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J^_BAÇKCROUND 

The world production of fruits exceeds 150 million tons {mt, ) per year.  Of 
these about 50 mt.   are grapes,  26 mt.  citrus fruits,  22 mt. bananas and 11 
mt.  apples.   Then follow stone fruits with about 11.5 mt. ,  pears 5. 8 mt. , 
pineapples 3. •• mt.   and dates 1. 9 mt.  The world production of tree nuts is of 
the order of 0. 8 mt. 

A large part oí this production is not consumed in the fresh state but ir, used as 
raw material for processing.  This is especially so with grapes.  Only about 
9 mt.   out of the world production of 50 mt.  are table grapes, the remainder 
being used for manufacturing wine and raisins.   Also for pineapples,  citrus 
fruits and apples much oí the world crop Is utilized for processing. 

Only a relatively small part of the world production enters international trade 
as fresh fruits. Bananas and citrus fruits a-e at the top with about 4 mt.  each, 
followed by apples 1. 7 mt. , table grapes 0.1 mt. , pears 0. 4 mt. and dates 
0. 3 mt. 

A number of other fruits are produced in substantial quantities but for these 
no comprehensive and reliable statistical data tre available, neither do they 
enter world trade to any appreciable extent.  Among them mangoes and avoca- 
dos are considered to be of special interest.  The main production area for 
mangoes is Ìndia with an annual output of some 3. 5 mt. 

^his paper has been written with special ref»>renc<> to problems in developing 
countries.  These have been taken to include Central America, South America, 
Middle East,   Far East (excluding Jaj an and China) and Africa.   Production 
figures for the most important kinds of fruits from these areas are given in 
table 1. 
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Table 1.   Production of fruits in developing countries 

(Source F. A. O.  Production Yearbook vol.  21,  1967.  Figures in thousand tone, 
average for the five year period 1962 - 1968) 

Fruit 
Central 
America 

Apples 118 

Pears ¡        3i 

Grapes (table) !         8Ü 

Stone fruits 141 

Citrus fruits ,     1579 

Bananas !    4076 

Pineapples !       393 

Dates 7 

South 
America 

537 

159 

606 

410 

4139 

9326 

398 

Middle 
East 

Far East     Africa    Total 

537 

163 

2613 

449 

1631 

39 

1024 

154 

63 

217 

58 

1832 

8323 

U39 

95 

192 

91 

364 

281 

2412 

1147 

476 

727 

1538 

508 

3880 

1339 

11593 

20961 

2400 

1853 

As evident from the table the banana is by far the most important fruit In deve- 
loping countries with an aggregate production of about 21 mt.  (more than 95 % 
of the world production). Then follows citrus fruits with 11. 6 mt.  Almost 100 % 
of the world crop of dates, mangoes and avocados are produced in these ccun- 
tries and about two thirds of the pineapple world crop.  More than one third of 
the world production of table grapes originates from developing countries, 
while their part in the world production of stone fruits, apples and pears is 
relatively small - about 12 %, 8 % and 9 % respectively. 
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2.   RASH'  KIMM"''   i'HYSUM.OCY 

2,   1 ._hcSp' '.•••'•' '<>!l 

Fresh insu s are ah\o anil they carry on within t hemselves pru«/csscs charae 

11.'risi le   0?   a    !   i''-.' 
plant,   reserves .•: 
aCC'OSS   * O   SUiM'd ! *  S 

vs'iias.   Whs!»' .he  iruils art- still attacu.-n  'o 'he p:tr<'itt 
,¡1 nia'eriais acuna; la» ••.   AH<:r harvest  there  ¡a ne  tari, 
fi suhsemient  ' hautes are ruuniin — down processe«. 

* 1.1 -  l,i«   fruit h. re ,,, ,1Mw, .   ,,_,,   ,,< •   , .,,>    ''in-,   <M   '-'en*   -ci ni  pr<.< e^i -, -o    m 
, ,. s, ,,] <      i,' .   i'li,ir!\,   MK   mor«- *do\\ ì\   MHI'.H. em I- prnriv.l; 

hoì-ct'ure.   Mie object   o"  s'oiai!»    is tu slow 
UOW ti  ti il* i    .   ' 

the  loiu er  vi'i    ••    ' m    . * otante  1' 'e 
down the a;:nrìf-  processes. 

The most imp, ,i ; .am  life processes are those of respiration.   Paring respira- 
tion fruì'a aia-ora o-evsen from the atmosphere anil give off carbon dioxide. 
Carhohvcir s ..a, a!,a orbarne a« ids are oxidized to carbón dioxide and water. 
Simultaneous!',  a irto,ber of vola'ile organic chemicals compounds are pro- 
duced,  aU-jeii  in minmi-ies which arc minute compared to carbon dioxide. 

Respiration is accompanied by n release of enerpy.   The amount of heat evolves 
is j''MHThly iH-oiaa" louai to the respiration intensi'y measured by the amount 
of carbon d',.o\id<   mnmrated. 

The hmhe»   Mn   l     ".   •.   • n nei a:u "e.     i'«MiUn f   he rat e of ta  ,p. rar i-n ami 
th(   ..,,';',.,,. ••„   ., •     ,      o! a- a:  ; •    • •  . . -1.    ! œ   - - ery  ! le'C  t me m • empera'ure 

the n-m  \ •••  IL,  • .   ''-ujils   do-ih'ed ai'     m.phd. 

Some fruits have ranch higher respiration rates than others at a given tem- 
perature,   This moans thai they require considerably more refrigeration than 
more slowly respiring pro» net's to keep them at a specified température.  As 
an example",  strawberries respire approximately 5 times as fast as apples 

at 0°C. 

The storage life- of different kinds of fruits generally varies inversely with 
the raf of resomasioe and evolution of heat.  Thus, in apples the good keeping 
varieties respiri- more slowly than the early ones. 

2,2, Climacteric and riponing 

Two différera  ;i;."e-n-; n»' rospi rm» ion are found in fruits,   in one ease the rate 
of resin taiM,-    m • a 1 '.css'i.- ml Low s a st rau-h« forward,   slowly declining 
trend." As m- ; :p- ;   as t.dms pan e once Mie trui1  has been removed from the 
mother t-lii«,- ,   s        ..a  iM   pa ked al i m- opt in uni condii ion for en' inj-.   !• ruit 
follón ini' •!-.!•'• ' «i' e mm' b-   remrred ;o ,i;~; nniw jiiaac; _ej;]e_.   This ,   ib-^ory 
includes ¿map«  -•   e.trus.   ¡i» s an-' cmo-rms. 

The second ream.   -.v"ie.: melt, •• -- r. ;mv .m»-i. M-a; s .-. ».•     af>pb s.   pears, 
bananas,   ma.    • . - .oui .r. oi ado-- ea-.   .  <-e. , h mor«   im oived pan ern o!  ta-pt ra 
tion    Follow ..if. es'  M,.-i-i- o   .,  U.,v r d«. Ime ••:  -•.•   pira' :. .e  m' .-nsit v a' ' d 

a rate i-   rea*       e w' a i-  m i;i-i>*i   •> •  'b" i n-i l.n ,<••'• t   e itemi no--     ì-o!b.v.ms 

this stara- a rara!  m< rease ' an« -•   nume - e 'in' o  '  a    e 1 • n a e* <  ! ;   re.e •!•• d. 

.*   Mao' s    an li as pear- This is  foli iweil !>•,   a volaiive'y rapid 'let line.   ! or m m 
the (bmm '« e.   co. ¡a ah- -î wii h the op; 4p urn d* s-.i i1  s'aj.'e;   m e-..-' s Mm opt i- 
muni catini; - .I-M- IS re.mhed one or two days a"er me t limarte«   .-,   with 

bananas even later. 

1 
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, lit ,   '    ,1 )        l,t      '111",     I al lililí J   .11*** 

i,i     r  t   I.î      i  n*  <!'     ii'|>< <i. '-•,   P0h 

,, , . »   >  ì ,rn   >i ,r « i i i !    hik<   place. 
,, u   •    ,. ,M . n . n, «i.»..,       < i   . . •". ai <• ' 'li\ U n<   art' 

S,,,    . ~>--ai  -.'.«i-.,. c o: -!i.   <   i   ..«".•il.     -.-M,. .,: 'n.i-   ,i. ;>:..-s h...-..-,îiu;. bfibre 
;)i(.iiUuH    ,.,,..,,.,   .....    :.-..•. xi!!-»...-,    v.u-u...     • rr*ria  o.av be itsed 
j       Sl ,., . a ;, -i,      ,    ,_•     n;'   * • '.        ••; »pi .   ' l'oii-i'! • iilniir,   p, r, .-n'aiif o; folal 
",'.'   ',       ''.'  , ,r,v    (,»...•'M«      h«"'   e   ••!"•'   r sr (-..n.  ¡ . M«'« s   ¡'   is iio longer 

Sli!tinii    '-«i.1.1.1. ><   .   '      ... i.i 1«        'n 

tl),..li,!t,.„;,¡!,,'    •„   i-.iKii;:,,' ¡JH«.'!-.,   I-  may lie uciaycd hui nus results m 
V ip^'mV..   muUr «i<l\ «•.-•.• • «>edit n.i:« which leads -, o dìi'eroru physiological dis- 
order-',   quality dr-a urbanees etc. 

hl^'fiie rolcj)! Hjryjene 

Most  varieties  rr Mos* va-ie'i.-- o*" iru::s produce ethylene,  citrus,  crapes and pineapples bein¡ 
noteworthy cxci phot,..   Son- frui's produce very little,   some relatively largì 

• l-i-raiiii.    Ban,teas a*   1'mh »rod*;, e aboui   100 nw per ton per day;   apples apt 
.n'' ,',,,''.'•   •'   'nu:,-!,       I !..    »at '•   oí   OlV.d'ir'.on  \aHeS   With  » empe fai LI l* e  but  does j,,: '• ,,i produc em \aries with temperature but does 
io*  !u-i iss.ti i.y ¡oilov. t!i,t*  oí i a.rbi.n di' \tdt\ 

p to 
• 0 ; ur »-s ;ib niueh     1 h« 

1» has been clearly esiablisha d »hai   i: rh- ten.p,--» -.re o* siorat^ is hdow 
io 3°C    then tin   s' invaiai ory effect ot e'hyh ue on rip. . <ni>     . . • ; igible.   1 
if such fruits a.- apple« and p.-ars are .-roree ai the proper temperature et: 
does not eause any complications.   On »he o'her hand,   th*  ->< cumulation ol 
ithyiene can have serious eonsequen« es in the storage oi tropical and subt 
pmal fruits which often are subject to 1ow temperature injury if kept belov 

I0°C. 

ubtro- 
•pt below 

21^-„ T.ÍlíL'-líüÜL^iÜM 
Fruits loose moisture by t inspiration.  This loss is readily replinished prior 
io harvesting   Once the'fruit is removed from the parent plant this is no 
lonrer uo   Water loss not only results in appreciable - and costly - weight 
loss but also in less attractive produce of poorer texture and lowered quality. 

Water loss by the fruii for a given exposure to air is approximately propor- 
ti anal to trie vapour pressure difference between fruit and air. 
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Fa/re 9 ir 

2 0-     rì]-['':' : 
• Vr! a in  • ri.! " :-, 
ilic free" iris  r 

\' chi 11 i tir - > 
ccssi'S. f r ; » • ! i 
t ei'npera" ur« s 
blemish» s : s 
iraris Ie r ' (t 'i ; 
e, m ne ossrt s u ' 

' ''• l,1d 

¡isred bv low temperatures (0° 'o 10°C) but still above 
;\i"h  injury  IB referred  to eis ¿hjajjng. 

sie frui's ai"'1 unable 'o ¡:arrv on normal metabolic pro- 
..••;.: :i;«t" ata- eeiibal look sonni] when removed from such 
• •• >•!•    svrsp;oms oí   injurv M.:ch as piUmr and cher skin 

n :. i oiora'ion or  'silure tu rip'ui soon become evident  upon 
• HJn'i'a' un-:,   ():'L-r»-u!   importance is thus   fruits may be- 
o.-cep'ible LO microbial u'facks upon chilling. 

The se\-oiasif< - ••' • de'din.c injury is di ••« erminod both by time and temperatati. 
Damane mav . us ,<r ait er a short  exposure only,  to tempérât ures considerably 
below the lires.   --.'-'.'e die fruit  may be able ;o wi-ns'.and a few decrees in the 
danrer zone for   •  :->;••:<-r rime.   The ef'fce's of chilling are cumulative.   Low 
tpmoeraun'i •< is    ranee,   or uvea in the field shortly before harvest,  add to 
the total eíb'crs '•' ehuunr: that might occur in storage. 

The tomDeraiures ssillv recommended for storing of fruits that are not 
sasceonbie f ;   ' 'si'os,. are süchtlv aírese the freezing point of the fruit.   If the 
temperature í;:SS   below this limit freezing injury occurs.   The primary 
,1,,,,,'  ,r(-, m u; » ' i   . < P ''-all    nossranon,   destroying   their and thus the tissues 
abjiifv to ¡u;í.ormu no'unaUv.   Svmtvoms of i'reezinu injury vary with kind of 
fruit and lemddt    i.J severity of exposure.   Generally,  tissues affected by 
freezing appear v. semsoaked. 

. <i u Ir susa't'pt ibiluy to freezing injury.   Most are per- Di'Tertnr fri -•      i •". i» 
manerKv das  >   • <' «-'. • u bv sii >h.  frem/.niL,,  white some may be partly frozen 
and .'hen *.• c  • r*i'   ei no permanent injury.   Among the less susceptible 
fruits are   J;,.'".,   r^'-^»   rrapoo,  oringos and grapefruits. 

Vinel   oí  !i\cíM--r    SMT.3,    especially fungi,  is probably the most important  / 
cause ot \or-     •       ., 'e.o» of fruits {PIDLER 1986).  There are at least two 
deferent pu«*« t •.:   « : as lack. 

The sound * •' 
s» neh d1". >•'   ' -    ' 

Rod mu us 
(\i'«-M'or\  "   ' 
Bntryt*.,»  nr.   '   -  • 

Some lunri     . - 
Ol!!   U'lly   ill'1  c 

s* am- of n a" s • 
jaceni  sound  ' r i 

T   a- he infected in the field.   A latent iniection is produced, 
.   « i-ii  a'Hu- iiarves*.   l'ho spore loa 1    *he resistance of 

¡i • \ x  • OIK    un", o' aurigi deo-iinitie 4 lm m'eaMty of attack. 
.s,-t,,.s ;l!.- inans'ib' p'- i-' resi*"s     1 vrva' exau   ue-j of this 

jn   nha oj-.jmrimr on  ypplcs,  j r.^ost^ -ind  wridof and 

, s woiitid parasites,  are unable ro enter sound tissue but 
,, ,„,ss i.,echuni( ai b'shms.   '! hey c an cause roHing at any 

. • >   he r<^ u -ually spreads rapidly,   of.en by contact to ad- 
l'i nieilliuu' SJJ. ,  the ;;reen and blu«1 molds of citrus,  are 

an importati* i    Silt'iHi'. 

MeUuHÌs to ••-»;.    •• c.iciutbioi attacks include spraying in the field to reduce 
iMr(.(\ -,,.., and. :   ..   ' "o-;-s,e pi'aei ice such as rapid cooling and correct storage 
*.o;ui,- ¡o.i--.   .n ' •^•'^' application of fungicidal and/or fungistatic chemicals 

a!* ei- ha ms¡        ' \ ' ••   ¡ra'Hil. 
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i:     di-urct' </ a*  a'I.ipi'-i-ni arai ::a'   ?•'.' v ;** 'mrvt-s:  has a in' i al influence 
.»¡i *iiî   s' ' )!   ,;i   -i.-- •:>>•• •*•!*'.-. 'i- i'..?-     » ,.        î r. '   *•  ¡" s ' »• ! v ;* .s r>< i-  .il A as s easy 
'a dr* .-laïiiia- ' •'-• "P if ari:   r a¡7-   f'i**   i a" -•-;" av 'a-d  î<-r  M.II;:- ;'r>t:!.i  /  appears 
iiitzhiv i:< :-, r .'.'o '•»''••'.--K^p !:»'V   ani a. *r»- r» • I :,t* • î i- ¡   —i<><l-.  ''->r   -¡a<-h determina« 
tions.   Ir.  tv,'! tr.ii'.f- -.•  ...'    appi« -¡ .ad  . r*;4p« -: - IM'- ¡'.v.r.s- <!.•«•.->%• ¡rifei'ion in- 
fluera es '!;•   '•• "i.o*: a ..i: ''or^a' aa  "¡   . t .•!...-..* raoïe •.,x*»,r.*     !   H hn¡quoss 
w.wv. ai «•:, < •!.:!>(.t. :• ¡'u'at'r-s! ';<• ,r.  -ir1,   a* M»" s" :>f ,.i.a- prriaa ( H \HVKY 
i:?faî,    rit  Hat»'    i'i.V4',!,   ti.ïv !'/•; \\\'\. \--\\  ¿'^t-.tñv (v»rcr/:a! -.lun.îu b*: v.oiisíflo- 
r'ed f(ir lon^-'-a-'   s'(ir,i,;t:    {*  ,ipp* ,u's   *»»•-f»ii ",o de, **lop -su<'h tiiothixîu for addi* 
tionui kiiïdy o.' irau.s. 

3. 2.  Temptaa\aro 

It« irigtîr.ai.loi; pii»lai»y.  tli»"* storage lift* of fruit« bfcaune if retard» 

a) respir'i' ai.a .wid othta- me*a^oiit affîvity, 

b) cono*-.r.i*r.t    *¿\T*f    -1'1-   ío rimai"..;,   .- >"• rara.; <»IHî '».-xfaral and colour 
rîlitîHi'H; 

c) rr.oistur»- !o^.s :i,n<i ?h*- ^}ir>v**! hnv; * %,%' rf'Su'ts, 

d) -;p< «i ].i •<• '.St¡>- f '•  t;:i.»f-."-. ''V !MC'> fi.i ¿i'j  '\a.^i. 

Tla* rotar,d u' í \v.\\><>".--,\\-w*-  a-- • rtia :»;;   •!• ai'iuns  "riin: tht' drAired figure 
TV/!.-t* hr Us a* aï  ; raa,'-..;.:      ^ -   «•   • > ;•   ,.:¡    a   ¡;=   > ta-, ' ...:' ,j.4n«. nsuaìì changes 
in tt'i.¡o* ratai'«' •>'."• .-'!-n;r^^ '.ï't-    \\ ii'.i:ii' - a* .'.ris v-.ty t,a- k*'p*. ¿ri ;iir for 12 v/eek* 
dt-!.a°('     iiUf'-U ;.'   -!    !l,r.   "'*   *• 'a-"--i.i    'f"( ' nt-it for ->i. Iv f* vt'pks at 

a îwi»i't»Uî i-fîi-'' ::,i .-/ laai^a' !.f*     r'IUÍ.í.i'   • "<'»i»i     t*h:s SH a • "*V it.u^h ¿;r*!atpr 
ofài ' rhau th-' '*!a* "  of r«arprra!. un   o". o: irei y t h-'iiiu ai pro'-esses,  UK'hiding        } 
r espi.«a«: a »a 5 

Th** optimum saaac^* Uanperoiares for different kinds of fruits are discussed 
in sert ion r>.   l'"ur'»er detailH and references are found in 1.1.4.  (ï)6") and U.îi.    i 
DKPí.  ACPICULTUR/ (l9o3). 

» 
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•-! températures in all parts of a storage room is more 
1 >neiv difficult, than avoiding small fluctuations a* a given 

:n parts of the room with higher temperatura  rioons and 
i his frequently results in mixing of overripe and/or 

tmime fruit on removal. 

3    ? *r**« ' 

Pm r-  •- 
SOOt"*«H* 

t:n*e~ a • > 
r>í \ P' * > • 

PXPV .. 
that •)•**• <\, 
«tbso. •    • :. 
no* j t , -, • ' 
s*ore r ; 
for ear';-" • • »  • 
season. 

Ap|       ^   .1 : ••     , 
mod     '.    '¡: 

- ii :»-s" :of.  1 -     : 

'. • -i'V •;• ri" i' '• • 

an**••' **i   \*•• 't'•( 
; il'*'   ' *. i.   'lì'   »  :- 

4 ine  i!''' h»1' i 
Ì Ulto (oui  Vu-: 

r,¡ the   preceding   sections rapid removal of field heat 
nn-f-doliiuj - tvnerally has a substantial - and some- 

on f;i;' s'on-;e lifo oí t'ruits.   So ir. e recent and 
1'. rih-.jl-h    ••'>•!• Sou-h AfrPa .'CP^IU'RO 1963 a fcb. 

:v -A lf ••; .T-M: C'CCM'SS,    ('-.¡m.  (P'PHl !IG underlines 
-.irve«:t;j. •  ni u r mjd nrecoo'inc srowl"! ho kept at an 
)»;-• u<-s -  !'  si, = i.;: . he  x - v,.r ,,.- ¡; ,.;1S 3ncj certainly 
i :.: c- ;*m pear-, m   1 on.' : ¡des - mv 'my must he got into 

•'..  .íi4>-r har.'f r-i\¿ - a delay o:' -ÎH Iwuuv is permissible 
".-.' "P hm.rs or 1*—: for fruí   harves-ed late in the 

ru  ' u ..il no»-;'  ... \ 1.*.-v.- ¡u. •"•pt'<- ; si! v :ir *•« 1* it Mia1 corn- 
P  y«- M'\ if' !:< • \ i-rh;.llv on -if. ; i!, ,;••'.»• "The 

>,i- i-.l •.' s ••• hi ri d ro'' • "s>i ! : nJ! -?• • _lJ -'IT:-r " J."" rt'ííllx_a 
'"d< riir.ori I •• a.c'h'T i,   I: \ i» i ai-e m.aü-y-.-on-* 10us the 

y vi'S.   Î;  can he -iu'ed th«v apples held a' ubout +2l°C 
P;, :*s those Kfd .1'   -0. tPP.   i'hus,   if apples after harvest* 

• L ,up '••'r.pt'raiiiK    if p 1 °c : for 4 days and then placed 
•.nth j s*oraee life is lost''. .ori!a s 

The rate <o -,-...• 

a)      »he acc-s, 

h)      ?ho tii'T'i • 
medium; 

f.)     the  voi   •; 

J)      the km ! o' 

•->'•' am, eornmudity a« primarily dependent upon four factors 

-   nr 'he product to 'he refrigerating medium; 

P ler-peruturc between the product and the refrigerating 

••-• refrigerating medium; 

-•' : ri^erar mg medium. 

The most wide 
can he adap" - >• 

-T' I u*    I'i'fn-',  ,. 

different ¡ah   V 
¡.'lints. 

• i technique for pr^eooling is with rapidly moving air.  It 
r. tt'fa'f'ü    ooms.  rail.cc.rs, trucks,  conveyor tunnels, 
ia>'¡ of pi    -anti cold air through containers by pressure 
oi.ii!t>nr.s»>o •-•  is *hc- most importan* nw-Pod for prme.oollng 

Hff» t rive pre.'«-.- 
involve us*   ..." • 
V.'i»h prnduee   -' 
while apph». a". • 

^n hydro; pdP. 
one of the mo*- 
cooling is s pei ; 

VacuuM coiur.g 
impor'am for h 

'..'¡.c .may be achieved hv fhe us*- of contact, icv or top tea; both 
-•    d •.< c either pla< ,-d -vidrin eon'ainers in m'r <'<.' t on^m* 

.."   '»p ci'uacked eon'ainers.   This method has only a few worth* 
•.   *'i»r fruits. 

If    o oduce is immersed in cold water.   Properly used,  it is 
rapid and efficient methods 01 removing field heat.  Hydro- 
".v '.sed for peaches. 

.•   s ir.»reduced only 20 years ago. This method is -extremely 
:   \ e^'.-'thles but affords little interest tor fruits. 
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AH alrt-iir; ,-• s';C(--d MA» rat** of wate.' loss from fruits is roughly proportional 
.<> T14,   v,---.',-)- ^. • !,.-••;»• pressure deficit oí Mio storage atmosphere.   This in turn 

H-t ermuicfi :,v tne (.".nptraUirt1 and relative humidity of the air. 

.''*  a U'vvn reboño- h-jmidity ;he wu'er \-apour pressure deficit and eonscquent- 
;-..   :(•.:•  ruto of \:,i;*-v loss  is  less at low tempera* tire :han at Íií¿:b temperature. 
T:ii-. cvplai.es :a-   beneficial irdiucoce of low storage temperature on wafer loss. 

Hlidi relative humidity - 85 lo 95 "'. - is r/onerally recommended for the storage 
o*' frui's.   W.o • 'H'e an exception,  cf.   section %6.)»   If ihe relative humidity is 
ken- lower,  VAC er losses may he expected 'o become high,   causing shrivelling 
nrv/ilMPa1.   f n:   he o'her harm,   if it is too hiph it may f PA our the development 
of decav.  Tm- control of moulds becomes    particularly difficult if the relative 
hurnichiv apnroaehos i 00 "',.,   which may result in condensai ion of moisture. 
!-,<•: 1er undcrs' andini* of deeav control,   however,  is leading to use of higher 
humidiiies.   Tnu,;,  it is stated ¡GUILLO!- el.  al.   1965) that' 90 °'o is accepted 
as a desirable minimum iti California and 95 % is being advocated and used 
commercially. 

Control!:; * '"."vcilv is * complicatoti technical problem. Usually it is more difficult 
•e maim.AI   i •   .r  .e ht: m Muy inm ero.igh than to keep it at a lower level.  Of 
ma tor ir im''    ••• " .u -his    conrv?x .•->:-!   e> * > reduce the cooling load.  This may 
be done b\ or      •' :     • ••:;emus insala loi.    Still more important is to reduce the 
*e-p:pe¡-,ri;"-    ' ' * n-ia <_ i;e'\\ten *'.¡e eoo.ng surface and the air.   This may be 
accor ijii-'iei. -i. -"i'-1 órsi plací- bv h'-rrt.-r cooling surfaces but also by improved 
liuUid :• '• :.   •>•   '!••  <:•• to-'tiiu;,  '.I'M', i o is and larger air velocity.   It should 
bv noted 'ho- . '   -'¡a   '!  '.;•: cot-* ]\ •<> ms'e.l: cooling surfaces and their accessories 
to tii!un:::iü   b   '    illative   hvjr.i-jit; ,   to   maintain 95 % relative humidity by / 
cooling ,v; r'-'i' •• •:• M:í i is \'ir"ually prohibitive. 

Äs an alternative,  systems have been developed to add pressure - atomized 
water or water vapour to the storage atmosphere (ef.   GUILLOU et.  al.    1965)« 
Still another solution is afforded by the jacket system.  In this the room is 
cooled by air circulating through a jacket, or envelope, surrounding the room. 
Advantages arai disadvantages of the jacket system are discussed by LENTZ 
{I960,   196 a) and Î/KNTZ & ANQUEZ'( I965). 

Loss of moi- Aire n<av be further dec-re e-ad by the application of protective 
packatma:.   i*'\     •• mutvri.ihs el diffen-o! kinds can be used for consumer size 
package-i'   ,.    ,,.• • .i-; liner«;,   pall« t cm-- vy or tarpaulins to protect stored 
fr\r.' -    k, :'•...-   •••   0--...1- 1; ,. —I.L--  : i-...'i*d the lo:-: :s oí water from eommo- 
fli:-.'"  *o :'••••.'• n "•îo'-.cfo.   TT  is mn-ssiu;,', 'hough,  to keep in mind that certain 
fil".--.,  v.her -•<    b d •• • oi'ivrwise ' ighLy closed,   may restrict the exchange of 
o\yir»'ii .ii-.ii <    ' h i" *'i iv ¡d«' o<-- well as   ba* of water vapour.   This may lead to 
the tie*, kdopo,' • ' ' î   00 hiirh concentrations of carbor, dioxide and possibly also 
of   00 low » .-.,'        tii'i.i.s of oxygen. 

3. 5.   A'r di.-:rii- 'e-n 

As already s*ia--..-td it is of paramount importance to maintain uniform tem- 
peran! res ;•-, ;\i\ oans of a storage room.  To achieve this,  air must be circu- 
lated îhroueh 'h>- s* ire.   Different types of arrangements for air circulation 
are in    :sc.   ir.ei*.¡o;u¿: ííXUH to provide forced air circulation and more or lesa 
complica: e..] due; .¡.¡î angemeuts. 
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i"ii "   « •• >,.n'».   .liii'. i"-' .1 >••• ".¡i1. ]'\>r prfcuoied produce a h i«'h ,nr v< l«i-   ' v 

rabh     Op.lv ciioii^h air tiitivt'im'r;'  s»;--.!-'    •• iit"\   o«   ' ; o "vi   T.- r>  ••'•!'.i'<>rv 
¡,v;U,   i'Vvii'u;j;   ¡a:;!".!'   i : if i  • .* ; ; •   >;rt>>,.     -¡,.   -    M<     ••,••>••,•'•   ,.T-   ¿{     ,-   . ,  v» rv 
un pot" op- ,   hon t ' c r.   •!.,.'   ' >• i   i  L ! i   • ,t ., ' •'.,      M •   .\      . • ' '     >, i ,-,••,»,{ ,'h ** 
.ill pari s (i: • ['•.   i o.e i     I \prrb !H i' ' in».       :   ;u . •!>• r ,i ' r;    -   ••   •   . i     i.i  OT.' r:t -u - 
Mil» lOM   S\'s' i -Hi-,   '. o  !:>•    l   Pi.liO'    i1.;ils«     ¡i'      ••:; .   ."    ' ".   I < •    :it - 

'!•" :   • 1   !i >   i '   i- .     t;i'".i •» i >-. "(ur   ' j'   :   .i-   •. '   •!    i    . i    u: .» u :     ' i > ; _n'i ,r \: vt <, 
tin' f|u;in' ¡sy <>:  .<.:r ( n i >i!..' ••<' < do • i;   ' i    -¡ •• . ,vT  ' o ;>!.••• •• .   . n ,r,r '.¡¡nuvrr 
rUuV  vìi   ill   ìeasl    I.  ..)   lit!;» h   (M  !'   HOvt    .J.   ,.T   v;t,p;\   s'U! -t^C, 

The effect of the ra1 •• o' i»iì- pireul.e ,!•:• ,<:  v.,:'v" !•>>•••   :; < i,-., i ' .• r>d.''od ío its 
effect on rel.vive hnmuhtv  •>: Mo- <<T •    r>'o:;::di:i.   "h-.   nrocr:, '     IVov;d' H humidi- 
ty is high rapid <•: n u la:io:t <î... s r.-.i  ..-.-T-• = eo.y  -.•:•• r. ••>-<• v wr  lo-.--;.   However, 
if the humid;'y is LOW,   (or,;ir odrti -; :•. í

-
->O¡;. ; v. ¡T  <.-,., ( T<   .1 r : ,>p. .Vnow  le.-, s 

shrivelling.  'Th.- reason for- 'Ir.-   ¡s 'h..-  •••••>p:: r \.->r TO'    • -...   VOTü <>dJr v in 
such rooms causis • tic humidity of,^<- v !  ndui'-«-:-*  • •   he IT •duo* m :;it-I'O.I.íC. 

Cooling and temperature distribuí:.,;: ;;>-,. simile-am :\  ,::'l.icr:cc(l hv  he nature 
of the packing material used and *t..- .-,-,,c- rj -•• t'o... :,->. !; ; _,-; -'n ;;•,.'. s'on-.   If 
poor stacking prevents air/low  <-v<r, T.- •: ost elaborate sy-Tiu for .air distri- 
bution is useless.  Air always folluw-,   ":•   pvh a: S-as-  res.s anee.   P-us,   wide 
aisles in the direction of tin- aitduv.  ;. a    :'t-:ii'  i., i . udì    • -'¡.   ..ir h \ pa ;•,„-; mg 
the stacked commodities.   Similar1;*/,   : ; •-:• • in»: is not  >•> a-mnahly ruÍjulnr, 
wider spaces get a greater \oiuim- o: a r   hai. the narrower ones,   if spares 
are partially blocked,  areas occur u;:h ao or very little air circulation witn 
resultant higher temperatures. 

The increasing use of cardboard boxes and of palletizing arrangements has 
made the problems of cooling in relation to stacking more complicated.  This 
matter is further discussed in section 6.Ì, 

3. 6.  Ventilation 

With very few exceptions it is indispensable to provide storage spaces for 
fruits with a supply of fresh air (ventilation). This is to prevent the huild-up 
of dangerous concentrations of volatile products of respiration in the storage 
atmosphere.   Prominent among these is ethylene,   which even in very low con- 
centrations muy induce premature ripening (cf.   section    2.3. },   While this 
risk is negligible at storage temperatures below 3°0 ir may become very real 
at higher temperatures,  suitable for storage of such fruits as bananas,   avoca- 
dos and mangoes- 

Volatiles of greater molecular weight than ethylene,  including alcohols,   alde- 
hyds,  ketones,  esters, terpenes etc. ,  are produced by fruits;  the total pro- 
duction is usually less than that of ethylene.   It has been argued that these 
heavier volatiles may stimulate respiration and induce certain physiological 
disorders. However, according to FIDLÍdl (1961),   there does not exist any 
unambiguous evidence that elimination of heavy volatiles from a properly de- 
signed and operated refrigerated store has any practical value. ' 

Carbon dioxide may cause injury in many kinds of fruits.   However, it is gene- 
rally da, \¿ er ou s only in fairly high concentration. 
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i .(.:(.• ¡iì i ->e oh ••v'onuiiîical considerations Ventilat ion should be kept at a necessary 
"de'teare   •-;' c:. </M..L, \.i fresh :i.r i.i -apfdied by '«-akage    opening of doors etc, 
\h>h--i ,i . -. ..•   ••>:(•• ions.   however,  a" e onon rììort^r-tijht-han older ones and 
i    ns.ív be h,    avide 'u provide i'or fa'.1 i ¡ities to reguìa'e and check the supply 

\;-   eurife'a  -,!, has be'-n a..l"o< a'od a. s 3 supplement or alternative to vontila- 
i',;..   '; re      •'•'••'O'i '.. •- ¡a!',;/ involves the use of i fays or canisters filled with 

.>.•'ivrr f d f-:-"^-'..'fi.     sr:e nrbearv > aim   ut air purification is odour removal.   On 
the other heuh oxnerboomal evidence as to t!v- e-veei in retarding ripening and 
coirdadl-'ie   Si,rr.;r,. <,;.seu"'ers is far ¡'rom conclusive.   In any case ethylene is 
:KX  »"err.**' •-•! i.-v a•-.• -» ivaf -*d carbon. 

i*.-* • >r>    -> e'-. !i,!,n*>' i'''iv 'et a» *Yur  storage has been repeatedly 
,-u ••-**'-*t d    * •' *r aid-r«'«- bee ah •' « re. *< ate elimination of tainting and 
(..M." *•' • • l'eoli,  ,;'ti]<' 'e >y eh,e age ft nits in very low concentra- 
tion .a:d ••  a    uy   or  •-do r<-a.;ur     .*-" application in fruit stor*' t appears highly 
c.iOr' l-<\.    '--.   ,]o"»-..>\ ••! ,   e»:oer   • '-nial e* .denee available to date indicates 
that   -¿une     .i    o".*-,   i*" any vacue,   »:i controlling decay of fruits in storage. 

A rt>v>v\   -      p «• pi ob lotis în vea.ilattng fruit storage spaces is given by 

So.ne-ir. •    '• e e   :••> desirable to store different kinds of fruits together.  This 
is. of e»-'   >-. 'i'd\-   tossih'e v.hon th.- temperature requirements are the same 
tor th,   '.¡ti     .•"•! il s irvolvd.   h'isks encountered are cross-transfer of 
odour oro    mo ""id  aa ' ;on t>%   ethylene 

Cror.¿-;aiTi'v:,: Vot .v.ior-  various V.imlsof fruits has been observed but appears to hav* 
Unie pre.   i a' ta.porîanvi1.  Xu'-s, however,  are very sensitive to tainting and 
snouhi a tv.    - s !'•   s'iiod so-pe, cately. 

\s airone \   •     ed -Ite ripening ehe' of ethylene is negligible at temperatures 
oi  v.v.    'V' '.   ì fu:' :';'o o in r,ds hav t >r.g",  e. g.  apples and pears,  therefore 
'r..y ¡v s.-'>   v .:, vi   .: s.-uv..'.-.   -V ni;-:,"?  st orage temperatures,  however, 
nie rii-d;:- !i." i-tnylene e'h'.ve-; mus' In* mken into account very seriously. 

;í. ih   \ :'• i    -' '-'< . i:-,   e . i !•; <••'o "a¿e 

p i-- M":H'  •• ••••• h¡   o-ved ih.-* echi -torace predisposes fruits to rapid deteriora* 
-, ;on --JV»! * •-, -:;,''i-'- :.o   unid'"" :emoera'-oi i e;.   However, there is no evidence to 
^upper* ih"   \;>->*poin*  i xcep'  in   a^eím.vinire chiliing damages have been in- 
dar--1 ('e •"• •    vd c-'o'-M 'i.  íV /-rvtr-si-    ;• '.vo'îld roi h-> reasonable to believe 
ih-' --ohi --'o'.-i' >••>;••.- .--:• v,hi :<>e:. ;:s bv.^ p.-- Vrshiy harvested ones,  the reason 
ho na '!ri:     •'• ".c id '••• p...i>-ii;il lit',-, ¡ins ai'f-M mood up in storage. 

Or. c.'-r-cc'h '..¡a: eold mor's"- >-a"e siiouki be vdom to prevent as far as possible 
••o-:;:"":;;:'   -•   • i >'v. a! e » •   >c die eotd sei/un- of 'ha- produce.  Condensation will 
or. ,o- w'm-n '   •• dew -poin: of the air is higher than th^ surface temperature of 
tue orodm c cr i/ i«s packaging ma!eri d.   The package may act as a barrier to 

i^M^^aiussui •. 
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condensation on its contents.   Sometimes it may be good practice to cover a 
pallet-load of packages until it warms to above the dew-point of the surround- 
ing air,  thus avoiding heavy condensation. 

Condensation may favour decay,  particularly in the more tender fruits.   Such 
produce must be handled with extreme care'following sweating and it is gene- 
rally wise to dispose of it as soon as pcssiole.  Otherwise, the damage risks 
from condensation should not be overestimated and they should not deter any- 
body from using recommended storage temperatures. 
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4,1. et >\ r KO t j.K n A;Qjogpm-iHji STORAGE 

4. ! 1. _ÌL,j.,7.)i'.il(:i ìbil1 

Stori-»1 !»: frai*-, in controlled   «itnoonhero   (CA-storage) is founded on the possi- 
hilitv"Vo d- rrc-iS'-rep'vtration, »hus retarding ripening and prolonging the storage 
lu'e.V-adosen.; n>o eoacentration of" oxygen (O2) and/or carbon dioxide (CC^) 
ill the *-? or *;,;'. a: roosphere. 

Our kn«»v/iedre aboiT the CA-method has increased greatly in recent years. 
This HPPÎU-; !o fundamental physiological aspects as well as to methods of 
creatili:! ùm atmosphere desired and to application in practice. 

4, 12._ I lhxHJ_ojogi£a]^^^eart_s 

4. 121.  The -ate of respiration is roughly speaking proportional lo ÍO2).  Oxygen 
intervenes a« a reagent with the different substrates of respiration. 

Carbon dioxide plays ifs rôle in reactions of carboxylation and decarboxyla- 
tion.  It also seems to affect a number of enzymatic reaction systems. 

4   l"">    When «>•>> decreases below 21 % there is decrease in respiration bit en- 
sity'and a de lay "of rhu climacteric.  The effect of decreased (02) becomes less 
pronounced when the temperature is lowered. 

Below a certain lO-i) - generally 2 -  3 % at low storage temperatures - anaero- 
bic processes mav"oompiicato the picture.   These lead to formation of alcohols 
and aldehydes with consequent taste distortions.   Disturbances in ripening may 
also occur - acids and chlorophyll remain,  solubilization of pectins is retarded. 

With decreasing (03) such physiological diseases as scald,  core flush and low 
temperature breakdown in apples often become less severe. 

Decreasing ((><>) down to 2 - 3 % appears to have very little effect on attacks 
of fundus disease«. 

4. 123.   Increasing (CO1) generally decreases respiration intensity,  especially 
ai higher temperatures.   Lemons are an exception,  respiration being stimulated 
by increasing (COo) to 10 %. 

Higher (CO-I may create grave disturbances in metabolism such as inhibition 
of respiratory and pectolytic enzymes and of production of substances creating 
the characteristic fruit aroma. 

High (CO-)) may aggravate core flush but decrease scald in apples. {CO2) above 
10 % may'induce brownheart in apples. 

(CO?) above 20 % often inhibits spore germination and fungal growth. Oil the 
other hand, a stimulating action may appear at lower concentrations, 

toA¡IÜÍÍ¡E¡EASaEiHaiAiEi*ia¡aidiiai 
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4. 124.  The combined effect of (O2),  (CCM and temperature is eump! ira'ed 
and folio-:, 3 different   patterns   in different kinds of fruits.  Ttuu\   in bananas, 
theeffoctnofdecreasing (O2Ì and increasing (COo) are synergistic.   On the 
other hand,   in apples there is no interaction between (Ö2) hi the range L. 5 to 
16 % and (COo) 0 - 5 %. 

4. 125.  The choice of the optimum combination of (O2),  (CO2) and temperature 
is complicated by the occurrence of limiting factors.   Taking apples as an 
example,  the use of a low storage temperature is limited by the risks for 
physiological disorders and fungal attacks.   Similar conclusions are reached 
if (CM or (CO2) are chosen as limiting factors.   It is necessary to make the 
best possible use of all three variables and consequently apples should be 
stored 

a) at a temperature of 0° - 4° depending on the variety 

b) in an atmosphere containing about 3 °'o C>2» 

c) in 2 - 5 % CX>2»  provided that this concentration is tolerated and risks 
for scald and fungal at-aeks decreased. 

Evidently the balancing of these factors is much complicated by the special 
susceptibilities of each variety,  which it is necessary to know very well.   As 
an example, the variety Golden Delicious is fairly insensitive to low tempera- 
tures but quite sensitive to increasing (CO2),  while Cox's Orange presents 
the opposite picture, 

4. 126,  The following conclusions may be drawn as to the practical implication 
of CA-storage 

a) Cooling, decrease of (Oo) and increase of (CO9} concurrently influence 
the metabolism of the fruit and their individual effects may be added, 

b) It ìB advantageous to operate at low (O?) but above the limit for anaerobic 
respiration.   In this way ripening is retarded and certain physiological 
diseases controlled. 

c) Cooling is indispensable but dangerous zones (freezing,   physiological 
disorders) must be avoided.   By cooling the storage life is prolonged and 
fungal diseases controlled. 

d) It may a Is» o oc favourable lo increase (CÛ2), thereby decreasing the risks 
for certain physiological disorders, checking fungal diseases and delaying 
ripening.  On the other hand,  too high concentrations may have toxic effects, 

e) No all-embracing,  optimum recipe can be given as the ideal conditions 
depend on 

- the sensitivity of the kind and variety of fruit to low temperature and 
to (C02)i 

- the conditions of cultivation and the degree of evolution at harvest; 

- the length of storage envisaged. 

4, 127. An authoritative and up to date review of physiological problems In 
CA-storage is given by ULRICH (1967). 

ÉAüAüiiBiüÉÉiiiii 
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4. 13.   Techniques in CA-storage 

4. 131,   Principles 
Initially,   in the commercial application of CA-storage the atmosphère wanted 
is created by the fruit, itself through the normal respiration process when 
placed in a suitably light and wolf filled room.  When a low oxygen atmosphere 
is desired,   equipment for carbon dioxide removal is added.   This type of CA- 
storage maybe described as ''product generated atmosphere". 

Today several methods are available for producing the atmosphere desired    ^ 
by supply from the outside.  We call these "externally  generated atmospheres  . 

4. 132.   Product ¿em;rated_utmosphorcs 
For this method the storage space must fill high demands on iraa-tightness. A 
number or more or less sophisticated techniques have been developed for this 
purpose - many of them are described in Annexe 1966-1 to Bulletin de l'Institut 
International du Froid. 

In a sufficient ly^ic-tipht space fruit respiration gradually lowers (02) from 
the normal level to the desired concentration.  Once the desired (i>2) is obtained 
fresh air from the outside must be added periodically to maintain it. 

As Oo is used in respiration,  CD2 is given off.   It must be removed from the 
atmosphere;  otherwise injurious concentrations would soon build up.  This A

H 
generally done by atmospheric washers (scrubbers) using water,  caustic     /da, 
monaethanolamine or drv hydrated lime.   A quite new technique envisages the 
use of an exchanger-diffuser based on the special permeability properties of 
silicon rubbers   This is stated to be simple to operate,  to consume no material 
and to require very little energy (MARCE LUN & LETE1NTURIER 1966). 

4. 133.   Externally gener^^d atmgsgh^reg 

There are two main alternatives for this kind of CA-system: 

a) to replace continuously the atmosphere in the storage space with an 
atmosphere with the desired composition - flushing• 

b) to circulate the atmosphere through special equipment to remove 02 and 
co2. 

The flushing method may use liquid or compressed nitrogen to create the 
atmosphere desired.  Alternatively,  the atmosphere is generated by a hydro- 
carbon fuel burner system.   For a detailed description and discussion of 
different systems reference should be made to PFLUG & GUREWITZ (1966). 

In circulation systems so far only equipment working on the burner principle 
has been used. Volatiles may create problems in .systems of this kind and 
could necessitate the introduction of special absorbere, 

Nitrogen flushing systems have several advantages but are expensive to operate. 
Burner systems are cheaper but have other disadvantages.   Probably, several 
systems will find future practical application. 



.. re.,  i . : 

)!\>  !    ."   • 

; ' i,s <>: 

Ml 

»O«   líjod   M      '" 
;C . it..    i* 11 • 0^|)' 

:h:r  ~eeh •',- 
• MU f."'< s  >v : : 

:i     '! » i K   i : 

' •     *'   Ti   :i   h-   tic 

' Hi i ¡ ,u 

Wì< h   Î   f>:<    At:¡   ,   '      î '!''   oliati!; ' 
•Jif "< • .-'-m pcrino;,-.r 1 i' y   i n 
>0-';  et, i. .'*ú; i o; i:-"   o 1   i    . i >•'.  •) 

oo;- > "     >   '   pe  . ' -    :\! ,,   •• pp¡ ..•;•• 

lí-     "1'tT   .',,     , v'   'ISini'    i'Ülti.«---   U , 
"**       - !''"    i"')")'")    li    1  •• !'f !•>   t.hílt    ^U 

'•><•    •>  ' : n.'  ^ ' re i .-Maint d m 

(.'"»tcul'-.  \\ h.ii' soni • u^tlic rq r   *<.•• ; * v 

ff. ardut'."!!       •pu,i'¿Î.   ejp'H.i, p ,o 
derc «><;••    H' p'.'te \   - a Uí } •   >', i o   -*;<a 
ht',y     t-ii  ijií \  r«  'il   ¡ í .,,   a,m r -,   t i  *'   ,    ; .ii. 

O le dofu d« orrvl ,i'k i'í'( > t. i¡M 
way 'is soon ri-> , » 'Ya.*, i.; luxen . >i 
ifinpcrati-r • fi • and th- r ^ e > 
effects may iris» 'lir->u ;n * io,. .. .. 
eoneerTatio« «>. ('t)i. "io- tdiae, •• -> 
.sealed liner1-- ,;v K « r ,» tr .i.'-port.e . 
store onto   Y     h.p ,. Ii')i'   apj t\u     t,   ! 

'  '    . 'li i .     "V V'I'K     .IUI    1ÏIJ' '(    •     Mi 

* """  ''   ^.'it1- w'.'a   \ Clins hieran]' 
H '"s,    v'iei«? m . .j    -î    tluu n«> tU>{ . 

,;'i  ¡ •    '     •'   -    u-".'1   . -rYlol * y 
e >pn< i 

li    n i- î  n .    • i.r ..('M"i<-ii in S,HIH' 

~-t * '<:. *„e.  O 'ii'Tv, ;-,e,  when tlv 
t.      .i j   s M-. i-.i-r.»rrîfs ha- tTifui 

•" t "*n   • t  «   .>',;.!,• ad or a tuo ! ì;ph 
*•   > î -  ,      ipp! ••   are t f,    t   • arro-d in 

î * 

'h   ,'J ••';  .  .     IC 

Ì'ì.-I   i;     "i îhi    \v, l 

±. 14.  Eyaluation 

UaYi qui'e reoouYy e am mereiai ••: 
t.» '»'iplfs ai. I -jt'.'tcs     F -t   .'".s 'i *,• 

sivo appxic-aî.on,  e^pooially in î '«-       i,    «   "\-.os,  (U-> at Britain,   ttuly .»tifi 
France.   li m» u :)•• v o\\yIcvr^C ..-,  •   r'-a   >» i|»<ii -jpn - jiljlo fur off:« nnr,   1- 
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the way '*jr iu-%\ cui-.h.^iu,  i.i't u*:".:!','   ¡     , i >r , j,i-< m •  -'. -    * i ,tt « .   '.fari/ 
fruits which appo.-r to uftVr LH -no4 J\ •   • e-i^Jir   for u«    ]•   ::';» ^k^tii, - (• 
the arcan unciot  s;n cu' •.* ¡.s^li  \> , )it ^  i; ip- ;   ,i,."<-   .   ,     ,••    .i_:}y '.'M    ' 
storage Ufo.  Thf-c   rjith, r *«• „IMI L- *<< .H . » • ,p a ¡ ••«». K» > « «'.or.i'fn î.:IîI...-J- 

phoro Lofor«' st n- ii, -  dt-toi .orv.iM   ;:»   ,:•.!.,><    n,    riïvoiM..:.;    i ,,ï c r ' t Hy 
irorn C\-troaTiii'ir     Mon. /-er o-tlv .Tt»u4«   . <.   a'in- '-i    j.'o h.«- 
made   H can trate porta'ior: o. ¡Y.u*s ..n-'- e ;,*-*\ -. , 1(l     i¡m,~ ,L ->•> 

)-'**   I!«o% 

• <.  pi - ;>•> 

It should not he fot-nitori '.hat CA-sí or a ^e» is more expensive to install and 
operate than roçirlar cold storage.   Ajso it requires a more advanced tech- 
nique for running and supervisa,]»,. 
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M)...   !lu. :M.|i;,v:.mr o! tm.sl kinds m  Tints under CA-eondi - 
, lV-,D\c\v     limits di :'n   Niiiu' kmu : ut  \\¡'h «hi !«-r»-rit  origin 
... ,'iv ' Conseqinns' Iv i:iiirh more n    otirh us needed to make otter f*-••><• n -.".••'• '<-.i  i 

„p. it. a;    nro.i•..: mn o:' the CA -technique possible 

4_.°l.     ini nAuct ion 

p0^„h-,-r(.,-i u-atmen* of fruits hv irradiation han attraete'! considerable 
n^./s-  m'esco- of several possible beneficiai effects.   Most important of 
t)u,^t   '•'!• i i.,'. ooss'.'jiilty to < ont rol stonaca' diseases through îiie funiMcidal 
oropertie ' o; rndiaûon.   A second tempting application is opened by the delay 
in ripening w.duced in certain, kinds of fruits. 

Vn to d'de .-evic-.vs of tM.rr.-m status and problems in fruit irradiation are 

tT,V(.M ],,- sn\ï\lr.I< <\   MAX11-: («^6) and D1K1ÍL (I9G7). 

4.2 ?..    C o n t r o I o *' di si "ííSOS 

7h"o7r(vtt,.,t M.voî-îial advantage of irradiation for control of fungus diseases 
:..' th"u ,h,> .,-,..|t„,.iv penetrates the fruit tissues. Thus,  the pathogen growing 
Within 'he -o-c  -,..v,- be ¡nactivUod or inhibited.  With chemicals generally 
little or- no o. ¡n'rat ion is achieved. 

To ()ic,on a sa'isfai-iorv fumoeidal treatment the pathogen must he killed or 
ipivht'ed t,v :> dose iiuit does not induce any practically important,  adverse 

Cí'fert% MI bie fruit,   fmiortunately,  only quite few commodities withstand 
s.'itW.'r'orüv the doses necessarv for disease control.   For this reason 
considerable a'teanon has been devoted to techniques for improving the fun- 
gicidal effect     roducum host damage or both.   Amour; methods studied the 
follower* may be mentioned: oxygen sensit izat ion,   shallow  irradiation,   com- 
bination'of radiaron with < hemicai treaimmts or v.-it h heat treatment.   The 
last mentioned approach appears *o be the most prom usinone,  as in many 

(l!)ril|,>;i,    • ,,   •;, ...- ,. : iv.-itnwnt  of fruits by irradiation is still in its infancy 

lu',,  ¡n'ri.'.hM- /ase,, oca-'ically promising results have already been obtained, 
rid-- .ippli-  : oar-a'.ibnMv ¡o strawberries,  In this fruit a dose of 0. 2 Mrad 
rnav òro'oi .' re'i  i_e- r.:d storage life with several days,   mainly by controlling 

i5oi,'yt!>~ '  h,'rra. 

Brown r-.'   • ••' dim/op'm rot in stone fruits maybe controlled by irradiation 
soon i-i'', i- h iiv.-m '.  buï unfortunately the doses    required  soften the fruits 
¡0 Slll'.h   ,.', ,.^-,.,.i that normal handling is made impossible.  This difficulty 

,   ,,,,.,, •• }„• ¡..•.¡„¡..'.•ri by using a com unation of heat, treatment and irra- 

diât ion 

So {i)l   .,..., (:   ,. ,,„, ,,- , ;ir-u^ TU it •< h • . no   : w.k»-d p.. r* man, t ly pr musim; due 
¡,, p',,,,,- .'-..-i  i-e .- e,*">! v.   "•   I >--e    non-aii'ü-io..-. to ''n.   h> >V .m i t o : io   availa 
l,l|.yo;      ..:•' •-   ,•••;,-;,-iiî   cm  '    .el!   UltUo «   ' '>e ,   [ c f     se.  MOM '.)-\i.    Kee-Tltiy, 

however 
I'fl'VS      '     '''I'!'! 

1,.,.,...., ,  . •   |.  ., m   , e'e  :-,'o-M'0 .     ' •:••    p. .lyi'."-   rc,..f y f-   -...r > -   *<> mini- 
,-    .•  .... •„:•,•.!.;•>)  :oä' .uni '  > t edm •• A.at f 'OS-M-->     1.- moan treated 
,,    ,, '.ont e'"a',!; in e-, in .iñe¡   W T; . .ii'h.-. and -„totted better 

)|l   \J\        i    hi',1   h.(       .Oinl'ri!   rif ..p.;o ltl T   ..v-.ultS    'iota   "he   e.iü.bined 
• o.dvir. r .I'I-I;:.::.!!'! v.'!;  1 MeV 

elee 
•   ./e 

e e  va 'a .    e •i, r vi',moti (A coìì'en's "ban ciipnenyl treated tenions kept 

ìfe 
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•a • >• i < s a ad  p en ns.    !'  a ni MNI j':-   a <i ' i k e ' •.     •   > v > •',•. • r     * h a    ,-,,. : 1  - ,. , , 
>><••. .•'••!• >•!' pr.T' ¡.'a!  mt-an a;   in :!;-•      aa----      il  ;e   ;i¡rn ¡a-    d:; • h,. ,,,,,.. hand 
"ea   nïiahlv sa* a-'act ofv ami ch-aa ( :-.••;-.a-.ii • >-,.;,;,,, ,.nt H _.,.,, ; ¡ ^ - ; -t ; ; :, í > 

'he edier there are- definite  nisi.s   fu r de ;ay.-i  in.. Mutimi   annnv insiorat-e. 

_'_..'3.    I 'h\as i aii )\< ina 1  resonases 

'i in- me'aboiic .sta'e of i ho ''ni! al : h> • ' i u .e oí l mai meni iias a deruavo in- 
tima,.a- (ì;i tin phys^dogical response '• n i m ad inMor:. Ir. fruiMs o! Min clini.i- 
'•'>'ir :vI»' irradla'ion !)ofcrc Min oiisc   m Mi.- e ] i:nact era.   na- vili  initiate 
«•'"[(.-c'y markedly difieren!   M 'otr- 'cuse- camme.; hv treatment  !afer Unni ih e 
n<M;>.v;.r   f.!  tin    rise.    PwiUiKu-!..!',    m.ì   a ,an.   m, r on- ; s: ,.„, y  in  ripening 
t't-Mi.ia-îf m> irradiaron,    fiar''et:  ¡.-ana 'ni: easa r Mu! 'o  tanen or ripen 
abnormally.   Penches and neot arimm a M -   ripen premat urei v.   In ¡«ananas 
ripenimr is temporarily inhibited ;aai ia :anr„i] on<-e bmia.. d spor.Mineously 

. r- by treatment wi'h ethylene,   Mnnaac-  show a delay of ripening wiMi up to 
a days.   In all Míese fruits ripening proceeds normally if irradiation is done 
after Mie climacteric rise m rospira»ion has progressed m a measurable 
degree. 

Our understanding of fh ? effect of rad'a'-oii on rmmvm: of Man's is rar from 
eomple'e.   In some fruits Mu-  endoim-ucm oroduci ion of othvlere .-• inhibited 
m erhers it  is stimulated.   In addi! ion the sensitivity of the  .'ru.f to o'hvlene' 
may be changed. 

I4 has been established that irradiation will intensify many physiological 
disorder« of fruits such as chilling injury and high temperature injury. 

4.24.   Evaluation 

Irradiation so far shows limited promise only for prolonging the storage life 
of fruits.   Much more research is needed until reliable conclusions may be 
drawn as to the feasibility of this technique for any kind of fruit.   Attention should 
be focused on ways of maximizing disease control and reducing adverse host 
responses. 

Investment costs for irradiation ore ¡Ten«rally quite high.   The technique will 
only 1m economically applicable where large volumes of produce are handled 
m a centralized way.   It will have a good chance only where conventional 
methods of preservation are unsatisfactory.   One example of this may be control 
of fungus diseases in fruits,   as chemum« methods generally leave" n-sidues in 
»he foods,   which are regarded with ramdiv increasing suspicion. 

It is sometimes behc-d 'ha'  m.M    i,--,'   . •-... :.   [t p.-m u . a   .n.! t h,- is the 
main reason why it has been di-<-'i - • e<; (:••;•>• a*  -.. am V-raMi    'The nh-'ious 
conclusion is that, irradiation will m     ••. o'  M- CO- \> riMorìnl meMiod-, of fruit 
preservation - but possible   ripplen \ a'   iosa .a a >c spm ial eases. 
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4, 3.  DfSEASK CONTROL WITH CHEMICALS ETC. 

4,31 .   I ^ckj^r ou nd 

As ah'eadv indicated attack of   micro-organieras,  especially fungi is probably 
the most important, cause of loss in storage of fruits.  Methods to control these 
diseases include spraying in the field to reduce infection and good storage 
practice such as rapid cooling and correct storage conditions.   In some cases 
appi.«  c ion of fungicidal and/or fungistatic chemicals after harvest may be 
useful. 

Before a chemical treatment is used several factors have to be considered. 
It must be effective for the purpose for which is intended,  it must be reasonab- 
le in cost,  it must be non-toxic to the fruit and,  most important of all it must 
not be harmful to humans. 

In order to illustrate the problems of control of storaje diseases these will be 
reviewed for two important commodities in the subsequent sections. 

4. 31   Rotting of citrus 

Citrus fruits are very liable to attacks during storage by a number of fungi, 
especially PcMiicülium sp.   The possibilities to control rotting by using low 
storage temperatures are limited due to the fact that such temperatures may 
induce physiological skin disorders. 

The possibilities to check rotting using fungicidal chemicals have been studied 
extensively {MLNOZ DELGADO 1 ¿OC).  The treatment may be performed by 
immersing the fruits in fungicidal solutions, by wrapping in paper or packing 
in cartons impregnated with active chemicals or by in other ways exposing the 
fruits to a fungicidal atmosphere. 

•\ great number of chemicals have been examined but very few have been found 
useful fur applu-ai ion in practice.   Apart from efficiency the most important 
limiting facîer i.-; the sii let demands on non-toxicity to human beings.   In earlier 
years mue1, us    v is made of norie acid and rebated compounds.   Recently more 
eM'icii'îi? me; mais   ..ree i reu int rodured, e. g.   sodium sait and esters of orto- 
phenylphenol as wel» as diohenyl. 

Sonn* couuries have more si rid food law y than ethers and do not allow the 
•j -.c •>', Hi" i henr.ra; •   • • • .-»ioned .-.bove,   l'or ibis reason studies have been 
¡mtiateo in >pa.c, '<, •;  • > lop an idfi.-ion' inerirne treatment to replace the 
. hemu-ai tin "tod.   ; ' ì • Mi/ DKLONDO loc.   cit. }.   Promising results have 
m-en ob'amrii by immersion of tin   : ruit m a hot water bath (temperature 5S°C) 
mr live minutes followed by cuoiiin; in co.d water. 

;..b*>.   02"ey tTio.üd dij'rrjijjs 

C,ve\ n-oubì t.uisel l-.y Jl^ ryM..sj ju'Àl'il? 1'-t; H m<-'s* troublesom.e disease in grapes,. 
•d'ten caimim: sevi re lusses m s'orage and transportation. Co far the only 
i'Yi-'ien! « on rol me hod a\ -, »Table is \o » \nose Tie grapes to ait atmosphere 
eon».lining MI'.fur dioxide.  Other chembas are being studied and promising 
results have been obtained but they are ;.iot yet available for application in 
practice. 
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Unfortunately the use of sulfur dioxide is encumbered with certain difficulties 
and inconveniences. Thus, it is difficult to determine the optimum concentra- 
tion and time of treatment as these are effected by a number of factors    e e 
variety, degree of maturity, temperatine and condition of the skin of the 
grapes.   Moreover,  one fumigation is generally not sufficient,  the treatment 
having to be repeated every 7th to 10th day.  The stowage of the fruit must be 
arranged m sucn a way that sulphur dioxide is evenly distributed throughout 
the stow.   Finally,   sulphur dioxide is extremely corrosive against metals and 
it is necessary to protect all metallic components in the store room aeainst 
this. 6 

However,  the picture may be changed by a quite new technique for applying 
sulphur dioxide to grapes,  which is now being developed (PAULIN 1966)    A 
polyethylene bag is used to stabilize the emission of sulphur dioxide from a 
metabisulfite solution.  This contraption is called a "generating bag"    The 
permeaoility of the polyethylene film to sulphur dioxide provides a nèariv 
constant gas discharge rate during the whole storage period    ^his rate is 
determined by the film thickness and surface area and the quantity of meta- 
bisiafite introduced into the bag.   Grapes are stored in a perforated polyethy- 
lene package.   Generating bags are placed in contact with*and between bunches 
of grapes and the upppr surface of the package.  An equilibrium condition is 
reached between the quantity of sulphur dioxide continuously discharged by 
the generating bag and thai diffusing out of the package 

.•JL-34..  Antib iotic s 

The possibility to use antibiotics to control microbial attacks on stored com- 
modities has attracted much attention in recent years.  Notable progress has 
been achieved, especially with meat, poultry and fish, while with fruits the 
prospects look much less promising.   Experiments have been made with 
peaches and strawberries in which some fungistatic effects have been regis- 
tered. e 
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5.  COLD STORAGE OF FRUITS - COMMODITIES 

5,1,  Deciduous fruits 

5, 11.  Apple» 

More apples are stored on a tonnage basi» than any other fruit.  Also, the 
average storage period is longer. The literature on itorage physiology, 
storage diseases und storage practice is immense (cf.  U. S. AGRICULTURAL 
RESEARCH SERVICE 1965), 

The optimum storage temperature for each appio variety should 

retard ripening ag far as possible; 

control decay organisms PS effeciently as possible; 

not cause low temperature disorders to any economically important extent« 

Against the background of these criteria It appears that 

a) Provenance,      variety, picking time etc.  play a very important rôle la 
the choice of the optimum storage température. 

b) Many kinds of apples are best stored at quite low temperature, i. e. 
around -0. 6°C to+0°C. This applies for instance   to most varieties 
from the North Pacific Coast of the U, S, A. , from Argentina and from 
South Africa. 

c) A number of varieties of apples are subject to a disorder know as "low 
temperature breakdown". This may become apparent at temperatures 
below +4° to +5°C, its incidence and severity increasing with lower 
temperatures and longer storage periods.  In most cases apples grown 
in a more temperate climate are more sensitive to this type of disorder. 
For this reason apples from New Zealand and Tasmania are often stored 
and carried at temperatures between +1. 1°C and +3. 3°C and from the 
mainland of Australia at +3. 3°C.  MOST apples grown in Europe should 
not be stored at a lower temperature than +2°C; for some varieties the 
optimum temperature is as high as +5°C. 

d) Apples from Chile are generally stored at the same low temperature as 
those from Argentina.  However, there are indications that some Chilean 
apple varieties are fairly sensitive to chilling damages and that a slightly 
higher s orage    temperature might be preferable. Experimental studies 
of this problem appear warranted. 

The storage life of different apple varieties varies between a few weeks up to 
8 months. Early varieties generally are more perishable than later ripening 
ones. 

CA-storage of apples may prolong the storage life very considerably,  some- 
times even double it.   For modern long-time storage of apples the CA-tech- 
nique must be regarded as indispensable. 

The optimum CA-conditions vary as much with  provenance, , variety etc. as 
the requirements on storage temperature (cf.  section 4. 12 6).Generally (O2) 
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is kept at 2 - 3 %, (C02) between 2 % and 8 n,   The most striking benefits 
xrom CA-storage are obtained with those varieties which develop low tempera- 
ture disorders in regular cold storage. 

Scald is probably the most important storage disorder a'' Annies    The classical 
control method is the use of minéral oil paper,   either shredded or as indi- 
viduai inni wraps.   More effective fornicáis are now available,   e  g    diphenyl- 
amirie ano ethoxyquin.   These are applied as post-harvest dips or sprays or 
impregnated hi wraps. 

scald is less severe in CA-storage than in regular storage.  The 
requemly not visible in storage but develops rapidly when the 

General!; 
disease is f 
fruit is moved to warm temperatures 

5. 12,  Pear g 

With few if any exceptions it is essential to store pears at a temperature as 
close to the freezing point of the fruit as possible,   it is also of primary im- 
portance that pears are preeooled to this temperature immediately after har- 
vesting and kept closely to this level during the entire storage period   Th^ 
optimum storage temperature generally is -1. 7 to -0. 5°C. 

Pears differ from 1 iost other kinds of deciduous fruits bv having both an upper 
and a lower limit for normal ripening after storage.   As already stressed the 
ideal storage temperature for pears is v*ry close to the freezing point of the 
fruit,   it must,  however, be specially noted,  that there is an upper critical 
temperature level,  above which pears lose their ability later to ripen in a 
normal way.  This "dangerous temperature zone" varies between varieties 
but is generally between +2"C to M0°C.   The obvious conclusion is that keeping 
pears tn tnis    dangerous   temperature interval during any phase of handling 
storage and transportation mu t be most carefully avoided. 

The storage life of pears varies very much between varieties - from 2-3 
months for Bartlett up to 6 - 7 months for Packham and Winter Nelis. 

Polyethylene film liners may extend the storage life of several varieties of 
pears by I - 2 months (cf.   section 4. 135).   It has been realized for many years 
that peí rs may benefit from CA-storage.   However,  so far this type of storage 
tea been used only on a fairly limited scale, but now a rapid increase appears to 
be taking place in several countries. 

The literature on pear storage is extensive.  A large number of important re- 
ferences are f>und in U.S.  DEPP. AOIÎICULTuîlS (l%V, 

5. 13.  Grapes 

Largely because of their high sugar com -nf most varieties of table grapes 
have freezing points that are lower tha-i ror any other important kind of deci- 
duous fruits.  Although for most varietie.« there is no danger o'freezing injury 
at temperatures as low as -2. 2°C, they í re usually stored at temperatures 
between -1. Io to +0°C. 



ID/ ..u.-i j/ ) 

Unlike apples and pears, grapes do not ripen further after harvest. They 
should be picked at optimum maturity. 

Good keeping varieties such as Emperor and Almeria may he stored succès- 
fully for up to 6 months.  Other varieties have a much shorter life-span. 

The most important cause of deterioration of grapes in storage is attacks of 
gray ne-»Id < Brnrvjas i^nereai.   Methods of control are discussed in section 4. 33. 

For a comprehensive review of the problems in storage of grapes reference 
shouid be made to RYALL & HARVEY (1959). 

5. 14.   Stone fruits 

Stone fruits - apricots, cherries,  peaches, nectarines and plums - generally 
have their optimal storage temperature at -0. 6° to 0°C. Some exceptions 
are discussed below. 

These fruits have a comparatively short storage life.   Mostly it is not suffi- 
ciently lonp to allow transocean shipment by sea without difficulties and 
complications. 

Most suine fruits appear to benefit from CA-storage.   Commercial applica- 
tion, however,  is so far on a limited scale,   llore   experimental evidence about 
optimal CA-conditions is needed. 

Apricots may keep well for 1 to 2 weeks,  or possibly even 3 weeks if stored 
at -0, 6°C.  They are subject to internal breakdown at temperatures above 0°C. 

Cherries keep for about 2 weeks at -1, Io to -0. 6°C.   The use of sealed 
polyethylene liners will extend the storage life by at least an additional week. 
With a suitable film thickness atmospheres containing 7 - 9 % CO2 and 3 - 5 % 
€>2 will be generated within the packages   These must be opened when fruit i« 
removed from cold storage as off-flavours may develop at higher tempera- 
tures.   CA-treatment will also extend the storage life of cherries but benefits 
obtained are no greater than those by polyethylene liners. 

It is difficult to store peaches for extended periods.   Most freestone varieties 
keep for 2 weeks and some freestone and most clingstone varieties for 3-4 
weeks at -U. 6°C to 0°C.  With longer storage peaches lose their flavour and 
natural bright colour.  Their flesh may become drv and mealy or wet and 
mushy.   Internal browning often develops,   in some varieties mealy breakdown 
(wooliness) may be reduced by keeping the fruit at fairly high temperature 
(18° to 25°C) for 2-3 days before lowering the storage temperature to -0. 6°C 

Nectarines have the same storage requirements as peaches. 

Plums are very sensitive to cold injury internal breakdown when stored at tem- 
peratures from 0. 5° to 6°C and this temperature range must be carefully 
avoided.   Most plum, varieties can usually be stor-d satisfactorily at -0. 6°C 
for 3 - 4 weeks.  If storage at this temperature is extended too long difficulties 
may be encountered in ripening the plums. To master this problem a "dual 
temperature" technique has been developed for the transportation of plums 
between South Africa and Europe. The plums are carried at -0. 6°C for part 
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of the voyage.  Then the temperature is rapidly raised to 4-7° to + 10°C   depend- 
ing on the variety,  for the rest of the voyage.   By varying the periods Of either 
shipping temperature the plums may be landed overseas at the most desirable 
stage of maturity for ripening. 

5.,_2._ Citrus fruits 

.JL_jJ• General, considerations 

The two main causes of loss in storage of citrus fruits are fungal rotting and 
physiological skin disorders. The lover the storage temperature the better is 
rodine- kepi under control.  On the othe.- hand,  physiological disorders usually 
are  a^-v/ated by low temperature.   Successful storage depends to a very 
large extent on an intelligent baiane mg between these'two risks. 

A ereat many factors influence the optimum storace temperature   e g   variety 
nature of soil,  cultural practices such as irrigation and spraving! size of fruit * 
time of harvest,  degree of maturity,   This may well explain why so many diffe-' 
rent tempérât ..ire recommendations are encountered in the scientific literature 
as well as in practice. 

When fruit from a given region is known to be liable to rotting and has not 
been given any fungicidal treatment, it is often better to accept some risks of 
injury co the skin by storage at a somewhat lower temperature and in this wav 
minimize losses from rotting. J 

Results with CA-storage of citrus fruits have not been encouraging. 

Citrus fruits are very liable to attack« during etorage by a number of fungi 
especially .Penkillium. «p.   Control methods are discussed in sections 4 22 
and 4. 32. 

The application of wax or wax emulsion preparations to citrus fruits han been 
practiced for many yerra.  Waxing reduce** moisture loss and thus retards 
shriveling.   It may also give an improved glossy appearance. 

For a more detailed discussion of citrus storage reference should be mad* 
to MUÑOZ DELGADO (1968) and HOSE et.  al.  (1944,   1951). 

5. 22. Oranges 

The optimum storage temperature for oranges varies between 0° to 5°C. The 
economical storage life generally ».mounts to 8 - IS week«. 

5. 23.  Clem entine«,  satsuroas, mandarines 

The European recommendation for these citrus fruits is to «tore at 4° to i^C 
(MUÑOZ DELGADO 1968).   Under such conditions storage life ts stated to be"* 
around 8 week«. 

According to (J. S.  recommendations   «andari«* type citrus fruits should be 
stored at 0°C*.   Because of their perishable nature they should not be kept 
longer than 2-4 weeks and they should be marketed promptly after removal 
from storage. 
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I> • 23 • l'^Jnri9Ti^. 
The optimum storage temperature for lemons is 12° to 14°C.  Under such con- 
ditions rhev may keep up to 6 months.   Lemons thr>t are of proper size and 
dark-green colour when picked have the longest storage lite.  Tree-ripened 
fruit doe H not keep well in storage. 

5. 25,   Limes \ 

I,im« -i muy be stor«'') sai isfaet oriiy at !j° to 10°C for 6 to 8 weeks.   Some loss 
oí gr» eu • ì>.oui ,  however,   oft*, n heeomes apparent after 3 to 4 weeks' storage. 
(¡rem <•" <>ur is retained better at temperatures around 5°C, but limes are 
subjf f ' *<> ;-:'r.'-.g i! kept below 7°C.   This condition develops soon after removal 
from storage. , 

Grapefruits are more sensitive to low temperature injury than most other 
citrus fruits.  Generally, recommended temperatures range between 10° and 
16°C.  Sound fruit that has been carefully handled and is not overripe can 
usually be stored 4 to 6 weeks, even up to 12 weeks without serious spoilage.       . 

1,3.  BananajL 

The most important application of refrigeration to bananas is in overseas 
transportation.  Generally bananas are picked at a stage of development which 
should permit their arrival at destination without ripening.  At unloading the 
bananas must still be in the preclimacteric phase,  i. e.  quite green and hard. 
In this condition they can be handled with relatively small risks for mechanical   ; 
injuries and bruising. 

Although there exist over 500 edible banana varieties only a few have signifi- 
cant commercial value.  These include Gros Michel,  Cavendish,  Laeatan,  Poyo  : 
and Valéry, 

Bananas have to be in transit for periods up to 24 days. Especially for long- 
range transportation it is necessary to maintain optimum condirions throughout 
e.g.   in selce*»on,  overland transport,  packing,   loading, cooling,  carriage at 
8©a,  during discharge and finally ripening. 

The keeping quality (transportability) of the banana is influenced by a great 
many factors,  some of which are difficult or impossible to control.   Most •; 
Important among these is the degree of development at harvest.  Others in- 
clude fertilisation, diseases,  parasites and climatic conditions;. ! 

The greater fh*' ues.;ree of development (fulr.fíísn)   at haives;.,  fh<   shorter is 
the tint!' the ban in;: m:*v be kept  .'n '!:*• prec'imucrerh   .stailo.   On r.-.e other , 
hand,  the more dev« loped inn   is generally considered to be -,i;perior in quali- 
ty and consequently is in higher demand on the consumer market.    The choice       : 
of the correct fulness   for a specific trade demand?, considerable diligence 
and experience. 
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Various criteria have been proposed for a,« objective det ermination of »he 
degree of    ««veopmen..   These in.Iud- , ,, Wot day. ofler J^V, Í.   £ th, 
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The following carrying tempes-atures a.,  generally  rrx^wwW for bananas 

Oros Michel Uj4o ..  ¡,   7oc 

Cavendish,   Lac at an, Valéry,   Poyo !2, 8o -  í%  $Cç 

Thifc rc-'üniii ¡.da*'<a. ¡s sub,t x • ' o - !• 
ofma'urdv. pa; ka:-'i<u; used, length -v 
employed. 

••c'   a :'.*;<•: s as a result of stage 
-*•»: ' -'«i» -vre liasing system 

Bananas are very sensrive to «-thylrta   . . f»   . .!rir.-pt. sta,0    Kv(,n Q   - 
million    i! maintained m » i.« a-rr   ---ih. r«-     "• ¡I ».-•   f, ,,-, i ; , •  * P 
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sen« e o'" rr¡:i'     in and .,:"-fr ih«- < ].>.:    • *« 
unripe,   pr-.M '.ff.-.w ; -- r i«j irm'  ta a •   .r/,( .•;,„•,' 
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stages ni (leit'l.'.ni. en; ;•;' t '•><• i.'-i ,'•  ar «   ...  > ) ; 

of whadi c-eri'-er f.i'Hin (;>:i ae'ua:ivh<' ••   . >,. . 
vf-ntiLr,..-! r-ijvu.-v eat, so Mr ...= :•• i-   '- .,'.[,] •„. îllt. ....sis of prae'a al eXp 

• > ¡''t>" fraihi ii«.r ¡M    ì ' lov. od 
"''•i;5 ' •'•   aai.   So lar nn;y   . «TV 
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nerve •u: Up  TO  lí  (.í-!j¡:p cT i     i(i' ! ' '   !;<,'i?   « s •- ••omref/n. 

The air circulating system is oi prime importance in the carriage of banana, 
Vlith boxed bananas vertical „y-om. an   «enerally c-r(!1«idercd to be supc^r" 
to horizontal systems   v/hic-h require th.- use of so.nt  ,orm of dunnage L     . 
rate sa islactorily.   1 he rate of air circ-uLalicn necessary is still an open QC^. 
tionj   60 - 80 changes per hour is accopU-d standard ^oe modern banana carri, rs 
some have even more. -«1*1.1?. 

The ripening oT bananas requires a well developed technique and special enuin- 
ment with adequate possibilities for the control of temperature and relative 
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Generally,   Mm colouring of the skin is used for judging »he maturity of pine- 
apples.  This eri'erion,  however,   is far from miaLiink;.   At the same stage of 
maturity of the fruì?  flesh, the colour of the skirt varies with the weighi of the 
fruit, the- i.limatic conditions during' maiuraiion and the variety.   'Thus,  the 
heavier the fruit,  the it*.ss is the colouration.  During cool and dry periods the 
fruits take on much more colour than during ho* and humid wearner.   Varieties 
with white flesh generally colour very ii'tle even on futi ripeness.   Therefore, 
additional criteria have been sought allowing a more reliable determination 
of the stage of development.   In the fruii  flesh the arrival of maturity generally 
manifests itself by the formation of trans lucent zones around the "eyes" wnh 
les« marked colouraiion diari the tvs» of the flesh.  The maturity is more ad- 
vanced the higher the percentage of the cross section area occupied by trans- 
lucent zones. The development of the crown,   slips,  eyes and bracts may liso 
assist in assessing maturity.   Local study and experience is iniisoensaols to 
determine precisely the most «unable harvesting maturity for particular re- 
quirements. 

It is cxtM'i ,<. '•.•  m.oort.m: m pro!»..'  'he pineapples a/ams?  me-cha.cu ai dan.ace« 
durimi h-i r."-----:.i/ • n<> p^c-mu» o¡)et'.c idus     íini:-,^ :v rjuicklv :oi¡<Avefl rev ;:¡- 
road of MO*'   rot«-     V-»;:o'.is n.« • .ICH', a>:n;:  ~fv''.. :il ff. , ip ••.«•» •*. h .•,'•• lit1*'?! 'ie. riooeu 
to fai ¡lit.it«- ti.e-c i.p» r'a'io:i>. i i',\   K   i'lN^.CM    ifif)~.( \s\n, ,'c.e lu^hei- rvi'icmesj 

The optimum .si.'T\i:-i' mn pcra'ure is ". ° t c» H°C.   In 'his  r.tpj »• r-;p. niio' proceeds 
vers' slowlv and  íiiOj-al (!<•<. ay .'mainlv ' -n.^eO b\ 'i -v-f î.i_v lop.- i-, JKI r..'i."i:<a ' i.- kept ' 
in check.   !,ov.er ' e orne ram re- ce.ir.e if.ill mi' ilam.aiics  - ';.e  : r \v-> -ake t>n a 
dull hin ,  develop water soak in«1 of rïie fiewh and darkemni' o- : he < ore and are 
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' * * •' ""   :"> <«-.'. 'i At    , „•;-,!. v -»o 

*•"'     -    «'»"«•       p  . ' ;-i     :.i v .iní- 
:•«  p '•      •   "• •        >;•»•• t'.ttjV.- 

"-    paa'-aapa -    ...    f rupp».i¡ 
l-   íjíj'i'*.' '  •'!• and <am*fí aiibi,-k.-n «.ai 

r .,1 

; v!,;f i- Kis.ifl,. 

. 1.    '1     •' i'.    •  '-I ( íl )   -, 

M, . i.      ..„,<; i-,    V ...—i«.., -    -,t- M.-v,c,ïn    ihr Cium, îïia'nn va! 
i ti*- \> *        ¡M'iia-! >. ht'   \i'-viiai-  '   r.     ;     -' i- -i-. r«->,.s<   «„ai.  ,   , . 
i» V« : -.   • î. t ri  SA  ! , i '-,    f;M .-,.n, ,• „.   , -.. . '•     *'" 

?ì)'-r> *!i'    \'-> \ '-:'¡, a,.).--¿ltJo    ï*.-, , .; :, 
^ "*> '" : .    >'•''-•! ¡:-. •-•! •!.••     :.\< K.i. ^ -   ' ' 

It'Ii','    l'<i ! H V     •'   .i ¡ 1   '.•. . i,   ;,'l   i-,    ..•;''      ; 

ÎVlî'M   '.,       1.     "•;*     !;(   *"   Ci*'   ¡.vl,!",1.     ',<'-\    ,   . 
'•«•i-;,-.!.. ,-,-r-   ;;• ijor'ant- 

1   -i"    i i '  ! ' • •  '        - • * I"ïi i*-' 

•ir.   v'íiru 
t't(fl \' .•»;'   r,-   ;• « \ 

vi'/, \   >,', r;,'Oi' 

>i"».-   i ' a * i , 

r .t    a •; •i A   . ai  <.    c; í 

ansí p"¡n. .ar.    ; !•• 

<   ' •  ,      ''I,-.,       , 

ii  V, . t'" ' ¡   r ; • 

s na »•' '.a: ,:i •• \ 

i,".i.     ;•• • 

' " 1;   ' * ' » '  ,!.'   a ; • ' :   -   (!,;,, 

'.-    f       •< i »•    • i--.,   ..   \\ 

!'  l- oí <*rir:a.«I if;.p.,r*atu-.- !V,S     .icr.fsuil    ^oraf. o*' ra, ,d,~; ,har *!»< — ro 

•1;:,^t,í/*- -1' '!,'*-;rtH':  ^•«:'-«'f ••     -ii i.v.    This i« in.'l... ,v d l,v  -L.» a^aah of 

tornir in '.í.  ..;i- w!»iv    "•• ua, •-• •• •    -..,,,    .,»,  „•„,      - "  '" 
NíHí

-
.   proaiaati •.ía'.a*;on>,  « a a na-.u 

snapta   cnioar    .skia • i-xaurt- 
aia! otaf-rhu^ctcTiniics,   or.iy  lord ^.-r-r,cc can ^ercribo t'ii«  »wt  PK'-T 
m:í uriV  hT an:' nriri,lar Var"•*,'•   !^'^-'^via -rui.s ,,v »..^fin ih- lai o- 
^"7   ,":,h7,V'll71» -   ^»«í---  -—    ^l'hn.^r^    Th;.  criterion 

cím< i«ítni^ rr.av m- wirk*'.   vu.iAÍfíi.-   •    .,v«   • ,.   .,-«,../.,       »       » A, ' , *   ipnvMm    nvi'   -       í;,",A-«--    •   A. ,llS     r..ta- ni cofoarnia* AVARI) 

1 
condi' t* m*-! rr,av o<- pi«-kt'<! urag^íh 
& Ki-:o\AKl) «'J^"))' Spi * •••;, 
n.aturiív íSTAHr, Ï'J33Ï.   i-   '— ••« ou'a .-i:ía-a sample fruits ar«. p¿<-k«ci <íunng thi* 
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ripen nor fu." 
have a rr:\ e 

;ni/ Ki-aKon and h-f1  'o npen in a warm plaee.   As soon as these 
wnhout shrive Hing the normal picking .-mason is considered to 

A vo, ,!»}<.-,    "     *     »^ :  t'to.'i.i .¡.i   h!'*b*   «ri.   d '. n p< l .-.'un  varus vuv 

.-,    »,  )*     '«i     .s    !    !  m    i\   .H,c(l   s'of.i    •"   t \ i"    ti'   l*°C t   f 

mi'1   í'* *• ' ' 
at  1 I   7«'< 
Vuí   .,• - »     ¡ r  ,.-.s ii.¡    .   'i   • «   m «:• .   >- i*" íi.    !     •   -    n i, íIV S « r orne 
n ot ,   (J   i ,    ,,,    j«r  -* rot.rfl.:, í,:      iiV-rn «1 -.,nl **i í •'•c* t   irtnon   f.o.mon. 
\^'}ui,   -• i '     * l     '"   - . "'i >  • ' -        -     .(•"*>> »i. \ t   . '   ; t ""' a ,   ~ ¡»   r   »   ¡ark, 

i,   11.    * ¡ , i*- ,u ,   4,*   n "»he •«••   *,o     iii   i,      !••' \ ••* .'   •>* one 
•   ? -,    • - i j   i'a'f '!  ,« i* !,  ' ':•   iv -, i, * , >;  t, ru> 1 

ne\í  to ' '•' 
and si. u    ( H > 

set-   ),' ¡' T.    .'»in í i ' d   .t "Lt> ,i,.'u M o! (iitl »nitre mat m , v  <  ><     »'s.   mi'« -, m 
tissue »o ,    ,' .    .   -•ri-v.t,     '.(.(i^,'» -m   .",n <m > 1 e h nppe   r.'iii *      la-ome | 
varieties'l.i   v «^  .1 ,r -.tra id-,   nm-,.m   h.mmnhna'.A  'Uro-.  T^tn'*, .cquin ! 
a i'h.irac*" t"   M'   b   o\Vii DI'

1
'
1
-!' k,-di im I'D  til ap,)« .trau« <«.    \  H'.ons   maimes in -. 

navoiir.ii'f.i   --to.'il    rn.lii   .'u.   Iti' u".'vl]-'
,.fs pd'.ili.!;S'it,(iriiy    ^ i 

slightly impn.r« ¡I whereas MI o* heim th.   f ut y qualify ot the horn, illy ripe,ted j 
fruif ir •}' hi   f« pi'*1 ,,fi *>\ a pas»v insipid »lavoiir.  or more nr 1* ss acrid ila- | 
vours fYiay he produced. » 

Chilling i'' arcuados is a complicated phenomenon in which several factors are  , { 
involved,  Is: audition to variety,   temperature and duration of storage the ma- : 
turi'ty of'the fruit at. the time of storage is of critical imponanee.   Fruits stored í 
immature only show chili effects after Ion? exposure to the low temperature, 
i.e.   after a cert run -tage in ripeness has slowly been reached,  whereas fruits i 
Of the same varie) y stored more mature mgv show chill effects in a relatively | 
«hort time.   "The evidence available indicati     that fruits an- most «abject to ] 
chilling during the initiation of ripeeA g. 

The optimum borage temperature for avocados is largely determined by the 
critical limit for chilling;  generally it should he as close to this as possible. 
Accordine to recent U.S.   recommendations I U.S.  Am?.   AGRICULTURE 1968)   , 
the best storage temperature for cold-tolerant varieties such as Lula and 
Booth 8 is 4. 5°i...   ;^H West Indian varieties,   which include Fuchs,   Pollock and 
Waldin,  are cold intolerant and store best at 12.8°C.   A  few varieties,   such 
as Fuerte are best held at 7. 2°C.   (fold-tolerant varieties can be field in storage 
for a month or longer, but storage o*' cold-intolerant varieties is usually Ami- 
ted to about 2 weeks.   CONDII' (1919) reports that among Mexican avocado 
varieties    erb iva'ed in California,  the Challarme variety was störet1 satisfac- 
torily at üüC for h weeks.   Reports  from Hawaii (HAROLD  1930,  WILCOX & 
HUNN  1914) indicate that acorados grown there keep well for n - 8 weeks at 
0° to 2. 2°C. bludies  in the West  Indies by V.Vü'fJDLAW & LEONARD (19351 demon- 
strated that onlv a few varieties could be held at 7. 2°C tor 20 - 25 days with- 
out sustaining It-v.- ti-mperature h.jurv.   On the other hand,   a higher storage 
temperature, e. g.    !0°C, was louud inapplicable because of the tendency of fruits 
to ripen before the required storage life had been achieved.  The authors re- 
commend that among West Indimi varieties only »he most cold resistant ones 
should be eons id e rod for extended storage and that a steady temperature of 
?  2°C is used for these varieties. 

\\ 
To sum up,  the problems oí cold storage of avocados are mainly to select 
varieties well adapted to this purpose and to harvest the fruit at the proper 
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chaïaitensues .ml commercial value.  They are.  as is thought,  derive in" 
the first instance   from «ix distinct species.   For descriptions of the more im- 
portant varieties relerenee should be made to SINGH (I960). 

The choice of stage of maturity ai picking is dependent on the dura^n of 
storage intended and the storage facilities available.   It mas« be rndo with 
great care.   Unfortunately considerable difficulties are encountered in findin- 
suitable metnods !or judrino maturity.   Criteria useful for „no varieiv n>av   * 
not be valid lor others.   Generally «election is based on shape    si?o WeoLour 
of fruits.   Attempts have been made to use the susar and ae't'd oo^en       h 
colour of the pulp,  the number of nays after bioomino    the snooze'm^' 
etc. 

m,  tue 

Mangoes are very susceptible to low temperature injuries    which ' -v o-mi 
fest themselvey as skin blemishes,   failure U> r¡oen t-nrm-óur -.,    ,."'""'   "T.- -   '--.Uii    s» i.^eu iiOiif!,!iiv un remove!    rom 
cold storage and a marked decina- la résidant, e to patlmoen- S-mmav ih;iitv 
to chilling varies with the variety, maturi: v ou ob-*kin<» *>>-i<*,-<n -n-'i '-V.',»/, •"" 
Of exposure to lOW temperatures.   Studies en \Vr«t  iridic» o:;in„rH.„ bv u. /f,n',   .. ,, 
& LEONAH!) (um) indicate that -he nmien! temnermure bo ?    inm   ^M)1" y o   fio^i r      r , , lU,1iJUi"llM   e.if   eiuijnu' m around 
8.9'C for fruits Harvested at a relc^u ^rly si aae of dev..U.ptn«-nt     K-ui>s 
picked on the point of softening tub rate a slurhtly lower t ( '»p^r-i'.-re (7 ""»"(M 
Although 8. i)°C may cause some cuillm«    dura-e'b   is recomnM-nde.i rorT-vt en- 
ded storage in preference to 10. u<-V,  as the latter temperature petar'-.' con- 
siderable activity of storage pa hogens.   investigations if. T,ifi-H ( ! MI1-TM \" -     - i 
1939 and others) demonstrate tha* the .,arû-.ty Alphonso,  packed af the proper-   '  ' 
stage OJ development,  may be successfully stored at 7  '-o *n H   «j«c f, .- 7 Zf   1 
and subsequently ripened at room temperature.   For another vamety (Totap-'ri(" 
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tin  optimum storage temperature was found to be 5. 6° to 7, 2°C, which gave 
a .Storage Hie of 7 weeks,   Studies by AKAMINE (19G3) indicate that ripe fruits 
(if the ¡laden mauro ^iov'tì in Hawaii) can be safely scored in the wide tempera- 
la,,,, rar;;.,- (,f 1. '"" '.«» 12. Hu(\   Tin- cxpeeted ;,mrago life of these fruits is nbout 
4 weeks'at  !. 7" n>- 7,7°C,   ;.uid only  !  weck at   i 2. HCC,   For extended storage 
mature ^een and partially ripe  fruir-: enr. be safely stored only at Î2. 8°C.   The> 
ripen at  this temperature and their expected storage life is about 2 weeks. 

1"],,.   ,i,,,.f    li* . ¡. ,c -u"..    ' ''M- " ra" inn of -i,o with- différentes which exis* 
beiv. ' en î:   e>>'i, -  ij-'t'-i -• w  'h topata1 in oprimiré storage temperature and to       ; 
starrt»   'i:*.-,   ¡\'<:i mondi the s'oiar«   l¡a     -netaliv n vy be somewhat on the        : 

«.•huit *-mh ,   it apt -'di's ¡f asib'e *o   -army      • >- i ssfuPy mangoes to fransoeean 
market* hv .•' »a pr.        "d iha« proper car-   -s taken HI S* ledum, handling and 
transpon aid.o>]. 

There is some indication (KAPUR et,   al   1962) that mangoes may benefit from 
CA-storage.   Much more experimental evidence is needed,  however,  before 
the possibilities of practical application may be evaluated. 

The on'iti um '-menifuï temper,.'ur*   for m mgoes appears to be between 18° and  ' 
22°C,   s io» ama n-ire.;.;1>  mam,,..   \ - 1; day-\   At higher temperaiures wastage 
due to d-e ,i\   ••!': ana s a-   ¡.m I'IMse- and u- .diiy is lessened. 

to* The pr"'.-1- .T        v.a-,'t- •!•••• Si m it role.V   r  -<eks »s di'fit uh  if1 mansm s'oragi 
Dam;'.'«   de.-',   y.-'.ad parus ' e-   may m   -.'.run-  da'  • ai. b»   s tu ress'ully eun- 
trolìed :•;," e -,r>dvd  rummim: o^'hc irrer.    \pa-" from this manaots very often, 
though ¡(»imi-: :.'.     •   ral ami r.srV.emi.-dn a on ptcr.ing,  < arry inten'  infections 
Of Severa!  it   aer'an'   ea'mvus.    V>; ,m i- amena  ' ht-^t' are ' ^oi^'^tìdehnij! 
ßlo('i'>,i,)i,t'1' de- , ;u¡ -an.   :iii*'ii'iti1 ii'íS»",   Po "''•_£' '"'_i i«1  r'.b-i'i,   < .'eis1, rig stemmend rot 
and pTi.-'v 'P-       re   and  7 """-.1''-z'" - '-  'a* yra emisi:.;.-  acera1 rots.   fdsea.se inci- 
dence di; rim   rpui-ir,  a:;rdi..i;cibb' *o  .•:< h d<    mam irr'eeiions,   is °rca:ly 
ace emu; ti d hv » u-llir.:,.   prolomîed * <•>.-.. ¡-mm-a^ .   slow  ripenint and • may ntstri- 
butiott.   As dm lauer in:oc?;orm beeoti... » -:>a:dtsh-'d dur ne the perk-    ot growth 
in the field,   ¡i is s;.-.'«m?. < ed "hat di->easi v.as*.ru;e < ar» hv considerably reduced 
by well-timed sproyitn.' operations during »hat period, 

There is a very wide variation between varieties of papaya with rigarti to 
appear.inc» .  qualdv,  commercial value and storage prop» meg. 

Storag<  trials carried out in Trinidad i\V\KDLA\V et.   al.   1934) indícate that 
relatively immature papayas will not ripen after cold florar*-.   Most of the 
varieties* tes'ed showed evidence of e ridimi- if heid at tempe rat tires below 13° 
to 15°C\   Sore»- varieties,   however,   when picked vela»  r.at quite firm,  could 
be stored sa< •. •-•%-.'allv a* 7. .V*c for 2b davr».   (.!e,rrent recommendations for 
Hawaiian p*W** '/- •»«  lí^r.    AfdìitddJ ;. HF 19Mi) is 'o harvcist a«, the 3/4 
ripe colour «taire a.id store at a retnpera'ure close to oui me below 1. 2°C\   The 
storage lite under these conditions it» 1 - T* weeks. 

Papayas shoutit be ripened ai 21° to 2'°C.  The Application of ethylene nmy b@ 
beneficial. 
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Th^lV:,,hl,,1V "' castano m «..•ora,..-   .   >.r4,,.-.   j.  ;ri pritl,ifj t- !v ,,.„, .M . 

(liliMr-.'   'he   cl.- M    nb.'tlMi'     a'   •" •   • r > 1,,      -    ""   '"    ,, „    ,  , , ' !.. ,   1   !  ,,!S   (,        , , 

occur in !.-,- mature iruus v.»u» h •,-,,,   ! ,.,«.. h, id it'  <•>   M ......   , 
•       ,        i - , ' * * •   '    ' ' ' '    ' - • i 11J ) '   ; .     'a i ' t  S , 

•'"' "    v  '     l      ' ' *'* ' ''   '  *•'     ^plV'>-      t¡,   ».   )  v    ,,.,,.   «,'-,« 

>.i:ed a,--   I.Veul   iti:rt ', u <iS 

Al.*';1' r f.î'i pf s%;;¡ 
>'  v«    *er tri rrmcii!  ?;..<• do'.nìs .--*.f. i,..-.   r-TT. 

WA.RPL \*A      ! 'c« H  t :vri*-nd»M'v   (|.;,.,Yi 
n! pranv t,-   iu i ^ \ 

<'<J.    i V    opinion it ìì\ hi Hll'-ft1 i\   »M » 

.-.pnr'a» iu,! hy snip ani! clisM-ihu* ion 
uu ,,u'ans »-.P—--i *•     pro'-Ui -uual,!.. typ» H can he .seleet- 

,]!,,,„    , - , "p'i.íií-n'- .-> id o.   Tu onv ease,   practi- 
..IK  ... * r,i¡n„ f - of papaya, T->m Haw,.;  tothn V. S.   mainland i„ noi bv ai, 

JML-LJT)aì.es 

Dat Daten are subject to two general types of deterioration. One is caused bv 
biological activity, the other form is physiological and includes darken^ 
JOSK of flavour, u"i 

micro 
g and 

PcVr-  nith ?M ~\ or less moindre ,u- ( r,.,,a ,raí{"*-dy s e fe  V 
-i5    ' ',' *• '»*;* f-fcoiTîf increasïîud.'- *<; c 

' u'ai'-J ni     "..o::>l,»i'.i".-il decay. 

om mi'Tobiologicaî 
,, r"""".i''" -ïK thï- »no;-:   nv conten* exceeds 
this ,*•«,.-i    Low+t-nip«^rtctjt*fiï .•!-., (t«.,e>i U!1 

l'Iiv«-*, '_>•, ••••> ]( ,.] tii-' t.i'i t) ra • .' r ¡   v  .•;,' • ,. •.-   ... 
eoi,*», -r  ,..-¡i-; \-{, r:oiy.   Moi -r-j >-.• ( . -, , ::: 

per«* M: * s.   Th'¡s.   a'   .'-i'-; ' • . .;,>,, • . • ;e 
as ;(>rc, i'i  'fii."y w'.'li .M' '"''. m< !      , r«   :;> 
Si>'  i'.-if  rela¡i<;>:,c. h:r>K  •'»•, ein" a'   - .-id •-   , 

For L«.v,i   re'i-!1';i»n of •< yrure.   í-í!í-.!> 

••:.«. --t. r,y r e>-ì'pera« tire,   moisture 
" :c •!!A"h  ii^pot-an' u'-  higher tero- 

. •'•.;"!' ila* »-y :s  re'.ained fo¡:r timos 
:' '•  .'.-noi- irán':» v. i'.h IVi  "i, ifiin^'urt-, 
'- " ' '">* nerî,ïr ¡. î'I.'S 

c TM.»::t 1). rie« \ ,or -nid sinnlar vr»r:e- 

or l'.'.w.'V •n/i-r.-:il,.-a,.typ„ s,,„.,.(| bl. s|f,„,tJ a, _¡a0(. 

5,40.   (nher '.ropi< al fruì's 

l noer th-  heaa:r^ a n-m.ber of  tropical   fruits wil! be discussed    which ere- 

*t"inv!   ' 3:,V Pn'"V »»•:-^-'¡'"-M T!. le :.-  annr^ahio nuan»iìios.   For nío«> o- 

';';/ ;h;-.:   '?';'   ?'f!'llíTr;;,"ri  't'*"   fI '"';ìI  '^ ^"«« and there i- a definiu* 
(affi fi>t   ri-irf. r>.,,r.- , r;¡ u a !  f-r>ffi.    ••,'.. ,ita. ..,. ,i,;,,       •        . »wn. 

•   •     • •   •    ••'Mis   Oli   Ul!S   .Sl.'Üjf'C   . 

'l»..«-pi.(,ui..:iVr:,,re   .•np.-r.-»-:,-.    s    n. ^'' u (^c and the st ora^e life ß . 8 

"    • ' f'" stnl nuns iron» splitting. 

Duri?«li ^_l>u rift / ¡'•«••furviis) 

Maturi!/ is injiere: ed |)y d sii«»!* spiliMn^ of the rind.   As ripen 

..-monts o: »Im rind splr. eompie-eiy.   \!AT!f| R & SRTVAST AVA /10*14) st'it 
the optimum storage temperature to be 3, 90 to 5. 6°C.   in Uieir studies the 

ing proceeds the 
e 
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y\ t,*•:•..'< i ', 

oí  ¡ h«- V it.Ü 
l'..   v'\\\:-s<\ ¡H'íwoi'ii 4 and 8 weeks depending upon the extent of splitting 

rn.d before storage.   In fruit without any splitting it was 8 weeks.   The 
•i'i .if n.-i ría i iny this  fruit is complicated by several factors,   e.g.   its 
:-• :.-'»• arai j>,*ic kly exterior. 

Fu 

,!. 

i  t 

v L-r-v'. r, '»ir  just prior <o softening,  otherwise 
« a (it ve:.<p '¡¡(ir • \A nroma.   Immediate precooling 

.-•;»:»*• 'i-:; p. ríi'jfc i-• -íi. 6'1 to 0°C.   The storage 
.i     i       .' w • i';s,   a IT ti-..»ui. n > ,iscs of    successful 

Fr-'.sh i'i.;s uri- very delicate and 
I'.!'     i". 

>-   I'U   "i'l1 "( > to 10°(: wiilì ,iu expected storage life 
«   ¡ • .      '  • •" <m,<- *«-:r.i"

,
l-:i,.i res shrivelling and decay increase.   The 

stutv, .   I:«' i...iv .,•   cv«'iuli'(i i.v skin coating and/or i'A-treatment (SRIVASTAV4 
e;       '    '•"-"'• •y, '. 

Jae kir;'' • Í A rt oc arpu s integrífolia) 

According 'o studies in ìndia (SINGH & MATHUR 1955) jackfruits arc best storte 
1 t o 

weeks. 
'o 13°(.\   The storage life at this temperature ranges between 3 and 6 

irei;  -••'!'   ' ' ,r"\-- ". ; T i i  MijOn "='* LC'irn) 

'IT;*- ' r Ici -.•--'-.-¡.e of' lanasa'v h;-s been studied in the Fhilippir.ep by SAN PEDRO 
ílP3í.b.   ;¡.   , ,.»,, ,-,fi( -; ••;,,! only ripe :r;!ts ,jre suitable tor s*orage.   The best 
rcse. :: v -•!•<•   .<,\; •;.;••.! -e   [\i') < n Hi0«;,  ' r,o fruii s remaining in ¿ood condition 
foi- ai' ..!   :'? v.- "k •:,   .V lower tompiTai'iri"  < billing dañinees oc», erred in the 
form of ''i'-i   !• b.e/^uo.-- v.i'h a w: '.er soaked appearance distributed over the 
skin.    V. in;.!,« r 'erinerütures the s'ora^  life was shorter and the onset of 
wastage more rapid. 

From experiments in India SRÍVASTAVA & MATHUR (1955) found the optimum 
storage temperature to be  11° to 13°C with a storage life of 2 weeks. 

ii>' :[:L(x,l£',','lf':v:   '-VTJLO 

Thi- - .. : ;-.••   1 •'.   of -V--:!   lirely.es is limited by darkening of the natural purple 
colour i.i M.)      ..... >>«.' desici igieni and bv decay.   They can be stored at 0° to 
:!«»: îOJ- i. v.* i K.-;    a T.>:-(i.ï.f. 'o :t. formar :on trom India even up to 11 weeks, pro- 
vJ'i.-.: :!i> v as-   p..cl-<-w in noiyethyU-ne hays er similar moisture retentive mate* 
mal <o pr. .. ..'  de- a i .-• ion    IIAP'OX  ,-.   al     1966). 

N i a : ! e » " « -1 ,i  ia a:ì..')•;" atI;¡1 

r.-'r • ". a v .'• 
„ i..( a   ., , , 

:•-  :u r\" coin storage of mangasteenp ia the hardening 
•A ah ^-elo-aa-d r forage.   This tends to be greater the 

!('>'.(•!• u.e "•'¡•.piva   ,!•»•    In view ot rhi-: a storage temperature of 4^ to 5. 5°C ig 
re'-omii..-ndef.   • :»ing a storage life oi about 7 weeks (SRIVASTAVA et.   ai. 19©2) 

o1  ' i,s' ¡"a< 
ir.)     iti-     O . , .     T  , , 1 i . » * .  .     "., *'*. [ìi      \ 

J 
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:i;v^'nwr; blí<  '•'•»..   íín-nt cao- shoui. 

'  - :  'r -lf\v ki ( p for L' months or !nn«r 
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f>, r»,   Fievri«'S 

; • -1 ri»-.-   :r,- e\*remeïy p. .-ishable.   They can be carried to distant 
•>i-' '  -/ 'isiiiii air tratirfpo! ' a:ion. 

i- •     ;      •• ' •    ' -wri'd 'e;- ;i '.- n •.::•!„•, of r, -  7 days    The 1 « .V. Htor^-r 
liS '        ;«»•'•     ^-Mi >--ph.v.-<. hyf. ir.'    :irl;iiiui!(i\u!.   in.iy expend s'ora¿e 

in 4. ¿¿, ), 

.if 'I'.-rv <>'* decay producing orga- 
or toutroling di c ,-iy in storage 

Í   V 

111«   de. i-li #pi'.i-n   o"  fim.'ul j'o's. 

..•   -f¡, 6°C to ±Q°C.  This temperature 
o(»..t.,' and storage in an atmosphere eon- 
;i •<- L¡ further check to ripening and to 

i'/KylLlN i:,^;,:l'iTi"Jl2l and .ti±,.!,.'tJ?l,!2,,:ils aNo are best stored at temperatures 
jus* b.dutt  _•_()"('.   Th<-y may be s* med ¡or  1 to 2 weeks,  gooseberries up to 3 
weeks. 

iÜiíI^V-Q'i^ 'American type) can be stored at -0. 6° to f{)oc with high reiative 
humidrv ;or about 2 weeks.  With some loss in quality storage can be extended 
to 4 to ti weeks. 

5. 6. Nuts 

Nub:   ditftursea here include almonds, brazil nuts, chMtnuta, filberts, maca- 
can.ta inns,  pecans,   pistachio nuts and walnuts. 

Nut« are much less perishable than most other fruits.  Refrigerated storage is 
recommended, however, to maintain natural texture,  colour and flavour and* 
to retard staleness,   rancidity and nouldin* for extended periods.   With optimum 
temperature, humidity,  atmospheric conditions and packaging good quality nuts 
of several kinds may be successfully stored for up to five years.   Chestiwts and 
to som • extent alno pecans and walnuts are more perishable than other mr- 
Shelied nuts can be expected to keep only half as long as nuts in the shell. ""' 

There is no critical temperature for storing nuts.  Other conditions beim? <^-al, 
the lower the temperature the longer the storace life.  A drop of temperasM» 

with 10-C may extend the life span from two to three times.   Most nuts w -'^tand 
freezing and can be stored for years at -13°C.   A temperature below 30C '% re- 
commended for nuts to be held from one harvest season to the next 

Nuts (except chestnuts) require a fairly low- 
hum id it v is to 

80 to 75 ffó - relative humidity.   If 
humidity is too high mould growth,  rancidity and other quality losses may r^cur. 
However    it it IH too low, there is undue drying and the nuts mav become obiec- 
tionabty hard and brittle.  Chestnuts dry out and become hard and bony even at 
fairly high humidity;   hence,  protective packaging is needed for them. 

The storage life of nutF may be greatly influenced by the kind of package   When 
nuts are shelled they become bruised and oil "crawls" over the Fugace and onto 
the package in a very thin film. Unless this is retarded by a package tha* ac+s 
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as a barrier, contains an antioxidant    or ron-i-,, , 
replacement with nitrogen,  the nuts may l• Va^-i ^ '^1 ^ °f by 

packaging materials such as olio'ilm t/rì ,,-i      t  ,     ° And rancid-   Some 
cause they impart an undeîiAod^to fhÄ    " "^ be avoid*d bti" 
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i -, , « ? 

G. ï.   j ' <;. í»' ^'M' 

'\ "     .   *•   „' aerally has the following three functions (VAN HIELE è MEFFERT 

i1   i -* d meat >-   >•" ti aa -.por* ; 

-    -t pa ta'e- a ." \ i-n quantity from o larger batch* 

r p; '>*.,'-" tj«   p -. M ? s J e *. 

!>«•'• '  ••'• • •  '•»••:.•   '   ,'- • '•>• ;   .-'a e ai <• m« r-a.- iar due tn Km^pr shipping dis- 
':"i<;-. •-.,••        ,    -i-:.i:..    i":i ..• ':\ ,.-p.>r':i ;ni,.   hí.-.ht-r v*-qu ua-rneiit s on 
i"'--'-      •'••-*   ('1     ( "   ' ' '  *'" ••' •   •    *•• '.  ' « •'   P i> K.iPiíti' II..I'« i-iiiís, n i-fhanizea 
h  v'-   ' • •-'   i ••• ! «•:..»;..:.•,.«. ,i:.; .«•, .:.•! •...   r.wnd! y ;m- n ,i.« ,n ,- u»e oí' master 
P" • '• -Lu  :     "•.;•••   ."•.::<    ~.  K   •••;•! nv."- , p .•.•"ibiIP ¡es  ; b..<  ,i,,j ÎK1»   ox-rtt 
P'«•"'     '^1''    • - :,< • »•»'>•    wa   -*s: n r-'iv.üu! a.e'.n- ii.av w< li cause ic-volutionary 
chah   •"-.      .    -•••'  p' •    '* ••'   «  '/:.( • p  S  (¡!   ;><!> i   ttT;!'.    " è-'-ìiiuque. 

The ; ><• !. . ' f..> a¡. c ; .i -;ir*- a:¡<l t-.<-i¡,cí ina s overruling influence on two fac- 
tors v.i- ; '-. •• ;.u »-i ••.*•• ! ' a. t( i i-une me storage Ufe of fruits i. e. mechani- 
cal  Ki¡ i. i I . i ' ' Pip":',, '¡r. , 

This a:-.;,. * •• •.! t;.i. k.;u; w.l! he muwr" with regard to an important,   specific 
proba-iM,   .. •     arc »•.-• .on •>: .n»pit s t»i.d pears aeainsi bruising in transoeean 
shiptar 's.  =' ".l.r-v i>f ¡m  r-iru luHmn-. p»-»--..•:-.!.ed are relevant for other kinds of 
fruits f.)..0.   i   a- many v.. ars »he pr »alcana..: l  Method nf packing such fruits ha« 
been m s.an..,rd •/.•>.de». ho>:es.   ao!di:\r JHO'.;'   M) k¿.   Especially with today's 
high qaaii'v .!"jr,rtr,üs r  h,c-\  r.av. f-vc-r.  income increa->in<. iy eviciea. that this 
type uf pa. ..:•.-    ""..>-. •.-'•/•».   .n-i^us --bora 'M.-.-íüC- \V : r > i rcvarri -,, tne protection 
it afford.-. !!:•• ,¡  ¡a   v.:a¡. ' :\ir;-;pu!,r.ed i;y read,   rail wr sea  'Voir t}u. producer to 
the ui::i:..r.   •     4-:a ' i-r.    I la- nanu problem involved l.s bra Is .raT,   primarily 
caused by n> :;;i. a.a'dia>.; <• p-;ng 'he a.any  re- »...ndinffs the packages have to go 
through 

The las'   !<> -   I ."• v< ars h\iv<   seen »he iiuro.! .cüon ana' rarnd development of 
fibrel'w :."d i ..,'   -•,.-   a.s  j  .v'hsT :l'e  ;'o/" v,-„-»ii -\ bovs.   1 >, î ' t- r-eri!. tvpes  of 
pack,up-s ;¡ v  i:> •: <*.•, 

a)     C*e!l-p'a ¡. • -U-ITI.   a 'ype 0f nac kai'e in which hrtiismr is n» ^liyible.  Its 
inani íl'sa«'. .tíí-:i;.;e .-; ;!a'e a lam.nei  --a dif.Vrery car?ori si'/ey are needed 
to pack 'fa- • ill rar::.;e m" si/a-; of e\por' appi.-a.   This cam fs considerable 
difficult)* s in stowage. 

fa)     Tray-pack cartons afford almost the same efficient protection of the fruit 
as trie : Hl-pack.  One advantage is that of uniform size;  a disadvantage 
that it iy not as strong and generally cannot he stowed to the same height 
as the cell-pack. 

I'alMi/.i d nacks of car+ons have many attractions from the haneT'inf point 
i*\..   Tins ¡s a- doubt a m< ihod which inerite vary serious consideration fc 

Pi'ure 



One interest irse alternative to pa 1 ]e'. íZC: carions is 'he use ->i bulk kins:. 
Theee aro containers with a nroos we.wht   r:in;-.n*r from ^o-n«1  V',n _.,r: ur to 600 r>v 
700 k".     They  -<rft   f*eno:-'illv  r.Vir>  o4* vcr.^:,   cl'/wod or '^w.^\\\Xo, 

It is ge>u r,i   -,  .C". ••<! •; at   ip:»'« ~ .""      •* M «-* 0 * •> mu< U b -^ »n-u-'iLt' ti i.n.'.j.'o 
whet: carr1« 0 in >•< 11-»)'   t; , ii*  >* •-       ;,c>   m-,   K , a mm-  t r   -,-,   - i ;¡       >StU, in 

standard"     . !• M ' > >x. 1\   '  '     M;   <   "",.-  * o"." iu'urt -  ,M <••   »n> cd »remi ,« 
papf  . -v  1  '   !!/"•'P   .-.  »\\ GO., 0( T    « 0.M        «   . M Miinri   r.   . !• , X;>« nrm-ht* 
With   \ ' k en* l» <    e,*oh-(   . » ,r ;i.,j ,' ;   rn, ,'» ' 'i.Lii'Ms hu -,'i   •    ¡T ut   "UHI M 

with pa- Kt   c" iri s' i»"  ii,fJ n KH!I /   n c •        f   ,   >>-  ;, j^.j *v.-   • l<r n; <_,,   . v t. \;trb'- 
ties fi-siti; i a\ (   at. CM oih *'t ou'--' <rr. •,;>>•.?:  jnineil m nuib bai---      ¡ , •• amount G 
Î rin "ilo   v .i • •n-_l.:j Ji,t ,   !• .- ici - .i,  ,u ti    .<. a; i t oc    - ri< t      « r v"n>-  ' CUIT, U. lì    , 
tú 0  8''  H. 'i-   OO •»'<'.•' vaili'!'1«. ,:-•    -it-* 'vt-r   ir •.',,(, 1. t, t ¡ixt ^ 'Ut !• r( d '. ci v 
rrturh h«"*v. «MM! varo-Ge-,  mc a<   - ••; - <o -n i. - ,   .n-,  .inpor'uV b\smc~, r.u r>uv> 
fron   j   '   " in,.s 'ají  i : :r,. u  "    o;.li;:<    ;, <t ..ai ,,,. v    i,..,,: i> îV,,,_  ftia(.i¡ 
has a ', or\  soO   fh sh,   --r.oved less '.i ^s.iu' m bins than m ¡i..xes,   but *he dige- 
rente was only moderate. 

The difference between standard wooden boxes and tray-pack cartons is shown 
by results reported by GINS'BUHG et,   al.   (HiÜ5).  These authors state that an 
incidence of bruising above 60 '0 was common in the old bulge pack in bushel 
boxes.  Tray-pack reduced bruising to less than 5 To.   This refers to the use of 
paper pulp trays but. it is 'believed that still better results may be expected by 
using trays made of polystyrene, 

6. 3,  COOLTXG AND STOWAGE 

All packaging materials act as a barrier against rapid heat transfer.  Unless 
the fruit is precooled to Us proper storage temperature before packing, which 
is seldom practical, packing may create definite difficulties in achieving the 
rapid cooling desired. 

The shorter the distance from the centri« of a package to its free surroundings 
and the larger the ou>er surface, the quicker will heat transfer occur.  Any 
packaging material used inside the package such as wrappings,   films,  liners 
and trays will slow down heat transfer.  On the other hand such additional 
materials are often very desirable to protect the fruit from bruising,  desicca- 
tion and disease attacks. 

Stacking individual packages closely together will cause a decrease m the 
outer surface assisting in heat exchange. This effect is illustrated by the 
following figures quoted from VAN HIELE & MEFFERT Í1966) 

Pears (individual) in air current 0. Î m2/kg pears 

Pears packed in 20 kg crates 0. 04 m2/kg pears 

Pears packed in crates with only one 
»mall side exposed 0, 004 m2/kg pears 

Practical cons'-out-rices of be ter heat exchange on the half-cvjEn;' time mav 
be illustrated Ly the ioli owing experimental rt-sults repomod hv VAN HIELE 
& MEFFEKT ( 1 9Gh).   The figures apply to pears in 25 kg boxes in an horizon- 
tal air  flow of 2 m /sec, 
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Stowage 

îiuxe;.. un pullet  (8 - 20 cm air space) 

Box«;s ii: small  r'-•••;s 

BoXf'K in v. i e! e rov.K 

Boxes in dtMiUI** wide rows 

Box^s in b]<>r*k 

Half-cooling time hrs 

2 5 

3. 0 

4. 0 

6. 6 

7. 5 

t >'i   ¡i-.-: ' .'  '    p. •-'.-•'!>!«• 'o .-"ov/ varfons much closer together than 
A-'.-ir    :>..\i >   •.>..'.!   ¡.lille,    í'h'.s Ttiíiv cren'e special probier:.^ i:¡ '.he cooling of 

u-"'1:  '!•> !-••'!    s-.;'-     !' 'I'I »üii'S ütHt'.ssü'v '.o apply '!Uî,ï;;U'<   in sufficient 
qu.is.' s .< - ii' ci  -n   in in'«'lhr«-nt way ;><• upen ;jp The st.u K ami î.u 'irate cooling. 

i ; i ;i'i r.-if i re! con--áirr.i!'1" interi _;  \u r,.r   .,;  Vc>rs has been 
•;!  : r\;i    .  :n í n   ' • <:r-   r, 

i r ì c ¡ i v ' > 

! ' I » 1111 i : i 

..s 'hi V ,i ! ' 

j'l i'*::   ' !" 

t   i V '        '        • i    , '       M 

lie  ,-,n¡ t w 

rim  ;! v  t,\ 

A   . .,*   I 
l,i ) :. :>r-ivi(ii;iti Mie 

A <: ..     .   ;. v.! 
v. ; i « '! i :   '   : îi•   - 

< an f v. . v,' ¡'!     :• •* i -       i'hi   ¡">r • jpi i    -, l, "•   \;i'.l  ;- - ,'i' ;. i;    .»:  -, : ¡< ;•  '<\- •' >  -   is.; s  ai-o tu'dl 
îht   s.h,!-' ••'  inni n .-p( i uiaïujn     ! \p--r • t: < -r a! resalí-, v 11-. » • l\ k {..npabiished) 

!•       r~,   , i ii»'l'  :'<'<•  I'll i y. 

• * • \  -, )!••-. '.•r::'-l-.   i. !o.,r i .,! ' h<   ••  »í'ii'-r • , .i rhi- i art on, 
<    S'  i\\ ,     I";..-;,    i ;.v.. • <  r,   «h ' raft S 

-• t« "i.->". <••:' 'i i   p.;< :w .M-,   j-'(,»- t ) ,i*.'-p;n K '•..;•• ."n K ari al trae- 
rá     ; :i i "1,/ hü*.'   i; •;•• i'ippr.   (¿hii-M li'i'   lu fu.)  in the 

Ixii ' <¡:,¡  M. i <)!•.    .. • 11 i • >J i \\ !'h ¡i  io:¡^ si!"   lu i ht-  ììil.   MOI'Vü, »-•[",   f iir    rays üiiould 
hr pi :., ,   •'!.', r n      •••¡M: •• r .'M .-:n<:i! ! t.. --rs.   I:: Mils v. i v  l'Cahfmi.tüi'  :ac i]it ics 
arc < r« ;i*   <! * • » r   'm   nn'I;n¡_' .'ir 'n p.i<-s *hr"Ugh »he carton.'-; in 'tir stack,   even 
if the h'.u v  ;    n-r  e\ si ' iy gi'onm: r.< al. 

With respect fo balk bins one might expect poorer heat exchange as compared 
to conventional atnalJer packages,   By providing for adequate air interchange 
in the bin,  however, this difficulty is easily overcome.  Thus,  according to 
our experience cooling in a bulk bin with venting to about 5 % of the floor area 
and slightly raised hd is even more rapid than for wrapped apples in standard 
wooden boxes, 
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7.   TRANSPORT 

7. 1 ,   f 

Trsn v pi • v-r»;;;' ,< • mr' ;îî,pur;*w h:ik t!i ti1" »•.•trk-inv m u,ÌVS rM ,.pf f(lt ,,.rv 
Sh°     u'"'   ',;  •''l'!'.'iV1a11-f1.,v,VlHL    Lsn- nil-,:,,    -.TV-, 

e-  »i- i. -  ..i s,; itnc '•,;,*  :<i,    t   i- ,    •,, .,    , ...» i - 

Prosee/h  sea tliJii,.poïi ,j ,,, ;,,,.,.s t 

However,  ..li  *r...,spor<  :     r.ip.di> r;aa,;nr ,n imp,.,..,.,!« e    -»pe« 1(i;, j,,. ..., u 
n A»^*, i.+ . i i i » * >.*•. ' i M i   '     Ulli,       H I ä       ^i ' i t    S 1 

cointiMM.it.. < *.:r, h . oa.b.nt  rthort sto.ap. UtV with hi-h oru'c 

¡ .i    'i.Mi'r.fiPriít   vj*M«r„:,.   v ,,.. p-..r,,lv 

jLjj....,.. kari(j ini1!?!*0 r.* 

Vehicle,   for refrigerated land transport bv road or rail m^ either be eauioncd 
with mechanic, cooling or refrigerated by a non-mochanica. "so,   , .. iw^eT 
ite,  dry ire,  liquid nitrogen,   eutertic mistures), "      

Land transport vehicles may take th<- form of rail wagon«,  trurks    road 
trailers or semi-trailers,    railroad  t^ck* or ron-»ini»r~" iV/"ï,    • <• 
vehicle. ,«. , „p,.riil, r,f„,,:.n,o t„ co„dl-lo„s in ,ho t,-,pu,s ,s diteti,,"',, 
X.I.R.  (1^6-,), 

No doubt,  the mobile units in the cold chain prosent copter difficulties thm 

quite   .llTowir0rw i*800•? ?°th f°r raÜ a"d r°a3 s*rvi<"<oftra "- adé- quate,  allowing only slow and infrequent transport and very light loads. 

When ir«, is UK,,I a, •}.,• , o.,! :nr rr^.m .•..,:«•!*:, h.-.v ... be Carved ,. ,•  only 
before :h,. < ommeneernetf   of ,-,,. »,  ;oan    %     b-r   ;<-h(   (i,sl,.,   |s  L    '   _,      y 

en route. Th,K is ,,„, nb-eoby;   a,,,,.,,- ./-a,- ,,'eav    V , ^ /,  ^  ;;  ^ ^t,t, 
Cooling wi?b dry ice or ìiquìd ni- ro,< „ ;. sa/abie '„,. *>,,,< r¡ ^.„ds      r '      ' 
easily adajrab, to 'r.-.h frai-.   Ve, b;,meal iy coied vebu ie.s' are ntô'derr 
Of fixed i..s'il-laMn„.-   |,u-  h„,, „th.-r serv^ drawn;,! k*.    ihe .•<,,•,»,...'..   • < 
sensrt-.ve and lr,b!e >o breado-r. v',.,• ,xl,o,„| •o   , ver<.  . '-.,     -V'     ' 
poor tu-Klcn,;;!;.,^.   i:  r.v, (..• ....  n;,,,,..,.,.,,,   \>\ • i t t . .• ,,.",     ,.   • / 
some r.-i,'i(.s -he u. ». oí ^itortif pia1.- V       ''  '     '"      ":" ''        '' 
robust ; nd ea.- y >.i, l]sl. ;ui!; ,., ,-j,,,, ,. 
points of *>;, jo-.:r-!ie-... '('i.- ifl< • ::.Hí, 
and i.s bef«^- ada;rf.;i to 

s*   ai'*1 

¡•'••i-:- * i"i-;f.ri ir.-'-iü.f ¡oris otdy n* 'be «-nei- 
1 < • >'  I • \ ' '   f ' 

o/en  i-,i--id a !• 
'<• a /friU"' ,¡!¡í'l'5 

.M   * w 

From «omc pom-^ o;' v »-y   •!••.• - .,.••-.-..,.,- .,      : <    , . , 

less of ib- n:ann<.r of i, llfi. t)(l, • ;„:• -.: „-am. r.   i' ¿,  \> ^ ,•,„..,„•;.... „ ,„H, 
chase than ,,v ., r, ; -     , , • ,.(i .,,, u.    -A.IiiV  ,v,:,.|l(  .;,.„.,„,„ Mlt. ,ont,f !ni.r 

COUxll serve ^   a .-¡^nii ond  ro,,?,,  •:, ,„„• „;,    ' ..... riJr rar,.(] ^^^ t¡  ^    ff)r 

perxsriah \VF, ,   v.nere no rei'r"re>- .i..(! ti.i-vw i.t- -> -        i i       n f   . , " "'«'-••• * o s- r\, u es a.-e avail ibie    HOHTV("'    ' ri»''-im- 
for hïnd*n,'D

,ni,' V:."'ylf-,!'l,i;<' '1¡-"¡'.'a,,a,., - „,„.,,,,, ,„,,vv ,.qui(,m, „. is ,1(.,.,.Kaal.v 
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The •>-••   .¡iX- . :' refrito atod sea transport of fruds has reached a hiqh h v '. 
Modern I'tvUr v^:<i')s are equipped with efficient insta] lations for maintain-. 
ta'- la-'ic -i* "P imam conditions with regard tô temperature and other perti- 
nent   taodors.   Open '.his technique can very easily be put  a'   the disposal of a 
devi l->\!':\:' Cii'.Hi'ry w i s}-1 n ¿j, to ..-xpnri. fruits overseas.   A necessary prercnui- 
sde,   !íi''!!;di.    m   ne'Tuaoi    facilities for inland transportation of the procace 
t° Hm ship- -: berta.   f(a- niost traici - bananas are a noteworthy except ton - i' 
îH ««I;-" '-*• .-orafd    io have fuciihies, tv pi ecooi tue produce before loading in the 
shqds iiolds.   Provided tliat the tdnm (lapsing between harvesting and loading 
¡K reason   dp; -Tort   - which nmonp cither ihmys inijîlles that the loadir.f; place 
is within «.',!.;}' rt ach of the production area - it may be acceptable to load warn: 
fruit  in 'he slop.   Modern ships may serve as very efficient precoolers - more 
effettive than many land installations.   Sonto loss of quality dm. to delayed 
cooling of the fruit must,  however,  always be expected (cf.   section  3.3). 

One dp ¡« uJiv w  •]> o-a -i\«es:->nr\iîa»n,   espei mllv m 'riches: tiewly initiated, 
com 1 riih f, :,'M r  >>H    (deir-raim r.irp, quaii'iue-- of a' loasi   r»!j()tcn^.   mostly 
100(1 tfu.w ,,» (¡   i0l. ii-ds    ar-«- required •,> Riduce a modern,   fully refrigerated 
ship.   .',v   h '-  ••a' in hi, -r s* ivn t ,  'e i ail a port of loadu.ii.  When Imer ser- 
vici  u-  a- adua \ ,  (juan'i'i< <-• no < <-, ,ar\  n.iv tie .sonicvh.it smaller.   Anyhow,   u 
is alvay    h    ;i Jd.   'o hce euoiji, ai  .dica- o; the same laud available to fill 
one tamo ¡om    ,a  •   rail,   "d      ¡m      >• -..   (dearly t his may b«> an omst aele,  when 
anew  »'.-.l'a'       o    .-   {h 0'\j,)cu,    i'h-.j i-, cspec .ally so   for a nxnber  of tropical 
i nuts,  .    ;-     -iv. <  • . _,s dud n>aii?«»*'b,  uhi- h ''or various reasons - 'emDerarure 
requua m* dl;s,   1 t .ks for Khyiem- dam ¡dm - may not be carried m the"same 
hold as ih»   :JJL,   daph   P>-rms (det itiaecs,  cprus,  bananas). 

The at nv, 1 ..;    no < omvjier n av v»«-!!  r>- vnhitiom/" several aspees of the 
refrigera »'fi •-',-,,;,-r, • <>:   to1"-',   hi para n!ar 'tie container offers ari c-asv 
solution •... --.IP"   o   ih'     qmurPi'y problems ' dis<..   sod above.   \K it it coriciLner., 
t-quipf)"! v. ;: h   . rot omens rr frim-rat ion special den.ando on transport condi- 
tion!-   nay,   i.   -•...'•- d'-e, ev,ii   for i < m,i>s tad ¡v eiy   Sinai!  parcels.   Also tili.»  CA- 
technique n  c- i o > a^mr 'o apply fot  eon'a.m rs than for iar(.;e holds. 

Problems in refrigerated shipping of fruita are reviewed by HALES f 1963) ami 
EMILSSON < 1.961, in press). 

JL .1- A:r '.'.•"•'i!,t!:' 

Air transport is usually of short duration and flight« are at m altitude where 
the temperature of the atmosphere is not very high.   Provided that the produco 
is adequately preeooled it would therefore not be "necessary to apply artificial" 
c 00Î i 11 g during t. ra »sport. 

In nido  'o  ,i!::  '   m,, it .- :r;ibi.' dui p*-t au, rt- . hanses   ¡f   ir;ay be advisable To use 
î!iKlil:i'.-ii < out...- : rs.   v.-vt VA\ !yp.--: ut  iirhd   1 cll.ips.bh-  msuiaurd eüittamers 
fi r* t ì    ' 1   /   j ) !      * . ) t •    ' . 1 * '    '        í       s'      r ! 1      ,     f   *  > ' » • - -      »',.»»•• *ll^ t   J     v     .  î     (     J   ,    . Jl -V'( , ï *»l II tlil -.     i      ii     I     !    . i.H'l 

Tin   im-t  s» rie • • rusk hm *h»   (Kaaufcnce of damafpug - U>o hl^h or too lo-A 
tooij'-er.iture - ii.iiurir.f: tho transfer of :hi- produce to or from the aire raft rr.t.ue 
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than durine the flight it<?f-K    rvorv «<"*•-,.,.«. A , 

tables do occur and that fiHiiti^c íW •     ^u uy me lact that delays m time 
available at ¿irports        facihties for temporary cold storage are not generally 

If the aircraft has to wait for some time on a sunnv tarm.n ,v 
loading,  a considerable increase may occur ir th7ií• >       c°T'eXlm with 

space. This may cause serious d£XZ?0^•^"u•<* "?* '•*ht 
cooling of the freight snap? hv th0 „oa    #>      V -, pioduce.   In such cases 
recommended P Y        USC of moblle refrigerating units is strongly 



í . ,   •* '* 

.t#**» 

i ' í -\íi 

v.1! ortiv be rorjsií¡»T*-ti rrit-fly atri with the <- mphasis on ihe appii- 
-,•;(,,, ;n »î.f ü .it L.MIü o' ,-»'sii fruit«. 

-I ...   .- 
fr« .- '   '    ' 

?'"'•-    •     ' 
'•ft 

ï urp. . 
p rn*   - 
i ii». ;•< !'f 

,% *>'  ; r 

f 

mor .'•!"' s include-1 ¡:: ih-   hand hu   Oí 

•   i 

..    ,.,,,,, \n.  .   ..,.,   ,   (,;;SUr   ... ,     I'    slloU'u   Of   (,.A"OUS 
• •).•»• *:>:«* ¡M'"i)i'i' and iu'eb^enr use oí  refri- 

:i 

í  ¡UiVI 

: e a<,;; 

. <>*' p.» ran .MII' .mnor-u.-e *••. ¡;ro- 
ie • i^!.-.:i'.' ; ' ->r''ì muir í

,,
'::».:'.I.MI 

,, •     ^. {..'.tj'i¡      i'    •; i ••'•*'. '.'. 01:   üKí'
1
-'  piav 

,',-    ,.'    .•    MiV,-     :i*>     '    i   -i'O'.  c      " f * ¿ 5 -- ' ' J ! i i l 1 

•.i - ;•-,• U'í • i ; !..   uff.   '\>r reíri- 
"   mid aude:   smvial eomddera- 

•íüjlll' 

i;f v e -mu ai: Y h.iVí 

. e-. ;H f.iK :í re \ ''f'v 

jT!. o   f •'* el ima' e 

i)-.- d..- 

f *<-. m ¡rkf's the !u-í'(i for refrigeration is 
f. , ;1 v..-ii emirelv.  On tin* o!hcr hand,  when 

eo'   o\ 
•r->l: 

fi u:m n-tv   '•'• •" 
r< r   .   • •    '    • • 

loll-..      ..   :   :     •   •'  •••••• we-   '"  ;:- '•'      ' '• 
fuh> ;• -'H r' died ( mopens'u re ciu.dr iv 

r li>iiLr '.¡i1-*.*•:•• •"•- *.o reach markets,   optimum asi  oi 
i nis means immediate pret. ooiing 

;: M'iiLif ami transpon.••• ion um..' :  f.iro- 

T« -„..h- „.-, -,. r, frïri-ra'.ioM a name - U' mher factors have great importance m 
¿hi- r- .-k.-ii.:- "f >•••->" rruits.   Thus,   it is essential thai fruits are h_:irvest.rd at 
Uj(  i,",,".,, .   iv.j... i,; mal-ir •*.  o'S-.O'-A.-te they will not reach the consumer with 
opu'i<:Vr . !.»*.f!L- '::;•»'• i*y.   î 1^' op* imam pii king stapf íMíIV vary eonslderably 
wtih"»-ra'*i) :*.»"•'a''- I'.-i'Mic«' to mark.«'s, M-onsporlaiion facilities uvn;l.:i/if ecc. 
,    ,'. , '"    ..,.,*> ..,.:  .:  i!-.^ hfi'n fou"1'! cN'sirahle to establi-sh ofïiri-û i'e^wla» ions 

fr>r p.c N'I ,>.; n = atui iiy. 

Cirei-ii f rao'uv M e.srabiished standards ensures ready acceptance of the pro- 
Our»' .'M i^~n."arkt*is and ¿-ftierally gives an improved economical return.   Top 
quaii'ie^'ar»- t-sseir-iai for »--ntermg sophisticated foreign markets. 

TV. >i    • .rai;:? he .-arried out in such a way that the fruits are adequately pro- 
u!(.¡,'f      ;iir:s; jm-vrrir.i» ai damages.   Furthermore packages-; should preferably 
havf „n*.V-trac-ive appe.iran       »nd must allow rational handlin.e.   Interuaiional 
stai.danhzaM.v: <.\ package s is in its infancy but would bring important 

guh*;c:  .i¡ * s. 

Fven v ••'•• ov  -uuiv. «..it ii;.-ration lime is often an essential factor in the market- 
inr 0t VM.S},'   ...¡i-s    Vnr t?iany kinds of fruits only a very limited number of 
weeks - in si.r..e c ases f vu days - are available before overripening and decay 
un.r.o'id.ihlv <'-.;M.^ ".M- »"O-UICC unsaleable.  This moarib that iacilirk-s must be 
av,iilahh   ior . ;-et dv ruu: uninterrepted transportation from production areas to 

consumer .i ;•,><• 

}. or ^ome k mi.' of fruits ripening is a highly imporum4 link in the marketing 
chain,  'Ih'.s ¡s verv mac-!j"so for bananas,  whicn has made necessary the devel- 
opi-ní     of a special b;>n;-.na ripeninc and distribution technique.  This need is 
al'snapparet '  for a number of other fruits,  e.g.  pears, avocados and pine- 
apples Lit -so far little orogress has been made.  Admittedly the difficulties are 
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considerable, but it is the belief of ? Y- -Yhor »hat the marke» um of such fruits 
would benefit materially from fmdm:-:  -.<•;. vs 'o satisfy î ht- dvannus o! ti,»' con- 
sumer for optimum ripe 'ru i-s with  a;U ' novar unti aroma. 

As cvnYia Yor, ').•' ''b'tvt    Y<   Yv ' *,",:îi •'••; f  Y •; ' h   >"\'"-*t¡ni'   ne   ' î' 
is brought er   rotte  to coi.turrar ,    >        •   •   e-.'1"  >< " noY -• •   ex et op« i.    an-a 
grri(!imf      .-. l'U' H   lüil'í"!,.'        .   »     '   -i '!      •'•      '   '  «'.I'    'AT 11   e Y     *     -    lì   '   ¡'Uh!   U   HH'S. 
waxes ce.),   p  euve,  prfc uY.- ^   . ;••. « > * •• dia' • -• « ov» -        t '• _< re ! w i end 
in many pia. . tv hu   .;t    v * > •    eri' '>'   •   «    tp-ra*1   e      .»    !_'•.• e p'-   Yv 
SjU*tio:aV\   Advamavs vw!    v  '-e   < < . -  - n » • -'.i>'ii«i.'  um -  aia   •»..-   >'< '••  uà- 
tu nú i h.a.i/a- .'!' operation1 **> ''       i Y  '   •' *       "ini '<•• OVJ a,}., op» m    ie  Y<    o- 
tieS   ÍO!'  p!*i  i'.j(|l;!,i'   't:.d   (  Ci  (\   -,'"' ."•    < ''.'.' < f'<   Y-Ol1    Ü«   ''-'<.!  Ce'    It  >  "    tu' 

orninovi il 'in:- e*¡s>m ufT uni1.)! »•   ' v   ••   ! »m a", v o' •••»* v   Yu» «\   Ya i e*-» un; 
can be mad" in a m,i< h nee-- < *    • e v  was- ".- ., bv un   smn'.1  individuai :,'v\\, r 

There arr» ¡-«'vt ral différer'   vp«'s <>;  '• e; p-u hinf siatioim wdh renard 'n »heii 
lega! status. Th<\y  ciiy te owned a: d ••- «• ! bv om big .n'u'Vi'r,   a  rroup oí i ''"VITS, 

o roopcrnhvc,   a -tradì* oraanmn*  or     e  :"'.•••. nim-ní Hepa !-m<'rr  '-te,   *j |i.   equip- 
ment needed varici»,   e.^.wnh Yv Yod-- o4" orneare* t.ibe bandied and 1he disSanoe 
fi-,,;.,  M.   -   a »Y'-"  •      ''»«•''e,1,! r»1 .-*-•(< r ',''-'T!, <>•   **»'-i   '   ¡i-li ¡v,"¡     ;' I'¡DU      I re 

m'iC.i'uih'A;, ¿1  FY-'. ' i Y»-.       ..' ' -at     .h1    a »     -    u- :>   ouiici   , a 
recently ss-'  up a vai»"'-;.'-,1 jarb    fi v '      \ • *   •   Yn -   m th.*-   connexion    and io worn 
out ari operating ni.tnuai tor imi* p.u •. .>r *- n*mnt>. 

Some comments on the special pi oí li m-    •    h velopiuu expor;  ma-keih 'or fresh 
fruits naiv »-e warranted.   \I».M .»;.•_•, h ,vnncb-::',ttrpUon :i,n,i tr;d* r-how an mrr-. is-nv 
trend,  competi* ion on the minavi -•   <•    'h»    'establish» t!'   kind-  ni fraie- - chu i- 
duous, eh rus and bananas - ss   m< i s» ,   1. ctui only tie im • S>v Top qua h y pro- 
dueo offered at «rtractivc prl^f-r ard •'a-.-nr ibk- payn¡en+ roti«ut:on-.  ( >n< •• a ;aa,, 
to aeiiieve this the full and elficierr .«r «J »>: . -oilorii j-efrit^*r.r .on ro.;hniriue ,s in- 
dispensable,   h is,   however,  'he autN,*  s a* lifd' 'lU'  s-iba'am ia1 rn.irkc:-; -'or 
"new" kinds of fruits maybe es*aNKsb"d .» ••••I'u 'he reasonat)ly neat' fuiure.   Fini: 
a consideratile increase of world nam-   in fresh pineapples appears to ne \wihin 
fairly easv reach    It nlso appears *o oc qu¡'c feasible to hi. ilo up a lari'«   volu'n.- 
of interna* iona< Manne hi avoiaid« ^ anc   m Iî'/OC .   Oh'-r f5urs are on kni   v.ai'u" 
list - sophisYcafed taste and iiictaa -..u    >   -a),, po-.a r in rh»   mdu.sirii :/«   : 
countries create market ing polsini. *  «      u "• r'o unknov, n.   "r  uocht  >a  1 be 'A, 

this possibility Is more attractive * o many ni''he dea-iopmr ec,utari<n 'han t(, 
enter «he fierce • oinpeutmn in Me    , ,-rl:ets Yr d«'cid.(ons,    '¡mis or '-an .¡:;H. 

No do-hit,   rt-'raan-auo'i inu^ Y   an •   -sen*,' " too^ in any v.- h«-me fv o.-vt : >r>r ' 
export of '"new '  Yuits.   îa'ere«-'i'n1 a«i\a'i   ,     < nts m the *t    nntrjivs >e" -    a ea 
and transperYit ion - espc 'ad> ':.*      .-.p.i,  r.uii of rA-'r- a :n«-n   u¡ < "i.i'un   ^ >u 
with e ontamer transpui^a' »ost - are   nv-v.i a! , and may well create a n aior 
brea'.taroa-ft    of the dilYe lltie» '-iv'n "    > i1- • •   .vit h in tro- marki-t'r»íf of vim frii's 
A. promis'np altcrna'ivc "s oife a-d l^    er -.• n sp'n-s itiru.,   win h undoiiuiedly 
wil1 become considerably cheaper j;     ne -a an- 

Finally,  a few words about future marketing possibilities for fresh fruits as 
compared to processed fruits.   Mo doubt the demand for fruit haces will in- 
crease in years to come,  stimulated by the application of more advanced pro- 
cessing techniques,  e.g.   freeze dryiiit»,   Whetlm- this will detract materially 
from the market  Yr fresh fruits is an open question.   As to the con.petition 
from other kinds of processed fruits - frozen,  dried,   canned etc,   - it is believ« 
that the fresh fruits will at least holt their present position. 
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îr: 'hm last section a few points arc- listed which appear to be worthy of eon- 
siiinwi'tn for arm developing country wanting to make* fuller and better use of 
UK potential for produoing fres!'» fruits, 

r;    p ,,.,,,{ Zi fi pr tiooc';'ni und« t* pu aation or orí hard t onJitams i ; a first cSb-'ft- 
-|   , ;(i-|ii, vc- '¡n.H »h''r»' a  ty-iaa-aily a ft' <-d ot much rt^.cin h or varieties, 

, rii,|(i   • if.,t u f.i;n n,,, ,  ii^..,^'« < DM >.',,; t-a ,    An mfíaáen* orpanir.ii'i'fi *v,r :n- 
iort-o.i'   on! adi-m'ina Hie ra ow<a s is » K<-a-nt*al so eu-utrt ! hat ttm results uf such 
¡tM;.ui' ¡ire utili?md in pra»tit" to : he itilo st extent. 

,p     'i  I !•• HV !•'!,'I    m  iv'i'f.o li : al .>•'  '!'•(•  hmallam ..ìii.i s-'ij'.ij/f- oí îr:'--!! 

:; ;• •., ;.i.'   • !i"t't' a r « ' * iT; 'i.r.  M ! . i ; 

,i)'.. --• • i o<"' ai!m>.--   . mi* ••,   ' ï' ¡"      -i 

l'^h    !h fi ' id" 

e. if-  A
1
!,,!' Mi1'!'' •!!•   ai. ,a- ¡raps m 

t¡   ....ais   • •;   fini"-.    " •''•oi;,î '. '•'.   'iiir  ¡m y,\ V'u'"  IS 

. I      1 |   i '.      I ! . I S ! ' • I     Oil     '     .-   i> •     I     • l    ' ' >    < » "    '      ' .i"-' P.  v.'-r'r   *rmi    '!":«.    ,ed>-'• * ma > ;/>d  iiMl'TlPP 
,( .   ' ir) •• i,è-<>ï"   ;-'JT)(" i", ; v^ ¡_.   ij« • • • i. -      .••',-,.: -i »     ' -. o  .i£.      ..,.,.. "i      .....<   . ...i 

r,   ...¡¡o ¿'  r*'(.u;re:in-:;'-    "or 'n,v ¡-oa! ••"    Trait  i. .:v VH'- • mi ammablv   ;,*»tw#»en 
'   • , , ;>   .        •.    , • f-, >> a. -, v.. ! , « • ,,,   t i , . ,.s( -, <•%    p t ¡ cui'1 

,, ., I  ,   . p.  !• .•-,( e  . '.i :  i • \¡i! : : •    •   .' -.    • •  • .-   -e •. i - ii  • fK     >',i' • r  •< '.    •' ' »aO j' .• •' ••     <•    •'•'• ~ 
yv<\'\i ilMv l i ï « • J ' < -  m  an •tlAnui-'  :me<:    • ,r  Mi-march  -   üiü'Uua n' -.  . s  Yt o  a.-    . pp.U't 
<,n frnd s'i'iM, i* .i-aj hand m.   ' ••> e-- <• . • ¡ a- ! -.-a'    n II-í-UIMI,   \-vnu-v ' .<.u :u •-<! -> -a*' 
(|«-v«-lopnií Iü'üI! ''H'í; ano 'o ;;•< ImV * .»•   ¡e;-:     ••  <•'"  kí.mvn i.mds .tí  ftu.is     -\ du am 
f(),. j J,,, ¡'.a ,.-(- ^, (Mi pl ' •(   ' ii < s1 ah¡ y*- .• r .Mí¡m r •>'. mh-rì'in' i-lv eon i:>pc1 rd'-ann 

!'(<! Ai;h fiii.'.'lîu-M ^.'''.i.ioiM .'•     .tinnì })hvfi"lot:it-ts and u>i'hnitauns. centi Oí:, , t 
ateaiióalU flirted Im a ¡-u-, ai o .!:••'', -¡n - i" s of • :¡e o.-vei./pirn; •vorid. '-»'J-'M ^ 
re .-.eai'i h ->>ntriìf. rr.a v vai! h*- inn a:-' -:--;.vanv') pro 1er; te bt-'veer: a njrrher of 
ijaUO'u;. !' nppf-irs moa de^ndoe i^.r á;e *urk «>;' vucK centres i« ce—ordinat*sd 
at a common international level. 

The osti»b!mhm<Mt of oM'icia!. rules for ph kinc maturity,   gradina:,  quality H'an- 
dar'cis,  o.n khe/ etc    a- an ¡riiporMiit and incu.-jpensabk- tool for developing the 
fruit hulus1 i'v. ' These mu-;î he based ae, lot ai research and exporiencta  but in 
case export n- c atmid^red,  diu- aü"natn; íU'JS-. bt j^ivím »o the demsnds of in- 
ternational ma rheí-. 

Lack of aalenuat*' tra-'.-ípoH tacili*ica-ì hf-'vren production arca« and market?» 
very n'a-n is a s-vfn-lv lin-.ttinj l'amor in attempts to expand and rationalize 
the frai'  a,da .'av    <",• o-a tV v.  dia'.eul'a.-: n re esr>i-ciaHv lari'*1 with regard to 
Üm availabi.i'v m  r. ira'i-avcd ; ra.n-.por^a-ion.   AlthoJiih the improvetaent of 
transoor! n-av a.voaa- v<a v c av y mvc-f-axaents it is nec.i-.sHary to give this fac- 
tor mos'  s* rn um t.'»n ->n.!' ¡aaon. 

1 he eKt:->ldishmt'f-,* .)i fian' pafkau^ s'a'ions.  s» ruteni« a sly lorated una with suffi* 
eleni  ciüíu-i'v,   m a  fur* aer  ¡ansi   Ui "h«-  p;'o^raiuI:ie.   Sï.'oh i-. * dti>'»n.s Ilillï' be pro- 
vided with cooïifa' ai-.'a'iia* i-ms. which »Ti\ i   r«»ffourc»»s fur precooïing and culd 
sioraíji' adequate :'U* the kind of ' rade  envisa^d. 
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