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REVIEW QF LITER AT URE

• M any en v iro n m en ta l and cu ltu ra l cond itions under w hich  fru it i s �

grow n m a y  a ffect the s to r a g e  life  o f citrus, fru it. A m ong th e s e  are  typ e �

of s o i l  on w h ich  t r e e s  are  grow n, r o o ts to ck , cu ltu ra l p r a c t ic e s , m in e r a l �

n u trition , p o s itio n  o f fru it on the t r e e , age o f fru it w hen p laced  in s t o r ­

a g e , w ash in g , coatin g  m a te r ia ls  su ch  as w a x e s , type o f co n ta in er , s t e r ­

iliz in g  as w e ll  as the tem p era tu re , and hum idity  o f the s to ra g e  ro o m s. •�

Since the beginning o f the c itr u s  in d u stry  in  the United S ta te s , a ll th ese  ■�

fa c to r s’ have b een  te s te d  by m any in v e s t ig a to r s . /

V ■ E n viron m en t, p a r tic u la r ly  c lim a te  and n u tr itiv e  fa c to r s , a ffect ■

the. d eye lop m cn t o f  Quality fa c to r s  in  c itr u s  fru it, and in tu rn  the �

 ̂ : b eh av ior  o f'th ese .fru R ^ in  s to r a g e . Jon es et al„ (23), K m nison  and / .�

Finch. (2 5) found that grap efru it w hich  m atu red  under h igh  n itrogen �

: n u tr ition  w a s  g rea tly  d ifferen t from  that w h ich  m a tu red  under lo w  n itr o ­

gen  n u tr ition . Under c ir c u m sta n c e s  o f high n itrogen  supp ly , fru it w a s �

'ch aracterized , by a h igh  n itrogen  content o f ju ice  and p e e l ,  low er b r ix �

and h igher acid  of ju ice  w hich  re su lted  in  a r e la t iv e ly  lo w e r  brix. to acid �

ra tio , h igh er pH o f ju ic e , low er a sco r b ic  acid  con ten t, la te r  co lo ra tio n �

of the fru it , and a r e la t iv e ly  th ick er  , coar  se  textu red  p e e l than fru it ;�

produced under c ir c u m sta n c e s  of d e c lin in g  n itrogen  n u tr itio n . C hapm an





O b lig e s  fro m  a ll th re e  h a r v e sts  a f te r  t o e  and a h a lf m on th s at 35° F„�

V a len c ia  o r  ange s  harve sted  in T e x a s ' in' m id  r M ay have held  up in, ,stor - ,�

age. a s  w e l l  a s  .thos:#,,picked in  m id -A p r il (34). It h as b een  su ggested . ' '�

that T ex a s V a len c ia  ora n g es m igh t be h a ry ested  even  la te r  than e a r ly �

M ay. G r ierso n  et al« ( 1 $  stated  that in  som e of th e ir  ex p er im en ts �

th ere  have been e x trem e  d iffe r e n c e s  in  d eca y  and p e e l in ju r y  o f fruit�

sa m p le s  h a rv ested  and p laced  in. s to ra g e  at w eek ly  in te r v a ls .  No in fo r ­

m a tio n  has; been a v a ila b le  as to w h eth er  th e s e  d if fe r e n c e s  w ere  due to �

weather,,, m a tu r ity  ch a n g es , or o th er  fa c to r s .

The ■benefit o f w ax a s  a  coatin g  m a te r ia l for c itr u s  fru it in  s t o r ­

age, sh ipp ing and m a rk etin g  has b een  d em o n stra ted . T he m a in  r e su lt �

o f w axing  fru it i s  red u cin g  w ater lo s s .  M auri (30) sta ted  that in th ree

ex p er im en ts  w eigh t lo s s e s  of both o ra n g es  and lem o n s d u rin g  sto ra g e

d ip .' The p r o c e s s  show ed p a r ticu la r  p r o m ise  for la te  -m a tu r in g  oran ge

v a r ie t ie s  and fo r  le m o n s . E ffe c ts  o f w ax in g  on app earance and quality �

w e re  in v e stig a te d  by Yukawa, T akahash i, and Suzuki (43). The e ffe c ts �

of S e v e r a l w a x es  on orange quality w ere  stu d ied . W eight lo s s  w a s

� ��5D�� �) � w axed  fru it and. ro t � � � # � ren ce; was- lbw> In w axed  fru it th er e �

w as a  r e la t iv e ly  high p rop ortion  of b lack  � � � � � � � � � � � � ) � o f the ca ly x  and�

sh r ivelin g ; o f the sk in . A p p earan ce o f  o r a n g e s  w as g r e a t ly  im p roved  by�

w axin g . Yukawa and T akahash i (42) s ta te d  that the lo s s  of w eight of .





uptake w as red u ced  to  a g r ea ter  exten t than the red u ctio n  in  the GOw " 

prod u ction , in d ica tin g  that 2, 4 -B  m a y  e x e r t  i t s  e ffect in  activa tin g  

som e en zym e s y s te m  in vo lved  in  the a ero b ic  c y c le  o f r e sp ir a tio n , 

f^Ahm oW  (29) a lso  rep orted  that tr e a tin g  lem on  fru it w ith  2 , 4-D  pre ­

ven ts the dropping o f the fru it button and p rev en ts  th e d evelop m en t o f

using h igh er co n cen tra tio n s

o f  the grow th reg u la to r  than a c er ta in  lim it  m ay  r e v e r s e  the action  o f  

the su b stan ce  in  a c tiv a tin g  the m e ta b o lic  rea ctio n s., T h is , in  turn, 

in d ica te s  that h igh er con cen tra tio n s o f the grow th reg u la tin g  su b sta n ce  

could  be hsed. tb  r e ta r d  th e  v ita l a c t iv it ie s  w hich  h a sten ,th e  s e n e sc e n c e  ' 

o f  the fru it , '■ ; • ' / .  . ; . '

In v e stig a tio n s  by Stew art e t  ad. (37) show ed that the u se  of 

2 ,4-D  and 2 ,4 ,5 -T (2 ,4 ,5 -T r ic h lo r o p h e n o x y a c e tic  acid ) at co n cen tra tio n s  

d f, IB# 10: 1 , ###' ppm add ed ' tO: th e  w ax em u ls io n  ju st b e fo r e  storage- 

in c r e a se d  the s to ra g e  life  o f lem o n  fru it . T his e ffec t w a s due to a • 

red u ction  in  the num ber o f  fru it d ev e lo p in g  b lack  c a ly x  (b lack button) : 

and b lack  r o t. Both 2 , 4 -D  and 2 , 4, 5 - T s ig n ifica n tly  red u ced  w ater

r h m  Of the fruife :: ,: \ : v- ; : . f  v,. - ’ / / .: : '

E rick so n  et a l .  ( 8  ) te s ted j in  vitro# both 2 , 4 -D  and 2, 4, S^T 

on nine s p e c ie s  o f  c itr u s  fru it pathogens to  d eterm in e  th e  d eg ree  of 

in h ib ition  o f grow th. T hey u sed  co n cen tra tio n s of fro m  5 x  10" M to

h x  lO' The s p e c ie s  te s ted  w ere : A lte r n a r ia  c i t r i  E l l i s  and
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S ou rces of £ruit, tim e  o f h a r v e st , p r e sto ra g e  tr e a tm e n ts  and 

sto ra g e  te m p er a tu r e s  u sed  in th is  ex p er im en t a re  l is te d  in Table 1» . ;

Eighteen, sp e c if ic  tr e a tm e n ts  w e re  involved., V a len c ia  orange fru it u sed  

in  this, ex p er im en t w ere  obtained from  th e U n iv ersity  of A rizon a  C itru s  

E xp erim en t S ta tion s at, Y um a -and at T em p e in  the Sa lt R iv er  V a lley .

F ru it waS picked fro m  each  grow ing area, at two d ifferen t d a te s . O ranges  

from  Yum a w ere  p icked on M arch 1, I960 and on June 3, I960. F ru it 

from  th e  Salt R iv er  V a lley  d is tr ic t  w a s  p ick ed  on M arch  2 , i9 6 0  and on  

June 5, I 96&:. T h e  tw w d ifferen t d a te s  .of :h aryesi fro m  each  grow ing  

a r e a  W ere ch o sen  to  t e s t  the e ffe c t  o f th e d eg ree  o f  m a tu r ity  on the

sto ra g e  life  o f fru it fro m  d ifferen t lo c a tio n s .

F ru it fro m  ea ch  grow ing a r e a  and a t  each  date o f h a rv est w as  

pasSdd o v er  a c o m m e r c ia l grading .table at the C itru s E xp erim en t S ta ­

tion  at T em p e. B e fe e t iv e  J’c u l*  fru it and second  grade fr u #  w as  

rem od ed  so that fru it used  w as equal to  U. S. G rade N o . 1. A p p rox i- 

m a te ly  one th ird  o f  th e h a rv ested  fru it w a s  d iscard ed .; T w enty standard  

f ie ld  b oxes Of fru it from  each  grow in g  a r ea  at each  date o f h a rv est w ere  

su b jec ted  to  the p r e sto ra g e  tr e a tm e n ts , u sin g  c o m m e r c ia l packing hou se  

equipm ent at the H abeeb G row ers in  M esa , A r izo n a .



T able L S o u rces  of F ru it, D a te s  o f H arvest,' P r e s to r a g e  T rea tm en ts , 
and Storage T em p era tu res  inclu ded  in  the Study o f P h y s ic a l  

.. , and C h em ica l F a c to r s  A ffec tin g  the Storage L ife  o f V a len cia
/  ̂ . g r a n g e s ,  t -. • : . ' ' ■ ' ,   ̂ ' '

D at es’ of h a rv est

Storage T em pera' 
' tu r e s

IT  F ru it from  Salt R iv e r .Y a lle y ^

M arch 2 , 196.0 June 5, I960

38° F 4 8 ° F 38°  F  ", 48°  F

P restd ra g e . t r e m -  L W & W 3. W & W 5.. W % W' - - 7. W & W
• ' m e n ts^  ..V '. . 2 , D  : ' 4  . D  & W . 6 „ D  & V  8„ D  & '1F :

D a tes  of h a rv est

S torage te m p er a  
,. t a r e s  ■

II - F ru it from  Yuma^

M arch  1, I960 June 3, I 960

:.';380: F- 4 8 ° F  . _ 38@ F \  ; . : 4 8 °  F

P r e s to r a g e  tr e a t -  9. W & W 11, W & W 13. W It W 15, W & W 
' m e n ts^  " / ,10,. D & V  ; H Z , D' & W ' . 14, D  & W 1 6 . D &  YJ

' ; . ' ' V ' r n  :2 ,4 -B  . ■ 4 ;
, 4 . ■ ■ ' 18. m c p a  ' . 4 ■ ;

T' . 4

"*■ U n iv e r s ity  o f A r izo n a , C itru s E x p erim en t-S ta tio n s, T em pe (Salt 
, R iv er  V a lley ) and Y um a.

^ W & W i W ashing p lu s w axing. :V " "
■ B  & W $ D ry  b rush in g  p lu s w axing. : ' .

2 , 4 -D  1 F ru it tr e a te d  by dipping for  3 m in u te s  in  a  500 ppm so lu tion  
of 2, 4 -D ich lo ro p h en o x y a ce tic  a c id , •

M C PA : F ru it tr ea ted  by dipping for  3 m in u tes in  a 500 ppm so lu tion  
of 2, M ethyl 4, C h lorop h en oxyacetic  a c id . 4 :
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In o rd er  tp avoid  w ettin g  ttie la b o ra to ry  a n a ly s is  sa m p le s  before  .�

p lac in g  th em  in  s to r a g e , the in it ia l vo lum e for each  sa m p le  w as c a l-  ' ■�

.cu lated  in  the fo llo w in g  m a n n er: T en add itional sa m p le s  w ere  s e le c te d �

for in it ia l p restp ra g e  a n a ly sis*  E ight sa m p le s  from  the w axing t r e a t ­

m en ts  (40 fr u it 'p e r  sam p le),an d  two sa m p le s  from  the c h e m ic a lly �

trea ted  fru it (15 fru it p er  sa m p le ) w ere  in clu d ed . The w e ig h ts  and�

vo lu m es, (by w ater  d isp la cem en t) of ea ch  o f th ese  sa m p le s  w a s .d e te r ­

m ined , A lin e  graph o f  th is  data w as co n stru c ted  (w eight v e r su s  vo lu m e) �

and u sed  to  c a lcu la te  equ iva len t vo lu m e fo r  the w eigh t o f each  la b o ra to ry �

a n a ly s is  sam p le  w h ich  w a s  p laced  in s to r a g e ,

\  C h em ica l trea tm en ts  w ith  2> 4 -S ich lo ro p h en o X y a cetic  acid  (2, 4 - D )�

and 2y M ethyl 4, C hlorop h en oxyacetic  a c id  (MCPA) w e r e  p erform ed  s e p -  .�

a r a te ly  in the h o rticu ltu re  la b ora tory  at the A g r icu ltu ra l E xp erim en t�

Station at M esa , Fruit, w ere  dipped for th re e .m in u te s  in  .a 500 ppm �

so lu tio n  o f e ith er  2 , 4 -D  or M CPA th en ,d r ied  at room  tem p era tu re �

b efore  being p laced  in  s to r a g e . The 2 ,4 -D  and M C PA  trea tm en ts  w ere �

.applied on ly  to  fru it h a rv ested  in M arch  and stored  at 4 8 °  F , One hun­

dred and fifty  fru it w ere  trea ted  w ith  2 ,4 -D  and an equal num ber o f ,

?=&�#��?�F��=�� �% � �% � �F ��D�� 6<� �� � �G %)��� )%� ��: �%' ��#��� ��

F rom  each  o f th ese  two c h e m ic a l tr e a tm e n ts , 50 fru it w ere  used �

for d eterm in a tio n  o f lo s s  of w eigh t, 2 5 fru it for d e term in a tio n  of d eca y �

and p h y sio lo g ica l d is o r d e r s , and 75  fru it for the m on th ly  la b o ra to ry





T ab u lation s of. p ittin g  and d isc o lo r a tio n  of the rind w ere  m ade �

by reco rd in g  tb s p ercen ta g e  o f fr u its  sh ow in g  (a) no pitting^ (b) s lig h t �

pittin g , (c) m o d era te  p ittin g , and (d) s e v e r e  p ittin g . The to ta l of sound �

fr u it  p lu s that show ing s lig h t rind in ju ry  w e re  co n s id ered  m a rk eta b le .�

M olded fru it w a s rem o v ed  w h en ever  it w as found,, '

C olor of the fru it , p h y s ic a l ch a n g es , gen era l ap p earan ce , and�

ta s te  p f the ju iee  w ere  o b serv ed  during th e  ex p er im en ta l w ork , ‘The�

id en tifica tio n  o f m o ld s  and p h y s io lo g ica l d iso r d e r s  w a s  done w ith  the �

help  of,th e  D ep artm en t o f P lant P a th o logy  at the U n iv ers ity  of A r izo n a .

p e r  cent lo s s  in  w eight* One ca rto n  of 100 fru it from  each �

.tieabAd% : was" h e ld :in ts fo r a g e  fo r  d e term in a tio n  o f lo s  s o f w e ig h t .: . One�

em pty carton  in  each  s to r a g e  room  w as u sed  to d e te r m in e  th e changes �

in  w eight Of the con ta in er  during the s to r a g e  p er io d . F ru it w as w eigh ed �

each  m on th . D ecayed  fru it w as d isca rd ed  w h en ever  it  w a s  found and�

p er  cen t lo s s  in  w e ig h t w as ca lcu la ted  on the basis: Of w eigh t per fr u it ,�

v ' V olum e o f the fr u it . ■. T h e  vo lu m e o f each  a n a ly s is  sam p le  w a s

d eterm in ed  by w a te r  d isp la cem en t by m e a n s  of a v o lu m etr ic  tank.

...D ia m eters' of the fru it. Both th e a x ia l and eq u a to r ia l d ia m e te r s �

of the fru it w e r e  m e a su r ed  at the m on th ly  ex a m in a tio n s . M ea su rem en ts �

w ere  reco rd ed  in  m il l im e te r s ,  and w e re  d eterm in ed  by m ea n s of a�

m ic r o m e te r  c a lip e r . The v a lu es  obtained w ere  d iv id ed  by the num ber �

Of fru it p er  sa m p le  to, g iv e  th e a v era g e  value o f  o n e  fr u it .
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P la te  No. 2. P lacem ent of c a rto n s  in the s to rag e  room s in  such a 
way to  allow adequate ven tila tion . Holes in  the s id e s , 
bottom , and top of each ca rto n  w ere  opposite those of 
the su ccess iv e  ca rto n  as  exactly  as p oss ib le .

T





T a b l e  3 „. R e l a t i o n  o f  P r e s t o r a g e  T r e a t m e n t  a n d  S t o r a g e  T e m p e r  a t t i r e  t o  
M a r k e t a b i l i t y  o f  V a l e n c i a  O r a n g e s  f r o m  t h e .  S a l t  R i v e r  V a l l e y  
D i s t r i c t  a n d  f r o m  t h e  Y u m a  D i s t r i c t  H a r v e s t e d  i n  M a r c h  i 960 
a n d  S t o r e d  f o r  F i v e  M o n t h s ,  * ■ - ' ’ .

T r e a t m e n t U n m a r k e t a b l e  f r u i t_______ __ ' : t ' ' __________ ________
S t o r a g e  ^ P r e a t o r - a g a  *  M a r k e t a b l e  t

T e m p e r a t u r e  *  T r e a t m e n t  e F r u i t *  D i s o r d e r s  *
%  v v . . .

F r u i t  f r o m  S A L T  R I V E R  V A L L E Y

1 .  38 °  F W a s h  &  w a x 9 0 ,2 7 .  1
2  .  ' : 3#0  F . D r y  ■ b r u s h

& J w a x  . t v  ■ ' - ; .8 9 ,9  .. k ' : : % ;  :

A v e r a g e ( 90 , 0 )
3 .  4 S W  F W  a s  h  &  w a x ' '■9 3 .2  . ‘ ■.. - ■ < : 4 o 4
4 .  4 S 6  F : D r y  b r u s h - - ' . 

&  w a x ; :' :97V 4 . - k ; . V 2 .  4

A v e r a g e  ’ ' ( 95 , 4 )  - ' ' '' '
A v e r a g e  o f  f r u i t  f r o m
' S a l t  R i v e r  V a l l e y  , ( 92 . 7 )  .

; : F r u i t  f r o m  Y U M A  ’

9 .  38 °  F - W a s h  &  w a x 3 0 .  0 5 0 ,0
10 .  38 °  F D r y  b r u s h

’ '.',&■ w a x  . . 4 6 .  0 42 .  7

■■ A y e r a g e  , ' , '' ' ; ( W k 0 )  i

11 .  4 #  F W a s h  S t  w a x 3 7 .6  : 4 7 , 8  :
12 .  48^  F ' D r y  b r u s h  .

' )  /  . %  w a x  ' ■ . : 14 , 4 . : "  . '

A v e r a g e ( 58 , 0 )

A v e r a g e  o f  f r u i t  f r o m  Y u m a ( 48 , 0 )

17,  48 °  F
, . ? ■ ■ ■ -

8 8 .0 -- > 0 ,0  '
18 .  4 |0  F M O - P A 3 ; 76 ,  i 24  . 0  '

M o l d
D eca y

A v e r a g e  o f  u n w a x e d ,  c h e m i ­
c a l l y  t r e a t e d  f r u i t  ( Y u m a )  ' (  82 .  0 )

5; v

;; %

2 . 7 

■ 1, 1 :

0 ,4

0, 0

19,  5 

, 11 .3

1 4 .4  

■ 5 .2

12, #
0 .0

1 M a r k e t a b l e  f r u i t  i n c l u d e s  s o u n d  f r u i t  a n d  f r u i t  s h o w i n g  o n l y  s l i g h t  r i n d
, b r e a k d o w n ,
^  F r u i t  t r e a t e d  w i t h  500  p p m  2 , 4 - b i c h l o r o p h e n o x y a c e t i c  a c i d .

F r u i t  t r e a t e d  w i t h  500  p p m  2 , M e t h y l  4 , C h l o r o p h e n o x y a c e t i c  a c i d .



T able 4„ R ela tion  o f P r e s to r a g e  T rea tm en t and Storage T em p era tu re .to  
M ark etab ility  o f V a len cia  O ranges from  the Salt R iver  V a lley  
D is tr ic t  and fro m  the Yum a D is tr ic t  H arvested  in  June i 960 
and Stored fo r  Hour M onths.

T r e a tm e n t  ■; 1 . . ' , . 1 U n m a rk e ta b le  F r u i t
' S to ra g e  ^ 'H ie s to ra g e  ■ ^  ® ^ P h y s io lo g ic a l1 M old

T e m p e r a tu r e  * T r e a tm e n t  r  t r u i t  t  D is o r d e r s  T D e ca y

.Pruit from  SALT RIVER VALL
%

EY

5, ;.: • 38°; P  ';. W ash & w aa / ..SI. V ■' ■ 19.5 : 8.4. .
6« '3 8 °  F D ry  brush,;.

8 8 . Q • .. 8. 0 ■
A': ' ■ , A-: . , . r f

4. 8: ■■ & wax ,

'■ • .. ■'  ̂ ' ■■ ' • ■ . A verage '. ' ,

T. 48° F W ash & wax. ; 4 3 .8 ,A ; " m o . v-:.;.; 10.0 '.A i  -pV';;-
8. 48° F D ry brush. 

& wax . 4% s  : . 44 .0

A verage (44. 0)

A verage of f ru it  from  ■
■ Salt R iver V alley . - ; y ' :

F ru it  from  YUMA

13. 38° F W ash & wax i vy. 1? 9 v, ■ .,'24 ,;8 :,
14. 38° F iS ry  b ru sh  ■ ''' 

& wax. -
' ' :
■A -ST. f

" . : V ' ,
.8 .5 2 8 .4  '

A verage . . ; ' : : V (70. 0) : .

15. 48° F  : W ash & w a x ' :v.W 5: j ' ' >;:A A ;41 .T ':: : ' A--V'v:;
14. 48° F D ry  b ru sh ' T W A  A : : 8. 1 ■ A ; . 14.4 ,

& w ax -. " -■ ,.  . ■ . , ■ ■ ■ ; ■■ ■ , . ’.. - ,
A verage ::V:,a -;V'

A verage of fru it from  Yuma : :  (66. 6) '
, . : ■ ■ ■ ■ ■■ . ■ ; . . ■ 3 -,' W. : I'VvA;: .f /, :

1 ■ /  : ''v .' -v. v  ^  ;
M ark etab le fru it in c lu d es  sound fru it and fru it show ing on ly  sligh t rind

i> breakdown* ' ■

: ::



P h y s io lo g ic a l d iso r d e r s  w ere  a lso  im portant w ith  fru it from �

Yum a, e s p e c ia l ly  w hen h arvested  in  M arch  and sto red  at the low er �

tem perature^  3.8° F„ P ittin g  and d isco lora tion , of the rind affected  about�

b'So 0 per cen t o f fru it in  th is  trea tm en t a fter  one m onth%  sto ra g e , P�

G ranulation show ed up in  a co n sid era b le  proportion  in  o ra n g es  from  "�

Yuma w hich  w ere  p icked  in  June, B lack  rot due to A lte r n a r la  c ltr i �

CBllia and P ie r c e i  a ffected  a sm a ll p rop ortion  o f the fru it h a rv ested  in �

June from  Yum a. Me it  her granulation  nor b lack rot w e re  o b serv ed  in  J�

ora n g es from  the Salt R iv e r  V a lley  d is tr ic t  h a rv ested  in  M arch or June.

The S a lt .R iv er  V a lley  fru it s to r ed  b etter  under a ll  cond itions �

tkaji fru it fro m  Yuzieb .wta&ii the f f  iiit w&s ticLTye st ed in M^rcbu When,�

fru it w as h a rv ested  in  June, the op p osite  o ccu rred  in  m o s t  tr e a tm e n ts .�

The d ate  o f p ick in g  a ffec ted  the G � ��� p rev a len t d iso r d e r  in  each  h a r v e st ,

?��, : �$ �& �# � �?&fOm Z#G���8� :D � � �� ��5 �� � �� d iso r d e r s  w ere  m o r e  : �%' � �%) �� ���

than m old  d eca y  w hen picked in  M arch, w h ile  the blue -g r e e n  m old d e c a y
• ■ ' - ■ - 8�" -/

v/as the m a jo r  d e fec t w hen the fr u it  w a s  p icked in  June. Salt R iver

V a lley  fru it har v e s te d  in  eithe r M arcb: o r  June ' Su sta ined  p h ysio lo  gic a l�

pitting and d isc o lo r a tio n  as the m ajor  sto ra g e  p ro b lem , •
'. ' . ' v ■ " - - ; . " v y ';' :: ' ' ; "S '- ' . :

Storage te m p era tu re  a ffected  g r e a t ly  the d ev e lo p m en t o f  d eca y

and p h y sio lo g ica l d is o r d e r s . When fru it w a s  p icked  in  M arch, stp rage  '�

at 48° F  produced l e s s e r  p a th o lo g ica l and p h y sio lo g ica l lo s s e s  than w h en

't- ..  ̂ , ■ ; V " ■ - ■ ' . ■; , ■ ■ . ^
-; T h is  IS th e  sum :O f {per cen t fruit' show ing s lig h t , m o d era te ,�

and s e v e r e  rind  breakdow n for T rea tm en t Mo, 9; s e e  A ppendix T able I.
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m

effected  t)y sh r in k age , none o f t h i s f r u i t  d evelop ed  any type o f m old �

d eca y . Under id e n tic a l c irc iz m sta n c e s , 12. 0 per cen t o f the fruit�

trea ted  w ith  2, 4-D  w e re  s e v e r e ly  in fes ted  w ith  the b lu e -g r e e n  m old �

d eca y , •_ ■" . '

. M GFA i s  a sy n th etic  grow th .re gulating su b stan ce  w hich w as�

u sed  in th is  ex p er im en t for the f ir s t  t im e  a s  a p r e sto r a g e  trea tm en t for �

c itr u s  fru it . No ex p er im en ta l w ork  has b een  done p r e v io u s ly  to in v esti-- �

:gate;th e  e ffec t o f th is  com pound on c itr u s  fru it, : ' ■

It i s  w orth w h ile  m en tion in g  that 100 per cent o f the ch e m ic a lly �

tr e a te d , unwaxed o ra n g es  w ere  .sa tis fa c to r ily  m a rk eta b le  a fter  th ree �

'months-'in 'Storage ;|s e e  d ata  in  A ppendix T able P h y s io lo g ic  al d is -  -�

;OrdSrS> m a in ly  sh rin k age , took p la ce  a fter  th ree  m o n th s, w hile  d eca y  •�

did npt show  up un til f iv e  m on th s in  s to ra g e  excep t fo r  fru it trea ted  w ith �

2,4-1? (se e  A ppendix T able I). . ; ;

T o ss  of W eight

A  gradual and continuous red u ction  in  the a v era g e  w eight o f the �

fr u it  w h ile  in  s to ra g e  is  shown in  T a b les  5 and 1 , U nder a l l  con d ition s �

th ere  w as a ra th er  con stan t lo s s  in  w eight during the s to r a g e  p er io d ,�

■The av era g e  lo s s  of w eight w as s im ila r  for fru it picked in �

M arch fro m  both the Salt R iver  V a lley  and from  Yum a (T able 5). At�

the Snd. o f five  months: �����5%�� :%�� cen t l o s s  in  w eigh t o f  fru it fro m  the �

Salt R iv er  V a lley  ranged betw een  7, 1 and (4(  7 per cen t, w h ile  the range



■Table 5. E ffec t o f the. G rowing A rea , P r e s to r a g e  T rea tm en t, and Stor- 
■ ' age T em p eratu re  on the L o ss  in  W eight of V a len c ia  O ranges

T rea tm en t In itia l :Bay@. in  S torage .
Storage ^ r e s t o r a g e  ^ W eig h t1. * ■ ■ .

T e m p e r a tu r e 1 T rea tm en t *p e r F r u itr 30. * 60 * 90 * 120 t 150

F ru it from. Salt R iv er  V a lley
' gro- 'Pe r cen t lo s  s i i i  Weight

W * T v. Wa s  h  & w ax1 : im%T,: 2 . 2  . ■'2,.3 5. 3 8 ,7 '
38° F ;::- :Sry'-TrUsh- :̂ f ,

. :- & w a x  - ' .
W ash & WaX-

157. 8 2* 0 4. 0 . 7. 1

4 8 ° F 138. 7 ' 3.. 4 :-5.8 8. 6 1 1 .0 ;  12, 7

: . T ::  r ■4.'.. ■;48^;-F ..■ D ry  brush  .
' : h .'w sx ■

■ v-:

143.8:::., ; - ";v-
:s . 5::

--4
5 .4  : % .2 , 9 ,9

" - -F ru it fro m  Yum a 1. -vr .r ■ ' ' . - l'--l ■■ . ' ; ;;
t

* ?, '■ J'. ■ :
. - .. -h y ;

> ; 9» 38 F  .. . W a sh  & w ax ; - 1 4 1 .4 1 ,8 3. 5 . 5. 6 ' :;T fi4 - 9. 5
D ry  brush

WhX: % r-'f ■;i 4e :s .: ; i .  9 ;2,: 2  ■ 3 .7 . - 5. 4 , :7».:#'

V :llv. 4 8 f  .F . -. Was h  & w  ax- '141.:# 3, 5 . 5. 7 8. 8 : : 9. 8 11. 8
48° F D ry  b ru sh  

... h w .ax 152. S 2 . 4 . ' 4:0 1 6. 0 . 8 .5 1 0 .1

i ' ■ '--I" ■’ '
; ' V : , IT '

' ' 'IB:

■4S:^"F;v
4 8 °  F

'. 2 , 4.-D.2 
hM O P A ' 1; '

185. 0 

156, 0
. 4. 0 

4 .1
5 .4
6 .4

8. 1 

9 .1
- ' . I L h - . ' i

12. 2
1 3 .6  

1 4 . 5

Av.erhge' o l  10# fru it. (See qarWrts Wo. 1 and 2, T able 2 ),

F r u it .tr ea ted  w ith  500 ppm so lu tion  o f 2 , 4 -D ich lo ro p h en o x y a cetic  acid

F ru it trea ted  with, 500 ppm 2 , M ethyl 4, C hlo r ophenoxy ac e tic  acid*

■' ■■ •



T able 1 . E ffec t o f the G row ing A rea , P resto-rage T rea tm en t, and Stor�
age T em p eratu re  on the L o ss  in  W eight o f V a len c ia  Orange'#'�
H a rv ested  in  June I960 . .

T reatm en t In itia l
'Storage. :: # P fe s to r a g e  ( W eigh t( t . B aya in  S torage ■ ,�

T em p era tu re  ,t . T reatm en t ^per F ru it * 30 L 60 r 90 ( 120

P ru it frm n  Salt R iver  V a lley

�� �� ��; � �D

1�= 0 3 = � � � / �� � $ �# �D
 � V�F �I�=
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144.; 5
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'vV

P e r  cen t lo s  s  in  w eight
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T able 7= The A v erage  P e r  Cent L o ss  o f Juice from  V a len c ia  O range�
F ru it H arvested  M arch I.�1 O from  the Salt R iv e r  V alley  D is ­
tr ic t  and from.-the Y um a D is tr ic t  as E ffec ted  by P r e sto  rage �
T reatm en t and Storage T em p era tu re .

T reatm en t ( P e r  Cent Juice by W eig h t  ̂ 1
P er  Gent�

L o ss  ,S torage
T em p eratu re

r p r e  s to ra g e  ’�
*; T reatm en t

1 B efore �
^ S t o r a g e :  . -

1 A fter  i
1 120 D a y s  1

F ru it from  Salt R iver  V a lley

( . 38® F W ash & w ax . 5 0 .4  : 43 . 8 1 3 .0
2. 38° F D ry  brush

&.wax. . . ''9 9 � ' -. . '4 3 . 8 i  . : 1 1 2 .2 ' ' ,

■3. 48® F W ash & w ax A ' 48 „ 7 4 1 .4 14. 9
4 48® F D ry  brush �

& w ax
49. 6 4 2 .6 14 .1

F ru it from  Yum a

9. id s®  F . Wash- & w ax - 5 0 .4  ' 4 3 .9 1 2 .8
(� . - A #  F l  . D ry brush  .�

& 'wax - :■ ' r.- '5 i. i  :p , '45. 1 .. v (� . 7 ,

( ( . . . 4 8 °  F W ash &. w ax 'v  5 1 .2 44. 5 13. 0
(4 . 48® F  ''

• ■ ■
D ry  brush �

& w  ax' .
i ’ . s i . - 3 , ; 4 6 .2 " r 9̂  9

17.’ 48®: F" ' 2 ,4 -D �4 ' " 4S. 4 , ■ - 4 1 .2 7 :o  '
i s . 48® F M G P A E ' 49 . 5 - 4 3 .1  . 1. 4

( . ' . ' ( ' " , • ' . ' ' - ; , ■ '
;: , Valuea' .froru T rend s'A eriyed  b^ p lo ttin g  per cent ju ice  by w eight v a lu e s

in  A ppendix T able IV. See pp. 2 0 -2 1  fo r  explanatibn and m eth ods o f �
ca lcu la tio n . ' ;

v  . '. . ■ - . ; ; . - . . ■ . ■■ . .
� �# �� � � �% � �% � � F ��D� 0���: :G �479=] ��D�� �$:D%)� I � � �%��� � ������
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w ith  2 , 4-D  than in  fru it trea ted  w ith  M CPA. F ru it trea ted  w ith  2 , 4 -D  

show ed a 7« G per cent red u ction  in  the per cen t ju ic e  by w eight a fter  

120 days in  storage*, w h ile  fru it trea ted  w ith  M CPA show ed a red u ction  

of only  6 , 4 p er cen t. C om plete data about per cen t ju ic e  by volum e and 

p er cen t ju ice  by w eigh t are p resen ted  in  T a b les  III and IV o f the A pp en­

d ix , r e s p e c t iv e ly . The read er  w il l  find som e p ercen ta g e  pf ju ice  v a lu e s  

w hich a re  h igher than th o se  for a  p rev io u s a n a ly s is . T h is  i s  due p r i­

m a r ily  to v a r ia tio n  betw een  a n a ly s is  sa m p le  w eigh ts and to  var iab le  lo s s  , 

of m o is tu r e  from  the fru it.

. ■ A sco rb ic  A cid  '■

T h ere  w a s  an a c tu a l red u ction  in  the a sco rb ic  a c id  content o f the  

fru it under a ll  co n d itio n s, although T a b les  9 and 10 show  a sligh t in c r e a s e  

in  fru it in  som e c a s e s .  T h is ca n  be exp la in ed  by th e fa c t that th ere  w as  

a- reduction  in  the ju ice  content during '.storage. As: show n p rev io u s ly  in  i' 

T ab les 7 and 8 , the red u ction  in 'p er  cen t ju ice  w a s  a s  m u ch  as 14. 9 p er  

• cent a fter  120 days s to r a g e . Since a sc o r b ic  acid is' rep orted  as m i l l i ­

grams: p er  100 m l ju ice  at the t im e  of r e m o v a l from  s to r a g e , and s in c e  

the am ount o f ju ic e  per fru it d e c r e a se d  ap p reciab ly  in s to r a g e , th e r e fo r e ,  

the to ta l am ount o f'a sc o rb ic  acid  p er  fru it , in  fa c t, d e c r  e a se d . T able 9
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74 m.g p e r  (1�  m l ju ice  o u t  he a v era g e , in  w axed © ranges s to red  under�

::sirai:lnr;eonditi©na».; / •.

, 'V j T ota l A cid ity

T o ta l a c id ity  o f  th e  ju ice  d ecrea sed ., ' proportion ally*  w ith  �D%�

le n ^ li .  ©£Tte^,st©rage/ peiriod,; , B a ta  in  Wabl®^ H  and IZ show  the r ed u c ­

tion  in  to ta l a c id ity  by the end o f the sto ra g e  period  for  a l l  tr e a tm e n ts .

O ranges from  th e Salt R iver  T a lle y  contained m o r e  to ta l acid �

�D�) � th o se  from  the Y um a d is tr ic t . R ed u ction  in to ta l a c id ity  o ccu rred �

'at. a  -sim ilar'Y ate i n  o r a n g e s  from ' b o th igrew in g  areaSi.

C oncern ing the tim e  o f  h a r v e st , fru it picked in  June had l e s s  a c id  -�

in  th e ju ice  th an  fr u it  picked: in  M a rch . The a v era g e  p er  cen t to ta l a c id ity �

w as -1. 46 in  M arch h a rv ested  fru it fro m  the Salt R iv er  V a lley , w hile  to ta l

a c id ity  in  June h a rv ested  fru it from  the sa m e  a r ea  a v era g ed  0. 78 p er �

. oent,." ;:T%e-.same re la t io n sh ip  held tru e  o f  fru it from  the Y um a d is tr ic t . �

When picked in M arch , o ra n g es  fro m  Y um a contained an average  to ta l�

a c id ity  o f Is 13 p er  c e n t, w h ereas' th e y  contained on ly  � . 56 per''cent to ta l �

a c id ity  w hen picked in  Jun e, \  ... ..

■; U :--■ ©nring':stonBge> ;greater  red u ction  in to ta l a c id ity  o ccu rred  withy-,,�

fru it h a rv ested  in M arch  th an  w ith  fru it o f the -#)%�h a r v e st . A lthough \�

M arch h a rv ested  © ranges w e r e  s to r ed  for 15# d ays and June h arv ested �

/©ranges- fdr'; 120 days ,  the am ount, o f red u ction  in to ta l a c id ity  o f M arch . :�

h a rv ested  fru it wa.:s mOre than tw ice  that w hich  o ccu rred  in  June h a r v e sted



T able 11. T ota l A c id ity  in  the Ju ice o f  V alen cia  O ranges from  the Salt
R iv er  V a lley  D is tr ic t  and fro m  the Y um a D is tr ic t  H a rv ested
M arch I960 as E ffected  by P r e s to r a g e  T rea tm en t and S to r - '
age T em p era tu re . . ■

. r : V ' :

■ t  y T rea tm en t . • .. ' ^ P e r  Cent T ota l A c id ity

S torage  1 P re  sto ra g e  * .
' • T em p era tu re  1 T rea tm en t 1

. B e fo re  •
Storage 1

A fter  1
150 d a y s  r D iffer en ce

■ . F ru it from  Salt R iyer  V a lley

1. 38° F W a sh  & war: ; : : l .3 S - ' ; dV , 1 ,2 0  '■ 4 .: ._ o .T 6 .r l '
2. 38® . F  ' • D ry  brush 1 .4 6 1. 18 -0 .2 8St w a x :

: .. A y e r a g p . v ; ■ (1 -1 9 ) ( - 0, 2 2 )

3. ^48° F W ash & w ax 1 ,0 4  . : : “®. so  : '
4. 48® ' F  ;  ̂- D r y  b r u s h  f I .  48 0 .9 8 -0 . 50

; v , ' "h w aA : ■ v -t, ■
A v era g e  . (1 , 51) (1. 0 0 ) : (^0 , 5 #

A verage  o f fru it from  S. R. V. (1 .0 9 ) • (r0«3& );:

■ . , ■ - ' ■ F ru it fro m  Yuma

9. 38® F ' W a s  h  & w ax • : 1 .1 3  : _ 0 . 86 ;-0 .2 7
1% 38°  F  ■ D ry  brush  

: . & w a x ■ ,0,.85. , .> 0»'2,8 .a'::"

A v e ra g e {1 .1 3 ) (0 .8 5 ) (-,0 .28)

11 . 4tS°\ F  .' W as h. & w ax L  11 0, 75 -0 . 36
12, ,4 8 °  F' ' . .. D ry ,b ru sh  . .

, .St'WaX;, ?■' V;v'
'r ■ ;i,T 3 >  ':,r; .,

: ; - . : . ';• 'V ,
0. 70 - 0. 4 3  /V

' . , . '. ''; vh- ;
.A verage -. :V ( i , i 2 i : (0 .7 2 ) ( - 0 . 40) '

A v erage  of fru it fro m  Yum a ( F 1 3 )  : (00 79) (-0 . 34)

4 7 , 4 8 °  F 2 >i-.D ^; ;'v' i*vr: (  •. 0,7®  . - 0 .3 7
.IS. 4 8 °  F  ■ i, 09 - 0 .4 0

A v era g e  ©f c h e m ic a lly  tr e a ted  fru it - ■ ' (0 .6 9 ) (-0 * 3 9 )

■*" F ru it trea ted  w ith  500 ppm: 2, 4 -D ich lo ro p h en o x y a ce tic  a c id .

F ru it trea ted  w ith  500 ppm 2, M ethyl 4, C h lorop h en o^ yacetic  acid .
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' /A & ex  150 d ays or 12@ days' of s to r a g e , th ere  was' a net in c r e a s e  

in so lu b le  so lid s  in  Salt. R iver  V a lley  fru it and a net red u ction  in so lu b le  

s:olids: in, fru it from  Yum a. On the a v e r a g e , so lu b le  s o lid s  in the ju ice  . 

o f o ra n g es  from  Salt R iv er  V a lley  h a ry ested  in M arch in c r e a s e d  fro m  

12, 6 p e r  cen t to 13, 1 per cen t. T otal so lu b le  so lid s  in  fru it from  Yum a  

h arv ested  in M arch, d e c r e a se d  fro m  13, 0 per cent to  12. 6 per cent a fter  

150 d ays in  s to r a g e . A S im ila r  tren d  o c c u r r e d  w ith  o ra n g es  h a rv ested

in  June,, F ru it from, the Salt R iv e r  V a lle y  changed in to ta l so lub le  so lid s  

from  12, 0 per cen t to- 12, 1 per cen t, w h ile  th at from  Y um a changed  

from  12. 5. per cen t to 10. 9 per cen t during  th e  120 d ays sto ra g e  p eriod  ; 

i ’Ta.ble 14!„ ; . d ' ■ : ' ' ;

O ranges h a rv ested  in M arch contain ed  m o re  so lu b le  so lid s  than  

fru it h a rv ested  in June, The com bined  e ffec t of t im e  o f  h a rv est and' ■ 

grow ing a r ea  can be seen: by com p arin g  data in  T a b les  13 and 14, The 

am ount o f change o f the so lu b le  s o lid s  con cen tration  in  fru it h a rv ested  

fro m  th e Salt R iv e r  V a lley  in  M arch w as g rea ter  than the change w hich  

O ccurred in  fru it h a rv ested  in June. The r e v e r s e  w a s tr u e  in fru it ■ 

p ick ed  fro m  Y um a. / . • '• . - . :

S torage tem p era tu re  appeared to have v ery  l it t le  e ffec t in  ch a n g ­

ing the so lu b le  s o lid s  .con cen tration  in  the ju ice  o f fru it in  a l l  tr e a tm e n ts : 

excep t in  the, c a se  o f fru it from  Y um a w hich  w as p icked  in  June and 

stored  at 48° F , T h is trea tm en t app eared  to  r e su lt  in  a red uction  in  

so lu b le  Sdiids' by th e end of the s to ra g e  p e r io d ,: ■ ■ ;



' . . R atio of T o ta l Soluble S b lid s to A cid  , .

The ra tio  o f to ta l so lu b le  s o lid s  to  acid  in c r e a s e d  gradually  d u r ­

ing  the s to ra g e  p er iod . T h is in d ica te s  a  r e la t iv e  red u ctio n  in  the acid

W hether it  w as h a rv ested  in  M arch or June, fru it from  Yuma had

a h igh er  so lid s  to acid  ratio  than Salt R iv er  V alley  fr u it„ A s w a s  

e x p e c ted , fru it h a rv ested  in  June had a ra tio  n e a r ly  tw ic e  a s  high as the  

ra tio  found in fru it h a rv ested  in March* Salt R iv er’ V a lley  fru it h a rv ested  

in  M arch had a so lid s  to  acid  ra tio  o f 8 * 6 com pared  to  June h a rvested

fru it w h ich  had a 15. 4 to  1 ra tio . W ith fr u it  from  Tfuma, the ra tio  a v e r ­

aged 11. 5 in  M arch and 22 . 0 in  June as d eterm in ed  by the p r e sto ra g e  

analysis.. D u rin g  storage-, however,: v a r ia tio n s  in  the soluble so lid s  to

acid  ra tio  w ere  m o re  frequent w ith  fru it h a rv ested  in June, w hile  the ' 

ra tio  ih c r e a se d  co n sta n tly  in  the ju ice  o f fru it h a r v e sted  in  M arch (se e  . 

A ppendix T ab le  VIII). ■ '';x''; ::

The a v era g e  change in  the ra tio  o f s o lid s  t o  acid  w a s  g rea ter  in  

fru it s tored  at 48° F  than in  fru it s to r ed  at the lo w er  te m p era tu re , 3 8 ° F , 

r e g a r d le s s  o f the tim e  o f h a rv est and grow ing a r ea .

The p r e sto ra g e  trea tm en t v a r ied  in it s  e ffe c t , depending ©n the ; 

date of h a rv est , in  regard  to  th e  ra tio  o f s o l id s  to  a c id . In fru it h a r ­

v e s te d  in  M arch,, tr e a tm en t w ith  the d ry  b ru sh  p lu s  w a x in g  cau sed  a  v.: 

high er ra te  of in c r e a s e  in  the ra tio  than the w ash in g  p lu s w axing



Table 15. The R atio .of Solids to  A cid  in  the Juice of V a len c ia  O ranges
from  the S a lt R iver  V a lley  D is tr ic t  and from  T um a D is tr ic t

•' H arvested  M arch  I960 as E ffec ted  by P r e s to r a g e  T reatm en t
. . '"y .and S torage T em p era tu re . . ,

; : ;; ' ' V ' \   ̂ ; V! Vt'
. . T reatm en t . ■ . ;: " 'S s lid a " to A cid  ■ R atio

Storage
T em p eratu re

3' P re  s to ra g e  T 
® T reatm en t 1

- ■ B efo re , ■ 1 
s to r a g e  1

A ffer  .' * 
150 d a y s  ® D iffer  e iice

F ru it from  Salt R iver  V a lley

1. ■38^F:
'2  . : 3 F  . .

W ash & w ax  
D r y  brush  

& w ax

8 .9

K. 3

. 'TO. T:

11, 0 / ' ' . . ' ;

'V;:i , s :V 

-■ ■■■' 2 . 2 . 1 )'

A v era g e  ■ ■ . ( 8, 8 ): (10. 8 ) (2 , 0 )

.3 .;:; .,4 8 |:;F ;,;; ;
d,:: ^ 480vF:V'

Wash; & w ax v .. 
D ry brush.
. ' & w ax A • : ? 8 .5  ■ ..

■ : 12. 1: l  . 

13. S ' ." '

' ; 4 i , t  1 ’ '

A v era g e i W (1 3 -2 ) (418)

A y era g e  of fru it from  S. R„ V„ ;C ;.S v B ,:,.v ( 12. 0 ) : (2 -4 )

F ru it from  Yuma : : ,
- :,V . ,

9. '\ 38^  F '\
10. 3 8 °  F

W ash & wajc 
D r y  brush  : ’

Be w  ax -  A s

■. 14 .2  

15. 1 ; ' 3 .6  :
' ' , ' • '■ 1

.A verage .A.' :..,. (1 1 . 5 ) (1 4 .5 ) (3 /0 )

l  l .  i  dgF 'p . f  . " 
12. 4 8 ° F

W ash & w ax  
D ry brush  

& w ax ■' -

11. 5, -

; i i r T  .

■ : 1 8 .:4 - ' ; V

18 , i  '

' ' : A ' A  , . :■ 
" , ' .1 6 - 1  '.

6 .9  .

A verage. ; (11- 6 ) (17. S) A #

A v erage  of fru it fro m  Y um a

17. 48° F  ' '2V 4-D 1.. :
18.. '■ d sF  F  . M C PA 4;;';

A m  '., v :
. 11. 7

, (1 6 .0 )

. ■ iS ,S  ;. . '

(4,5:)

■■ 6 . S; 
; ; 71:1

A v era g e  o f c h e m ic a lly  trea ted  fru it (18. 5) (6. 8 )

F ru it tr ea ted  w ith  500 ppm 2 ,4 -D ich lo ro p h en o x y a ce tic  a c id .

F ru it trea ted  w ith  500 ppm 2 ,M ethyl 4 ,C h lorop h en oxyacetic  acid .



T able 16<, The R atio of Solids to A cid  in the Juice o f V a len c ia  O ranges.
from  the Salt R iver  V a lley  D is tr ic t  and from, the Yuma D is  ­
tr ic t  H a rv ested  June 1960 as E ffected  by P r e s to r a g e  T r e a t-�

' . . - m e n f anb '#Arag:e T em p efa fu re^  , , ; V . ■

- '\.r: ( ;■ ' f  : ;v;:' /- vv y : '
T rea tm en t t S o lid s to A cid  R atio

' vStof-age. '�
TemReratxrre

? P re  s to ra g e  *�
' T r e a tm e n t �� '

. .' B efo re  '. *�
s to r a g e  * ■

A fte r  S'
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tre a tm e n t, , T h ere  w as no d ifferen ce  betw een  p r e sto r a g e  trea tm en ts  w hen  

the h a r v e st w a s  done in Jhne,

M isc e lla n eo us O b ser v a tio ns

C p lorT^yOoloy w a s  m o re  d ev e lo p ed  in  fru it fro m  the Salt R iver  

' V a lley  than in  fru it from  Yum.a, U sing the M er2 and P a u l d ic tion ary  o f  

c o lo r , ora n g es from  the Salt R iver  V a lley  graded *9 L 9®, w hile  th ose  

fro m  Y um a graded J9 K 8 s* D uring s to r a g e , as a fru it b ecam e d r ier  in  

app earance it U su a lly  d evelop ed  a  d u ller  sh ad e. T h is  w a s  m o st o ften  . 

o b serv ed  in unwaxed ora n g es su b jected  to  the c h e m ic a l tr e a tm e n ts« At 

' the h igh er tem p era tu re , the stored  fru it b ecam e n o ticea b ly  d eep er in  

co lo r . The d eep er  oran ge c o lo r , h o w ev er , w as not co n s id ered  d e tr i-  

m en ta l, . • - :: t  - . ■ ' . - , / .

T a s te , -  -A t each  exam in ation , a ll  fru it w as cut in to  halves, and 

s y s te m a t ic a lly  ta s te d , ' The ta s te  w a s  judged by a group o f people who ' 

r e p r e se n t the reg u la r  c o n su m e r , F ru it from  the Salt R iv er  V alley  m a in ­

ta in ed  good fla v o r  du rin g  the e n tir e  s to r a g e  period  and th e  ta s te  ev en  

seem ed  to be im p roved  in  s to r a g e . On the other hand, fru it from  the  

• Yuma D is tr ic t  s ta r ted  d eve lop in g  a w a tery  flat ta s te  a fter  th ree  m onths  

1 in  s to r a g e , e s p e c ia l ly  at the h igher tem p era tu re . Such ta s te  is  c h a r ­

a c te r is t ic  o f  over-rripe fru it and ca n  be re la ted  to th e  l o s s  o f  a c id . A fter  

four m onths in  s to r a g e , V a len c ia s  .from  Yum a w h ich  w e r e  p icked in June . 

d evelop ed  an "off" ta s te , even; w hen th e  fru it appeared  p e r fe c t ly  good
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ex tern a lly . T h ere  w as a s ligh t change in  the ta s te  o f June h arvested  

frh it fro m  Balt K iver  V a lley  at th e  end of s to ra g e . ■ ' ; ■

G en eral a p p earah ce , -  -F ir m n e s s ,  w rin k lin g , d ry in g  out, p itting , 

ap^ cp lo r  w e r e  a l l  tak en  into con sid eration , in judging the fru it fo r  i t s  

g en era l app earan ce. O ranges from  the Salt R iver  V a lley  p icked in  

M arch  w ere  in  e x ce lle n t app earance at th e end of f iv e  m onths* s to r a g e ,  

F ru it from  Yum a o f the sa m e  h a rv est w e r e  g rea tly  a ffec ted  by rind  

pitting and d isco lo ra tio n , when, s to red  under the lo w er  te m p er a tu r e , 38° F , 

When h a rv est ed in  June, a r  ̂ l^ tiv e ly  high pr op ortion  o f the Salt 

R iver V a lley  fru it w as in fe r io r  in  i t s  g en era l app earance to that of Y um a  

b e c a u se  o f th r ip s  in ju ry , S c ir to th rip s  c it r i  (M oulton), and wind sca r in g , 

T h rip s in jury w a s  d e scr ib e d  by H ilgem an  (20) as a sc a r  ring  around the  

fru it button and s c a r in g  of other p o rtio n s o f  th e  fru it, .

D esp ite  the fact that a high p rop ortion  o f  o ra n g es  from  the Yum a  

D is tr ic t  w hich  w ere  p ick ed  in  June kept th e ir  good app earance un til the  

end o f  the s to r a g e , a co n sid era b le  num ber of th ese  fru it su sta in ed  g r a n -  

ulation  (d ryn ess o f  the ju ic e  s a c s ) .  In addition, so m e  o f  th e se  o ra n g es  

d evelop ed  black rot:'w hich did: not Show any ex tern a l sy m p to m s, ■

F ru it b ottons. - -A fter  th ree  or  four m onths in s to r a g e , fru it 

buttons started  to d ry  out and fa ll o ff . Som e df th ese  buttons d eve lop ed  

black r o t , due to th e fungus R hyzopus n ig r ic a n s , w h ich  affected, the



The o b jectiv e  o f th is  study w as to  d eterm in e  the k eep in g  quality �

and changes in  p h y s ic a l and c h e m ic a l c h a r a c te r is t ic s  du rin g  sto ra g e  o f

 ̂ " /  '' . : : : : V:' :: "-:, ' : r . ' " ' " :
: V a ien c ia  o ifan ges w hich  had d ifferen t ,in it ia l s ta g e s  o f m aturity* T h ese �

d ifferen t in it ia l con d ition s w ere  obtained as, a r e su lt  o f h a rv estin g  fru it

from  tw o d ifferen t en v iron m en ta l con d ition s - - Yuma and the Salt R iv er

■V>', j
V a lle y --a n d  at tw o d ifferen t d a te s - -M a r c h  and June* Such fru it , in  each �

c a se , w as su b jected  to  tw o d ifferen t p r e sto ra g e  treatm en ts: o f  w ash in g
�@

plus w axing'and d ry  brushing plus w axin g , and w as s to red  for four to.

five m on ths at two d ifferen t tem p er a tu r e s  - -3 8 u F  and 4 8 u Vi

F ru it from  the Salt R iver  V a lley  w as grown under con d ition s o f�

g r a v e lly  sandy lo a m  s b il  u ir ier la in  at about the 3 0 -in c h  depth w ith  a c a l ­

ca reo u s  c a lic h e * . The c lim a te  is  c h a r a c ter iz ed  by high m ax im u m  and�

m ean  te m p e r a tu r e s , lon g  hot su m m ers  and short m ild  w in te r s , low �

annual r a in fa ll, low  r e la t iv e  hum idity , rap id  ev ap oration , and a high p er - .�

ceh ta g e  o f sunshine* The d a ily  ra h g e .in  tem p era tu re  i s  u su a lly  g rea t ,�

and the annual m ean  tem p era tu re  i s  6% 4 °  F  (19, 20).

The s o il  o f the Yum a M esa  d is tr ic t  i s  a d eep , fin e  sand contain  -
; ■ ' : ■ ..  /' i  ' ' / y ' i ,  ; v.
in g , in  som e a r e a s , s m a ll qu antities o f  s i l t .  N itro g en  i s  d e fic ien t but



ptosp & :rW . and p o ta ss iu m  are  p resen t in  am ple q u an tities fo r  c itr u s .

The c lim a te  is  c h a r a c ter iz ed  by l it t le  rainfall*  a d ry  a tm o sp h e r e / rapid  

evap oration  o f m o is tu r e , and an u n u su a lly  high p ercen ta g e  o f  su n sh in e. , 

The m e a n .e n t o a l te m p e ratura ib 72.1® F  (18, 20 ).

Such d if fe r e n c e s  in  en v iron m en ta l con d ition s'w ou ld  be ex p ected  

. to  ca u se  som e d if fe r e n c e s  in  r a te s  of the b io ,chem ical r ea c tio n s  o c c u r ­

ring  in the fru it du rin g d evelop m en t and m atu ration , and su b seq u en tly  

affect s to ra g e  b eh av ior . E v id en ce fo r  d if fe r e n c e s  in the p h y sica l and 

_chem i:eai,charaeterW in:S''"betw nn^erangeg h arv ested  fro m  the two g ro w ­

ing a r e a s , at the tw o d ifferen t d a te s , h a s  been p r e se n ted  in th is  s tu d y .

. T o ta l a c id ity  w a s h igher in  the ju ic e  o f o ra n g es  fro m  the Salt
" . .  . '

F iv e r  T a lle y  than in  o r a n g e s  from  Y um a at e ith e r  date o f harvest* F ru it  

. p icked c on ia ined  m o re  to ta l acidity' than: fru it p ick ed  in  Tune

from  both a r e a s . F or the o ran ges u sed  in th is  study, the d escen d in g  

o rd er  o f in it ia l to ta l a c id ity  o f the ju ice  w a s as fo llo w s: o ra n g es  p icked  

in  M arch  from  the S ilt, F iv e r  T a lley  had an a v era g e  in it ia l ac id ity  o f  

1. 46 p er cen t, o ra n g es p icked  in  M arch from  Yum a w ith  1. 13 per cen t 

to ta l a c id ity , ora n g es picked in June fro m  th e.S a lt R iv er  T a lley  w ith 0. 78 

p er cen t to ta l a c id ity , and fru it h a rv ested  in  June from  Y um a w ith the  

,lpweM a v e r a g e  in it ia l  te tn l a c id ity  o f  I* Sb p e r  oerit. . . . : ■

T h ere  w a s , g en era lly , an in v e r se  r e la tio n sh ip  betw een  the in it ia l  

to ta l a c id ity  and the so lu b le  so lid s  content of the fr u it . F ru it h a rv ested



in M arch .from the Yum a a rea  contained  the h igh est so lu b le  s o lid s  p e r -

cen ta g e , w h ile  o ra n g es from  the Salt R iv er  V a lley  h a r v e sted  in June had�

the lo w e s t . . • ■: ' ' -

The so lu b le  so lid s  to  acid  ra tio  is  u su a lly  u sed  as an index to �

the d eg ree  o f m a tu r ity . An eight to one ra tio  i s  c o n s id e re d  the m in im u m �

le g a l m a tu r ity  for V a len cia  orange fr u it .  A ccord in g  to  H arding et a l .
y.'-: v.A,: Y:': V':' .y '■ ■ ' \  ' y - y :;y,:':!̂ T”  '

(17), o ra n g es u sed  in th is  exp erim en t cou ld  be c la s s if ie d  w ith  regard

, to the de g ree  o f m a tu r ity  a# folloi^s *

(1) O ranges p icked in M arch  fro m  the Salt R iv er  V a lley , haying �

a  ratio  o f So 6, w e r e  le g a lly  m atu re w ith  the p r e se n c e  o f  a. C oarse ta s te .

' ; ' (2) O ranges p icked in M arch fro m  Yum a, haying a ratio, of 1,1. 5, ,

w e r e  o f  good ;c.Q$mnercial m a tu r ity .

(3) F ru it p icked in June from  the Salt R iv er  V a lley , having a

ra tio  ©f.lSo 4 , 'w ere  p r im e fru it, y ■

y  (4) O ranges h a rv ested  in  June from  Yum a, having a ratio  of�

: ' 22 , 0, w ere  o v e r -r ip e , y ; , ■ ■ ':

H arding*s c la s s if ic a t io n  i s  based  on  F lo r id a  V a len c ia  oran ges �

from  tr e e s  on Rough lem on  ro o tsto ck . It would be g e n e ra lly  co n sid ered �

that A r izo n a  V a len c ia s  w ith  an 8. 6 : 1 ra tio  would be b elow  c o m m e r c ia l �

a ccep ta b ility  w ith  an acid  fla v o r . A r izo n a  o ra n g es having a  ratio  h ig h er �

than 15 : 1 w ould be co n sid ered  o v e r - r ip e .  . T h ese  d if fe r e n c e s  in  o r ig ­

in a l fru it G � �# � �� � � w ere  fu rth er  r e f le c te d  in  the ch an ges w h ich  took �

p lace  d u rin g  s to r a g e , V  ;;





' , ' The in v e r se  re la t io n  in ch an ges o f to ta l a c id ity  and a sc o r b ic  ac id

m entioned , above is  a lso  ind icated  for M arch  h a rv ested  Yum a fru it, . 

though not a s  c le a r ly . T h is re la t io n sh ip  d o es  not appear to be tru e for  

fru it h a rv ested  in  June. ; •

S torage c h illin g  injury is  known to a ffect fru it o f  tr o p ic a l and 

su b tro p ica l o r ig in  w hen exposed, to  te m p er a tu r e s  below  50° F  but above  

th e ir  fr e e z in g  point (28° F  for o r a n g e s S e v e r i t y  o f in jury  g en era lly  

in c r e a s e s  as s to ra g e  tem p era tu re  d e c r e a s e s  and d u ration  o f exp osu re  

in c r e a s e s .  ■' • ■ ;;.. : ■

%ata has b een  p resen ted  in  th is  th e s is  in d ica tin g  that rind breSk'- 

down and d isc o lo r a tio n  w a s  the m o st  s e r io u s  d efec t d u rin g  s to ra g e , ' 

e s p e c ia lly  w ith  fru it fro m  Yum a sto red  at 38° F . T h is  p h y sio lo g ica l  

d iso r d e r  r e s u lt s  from  lib era ted  o i l  fr o m  the skin, due to  the d e p r e ss io n  

of the t i s s u e s  surrou ndin g the in d iv id u a l o i l  g land s (33). Shortly a fter  

the .injury occu rS‘s ir r e g u la r  shaped '.areaSr: d ev e lo p  a  b ro w n ish -g reen  

w hich  m a te r ia lly  d e c r e a s e s  the m a r k e ta b ility  of the fru it . Many fa cto r  s 

could account for th e g rea ter  su sc e p tib ility  of Yuma fru it to rind b reak ­

down at the low  Storage: tem p era tu re . T h is fru it w a s  su b ject to  a  sh ort  

p eriod  o f n ea r  fr e e z in g  tem p era tu re  during the f ir s t  w eek  o f January, 

tw o m onths, before  'the f ir s t  h a r v e st and four m o n th s  b e fo re  the June h a r ­

v e s t , T h is cold  w ea th er  could have, contributed  to the o c c u r r e n c e  of 

rind breakdow n in  Yum a fru it w h ile  In S torage. -A- b r u ise  or p r e ssu r e  

On the rind When the fru it w a s picked* handled , o r  d u rin g  tra n sp o rta tio n



■from Yum a to T em po (about 200 m ile s )  m igh t a lso  have b een  a co n tr ib u ­

tin g  fa cto r  in  the h igher in jury-w ith  r in d  breakdown (5)» Rind breakdow n  

ih fdund to  be d e fin ite ly  a s so c ia te d  w ith  s to ra g e  at lo w .tem p era tu re , and 

th e s e v e r ity  o f the in jury  in c r e a s e s  w ith  the d u ration  of ex p osu re  (5, 6,

33). Ac cord ing to  E aks (6), d iffe  r en tia l tem p era tu re  .coeffic ien t s for

tu rea , 0° C to 10° C. In add ition , the accu m u lation  o f e x c e s s iv e  am ou n ts

o f cer ta in  m e ta b o lite s  'may r e su lt  in  p h y sio lo g ica l u p se ts  and deafh. o f  

the c e l l s ,  w ith  subsequent d evelop m en t o f the typ ica; sym p tom s o f c h i l l ­

ing injury during -storage. . . , '

In th is  ex p er im en t the b est k eep in g  quality w a s obtained w ith'

o ra n g es  h a rv ested  in  M arch , tr e a ted  w ith  d ry  brush in g p lu s w axing and 

s to ra g e  at 4 8 °  F . B est r e su lt s  w ere  obtained w ith  Salt R iv er  V a lley  

fr u it  w h ich  had a so lid s  to  acid ratio, o f  8 , 5. T h ese  r e s u lt s  are s im ila r  

to  th o se  o f Stahl and Cam p (36) who su g g ested  that b e s t  s to ra g e  w ould be . 

obtained w ith  s lig h tly  u n d er-m atu re  fru it .

One of the m o s t  in te r e st in g  r e s u lt s  obtained fro m  th is  ex p er im en t

w h s th at obtaihdd fro m  trea tiitg  prahge # w ith  th e  grow th  regu la tin g  su b ­

sta n ce  M CPA (2 ,M ethyl 4 ,C h lorop h en oxyacetic  acid ) w h ich  w as u sed  for  

the f ir s t  tim e  a s  a  p r e sto ra g e  -treatm ent w ith  c itru s  fru it . A  r e la t iv e ly

high p rop ortion  o f P ranges trea ted  w ith  both 2 ,4 -B  and M CPA rem ain ed  . 

in. a m ark eta b le  cond ition  un til the end o f  the five  m o n th s5- s to r a g e .





s to r a g e . P otato  tu b e rs , fo r  e x a m p le $ show  no m ark ed  b u d-in h ib iting  

e ffe c ts  from, ap p lica tion  of 4 -C h lorop h en b xyacetic  a c id , 2 , 4 -D , or  

2, 4, 6 -tr ieh lo ro p h en o x y a ce tic  acido H ow ever , the c lo s e ly  re la ted  

phenoxy compound. 2 , -�  5 -T  is  v ery  p oten t in  its  bu d-in h ib itin g  e f fe c t s „

■ The action  o f grow th regu la tin g  su b sta n ces  a g a in st the d e v e lo p -  

'̂ m eh t fu n g i1 w a s  in v estig a ted  by < ( l b) .  He found

that 2 ,4-D show ed stro n g  in h ib itory  ac tio n  ■against P en ic  illiu m  d ig ita tu m , 

w h ich  c a u se s  the g reen  m old  o f c itr u s  fr u it , and P h o m o p sis  c i t r i , w hich

'dd- ,V"
c a u se s  the s tem -en d  ro t. M arked red u ction  o ccu rred  in  o ra n g es dipped  

th ree  to five  m in u tes  in  f). 1 and 1. 0 p er cen t so lu tio n s o f 2 ,4 -D . v . ,

• G ranulation o r .d r y n e ss  of th e  ju ice  s a c s  w a s o b serv ed  after  120 

days of s to r a g e  in  fru it from  Yum a w h ich  w as p icked  in  June. T h is  

p h y sio lo g ica l d e fec t w as not o b serv ed  in  e ith er  M arch or June h a r v e sted  

fru it from  the Salt R iv er  V a lley  or in, fru it from  Y um a h a rv ested  in  

M arch . D evelop m en t of granulation  o f V alen cia  o ra n g es  during s to r a g e  

w as d em o n stra ted  by M ac R ill (26). F aw cett arid L ee (10) sta ted  that 

granulation  o c cu rs  m o s t  often on V a len c ia  o ran ges p ick ed  la te  in  the 

S eason , G ranulation in V alencias, w a s rep orted  by H ilgem an  (20) to  

o ccu r  on the la r g e s t  fru it and to be a s so c ia te d  w ith  o v e r -m a tu r ity . He 

■■ ■ peiate'd out that ir r ig a tio n  a ls o  a ffec ts  granulation . F req u en t ir r ig a -  : 

t io n s , such as would be exp ected  for  Y um a trees:, have ca u sed  m o re  

, fru it to d ev e lo p  granulation  than infreqrient ir r ig a t io n s . K halifah (24)
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ind icated  that granulation  of A lg er ia n  ta n g er in e  and V a len c ia  orange  

fr u it  was. a s so c ia te d  with, la r g er  s iz e  o f th e fru it, o v e r -m a tu r ity , and 

Rough lem o n  ro o tstd ck . ' . ,

One of the s tr ik in g  changes w h ich  took  p lace  in  s to ra g e  o f A r i ­

zona V a len c ia  o ra n g es  w a s  a sharp drop  in  the so lid s  to  acid  ra tio  du rin g  

the la s t  m onth of s to r a g e  o f June harvested , fr u it . T h is  drop  in the ra tio  

i s  probably the r e su lt  o f drops in  so lid s  and acid  in  th e  ju ic e  w h ich  in d i­

c a te s  a ra th er  sh arp  r is e  in  r e sp ir a tio n  o f the fr u it« D ata  p resen ted  

fo r  the o c cu rr e n c e  o f m o ld s , due to P e n ic illiu m  sp 0 and A lte r n a r ia 

c i t r i , during sto ra g e  in d ica tes  that th ere  w as a ra th er  sh arp  in c r e a se  in  

the in c id en ce  of m old  du rin g the p eriod  p reced in g  th e s e  abrupt ch an ges  

in  the s o lid s  to  acid  r a tio . ■ t

' In s e v e r a l s tu d ies  by B ia le  (2) o f  the r e sp ir a tio n  o f sound lem o n s ' 

and o ra n g es a fter  ex p osu re  to em an ation s of s e v e r a l  c itr u s  fungi, it w a s  

found that eth y len e was: produced by both P e n ic illiu m  d ig ita tu m  and ‘:

A ltern a r ia  c itr i  ca u sin g  a m ax im u m  r is e  in  r e sp ir a tio n  o f  about 100 per

cen t. The em anation  of green  m old  a c c e le r a te d  a ls o  the rate  of c h lo r o -  :

ph yll d e str u c tio n , brought about the sheddin g of the fru it buttons, and 

low ered  s tr ik in g ly  the s to ra g e  l ife  o f  th e fru it. He sta ted  that a s in g le  

m old y  lem o n  or  ©range w a s  su fE c len t tb  b rin g  about th e  d escr ib ed  

r e s p o n se s  in  at le a s t  500 fru it. B ia le  noted e a r lie r  that the r e sp ir a tio n

rate, o f o ra n g es w a s  m a rk ed ly  stim u la ted  by e th y len e . ■ ■ . ■ ; 
t-: . ,





■ . : :STJMMABT ; ' : ■ ... • . .. .

T his th e s is  co n cern s  a study o f the keeping qu ality  and changes, 

i s  p h y s ic a l and .c h e m ic a l.c h a r a c te r is t ic s  during s to r a g e  of. V alen cia  

#^a#ges. w h ich  had d iffe re n t in it ia l  stagers: o f nraturity» F our d ifferen t  

p r e sto ra g e  m a tu r ity  le v e ls  w ere  provided  by h a rv estin g  fru it in M arch  

and June from  both the Salt River, V a lley  and fro m  Y um a,

, The r e s u lt s  o f th is  exp erim en t a re  su m m a rized  as fo llow s :

To. F ru it h a rv ested  in M arch, w ith  so lu b le  s o l id s  to  acid r a tio s  

df So 5 and 11, 4 , s to red  b etter  at 4 8 °  F  than at 38° F , The Opposite w as  

T r ^ e o f  fruit. harvestedr.im : J W o o ‘ ; ■ -■;: .
, .  ' ■ ' ■■ ■ ■ / ■; ■ . . ■ V . .  .

2o With one excep tio n  (June h a rv ested  fru it s to red  at 48° F ),

Salt R iv e r Valley fru it s to re d  b e tte r  th an  Yuma fru it  because of less.

:rdnd breakdow no' . -v

; So M ore m old  due to P e n ic il l iu m  sp . and A lte r n a r ia  c i t r i . 

o ccu rred  on Yum a fruit than Salt R iv er  V alley  fr u it ,

4 , , M ore, rind breakdow n and m old  d ecay  o c cu rr e d  w hen fru it

w a s  trea ted  w ith  w ash in g  p lu s  w axing  than w hen tr e a te d  w ith  d ry  b r u sh ­

in g  p lu s w a x in g ,  ̂ : d-:■ ■■

5, L o ss  o f w eigh t w as g r e a te r  at the h igh er te m p era tu re , 4 8 °  F , 

than at the lo w er  te m p era tu re , 38? F , T h ere  was. m ore, loss; o f w eigh t



in  iru it w ash ed  and w axed than in  fru it d ry  brushed and w axed  p r ior  to �

storago,;"': ^

:: &« T h ere  w as a g en era l reduction: in to ta l a c id ity  in  fruit d u rin g

s to r a g e . T h ere  w a s a g r ea ter  net red u ction  in a c id ity  in  M arch h a r ­

v e sted  fru it . .In m o s t  c a s e s  the ra te  o f d e c r e a se  in  ac id  w a s  g rea ter  at:�

48° F  than at 38° F . E thylene em an ation s by m o ld s w h ich  in c r e a se d �

rapidly, du rin g the la s t  m on th s o f  s to r a g e  are thought to  have hastened �

; the �%�# � ��� ) � in � � �� � � a c id ity  by in c r e a s in g  the rate  o f r e sp ir a tio n .

7. T h ere  w as a net in c r e a se  in  so lu b le  so lid s  in  a ll fruit fro m

the Salt R iv er  V alley ,, but a net d e c r e a s e  in the c a se  o f Y um a fru it.
'

H ow ever, ex cep t for th e .la s t  30 d ays o f s to r a g e , th e r e  w a s  an actual�

in c r e a s e  in  s o lid s  in  M arch  harvested . Yuma fru it. T h ere  w as a  c o n ­

stant d e c r e a s e  in  so lid s , in  Yuma fru it h arv ested  in  June.

8 . The ra tio  o f so lu b le  s o l id s  to  acid  in c r e a se d  con stan tly  d u r­

ing the s to ra g e  p er io d . In so m e c a s e s  th is  resu lted  fro m  an actual�

in c r e a s e  in. so lu b le  s o lid s  and a d e c r e a s e  in acid; in. o th er  c a se s  the .�

d e c r e a se  in. acid, o ccu rred  .at a  fa s te r  ra te  than d e c r e a s e  in so lu b le

������T��?� ���� � �� F� H

9. A sc o r b ic  acid  in c r ea se d  v e r y  s lig h tly  o r  rem a in ed  con stan t �

in  c er ta in  tre a tm e n ts  but d e c r e a se d  in other tr e a tm e n ts . In fruit h a r - �

v e ste d  in  M arch th ere  appeared to be an in v e r se  r e la t io n  betw een

;chauge:®ln to ta l a c id ity  and a a c th b ic  a c id . It i s  su g g e ste d  that in  su ch �

e a s e s  a red u ction  in  to ta l a c id ity  in d ic a te s  an in c r e a s e  in  r e sp ira tio n
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A ppendix Table L R elation  of P r e sto ra g e  T reatm en t and Storage T em p eratu re to Am ount of. Rind 
■Breakdown and M old D e ca y  of V alen cia  O ranges from  the Salt R iver V a lley  D is tr ic t  and 
from  the Yum a D is tr ic t  H arvested  in M arch -

: : .Tre.atm em '?:::;; F ru it exam ined APR IL, 30 : days a fter  being p laced,.lh  sto ra g e
Stor age  ' .. 1 P restorage- 1 ; , .  D eg ree  e f  in jury  w ith  RlKD; BRE^KDOW l' . " 2 ■■'Mold y

T em p eratu re  ̂ T reatm en t ■ - 5 Sound 1 Slight 1 M oderate 1 S ev ere  2 D e ca y  1
•. P er  cen t o f to ta l num ber o f fru it exam in ed

F ru it from  Salt R iver  V a lley

1. 38b F : ■ Wash; & wax: ; ; . ■ :9 8 .4. : ,1. 6 t 'F: :-;::.-;0.0' .: :' V 0. 0 0 .0  . ;
2. 38° F  ; . : D r  y brus h  & w ax  ; 9 7 .9 - 2 . 1 i; ; ;  .0. 0 0 .0 0 ,0

3, 48° F  . Wagh '&■#%& '' , 89. 1 . ' '10, 5-' 0, o . 0. 0 0 .4  V.
4 . 4 8 °  F . D ry  brush & w a x  ; 83; 8 " / ■' ■ 1 6 .2 / � � " � / 0 � 0� � 0 .0 y o. o

; F ru it fro m  Ttima ■ ■ '  i " - . ■ ' -

W ash & w ax :S 1 .7 ; . ■ r . :30,:0: :: 2 i . - i ' \ , o.o  v y ,
10; : 3 8 °  F  ' D ry  brush  & w ax 40, 8 39. 9 . . 14. 1 4.„ ;2 : y 9 .0

11. 4 8 °  F rW ash  &-isax- . : 98. 5 ' " -0. 0 :':- \  v o,:o ;■ - : 0 .0 :-y T.®: t
12 . 4 S ° F D r y  brush, & w ax 7 1 .9 28. 1 '"'T ;; 0.:- 0; ; . - 0. 0 ,:y oyo - :;d:

17. 4 8 °  F 2j 4-rD i  : 84. 0 1 6 .0 0 .0 0. 0 0. 0
18. , 4 8 ° F � � � 1 ' � 76. 0 ■ 24 , 0 ' .. 0 .0 0. 0 o. o y

■Fruit treated with 500 ppm 2, 4-Dichlorophenoxyacetic acida

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

<o

'•■d ••
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' Appendix T able I. (continued).

' . - Treatm ent/: 1 : F ru it e x a m in ed . JUNE, 90 days .after being p laced  in  storage
■ - - Storage - ■ P re  storage' ; •V D eg ree  of in ju ry  v/it h RIND BREAKD OWN A : i; .Mold'

. ".Tem perature 1 . T reatm en t * Sound f  Slight . 8 ' M oderate 8: ' S e v e re  �!�� D eca y  f
P e r  cen t o f to ta l num ber o f fru it ex am in ed

F ru it .from  Salt R iver V a lley  . ■
. 1..}. 38° F  .v , Wash:. & w ax - 7 9 ,0 X D 20. 0 0. 0 ■ ’ 0 .0 1. 0

2. 38° F  ■ D ry  brush & w a x ; ;p:83, r ' : V, . ■ 16, 4 : : ;■ 0, 0 
- • * ‘ .

0 ,0 ; o.,6 - ...

. 3. 48° F  W ash & w ax . :. " ; !71 8. -' ; ■ 2 7 ,8  •: ' - o . 0 ' 0. 0 .. :0 ,* ;X
4„ : 4 8 ° .F  D ry b ru sh  & w ax Dp \';i 83. 3 vv-X X  i s .  t : X 0 ,0 ■ 0 .0  ;  ; 0 .0

F ru it from  Yum a

• 9e. • 38° F  . W ash & w ax : '■ Xvv-LX':X i i v 7 :‘.X ' ' .2 6 .1  '. X  X . 26 . 7  -X- 4 .4
-10. 38° F  D ry brush & w ax 7 2Y,2::v

. ■■ t;, ■- - -
;; .; ;; 2 2 ,1  -  \ ' 925, 3 t  , ' :

* -
11. 4 8 °  F  W<a-sti.'/fc &8�� 0 • ' 22. 5 ■■■Xd X:'-d :5 £ ^ > .'- :X': f'Dl:3.::2 D' :':v ' : 1,8::';X '::: 4 ,4 '' '
12, - 48°tF ' : D ry  brush & wax 88 . 2 ' VD -■' ■dBva,,' X X  5 ,5  ■ ■ 1. 0 2 ,2 '  'tr

17, 4 8 °  F  . . 2, 4:-]3;i:.. ;4 i 64. 0 V 36, 0 ■ 0. 0 0, 0 r"'0,o:
m .  - 4 8 ^ F  ;  M CPA03 4 /: f:

--------- . v ; . , .  y, t
4 8 ,0 . " d  . . .  ' - X  52, Oi .... ; ; o. 0 , 0 .0 0, 0 ,

92 F ru it treated  w ith 500 ppm 2, 4 -D ich lo ro p h en o x y a cetic  acid .
 ̂ F ru it trea ted  w ith  500 ppm 2 , M ethyl 4, C hlprophenoxyacetic  acid .

03fr*





TaMelift (continued),,

� � % � � � : % � � � f  iPTnit exam in ed  AUG. , 150 d ay s a fter  being placed, in  sto ra g e
Storage 1 P r e sto r a g e �

T em p eratu re  1 ' T rea tm en t
B e g r e e  of -iniur y m tli  Mold

t'. Sound * Slight 1 , M oderate 8 S evere  1 - D eca y

F ru it fro m  Salt R iver  T a lley �

W ash & w ax
Bry^ brush  & w�

. W ash &. wax.

■ 1 . - 8 38® F
2 ,  . 38° F .

-V'.. ■ ■■ ■•- �

48® F  •
4ft 48® F  ; •

..Ffuif from  Yuma

9» 38° F
Id. . 38° F

11. 4 8 ° F
12. 48° F

17. 48® B
d8» :'. ::4S®-.Fi

W ash & w ax h '�
BTy b ru sh  &. F�I

; ��D� V�F�I?� �
D ry brush & w a x

4 / 9 » B ^  ' ■■ V . i
M CPA2 i , .

P e r  cent o f to ta l num ber o f  fru it exam ined

3� 2���1 (��1 �� ??� �=�1&��,� �� ( �� �� 4 �2
12��

 � @� 3�� '� �� 8
��� 44 �� ��� � ��  � > � �� �&�� 3� (�(

�8=�� �*���� D12&��2 ?=�? =40&��0 � � 8� 0��9 �� ( �� �&��9
11�0� �' ���� >�E � � � �*� �8�D=��8�� 4 �9 ��� � � ��

@?�? ��33?�2&��3 �3� (4?��4 � '�� 4�"=�0�� 3�E���� �83� ( � 0
3��(� (1��>(> 3� ���3� E� �� (��4 ��� &�� �4E��0 H ((�?�E

?8�>� �=� 4��� � =� (2�1 9 � �� 2 �3 (9 �1
4(�� 0 �� 01�� ((��3 8?� �� 9 �1 0�4

99�� � 99�� � 3� ��� � � �� (4 ��
�� 93 �� � �� �� 43 �� (1��X ��� 3 �� ���%��  � =� ��� �

F r u it  tr e a te d w ith  886 ppm 2 , 4-D  ic h loroph enoxy ac e tic  ac id „

F ru it trea ted  w ith 500 ppm 2 , M ethyl 4, G hlorophenoxyacetic  acid .



.Appm SiX T able TT R ela tion  o f P r e sto r a g e  T reatm en t and. Storage •.T eraperature to Amount, of Rind  
Breakdow n and Mold D eca y  of V alen cia  O ranges from  the Salt R iver V a lley  D is tr ic t  and 

' A " f r om the Y n m a D is t  r ic t  H arvested  June I960. : / - ; x ; a ; a - V; --

T fea tineM  R F ru it exam ined  JULY, 30 days after b ein g  p laced  in  storage:
S torage ’ 1 . P resto i-a g e  . $

T em pe ratur e 1 T reatm en t_______*
D egfee;bTinjttr>r with/RIKD BREAKDOWN -v R ■: M old.

Sound 1 Slight 8 M o d e r a te ^  ^Severe. D eca y

; Fruit from  Salt R iver  V a lley

W ash & yrsoe- ■
D ry  brush  & w ax

W ash & wax.
:: 'D ry brush  & w ax .

F ru it from  Yum a

s A - '3 8 °  F
6. ' 38^: F

% : 3: 4 8 k F :-
8, 4 8 °  F

A;

9 S .0
: - : '
49. 0

.'64, 0

P e r  cent of to ta l num ber of fru it exam ined

16. V

:: '4 9 .5
V ' i 36 . ; r

^  ; AQo -O :
"O'e R - yA-'' . : A 0« 0

o, o S ' d :  A
; R.R V: ;; ::o, @

;■ v; y;

13,
14,

3 s 9 ';p ;-.
38° F

- ■ W a sh  & wax.: . ; • . . ' ,
. D ry  brush  & wax .

88. 5 .
95. 0 5, o A . :

0 .0  •
■'v'1'/ ■o.h::;p :'-4A'v'.

4e, t :A :; A ■ '
0 .0

• '• - . d- 4 ' d
vd. 0, 0 Ad : A  :
‘d: %.o4: 4  ■ .

' 1 5 i .  ■'
16.

' AS® P  A 
48^ F'. v

: W ash -& w ax ; ' d:..
■■ : D r y  brush & w ax : - .A/

76,..5 : 
94. 9

'':'::dr20 ,6y  
;.A 4 .4

:A.\ 0 .0  - /'
A 03'd:^ A

4 h , r ' ;A V''
0 .0

2 .9  ' A
■ 1 ,2  ' A ,

00(4̂

' '



Appendix Table IV-„ Effect of the (Srowing Area, Time of Harvests Prestorage Treatment and Storage
T̂ emperatwe cm Per Gent Jnice Ify Weight of Valencia ©range Prnit,

T reatm en t * F ru it H arv ested  MARCH ? F ru it H a rv ested  JUNE
S torage -�
Tem p„;

1 P r  e sto r  age
i T rea tm en t

1 D ays in  Storage 1
/  0 s 30 t 60  ̂ 10 ISO *

B a y s  in  S torage �
0 i  30 * 60 * 90 d  120

F ru it fro m  Salt F iv e r  V alley

38^ F  . W ash & w a x  .
38° F  D ry  brush. & w ax

48 o 5�
50o 9

48. 5�
46. 9

49 , 1
47 . 0

P e r  cent ju ice  by weight^ .

4 5 .2  4 0 .4  50. 5 4 9 ,1
46, 3 41 , 9 . 52, �  50. 5

46. 1�
3 1 . 1

4 7 ,9
4 6 .1

4 5 .0 �
4 5 . (

48® F �
48® F

W ash & w ax :
B ry  b ru sh  & w ax

48 �3�
4 9 ,2

47, 1�
48  , 3

45, 9�
4 6 .2

42 , (
43 . 9

3 8 ,8 �
40. 1

47. 9�
45. 5

46. 4�
4 2 ,8

44, 3�
4 1 .8

4 5 .4 �
44 , 5

4 2 ,4 �
40. 0

F ru it from 'T u m a: 8

38® F �
38®'f  ;

W ash It w a x
D ry  brush. & w ax

5 0 ,5 �
51, �

48 . 7 �
48 . 1

48. 1�
5 1 .4

44, 5�
' 4 5, 2

' 3%  3�
42. 7

47. 1 .�
49. 7

46 , �
47. 9

4 3 ,4 �
. 45 . 0

4 5 .9 �
45 �1

. 4 5 .2 �
45. 1

48® F �
48 ® F

, W a  s h & w  ax �
D ry  bru sh  & w ax

49 � 3
5 0 .8

50. 9�
50. �

4 7 .3 �
48 . 0

48. 5�
47 . 9

. 43. 1�
41, 7

46, 9�
4 8 .6

4 3 ,3 �
47. 7

4 3 .2
4 4 .3

40. 5�
4 4 . 7

4 1 .0 �
39, 5

48® F �
48® F

2,4>474
M d m E

45, 4 �
4 9 ,2 .

48. ��
4 9 ,3

48, 3
47 © 4

4 2 ,8 �
4.1.01. 7

3 8 .4
4 2 ,2

=

1 E xc ept for the in it ia l pr e sto ra g e  v a lu es  , a ll v a lu es  a r e  adjusted to o r ig in a l w eigh t of 'a n a ly s is  sam p le �
. %  Of w eigh t show n in  Tables'" 5 and:6,!( 'See-p . 2 O f or m ethod o f ca lcu la tion .

% F ru it trea ted  w ith  50Q ppm 2 s4~D ich lorop h en oxyacetic  a c id ,
 ̂ F ru it trea ted  w ith  500 ppm 2 ,M ethyl 4 3C h loroph en oxyacetic  acid .





Appendix T able VI, T ota l A cid ity  in the Ju ice of V alen cia  Orange s' from  the Salt R iver V a lley  D is tr ic t  
v and from  the Yum a D is tr ic t  as E ffec ted  by the T im e of H a rv est, P r e sto r a g e  T reatm ent and

Storage T em peraftire . .. A .' . ■ v

T reatm en t i • " ' "F ru it H arvested  M ARCH ;r  ; F ru it H arvested  JUNE r . 1

Storage
T em pi

s 8 P re  sto ra g e
? . T reatm en t

t ;;  : '
t 0

D ays in  S torage
t  30 ' 1 60 1 90 ! 150

s
* 0

D ays  
* 3 0  1

in  Stor age 
60 * 90 ! 120

F ru it from  Salt R iv er  V a lley ' .
P e r  cent to ta l ac id ity

r.'

38% F
. W a sh  & w ax  
D ry  brush. & w ax

X« 3S 
1 .4 8

1 ,3 8
1 ,4 4

1 ,3 9
1 ,4 9

1 .3 6  
1. 37

1 .2 0  
1. 18

0, 78 
0 ,7 8

0. 65 
0, 69

0. 68 
0. 70

0. 61 
0 ,7 2

0, 63 
0, 67

: 4 8 °  F  
.'48% F  '

W ash h. w a x  , 
D ry  brush. & w ax

1, 54 
1 ,4 8

1, 50 
1 ,4 0

1 .4 2
1 .3 9

• 1 .2 5  
1 ,2 3

1, 0 4  
O, 98

0, 78 
0 ,7 8

0 .6 7  
0. 74

0. 70 
0. 73

0. 64  
0 .6 8

0. 61 
0. 63

F ru it fro m  Yum a

38° F
33% F

W ash & w ax  
D r y  brush & w ax

1, 13 
1, 13

. 1 ,0 9  
1, 07

1. 11 
1. 06

1, 06 
0. 98

0, 86 
0. 85

0, 56 
0. 53

0. 52
Go. 48

0. 54 
0. 50

0 .4 7  
0. 47

0 ,4 9  
0. 51

'48® F  
48%. F

W ash & w a x  
D r y  brush & w ax

1 ,1 1  
1, 13

1, 05 
1, 04

1 ,  00 
0, 98

0. 92 
0. 88

0. 75 
0, 70

0. 57  
0. 57

0 ,5 5  .
0. 54

0 ,4 8
0 .4 7

0. 42 
0 .4 5

0 .4 1
0 ,4 4

48% F  
48% F

i
. 2,-4>-D j :
MOPA™ .
....... ... .. ....

1, 07  
1, 09

1 ,0 3
1 ,0 6

1, 06 
1, 09

0, 89 
0 .9 5

0. 70 
0, 6 9

 ̂ F ru it tr ea ted  w ith  500 ppm 2, 4—D ieh lorop h en oxyacetic  acid ,
 ̂ F ru it trea ted  w ith  500 ppm 2 , M ethyl 4, C h lorophenoxyac etic  acid ,.



Appendix T able VII. Soluble S o lid s in  the Ju ice  o f V a len c ia  O ranges  from  the .Salt R iver  V a lley  D is tr ic t
and from  the Yum a D is tr ic t  a s  E ffec ted  by the T im e of H a rv est, P r e s to r a g e  T reatm en t and
Storage T em p eratu re, • •

T reatm en t _________ 1 F ru it H arvested  MARCH______ 1 •  ̂ F ru it H arvested  JUNE
S to ra g e1
Temp».

P r e  sto ra g e  
T reatm en t

A  ' ' 
* 0

D ays in  S torage
1 3.0 ' 60 i 90 1 150

A
4  0

D ays in  S torage  
* 30 r 60 t |0 '* * 120", • - . - - ' !' "■1 • ' - " T "" “ T-' ̂  • r -* .* - 'Per'.cent sd lu b le  s.blids:

F ru it fro m  Salt R iv er  V a lley ■ .

38° F W ash, & w ax , 1 2 .2 • 1 2 i8 : 1 3 ,2 ' : 'T 3.2 . :1 2 ,3 ; 1 2 ,# ■12,0: 1 1 ,0 1115 1 2 ,2
3 #  F D ry  b ru sh  & w ax , 12. 8 13 .2 1 3 .8 1 3 .4 1 3 .0 12. 0 1 2 .2 1 2 ,0 1 2 ,2 1 2 ,0

� � 8 � # � W ash &. w ax , 1 2 .8 1 3 ,2 ■■13,3 1 3 ,5 1 3 ,3 ' 1213 12, t 12> 0 1 2 .1 1 2 ,  r
48°: F ' : D ry  bru sh  & wax.

. . . " : '
12. & 1 3 ,0 1 3 .4 13. 8 13 .2 12: o : 1 2 .5 12. 2 ■ 1 2 ,2 12. 3

F ru it from  Yum a . - -

3 8 °  F : Wash. A w a x 1840 i t *  s : i 3 . 4 : 13 .2 1 2 .2 ’ 1 2 ,5 , ■ 1 2 ,2 , '"11.2 1 1 ,8 H .6
3 8 ° F D ry b ru sh  & w a x 13. 0 1 2 ,6 1 3 .0 13. 1 1 2 .8 1 2 -4 1 1 ,8 11-8 1 1 .6 1 1 .8

4 8 °  F W ash & w ax / 1 3 .0 1 3 ,2 13. 8 13. 6 12 ,3: - 12, 6 1 2 ,6 ■ ■11,8 1 1 ,6 i s ,  3 ;
4 8 °  F D ry  bru sh  & w ax 1 2 ,8 13. 0 13. 3 13. 3 13. 0 1 2 .4 1 2 ,8 12, 0 12 .2 8 ,8

48® F 2 ,4 4 0 ^  . . ' ' 12, 8 1 2 .0 1 3 .6 1 3 .2 1 2 ,8
4 8 °  F M GPA4 ■ 1 2 ,8 12, 6 1 3 .8 1 4 ,0 1 3 .0

T .■ ' ' „ • - ' . ■ . •
F ru it trea ted  w ith  500 ppm 2 , 4 -D ich lo ro p h en o x y a ce tic  acid .

* F ru it trea ted  with. .500 ppm  2 , M ethyl 4 , G hlorophenoxyacetic  acid .
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