneq E : o | | L k
; 2¢W1thone exceptwn (Juneharvested fruri: stored at480 F ):
- Balt Ri'véf.‘Vallle'y ,frli:‘f.’cifs‘fte-red Bettéir than Ymna flr’uit‘ beca‘ﬁu‘:sé‘ of Tl'e‘ss‘
o rmd pféakaom, i | et

3. Mozre mold due to Pehicilli,mm Bpy and Alternaria citri

© pocuxred on Yuma fruii than Salt River Valley fruit,

44 More rind breaidown and mold decay occurred when fruit
Wés'tr‘eaﬁé& with wé;-s.hiil»ng;lfuys waxing than when treated with dxy brasho
" ing »piug waxmg 4 ». : | | '

. B, Less of weight was greater at the higher temperature, 48° F,’
than .at:.'thé» _'lqw’er"telinper‘-afﬁui-‘e,;; 38° . T’Hefre'wasi mo:ré,"loﬁs':s; df'we'ight B



vln Irul’c Washed and Waxed than in fruit dry brushed and Waxed prlor to
si'o;ragen :
b Z'I"her'e was a ‘g.,en_'-efai reduction in total acidity ini;cuit during '

s:t..@?r—a,_g;e‘;: ,"""I‘,_h,ei’e_‘waa's: ‘a,'. gre‘a‘fcfer.:ﬁeﬁ 'reéuc;tio‘n“ in acidity in :M;afc-h h,a_r'_-'. _ o

Ve'st?ed' fr"uif In most cases the re;te of decrease in aczﬁ was greater at: IR

48 F ‘tha,n e’t 38 ‘B Ethylene emanatlons by' molds which 1ncreased
irapiély, d,u’riné the ‘lﬁa,sf month’s,\‘oi." vs’to‘i,r‘.‘a ge ere thoug_htv to h;eve- ha_s.’;ened
.‘t‘ih‘e. :eeduc‘;t‘iqr:l in »tioi’el; acndltyby incre_a;s,iﬁg. the br.ate &F re.s,pi_retién,_
. 7 . There Was a net .iﬁ'creev:s}e..i:ri.;s.o-luble selid:S‘ in aﬂ. frult from |
theSalt R:wer Valley, ’bu’c a net decrease m the case of Yumafrulto
. Héwev‘éf, ~e}‘§cept foa; thelast 3 day's of Stera,ge, | fthe:e'-e %xre:s" anactual
. increas:e in solids in March ,ha:v"ee,ted,.fmn.a "fruita ’I‘Here -‘We;s a con~-
' “st‘azilt‘ d‘eere,aS'e in "selid;s; in ,.Y'um.ai,frﬁit harfre.s‘ted in Jr;r;eu
&,The _ré.tio:‘efj v,s,,c'r‘l.ubl:e Sshdsto acid ,::anz.fea,_,_s”ed eonstaﬁﬂj d(u’ri—
ing thestorage t_p;e rmd | In | ;é ame casesthzs resulted fromanactual |
. mcreasem jf.sv.c.it_J.':ble SOlldS and adecreasa m a._ei-d H m o‘ther cesr.e‘s"the"
,die‘e.,ln‘ea,‘s‘ie;j;n, acid occx’il;:xlﬁe’d :a,-‘t'v,a fe:fs‘:tevr' .:L;e,te' than decrife:a_s’e in seluble
f sehds
9 Ascorblc aciid,'_iﬁei'eesed very 'sfvli_jghtly ef‘r-eﬁaq‘ai'ned, c'on.s’_c,ant"
| {, m certantreatmentsbut decreasedln ::o:;the;}j %feafm.e,nte,p ) vIn, f_rjuit her.-;
. VeSte@-m MarChthere appeared tobe efil_ie‘fer,‘s;e flel‘at‘iaﬁ,"be‘ivkeeﬁ: '
chaﬂgeSm tvoi:ei ac1d1tyand fai;'e:ci@xibi:c ac:td It is sugge sted that in such. :

cases a reductmn in total a.cidlty mdlcates an increase in re splratlon
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Appendix Table L Relation of Prestorage Treatment and Storage Temperature to Amount of. Rind
mBreakdown and Mold Decay of Valencia Oranges from the Salt River Valley District and
from the Yuma District Harvested in March -

: .Tre.atmem'?2:;; Fruit examined APRIL, 30:days after being placed,.lh storage
Storage'. 1Prestorage- 1;,. Degree ef injury with RIKD; BREAKDOWI' . " 2mm'Mold y
Temperature ~Treatmentm - 5 Sound 1 Slight 1 Moderate 1 Severe 2 Decay 1

¢ Per cent of total number of fruit examined
Fruit from Salt River Valley

1. 38b F :Vash; &wax: ;; . m :98.4 : 1.6 t'F: =z.-;0.0" .: 'V 0.0 0.0.;
2. 38° F ; .:Dry brush &wax ; 97.9 - 2.1 1i;;; 0.0 0.0 0,0
3, 48° F . Wagh '&m#6& " , 89.1 . '10, 5-° 0,0 . 0.0 0.4 V.
4. 48° F .Dry brush &wax ; 83;8 "/ W ml6.2/ "/o0 o0 0.0 y 0.0
;Fruit from Ttima = [ ' i " -. o -

Wash & wax :S1.7; . mr .:30,:0: oo210.-1", 0.0 vy,
10;: 38 F ' Dry brush &wax 40, 8 39.9 . . 14. 1 4,2 1y 9.0
11. 48° F rwash &-isax- .: 98. 5 " -0.0:- \ vo,0 m- 0.0 vy T.® t
12. 4S° F Dry brush, &wax 71.9 28.1 "T 3 0.:0; ;. - 0.0 Y - nd:
17. 48° F 2j 4-rDi - 84.0 16.0 0.0 0.0 0.0
18. , 48° F 1 76. 0 m 24,0 0.0 0.0 0.0

mHuit treated with 500 ppm 2, 4-Dichlorophenoxyacetic acida
Fruit treated with 500 ppm 2,Methyl 4,Chlorophenoxyacetic acid.



Ap?pend.iX;Table. I (c5qﬁtinued)o '

Treatment: b I‘rul’c exarnmed MAY, 60 days after belng placed in. st r-age

_ Storage ot Prestorage = P " Degree of injury w1th RIND BREAKDOWN .= %% Mold -
Temperature * Treatmen‘t_‘ - f';"sv‘v.}Sound ¢ Slight Mdderate ° Sévere 1 )écay

Per cent of total number of frurt exammed .

‘Fruﬁ: from Salt Rlver Valley ',

1 38%F Wash & wax ~ - 5 92:-'5%73 N
2. 380 F .Dry brush &z wax 9004 o 9%

oo
~‘0 -] . .
= =)

3. 4°F . Wash & wax - R - TR A T 0,0
4, "48° F  Dry brush &wax 861 13,9 0,0

o 'Frﬁi’c from. Yuma

9. 38°F  Wash &wax - 28,9, 22,2 . 26,7 22,2 0
10, 38°F  Drybrush &wax - 32,8 2ZL3 20,7 24.4 0

e N
© @ .

11, 4g°F Wash & wax S 23,5 . BB,9 - 15,7 - 1
12, - 48°. Dry brush & wax . 560 (43 37.7 : 3.5 N

°

— o
o
LI .

17, 48° 2,4-p! . 80 32,0 - 00
18, 48° MCPAZ- | 48,0 52,0 0.0

| w
o) oo

o O
oo
| -3

0‘ .
©o

F ruit treated with 500 ppm 2 4~chhlorophenoxyacet1c ac1d ‘
2 Frult treated Wlth 500 ppm 2 Methyl 4 Chlorophenoxyacetlc ac1d

08



' Appendix Table I. (continued).

. - Treatment/: 1 :Fruit examined.JUNE, 90 days .after being placed in storage
m - - Storage - m Prestorage' ; ¢V Degree of injury v/ith RIND BREAKDOWNA :i; .Mold"
. Temperature 1 . Treatment * Sound f Slight .8" Moderate 8:' Severe I Decay f

Per cent of total number of fruit examined
Fruit .from Salt River Valley .

.1} 38° F v, Wash:. &wax - 79,0 XD 20. 0 0.0 w 0.0 1.0
2. 38° F m Dry brush &wax ;o pi83,r ' V.. ml6, 4 . m0,0 0,0 ; 0.6 -

. 3. 48° F Wash & wax cova71 8 ;o m27.8 e ' -0 0.0 . 0,%:X
4,: 48°.F Dry brush &wax Dp\;i 83.3 vv-XX is. t :X 0,0 ¢ 0.0 . . 0.0
Fruit from Yuma
9.+ 38° F . Wash & wax Cm Xv-IXX iiv7 X' ' 26.1 "X X.26.7 %X 4.4

-10. 38° F Dry brush &wax 7 ¢ 2Y ,2:v noan22,1- 0\ "925 3 t,": .

. sl;, ®- - -
11. 48° F Wka-sti.'/ffc &8 0 ' 22.5 mMIX'dSEN>- X fDI:I3.::2D" v 185X 4,4
12, -48°tF' : Dry brush &wax 88.2 'vD = mdBva,, X " 55 m 1.0 2,2" 'tr
17, 48° F . .2,4:-13:i. 4 i 64.0 V 36,0 m=m 0.0 0,0 r''0,0:
m.- 48~"F ; MCPAB8 [: f 48,0 .~ 52,0 .. ;; 0.0 , 0.0 : ,
_________ - y,'[

92 Eruit treated with 500 ppm 2, 4-Dichlorophenoxyacetic acid.
N Fruit treated with 500 ppm 2, Methyl 4, Chlprophenoxyacetic acid.



.. Appendix jjjébie’»l,,- (-conﬁnﬁed)f ,,

Treatment o Frult exa:rnlned JULY 120 days after being placed in storage

= .g%.f\,:'Si:‘e".J:-.'arge o Prestorage a T . Degree of injury with RIND BREAKDOWN ' Mold -

.. Temperature _i Treatment o T Sound ! Slight - ! Moderate ' Severe ' Decay .
' o ‘ o - Per cent of total number of fruit examined '

o Frult ffb'ryr_l Salt River. Valltey -

L0 382 F  ° Wash &wax . - 7l4 . 19,7
2 38 F ' Dry brush &wax - 68,2 - 23,9

o~
w

°
o

Co BN
-]
==

Wash &wax . - 67,8 - 25,5

8, ‘48;0;-- - | ,
- Drybrush &wax 72,2 T 25.4

- . 4° : > ‘ 480

= I R (

=E=
)

o f*xj‘ Dy

. E‘i‘ﬁi’c from Yuma .

C9, 38°F  Wash &wax - . 19,4 . 16,1 2.7 - .27.8 - 15,0
CU10. '38 f" _)ry brush &Wa.x_ o 17,800 28,6 22,1 C2 R :

o .

llo :'»480 I‘"'y ‘Wash &wax R 20, 5 23,9 41,0
V-1 48° . F . Dry brush & wax 26,7 52,8 . 13,9 -

o
QR

st
-3 -]
‘o
NGO

-] o

5’1'7‘,.;'1'480‘? s 5_24-)1 . 44,0 44,0 4,0
g 480 F MCPAZ 480 28,0 16,0

®
Lo B e §

°

7 1 Frult treated Wlth 500 ppm 2,4~ chhlorophenox.yacetlc acid. -

Z Fru,lt treated Wlth 500 ppm 2 Methyl ;,Chlerephenoxyacetlc ac1d




TaMelift (continued),,

% % f iPTnit examined AUG., 150 days after being placed, in storage
Storage 1 Prestorage Begree of-iniury mtli Mold
Temperature 1 ' Treatment t'. Sound *  Slight 1, Moderate 8 Severe 1- Decay

Per cent of total number of fruit examined
Fruit from Salt River Talley

ml.-8 38® F Wash &wax 32 1 (1 ?? =1& , ( 4 2
2, .38°F . Bry*brush &w 12 . 44 > & 3 ((
V. 2 mm @ 3 8
48® F « .Wash &wax. 8= * D12& 27=? =40& 0 8 009 ( &9
Aft 48® F ;. 110 ' >Eyg 49

..Ffuif from Yuma

%» 38°F Wash &wax h'@?? 33?2& 33 (4?4 ' 4"=0 3E B8(0
Id. . 38°F BTy brush &F | 3((L>> 33 E ( 4 & 4E OH (?E
11. 48° F . D VFI? B> = 4 = (21 9 23 (91
12.  48° F Dry brush &wax 4( 0 01 (3 @& 91 04
17. 48® B 4/9»8" ' mV. | 99 99 3 (4

d8» . :4S®-.Fi MCPA2 i, . 93 43 1 X 3 _ %

Fruit treatedwith 886 ppm 2,4-Dichlorophenoxyacetic acid,,
Fruit treated with 500 ppm 2, Methyl 4, Ghlorophenoxyacetic acid.



o ‘:‘Appendlx Table 11, Rela;tlon of T’restorage Trea’tment and S’Lorage Tempera‘ture to Amount of Rlnd ,V T

Breakdowri and Mold Decay of Valencia Oranges from the. Sal‘i: R:Lver Valley Dlstrlct and
from the Yu:ma Dlstmct Harvested Ju.ne 1960 o : S

Treatment R Fruit' éxamined J'ULY -30 days after _being placed 1n storage.

Storage B Prestorage T T Degree of injury Wlth RIND BREAKDOWN ;.‘V'f-' “Mold

Temperatu_re T. Trea*tment SR Sound b Sllght - ' Moderate ' Severe = Decay
R : ; B o Per cent of total nuznber of fruﬁ: exammed o
R -.Emit :fmmﬁSalt Rive'r Val'ley' ' ' N

°

LB 389 F Wash Gowax 8316
L 6-,,__"“}“‘3_80' ¥ j"?r-'Dry brush &z Wax 93,00 T

OO
® . .
o =)

)

A N
o o

X Coe
o O

[ 3 )
om . ©

T ‘_'480 Fo fi"Dry brush &Wax 649 6 . 36,0

°
@

oo Ted |
=l ‘

©

09

"'Frmt from Yurna

B 13 38° F Wash&waA i eeE e Ass
14, 38°T*:n‘f.‘Dry brash & wax © 950 0 5.0

B

o) vCD B
oo ..

bofs:f:
o3 < R
= N
° IS L
2SN SRR s’ o

o
0 Je, A N .

A

S LT 4% F Wash & wax - 7.5 20,6
Co16.  48°F - Dry brush &wax 0 949 44

e
oo,
oo

3




Appendix Table N4, Effect of the (Sroming Area, Time of Harvests Prestorage Treatment and Storage
T emperatwe anPer Gent Jnice Ify Weight of VValencia ©range Prnit,

Treatment * Fruit Harvested MARCH ? Fruit Harvested JUNE
Storage -1 Prestorage 1 Days in Storage 1 Bays in Storage
Temp,,; i Treatment / 0 s 30 t 60 ~ 10 ISsO * 0 i 3 * 60 * 90 d 120

Per cent juice by weight”
Fruit from Salt Fiver Valley

38" F . Wash &wax . 4805 48.5 49,1 45.2 40.4 50.5 49,1 46. 1 47,9 45.0
38° F Dry brush. & wax 5009 46.9 47.0 46,3 41,9 . 52, 50. 5 31.1 46.1 45, (
48® F Wash &wax : 48 3 47,1 45,9 42, ( 38,8 47.9 46.4 44,3 454 42,4
48® F Bry brush &wax 49,2 48,3 46.2 43. 9 40. 1 45.5 42,8 41.8 44 5 40. 0
Fruit from'Tuma: 8

38® F Wash Itwax 50,5 48.7 48.1 44,5 '3% 3 47.1. 46, 43,4 459 . 45.2
38®'f : Dry brush. &wax 51, 48.1 51.4 ' 45,2 42.7 49.7 47.9 .45.0 451 45. 1
48® F ,Wash &w ax 49 3 50.9 47.3 48.5 .43.1 46,9 43,3 43.2 40.5 41.0
48®F Dry brush & wax 50.8 50. 48. 0 47.9 41,7 48.6 47.7 443 44. 7 39,5
48® F 2,4>474 45,4 48. 48,3 42,8 38.4 =
48® F MdmE 49,2. 49,3 47 A 47 42,2

1 Except for the initial prestorage values, all values are adjusted to original weight of'analysis sample
. % Ofweight shown in Tables™ 5 and:6,!( 'See-p. 20for method of calculation.

% Fruit treated with 50Q ppm 2s4~Dichlorophenoxyacetic acid,
N Fruit treated with 500 ppm 2,Methyl 43Chlorophenoxyacetic acid.



. :L'Appendlx Table V. Effect of- the G1 owmg Area, Trne of Harvest Prestorage Treatment and Stm:age 2

Temperature on the ASCOJ:‘blC _Ac1d Content in the Juice of Valencla Oz :am.ereso -

Trea,tment oo .' l“rm‘t Harvested MARCH 1 i*ru:.t Harves.,ed JUNE e

“S’q;c);:.r.age’I o Prestorage 't Daysin Storage - . - Days in’ Storage

© Temp,.! ~ Treatment ' 0 1 30 1 60 T 90 T ’150'11’- 6 T30 1 60 99 1 .120‘”';“

e L - - Mgs ascorbic “aicid';}.eff.l.GOfml,]ulce
- Fruit from Salt River Valley - S ' SRR

“_,48' F  Wash & wax . 68 65 .68 66 64 . 37T 39. 38" 42 33

 48° F  Drybrush &wax -~ 63 65 . 65 65 59 36 36 . 37 36 32

S Fruﬁift,fr‘.or,n‘ Yﬁzna.r R

S 48°
. 48°.

)

12 700 .77 78 79 80

48°F 2,4-D e ' ,
F_;‘_"MG'PA B : uj7,1' ‘17‘5; _78_ «83 -*841

Wash & wax . 74 16 7T 76 76" 6L 50 - 55 56 46
Dry brush & wax . 72 ~ 7L 74 74 73 62 59 56 .. 60 48

1 ant ‘treated Wlth 500 ppm 2, 4-D1chlorophenoxyacet1c a01d
Frult trea;ted Wl’th 500 ppm 2, Methyl 4 Chlorophenoxyacetlc ac1d

O 3°F Wash&wax 667 65 64 58 51 38 35 4z 47 o4l
"+ 38°F  Drybrush&wax 70 - 66 64 57 54 37T 36 370 .38 34

. 38°F Wash&wax . .76 .72 T4 65 59 .6l 55 53 59  B6 ..
-{38"‘;’ F  Dry brush & wax .74 70 - 70 66 59 6L . 59 6l . 0. 50

Oé



Appendix Table VI, Total Acidity in the Juice of Valencia Oranges from the Salt River Valley District

v and from the Yuma District as Effected by the Time of Harvest, Prestorage Treatment and
5% G :th & % 8"
Treatment i*™ “Eruit Harvested MARCH s Fruit Harvested JUNE
5%s8 Prestorage o Days ) 5% s Days in Storage
Tempi ? . Treatment t 0 t 30"160 1 90 1150 = 0 * 30 1 60 * 90 ! 120
Per cent total acidity
Fruit from Salt River Valley o r
.Wash &wax %< 3S 1,38 1,39 1.36 1.20 0, 78 0. 65 0. 68 0. 61 0, 63
38% F Dry brush. &wax 1.48 1,44 1,49 1.37 1.18 0,78 0,69 0.70 0,72 0, 67
48° F Wash h.wax , 1, 54 1,50 1.42 «1.25 1,04 0,78 0.67 0.70 0.64 0.61
48% F ' Dry brush. &wax 1,48 1,40 1.39 1,23 09 0,78 0.74 0.73 0.68 0. 63

Fruit from Yuma

38° F  Wash &wax 1,13 .1,09 1.11 1,06 0,86 0,56 0.52 0.54 0.47 0,49
3% F Dry brush &wax 1,13 1,07 1.06 0.98 0.85 0.53 Ga48 0.50 0.47 0.51
'48® F Wash &wax 111 1,05 1,00 0.92 0.75 0.57 0,55 .0,48 0.42 0.41
48%.F Dry brush &wax 1,13 1,04 0,98 0.88 0,70 0.57 0.54 0.47 0.45 0,44
48% F  .2-4>D - 1,07 1,03 1,06 0,89 0.70
48% F  MOPA™ . 1,09 1,06 1,09 0.95 0,69

N Fruit treated with 500 ppm 2, 4—Diehlorophenoxyacetic acid,
N Fruit treated with 500 ppm 2, Methyl 4, Chlorophenoxyacetic acid,.



Appendix Table VII Soluble Sohds in the Juice of Valencia Oranges from the Salt River Valley District
and from the Yuma llstrlct as Effected by the Time of HarVest, Pres’mrage Treatment and
Storage Tempera‘turea . '

Treatment B B F:rmt Harvested MARCH R qui Ha,rvested JUNE

Storage!  Prestorage Days in Storage = - ' - Days in Storage

Temp, ! Treatment . + 0 1 30 ' 60 T 90 ' 150 ' O ' 30 ' 60 ! 90 ! 120
e o T o T Per cent soluble solld.s R
Fruit from Salt River Valley

- 38°F  Wash & wax 12,2 12,8 13.2 182 12.8 12,0 12,0 1L0 12,5 1Z.2
38° F Dry brush & wax . 12,8 13,2 I3.8 13,4 13,0 12,0 12,2 12.0 12,2 12.0

48° ¥ Wash & wax . i2.8 13,2 13,3 155 13,3 12,2 12.8 12,0 12.1 12,0
48° F = Dry brush & wax 12,6 13.0 13.4 13,8 13,2 12,0 12.5 12,2 - 12,3 . I2.3

Ffuit from Yuma . \

38° P Wash &wax - 13,0 12,8 13,4 13,2 . 12,2 12.5 12,2 112 11.8 1l.6
38° F  Dry brush & wax 13,0 12.6 13,0 13,1 12,8 12,4 11,8 11,8 11,6 11,8

48° 7 Wash & wax 13,0 13,2 13.8 ‘13.6 12,3 12,6 12,6 11,8 116 10,5
48° Dry brush & wax 12,8 13,0 13.3 13,3 13,0 12,4 12.8 12,0 12,2 9.8

o

2,4-D 12,8 13,0 13.6 13,2 12.8
Mopa® 12,8 12,6 13,8 14,0 13,0

48
48°

ol oy ko

F‘ruﬁ; created with 500 ppm 2,4- chhlorophenoxyacetic acid.

2 Fruit treated with 500 ppm 2, Methyl 4, Gh.Io;r'o.pheno:’cy.acetic acid,

Z6
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