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FIGURE 1: Postharvest Handling Steps for a Typical Commodity
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e Gl g Ly sall ¢ UL ¢l ganal y ¢ gailall ¢ ) gall (B gt g dland) amy Jglaill g sbasd) e Cile slaa 81 68 LS
Ay (B gl 5 Jslatll 5 L ol sanedll g LN ) oot (e Wil (e ¢ 32S ASEAN Food Handling Bureau
Fruit Development, Postharvest Physiology, Handling and Marketing in ASEAN laxl)

QAHﬁﬂCUA:‘&M\o'MQM.—MSdS;
ASEAN Food Handling Bureau, level3, G14 /G15, Pusat Bandar Damansara, 5049
Kula Lumpur, Malaysia.

all A g pmall Laglualaa &3 @ e eV sliae D (S g o 9wy G322 Produce world 8 4 gaall o) S
S s el il 8 e 5l Adaadl Hlady elas sl e ddiaddl 2l Gl dmwm\e@sﬁ?i il glaal) 305 e
Axiadl gl ds jUall Slatiall a

aagi Y 4l akail ) o8 1949 ple Laslial &5 Sl Produce Marketing Association 4, o) WS
e 5 Ler s yall Claiall g da JUall 48Ul 5 juadldl 5y gty () 50 s | sae 2400 G 8] a5 il )
Jaall i 8 Al cileral) il ellad o 45 3ol 5 )lads o ysill ¢ UYL W glae) Jaidyy allall (s sivea

. WWW.pma.com
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Gl Jagaill g slaad) 1 oY) )
Harvesting and preparation for market
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JS 5 (Sbanll L) dls yall 8 J seanall dban daa i oy laa e o ST slanl) lSal (e 3aldindl)
acadis (O Sy 2 J granall Aad ) cansy el g el ey ol S0 83 ) (5058 o) (Sar il o2a

Cam 55 5,30 5 canliall ae sall 8 3gSWH Jralas dbasy & ) Jall asiy o 58 Lo sad sUad¥) I 0
S5 13 pazmdll amy () LS amy ALK L35 Lgr (585 a5 Laazad Bl 5 sl da Sl a1 el (4 5
e S (s AV Lgiosn QB Lae 00l (o1 o il Alle it Leils ST sy sl
M;)Al\u.;\dﬁ\JJM\UAMJP}UALMbJA\}bJAGﬂJd_A&\JLA;‘\H\J\@JM‘JLAM\
dadlall apaail Al Vo aladia) o) eli Y g dbiall Aa ) (e Leais 81 el sbaall 4l
ool i 5081 aladt ) S oty 28 Jyaalaad) (e A il Y1 55l e JlEiw dlasll

Sl A3l Gl e Sl il Sl

Jpanall G jad ) pal¥l eda o Cua 3 S ASIL mual ) Sy Sbaall L Al ) Yl )
093 Ao ju A sam Lae Gl 2l Luiill Jaes 33b )5 elall 288 33l )5 (al WL Sllay)
e O Y el dbaall e ST )l o Sl asbaad) U ddle Adiay ) seasll
Gl sanll () WS sl dlaad) 8 Jlaa¥) da® sanad A0S ) il I (e jeti 38 4 sl Jualal)
G gaall o) Balad) Calsal) (e AR 5 plide AlAN das) Cld g Adidad () S5 o gy dlaall L Aeadiuall
g Lol LS Lol aind dlay g &y gl ool il w85 Ll W1 Al 3 RIS il a2 () Al i3l
S O aad L) AladilY B g e lia IS 135 (1989 ale del )l s ke V) dddaia) el

(Grierson, 1987)

4351 gy (Al J smnall Ay Slaall piall 3Lkl (o (i yaa (552 sbiaadly ¢ saildl) ()5S O e
JE i) o eadll Jpaana ol AU el 08 5l adad ol Coal sk (e ey sbanl b o) 1Y
31 5 )l ¥l 5 s sl Jolit) elld g dpse e 3 jdise (5585 O Y SISl Glles () LS ) jua A
ot ) s LS aala Aalad il dasl ciliaie 5 (SISl 0585 ) cins WS 5 penall clilall 2lla 4
POY TR PRSTN PP JEPISENN/[F VRS JUIC LI QR y TS WA IR/ Py SEN | PEREN PSR Py SEN S BY
o8 5_mihn panl IS 1315 gl psan Galin (o8 ity J gl sLal o Alic iy & il
3] e ALS) JanS (Baliall o3 ) gl ol e yuu Qi) il g oSl Cond 5 5] ppabinall

csbuda g e Laila 55 O amg a AL 5 4 6l B Jiadl il a0 o)L (a2l

(Thompson et al, 2001) 4u s Gla 36 — 4 s o) el 35 a A o e el 3 ja Sy
i (o) Dara 05305 onun A8 kg Lefshaii oy 5l JII (8 J seanall et Golia s o O
Coslie ISy s Ulal) il e an gy f 8 (3 saiem aladinly i oxils o o) I (il sl aladiindy JUidl)
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A sbaall Gl Il 8 40ul 5 shadll I Jaad) (e J seanall Ji (8 5ualil) any a8 g5 Al b ella
Jpanall 3l ya da )0 588 Eua e J rane dbaad Ulal Gl LAY sl 5 8 SUl ~Luall &
Jsanall 2y 55 cillee 8 Gl day G 30 A8 (e QU Las Cag pdal) o3a 8 Ly duaddie 34050410
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2zl (e G 3 7 5 A (A 6255 A ASSall ) udl 4z e SIS) G 65 Ca LAY o D) Al
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.( Degreening =¥ o lll Al 5 dulee aay 2065 )

s cooling = <t (Alls ) dolee o) yal 8 bl slasll by ol G guaill J ganall Slae) DA
Field heat Jasll s, s e galdill 5143 e 5 e 585 (Y 5l Sl 3 5ll) Precooling
Sl b yi el ) g V)l 3 o) jal & pals of o)y AT Jglas (6 J 55 pilie dbasd) any
) gl a8 say 58 &% oA J seanall Jia 43 HSAL sl 5 53 sad) (sl g dlasll axy ) saanll
.(Mitchell et al, 1972) L s y5 B ol (53 J pomnall elld (o Jil Janay ) sahy a8 ) Sia S 5
O day g Al ) Wy xSl Ehgan ) (g3 (5o guill dlae ) (U Aulie (o s g Caiay Jglaill )
onSl aall e A5 Bagae S8 () Y Al Cap g il g GokI ) LAY 20l ddee 30
L g yo il 131 Jai) oL sua (3 oy atiie Jaall Gualia 56S5 ) cangy WS jaall g cildadll 5 duildl
Jail) U Jaill Al s Ao o S5 ) 25 @M e ST Jganalls S3laa 05S5 V) any Lpuany (358
Jaill )l 3 (leall (abaial Gl ) cpacluall e dbilaal) s Ll g 5kl dagda e it
S A el Ju e ) o Jall Jilas < sl 8 o) sell dakca (gmdd o) s sy ol gladdl
.(Thompson et al in Kader, 2002) J s>l

O Lasal) Jalas ) (62795 g J geanall Jglat Lgad a3y Al &)yl e Jule Lald e cla jlas 4l )
O Sy (Saall sie 35l J sianall L3 — Cudgdll — 5Ll — Jgeanall jlaal) Jaall 8 Aol
o Bmaa Gl e ahadiul oGy swdll 38 Jseanal e 213 ) Jglail) i sdas sae Jli ) g2

Al Aglaad (Il 58 559 dlanlly el pa o ol Lpasanad Sy Jiall 8 livie LS Cllass

I J iy nll b Rl i panins A 9y & )8
a3 yall 3 B de b digi S aum gy danll Jlee

(s Bpdllae Laill 5 g 50l 5 5 Al 5 Sl () 50 58
Glaa f s bl Jaall Gl g J85 556 ) gaall 22a
Jlae (e A Ledaia i auall 2y il

HAND CART: used for field packing. Harvesters place
an empty carton on the cart, then pick, sort, grade and pack
directly into the container. Filled cartons are moved
immediately into coolers or keep in a well-shaded area.
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dadlall s ye s BV AY) (any 235 Kader 2002 <US & Reid o2 il s M) J saall
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Loy jill 5 S 55 Gl 1 zlanil - sailal)

Ju g i S — i Sl — el Solidity

ol sl al 5a

gl ol sl a3 5 o jiesl 5 i) Lol

Al sl al sdl)
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el sy

sl S il Jal 5o
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Source: Kader, A. A. 1983. Postharvest Quality Maintenance of Fruits and
Vegetables in Developing Countries. In: Lieberman, M., Post-Harvest
Physiology and Crop Preservation. Plenum Publishing Corporation. p.455-469.
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Source: Bautista, O.K. and Mabesa, R.C. (eds). 1977. Vegetable Production.

University of the Philippines at Los Banos.

Additional detailed maturity indices for fruits, vegetables and cut flowers can
be found online at http://postharvest.ucdavis.edu on a wide range of Produce

Fact Sheets.
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12 R
12 358
17 ol
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Source: Kader, A.A. 1999. Fruit maturity, ripening and quality
Acta Hort 485: 203-208.
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Harvesting practices suaall il lae

San 5 ol ) S Le JiT Jgeanadl e slaall il jlas a3 1) (55 o oy

Pick carefully to avoid damage: ) sa¥) sl iy aaal

R -:. '.‘I \\\ )

doay Lenie by bl ¢y 5 5l (3o Juad) die (4S8 Apapda 4 ke aa 8 Jyaalsall (axy 8
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Source: FAO. 1989. Prevention of Post-Harvest Food Losses: Fruits.
Vegetables and Root Crops. A Training Manual. Rome: UNFAO. 157 pp.
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Source: Minnich, J. 1983. Gardening for Maximum Nutrition. Emmaus, Pa:
Rodale Press.
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Harvesting containers  suaall &g

Cra J panall Glas & Ol (e Jzad Jaljall o) 5. Jal el g Gl Joll Jie abaall ¢l gae )
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Source: Friend Manufacturing Corporation, Prospect Street, P.O. Box 385,
Gasport, New York 14067

Small Scale Postharvest Handling Practices: A Manual for Horticultural Crops (4™ edition). July 2002

15



HARVESTING AND PREPARATION FOR MARKET (& seiill Jagaill g alaad)
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Stackable, reusable plastic crates:

Source: FAO. 1989. Prevention of Post-Harvest Food Losses: Fruits,
Vegetables and Root Crops. A Training Manual. Rome: UNFAO. 157 pp.

S5 o] Loay) Lgaladind) 1Sy 43ld o2 @) i/ 5 Lewil sa (8 4 gl Baua Lt (aalical) sl 1)
Sualdtll e hed4e 3 b il dlasd) ax J ganddl 4 4
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Straight bladed hand shears for fruits and flowers:

Thin curved blade for grapes and fruits:
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Cut and hold hand shears: Jsasau dil 5 pan aie
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Pole mounted cut and hold picking shears:
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Using a picking polegesll ilish ac i Cunad aladiul
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Source: FAO. 1989. Prevention of Post-Harvest Food Losses: Fruits.
Vegetables and Root Crops. A Training Manual. Rome: UNFAO. 157 pp.
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Sl W) e Ll s el Lebomd cany Y (Bl LS o) and 5 AW Jil Jyalae (o oSl e
&Y c..a‘}d\ alanll (‘LL'U Lg_1 MJ.L‘)S\ (5 $hua &m‘)\j C}.\SAM L@J)\LZ\.’_}.\L‘A\ Sl a5 alaall
S LU e B, 8k Al oba (s b iy G5 s Gl e US e padiey O S
JA G Ly Ll halil) ol LSS HaldW) e oy g ladbas el 3 adll it ASien Al

L Janall Lo 3 g gl A g jiall 4blaill aly Jlaall cpa (U o sk olid) i gall
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HARVESTING AND PREPARATION FOR MARKET (& seiill Jagaill g alaad)

Field packing — J&adl & dsasl)

Jsall e a8 Jils 5yl Atieiy Jgeanall dbasy dbanll Jile agiy Jinll 3 Jualadll 40 die
038 i ymy 3 gl e 5 J8) () s Jisll b sale Lgiied &5y Sl Jaalaall e 31580 o) Jaadl
wﬂ\wi)é&ﬂ;_}\;é\_)jiﬁdcéscWY\ﬁM\@M\&uéum _)‘)..A\‘_A\:u:\g‘)”)w\
Jal U Lelea e aclud LY

G sinstanll ke JOE Jalal) 45 asis (53 w5 slin) (e JBis (o (S 5psim B e alasid ¢
eeanlls 28 ALal 5 Jasl) JSA 2l @83 (e s Radiall 8 Bah Alae e olial A gall G all

Field packing strawberries: Jisll 841 ) jill 23
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HARVESTING AND PREPARATION FOR MARKET (& seiill Jagaill g alaad)

QAAAKJJLFJP‘%:\SHMP Q::'S‘)L.K: =X Alaall Jlae xhﬁﬂy}@aﬁéw CJ}A.J\
a5 5 pshall [l g Cuall il ATl 8 el o3 Cuardi) 3y aanl) Ade T Cua i
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HARVESTING AND PREPARATION FOR MARKET (& seiill Jagaill g alaad)

Jals U s i s B s o S Rearan A5 Jial) 8 Ril) Canlii LSl A e gy S 23 5l
JiiE (Sars . Jualaall (o i€ Jiall 8 Rl 3 m3sadl 138 addies Jseand) sbas die Jiall
il g Zarilly (lill 5508 s Anlasa iy 4l il e e Lol dlee il Jid ) g
AL Clleall s s ALY Joalaall o ol Loy 73 sail) 138 spara it (S 4w J geanal
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HARVESTING AND PREPARATION FOR MARKET (& seiill Jagaill g alaad)

shdans cudeiy adad (e Jleall (S5 A8 jall A3 an gy e 3oke gy Jiall 8 Al HA) 23 gat dllia
1A olia) peaia sall S 5, AilSa B Anna Juioip alaSi) i s Lea Jial 8 J pemnal) Zisni 5 il
o8 Ao Lirall J eanall Jaend aly Cua Jaal) 6 Ll 50s 5 313l jau 48 5080 dalida <il3 5l & ja

il 13 anid 5 Ll

SELF PROPELLED FIELD PACK SYSTEM &S jall i)l dyfial) diatl) ol

OPTIONS: «l_jlal

il IS 8 Jlaad) (SLal 2ae
Lo glaall s il
(Ismmnall e el ) Y1 (s sns e Lol

Source: Highlander Ramsay Welding Machine Promotional Brochure. 1993.
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HARVESTING AND PREPARATION FOR MARKET (& seiill Jagaill g alaad)

Transport to the packinghouse —4iaill caaa ) Jall)

Ji g cillaaall s3a ) J seanall J85 (pe 232 &) Cillass (e 2m SLel 8 Jualaal) dlias o3 Ladie
Clilae Jl5 48 ad sad ol olial radasall 5 ddladly Jead (A1) C3USL sall Jis ol Gl A
L Jsh e 53 ge o sl Sl (M) salian a3 A ) sall Ja3 %y (8 gusil] J geanall gt oL J ghaill
Jall de yu (A ASaill Sy Jall COUS dlaie Cadallad b Aty Geell JB ol o3 ABL ) sl

Ayl Jid gl sl & Al Adana 1 J seanall () sea 51 0l Jlaal) 2o 50

Source: NIAE. 1977. Banana Conveyor. Tropical Agricultural Engineering
Information O.D. Bulletin No. 7. National Institute of Agricultural Engineering,
Silsoe, Bedfordshire, England. 15 pp.
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CURING ROOT, TUBER and BULB CROPS  Jbas¥! 5 4 5all 5 4y j3all Jualaall diaill 7 lal)

Sl g 43 yall g A ydadl Jralacall dudaill zMal) ;S Gl
Curing root, tuber and bulb crops

Gl jlaall aal (o ying ol g BLAST 5 Gudaladll 5 Ualall e 45 )al) Jralaall ddadll Ml
e Jsmanall hiny sl 23l o) a) alyg e 30 (e B oY Lei 335 i Jalaall cailS 13l
OsSii g sbanll (e Aaliill = g jall LGl Cun 2Ll 3aad Al je At Ayl Allal) 30 all s 0
VAol b CalSa (5585 38 el 2 3lall Gl (e af b s J seanal) lead LA (e Ba00a i
. Laleat) doasa du jlaall 038 Jaay ¢ Al 5 53 Allal 8 o ,ails o)

Sl Jsandl (8 mim se 58 LS Jualaall OUAL oadaldll #ell Ball gl alias

The best conditions for curing vary among crops as shown in the
following table:

Lpall) 4y gk BN EESY
plY) 2o . . Jganall
Relative Humidity Temperature -
Days Commodity
(%) °F °C
10-5 95-90 68 -59 @ 20-15 | Potato udallayd)
7-4 90 - 85 90-86 32-30 Sweet Potato Uslad
4-1 100 - 90 104-90 40-32 Yam pd)
5-2 95-90 104 -86 40-30 Cassava Lol

G Bl basdl g A jleaS B a Jall Jua¥lg o 6ill g Jiaall e Adadll & Blall aladiu) die g
08 ellyy Jua) 3liels 5,80 G Al bl Glisy mend il Cig BNl 85 g ol
LS Jis Chsha (b lgrun g s Jualaall o8 aan (S dlaal) g pdall Comans 1315 03 3330 5 J )l
i el N Juand) oied Ailall adill s 5 (Sas oll 5k ) dued JOA antl Jiall 8
dadl g 300 30 3 ) jall e Jseanal) dlaal @lldy At #3all ddae ol Jaiy) Jliy daxs
dua¥l sl Juadl (8 dail) #3) 8 L s o siad) CALull o sedl aladin) s iy puedil
Lshs a5 -35 (e 30los A0 o Bl as sad Aleall 038 sl aly a4l LAY
38 (e 2 3al) e Jemnall dlany Jia¥) 3,8 3 Ailall Gl 055 %675 — B0 (e s

u.a);ﬂ\ c-\..ui sl
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CURING ROOT, TUBER and BULB CROPS  Jbas¥! 5 4 5all 5 4y j3all Jualaall diaill 7 lal)

Field curing dJ8all & Asdadll zdal)

Jaalaally (s AV 400 i) 4y )0 Jualadl s ol Jsana o iadl 23 ol jal (Ko
GLEal J panall Blaat Ciagg e aa (M Jllae lSe b Lgie 4a S Jae o3 131 Jind) 6 d
ks ¢ Csall o paall o padiall (e elhe dasSll o aiag a8 a5 Uil Gig e
Jailais dodaatll 8 4y lall o2 o dile Ay A5k y Alle 5l a ) pling Laatl #3ll 5Y
& g ohaill = all dpaliall g lall (Biny Loy 4t J geasall (e AU 4 gha 5 5 al) e

.ol 4ead o KU1y

il zall U ALl J gamna dpdan g o oS5 oUa3 8 pUad ) glaid aylad o

Cut-away view of yam curing

gl o padia plad
Sl ¢ ual g
. f yam curing

canvas tarpaulin
or jute bags
NOT PLASTIC

At least 6” (15 cm) depth of cut grass
placed on top of yams.

Source: Wilson, J. No date. Careful Storage of Yams: Some Basic
Principles to Reduce Losses. London: Commonwealth
Secretariat/International Institute of Tropical Agriculture. (IITA, Ibadan,
Nigeria.)

Small Scale Postharvest Handling Practices: A Manual for Horticultural Crops (4™ edition). July 2002

30



CURING ROOT, TUBER and BULB CROPS Jba;¥l 43 ,all 5 4y 0l Jualaall sl #lal)

o ) anse Lgd 381 g ) bl & Jasdl 8 il g deadl diadll 230 6l jal Sy
i 093 B pdlae Cishia (8 sl o Lol idatll m3lall ol jal (a5 Alla 450 gk
f.g\5;34@\@@@\&)3@}@@\}%jmﬁsvwsﬁsuﬁc‘;m,sm_j
¢ o) Blie) Calin s dpn L B Rl Cilis (e SIS i gy geanall Gandy RIS o

Ao sal) Gashall o bl 10 i) 20k 5 5 xia S8

e 05S0 l Bhlal (3 ol e il et ol <BUae pladiuly Gadadll 23l aey o (Sas
dshiall o2 8 dppdall o) sell A8 pa () o a3 e leb L) Dygda ) Gl 5 ] LSV
M@bﬁ}iﬁw&M\QMJ;%Q\M:\JJJEM\JMUM

sl i e
Curing assisted by shade and ventilation: sl 5 JUsill aca Jddaill sl

Vent with
exhaust fan

5550 &y 1 A
hidi da g pay
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CURING ROOT, TUBER and BULB CROPS Jba;¥l 43 ,all 5 4y 0l Jualaall sl #lal)

Curing with heated air ¢awall £ 5gd) aladinly Audasl) zOal)

Z ol e Ayl B Cdiall ol sl Jlaal a3 1303 ) el Guiladie a3 55 Juzal e geasll a1
Lo A Dl e An B Al 20l 4 2 A ) e QLR pa i () (S SRl
Lshll ) ey ¢ adall Jals ) @l aay allas) &5 ad el 2 A el sedl Gudis sl J seanall
Al g i) (8 aally a5l aUas aladiuly sl A V) ) el ddlal (5 5 e Al

LTI e el a
85°F, 78%
1 S~
== { 82°F, 854 =]

s sale) Lo el Gl ) e alafial Cisid siall Gl (e Ly AL gy IS 13
AV s Ay JS O 058 Suag Sl e gy Jandl (s uadl dasl () sl jal)
O AL elsedl a5 saall 45 Gladal (e 6 — 4) aw 15 — 10 o L ddl

8 fall
/\
A Em T~

{ 82F, 85%

Source: Thompson, J. & Scheuerman, R.W. 1993. Curing and Storing California
Sweetpotatoes. Merced County Cooperative Extension, Merced, California
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CURING ROOT, TUBER and BULB CROPS Jba:¥! 5 4y ,all 5 4y sl Jualaall dgiaill #all

Bulk systems for curing onions (4 &) bua Juaall dudaill zMal) ol

i) (g a5 o) 5h (i Ban g5 An g e 3 9a s Al ()5  seanal s a2 Ml oUas allasy
ol Jgmna SR aay)gig abdnd A4 jhag ol gell JA) o o€ U A i gy (D) 4 L)
i) e il an sk e AL el sel q s sl s il 7 3ll e b caal

las 2‘:‘-;)&\ Juaty) °J‘“‘5j (‘JM\ e JSS‘ i :\éjﬁ ‘_A‘ d)m‘gs\ Jes M\ ;\)@J\ ebsfu.n\ Qe g
a5k deadl (and Qi o aagy @llaly Caliall Lo i Al ggu s Lelind deadiial) cilidall Lilan &
Aoa Al 5l ) 1) Cagail) A dibal) o Mal) oL dalaiia

:\,3\}% ;\}@J\&_\hh;ula.\a

AIR PLENUM
RECIRCULATION CHAMBER
LOUVER~ -

RISER
DUCT~_|

FAN AND
HEATER~]

INLET
dsaall by DOOR

diadll J smna
BULK
ONIONS

Oy da gy

LﬁJw‘ FU.QJ‘

RECIRCULATION AND
MIXING LOUVER

E A
Salean OUTSIDE AIR
INLET
e HEATER AND FAN
AIR PLENUM :
CHAMBER | /#
Logh §14
ONIONS
Lua Juaall J puaza
<l g N ’
gl Sngggg NN ' 4-§' FROM WAl | N
dua Yy INLET DOORS “NSLATTED FLOOI ~as6 - 4 G Adbusd
Lailal)
bl (e
) (pa duia
Source: Davis, H.R et al. No date. Storage Recommendations for
Northern Grown Onions. Information Bulletin 148. Ithaca, NY: Cornell
University Extension.
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CURING ROOT, TUBER and BULB CROPS  Jbay¥! 5 43 jall 5 4 )38l Jualaall ddail) #Sal)

Emergency curing 4ithall cag i & ddadll zall

sl dsas ol sl dgagl il E3all ol el mand Y Jiall b 32l o plall culS 1)
Ae dad Joo oy A aladind dalla e o) dalie je diadl) 230 e ol o Jaal)
&) Al ol sl ady aly ¢ S padie (e daddl Jee iy M) JSEN 8y ddesdl 028 o) Y
) o) 5 llSy iy sl sl e Bae padi 5 Jgeanall Gl sae daa )y dany (8 e i) dalaidll

Ao @:\s;ﬂ\ CM\ ¢l sl i Jadl J o &

a5 055 08 e 43l
¢ Uard) ol

PALLET ON EACH
CORNER TO
SUPPORT

CIRCULATION A ’ HEATER
Gl a5 5 ' :
PALLET PLENUM

4 945l g

Source: Davis, H.R. et al. (No date). Storage Recommendations for
Northern Grown Onions. Information Bulletin 148, Ithaca, New York
Cornell University Extension.
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PACKINGHOUSE OPERATIONS  Adsil) & gy cililas

Packinghouse Operations Aatl) g clilas ¢ SN QL)

Jaiit 8 o il s e I Jaall 3 e e Jpanall J8 Jo aid g adas Al dasa Glilae () K508
Dy Ol s A5 B3l @ N panady el bt e Jslail)l Glules e el e
Ll ol daaill Can alasinly Jdlll 58 68 (S s s Aalgdl ) a1 e il Cililee 3 k3l 3
C)AMYM\U:M@)AJ@ASMQ)@\AG;\AJ&}AEM\&Qéﬁ&g}@ﬁﬂ\&w}iﬂ:ﬁuw\
oo (Handl s 5e) ol Sl s el ) Jeasy i sk s oYl 3 343
Dsoa) Sl iy daadll e g oAlls JsAal) (A Rl Jila g AS ad daulie Gl 58 5 )5 g

(Proctor, 1985). il s dlgw 44 yhay Jlaall

o) 5_rile An g5 5 yilie lanl dns panl s 8 J pemnal) 230 o Riseil) Cillana | goa Jansl 8
AUl a3 (85 dunlid) il Sl pae 8 O somnall Lisn s oamall il 550 ¢ s syl Al Jlac

Dumping &l

238 i jad g Al ane JDM& 4y sbanll Galia o Jial) Gaolia (e Le sl J geanall i e &Y
i sl bl agas (B gl S o) s By Aliny A Sy ) ang s DUMIPING sl @il & sl
A yaia ela aladinls dllyy Ll i cASISEaY ]y clasSl e Jlis o (e el s s b ao ) ) ila
il p Tl B il gemnall dan i (el 3 52 150 — 100) G el

Dpandll (b 1Vl i i€ A8 gaas aladind o didasa s Alile COEue 12850 iy ilal)

Pre-sorting sl jal

Sl s A 5 a0 e e Jaie i€ 3l Z8UAD sl a0 gy J sl cililee &l 5l il
G saall L e Jliras (gal 5eYU Gladl Jseanall ol jal dbegid o) WS Jlaill cililee & Jas o
Alasll dey Y] Glane aladiul axe Al 8 Aald 5 J gasall AL )
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PACKINGHOUSE OPERATIONS  Adsil) & gy cililas

Cleaning il

S Ll pemnall Caaih LIS (555 Al (58 ookl (8 538 015 (5 S0 i Ll g1 58 ans B
e ainy Ciges Janstl) i/ 5 Al 2850 LR ()5 Jpsi) Fuae T Lli 3l 5a) i (s AY)
St ) sl & i Jlalll & 53 e S
DOsall s gailall rcilagall Jolis g Jalll 5Ll (e palidll Cangs Lelue 25 Jualaso
ool palaltaddl 5 Uallad) ;0 3830 any Leduse o Jualaso
a3 sl o sl g Jeanh o 3l g bl = 3lall o) jal 2ay A8AN) A aladiuly L (A Jualas0
5SI Jlad g yAl
il
35 i AT e el paY1 U (8 oSl Bla L lan By s e gl R hilee
& sn 150 — 100) 0L bl ariivi s Zusmdl) ddana ol 8 5 Jutll sla 8 adil jall
(Moline, 1984) &uwill cillee ol 4 jall lsmsal) 1 55 Gaglial Jansil) sla 3 (058 sl
b Al sac ) (S0 Aalad) Jaall b s Jullad Ay jladll G il 58 L8 CUEDEA) s g
8 IS (s el (pysISI Jslaa (e 45l 2 — 1) slall o il JSV 0y sISH Jslas (e Je 2 — 1 alasiiad
LS o aladinly Tl Aasne Gy cilaia Vs Goaall Cilai ey (bl sl (e oslla
(Kupferman, 13l aiaill 3 jeal ae galadiny (safe) 4 el Ll Ly e o sall o gl gaY)
1990).

Waxing el

paall o daall 3 Sl HLal) Jie o oSl AlaSa je sl L ae el alasind 2SLE g
dallall g gadd) aadiuy & sall s il Jia 48U L i akaladall 5 Jalil) 5 (a3l Jie o 5Sill dlai€a
OSay s Caghaiill g Jawsll Glglae oL Ll 31 caad il ghal) & sadd) (any Jae Jail adY) aladind]
b el Cingy J seanall qaadis a3 130 5 Gy sl 5 J sl illee ol oLl 28 (a5 e sac L) Sl

oA Jal clilee (6 8 Lol aasiusal) el Cany

Sizing asxadl

e Acilizall il all s Le 480 @l il 13 dladinl iy a8 g (5 jlial | el s J panall s )
L;r_ Crlalall Cu ot s g Laddtia (5 gl ?:\;;ﬂ\ J e adasid) Al QLLMM\A@} me‘}?-;;“
ay Lo 4iiond (pal 5508 Gaalia (B 4mpend 5l 6 pdlie 4%ind (Say Allall oda iy Caslhaal) aaal) Ll
Jmanall dlaal 505 jia¥ il gy (Sars anad Clila saelioey dlld 5 Cpuall a6l jal (Says
LS Ly ol O cplalall jalls &4 4

(US grades and asalldudd cils jo il 55y Jualaall (o 58Sl g 4550 Glanas aladial (S
aiad Al bl Al L Lad g Jalaal) araady 58 e 2l el sacludl standards)
Jshll i/ 5 skl
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PACKINGHOUSE OPERATIONS  Adsil) & gy cililas

Examples of USDA Grade Standards: 4 s¥1 4 )31 31 o8 dauldl) cila jall At

Length Jshl Diameter _hill Rhubarb Grades 325 cla s
> 10 inches > 1inch U.S. Fancy
> 10 inches > 3/4 inch U.S. No.1
> 10 inches > 1/2 inch U.S. No.2

Diameter in inches 4ua gl il Garlic size designations asill alaal yaas
2 15/16 and up #11 Super-Colossal

211/16 — 2 15/16 #10 Colossal
27/16-211/16 #9 Super-Jumbo
23/16-27/16 #8 Extra-Jumbo

115/16 — 2 3/16 #7 Jumbo

113/16 — 1 15/16 #6 Giant

111/16 — 1 12/16 #5 Tube
19/16-111/16 #4 Medium Tube

@JLWQ.AL@AJA\}QJSSU_BAJM\QU&‘}I\MR#\S:\A\QLAM\Q.A&\)JHJ;Jé\}'.'ﬁ
e s 1 mloays (Linels (8 jaall, duiall ia 3 Y] clatill ) claiill (yo ALl Ly Al
S oo e S50 AU pw JSG e 6 )AY) lenaall panai s 3 pinsal) Jralaal) po Cilenadl)
e e Algas (5 ya) 4y ph Glin g Jpealaall alixe Cakii o 5 dlaaY) Adlide cilath <3 il Lol
(s e sl JE2 Tail) aiioedll J sl s Cilllicas Lmay (e 330l B 51 53 ) shand Aot
Ly Al u Ao o S Gaaiia 3 AdlEiu) oy Eua YVl Leaa ) eVl J peasall b Gus

G 5l 5 ) gl (o Aloadl) i Ladic Lean SV J seanal

Diverging bar rollers sizer — :3) 93 &) gl aladiady asaad Baa g
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PACKINGHOUSE OPERATIONS  Adsill & g cililes

Narrow pallet system sl 4l ol

callsill g gl ) 5 g0 48V Jralaall Jgla & aUaill 13¢d 5 1L WISCONSIN (i S 9 dmalas o 85
Aaly iy 8 niia 16 Jan o Ay sall 48U s alaaiuly $liSay 5 Jglaill A cplalall el ST 8
il Alga¥) Jlay 43 LS gaaliall 8 & gl (o3 Cigll b g8 e allail s Jeay s

e Yo 820l 8 (4 yaie (€ 55 ki 43 V) (dlOlly) Gustall dy sul) AL s A padd) 43U 4B
5 i LSl (43l) Lkl e gliall oy e b s Asotall 2y yal) AU 5 A1 Lasial) deld
o AL i€ g aal s 5 ye LS Guliall Fumy ol jaty Llin) € ) iy Al€ay (4 ss 24 X14)

sl oy b ey s g T Jpenl) i (S 8l i (33 yha (o) ABL

Lo 130, ¥ 93 750 (Msa @l o Sy llall uua 4310l 5 AU aieald Gl G S g & 5 plial W g
138 AlLail) 138 CadlSs dydars a%5 s Aelu 107 L5 zlas bl deldl (8 ¥ 0 7 o) Gulad e
11 s aldail) Callss dass (S 4ild (el (4 el 10) g s a5y JSTA8E2 30 b 55 il
ol 5l cadall 3545 Gy ae a5 ey yedall 2T QI 45) Capa Jlall i g pldaill s (o)) LaS |y

AR Jaras ol 1aa (8 (LY 52 50 3,k JS) 3L 10 s GliSal 13 anlall

Source: University of Wisconsin Healthy Farmers, Healthy Profits Project, December, 2000;
Work Efficiency Tip Sheet: Narrow Pallet System Second Edition.

Custom hand trucks available from: Valley Craft, 2001 South Highway 61, Lake City, MN
55041. (800) 328-1480. carts@valleycraft.com
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PACKINGHOUSE OPERATIONS  Adsil) & gy cililas

General operations  4alal) <) ghil)

Al Adane 8 a3 Al Cillaadl Al a5y M) IS
(.;udu\d}m_\d\&ﬁ‘_;;&sqspjgu\qﬁjzxmjiuuup@ﬂ\u&;\P\Qsm
s Gl aladiul 3 yae b o IS Jualrall elally Jansilly 235 () (€ Caplaiill dlee (o) WS ¢ 4 gl
LS il lee Wb semnall rdans e 53 s sall 2 gda 1 A1) 515 Q) amy 255 Lgild apadiil) ¢ ya) Alls
G55 .z ol By gill da gall Jgeanall Gl (e aiaill ) 4 sall J sanall Joaii Lgild daia o o
Ui a1 Bale 5 apiatill o Adadd) (§gud) L alaal) poal s 68 g JISTJ geanal) Jiad ) sl

Adsall gl a8V (6 gie o eV B3 sall (63 J sl

el alaind
Al aladind -Casadll "
&l
Ll - BRUSHING 4 WAX APPLICATION
i) PRYING SHINING ;
% 2 WASHING / é é \ rn A A l
S e T SASEREIANT | AtanmERsIR |
o
ey il
sl 3‘
6 SIZER 5 GRADER
. FIS mm
Aﬁd‘djc‘ )PP BDEPPPD I

DOOO
3885

[w X =2 K2k

2000000000000 g
oeoDO«’
] 8 SE]UNC go]sss gggggg \

===l == ' fgg; fgga fgga \i;\\\\\\\\\\\\*\%fuiﬁ%
SHIPMENT D 7 BOXING /
ol

LOCAL MARKET PROCESSING

sl

sl 35l

FAO. 1986. Improvement of Post-Harvest Fresh Fruits and Vegetables Handling - A Manual.
Bangkok: UNFAO Regional Office for Asia and the Pacific.

Small Scale Postharvest Handling Practices: A Manual for Horticultural Crops (4th edition). July 2002

39



PACKINGHOUSE OPERATIONS  Adsil) & gy cililas

Packinghouse Layout 4isill dasa hayais

Basa Ao isdypadl ) AdlSE Capnl Lol WS ol yuals LI s () oSy Aallad e 38y lay o0 ) Al dplee
o gt o gl Aaliie A lay Aasnll Anan it 31k e Jualls gl b g5 i€y y J gl

Inefficient Design Belds) Julé aranal

((Baliall diat) 4088 suiaia
[

4 Jsaadl) Aali
\ / 3eall gl
V(G st aata !
e X
La | Sleal Qost ol
(i) \
] cas A TN
Suidd) Jadd) Sadd)
A A A
Jaall (e
U-shaped Design U s JSd e avaal
Gaalia Aiad) o) gd Culda g (s dlaia o
(& ) 0193 Cldag (a0 SR LAV ]
A yaall ol
» > sl
e
JJL
“s.:.a DR3 u.na . 4— ﬁ “Cﬁ

Source: Meyer et al. 1999. Work Efficiency Tip Sheet: Packing shed layout. Healthy
Farmers, Healthy Profits Project, Department of Biological Systems Engineering, College of
Agricultural and Life Sciences, University of Wisconsin, 460 Henry Mall, Madison, WI 53706.
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Source: USDA. No date. Modernising Handling Systems for Florida Citrus from Picking to
Packing Line Agricultural Research Service, USDA Marketing Report No. 914.
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flexible belting

i
48 g / ()

S (= I AS 0 § lias Pear pallet bin
. I b , Sl Ay Qi
£ Padded ramp S i
Shallow transition Heavy drape to
slow fruit
Remove support pan under belt in area where Drape, heavy
fruit lands enough 1o slow

Transition directly to a conveyor it b still eflow

" it ta move down
O ) ) yin JETY) . " belt

*
\Foam pad on
\ramp dday
N

/ & ) \ elting ta prevent fruit from falling
Roller s directly on roliers
Padded ramp . oller sizes .
Long, steep transition Transition from bin dump 1o roller sizer
8 S gpa 5 ALy g Adleaal LTI Y @ saiall gl Bas g (e UL
paaadll 3aa g

Source: Thompson et al. 2002. Preparation for fresh market. pp.67-79. In: Kader, A.A. (ed).
Postharvest Technology of Horticultural Crops. University of California, Division of Agriculture
and Natural Resources, Publication 3311.
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All metal edges covered with s'plit hose

O QA (e pllad

DROP-IN PLYWOOD COVER
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&t\)ﬁﬂ\d)
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cuT o
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Source: Grierson, W. 1987. Postharvest Handling Manual. Commercialization of Alternative
Crops Project. Belize Agribusiness Company/USAID/Chemonics International Consulting
Division.
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FAO. 1989. Prevention of Postharvest Food Losses: Fruits Vegetables and Root Crops. A
Training Manual. Rome: UNFAO. 157 pp.
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Waxing  geddll

il o e el (il (e Al sy i o Gl panae Ul ) 3 i sall el Slea o
Slaand) Gl (sl (e Aaday 45dadt 2T g ) gall (e gadiall pas JulE g Ll J85 jas (i e (el o 5SY]

sl

LID

Ol Aol e 488

POLYETHYLENE SHEET

BRUSHES

iR

Source: Martin, D and Miezitis, E.O. 1964. A wipe-on device for the application of materials
to butts. Field Station Record Volume 3 No. 1 CSIRO Tasmanian Regional Laboratory,
Hobart, Tasmania.
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Sorting Al

Al L o5 S Bodia (8 35 0 Ll g o5 Al aaly dele adaul g 5 AN GlSa (B
Lladll (je dpa ) aladial (e a3 al Aleay oLl Jlaad) iy (e 2 OIS 1315 AT ale ddadd 5
il alaa Y Julil &)

Al ok L) S O Aaid) SR Gl
Gl o Gl e (ranad) ELARY
packing bin ( sorting bin )
= canvas pottom
(wire mesh covered o 150 )\ P

with canvas or sacking) ’

package sheif
(for containers

Source: FAO. 1986. Improvement of Post-Harvest Fresh Fruits and Vegetables Handling- A
Manual. Bangkok: UNFAO Regional Office for Asia and the Pacific.
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psilly (e

r LINED WITH FOAM

Source: PHTRC. 1984. A portable sorting table. Appropriate Postharvest Technology 1(1):1-
3. (Post-Harvest Training and Research Center, Department of Horticulture, University of the
Philippines at Los Banos.)
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Source: Shewfelt, R.L. and Prussia, S.E. 1993. Postharvest Handling: A Systems Approach.
San Diego: Academic Press Inc. 356 pp.
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nearly vertical I conveyor sldd sobical
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altow worker's conveyor
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Source: Thompson, J,F. et al. 2002. Preparation for Fresh Market. pp. 67-79 IN: Kader, A.A.
Postharvest Technology of Horticultural Crops (3rd Edition). UC Publication 3311. University
of California, Division of Agriculture and Natural Resources
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Source: Shewfelt, R.L. and Prussia, S.E. 1993. Postharvest Handling: A Systems Approach.
San Diego: Academic Press Inc. 356 pp.
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Sizing  aaadll
Cre lalad) oda &MSMJ@JMH&?\MDM@JMMcﬁM\ Jw\ AN Joaladll 3]
gl Jaa YUy 5 pka L3, 5 sl

Single size hand held sizing ring: Ly a5 a5 ana yaail

Multiple size rings: 4ilida alaal yaail il de gara

QQGC

Source: FAO. 1989. Prevention of Postharvest Food Losses: Fruits, Vegetables and Root
Crops. A Training Manual. Rome: UNFAO. 157 pp.

Aliasd) Jpoolaal (e S0 il 5 sy 3l Aol lial 5l
USDA A4Sy pe¥ el ) 315 ) 5 adga (8 3 55 ) (S

http://www.ams.usda.gov/standards/stanfrfv.htm
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Source: Reyes, M. U. (Ed.) 1988. Design Concept and Operation of ASEAN Packinghouse
Equipment for Fruits and Vegetables. Postharvest Horticulture Training and Research

Center, University of Los Bafios, College of Agriculture, Laguna, Philippines.
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Source: Reyes, M. U. (Ed.) 1988. Design Concept and Operation of ASEAN Packinghouse
Equipment for Fruits and Vegetables. Postharvest Horticulture Training and Research
Center, University of Los Bafos, College of Agriculture, Laguna, Philippines.
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Source: 2001 Catalog of TEW Manufacturing Corporation, P.O. Box 87, Penfield, New York
14526 USA
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Source: 2001 Catalog of TEW Manufacturing Corporation, P.O. Box 87, Penfield, NY 14526
USA
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FRESH PRODUCE
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HEAT

IS ALIVE
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CAN GET SICK

Small Scale Postharvest Handling Practices: A Manual for Horticultural Crops (4™ edition). July 2002

58



PACKING AND PACKAGING MATERIALS  4uxill ol ga g 40l

Packing and packaging materials 4l 3l ga g Al aql )l Gl

358 Juadl ) Jgasll alima gl Bacbise 0585 (S bl dlee Gl Jglaill aldas Jal pe IS A
NS TS UPTRVPVS FUI BN RRRRRHPIL UPS 3 RSP PICON gt § TPENTS S PICICEN RPER TN
Al elaadlll Galiall s J sl i cud 13 Lo Ladl J seanall 4laad & slhaall Leigd o
Lewd Linall J ganall 331KY 2ulaall ST 5 IOl J3 8 Y Cua Aa giddl ) 5 (WlSY) (e il
O Jsanall Lleall 580l idas ol Llae daiadl) Gl sanll 38 ae i Ulal ol By ga ) aic
Alad Ll W) Aglad) 8 AdlSa el a2 elaudll Guabuall g i) Galiall 5 aedlly Jelaal 55 SU
LeS 3apae @l jal Laladin sale) Sy & saadl e g1 53Y) 028 o Adaall (8 gl (L aladind dulia g
pard aap LS o5 S ALl o) L oAl Ggob A B sall Adlad) Ak )l Jaad Ll

Jpanall & ClSIKEIaY) Egan e Jl Lay & gl

e sl ol a3 e i1 5 IS Gl ganll A oY) gy i) Qi) e gaaall
a5 (W el Y el g & i Geug haray alan ) on ALl 2t ulia JC0 Aliaall
¢ gan v Lae Jal) oL 5 guad) JA1S 45K ja die 5 ganlly 4ASKSEA ¢ aryy J seanall i) 5 J geandll
Sle s o Lo Jpaadl hiva e Al claasl N a5 o300 o 5000 311 Al Lady e
3l )l ) g ada il aladiul 4l Y Harvey et al, 1990 il sl g 5 sl il s
Sla¥l iy elaal) Aol daoall dag il aal ) el e 84S, ey 4ddd Aille 3aleS

OlesiY) daa e dapdal)

A U 8 Sl G e auiial A 8 gaaal) GUKGY) b & gl e cpadl@l) (any de j Als B
Broustead (i b oo Claglrall (10 230l o J sl agiSay aliadll (5 )SI (e aguadily g agd
O ey dse )y 30 GV (e el Glia o) I Hunsigi, 1989 Ll ails and New (1986)
o2 (55 () Labal 5 Ljlad saaall G o) 52 28 Jaill e cpaldll )y L 35 e sl
Al ¢ sall o) 5l day )b o5 S apial ol 4y A alanll any Jlail) Al Gaca Cililesd)
JS 4 53 — 47 (e L axe 5 da s 1/8 0558 (A g oxall ¢ all gl l) B 1okl e
O SN ST liial o 0385 (55 SN mhanie (e 08 1000 IS S 26 () il Ses aass

. (Thompson in Kader 2002) sbaall aay alill day pu Jaalaall Jglai 3 Laladinl 5 Lo ol

Gl saadl 555 Leish (e 1paS e o Ol gaall oda 8 A sha )l i e s (8 Ol saall aladil S5 Ladic
Gla il 8 33 ga gall Jlaa¥) IS Jaady Ll J panall Jasg Lae dlas ¥ ol AL e 5 Ll
By do gl (e adde dhailaall g5 4l Bish o Jsanall Llea I Al dylee Caagd 5 oDle
sale o LS A gl claid Adle ) ) &) ) sadal 130 Linaa | pal B0 yad) A jn 8 oSal) dlee praaa
dsa sl Jaly dpuall g ghajll 325 o Jasi g 4y gajll 288 Jli5 e Jasd o)) (S 3 2l
LeS Gy snaill 5 a3 5l aldas DA Jshail) e ju o aelu 5 gl (8 Glaadl ) ALYl 5 J saanal)

Adyie 44 yhy Jglaill Leca yai e axcall e dalll ) jeal) Jlis

(e Bulile aaas 2ae 20 Laddiue 4l (e 43k o Jaaadl sy J sl 40l (Say
Ay cuis o aslill Caagy cpdasilly Galll Qs s B ol ) seall alasinly olaiuy 25 Ll
'éj..ud\&\JM\eMM\:\:\L&uﬁ@éﬂjﬁ:\aeﬁleaﬂeﬁj_d}\ﬂ\;US‘J}.A;A\XS‘);

Small Scale Postharvest Handling Practices: A Manual for Horticultural Crops (4™ edition). July 2002

59



PACKING AND PACKAGING MATERIALS  4uxill ol ga g 40l

ed&:jw‘jjﬁe&;y )@J\@Z;ﬁﬂ\&dw\ cmje.\:\:u.\‘)}al\ XYY @je&d&ua)ﬂ\&j\
AT o8 B guall (A afiat 3 pal) Jgeanall € e AYAN (5l aadtin g dosllaa e cile) B G
. (Mitchell in Kader 2002) Ly aaally o550 e 3 5,aY1 SBanll

Abual) COlalall ae 3 smll Jals Lgruzag oy Al g (V) (aliaialy dalal) clilihll aladin) o
LS Jod ol puadll (& pmd¥) ol sy Ll el e IS Jare g JIE () oSy Gl
Al (84 a3l

228 a6y (MAP &l sl Jiand @l e )J seanall Jgn o sell Jaad o)) S il o) 8 2l )
OS5 Al e Jead G Jgeanal) (3 dpapdal) i) dleal iy Las o) sl A8 ja (e 2ally 48, k)
MAP ol & &l 48lia) 3500 0da 5 Bsanll Jala (s I aS) (U 58 55 30k 35 (oS 5Y)

L s 3 sl ik g ) ALY

bl 485k sal) daaad (Kary gl 350 ol Gl 35 (5 giun Sl MAP Ui aladial oy
(R Aapae (i) (Il Gl e Jie ) Blall AaSae 3 5aad) (8 )85 6 ja) Baob oo Bl Al
Sl (6 33k 55 S bl 8 ddle Adiay s Gl G (e sllae o gliay B el o g8 SO A
CA, MA o J8 @l il Lol Aalil) cilpa il Jglaa il Jralaal) alans 2y o) (S ¢ 52 S)
axas gl Jpeana JS jaliall alidl) Slidl) o) (abdl Gl 8 Adiad) Jualaall - oy 3300 51 Jail) oL
Sl s Bl pall e Bad giall Cagplall Ciat Jpeanall udB Jana s alall 138 43 e (g 3 gl
lewladin) (e iV o s ySH asl 6 o cpan€ W) Gabiatals aldl) ol gall o L Jglaill JoA

ol oda JA1a sall g3kl S il e Adadlaall 4 glad) ol 3 sanll JAa

O Aossnaill A gda 5 5 jadl 8 ASadl) dulaad JaSa sl 4l le MAP aliiy &sadl) 1) il (pe 20

A Jyane JS3 Ll Ll 38 yis G50 8l 2l (G GaanS V) (e oriall Gl 38 5 G U
(o> LSl 13a aladiu) vie 308l Aliall ad Gy oy G5 )

Small Scale Postharvest Handling Practices: A Manual for Horticultural Crops (4™ edition). July 2002

60



PACKING AND PACKAGING MATERIALS 4=l 3l ga g a3l

Packing practices 4l clile
SST Se jdg ) dalall caea L 1) sl iy AT 23 sai alia 58 Sy (AU an )l b e gall 23 5l
Al e da ) Al S o)l Ay cadgs Adee ) gling Jseandl OIS 13 Lo Alla iy ¢ Rl dyleal

ddl) B (ula¥) olaY)  SMOOTH DIRECTION OF WOOD GRAIN

// ’ /.""' s
7 / //2 {/// .,

el 5 o
DUMP LEDGE

I/
diadl) iy
PACKING LEDG
N
|
LOOSE BOARD GRAIN
N M [
-4
- , £y
[+

Source: Grierson, W. 1987. Postharvest Handling Manual: Commercialization of Alternative
Crops Project Belize Agribusiness Co./Chemonics International Consulting Division/USAID.
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Source: Grierson, W. 1987 Postharvest Handling Manual: Commercialization of Alternative
Crops Project. Belize Agribusiness Co./ Chemonics International Consulting Division/USAID.

Small Scale Postharvest Handling Practices: A Manual for Horticultural Crops (4™ edition).

July 2002
62



PACKING AND PACKAGING MATERIALS  4uxill ol ga g 40l

il i jeladl (s Leieban duss i) (e At Al 3L (e (alail Lobie 3es sl i€ At oy
8 Ll e Ble s am st o (81 ) 8 ) By JE) A L2 Sl ) (S (sl 5 i
LBsduall Jad

(st s Jans sia g i je S) b gaall oy (B pun gy -
(a) Wide, flat medium-to-small hand in middle of compartment

D5 Y (5 el G aal Jadl dilaie o)) ddaadke g i se 5 Jshall Jans gie S J5¥) G el gm0 -
Lelind Laill

(b) Medium-length, wide hand on top, crown not touching fruit below

Source: FAO. 1989. Prevention of Postharvest Food Losses: Fruits. Vegetables and Root

Crops. A Training Manual. Rome: UNFAO. 157 PP.

Small Scale Postharvest Handling Practices: A Manual for Horticultural Crops (4™ edition). July 2002

63



PACKING AND PACKAGING MATERIALS  4uxill ol ga g 40l

& Jsanall Joay Cun Jualadl (e gl gl 3aad Lol Jas o) 2 ¥ (5,1 59) 48 jaia g 3 pives A gl pladin) (Say
Lanilly 0 saildl) o sy Al ) Ly J saanal) J88 o G adanise A8y 5k ol & e i Ga sl e AUl s2a
Jaul @y 555 8l Ja) ys Ala) Caad 38 G ans )l By, dxB e 8 JS (5580 Saaliall L J gmnall lsial

3580 (e palaill Al 48y Hlay sy Laa Ll 2aeY) o

Sl 5V aldas LS )5 g1 e ST 5 Cag a4l Le s (gl o st Mne Jamy o) Aanil) Jalad Sy

dsanal 7 54 Olka

7 jproduce
BEE
L (g1

53l TRIM AND CHECK WEIGH
CUsl e sl g cudga)

Source: National Institute of Agricultural Engineering. 1979. Preparing vegetables for
supermarkets. Field Vegetable Department, Silsoe, Bedford: NIAE
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Source: Walker, D.J. (Ed) 1992. World Food Programme Food Storage Manual. Chatham,

UK: Natural Resources Institute
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Source: Walker, D.J. (Ed.) 1992. World Food Programme Food Storage Manual. Chatham,
UK: Natural Resources Institute
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Source: McGregor, B. 1987. Tropical Products Transport Handbook. USDA, Office of
Transportation, Agricultural Handbook Number 668.
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Source: McGregor, B. 1987. Tropical Products Transport Handbook. USDA, Office of
Transportation, Agricultural Handbook Number 668.
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Source: McGregor, B. 1987: Tropical Products Transport Handbook. USDA, Office of
Transportation, Agricultural Handbook Number 668.
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Source: McGregor, B. 1987. Tropical Products Transport Handbook. USDA, Office of
Transportation, Agricultural Handbook Number 668.
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Source: Peleg, K. 1985. Produce Handling Packaging and Distribution. Westport, Conn.: AVI

publishing Co., Inc.
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Source: Rij, R. et al. 1979. Handling, precooling and temperature management of cut flower
crops for truck transportation. USDA Science and Education Administration, AAT-W-5, 26 pp
(Issued jointly as University of California Division of Agricultural Sciences Leaflet 21058).
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Source: Schuur, C.C.M. 1988. Packaging for fruits, vegetables and root crops. Food and
Agriculture Organization of the United Nations, Bridgetown, Barbados
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Source: Blond, R.D. 1984. The Agricultural Development Systems Project in Egypt (1979-
83), USAID/Ministry of Agriculture, Egypt/University of California, Davis.
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Source: Reid, M.S. 2002. In: Kader, A.A. (Ed.) Postharvest Technology of Horticultural
Crops. University of California, Division of Agriculture and Natural Resources, Publication
3311.
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Source: McGregor, B. 1989. Tropical Products Transport Handbook. USDA, Office of
Transportation, Agricultural Handbook Number 668.
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Source: Ashby, B.H. et al. 1987. Protecting Perishable Foods During Transport by Truck.
Washington, D.C.: USDA, Office of Transportation, Agricultural Handbook No. 669.
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PACKING AND PACKAGING MATERIALS 4=l 3l ga g a3l

X 40) 51 (= 1200 X 1000) deubell 2301 e MUM plday Gaalioall (a3 AL Gl gy (M a3
Il Jara o) s Al gl oall) Gled 8 e 8 s MUM Uil lad g &l gaal) aladind o | (a5 48
%2100 <l

:&:\;‘)&\ Jla.)‘}!\;
500 x 600 mm
(23.62 x
19.69")
MY %100

doa Al slagy)
333 x 500 mm
(19.86x

13.11"
iy 0497

doa Al slagy)
250 x 475 mm
(18.62 x
9.84"
DN 0699

4,);)1.;]\ A\a.j\}”
400x500mm
(19.68 x
15.75"
MY %100

doa Al slasy)

333 x 600 mm
(23.62 x
13.11"

DN 0699

doa Al alaay)

300x400mm
(15.75 x
11.81"

I3y %100

:&:\_A‘)&\ Jla.s‘}“
400 x 600 mm
(23.62 x
15.75")
MY %100

Aoa LAl ol
300 x 500 mm
(19.68 x
11.81")
I3y %100

oa Al slagy)
333 x 400 mm
(15.75 x

13.11"
DN 0699

Source: McGregor, B. 1989. Tropical Products Transport Handbook. USDA, Office of
Transportation, Agricultural Handbook Number 668.
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PACKING AND PACKAGING MATERIALS  4uxill ol ga g 40l

Modified atmosphere packaging (MAP) 5sall &b (e o) ggd) Jamd

Goob Ge 4baxd iy 6 sl J3la sl sadl 8 8l b s J semnall il LSR5 1) cellgiandll 5 b
dlia 5 (Kader 2002 )osdiill dlee J3A CO2 058 as) S0 #l5 02 (S 5Y) Blgiuly J mndll
) Jaly daala cla Les s (s 68 liudl e cllgiue Ol g

SEALED RIGID
R PLASTIC CONTAINER

/ @ Ailiag 48 Liudly 5 g0
' <) Jals dasd i

GAS DIFFUSION WINDOW

Sl Liudls Gl b aians o5 o) (Say 438 @iyl ol Lakiia Fresh-cut Liss giadl 5l Seaadl Gaddl o)
Ja12 528 38) (5 %6 6 — 4 5 (a5l %650 — 30 oy Sl Jal e Tl by (5 il Jae 3
13 ey (Lgwlal) Ledle S5y 55 snll

SEALED PLASTIC BAG (e liudly (us
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PACKING AND PACKAGING MATERIALS 4=l 3l ga g a3l

uh‘éﬂ\wu&l_\s\emus‘).\ﬂ\ \ﬁ&u.\h‘éﬂ\wu\.ﬁhcm_ge.u u;uj\cj.\.cuﬁ
omuulﬂw)ﬂ\u;u@d.m

Polyethylene liner: (5281 &) Gl (Jsad) (o litday

he -'H
f S e,
e 3}"*"-.-
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PACKING AND PACKAGING MATERIALS  4uxill ol ga g 40l

Jiud SLEuS (4o 488 ) an w3l 5 Ml claw L) (e olasy Al & Gaalioa (e 4l ddari (e 1ailll) Jal
S5 CO2 s Sl a6 e il o GasSl JaI Javs g wa g (dea oyl Leaa (Buaailiy (Baalinal)
pea o sh A DA e Gl Jabs 1915

VWA

ANy

Ol sl ol MAP aUail Luslie alaas ilaigd Lgie Julall o)) Y1 Al 3 20355 SLaudUll 2DV (e 2aall Sllia

Ol O Y1 2SIl 5 jumdl) Lied 8 Laladiind SISV 238V (e e sill Laa 2y 6IS Jiad gl of A8ESY addie

Jsaadl s, uatill (he laa (addial) (5 siuall 1D Jualadl) Yl Y las dcaddine 400l Lagd yiul el s Saran
. (Kader, 2002) 4¢SWll 5 padl) Zauai 8 deddival) DY) 45006 s 59 AU

2) 2 ol & O Al cc/m2/mil/day at 1 atm &) alidl) £ 53
o (s o O3S as) AU
59-2.0 13.000-3.9000 | 77.000 - 7.700 | 48Ul (addie guld) Ao
6.9-3.6 2.248 - 620 8.138 - 4.263 LU i s
5.9-3.3 6.400-1.300 | 21.000 - 7.7000 TR RLY
3.8-34 7.700-2.600 | 26.000 - 10.000 e (oA 53
6.5-5.8 26-8 150 - 52 Ol
3.5-3.0 130 - 52 390 - 180 Sl 5
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PACKING AND PACKAGING MATERIALS 4=l 3l ga g a3l

Unit loads 8aa gall &Y gaal)

ol e s Baaliall e il JK8 e @l gandl e Jabadll () shiady cilincll i 5 cpialall (e 53S0 0
3% Ll J saanall 5 il sanll G )l V) 5 Jghaill (e JB culalld) gl alas 1 Jsall ol A0 58 &) e
AL 388 5 sanall UKLV 5 adagsy ClaeS Jglai & A ) Alla by clialall 8 o jiil) 5 Jaeadll Aoy
oa JiSE &y lS) adlll) el 8 sae Luall (3 yay ety o8 4l S2e 8 (e S & ) uda (L) 4 ae) g8
z oA ) JiSi g Bl Ga ) a3 131 il 5 el el dpaaid ) e adad aladiinl g 46 el (S ) & 4l
ORI )38 il ) s g Gl Aalae Jgn L s JSG3 Ll 5 5 4z e cadialdl QUL e (e 20V 5 (2l

o8 Ledil Bl b (8 <5 g (3155 dpaeld et L Sidlyf uis ) 55,80 el dladial o
By lgany G5 pall die Lgnans o (38151 Gaalially a1 5 gy Shall Gl o de by Leliul (a)l)
Ay dpna 5 Aindly o jadada 8V aa jatl sl GG LA ardiin o Ll s Clblal) Gual (B fanall pading
Al s e sacbaall el 5 GLandU 5 055 S0 e AS I o W5 padiey 285 A sanll i Cangy

Strapping and corner-boards on a unit load: Ladd) el s W) A L3N Al aladi)

Vertical
Straps

el a3l

Sources: McGregor, B. 1989. Tropical Products Transport Handbook. USDA, Office of
Transportation, Agricultural Handbook Number 668.

Ashby, B.H., et al., 1987. Protecting Perishable Foods During Transport by Truck. USDA,
Office of Transportation, Agricultural Handbook Number 669.
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DECAY and INSECT CONTROL 4 _yéall cliba¥l 5 (i jall ) saill 4 glia

3...3)&;3‘ QQUAYU u-tbﬁ\ Jﬁﬁ\ a.AJGA :w&‘ L,\L,d\
Decay and Insect Control

Aol o) .zl Aa e ol a5 1) gLl 58 4 ydiall g A jal) Clilal) A A pléa Jad Jf
b BV Lall 835 bl b sl ¥ G Qb ) o Y ) Gob alaiind s de il Calua)
el Gl jlaall 038 JS Glall (5 il ¢ senall 031 paill (i) aglis Al gl s g i) apanl
saall Cllery plaia¥l seb G g liall lad Lol slaall deyy J8 A jall clilaY) oy dilis e
Sl e il 5 J panall (e dibaall o) 3ol dlaginl g 58 b BIE | 3 sdll Jead) 3 J seanall lac)
O blha) aaid ALKl Al ae (Ja g 43 V) Jseanad)l (AL ) JEE Gajd il () g5

Lol 3SRl Zagal) Aaall ikl 5 e piall Ao glid aililas (e WY J geandl)

O Y L 32 pa e adailaall 6 Lol s o 3aall 8 Audlall Ausacill gl ) A canli (g3l) gl 3
Jals I ) sl Gty il Ll sl o (S Jsmandll mhis e a sle ) 35
J@ﬁhmz\ﬂ.\f’&_ﬂﬁuﬁd.ﬁu\)ﬂ\&\&;ﬂ\wdjhdwc\ﬁ\ubudﬂd}m‘
Aoy — Aall 038 8 A sl 3305 () L pmndl) pedans e ele iyl (3 S55 sal) 138 b 3sm sl oLl
ot n s L oLl o3 a8 e a0l ) (S Lo 55 il ¢l 5b 1yl ims o3 5] — 4550

d}lﬂ\ﬁjh

51 apandll (a8l o o) (Se Adinall Juadlly ASEN Jaalaa Sf Jill LS bl daglia
3 % 0.5) 0S¥ () iy ) 4yl all Slaally ) (41 51 25 (0 J) 2 juall (g 53
Ala¥) 20 Y s el aa ala el ol jdall s il e g Al oL G gl alasiialy (B

e BLUSH ) gda emd Ll Lo g pme BLAASH 315 o)) A pdin CalnseS e ALl) o) sall inny llia
s ymad 5 i) oyl Jall Alee Sl A aY) o Gaabiall Jals 31y sY) sda Ciaay 131 dlaal)
CS‘JJ‘ ey o) . (Aiyer, 1978) &l ydall dalu 33k 4 5 cyanogens (s sk Zi 3lsY) ) Aainall
Ll Gadalladdl péatil aadind Ladie 3 5 4dlad 41 Ochroma logopur <lss Lantana spp.  <obls
(Sl paldiuae ) &y 3S) anll Jladl 55k 86 Gl L (CIP, 1982) Leaaler Al ol (1o Leiilaad Ly 345
lpdall o clpailly Gludl W) ale e 4l gans 4l Jualadl o 68 S Jany
Ji @lly g i () sala 43l G e 2 "natural pesticide” xub 2w ) o) (NRC, 1992) =il

A sl cilgald) L‘\AM@‘).\ASM
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DECAY and INSECT CONTROL 4y _dall cilibial¥l 5 (o jall ) s 4a 5lia

Chemical controls 4 slaxt) 4a glial)

Slaall 5 cgall o L S e dadiall dpa yall Glbal) aiay o)) (S G sSIL Jalaadl elally J seanall Jave
Gl pehadll (o (JS) asasall Cu)slS s Gy §munaS) ol Cy) K () Jsandl mhas e
B;LQSJ:\)'L»_M\ c«\.A‘SB:\TJyAQ A ga oS 3 \S\JESMM\@AQB;ESQ\ M\w@a}mhm

Sl e Gl ey O (S JT ) die (K158 () 11 e A el o J8 13 (51

A (088 el Flie () slS Galall (8 e > 25) CuyslS s Jolae aladiuly 4eSUly ol Jud (Sa
Jslaa (& Jualaall oda adi oy Leady Ao 44 Hh llia 3 4,0l al eV daglia Caagy clldy calalll
LSl A glie Cagr g o) siall slay il &5 (706 ) olS Gsalall (82 32 70 — 50) CusiS sun

ut&s‘!\; BJ;MQ\j
Source: Ogawa, J.M. and Manji, B.T. 1984. in: Moline, H.E. (Ed). Postharvest Pathology of

Fruits and Vegetables. University of California, Division of Agriculture and Natural
Resources, UC Bulletin 1914.

) Jal G 81 Gl pla ) LgRlia) o gl iy 018 g e
Qsla 50/qs Qslla 5 /48 ) Gsllaal) 38 3
5 0.55 50 Cu 518 58 0920 gua
0.75 0.8 75 %5.25
1.0 1.1 100
1.25 1.4 125
1.5 1.7 150
0.1 0.12 50 G 8IS gk 2 933 gua
0.15 0.17 75 %12.7
0.2 0.23 100
0.25 0.29 125
0.30 0.35 150

Source: Bachman, J. and Earles, R. 2000. Postharvest Handling of Fruits and Vegetables.
Horticulture Technical Note. ATTRA.

(http://epa.gov)! ) K el 8 Aaid) Glanall 4l e J seanll
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DECAY and INSECT CONTROL 4y _dall cilibial¥l 5 (o jall ) s 4a 5lia

Sulfur: <u,sll

U e da i (Alad 33 960.1 i) paste duse S e sl e Sl padiy

Sulfur dioxide: <y Sl aus) A6

Quiall e (0salall (B e n 10 58 42 ¢ semall g ade el Y1) paill JBS SO, Cy Sl sl A6 ity
sl (SG (ge dg lladll U G Cluall ol L Botrytis, Rhizopus and Aspergillus fungi.assted
e s Al G e palddll dale ol ge aladiul 5l sl dalall JI o oSar cuiall Aldad <y LS
Sy Sl 2l 6 aladiily ial) s awladind (Sa 35 "total utilization™ SV alasiu) aUas e Gl glasll

. Luvisi (1992)a),

Sodium or potassium bisulfite: cuilu sl a sl s f 2 533 50

G S 30T A ) 55 S Al Lgma s (S LS 51 35l e QST (8 bl S e 20

Sources: Luvisi, D.A. et al. 1992. Sulfur Dioxide Fumigation of Table Grapes. University of
California, Division of Agriculture and Natural Resources, Bulletin 1932.

Ogawa, J.M. and Maniji, B.T. 1984. in: Moline, H.E. (Ed). Postharvest Pathology of Fruits and
Vegetables. University of California, Division of Agriculture and Natural Resources, UC
Bulletin 1914.
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DECAY and INSECT CONTROL 4y _dall cilibial¥l 5 (o jall ) s 4a 5lia

sl sall Ly alls Guladly cilially Jalill e slaad) aa Lo (il el el cilise Sl &Sl sk
"Certified organic" 6 panS i g Al gi8a g A e B 8 gla g e\h.w' k| 5\.’\}«&3 Jaa Cadlsill daddia C)ud\
(S ganS Alaiia JualaeS (3 il (il je b 3l Lad "Chemical free” <l slasll e A )

Bicarbonate salts include s Lo il s 58l 30l Jadis
Backing Soda” (NaHCO3) jxall 1asaa i 13 suall il 59 S

(KHCO3)e):“-“L3)-.‘M Clis S
(€T RV N JUP AP INEECIO R RS
Application methods (with or without chlorination as desired):

I aay Al Alalaall Jaxall iy Ll
Followed by Rate Method
%2 Jslaa sl sl
sl ele Jo 100 & a> 2 Jexivl) | Overhead spray or dip
(LY > 20
lally Calaiill %3 Jdas el o
300 5l sk do 100/p23 Jexini) overhead spray or dip
(e

Source: Smilanick, J. 2002 (personal communication) Research Plant Pathologist,
USDA ARS San Joaquin Valley Agricultural Sciences Center.
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DECAY and INSECT CONTROL 4y _dall cilibial¥l 5 (o jall ) s 4a 5lia

s el (8 sana aladiuly Lgda slie (S i S 8 Bacterial soft rot (Erwinia) skl céad) b S o)
g shiall ¢l dlelrs 22 (ks o 100 8 o sli s - siiasll iy 1S aa 15) @lum o %15 sl
Al 8 4380 30 — 20 (e il Jsanall & 5y () angy (A shadal) Ll s SU Gl (1

Applying alum solution (spray or brush on)  (&& i g gl La ) alum Jstaa aladiu

(GBsasal) 8 & shiall ¢ all Guatl) sl (3 saise aaiil
Applying lime powder (press butt-end into powder):

Source: Borromeo, E.S. and llag, L.L. 1984. Alum and Lime Applications: Potential
Postharvest Control of Cabbage Soft Rot. Appropriate Postharvest Technology 1(1):10-12.
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el e Afie dina 5 Goa aladiu) (Se Gladl Jpanall Aldlae ad Gaay ) Gan
el (i & s LS ) aadid bl maasall JSAI iy i) dalee ol panall Lgd aa s
dal el slaziul ddie 5 )a) diua (8 el Caind (S (run-off) JelSl JLl) ddass s 5 sall jlad

AU J ghal)

Source: FAO. 1989. Prevention of Postharvest Food Losses: Fruits. Vegetables and Root
Crops. A Training Manual. Rome: UNFAO. 157 pp.

Rars Small my (5 AV Ay el C0lalaall (mny s iy kil Colapsal) Gauls b A jelal) L3LE ) i
AL JMA e sf el e tiad) g S e b LI Ga alaaYls g5V e paall ol
i Y e il shaall 4805 Ailedl)
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A uhdll Glaal) (Bulail el o3 38 olal xa sl "cascade applicator”  Clawall aladiul 48k 23 sl
sl ALl L sl J5dl e 5 alasids Allad g Ausilaie Ay g

Gubi Slea G Llial (5osmall (3 ekt V) ate o Sl g aag ) 4G Adeall pn ah
& dsanall drina 7 A5 &5 dakite 48 jhay el @ g Aag e JS8 o @ atia o ga JAL s g5 Sl
sl Jslae e 53 50 (I Gl Aras Josiy Jile S8 (a5 Ciinl) Baate I Joaiy (30 Bans g s
5350 e Ay a3 sal) (g paldil mgall o) S aa gy pmsall 7 e st o duallal s g5 (5 kil

A B e (agall ) Alilal) 3aiaial) g Gudaill 3as 5 (e Cilanall Jslas

Fungicide Applicator: <lauall aladiu) 3as g

Ailiss clalad) b g 5sa

Deflelctor

Return Tray supported
at this end from
Roiler Conveyor or
other coavenient
method.

! e gl ll snais
Return Tray Lyaall

Rolter Coaveyor (not shown):
mouated on this cross
member.

Main Frame

Deflector <> e 1) JSg)
Support Rod
SpIaSh Centrifugal Pump (not shown) &j‘}‘ﬂ e;w‘ i = ‘
Tray mounted o this cross member

Pump Cover
(not shown)

Filter s

(A 1) dgalhal) pllad

Source: Overseas Div., AFRC. National Institute of Agricultural Engineering. 1974. Bulletin
No. 6. Silsoe, Bedfordshire, England.
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Vase life of Cut Flowers «ihil) ja i e

Jshti el oz yall Hsanill g Jsdll aiad Lgalaiiind oSy adasadl) Jolxill (3 5k s 4y slasll COllrall (any cllia
O liSay Caladll H 5 aa S 13 J ) (s sie e cakadll a5l jee Al e el Calall i 5y gusi s
L ASEY) 53¢n Aaild GliDlaal s

(tﬂldi’."l:\.; MMJ UJJLAAJ U.ALUJ C«LA-? Z\J}MM)“A:\LJ 3‘}13 }i dd‘).; e\éﬁu\.} iJ—I\ [ )
BN 5 Jasall ele (8 G35l aa Y Gy Jla W1 eda Bl e i)l 31 Y1 e 53 e
celall cans @l Ly g Mile adaill ()5S of (Ao (acldll (el 2 — 1 Nsa) Gladl pli el o

Cyal 8 calS 13l (sl e sliay Clia i @ 1) jue ole clithia 8 eld) S 13 ks gla padiul o
(T30 (le) o pme o palaill Al 43le

(<100 5l 240) palu ) 8o sla a2l o

actall sac bl Sla 3V A Sl g elall (s dagul el o (s giad Jillae 7 4000 Jdlaall aa) aadiul o
DLl 5 il pladl) gai Joll Aadls sale e el (5 ging WS gl e
Al ;u;\);\geeu}a:\m \ijwcﬁkh\ (1
caliie Jolae e (Bpa) GlE Aiake 2/1 5 S e s Jmas ol el juac o (gl padiu) (2

Al A )l OS85 ) Calaiall (e 5 e dlale 4/ Caliay Al elall (e (sl & 8 (Dleach)

Ol (pita o)) (e 3o iS B () S5 08 LI g AdlSa yie A 5 Ay jlad Adadla 3ale a2l (3

) s Jiad ) Leada (Y 408 Lald (i s slaall 8 Leail a3V Gaasii Aglee 8 o sill padid S 1Y o
Sl Lgigag ola Y1 Blia 3 538 Jlay g a6l A ) sel) e lad olay)

Source: Hesketh, K.A. et al. No date. Extending the life of cut flowers in your home.
University of California Cooperative Extension DANR No. Publication 7169.
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Cold treatments 53l C&Slalaal)

Jyanall G jais (5 sall Bl (S s 2 ] Asbian (55 L g Al e (B L iS5 il padll (amy )
— il — g Sl — AN jiia s ja) A el 0 Ledeathy o) S 30 A a JB ) 6l Bal
ol Aspergillus niger s Rhizopus stolonifer sk o L (Raall ol gill &ld — (S — (5 4<0)
(Adaskaveg et al, (< 32)p i da )3 o ST ol (a5 Baal Lpay yahs Ll oL Ll Ky 2 5u)
3o a Sla e e Lei a8 a3 13 JalS and JS0 d pall Slual) sed i (S5, in Kader, 2002)

(=41) ¢ 5 e il

fruit 4eSUll 43 da slial Lgalasiin (Say g 4y plialdl CHY) (amy o 6l 5l duzaddiall 5,0 jall il jal (Say
Ao glie dlalra ) L5 oSl Ll LG5 Sl bl o Sle 8l 4l false codling moth 5 flies
s (@35) a1.7 3, da e Loy 14 5l B 6l (@32) ajtia o oll (10 zliag 4gSlall 4,03
U Jia 0530 3 5 ) gha g duaddiiall Bl jad) il o Jeai G Ll Gl i lalaall o3¢ SUA 5 8
AT Ll g gn I (oa oy paill Aumje bbbl oda Gl Eum g | (S5 (5 oS0 — Cuiall — (5 JiSI —

APHIS & laal

Tkt Legle 2n 58 (05 O puall o3 Cladh A e e Y Loy 55 U Leion @i 3 Jpealaall dpuilly
Ao pdal) laY) 2t ate laal 40

(Ceratitis capitata) dwgiall jaul) dgsld 4,03 da glial 43 ) ) dlalaal) JgS g g 2

Cold Treatment Protocol for Mediterranean Fruit Fly (Ceratitis capitata)

(VL) (2 el B Temperature 3\l 4
Exposure period (days)
10 Jil 5l (432) pia
11 Jil 51 (33) 2 0.6
12 Jil 5l (@34) 1.1
14 Jil 5l (<35) » 1.7
16 Jil 5l (<36) 2.2

Source: USDA APHIS PPQ Treatment Manual
(www.aphis.usda.gov/ppg/manuals/online-manuals.htm)
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Controlled/modified atmosphere treatments 4; aSadiall / Jarall i s¢d) sl

UelaaS 2 18 0620 — 15 43 padiian ) 08 5 )SI S 5 (e Drdi yall il sisal) Jaai i) Jpealaal) 8
s sl Ayl @l LS e Botrytis cinerea. Jis dxia jall Glund) da5aal fungistat <l adll < ol
b Chay o Gl 88 dadia () aa )l L el cililee A aiadl g 2 Ul aladl Gl 5 (50 DU

AL LS sUaal) Jaks gl Jaaas

4l g o3 38 (21 e el o 9640 i/ 5 21 B8 51 9% 0.5 ) Insecticidal <l ydal) daglaal 3l sed) sall o
21 pasin) a8y Asdaall 48Ul yumally Jul jlad 8 ol pdall daglial diiaadl dagpr Sl pall Jlad day
Allad adiaiy Jamall sl o Gl siall 038 Jaati Jualae (& dipe Ol i Ji8 a8 jall 2 1 & Sl 5 (il
Jalaall (5 il ) shall 5 gl 13gd (ay paill 3538 5 Al 4o gha )l 53 )1 adl da e Jaxall sadly @l jdal) daslia

Mitcham et al (1997): o= 53 sale 200 Lnlall ALY (e dused (o)) Laadli

Js¥ skl s greenheaded leafroller (Planotortrix excessana) s_sa e Gl Jo¥) ) ehall o) (1
light brown s XX s brownheaded leafroller (Ctenopseustis obliquana) 3_ s (e (eelall
%3 521 %3 (i s> B 0.5 A0 e DS o0l 5 Wosdle apple moth (Epiphyas postvittana)

21d

European red mite 3,4~ apple rust mite (Aculus schlechtendali) s dés an o) (2
2V %1 e s> B p2.8 800 n A pn o gl )30 ai Ledie el 5.3 JOIA Ll &1 8 (Panonychus ulmi)
2V A %1 e dil

o gl A o Ladie )56l 3 IS Lues Ll 3 8 moth larvae (Cydia pomonella) <&.: o (3
2V 001 e 8l 521 %2 — 1.5 (w sn s habylada o

4l 5 3 two-spotted spider mite (Tetranychus urticae) 3 &ad Uil skl 8 (55 oL 4 (4
i clela 7 038 521 19620 521964 5040 5,505a da 0 e

leafrollers (e GG skl Gl 21 & %5 5 21 %0.5 5 220 5, da 0 e (S a5 e (5
mealy bug sdal Jalsl) skl B o) LS o4l day )l J3a 4l 3 3 (Planotortrix excessana)
24 7 B L 5 (Pseudococcus longispinus)

Source: Mitcham, E.J., S. Zhou and A.A. Kader. 1997. Potential for CA for postharvest
insect control in fresh horticultural perishables: an update of summary tables compiled by Ke
and Kader, 1992. pp. 78-90 In: Thompson, J.F. and Mitcham, E.J. (eds) CA'97 Proceedings
Volume 1: CA Technology and Disinfestation Studies. Department of Pomology Postharvest
Hort Series No. 15.
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CrOAS &8 131 daalal) 350 jall s o e 5 e slis &3 38 (Cylas formicarius elegantulus) Wstadl 4385 o (6
025 50a Aan Gl adl Sl adi jall s S ST A5 (aidiall CpanS YL Lgilabaay 4300 5y Unldadl
8l Cige (A o 38 (50 )SU 0l 506 B0 — 40 5 S5l 06 4 — 2 (e s B oAl (A76)

A7 - 2 Dla Al

Source: Delate, K. et al. 1990. Controlled atmosphere treatments for control of sweetpotato
weevil in stored tropical sweetpotatoes. Journal of Economic Entomology 83:461-465.

¢25 3,0a A 3 (e Lea slia (S 4 jaall o) il 43 L 4 Codling moth (Cydia pomonella) o (7
— 633 5l (Landl 5l JaSl ) hall) o) 3 — 2 3a4d (550 S 2S) JE 0610 5 (oS5l %60.5 (e s pladiuly
Al el b eail) dulee A A0l ol sl 8 dngadall <l i) il Yy (AR ) Legy 12

Source: Soderstrom, E.L. et al. 1990. Responses of codling moth life stages to high carbon
dioxide or low oxygen atmospheres. Journal of Economic Entomology 83:472-475.

b e 535 sall YT (e ) A glial o e e 21 & 945 o Alalaall aladin) &5 23 (8
omnivorous leafroller (Platynota sultana), western flower thrips 5 _yia <l 8 Ly J seasall
Wb e (Erankliniella occidentalis), and Pacific spider mite (Tetranychus pacificus)

b ye sl dlaleall 028 2 Jla o) e 502 — jhia o Logy 13 dlalaall 38 Callaiy | adbias a2y izl
3y el oas AlalaaS a8 4 oSatall 3 sl sall aladinly

Source: Mitcham, E.J., F.G. Mitchell, M.L. Arpaia, and A.A. Kader. 2002. Postharvest
Treatments for insect control. p. 251-257, in: A.A. Kader (ed). Postharvest Technology of
Horticultural Crops, third edition. University of California, ANR Publication 3311.
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Heat treatments 4 all clalaall

8 Slan) aay ) piall 5 a0l daslid) 8 aadid ol (S sl ol sell Aldlaall 5 AL sle 3 el )
Laaa)l aly canally 3o aas s o 4383 90 -65 s 246.4 5y kbl aaiiid pailall
e oAl aladtinl Ala 8 Aldall 2en 3 il Ll Jgl o Y5 3(Mitcham et al in Kader, 2002)
saclewdd forced cold air BN W Sasll celall (e ilaal pladin) sy da syl Jualsall

Al al) Alalrall ¢lgiil am Sy Lo g s oyl Tl 3] sl A 2 1 30 sl Ll
o adage 50 3l elall 8 erdly Aldaall ()65 385 3l sad) e lebaall duli da pall Cilasall (any llia

b soSaall Jaall Gy (lahy Lo duali s (al ja¥) daglia L siall COlebaall (o £ e Ghase o) b aladiiud
Wslladl « (Shewfelt, 1986) duaall o il iy e ¢ sl ¢ B ¢ & 580 ¢ 5l Jia Jynalnall (any

ablaball 5
HOT WATER TREATMENTS Gibudl slally dlalaal)
dgiall ) pall (@38 ga3l | adlal A Al ) Jganall
Pathogens
Cr Al ae s 10 45 | Gloeosporium sp. Apple s
Penicillium expansum
3 48 | Phytophthora . s
citrophthora G‘:;;Z;E:;
05 52 Pythium butleri £ yiad Ll guald
Sclerotinia sclerotiorum Green Beans
_ 52 | Penicillium digitatum .
10-5 Phytophthora sp. Lemonc.s
ALl e ol 5 52 | Anthracnose e
Gl e p Y Collectotrichum Mango =
gloeosporioides
05 63 - 57 | Fungi Melon QQGJE
A0 9 5 53 | Diplodia sp Orange J4&i
oA ; ﬁ; > Phomopsis sp.
- Phytophthora sp.
20 | 48 Fungi Papaya &bk
30 42 Anthracnose Papaya* LLb
20 49 | Colletotrichum
gleosporioides
Asll Gl assi | 2.5 52 Monolinia fruticola Peach ¢
Rhizopus stolonifer
s 1.5 53 Erwinia sp. pad Jit
' Pepper (bell)

* papaya anthracnose control requires both treatments, 30 min at 42°C followed by 20 min at 49°C.
249 da 5 e 183 20 Lendhy (340 e 4882 30 (pilalas ) 2 ling LU 8 5 1Y) L glie o *
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HOT FORCED-AIR TREATMENTS g sdaell calull ¢ 5edl dldladll

siall jpall | dgpadl) 45k ) e BENEET Jyasall
Possible RH (%) (min) a Pathogens Commodity
injuries
sl 100 15 45 Gloeosporium sp. g\
Penicillium Apple
expansum
cals kel Uaddia 35 60-30 | Fungi ale &
Melon
80 15 54 Monolinia Ess
fruticola Peach
Rhizopus
stolonifer
08 30 43 Alternaria sp. Ay
Botrytis sp., Strawberry
Rhizopus sp.

Cladosporium sp.

Source: Barkai-Golan, R. and Phillips, D.J. 1991. Postharvest treatments of fresh fruits and

vegetables for decay control. Plant Disease 75:1085-1089.
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DECAY and INSECT CONTROL 4y _dall cilibial¥l 5 (o jall ) s 4a 5lia

AL gadl) cilalaia g 4y gaad) da glaal)

Biological control and plant growth regulators
3 (Al sl dllaall i/ 5 Ay sasSll i laall) Al Al o (Bl CliS) ol sy Gaalla aladiiud a3y
o Sl Y An8lS ey 510y JalSie alai e s 3aS gAY il yiu¥) U A8l dua el cilsdl)
(c\_'m\ d}.ﬁ;l\ ‘_A\ QAJ‘) )..a;j\} :%.QSN\ JLAS
A Llld (e JE il g ol sl et A3 and il Lgalasinl (S Akl gl claliie (e (L1 cllia
(L) Jsaall Hlail ) decay (el ) saailly

Commercially available biological control materials and plant growth regulators
(PGR) registered as postharvest treatments:

Alanll ey O elaeS Alaaeall ALl gl ciladaia s U jlat dabial) 4 gl e gliall 3 g

sl ) aladiuy) 48 4k ) Gl | Jgmaaall | Lgaladiiad dda A a4l
Cilee i sl e F;:,er:glllléﬂrr?] digitatus sall 1995 | Pseudomonas Ll Ao laal
- Lo . syringae
Geotrichum citriaurantii Bio-Save)
Penicillium expansum .
— ' )
Botrytis cinerea A
) . .| Penicillium expansum, @l
il adbh gl e Botrytis cinerea, Mucor - )f&\
Piriformis ’
" . .. | Fusarium sambucinum, okl
= 25 | Helminthosporium
solani
. P i Candida P P
Cilxa ildaa i Cilaalal) J 4 s\adll
Ak Decay pathogens : 1995 oleophila Al day
(Aspire)
Sl | Aedik ) | pecay pathogens sl
Cilas G5 gads sl ,ali | &l 1955 Al s sl PGR
(Pro Gibb)
i s | ol Al A as 5l .
5 G2 AT g e - adlsall 1942 2,4-D (Citrus PGR
(spill 5 (il Fix)

Source: Adaskaveg, J.E., H. Forster, and N.F. Sommer. 2002. Principles of postharvest
pathology and management of decays of edible horticultural crops. p. 196-195, in: A.A.
Kader (ed). Postharvest technology of horticultural crops, third edition. University of
California, ANR Publication 3311.
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Aol dg gha ) g B ad) gé ?Sﬂ\ - oedlad) )
Temperature and relative humidity control

Q}“ﬂ‘}@_h}l\}aw\muzﬂ\@dw\hﬁgcwmﬂd&c?AT@BJ\J;J\J;;JJBS
Jeealaall o3 i o oY1 il (o Lgboo o5 38 (i s il oo Cilail) a5 5 48Ul 5 undl
Jralaall 40l 212 -10 5 82 k) hbiall Jualaad 4l 2 jiia) Lelast LgiSay 350 da o J8 2ie
Lgmbon IS5 5 (i) Jama Jlia) At sliand) ey Lgilan 558 (e 2y 3 Cagan (2,0l ) Y dulial)
oS U 8 i Al Al S 5 J 0l Lgaim g e JIy elall 238 IS5 o) oLl a8l 5 13

OF Can 3l ) el (A3 e WY 58 S ASa (6% O (S w33 e ST 1)L J seanall Lais
— JE ) 5al el o 5508 i G585 ) (ahalalal) 5 5 pall) Sl aiai (A Jdl Jodi Gy alka
5 LAl aled dbeall 83l 5 (olaslll 5 Akl 5 oaSEYI) Sl sl G (Jlal — el

, (Shewfelt, 1990) (phlekall) e jo e 4655 (oS5 5 (L saaldll

Bulall Ji 35k Jadiy (1l jaasS) 3yl Jass g A Jgeanadl G 31l Jai 3] all mid oy
.evaporation _s»3ill 5 radiation gl=iY) s convection Jeall s conduction Jea il

48 al) (8 ) 1yl 3ok ey Ll A g Jumdl g SolSaall ypal) (3 sl seSI jama a5 1Y
s evaporation cooling_alb 1 3l 5 forced air cooling ! sed! 8% 23l s room cooling
Jshailly o slalall 5 (5o ) el Lpadiinnd Cronna Alatiall o) sell @iy 3yl Clas g e sa2e zilad il 5
(Talbot and Fletcher, 1993; Rij et al, 1979; Parsons and &asall Gl Jb 8
gl Als o) el Sl Jis axe Alla (B Lealadin] (S Gk ligd Lsac 5 Kasmire, 1974)
o sl aladin) Joli 5 (from Thompson in Kader, 1992) 4l alas @lligd JBall Jasw And  Ledll<s
b apa )l Gaid) (¥ cad oAl o B aladia) 5 padlly a,all s pladYlh a5 S
ALl Jexd dagy I yae aladiuly B apial (Say 5 g )Y o Aadi e (Sl & o3 i (CaseS
M6 b il 13 aadi 5 ) picaal ALY A gl Aadaall Auball Slad) AR Cua Tl
slall 35 padiey 5 e (A aniny Gisk 0o ) B dle Gl padiy S 5 (Umar, 1998) J sl
s sine Ao Caall aal o) sel) iy 3l juadS RBI (mal gf ldly V) &yl Gl el B

ISR REVY

b Aald 5 i (Sa (gl (B Al alai (st 5 20l dlee (8 e Aagunl] Jiliasl) alasi
A Ge Y 5 Lol Lase (5Sm Jaall 138 (8 5858 ol o) 5 Al jalias J85 Cum Apalil) sl
e G5 ATl s 3l G deaid) s Al Bhlie e 5 sdlan 3y Jsemndl e Jl
Js Lea Jmanall 5 ja dan gmis o @b (Sal WIS Qi) aladia) of by s Jall Jil
alasin) e oAl (Sl g damil) Cildane Jga Jallaill i jabias cllia 5 Ll 5 o2y il e 30 48U
el die Jall g LSy gl pall Jaall Qi 5 (5,0 jall5) ¢ saall (uSail  Shaall oda ¢ Ddal dalall ol 1Y)
Clalll (e Jil Al axaies 5 85 ) e 0 el Jasall Can o g0 geaall il & 53 (8 selia) Jil

Ayl
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Al Lghll a5 4gSW 5 )l Jolu we Hliey) b oedal e AV Al dale dlla
Jralaall s2a e slall (8 3881 o) Lei 535 ol Jualaall o3¢ Jnall 52l & Relative humidity
Sl 2y yal aladin) die o) @l & ol puall g Ade jSI g Jsdll Chasy G 33 el S84y Jagi ) L Bale
elall 8 ol agds of Cany g 2y yall Cape 3 e Al 4 gl 1) cul€ LS oy ) il aaa o) ) LS 4dls
Cagatll ) 4s g Jpemnd) GS I LAl (3 Jla e 568 JIsal US B ad gt e e 050 Y 8

sl

B8 JiE (gl) oAl sa (B Ll Ayl )l by () (5255 A8 sl (5 e Ul (3 gl Jrealanal Ayl
Oe slall 28 Jlss ) A (350 (VPD) (4 4dassall g lall 5 Jsaanall Jals o b eld) iy daria
o A sh ol ALl (Kay LS 551 al) dn 3 (it o Al skl g ) 38y 5l il o) penal
dia 5 ooaal Ana )l db Gk ge ) e ol Gy sl 33, 8 5a e J sl Tasall o) sl
Sl 2k Alabaall Gpaliall ol Gaaliall b culil sl iy ol aadial) alasind a5 s Al ik
“alai ol ge 40 O a3 5 recyclable gl siley AL 5 dilSa e Calit ol e aladiud gl slall a6
Aalis (g0 905 (1 5a) e ilillal) (555 (s pum s AT 5 805 2y 5l 61 ] g pram () (5250 550
5 .saiall Ay i et ae Aglalall GUladl 4y 03 e (315 e Y 520l Alee Jigul (Al
Slo nbd Ll s (VPD i) Jsanall Jsa dppnaill 4 ghajl) Jais e ciliail) oda Jaad lld e

LY 5 s SN ST 5 (S AS s dile
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Room cooling 44l & & il

Ala b 5 (ol 4l VI oIS (mitia iy 20 8 205l 0l SaSall syl ol seSl) bl 55 Al 3
ol sl o) sel) A jall Aal) 5 83 el A jal) (8 U pranall s ol Adalasyy 43 4 2 (8 2y ) pladi
Y W&)MQ}@L}MJM\)\'B‘)...\,\S@J\_'\mju);ijéﬁd\_'\mt"_\ﬂsc\}ua”_a\}gd\d);ﬂ
Zsall 5 Waldadl 5 ~liil) 5 Juadl 5 Gabllad) Jie dbaall ey CBlill 4y J8Y) Jualadl) aa 44y k1)
laadbas e sailudl 5 ) pall da jo (e lady i 3l pall 5 il duluall palaal) ae 4 jall A o il 44 Hla
Y 5 las Jasen o all o8 Jiadi 5 aenal o)) 213 — 10 (e sl 50 Ax e ) SU ALl

e (A4S 5 J ganall 3y i de pud @l 5 3 il Cape Al Guliall Sla ) Gn Glilie & 5 g
e Slge (B Lad) Jgeanall () . panall L il @ gaall Jsa el slsell 5500 Jignl o 2.5
83 el ol (e S 8 dyged e Ly Gl Balliua 8 Lne o Laa g ouil oy oy g 5ei claid
ae M 5 aodl el a) Lexe (S Y ABiadlie 43y Hhay Ll Jseanall g ol (B2 5000 SUS) 5 sl

L el da Al ) Lpmdd (S Y J sl 5 ) A 5o gl 2y 5l allas sl CadlSS ¢ WS ) (g

33 IS gl el g e Y sanl s Al (= e ol 2l e B A Gl (S5 O Y
Clilie o A e & hanl) e 46l Jals & aiall o sel) ey 5.0 a0 48 e IR o sgll @l jas
I deasll Gk e Clalll Ko ) 0B e A a5 ds ik
e Adling Sl & ) gaall 3 J panall 3 ) jall A )y Jisdt 5 Alia clie @ lladll (conduction)
5 lall i i sale) (Sar 5 csthe ga Ll Wy s (5 la Jgmanall OF L8 Sin cpoadll 46 e

bl il A8 e Cany (el s il ) Joat O ) i) Jaea il
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Forced-air cooling (See also the USDA Portacooler on Page 189) sl g i il

1 28 Jane Ge 2 Lea Lemad 30 lsie A o) sl @ ol s e Jany o) sgd) gy 3 sl ()
il A e laa JAl As el aa g s B saa g g oL

Cold wall forced-air cooler : 2 sl Jailall 53 ¢ 5gd) aday &y ) ol

%—2 cilazd
—_—
VENTS
. |74
Damper is opened L < / P
when pallet is pushed |/
v < e~
against bumper I COLD AIR IN
< e——
Ao Al Bas g g oy - I £ 56d) J 53
ALl sl A3l ad L"“ « T e L)
< e
o]
O
BUMPER
BAidaag

Source: Rij, R. et al. 1979. Handling Precooling and Temperature Management of Cut Flower
Crops for Truck Transportation. USDA Science and Education Administration, AAT-W-5, UC
Leaflet 21058.
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\.A:\;:\.ASMM\%\LQ{}I\U)SJUTGC\J&J(J‘)MLE\A) c\}é\@mdgﬁ)@P‘J}LMobd\cm}q
Ao 4y yhay a1 138 Jee oy (s Ailke L) ol

J_)L_\j\ .LS\AJ\
JJL}M jaf\\;j\
Cold Wall
3l Bas Cold Wall
Cooling Unit
zs e
i clae

Y

Y

Source: Gast, K.L.B. and Flores, R. 1991. Precooling produce. Kansas State University
Cooperative Extension, Manhattan, Kansas.
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s B aeadiall 358 Sy g b)) (sl Sl aediall e\qsiu}_,a?\ﬁﬁ.o;c\}gl\ Y Jﬁﬂs)&gjez\mjdsq}
o) il O3 ol sl i Les 33m sl AASa) 1 (5% Lew (i1 (oY Goslicall il Y 5 358 ol
sl o3 5 3 il Agalse b ilical ) g3 5 (5l e 0 965 e il B B VI
Ol A nia gl Aliadia da g jall peaa 8 JSEN 128 A Al 5 2 paall ATl e JA Jentl desias
2 A LA el el g 55 s S B il Jmdl e Jpemall 5 3yl 3m s O3 o

A8 ) dada () ol el sell & syl () sl (4

A portable forced-air cooler: Jiiia — ¢ s¢dl by 355 Slea

CANVAS COVER

«

\
WEATHER STRIPPING E&X

WEATHER STRIPPING
sldie b

Source: Parsons, R.A. and Kasmire, R.F. 1974. Forced-air unit to rapidly cool small lots of
packaged produce. University of California Cooperative Extension, OSA #272.
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legie JS caladll jla 31 oy il leadiing ¢l sl A ol Glaa g e cpadgal Gl g GG GAISE)
Linddl J peanall JOA 2 5al) e 25U ) gl niii A g yan 25
A oy a8 e padia sllad

Canvas Cloth Reinforced
with Wood Strips

&l RAJ‘)A
o o k) ol sgd) Jsia
. . Properly

(b aSaill ¢l g5 allas Sized Fan 4
A L850 A ) il Cold Air |
. 1 Time Cilock Control ° i in

sos 4l £ of Fan to Prevent [CENCY

Unnecessary Operation
o o

(A a £ sian) o ogll &) g5 8L
Time Clock Control

of Fan to Prevent : 8 ettt e B fat
4da g sall eSaﬂx_uz Uas
Plywood Pienum for Air Distribution Unnecessary Operation 340 2 >3 8

Gosrall e Jadall Ui

Cold Air In

£l sgd Jsda
.\JL.\M

Properly Sized Fan culisasa Clddagse

Low Density Polyfoam Seal

ABUSY) (ailia o gh Jgall (e pSaa

Source: Rij, R. et al. 1979. Handling, Precooling and Temperature Management of Cut

Flower Crops for Truck Transportation. USDA Science and Education Administration, UC
Leaflet 21058.
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(‘35\“ d}““ :\34:_\5 ew\ éj.l.ual\ ‘_g 33 2 g UJS.I U\ N L;\l\ Cilasial) (,Um oo sl N
ay Glo Bagage OS85 5 gl o (g0 905 il Jiad o ang s g shaall sl sell A8y ylay A5V sy i
405 0.5 Uae aw 1.3) xS ot e Bl ae o By 5 YISV 00 (4253 - 2) e 7.5 -5

hal B (e aall e il (LT e

«alisy) cilasd
2304l s
Shoulder *'#! e

altow vertical airflow \

v .

Lt e cai ents are‘ahgned Tu

G“““’g‘ el L) sl allow horizontal air-

Giiall ey e flowr through cross
stacked boxes

A

a5 il i clasé  Panel vents are
A SN 1 quay from
ASua
corners and

narrow
—_

Sources: Thompson, J.F. 2002. Cooling horticultural commodities. pp.97-112. In: Kader, A.A.
(ed). Postharvest Technology of Horticultural Crops. Univ. of California, Div. of Agriculture
and Natural Resources, Publication 3311.

Mitchell, F.G. et al. 1972. Commercial cooling of fruits and vegetables. California Agricultural
Experiment Station Extension Service, Manual 43.
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Hydro-cooling stals (A% &l

Alall oda & gl 6 o any WS Jualaall (e Lailaad 5 by sy bl J6V1 2,0l jig
cw\u\_umuc@'U\J‘)‘A\B}.\A\MM(MM\c&@MeM\)wJ}N\}dU\M
(Mitchell in Kader, 1992) <lila )l (e

zisadll Jiay 5 48 Jpanall et o )Ll slall (mga e oS elally 2 sil) Cilas 5 e 3 gad ol ()
}dﬁh‘)mécdw\ww.))}f;micﬂn}i J‘)\__a ;,Lnufm&;\ d}.md\ ua)ﬁal_mi @4}43\
(Thompson in Kader, .Jsasall (e A8 4l pad eladl Gl jaall e & 5l 18 aread (Say

2002).
Hydro-cooling shower: (ib&a) Gk oo slally 4l
Q !‘
..-,_,..... g--:_::.
/ \
Batch-type hydro-cooler: <lada o slally & i)
slall 2558 pa9a  Water Distribution Pan
e slie dsalk :
oy . s :
+ 580 Water Pump §
Refrigeration System
Ata
Evaporator
' I
4
sla 1A Water Reservoir
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Evaporative cooling sl & il

laall G eldly ol ol 5 i) Jh a5 el Lelly (S dmda 3 50 (e e siiaa o2 Al (S ()
Sl e siaal) (Apadll) ) Aadl) AL Al 4 i cag pla BlA Lee SL)

Straw packinghouse: (&l ¢y Al Cuy

1

JS elally andl) ol ) 2y 5 and ey Joad (ol e (e Gl 3 (e ¢ sian olial g sall Ll e o
el A Lpaall da® el &y 8 o1 ~lua

Straw packinghouse: &l ¢y ddas Cun

Wl 1Y B A Ty 1'.,| ¥

1.-.__|

:" : ,L‘ . N/ 1Y g V¥ PN A7,

::_\ _,\ . \‘_{;\_’_ ' i //: \:,:' R

\\\ i.\_“_*..'. J.-_"' i _\.-\..-" R ' i B L L l,n.'",{;f'l
S £ 4 3

Source: FAO. 1986. Improvement of Post-Harvest Fresh Fruits and Vegetables Handling- A
Manual. Bangkok: UNFAO Regional Office for Asia and the Pacific.
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b2 il 5 Jpanall (o Glgie de sene 3yne o JalS (e ail ol sl mead Sar
Jiasa sl Aa 3 e el 52-1 asas 8 830ae ()sSha 2l s O s Byl ) AL Blalall il jadl
iy 3ol sl 228 DA o) sedl Can a5 Jlie (8 ) Auda G (e 2yl Bali g aadiud | Jiddl
i1 208 8 Ll 5alis ) ele ¢y slla Ciat Judit) Aila) o Ui 3,150 Ji) 3 5 5 psbm B s e
slall paani oy 5 Aels 2-1 P& Jyandl (0850 18 () diay 230 3580 (5 45k )l e o) 5

Aaladia) Alay gl Bas g Bacl 8 diua B
28 A s Jsanall e 3 puall GLeSll e ol sell @82 250l e 538l 3 ol Bas g e Sy
Jﬂﬂg\j&\b&éd&ﬂjdw‘JE\SJBM\JP&.JJM‘H?J&M‘EJMJMJ%DJ}JA%¢“}@J‘
AR o yh cnt galall gall o) sl Jhaall yia ge il B s A o (e la jaBae dg0a B el gl

Evaporative forced-air cooler: sl &8 aa Al &y 3aa
slal) jlaa

/water supply

%Y@ porous pad

Asalsa Balu g

-

L ey
RV

Sy

R aLLeaL TS AT AT AL
G e s e s

- water is collected
and recirculated

3,
]

Al Bl g slall gpand

Ly fan

Source: Thompson, J. F. and Kasmire, R.F. 1981. An evaporative cooler for vegetable crops.
California Agriculture, March-April: 20-21.

Source: Mitchell in Kader, 1992. Postharvest Technology of Horticultural Crops. University of
California, Division of Agriculture and Natural Resources, Publication 3311. 296 pp.
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Slawdl (LB (8 aia ol Sk el aladin) &5 a8l 5 #l ) aSley 335 3 A Al & ol Bas g )
padll o oLl Jadii oy 5 () ol aadl) e Allis ol (e Gl ging 5 2 ) B3 ) Culddiall Galad) e
Al Bas g JAl J panall Jas I 3L G jall o gell canndid () 63l 3 jlals ~L 1) & g8 5 8l
Laiw galall o) sl da 53 e ila j0 5-3 (s ol sed) 300 a A0 JulE Say 0 jaall 138 aladin) die

9685 s~ dsh )l 8

—E
e
3 )\ BN C\T) ) 2\.\.\5\.4
1.00m | g Vortex Wind Machine
Polyethylene roof C’#“ujﬁ ik
4 covered with By da
Aluminum foil a 5 gl

AL L
\\ur /{

r,x/ Hinge T

.. Water

sl dld  reservoir ™
S 1.00m
Chicken — &
= 4 N R
dddla e p o wallfdoor /==
Bamboo slots T Z lg;:(/
el e o < &~ i ™~
&

ani

Source: Redulla, C.A. et al. 1984. Temperature and relative humidity in two types of
evaporative coolers. Postharvest Research Notes, 1(1): 25-28.
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Alee A8 e LIS 5 B2 puall Balis gl Jand 5 saeldl Jie dapy dse G il 2l ey Sy
sua Adhaia 8 lgaladin) g Lehllas &5 13) saa oIl oda 3ol 3ol ) Sy g 7 sl e aladia) Gen g el
A sel)

Drip cooler: Ll Jesy 3 5

BAMBOO TUBE

s2aly A g

Source: Redulla, C.A. et al. 1984. Keeping perishables without refrigeration: use of a drip
cooler. Appropriate Postharvest Technology 1(2): 13-15.
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stall Jalil 5 alalalall Jia) il (p3a8 5 2l Gaaldll (8 5ol (paseal Gehasssa (il gai Jae o
uﬂ\;.d\ ..\..pﬂ\ (e Mh.u W LA:: Lﬁ}:‘ﬁﬁ. oLl @4}43\ - GS}J\ K (BJM\ uﬁ ;\)"4';5\ ;\)'.;‘j 9
AU galy aadl) 5 il gall Ao o 5 ela Lga 5 3ol dad e dysle dpina 3n s ge ALalS Bas ) Lgta il
& A ol Gl Th* Z3el (8 el i) pa B ey Ll Guee Al Al B8 s
Ll sl W (aub X 5 il e de ) sa) A8y G5 Loy Gilaall aaall e B (e Lgasanad
88 Laa Al 5 LI sl Ga ALl Sl 5 bl e (m00.32) G dlid (e Ao gian (g

Al el dinall 3 sa gl slall (B G gere (el atuedle Gasha o Mie Ay s 5Y)

O gl sl Al d}m;.d\&ad‘)lai Al 3 58 (J gl a\q)..\.?l\ 228 & (Al J ganall )
Ca Leglada 5 yial Aliles 3 idl Legdata (Sal 5 day Jamay a5 JA) Uy hadd 8 Jaldl) 5 alalalall
Jansia Lo (Say (S 5 Al (5 o (S il s s Il () (gl 3 15m) 20l oy
L@.i\LASdg\ UJ} BJM ;\‘)..'Aﬂ\ c-\);Y\ Qm&dudg)ﬁdﬁijmb Jalaall ;Ldl_a ‘)Loﬂ\ Y

Al 5l 5 J1 Y sad < skl

Source: Acedo, A.L. 1997. Storage life of vegetables in simple evaporative coolers. Tropical
Science 37: 169-175.

Acedo, A. 1997. Ripening and disease control during evaporative cooling storage of
tomatoes. Tropical Science 37: 209-213.
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Walladl i J puane 0 585 ALIS A8 35 of (e 3830 (ioe A (38 il 3 e 835 3535 ()
Emﬁmﬁjﬁy@)&\ g\j@l:\_ug_mu\;ﬁsu}ﬁu\u;g}mﬁﬂ\J\)mY@md);\dmmj\
TR Y A2 U8 B all YA L ol el s i e ind)

Evaporative Cooler AL & i daa g

Wall Vents
Sl 455 cilacé

Source: Thompson, J.F. and Scheuerman, R.W. 1993. Curing and Storing California
Sweetpotatoes. Merced County Cooperative Extension, Merced, California 95340
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&Jho;;&mu\Jdﬂ\uﬂ.\&\‘)ﬂ\u\ u#\w&wabd\%ﬂ\u&l@\m%)ﬂ\ﬁﬁu\
5 S (3555 Lo ) 038 e elad 351 (on 5508 S ) Amlall 1k 5 Liad ly 5 oeal

320-15 Om Le Ledala 3] a da pa 4 ) oda cadiad 28 gl & Capall 85 lal) ) selll A )
9095 Al i 45k )

Improved Zero-Energy Cool Chamber: 4dua I ghai¥ a,d e

==

(Jo

Lily ks
&

e
O
ST

E i

B4 o
o P R SO EERT s i B E
P e P SR iﬁi?iém Prrantty CHE

Source: Roy S.K. 1989. Postharvest technology of vegetable crops in India. Indian
Horticulture. Jan-June: 7678.
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Night air ventilation S s sgdl aladialy 4 g¢sl)

(Thompson 1S dalll 5 lell 30 s cila )3 (3,8 G133 o) sl aladiudy ¢ 3aill Jae 3 55 (S
Sy 5 oY) i o A5l ladd asa s ae 48 )3l 03] aall J =l e Y sin Kader, 2002).
ooall da L el Lafingn 5 03 A8, JOA o sell aad gl all aladin) ae D A gl 8

U laall Lo g clasill o 5 Ta Jall S 13) a sl 351 a DA Gmidial)

A o) gl z g A
Aa g e

Night air ventilation in storage bulding Warm air out
via gable fan

PAZ-

L y

| IS N S

a4

Cool air in during night time though opened vents

GRS e (830 ¢ gl 3l

da gida clatd A (pe Sl 3Ll o) ggd) J s
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low but nonfreezing temperatures

Chilling injury sl sl

216-13 e S8 51 pa il () Wy p die 20l Sl pual ) semdl) 5l 4gS) Jalae (mns (2 2 L bale
alae ol Gl el pany (I Jgaall e gy 5 dbasdl day 3Ll 3558 JIE5 5 J seanall 3253 (o S 3yl ) juia )
da 0 G dealaadl o3 Jai Lavie albaall 038 jelai Le ol 5 ddlidall Jualaall (e de sane (8 2,4l ) jual
e gl k| L“gi‘;ci‘é‘)\);

Fruits and vegetables susceptible to chilling injury when stored at moderately

AA;SQ_\BJJML@SSJW{)\P:\A‘)JQQLHFMAﬁ)ﬂ\)}ajauw\t%éw\j‘)mﬂ\d:}mm

- oa (g L (ATl Ais ) pal) £ g L - Adal A0 B d sl
4 galal) 4a jall
- N Commodity
Character of injury when stored
between 0°C and safe temperature!
e el — i Jab i osl | 38 - 36 3-2 | Apples g\
(Jonathan, Mclintosh,
Yellow Newton)
Uagia s pada sl silae Lgi sl aad 36 -32 2— = | Asparagus ol
8l aall (gala y (i (4503 55 - 40 13-4.5 | Avocados S )
Sl gamivie ibe o | 56-53 | 13-115 e e
Bananas, green or ripe
alaa dyy Bhlia sl ads | 40 - 34 45-1 | Beans (lima) Lol L sl
aglaia g 45 7 Beans (snap) Ll puald
eal Gl g Ll o 8 36 2 Cranberries
osANigdgle alyy AN 45 7 Cucumbers BI¥EN
D5l ol sl 5 Ly LA e — dadass dad 45 7 Eggplants Olaidly
ol g lll )l 40 4.5 Guavas Al g
e gl 5 i s dad o0 10 Grapefruit S A
Cnoli o gy oataw eand 65— 55 18-13 | Jicama
;\P@J—@M@A—)ﬁ 55 -52 13-11 Lemons Ol
gl Ay (M Jsai ,6 | 48 -45 9-7 Limes sl O sadl
goaill pailald aae — alall 8 dpale ) Aad 55-50 13-10 | mangos ik
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ile Sall
b Hsadis 88 | 41 -36 5-2 Cantaloupe o skiils
sl G oslic g maidid | 50-45 10-7 | Honey Dew 3 M
Crsbis swds (SlgodelS | 50— 45 10-7 | Casaba [EIIVEES
BT PP NERISNPIS LN 50-45 10-7 Crenshaw and Persian
A g e d4gSi— an 40 4.5 Watermelons b
DA — A — Ale ady — (sl e g 45 7 Okra 4zl
G (S sl 45 7 Olives, fresh e o)
alaa ady - jaw 38 3 Oranges, California and
Arizona J
— At e e AeS — i Jaé g ;9: 45 7 Papayas LLb
Sagad — Gl oA e Ll g ;’j 45 7 Peppers, sweet sla Jald
caill vie Jihe ymdl | 50-45 10-7 Pineapples bl
B Gah G ol s 40 4.5 Pomegranates e
850 — (a sale o (5l 38 3 Potatoes sl
LU — Gald (ia je ) sa 50 10 Pumpkins and hard-shell
squashes shue & 8
S abea ld — alala (ol e g — J}A-ﬁ 55 13 Sweetpotatoes Ualday
Crslie g — (adan 88 40 - 37 4-3 Tamarillos
Tomatoes ebuk
ae ppN— Al —ddleas | 5045 10-7 |Ripe o4 Al
Lobl e — il die (o 95 13 Mature-green BTN

é:\)uﬂ\MCGJQ\BJ\);K_AJJGJ‘JM\JEMQEJEu'a\)ci_)g_kﬂ 1
(<54 —46) 2 12 — 8 (& 03l JBiall da ) (3 U 51 assndh i () (ulallall dpnailly 2

Source: Harderburg, R.E., A. E. Watada, and C-Y. Wang 1986. The Commercial Storage of
Fruits Vegetables. and Florist and Nursery Stocks. USDA, Agricultural Handbook No. 66.
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Use of ice zlill aladiu

CJ.J\ s pdiu 5\ (d}‘a;d\ B)EN (.\32.1\);31_7 CJ.J\ e elsdl e u_g;) A il 45 338 Cjﬂ\ (:J;.u.u:\
) AT U L3 g8 A Cpptinboall (b mia g5 A yhal oy 3
L s aasr 5 ol 5 ls el Jamy sige s (e Y oo pllad

Cross section - a gasoline or diesel engine must be mounted outside.

A al) Alie Aa g el 5,08 0S5 O WY 5 LS Ans e Hsise Sk — AR Ge A 6 5
23S HEEY (S 08 768 n g yall 5,8 (55 o Y Gl 5 (e 235 768 = 8 x 8 x 12 Jlia)

_(‘5.3:3
jff
; - da
diu | | Sup—cETLaNG ~ FAN d
BURKER WALL ',
G.m\ A laa
#1540 £ 52 RETURN AIR GRILLE
M I e i gl i e S : cfm = 488/ xSa 208
+ e T e S
i | - - M- r
—— (cfm= cubic feet/min)
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Front elevation 4gall glé )

Aol 5 o) sed) a3 55 (e | S et i) Jid ¢ ) e Vanes

AL i) 4lgs

Source: Grierson, W. 1987. Postharvest Handling Manual Commercialization of Alternative
Handling Crops Project. The Belize Agribusiness Company/Chenomics International/USAID.
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Luld g3 e gl 8 pdle Ciliay o (S 35l B ana gl 3165 JS3 e g gieadl 5 g saall ) )
) a5 Jsanal s Adle L dash ) s Jsana) 2,00 &8 alasiu) o) slurry sld) as
3l Jand e i) il Jseanal) Lulis ot 5 eldly Jill Jseanall Jaad s 8 550l &

(i 5l dd g padia 058 S) L Lgasds

5 suall bl 2ilil

oo pading bl A Gl e LS 5 Ale A ey sl J0 oL J seanall ao ) padiey o8
5ol 5 — A Sl a0 - all) aoall ) sl Geleall e el JU daaty 3 J el
(28 ) — aadie 955 S) J) Jeatli D g2 e 5 padY) Jeadl 5 ( J5S5 0l 5 dadll 5 bl

el e s O Sy dalana b x5 O g Jralas
s Al ¥l el el
ol e S
G (s adl BRSSP N
Ja 5 3 i SN A Sl 3 Al
st sLaigll
e s ol =il Jaad)
83 ylall (i e i sl
Jadl i) Gl dadl
s, bl
celeriac <l
Chard i) i jadly call)
Parsnips alll e
ol

Sources: Thompson, J.F. 2002. Cooling horticultural commodities. pp.97-112. In: Kader, A.A.
(ed). Postharvest Technology of Horticultural Crops. Univ. of California, Div. of Agriculture
and Natural Resources, Publication 3311.

McGregor, B.M. 1989. Tropical Products Transport Handbook. USDA, Office of
Transportation, Agricultural Handbook Number 668.
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Alternative methods of cooling sl 4l 3 al)

Radiant Cooling gyl 2 il

Apuadll ALl apeat] 418 Jaa 55 5 1) o3l (s 3 e da pd addld g LedYL 25l aladia) Say
oSy 5 Al ) Jii 5 ) el b S A edl) AUa) wend A8 aladiuly 5 el 8 il pla ee
S el sed) 3 e Gl 3 4 s J8 oAl Jala sl a s e Jseanll

Use of Well Water ¥ sle alasin)
sl 5 :\;)J d.m'j 9 ?S\Jd\ ;\)’;i ?LMC;A 9 KXW ;\jg.j\ YR BB d§i OsSa LA;EJLG )Ll:y\ sla ¢y
b il ele aladin) (S s Alaiall i el sall 81 s Ao dans giad s (55 (o ) Rsae i 3

oA s (8 Jgeanall Jga Apaaill sl ) @d ) (i sl 2138 dsladind o elally (J5Y) 5l

High Altitude Storage 4lle &leldi ) e oy 3adll

JM\MMJBQL&QJ\S\J‘\j&@)g\_}lﬂ)&.\sdﬁﬁh‘)ﬁ10ddw$)\);j\4;)ddsﬂu'&d\.c
wbﬁufosui‘;sqﬁ}duﬂﬁmdsujemj_dmgwﬂ\qgtssopabuu‘;;gp}
) el Bl ) o e 3 e gall LBl (e JB) 43U

dﬂ@)\;ﬂ ;\}@J\EJ\PAAJJ&_LAS 13) JM\SJ\PAAJJLALLSMM\:Q}@:J\L)UB&ESJ
dﬂ\@&bb%Swaﬂqﬂ}dw\hﬂhﬁu\b\)ﬂ\uﬁw

Sources: Thompson, J.F. 2002. Cooling horticultural commodities. pp.97-112. In: Kader, A.A.
(ed). Postharvest Technology of Horticultural Crops. Univ. of California, Div. of Agriculture
and Natural Resources, Publication 3311.
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Increasing relative humidity — &l 4sh 11 ad,

e (3545 b i) 5 sl s sl e B 565 L e ) elgn 3 Al A5k o
03l Al 1) sl 28n] (b 5 5l L gl sl 5 A Sl o) A 3

il L) 13l el 5 Ul oLl ABLa) gl 3R30 il pie ) 3131 i)
S sl B8] (S (5l s b e A Ryshy e Jpemall U ST Al e (Jpemall

LAie laa DA e

Wet moss as a moisture source inside a refrigerated storeroom:

Aysall 3800 482 JA03 b pal) o1 gl anaS Jand Allea Ll

Source: Lopez, E.G. 1983. Conservacién de la Produccidn Agricola. Barcelona Editorial
Aedos. 188 pp.
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Oe elall 288 QU 5 J peanall dlaa o Jamy (5880 Gaaliall Jals 0] (J sl e ililay aladin) ()
Llsiay) o3 Aladl oda g dajlall lie ) 5 jsadl 5 sl jlad — sl — 3 )<l e Jualas
o2 o) LS Jpanal Jsan RH dsil) &5kl 3 Lae 350l JaIs Jpanall e il el iy

(Bsdinall a4 (e il i ) (e J seanall end Aokl
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AL Aoy s Jrnalacall 33 pal) dadid) o Adadlaall

ceaddl (e Jganall dglas aa

A9l Al 08 < Al atdl
OSan La £ iy gl hua Jguanall & 5 o

Cr Al el 3 ) jadl daja e J sl 0 a0 g
inGJiﬁYJididuewaqusJJﬂ
OSar e by G guadl ) i

8t Jaaad (ghlia addiu

Jaantll 3B AiaLl 3 4 5 55 i

Lalall Chuatia slad) b clidW) Ga)

A 2 Laldd) Gy Lo A jle elaudly dda yd) aua
2S5l g 5

JAL) L) cl palal) Ao

J& £ L) J guanall 3 o cila ja Jaug gl

33 ma ol glalia asdin

dyasl dis J guanall 3 a da 3 Jaww

Cr A da (e ) A8 s J puaanal) J8)

o Al i) cilaadd) sl g) Al ) guaanal) JAS]
8 yma Ciliald

uilia 5 ) s b Jganall (a0

K*AUASJUASAJJU.‘;JJM‘Q}
OSay La £ iy J puanal) andiii}
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STORAGE OF HORTICULTURAL CROPS 4:iliwll c3lalall (535
iliand) cdlalald) ¢ a0 agbaad) L)

Storage of horticultural crops

a3 O e Y agall e Jpasa o ol (g5 ) Ged 4y 535 st J geaaall (LS 1Y)
LA 8 5 A el saa gl (588 O g WS Gl el 1) el Les sl al A e J seandling
Fa 3 b oSt Jas o 5a3l) e (L8 duale Abcay 5 Lgi g lia ) Jant e Laae Ly 5301 3IS)
Jigmrt] a1 5 el ganll s Aralie cililaa e A0a8aall g ol sl A8 ja g Apeail) A gk 55,0 al)

ool 381 il e LAY 805 e sasall Ay sl

52 o LY (s s 5 Aaaill A shal) 81l ds oy (3lah Lasd Lae 43 3] Jaalaall (3855 () Y
ot o LgiSey (ot g il — maalil)  gll) 55 by bl oot 3 Jpealaadl ) ) 3l
Lo (Laladl 5 — gudabladl — 3ol — JLall — ) (bl o) Jaealaal) 3 s 5l pand <y

A 5 aeSill sl A e e s ) sek N sam

OOl Of ia Jelaiall (e Juadl o ye 0 34 el @ld 5 5 Al 3 s Sl (8 WSl S
sl all HST JUEnY dm b any Les (Al Clalise (o g e 38 ISy ST 0l e (g iny Jilaiusall
Gaob e ulall 8 aSaill ke acbue Loal (S LS oy i 8 ST 486 Ledany Laa ) paal) J3A
e slall il ) alasiin) ol uadll dadl (ulSad) b sacluadl () o sl o) jaadl oOda 5 ) Jlkis
ebosal) a1 aladiuly (FAO) sasiall del 30 5 40 V) daliie aa g 5, il 2 il iaall o

A siaY) Blaliall (88 yuall o il el S a5

A le 30laS iy ) 50 (sl alading) 5 dtiand il i aladinly CallSil) dcaisie 33 yue Ca e ol Sy
108 paa IS cladavidl) Aalice e Jliw unfe JC5 (o 2y il a2 2l o) L (polyurethane)
O 5 hadlyl s Juasy) Ll JS 0 5S5 ol slel jo camg 5 a5 () CallSs I8y LaS (o ja
JSAT Ga 0¥ Jgemnal) 2y 55 2L 3 5 Lo ASAY Ledl g J o Audallae ol ) o ¥ (5 50
1 il JS i g (/A Al B) la JSTAa8all o8 (aSh o33 100 By Cusg 4y 4l ol
JSAA 8 (xS 228 40 — 20) 12k Jsanal) Jaind o (S Aoy Jil ) 6 sl 5 e Jana (i
G4 J8 LalS oy ) cilils dalie ) ) WIS (Thompson et al. 1998) » S5 Wl L 5 4dlS sale (3l
e sbaall e 2 3al 5ol 02y 5 2o Jgeanall (e 33 580l Ay gl B LS 55 ) pa A
(Thompson et al in Kader 2002).

3l s Ay mlaasy |k s 5l il Ll A pall SOV 8 aliiall oy il cilas g Al 8 a3l
Ay sy Lt a5l 5 LU 0 ) 5 Rl il At L o 5 iyl (KLY (8 6 gl
@M\d@@cuﬂ\wyguﬁw\g};wﬂg@ﬁ\a}z@\ﬂ\wj'sse:\“_:\_xsm

i alill o Al il sl 8 sasiall Y sl 8 Leadiues pUaill aa S 381 5 (Lju, 1988)<h seSl)

.“.. ,.n GM‘ oj P .~-~.. .n A—L}L‘)S\ e e E C\;_'Ie L«_"a‘);:, ej._, eﬂ\ 9 ¢ ,\4_13. ‘ d::\A d...l.\éléaﬁ ijL.\A
Lekain e acluy cp aall ol Jghaill J Wil 4 jlall clidall Galiss ) g2 631 5 Jaalaall 03]
(B L sl GaYelal) sid of e yall ) sail (g

CLISY! Al 8 oagae Jilay @lligh Taaldl cpuad o lan 280 (5S35 () (S Ly jlas sLial) 2y 5l o e ()
sl (Alasine 5l 3338) el A8l cilan S W gl 3 ol AN 3 seaally Cajall s2a oLi) (Say 32 sanl)
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3_1“‘);.\3\ &—1\—}}&\ ji SJ‘)-.\A!\ calaladl }i BJM\ J_)J;J‘ A< k_Il_aJ;; d:I.A 53 e dA_\ Q\JAJ " o
pr s g Slalii) g 31 ae caasliy (531 53 yaal) Coyad) ama aaa (e Cila sl “o—«%ﬂ,.mzaw\
:Q;\ﬂ\ )MAH @J;‘ Ll }i ;\)ﬁﬂ\ die dalidll P EEQY

Thompson, J.F. and Spinoglio, M. 1994. Small-scale cold rooms for perishable
commodities. Family Farm Series, Small Farm Center, University of California,
Davis.

;\J.A JLA.J“) M}@JS\UA_M}i b.JL.IJ @)Jau.c“\_ﬁ?s;ﬂ\u.s.«guﬁaﬂ d.;\d ;\j.@i.‘ Lﬁ)t-"j\ Q_L...\S).\S\ u“
el sl 03 o) adiall andl 3l sl sl liaia o Jhe ol Jladl duala ) 50 plaiuly 5l (22
Aligd Jla 4ol e 545 ) Ol jlga 5 dee (o sl 935 Callay (6 S GUSLY) Jb 8 Janal) 5 4 aSaidl)

_JM\QABM\QM\JJ\JEI&:\M;LB)}:
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Recommended storage temperatures Y4 <asall G338 3 ) a ala e

radll 5 4gSUll Jualan (poad 5 Jad Ay il 35l 5 Al o ghall 5 5l jall Gl oy a5l
(see Hardenburg et al, 1986 for more complete information on individual crops).

CRAI B | Auadl) 4 g ) 51l A Syl
(%) °F °C
10-14 days 95-100 32-36 0-2 Amaranth
2-3 weeks 90-95 32-36 0-2 Anise
1-12 months 90-95 30-40 -1-4 Apples gla
1-3 weeks 90-95 31-32 -0.5-0 Apricots hadie
2-3 weeks 95-100 32 0 Artichokes, globe «asi A
5-6 months 90-95 34 1 Asian pear sl s S
2-3 weeks 95-100 32-35 0-2 Asparagus (e
4-6 weeks 85-90 55 13 Atemoya
2 weeks 85-90 45 7 Avocados, Fuerte, Hass 4
4-8 weeks 90-95 40 4 Avocados, Lula, Booth-1
2 weeks 85-90 55 13 Avocados, Fuchs, Pollock
1-3 weeks 85-90 45 7 Babaco
14 weeks 90-95 56-58 13-14 Bananas, green il jse
7-8 weeks 85-90 32 0 Barbados cherry
7-9 days 95-100 32 0 Bean sprouts = <lisie
6-10 months 40-50 40-50 4-10 Beans, dry
7-10 days 95 40-45 4-7 Beans, green or snap
5 days 95 41-43 5-6 Beans, lima, in pods
10-14 days 98-100 32 0 Beets, bunched
4-6 months 98-100 32 0 Beets, topped
24 weeks 95-98 36-38 2-3 Belgian endive
2-3 weeks 85-90 53-55 12-13 Bitter melon
2-3 weeks 85-90 55-60 13-15 Black sapote
2-3 days 90-95 31-32 -0.5-0 Blackberries
3-8 weeks 90-95 40-44 4-7 Blood orange 4ex J
2 weeks 90-95 31-32 -0.5-0 Blueberries
3 weeks 95-100 32 0 Bok choy
4-5 months 85-90 55-60 13-15 Boniato
2-6 weeks 85-90 55-60 13-15 Breadfruit
10-14 days 95-100 32 0 Broccoli IS5
3-5 weeks 95-100 32 0 Brussels sprouts JwS s < S
3-6 weeks 98-100 32 0 Cabbage, early < s
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AT g [ gl Ay gk PN PO oo
(%) °F °C
5-6 months 98-100 32 0 Cabbage, late Dalie ci S
3 weeks 90-95 36-40 2-4 Cactus Leaves (Ssdosizlsl
3 weeks 90-95 36-40 2-4 Cactus Pear S o
3 weeks 90 38 3 Caimito
2-3 months 50-70 50-55 10-13 Calabaza
2 weeks 90 48-50 9-10 Calamondin
3 weeks 85-90 55-60 13-15 Canistel
15 days 95 36-41 2-5 Cantaloupes (3/4-slip) < stils
5-14 days 95 32-36 0-2 Cantaloupes (full-slip) < stul<
3-4 weeks 85-90 48-50 9-10 Carambola
2 weeks 95-100 32 0 Carrots, bunched 4% =~ -5
7-9 months 98-100 32 0 Carrots, mature JaiSa Ha
4-6 weeks 98-100 32 0 Carrots, immature < L)
JaiSa
5 weeks 85-90 32-36 0-2 Cashew apple
34 weeks 95-98 32 0 Cauliflower Ly 8
6-8 months 97-99 32 0 Celeriac
2-3 months 98-100 32 0 Celery b S
10-14 days 95-100 32 0 Chard
4-6 weeks 85-90 45 7 Chayote squash
2-4 weeks 90-95 55 13 Cherimoya
3-7 days 90-95 32 0 Cherries, sour BYEE'S
2-3 weeks 90-95 30-31 -1t0 -0.5 | Cherries, sweet Ss— S
10-14 days 95-100 32 0 Chinese broccoli  iwa AS50
2-3 months 95-100 32 0 Chinese cabbage (iswe S
7-10 days 90-95 40-45 4-7 Chinese long bean
24 weeks 90-95 40 4 Clementine
1-2 months 80-85 32-35 0-1.5 Coconut 2 jea
10-14 days 95-100 32 0 Collards
5-8 days 95-98 32 0 Corn, sweet 4 S B )3
24 months 90-95 36-40 2-4 Cranberries
10-14 days 95 50-55 10-13 Cucumbers BES
1-4 weeks 90-95 31-32 -0.5-0 Currants
4-6 weeks 85-90 41-45 5-7 Custard apples
4 months 95-100 32-34 0-1 Daikon
6-12 months 75 Oor 32 -18 or 0 | Dates b
2-3 days 90-95 31-32 -0.5-0 Dewberries
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SJUAJ\%JJ

1335858 | L) dygha 0 dyasal
(%) °F °C
6-8 weeks 85-90 39-42 4-6 Durian
1 week 90-95 54 12 Eggplants Olaidly
1-2 weeks 90-95 31-32 -0.5-0 Elderberries
2-3 weeks 95-100 32 0 Endive and escarole
2-3 weeks 90 41-50 5-10 Feijoa
7-10 days 85-90 31-32 -0.5-0 Figs fresh R O
6-7 months 65-70 32 0 Garlic ps
6 months 65 55 13 Ginger root Ja i
34 weeks 90-95 31-32 -0.5-0 Gooseberries
3-4 weeks 85-90 50 10 Granadilla
6-8 weeks 85-90 58-60 14-15 Grapefruit, Calif. & Ariz.
6-8 weeks 85-90 50-60 10-15 Grapefruit, Fla. & Texas
1-6 months 90-95 30-31 -1to0 -0.5 | Grapes, Vinifer Qe
2-8 weeks 85 31-32 -0.5-0 Grapes, American Sl - cie
10-14 days 95-100 32 0 Greens, leafy
2-3 weeks 90 41-50 5-10 Guavas A4l g
7-10 days 95 40-45 4-7 Haricot vert (fine beans)
10-12 months 98-100 30-32 -1-0 Horseradish
2-3 days 90-95 55-60 13-15 Jaboticaba
2-6 weeks 85-90 55 13 Jackfruit G bl
8-12 weeks 85-90 46-50 8-10 Jaffa orange
1 week 90-95 46-54 8-12 Japanese eggplant
+5 months 90-95 31-32 -0.5-0 Jerusalem Artichoke
1-2 months 65-70 55-65 13-18 Jicama Saala
2-3 weeks 95-100 32 0 Kale
6 months 90 50-60 10-15 Kiwano
3-5 months 90-95 32 0 Kiwifruit TS
2-3 months 98-100 32 0 Kohlrabi
2-4 weeks 90-95 40 4 Kumquats
2 weeks 85-90 52-58 11-14 Langsat
2-3 months 95-100 32 0 Leeks
1-6 months 85-90 50-55 10-13 Lemons Osadl
2-3 weeks 98-100 32 0 Lettuce o
6-8 weeks 85-90 48-50 9-10 Limes sl ¢y sad
24 months 95-100 32-35 0-1.5 Lo bok
2-3 days 90-95 31-32 -0.5-0 Loganberries
3-5 weeks 90-95 35 1.5 Longan
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SJUAJ\%JJ

CoIATB | Agpeadl) Ay sl dgaxal
(%) °F °C
3 weeks 90 32 0 Loquats <l S
3-5 weeks 90-95 35 1.5 Lychees il
3 months 70-80 45 7 Malanga
2-6 weeks 90-95 55-60 13-15 Mamey
2-3 weeks 85-90 55 13 Mangoes sl
2-4 weeks 85-90 55 13 Mangosteen (s saila
Melons: <l al)
3 weeks 90-95 50 10 Casaba Lluls
2 weeks 90-95 45 7 Crenshaw
3 weeks 90-95 45 7 Honeydew S
2 weeks 90-95 45 7 Persian
34 days 95 32 0 Mushrooms <l e e
2-4 weeks 90-95 31-32 -0.5-0 Nectarines (S
7-10 days 90-95 45-50 7-10 Okra del
+6 weeks 85-90 41-50 5-10 Olives, fresh zotb o)
34 weeks 95-100 32 0 Onions, green dl Jeay
1-8 months 65-70 32 0 Onions, dry cila Jeay
6-8 months 65-70 32 0 Onion sets
3-8 weeks 85-90 38-48 3-9 Oranges, Calif. & Ariz. J& »
8-12 weeks 85-90 32-34 0-1 Oranges, Fla. & Texas
1-3 weeks 85-90 45-55 7-13 Papayas Lk
3-5 weeks 85-90 45-50 7-10 Passionfruit
2-2.5 months 95-100 32 0 Parsley (e 538
+6 months 95-100 32 0 Parsnips
2-4 weeks 90-95 31-32 -0.5-0 Peaches T
2-7 months 90-95 29-31 -1.5t0-0.5 | Pears SRS
1-2 weeks 95-98 32 0 Peas, green gl pad Ay
6-8 days 95 40-41 4-5 Peas, southern
1 month 85-90 40 4 Pepino
6 months 60-70 32-50 0-10 Peppers, Chili (dry)  _ls Jilé
2-3 weeks 90-95 45-55 7-13 Peppers, sweet s Jald
34 months 90 30 -1 Persimmons, Japanese
24 weeks 85-90 45-55 7-13 Pineapples ol
1-5 weeks 90-95 55-58 13-14 Plantain ik
2-5 weeks 90-95 31-32 -0.5-0 Plums and prunes KT BT
2-3 months 90-95 41 5 Pomegranates Ole))
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SJUAJ\%JJ

oI5 | Agpeadl) Ay sl dgaxal
(%) °F °C
10-14 days 90-95 50-60 10-16 Potatoes, early crop 58 ublh
5-10 months 90-95 40-55 4.5-13 | Potatoes, late crop 3 ,akia ekl
12 weeks 85-90 45-48 7-9 Pummelo
2-3 months 50-70 50-55 10-13 Pumpkins shee & 8
2-3 months 90 31-32 -0.5-0 | Quinces BENgTN!
2-3 weeks 95-100 32-34 0-1 Raddichio
34 weeks 95-100 32 0 Radishes, spring 2 Jaé
24 months 95-100 32 0 Radishes, winter 5% Jad
1-3 weeks 90-95 54 12 Rambutan Qs
2-3 days 90-95 31-32 -0.5-0 Raspberries S )
24 weeks 95-100 32 0 Rhubarb ol
+6 months 98-100 32 0 Rutabagas Jac
2-4 months 95-98 32 0 Salsify
3 weeks 85-90 45-48 7-9 Santol
2-3 weeks 85-90 60-68 16-20 Sapodilla
6 months 95-98 32-34 0-1 Scorzonera
10-14 days 85-90 50-55 10-13 Seedless cucumbers PR
1-2 weeks 90-95 32-34 0-1 Snow peas aliy
1-2 weeks 85-90 55 13 Soursop alaid
10-14 days 95-100 32 0 Spinach gl
1-2 weeks 95 41-50 5-10 Squashes, summer iua4u S
2-3 months 50-70 50 10 Squashes, winter il 4u S
5-7 days 90-95 32 0 Strawberries ) 3
4 weeks 85-90 45 7 Sugar apples alad
4-7 months 85-90 55-60 13-15 | Sweetpotatoes Uallay
10 weeks 85-95 37-40 3-4 Tamarillos ) sh jlals
3-4 weeks 90-95 45 7 Tamarinds G S
24 weeks 90-95 40 4 Tangerines, mandarins, and
related citrus fruits
4-5 months 85-90 45-50 7-10 Taro root a8
3 weeks 85-90 55-60 13-15 | Tomatillos | sl 53
1-3 weeks 90-95 65-72 18-22 Tomatoes, mature-green
ablals
4-7 days 90-95 55-60 13-15 Tomatoes, firm-ripe il kb
4-5 months 95 32 0 Turnips <l
10-14 days 95-100 32 0 Turnip greens <l (e
2-3 weeks 90-95 40 4 Ugli fruit Sl 3
1-2 months 98-100 32-36 0-2 Waterchestnuts
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SJ\JAJ\%JJ

a8 | dl) dysh ) dyasal
(%) °F °C
2-3 weeks 95-100 32 0 Watercress OB A
2-3 weeks 90 50-60 10-15 | Watermelons gl
2-3 weeks 85-90 67-70 19-21 | White sapote eliday U sl
2-3 weeks 95-100 32-36 0-2 White asparagus oasl s
4 weeks 90 50 10 Winged bean daine Ll puald
6-7 months 70-80 61 16 Yams b
1-2 months 85-90 32-41 0-5 Yucca root S5 s

Source: McGregor, B.M. 1989. Tropical Products Transport Handbook. USDA Office of
Transportation, Agricultural Handbook 668.
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Parsnips

Peaches c
Pears SRS
Persimmons S
Plums RESS

Pomegranates s,

Prunes Lal 8
Quinces BENgLI
Radishes Jad
rutabagas

Turnips il

parsley* s
parsnips*

peas* aley
Pomegranate o
Raddichio
radishes* Jad
Rhubarb
rutabagas*

Salsify _iac
scorzonera

snow peas  ilw

spinach*  &lw
Sweet corn* 4 Sws )
turnips* il

water chestnut

Watercress* >

i) g Al (e (3R b 48 gial) e ganall
Eib Jralaal) 03 (e wal) | Aped Ay ) %695 — 90 ¢ p 2 — Jiua uad g A4Sl 1 I Y1 e garall

grapes (without sulfur dioxide)
Horseradish Jaé

kohlrabi

Leeks

Longan Ol

Loquat lady

Lychee il
Mushrooms <le (ke
Nectarines G lESs

oranges* (Florida and Texas)

Ol
Apples gl

Apricots Uhadia

Asian pears sl S
Barbados cherry

beets, topped Jise Gsu sk
berries (except cranberries)
cashew apple
Cherries BB
gl

figs (not with apples) o

Coconuts

Al 6 AV daalaal) Sy i (sl 3ale Alalrall 2l gall *
s Janalaal) 038 (o 322l A Ay sh ) 96 100 — 95 (<36 — 32) a 2 -jhua yad g 4gSlE : 24s gara

Cherries RS
daikon*

endive* sladia
escarole*

grapes (without sulfur dioxide)
horseradish

Jerusalem artichoke — adlu) s ool )3

Kiwifruit SsS
kohlrabi*
leafy greens 48,5 nas

leeks' (not with figs or grapes)
Lettuce o

lo bok

mushrooms

onions, green* (not with figs, grapes,
mushrooms, rhubarb, or corn)

*these products can be top-iced

RRES
Amaranth*

anise

artichokes* s A

Asparagus = sl

bean sprouts
beets* B

Belgian endive

berries (except cranberries)

bok choy

broccoli* s
brussels sprouts* J-<
cabbage* X
carrots* o

Cauliflower Lo @

celeriac*

celery*

Source: McGregor, B.M. 1989. Tropical Products Transport Handbook. USDA Office of
Transportation, Agricultural Handbook 668.
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Loai Ay sh; 9675 — 66 (< 36 — 32) p 2 — Jhua wiad g 4gslé 13 s ganal)
. Moisture will damage these products. 4c sexall sda joxi o) (Say 4y 5k I
Garlic a5l onions, dry <l Jdead)

Ll Ayl ) 9% 95 — 90 (i40) p4.5 wad A4Sl 14 Ao garall

tamarillo lemons* (sl cactus leaves izl
tangelos* Lychees (il cactus pears S5 (Ol
tangerines*  (paiU Kumgquat caimito
ugli fruit* Al mandarin* & 5 cantaloupes** NEPAEEN
yucca root oranges (Calif. and Arizona) |clementine

pepino cranberries

Al (5l seabocall an5 i (sl ALubeal) 2l sall *
s ol s duln Jasladl | g Ash; 0690 — 85 (U50) 10 ks igSlh i -5 e sendl

pummelo kiwano Beans Ll salé

squash, summer (soft shell) malanga calamondin

Tamarind (58 4l Okra 4 chayote

taro root lald Olive  Usi) Cucumber L&
Peppers  Jilé Eggplant  ols3ib
potatoes, storage haricot vert (fine beans)

Source: McGregor, B.M. 1989. Tropical Products Transport Handbook. USDA Office of
Transportation, Agricultural Handbook 668.
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i A ganall 03 (e a2l A Ak 9690 — 85 (<60 — 55) al5 — 13 sad g A4Sl 16 de ganall
.J:\).\ﬂ\ )\)4\)! Aulua @JA;AX\ AT u#\

Papayas Ll

Passionfruit  (s<slll &yl

EREE]
Ol

s udallay
e g A

Pineapple
Plantain
potatoes, new
Pumpkin
rambutan
santol
soursop

sugar apple

squash, winter (hard shell) 4w S

R
tomatillos

tomatoes, ripe  (Axxl) skl

granadilla

Grapefruit &y 8 cua
Guava 48 5
jaboticaba

Jackfruit g8 s
langsat

lemons* (el

limes* sl (jsad
mamey

Mangoes s>k

Mangosteen (i saile

melons (except cantaloupes)

atemoya

Avocados s3lS sl

babaco

Bananas s
bitter melon
black sapote &3 s U gl

boniato
Breadfruit
canistel
Carambola Y saal S
cherimoya
Coconuts 2% )
feijoa

gingerroot  Jujis )i

Aaily s AY) Jealaall Couy Jrid (sl ales Alabaall el sall *

L 45k ) 0 90 — 85 (70 — 65) 21 — 18 pad 5 4gsld 17 e garall

yams* oL

sliay

watermelon* e
white sapote U slu

sweetpotatoes* Uata
tomatoes, mature green

(61023 kil

Jicama LS
Pears (for ripening) S

ol aaal) W#M\J&M\&M*

Source: McGregor, B.M. 1989. Tropical Products Transport Handbook. USDA Office of
Transportation, Agricultural Handbook 668.
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Susceptibly to freezing injury il ) pua¥ duuluall

Fiid el g el e 3y il ) juial i e O (S A Jpalaal
apricot (iedall
asparagus oY)
avocado 53\ sY)
banana Jsl
beans (snap) W s=ldll
berries (except cranberries) lacle Sluiall
cucumber )
eggplant ¢33l
lemons ¢ sl
lettuce usal!
limes e il & selll
okra LUl
peaches ¢ 53l
peppers (sweet) (slall) Jalill
plums G 84l
potatoes (k)
squash (summer) (Auall) 4 Sl
sweet potato Ualall

tomatoes ableall

Source: McGregor, B.M. 1989. Tropical Products Transport Handbook. USDA Office of
Transportation, Agricultural Handbook 668.
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Storage practices ¢(upAadl) Clu laa

55 S Gyob e B QS e selugn dadaiie 43 jhay (Al Caje ahal 5 diuall (il ()
(o) el L) aanll ae (B yha e 5 )

Inspect produce and clean the storage structure: .cp A3 < e calath an J pasall (asd

Al Lilua g 48U

Source: FAO. 1985. Prevention of Post-Harvest Food Losses: A Training Manual. Rome:
UNFAO. 120pp.
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5 Alie Y e A A Leie A il S dais 3k ge gl sl (e oAl e Ales iy
o Aidee 55 e pla ol Aol el i Ay 3 g e ) am Sllen dee (S 5 (L)
AT il 1S5 i o e N Als B S 5 — Al e el g 2] 58 g iy JS LeliSis
sl el e sl o LS ol il Jsda ace e acly diand) il Y1 alasiu) of LS

Jleall L acliy cile S

Remove trash and weeds: hildal) g cildlia) 4)3)

Rat guards: )l gl

Source: FAO. 1985. Prevention of Post-Harvest Food Losses: A Training Manual. Rome:
UNFAO. 120 pp.
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Screens: 4c sl e 480G

Cement floors:  4giewl Cilus )i

Source: FAO. 1985. Prevention of Post-Harvest Food Losses: A Training Manual. Rome:
UNFAO. 120 pp.
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5l gaall Aladt Ala 3 5 ) geal) CilaS Gy o5 3 5 (o sl aladtead lalla J) ke  geanal (54
L2t (8 I bl i liall oLl alasids Ga yselai 5 (5 5300 (30 Ll (5o Y Al saY)

Disinfect used sacks: daddiiiall A ga¥) yaghas

Source: FAO. 1985. Prevention of Post-Harvest Food Losses: A Training Manual. Rome:
UNFAO. 120pp.
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I skl Jsay e et (¥ o Adg e sale G583 Jsmanall Aal Sl Glsaall gy )
Lol aiaacls LS dpkdl cLLaY) Gigia e B a5 Glall Rl 4ea sall J geanal
438 5akall ) gall o2 ALRY) (mny oAl e edai g Adlai gif 5 4y sgil) Gpasn

Waterproof sheets: slall daglia (3il8

Poles: Qi ol g8

Source: FAO. 1985. Prevention of Post-Harvest Food Losses: A Training Manual. Rome:
UNFAO. 120 pp.
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Storage structures ¢zJAdl A

sl Ay s ol 4 p2iiny 5 il Z3all any Gl Jsemne 0380 Giae st Lapesl) il 138 )
L8 e e gisad s g JBl pdg e dasd 5 el Jabaisal) jUaY) () sSil

Outside view of barn with 'live’ shade 4zl Jladil Jallsill g dwall & jhia

Trunks of fast growing trees planted in situ =~ el JUalS gail) day yu JLaEN £ 532

Source: Wilson, J. No date. Careful Storage of Yams: Some Basic Principles to Reduce
Losses. London, England: Commonwealth Secretariat/International Institute of Tropical
Agriculture.
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b a5 aiasa o dkiladll 5 ¢l Jseanall sla 5 8 ALY s 4568 ) oA liing plias
Laladind S 7 ol pall (e ok 30

Centrifugal: LS ndag s

outlet

vohure

impeller
of scroll pe

Axial flow: G5k

Propeller/expeller: kg hiddag s

Source: Potato Marketing Board. No date. Control of Environment. Part 2. London: Sutton
Bridge Experiment Station, Report No. 6
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ladd aa g8 Laiw all 3acld die B0 ga o Ay gl ilaid CuilS 1A Al e 4 gl dulae Cpua
e oalaill Bl e 3ole A e saall daglall danal daill o) | ) e ol sedl zs Ad 4 sl

(sl LailS k) dazal)
inOt &S)AJ\ ).SJA
I’
P4
///
727 .
R ¢ pressure
/;’
&
as8s’
&= X
lightweight :
insulated ©
flap/vaive :
ebua
potatoes
oubillay J g

Source: Potato Marketing Board. No date. Control of Environment. Part 2. London: Sutton
Bridge Experiment Station, Report No. 6
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Ol ol G (o 3330 36 LS Baly 31 @lld g Apilivad) COlalall ¢ a8 8 adding e ol Jallai 2y o) Y
s AR e S 13 5 oLk J sl Jadad 8 ol 5eS @llging 3 yadl oAl b aadiadl 3 )
5 bl el 4l 3l ol sglly Jainn Il i (sl 8 U1 U0 o5y Ay sl ) ually oy
Jra gl Balall e glae i)y LS 5 oLl o) ge (e 222) R-value Joall dalae SN JUl Jeaaldl &

ol e L ) LS (50 el

R — Value
Material 1 inch thick
Batt and Blanket Insulation
Glass wool, mineral wool, or fiberglass 3.50
Fill-Type Insulation
Cellulose 3.50
Glass or mineral wool 2.50-3.00
Vermiculite 2.20
Wood shavings or sawdust 2.22
Rigid Insulation
Plain expanded extruded polystyrene 5.00
Expanded rubber 4.55
Expanded polystyrene molded beads 3.57
Aged expanded polyurethane 6.25
Glass fiber 4.00
Polyisocyranuate 8.00
Wood or cane fiber board 2.50
Foamed-in-Place Insulation
Sprayed expanded urethane 6.25
Building Materials Full thickness of material

Solid concrete 0.08
8-inch concrete block, open core 1.11
8-inch lightweight concrete block open core 2.00
8-inch concrete block with vermiculite in core 5.03
Lumber, fir or pine 1.25
Metal siding <0.01
3/8-inch plywood 1.25 - 0.47
1/2-inch plywood 1.25-0.62
Masonite particleboard 1.06
25/32-inch insulated sheathing 2.06
1/2-inch Sheetrock 0.45
1/2-inch wood lapsiding 0.81
Reflectix (1/4 inch bubble/aluminum foil sheeting) 18.00

Source: Boyette, M.D. et al. No date. Design of Room Cooling Facilities: Structural and
Energy Requirements. North Carolina Agricultural Extension Service.
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polyurethane ot s (o) aladin) ae dfiand dpca )l Jory Sl Aimidia 3 50 48 2 ol (S
555yl o JSU 5 35U el B 3 (s xS IS e (3530 32 ol i 5 e
A1) i LS sl 5l o Ul 15 S Aa) Camg 5 4 5 5l (sl e
Mls;\ BJ\_")S g_u\ ‘—“P d}; Ll _)\.k\

-‘-
\ R
3

Ja
JJ&  Metal clagding caulked
at joints poprivetted to
inside of frame forms
insutation support and
vapour barrier.

Evaporator
SUppPOrts

ER\—-

10 cm insuiation on ceiling
Evaporator unit

hermostat sensor
Lo e & g i Allal) 3 ad)

Internal surface of insulation is left exposed
Jalldile s Aspm 7.5
7.5 cm of polyurethane foam on walls
Lo i Jjle aub
5 om insylation in floor

fleinforced concrete  Conciete sub floor

ficor . i
.o Al dpda )l
4-;\.\“\ 4-}44\)‘ e )

dalia

-r3 channel

H 5 cm of poly-
] urethane foam

-] Sotid rubber

9 il clalen
p.oi sal)

Steel or alumin-
ium suppors at
2 meter centres.
ASliding door track

Aluminium
\ o2 sall 5L

g A Ak

f';-."-l'tubber seraper
_'::'.' seal

Lk k)

[} 0.6 mm flat
2] sluminium sheet

poigall 488 a0 0.6

Source: Tugwell, B.L. No date. Coolroom construction for the fruit and vegetable grower.
Department of Agriculture and Fisheries, South Australia. Special Bulletin 11.75.

Small Scale Postharvest Handling Practices: A Manual for Horticultural Crops (4™ edition).

152

5 h B bdaa
o] lower seal . .
(st 312 )
Flintkote vapour seal.
Joins to metal wall
BIE WK alsal b
July 2002



STORAGE OF HORTICULTURAL CROPS 4t cdlalall o5 535

Gt o A Qulid) @l Zisall o 5 el 38 (B oo plladl ) shaie ool gn e
sacl8 b aa i ol sell Jsad cilath o aaY 1983 ale ()5S 8) s LY 5 ) s dldaia sl LS de ) all
s it Liie die s a5 i) Gl WS 2 as ol sell Dym grann Las e dpn )Y o 5 adl)

2l (8 4 pallad (e salandl el 5 4, )

L) 5

Ventilation
shaft ~a

. Ventilation 4l g¢d) sl
PN \C S VA damper

Roof Ceiling

Sl i
7 7z
f/? Z
% Z
m é
Z %
7 1 Insulated
7 [ -—
ﬁ Z wall
o | b L
gy ?’j é Jdyjra haila
&) 9¢) % f,
|7 o erw 22
Air inflow . CRJAS 48 o é
window—® - L | | ] r é '
T | i . [ ; T, 4 Soll
Z
N _—JIIIIII IS IS I Y Ground
— ‘.__.________ o s
Water
sla

Source: Seung Koo Lee, 1994. Assoc. Prof., Postharvest Technology Lab., Department of
Horticulture, Seoul National University, Suwon 441-744, Korea.
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Lol oda 4 5 A8Uall 1088 yriey WA o) selly Ay gl aladiiad ()l 3 el o AN ey GBlay Lagd
G )l s sie o Bl (5 e (B An g pe Ailn) Baske 0o o) sell ulil Ty AU ppena oy O Sy
Jdsaa claid ol ol sell alDla (e 25ay ) (S 5 A all Gl saa) )8 5 e o 3])

L&) sed)
—_—
cublad) J gana (g glsa w
potato level
recirculation
return duct
S el L8
&) 9¢d)
s g J oA
P g
air
<_/ inlet
main fan air mixing
2-speed device
Ao ) A g sl #15¢d ald g
Ogﬁﬁﬂ &
Source: Potato Marketing Board. No date. Control of Environment. Part 2. London: Sutton
Bridge Experiment Station, Report No. 6
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OS5 b g 5 ioal) e Agedll 3elS e aeluy cpiadll e (B A sedl) cilatdl anll w5l ()
i s L (OSAll) Caaiall ) (GSall) Chaiial) (o el e a2 dliay Leany (oo Basns A sel) ol 58
Al e 13 — 10 Fusedll 3L b ) sed) Gl e Ao S5 0

Longitudinal main duct:  Jshll jluall

- HSa
main duct ) fan J
F_E moie 2 — 8_ house dx 4l
< 5!
1
doors > Jaterals ~%, doors
L J J ) J bd
Central main duct: Sl Jlwdl
1 I I 1 1
1 i
KN laterals J
e / \ ~{_ doors
L [:" :
doors i : fan
° : main duc 2 <_8. house
\r" < ~L_
l,\'“" : laterals <
L—- N
1
L LA ¥ J 9 L U U U
Qilga=1
u"“:“:JS‘ JLH.\.AM =2
Source: Potato Marketing Board. No date. Control of Environment. Part 2. London: Sutton
Bridge Experiment Station, Report No. 6
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Calia JS5 o dpid adad (e dlaia)) sl Jae Sy s 4dlide o ga (g0 Lelae Sy dpailall <l i@l o)
ol qul.@_.\ab:\é&jmg&i 13 LAl o SLaudll (e 3yl 3 sule aladiul L.z?jasqjdfumj
ey (pa GUaDL aladiuly dadls 4y ge8 il g3 Jae (S g e jaaSS ) L8] ) elld g

Triangular wooden duct:  «uddll (e 4ilia 4 8

Clay pipe duct: ~ JA& jsula e 3 Le 40 g

Sunken concrete duct:  Caw) (e ga ) @al ( Ahél.u) Al 40 oA

wooden blocks

Source: Potato Marketing Board. No date. Control of Environment. Part 2. London: Sutton
Bridge Experiment Station, Report No. 6
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Gt Jala Gl &l elsel) JAa) ook oo danbia 50 a day BlEsY) oS sa Ll Gl
b slsel) @i O Lol sell Jakamy &y sqil alany Aualal) = gl sall uS 8 sl raa g olial Il 5 g a0
aladin) Al 8 LA o) sell il dni dilia) (Sary Slews el aranal Jany iaall (g g slall 5 3l

Apalic 2 ge (ol ol adall ol @liudl (e 4y el < g8 Jae (S 5,2l

Overhead ventilation distribution system:

AIR DISTRIBUTION DUCT

e sel) )55 8L38 2
. FAN
a5 e
AlR S -

INLET o ’ AIR OQUTLET
LOUVER ——-—}— N LOUVER
Jsaadas A ' . e
ol 5l - buCT ol 5l

} OUTLETS
TIMER THERMOSTAT a gl lath
Gl g e oL
Sl Sl e

Types of ducts for air inlet fans:

WOODEN
DUCT
_y FRAMING FRAMING
il A 5l kLl
X

Source: Davis, R. et al. No date. Storage Recommendations for Northern Onion Growers.
Cornell University Extension Information Bulletin 148
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Ciah e cang il Jmdl e Jsmanll 5 13 OIS I3 LN ol sell sl o580 ise 38 cSa
I8 ol sell ins e et sl el 83 53 sall Il 2 51 e o WS il (3o (520l 6 5all b &l
podl JOA B ) )all 3 58 ) gla Adlaa 85 g Guedill g slla aa sl (Ble ] any 5 ATl A8 e

AR e B Jalll sl aladiia
OeAL e 2 el el A ) gl 7 g AL Aazh

Night air ventilation in storage building Warm air out
via gable fan

PAZE

a4

Cool air in during night time though opened vents

Aa gibal) 4 seill culaid A Ll oL o L) ol gedl J i
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leidben 5 4p56ill ladd 5 el (Je Jallill b selud il e 35,0 5 i) e cOldas 2 )
(e\ﬁ\:g)‘).\A‘_A\PB‘)JL\S\bmu\uj&uh@ayj)u\w%u;}umd\w\w

Sy

~(J=sun

AN

|

Area in shadow keeping wall cool
and aiding working conditions

a9 1l laad) Jaias A1l A Albaiall
Jand) G gk

e |l ||1||u|||l”|n|uuu|- Al ||lll !l !.1

il il qlﬂill::;'r:;::;g:ii':ii;?:,,_I,.:,ﬂ,.,
!'“t. HH Il'Il

" I N "‘l I

(K I Alll‘qlll '.1" 'l[ ",IU |
M'L‘: il |l: 1l |l|.,m|l e
H

|l o I I
,, i ET ,.I h
RAIN [ Iilll||lfl ! ‘ l'!;l‘ll I“l

1 ,I'ﬂ’: I lll]
i ']f;:"lh‘a

bttt Gable end
il b g

Side wall Pt nh::fi::

l
ol E:II!:NHI‘IH],:':I;_
] illll .

O a

Source: Walker, D.J. 1992. World Food Programme Food Storage Manual. Chatham, UK:
Natural Resources Institute.
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Ge GuAIl G i B aeld O (Say dlse lin s aladid (Sa sl asay pie Al
Ula 8 las dage el 320l 2ic 33 sa gl Cilaidll o) | sl A (e 5 el 6l sed) s 835k
S bl e sedly 4 56l alasiinly & all

Juay g 2Ll dldaials o 685 Cuay LLQIS ¢ Ll Sy diaea G368 ) aladily A sel) Gy sill Jae Sy
oAl e Ak el A Gan sl aaas cng sz D ) Gl ol sell adad

I YRy

=7 wind powered turbine

AIR IN STORAGE

Ol ¢ s
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oLl sl il 5 Jpanal (0 b jpall Gl A0 Adaie A8 jla g8 adaddl oAl )
CSasg d‘,m;d\ Jaaal dalial) AAJJM g% dgi Jall) 5y A 3;_): cils 1) iala u,});.\ﬂ Cralia CJ)A.}
dh o elindly 38 5 Luss 21 e dgkae alaaiuly Alaall i 58 Sy LS A jle 3alaS il alasiy)
(s 5:5) a1 (3
Cone-shaped pit storage: JS&ll 4aad 3 paa 3 oy A0
&,\Juﬂ\ &.\AS d;ﬂ 9%
A weghted cover keeps

Sl A ia et A lad) 3) gall out precipitation
49l Ay
Insulating Material extenas Soit added when needed
to the top to form a flue £ for frost protection
for ventilation ﬁ\ aiuall (pe dglaall Gilas 4y 53
N
Q "\'\‘%}_ Separate different
Drainage Ditch %\2 / AT, ) ‘.\5‘;\.:1‘ vegetables with
i yall § pad : > ”:::\“ insulating material
\\Iu A . .
T oL N4 ’f padl) Juad
3 vy N, \ ts-@gc"&szsuf ) L
Hardware Cloth around-— A= = S ; ' QO e
» a7l

dss dhaw Jild - produce "R AN """J (,' Insulating Matenai
Jsanall

e A ga
e
Mound storage: g Aa gy 6 Lo 4y 5
) Vinsulating £ Insulating - At least 6 .
lg,;.xg‘.',’til','}rﬂ','-_‘g\.‘. g Sufficient soil
iy 33 2 ~ to cover
Drainage Ditch
\'t I?//,s({ [ . ‘ 1A \ ‘\ 'r i
! " e " M ?( %‘ ¢ .
- l
@/ﬂ" \5-" ST RO, ’\(\/

Insulating Material Jie 2

Source: McKay, S. 1992. Home Storage of Fruits and Vegetables. Northeast Regional
Agricultural Engineering Service Publication No. 7
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Trench storage: (Sus (p)As

48

e NS Soil Plastic Covering Drainage Ditch

- Drainage Ditch _
aa) g oladl 3 Alita Ay IRYR /
i pal) Jagead &
Slope bottom to one F S 5 /

end for drainage W "\; S ~ .

N :
Iaﬁh_ﬁf s A\
e R Weighted Board
. S R eight Oar
Produce ’ ’7‘\ _ 8 '

Source: McKay, S. 1992. Home Storage of Fruits and Vegetables. Northeast Regional
Agricultural Engineering Service Publication No. 7
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Dsis dabie dgla sl sle 5 o alasinl o Jgeand) o b piall el Ala o oAl 5ok el o)
o i dren oo 5oke L o1l JAd) 54 3l g A jle o e alaainly ele sl 1 Gy 35k e 3l
Joadl (8 Gl aladi)

Storage barrel:  Jsal_s & cnAdl

-

ap ‘“*-’)ﬂ\ Lasal i ...w 4;}}
soil
straw ——— retaining board to hold soil

access board

dilial da )

2' soil around barrel

Jos a2 2 clawy 44 5
s

Source: Bubel, M. and Bubel, N. 1979. Root Cellaring: The Simple. No-Processing Way to
Store Fruits and Vegetables. Emmaus, PA: Rodale Press. 297 pp.

Small Scale Postharvest Handling Practices: A Manual for Horticultural Crops (4™ edition). July 2002

163



STORAGE OF HORTICULTURAL CROPS 4t cdlalall o5 535

jig._u:a%\m};@\mq\#}k)@;e(&ﬁsq)ezngﬂj)sfj\@)a@gz)t_wwus&g
(3a)5 %) Zans 35 Ayl sa aladin) me (a2 15%12) a4 X 3 salasl sbial i sall 3 saill 5 and IS Ly
Mdﬁ&d}bﬁ\@(ﬁ)&)h@w@JN\;MM\MCA@J\&LSJP}A

(8 2 lasy) 4ol LedS 5 jlal)

vent

shingie roof

S Aa e
stone path
. { P AL ,—‘/I
. 7
sodded berm : Ji ey ;! i
[
el fiilia : heavy inner door “ r“'r
e 1]
7L
/'é— ,’,(
E Q f\
Sl
\ \
R «Jj\i i
7 S
D

FUCAS }iumdts‘g;mﬁ}gmdsuo&g@wms,mws:oi St e
8 otaws ol (s Jua 8 5 sl 3 laaal) 5 oaie W psia o s el e dlaiiy) ae elal) gpen]
3 g plain ey S Q) AD0 ) ol Y1 W ee Jear 5 ST 51 Y53 1200 Y Basa
3 sall aladind (pe Yar 5 Aeatiall Gl 3 cled)al) aud Ja ) aladin) o Jastiie add 5 Alextn

Al
Sources: Bubel, M. and Bubel, N. 1979. Root Cellaring: The Simple. No-Processing Way to
Store Fruits and Vegetables. Emmaus, PA: Rodale Press. 297 pp.

Hobson, Phyllis. 1981. Build your own underground root cellar. Storey Communications, Inc.
32 pp.
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YBJJL\&L\A@&J}&M\ dww%&%hﬂ@)&\ ug‘);.\ﬂdjme\.l;im\ USA.J
Juadl ()5 O 5all A ot qs Ryseill §158 sl a3 iy ol ) alasiu) oSy 5 dead Ly ooy
e S g (5l g 1l e

Storage bin: (A Gyiia

Cai improvised roof

siraw

s0il mound

Ay 5 Al 8 Gl s s Geaiall (ay 5 G ) chew (Bl Ghae (3 gdia aladin) (Sa
Y sl Ay (2831 slhaall @b (S 5 enill o Led Alen 58 ga 8300 ubalad) Jads (S
il Ve s s stal mhandl e 3 pm sl G Of LS 433340 (el

Root box: 4ais Jualaa (A3 §gaia

(3l 4 e L

' hardware cloth
¥ lining box

Gl e dn 4 -3

- 3~ 4" of straw
7.
- vagatables

bed ot 'slraw. leaves ar moss

Al clitine cladl) (3 g0 o QEAY (pa Adlay

Source: Bubel, M. and Bubel, N. 1979. Root Cellaring: The Simple No-Processing Way to
Store Fruits and Vegetables. Emmaus, PA: Rodale Press. 297 pp.
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Storage of dried and bulb crops:dladl 5 ddiaall Jualaal) ¢ jas

s 5 deadl a5 Aasha Nl (addie (3DAT s Ll Addadll Jpalaall Gany 5 06 5 Joadl O
S0 skl 55 e 333 (S SES1 R yad) Jomd) il o) A sia 5 A3 b (08 13 o501 Y
e e sl Bl 43585 2 L 1a5 sl 5 " lall” Jual

s 5 sheaal 38 (MH) G Ll sl (L Gl Aldas o5 5l ALk 5 il (350 Auusl
O AN U a3l andlil Congy a5

The following table lists the storage conditions recommended for these crops.

Gab giall 5N | Appendl) Ayl Bl da
AT % : , dpansd
g T st
U2 8-6 70 - 65 41 - 32 5- fa Onionsdsadl
SENERP T 70 - 65 86 - 82 30 -28
o5 1 —6 70 32 Ja Garlic a5l
NP 70 86 - 82 30 - 28
; ; 2]l 4gSUil
,212-6 | 60-55 50 ¢ 40 oo i *“ﬁ._’“ﬁ

Source: Cantwell, M.I. and R.F. Kasmire. 2002. Postharvest Handling Systems:
Underground Vegetables (Roots, Tubers, and Bulbs) p. 435-443. In: A.A. Kader (ed.)
Postharvest technology of horticultural crops, University of California. ANR Publication 3311.
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sl e oAl () el sedl b gl 4 sl sl manal (o Y a5 deadl Al cuall o a3 8
Gae Jmmnall S 1) 5 Jpmnall (o conSa 228 J< AEEN) L8 cnSa o 2 Jinar pisall (328) il
D5 0al Box AS ey eSS0y Sl gaal) 038 s 585 O (oo ) BmS Al Badlia ) 05 S (dlia
dasy 7— 6 L3 Adlie & 535 Ol 5 o) sedl Jluse oladl Ll ) 50 Slia )l asdia slad] (35S0 ) 2 5 ¢ sed)
Bge JS A Glat dga 98 )9 i aa Ciia JS a5l unlia ) 5 65 e Y g Gilba )l (e

Bulk storage Lwa (n Al

ATTIC VENTS il 98

"
48 el da g pall (s

_-— —_————

) -

o EslUET ; c.E HTRAL FAMN

: AIR

= YEMTS : N

#1396 oA clazd sl J gana r’ﬁ\—\%

5 pilaa i) Jiu

Storage in cartons or bins: =S @l gl ¢l S B G Al

.
438 sl da g sl (ilsa
-~ ——————
CENTRAL FAN
HOUSE
-~
Iﬁ
9\‘9@\ JL\E

Source: Oregon State University, 1978. Onion Storage: Guidelines for Commercial Growers.
Oregon State Extension Service. Extension Circular 948.
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Storage of root and tuber crops 4l s 43l Jualaall ¢ A

aiaill ax sall Galallad) o) olial Jsaall (3 daa e Aol 5 4 3l Jaalaall 0 3ad0 Ley (oaasall gl ()
ginail) o Gt e s (g A Sl G585 G A e JIE (s Adasgia Bl s Sla s e el A o
1) Sl eda o a3l (8 Ly 535 o ) oy BB Lgaladiin) ae dall Gulaladl () LS udaldail] o3¢
LA Gaballadl Ll Al Y sl 3ale Liagl oy 5 (5niade i )) uad] i) IS et ¢ guiall 8 i A
o Dlanps (i oS3l Y sl 5 Jd 80 o S (CIP, 1981) il e o s (B Leba jAT g (gl

ol Y 5 Ay paall llay) e il all sda dlea

Gun, 2l ) jeal (g Leand 31 a e e L )35 g A1 siuY) Aol 5 A3a) Jualad) ()
Ao el Clladl dpuloal) 534 5 5 adasdl a5 Aol ) o) ) oyl )l ¢

Aabgiall 5l Ageddl) g Boload da Lo
s 5adl % o . ?
gl gl A e
Potatoes ublayl)
5510 98- 95 45 - 39 7-4 Z Sl () gl
U553 10 98 - 95 54-47 12-8 il
U565 10 98 - 95 36-32 2- s (s s\l
gl 4 — 2 90 - 80 46-41  8-5 ,
Cassavatebulsl)
el 6 95 -85 41-32  5- jia
3l 6 90- 85 57-54 14-12  Sweet potato Yaladl
el 6 100 % 59-55 15-13
Yam abl
a5 -3 70 - 60 86-80 30-27
51 6 75 - 65 57-54 15-12 Ginger Jxjiad
BETVIC) 75 - 65 59-54 15-12 Jicama e
el 4 90 - 85 59-55 15-13 Taro (w\ldl

Source: Cantwell, M.I. and R.F. Kasmire. 2002. Postharvest Handling Systems:
Underground Vegetables (Roots, Tubers, and Bulbs) p. 435-443. In: A.A. Kader (ed.)
Postharvest technology of horticultural crops, University of California. ANR Publication 3311.
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Storage of potatoes ubad) ¢y as

plaainly alee oy CRlSEN aidia a5l iS5 Jlay Aaniae Al g3 ) 25 e pladin) ld Gulalad) (g 535 die
Gy sgll a8 (5 siem 4 a2y U (g yedl) ghsad 8 5 el 5 Ly sedl lilee (3 Glae Aaliall 3 5l
e A oVladl Y o) 5 Ayl (e Al () g Qudalladll A S dphaat Q5 5 el
sl 3l ) Jidb (S 83 gl A gl o 2 gpal) 138 Jae &y daniSall 5l jaldl diliail 5 (LgasS)

(Sl Ay yas and gl ad 3 ) sl

LaS ) zliat 5 lad) shlial Ll 451 o (3l e 405 ddida Ailia) oSy 335 all B0l (Blaliall (&
sl g all Al b aa i Al JSG e 4 gl e dilaly @lld 4 gl Alee (e 3y 3 oS3 g B 4
21 43l
Field storage clamp: 4esS 4 e Aial) o 585
Field storage clamp:

Basal ventilator (degree
of ventilation, basal +
chimneys, to be
determined locally)

1/3to 1/2
of width

= sol G 5 Shsa

level
o 03-1 , TS e g
duaddiall DJ\)AJ‘ )t03.0m S7-
tconditions - e soil/additional straw/etc. .
1.0to1.5m covering layer A AN (e Axais A
hot condmons\/ O Ay straw (as thatch) o2 L Lilaa
Ua da5_1 N covering layer
- \ :
" UA*? traw bed thickness and
Adladl 3 1l . o) managgment
: cording to
oile of potatoes oid ::nbier:tg
il conditions
) dags

"Jﬁgﬁjﬁgw&)ﬁjwﬁﬂm
Bailuad) g a0 Can

Source: CIP. 1981. Principles of Potato Storage. Lima, Peru: International Potato Center
(CIP). 105 pp.
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-1 05 ity O (S ool e sall sl 5 Gulallail) (ge B3 530 1aS 0 AT T ) e oLy (S
ooy e oA A Byge e dlee o 5 Al A (J ) A Sl (B padiy 5 5 0h 2
Shall 5 el e dleall GE8) 5 sl (e Slians Cais sllara 5 Gl (e dni€all 3 ) jal) Juliil
oA 138 e dig i 5 J seanall et A pddiun Cileall gaal (B S Gl e 23 sail) 138 (g 5y

lsbal JS5 e s G sh s (Blas) Bomae 5 ASada adA Badlali (e f shae Sl pasal dlia
i) O LS 5l sall apant W& (e oDdall aading 5 &IlinY) 5l aall Jgeanall i )85 8 axiiey

ol 5 shaall (e gany s Slassy G 1 dal) e sSal)

Source: CIP. 1981. Principles of Potato Storage. Lima, Peru: International Potato Center
(CIP). 105 pp.
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Al Alladl ol A g acall S A Ga JSE e e pladin) (Say pudallaall (e 8 Sl L)) Al 8
Al e A Adds 5 (Sl & A (g0 Sliihay ek QAT (e calld) Jae Qb 5 Al (e o8

3 gac

pole,

pole rafters +
woud sheathing

sl 1 51
) e

4 540 518
(Adiiiall) air ducts .
(portable) dua N

earth floor

Source: University of Idaho. No date. Idaho Potato Storage. Agricultural Experiment Station,
College of Agriculture, Bulletin 410.

QiR A e masal L;ﬂ‘diu S sasee IS Ayl Gl iy (S cual GaAdll s B
(;;Aggb:u‘)ﬂ\a& uﬂu\u&}wd\y‘a\@};:\aj@\m‘ﬁﬁ)ﬁ)ﬂﬁabd\C.a.ayd\u,daUa.ﬂ\
36 a0 el ) S DR R el e (pulad Cpan K s Lpmain s (S sl 58 cadib IS5

Source: Lopez, E.G. 1983. Conservacion de la Produccién Agricola. Barcelona: Editorial
Aedos. 188 pp.
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G Glaal b el Jpanall Gulaiall 5 sll G L ¢ ) A8y sy ekl Jpass Sl gy e
ol i 8 33 Laa s ohsell A 5n ot Ay snal) e 5} Aulatl) e Y el of i el
A sl

Even distribution of potatoes in the storeroom: ¢ Al di & & (ublail (uilatia o) 5

Y XY FX Y5

Uneven distribution of potatoes in the storeroom: ¢iddll i & ubalhall uilatia i &y g

—_— air movement

@ poorly ventiizted areas

Source: CIP. 1981. Principles of Potato Storage. Lima, Peru: International Potato Center
(CIP) 105 pp.
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Controlled atmosphere (C.A.) storage 4 aSaia sa & Al

Ay Gl 5 saclie 48k ATl & ggday 4 aSaie sl Jame s s (8 oAl aladia) Qi o Gang
b o) sel) Jaanil Aasdl) (3 ylall (mmy @llia Lpusil) Ak )l 5 5,0 al ey 8 dadl Sl ilead
32 e w3l ¢l sgll o) (Kader, 2002 () obial i sa 58 WS () 3aall b J suanally Angaall 2l
oS 5 dalia QUi A e o Y L) 3 sm (2 5 jal)

Oxygen gas control:  GsawsY) & 8 agasl)

: ‘] S*iwx

Ol ddla) e

DA B Jilad) cpa g il aladi) e

Adlie g il DA ge o

D) Gl e il alasy cpag i Gl e A e @

Carbon dioxide control: :¢ssh dusi A6 3 asail)
20 3aS 55 34l 31

) Bl ki e

dosadl jlall Gl gad) aladiy) e

1038 4 Jaladt

Ol Gl s Jeadl el dales jeal @
podgall Ml Hua dala sl @

lea i 13l JAl L) 2 ea g g dalall saldl 4y (5 saiia JMA jaal o) sell dua 63 (S

AN &) gR
AIR ’AéL_" —— . AIR

d
|

Source: Vigneault, C., Raghavan, V.G.S., and Prange, R. 1994. Techniques for controlled
atmosphere storage of fruits and vegetables. Research Branch, Agriculture and Agri-Food
Canada, Technical Bulletin 1993-18E.
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e\d;.w\}éd)ﬂ\M\UB(CA)MM\@'}@J\)Q\Uﬁ@uyﬂ\m&\@buhwﬁu
MPOJM@MMJJLL&_?M} dl dala 3aleS (Ca(OH)2 e).uJIS]\ c_th}.\_)S) @j\ )
5 J9 S s S e gpmnall (gging OF &Y 5 A3AN £ A aa g 5 ZISOLY) uddll e s 6l sl
Sl G pabaia) of aa gl 1Y) Gsanall ) saas gl e e lai of oSar oK1 5 3l

Lm&;.\.qc._\m\u}.\)ﬁ\

Glual) of sl 5 ele 5 o saa OS5 101 iy Oleliny all il o508l ot 6 )
Laaa S sl e LS 08 Je e jall (e jraY!

(oabaiay) sala 5elS 5aL o selud AW Jal gl g
Ol o by Ly (5 a8 25 dass &35 4 paall Al e Y @

d\;@@;};‘\mﬁ\M@qu}(%SO)mmuﬁu\ww&& °
u_ﬁ)l\‘)}‘)muahau‘ﬁ\a;@dsje))\]\w‘)ﬁ\w

sl o 5330 SR (s s 10 s s KL G e il HSE i o
(Sae 2a (aBY gy
ju_a\_\ﬂ_\‘_;n(u.a‘);.d\ oﬁd\;ﬂal@.«\m\ C‘“J‘d\) J&\MM@AJJ@A}} °

@Sdﬂ\uy)ﬂ\m&\@huaw\ésJQMW)UJ);J\MJLMJ\QL&JJ
(o

Okdﬁ)ﬁ;l\we;s12@\);e\mpsmﬁ%2wdﬁioﬁﬂ\@si@u&}m‘;‘:lﬁw
35 4 — 3 Ge (A8 A 2l e (5 5

Cooling urit 4, a1 sas

Y

<)

9\3@-“ JQQ
L 2 i iow cA ug
D > storage b CeAN
- om LT

Lime bags sl &

Source: Vigneault, C. et al. 1994. Techniques for controlled atmosphere storage of fruits and
vegetables. Research Branch Agriculture and Agri-Food Canada.
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o) 56l 2aaY) lad ) iy Uaise 48l Sl Gale i Jae ¢Sy liY) aS) 5 e e e Lusall
(CutlY) (8 asadll

_e}..)uu}g Gliadia p e\.ﬁiﬁuj °

3 iaall 3uSY) allai aladis) .

Return air
|
|
L
ETHYLENE SCRUBBER: place Gl qua CuldY) (aluaial 3aa g

Purafil® pellets (KMnO,) in shallow L T 3 KMNO4 il sl

layers on screen trays sealed inside . . N -
. . (sdia A 4aifie 450l S ga o
a solid wooden box. Air must flow 4230 olsel e o A L puis

through 3 or 4 trays of pellets for . a1 ;
successful removal of ethylene gas. sl gl %‘5‘”‘” il
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Al jaead aladiuly J panall (o Gl Bae (e A gand 48 aSata ) ga a8 ATl o) ja) Saall (e
G (e de guas 480000 e 4 QUL e 230 ol sia) (Say Cua Gl Sk s Jaadl )6
i s Mil 5 — 4 clens il Gl Lebbsdl Lum )Y e (Sa s mil 8 — 7 e liudy

(e Ty i A 5V el dapal) el Gl i Gealy plSaY) Al 5 ulia Cuylan L)k

Typical layout of a C.A. tent: 4 aSalia Alga sa & (pidl dad gl gigal

RY
LNl Uskl JSg e
cover sheet framework CcooL
/ STORE
100mm A R
il e = - j gUazl)
gap | ! 7 \\\ sols
pa 100 \ ~}':& : 1 =-f.i;;; |_—-top sheet
gl ‘
) bins
=== —== ==- '
. 'I \ ! /panal
< ==l — A s
! .Jm' o
i ' R
: = ==
1 {
\b
\L - et W fan
[ ' ’ dag e
L J /
—— . .

Source: McDonald, B. 1982. Controlled atmosphere storage using plastic tents. International
Institute of Refrigeration.

Small Scale Postharvest Handling Practices: A Manual for Horticultural Crops (4™ edition). July 2002
176



STORAGE OF HORTICULTURAL CROPS 4wl c3balall o) 535

i Y S Lo lena e mil 20 e (PVC) 28 Jid Joll (e 38 aladinly (CA) 4
Qﬂ;b},aju'aﬂamic‘zﬂ\eu)l\}_oaﬂdﬁ)’sjié)i:ds\q}ieaw\iigjﬂuamu\uajh&@\
Caohall uet pe QL) uila e S o ddugu @0l Llal daall 332) Q1 5 CA (o adiuall aall
3/161:5") PVCw&mﬁG)&onuuem:sLﬁﬂ\Gw\wh‘wi@@a‘)i}”}uwé&ﬂ\
Jalaill 48 a0l Jals e e clie o Jseanll Laaiivall i) Ja0l mans Lial (& 5 (5 sl
& Jhaiy) s JSU (gl all alalll 2y 5 Jgeanall 5 all Ao daglie 5 (i @Dl Jsa0 Gl

a5 Al J peny Aene Aaidll 5 oY Gigile 5 = g QLI 5 Il Al (6 5 5 a1

Jaiia
Jarall

~ Pallet Racking <94 de )]

Zipper—_ __
Sealed Tent

3 Pressure
Relief Water
Valve _- Trough

~ o

- | o] Open Door
e

— - ~——-. Loaded

[ Y R Pa"et

Calal) AaSaa As gus

ela 4 gull

gsida by

dadll Ja1 dlasae clilly

Source: Leyte, J.C. and Forney, C.F. 1999. Controlled atmosphere tents for storing fresh
produce in conventional refrigerated rooms. HortTechnology 9 (4) 672-675.
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sl e Gl sae (A Blell) b)) Jadl (e de ghas eIl Aaddie Al pladia) oSa
%5 <21 %2) CA s> b 0 A0 Aasd ol 58 Culily o 5115 b Ao s ya 2305 5 CA 5o (8 pd)
Dl 5 (J)) ) pste s 2l Bale o dlase psplisy Slinde 42 Gsdiea JA (6 (21 A
o2 Ciad jsall Bl 58 Jual 5 o)Al ded sa e duabiale) o Gl () Cua il Clilee

bl 6 — 4 ) dgaladl 5 ) el g gkl

PVC (s ae i J<a PVC iy
(32 5 GAS SAMPLING (160%8)
PVC PORTS PVC JOINT
SUPI;gF;T FRAME (3l Pzl 4« (160mm diam.)
(32mm diam.) T — sy (ol
dalsa - an vy Il TMBER caBINET |
Al WOODEN S v s v wirs 0 M . " (VOL. A.um Al
) TRESSEL ALK —nnlE : - 540 LITERS)  (,4540 4
\a o 3] - |
)
bl CUNCHES ’ 1
s sa - | STAGGERED i, s
\F . TRAYS(24) 14 ) o
= A EE SUPPORTING = 7
@ CLEAR 7| H ﬁ. g ! PURAFIL (19.2)
200 e Cpldi SHEETING _ | e
(0ol (200 um) T JonT  FAN
PLASTIC TENT omm - e
(VOL. 6760 LITERS) (300 diam.) - i
Aiudly dad ki) dag s PVC ilay
(A15780 g (~300 (160k8)

Source: Shorter, A.J. et al. 1987. Controlled atmosphere storage of bananas in bunches at
ambient temperatures. CSIRO Food Research Quarterly 47:61-63.
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ol s MA sl sall 5 CA Silsell sall cillalgay (adle _a 400 Jglaall
QU il MA Jare 52 9 CA 48 aSalia g2 9 (A0 Aualid) cibua ol
A summary of controlled atmosphere (CA) and modified atmosphere (MA)

requirements and recommendations for apples

Average optimum levels of popular apple varieties.

(O} CO, Temp. Storage
Cultivar % (%) (°C) (Month)
Braeburn 1.8 1.0 0.7 6-9
Fuiji 1.4 1.0 0.3 7-11
Gala 1.7 1.6 1.3 2-9
Golden Delicious 1.6 2.3 0.5 7-11
Granny Smith 1.4 2.0 0.6 7-11
Idared 2.1 25 1.9 7-10
Jonagold 1.4 2.7 0.9 5-10
Mclntosh 2.1 2.9 25 5-10
Red Delicious 1.6 1.8 0.0 6-11
Royal Gala 1.7 1.8 -0.2 5-8
Average 1.7 2.0 0.9

Source: Kuprferman, E. 1997. Controlled atmosphere storage of apples. CA '97

Proceedings, Vol. 2, pp 1-30. Postharvest Horticulture Series No. 16, University of

California, Davis.
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QU iy MA Jine 53 9 CA 4 aSatia s 5 (Al daldl) cibua i)

A summary of controlled atmosphere (CA) and modified atmosphere (MA)
requirement and recommendations for pears

Optimum storage temperature is —1 to 0° C, unless otherwise indicated. (CA-disorder abbreviations
are: IB=internal breakdown or browning; BH=brown heart; PBC=pithy brown core; CF=core flush;
Cav=cavity, usually lense shaped; Cl=chilling injury).

O, CO, Storage CA-
Variety % (%) Month Disorders
Abate Fetel 1 1 5-6 IB
Alejandrina 3 2 4-5 B
Anjou, d’Anjou 1-2.5 0-0.5 7-8 IB,PBC,Cav
Bartlett 1-2 0-0.5 3-5 CF,PBC
(=William’s Bon Chretien)
Blanquilla, 3 3 6-7
(=Blanca de Aranjuez)
Bosc, Kaiser 1-2.5 0.5-1.5 4-8 PBC, Cav
Buena Luisa 3 2 6 IB, CF
(=Buona Luisa)
Clapp’s Favorite 2 <0.7 34 IB, PBC
Comice 1.5-4 0.5-4 5-6 IB(overmature)
(=Doyenne du Comice, Comizio)
Conference 1-25 0.6-1.5 6-8 BH,IB, Cav
Coscia 15 2-3 6-7 CF
Flor d’Hivern(=Inverno) 3 3 4-5 B
Forelle 15 0-1.5 6-7
General Leclerc 2-3 2-3 3-5
Grand Champion 3 2-2.5 4
Hardy 2-3 3-5 4-6
Josephine 1-2 1-2 8
Krystalli 2 1-2 3-5
Limonera, Llimonera 3 3 34
Packham’s Triumph 1.5-1.8 1.5-2.5 7-9 CB
Passe Crassane 3 4-5 5-8 B
(=Passa Crassana)
Rocha 2 2 8
Spadona 1.5-2.5 1.5-3.5 8-9 B
Nashi, Asian pears:
Chojuro 2 1-2 3-4
Kosui 1-2 0-2 3-4
Nijiseiki 0.5-3 0-1 5
(=20"™ Century)
Tsu Li 1-2 0-3 3-5 B
Ya Li 4-5 0-4 3-4 IB, Cav, CI?

‘Ya Li’ may show a type of chill injury at temperatures <5°C.

Source: Richardson, D.G. and E. Kupferman. 1997. Controlled atmosphere storage of
pears. CA '97 Proceedings, Vol. 2, pp 31-35. Postharvest Horticulture Series No. 16,
University of California, Davis.
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o AgSll LA il MA (e g2 9 CA 4d aSalia g2 9 (Al Aaldll gl

L Aasll g )
A summary of CA requirements and recommendations for fruits other than
apples and pears

CA?
Commodity Temperlatoure % 0O, %CO, Commercial use as of June, 2001
Range™ (°C)
Apricot 0-5 2-3 2-3
Asian pear 0-5 2-4 0-1  SLal¥l Gany (835380 aladial
Avocado 5-13 2-5 3-10 (sl Jaill ol aadiiy
Banana 12-16 2-5 25 (ool Jail el andiy
Blackberry 0-5 510 1520  Jaill oL il dhae 8 anding
Blueberry 0-5 25 1220 Jail el 5 sana aladiiud
Cactus pear 5-10 2-3 2-5
Cherimoya & 8-15 3-5 5-10
Atemoya
Cherry, sweet 0-5 3-10  10-15  lygladly il Al | Jaks anding
Jail) oW Ay )
Cranberry 2-5 1-2 0-5
Durian 12-20 3-5 5-15
Fig 0-5 510 1520 Jaill ¢l 5 gana aladiis
Grape 0-5 2-5 13 502 e @ilsu Y
or
510 1520 sl ao )l saal Jiil) A 502 oo Ja
Grapefruit 10-15 3-10 5-10
Guava 5-15 2-5 0-1
Kiwifruit 0-5 1-2 35 sl e 3a 20 o J8 GalEY) 6o o)) sy
Lemon 10-15 5-10 0-10
Lime 10-15 5-10 0-10
Loquat 0-5 2-4 0-1
Lychee (litchi) 5-12 3-5 3-5
Mango 10-15 3-7 5-8 o Jall JIA a) e aladial
Nectarine 0-5 1-2 3-5 ol Jall 8 gana aladiil
or
Small Scale Postharvest Handling Practices: A Manual for Horticultural Crops (4™ edition). July 2002

181



STORAGE OF HORTICULTURAL CROPS 4t cdlalall o5 535

CA?
Commodity Temperlatoure % 0O, %CO, Commercial use as of June, 2001
Range™ (°C)
4-6 15-17 Lé (Léib = Ojﬁ)d.z‘)t‘.-m )‘)"4\ d—‘hﬂ 633-‘“‘.-3
Olive 5-10 2-3 0-1 @u..aﬂ\ s g0 K| Jgdaa e\é;:\.u\
Orange 5-10 5-10 0-5
Papaya 10-15 2-5 5-8
Peach, 05 12 35 bl ase add o paae alasi
clingstone
Peach, 0-5 1-2 3-5 ol Jall 8 gana aladsial
freestone or
46 1517 lgdl) a,al) ) jual Badip ¢ san Wl aadig
Persimmon 0-5 3-5 5.8 MAP (8 25 aladiul
Pineapple 8-13 2-5 5-10  Jslalligi) o olall Qe aadll alodtiul
Plum 0-5 1-2 0.5 o Alish Sl il 0 5 (83 sase aladil
sluat)

Pomegranate 5-10 3-5 10-15
Rambutan 8-15 3-5 7-12

& calalud A Aty
Raspberry 0-5 510 1520 S Jah sty
Strawberry 0-5 510  15-20  Jall & il Jads aadtig
Sweetsop 12-20 3-5 5-10
(custard
apple)

'Usual and/or recommended range; a relative humidity of 90-95% is recommended.

2Specific CA combination depends on cultivar, temperature, and duration of storage. These recommendations
are for transport and/or storage beyond 2 weeks. Exposure to lower O, and or higher CO, concentrations for
shorter durations may be used for control of some physiological disorders, pathogen, and/or insects.

Source: Kader, A.A. 2001. A summary of CA requirements and recommendations for fruits
other than apples and pears. pp 29-70. Postharvest Horticulture Series No. 22A, University
of California, Davis.
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»ail) (4 Jgana 34 J cluasill g CA clabiial adla

A summary of CA requirements and recommendations for 34 harvested

vegetables
BJ\)AJ\ AQJA 1 };j\ 2
23]
Vegetable® Optimum  Range %0, %CO, o)
Artichokes 0 0-5 2 -3 2 -3 ++
Asparagus 2 1-5 Air 10 -14 +++
Beans, green snap 8 5- 10 1-3 3-7 +
processing 8 5- 10 8 -10 20 -30 ++
Broccoli 0 0- 5 1-2 5-10 +++
Brussels sprouts 0 0- 5 1-2 5-7 +
Cabbage 0 0- 5 2- 3 3-6 +++
Chinese cabbage 0 0- 5 1- 2 0-5 +
Cantaloupes 3 2- 7 3-5 10 - 20 ++
Cauliflower 0 0- 5 2- 3 3- 4 +
Celeriac 0 0- 5 2- 4 2- 3 +
Celery 0 0- 5 1- 4 3-5 +
Cucumbers, fresh 12 8- 12 1- 4 0 +
pickling 4 1- 4 3-5 3-5 +
Herbs* 1 0- 5 5-10 4-6 ot
Leeks 0 0- 5 1-2 2-5 +
Lettuce (crisphead) 0 0- 5 1- 3 0 ++
cut or shredded 0 0- 5 1-5 5-20 +++
Lettuce (leaf) 0 0- 5 1-3 0 ++
Mushrooms 0 0- 5 3-21 5-15 ++
Okra 10 7- 12 Air 4-10 +
Onions (bulb) 0 0- 5 1-2 0-10 +
Onions (bunching) 0 0- 5 2- 3 0-5 +
Parsley 0 0- 5 8 -10 8 -10 +
Pepper (bell) 8 5- 12 2-5 2-5 +
Pepper (chili) 8 5- 12 3-5 0-5 +
processing 5 5- 10 3-5 10 - 20 ++
Radish (topped) 0 0- 5 1- 2 2- 3 +
Spinach 0 0- 5 7-10 5-10 +
Sugar peas 0 0- 10 2- 3 2-3 +
Sweet corn 0 0- 5 2- 4 5-10 +
Tomatoes (green) 12 12 - 20 3-5 2- 3 +
ripe 10 10 - 15 3-5 3-5 ++
Witloof chicory 0 0- 5 3-4 4- 5 +

T Jadl 12 7695 = 80 o e Bl B s oy B 50 B o
Og)'iﬂ\'&)ﬁé—"&)\ﬂ\&;)d—h_ﬁd\g_\u;k_uﬁigCA J]U_l\:ua;ﬂ\z

o + - bogie +4+ - (e 4+ Gukaill Vsl 8
chives, coriander, dill, sorrel and watercress.s® Lic¥)

Source: Saltveit, M.A. 2001. A summary of CA requirements and recommendations for
vegetables. pp 71-94. Postharvest Horticulture Series No. 22A, University of California,

Davis.
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da jUalf dadalal) juadld) g jLaill ilua gill g CA clalis) (adla
A summary of CA and MA recommendations for selected fresh-cut fruits and
vegetables

James R. Gorny

International Fresh-cut Produce Association
Davis, CA 95616 USA

Table 1. Fresh-cut Vegetables s jall dakiall jcadll i1 Joan

Atmosphere

Fresh-Cut Product Temperature (°C) %0, % CO, Efficacy
Beets (Red), Grated, Cubed, 0-5 5 5 Moderate

or Peeled
Broccoli, Florets 0-5 2-3 6-7 Good
Cabbage, Shredded 0-5 5-7.5 15 Good
Cabbage (Chinese), Shredded 0-5 5 5 Moderate
Carrots, Shredded, Sticks, or 0-5 2-5 15-20 Good

Sliced
Jicama, Sticks 0-5 5 5-10 Good
Leek, Sliced 0-5 5 5 Moderate
Lettuce (Butterhead), Chopped 0-5 1-3 5-10 Moderate
Lettuce (Green Leaf), Chopped 0-5 0.5-3 5-10 Good
Lettuce (Iceberg), Chopped 0-5 0.5-3 10-15 Good

or Shredded
Lettuce (Red Leaf), Chopped 0-5 0.5-3 5-10 Good
Lettuce (Romaine), Chopped 0-5 0.5-3 5-10 Good
Mushrooms, Sliced 0-5 3 10 NOT

RECOMMENDED
Onion, Sliced or Diced 0-5 2-5 10-15 Good
Peppers, Diced 0-5 3 5-10 Moderate
Potato, Sliced or Whole-Peeled 0-5 1-3 6-9 Good
Pumpkin, Cubed 0-5 2 15 Moderate
Rutabaga, Sliced 0-5 5 5 Moderate
Spinach, Cleaned 0-5 0.8-3 8-10 Moderate
Tomato, Sliced 0-5 3 3 Moderate
Zucchini, Sliced 5 0.25-1 - Moderate
Table 2. Fresh-cut Fruit A jlall dadaial) 48Ul 2 Jgan
Atmosphere

Fresh-Cut Product Temperature (°C) %0, % CO, Efficacy
Apple, Sliced 0-5 <1 4-12 Moderate
Cantaloupe, Cubed 0-5 3-5 6-15 Good
Grapefruit, Slices 0-5 14-21 7-10 Moderate
Honeydew, Cubed 0-5 2 10 Good
Kiwifruit, Sliced 0-5 2-4 5-10 Good
Mango Cubes 0-5 2-4 10 Good
Orange, Sliced 0-5 14-21 7-10 Moderate
Peach, Sliced 0 1-2 5-12 Poor
Pear, Sliced 0-5 0.5 <10 Poor
Persimmon, Sliced 0-5 2 12 Poor
Pomegranate, Arils 0-5 - 15-20 Good
Strawberry, Sliced 0-5 1-2 5-10 Good
Watermelon Cubes 0-5 3-5 10 Good

Source: Gorny, J.R. 2001. A summary of CA and MA requirements and recommendations
for fresh-cut (minimally processed) fruits and vegetables. pp 95-145. Postharvest
Horticulture Series No. 22A, University of California, Davis.
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Al cblalad) J83 | el bl
Transportation of horticultural crops

Gl gaall Gy i 6 o cang Gl 5 AL la el Jaal) U Tan ala ‘}Aig‘)“)ﬂ\z\é‘)ﬂ‘;esa:\n ol
Sl 5 Jseanal i e dalll 51 al) e palaill Zalal J303 elsell dm 5 p0 e L
oln dan o ddailadd ASaY) san (S8 O g AalED ) Llendi Gk e 5 sal) e Al
s A 5 alls ol sell ranl 4y seill saua Aalal (685 G ang LS Ll 1y i o i o) J gumanial
Cafil) 5 s 3all 555 e g Lelgan Sadl) 1Y) (e JIES A8y shay Jseanall Gy o WY 5. el
DA e sedl s mr gransy Loy Ll )l 0550 ) g s skl lialll) () a1 £ L8] ) gand) S e il
o oSy SL el a i Jalll O3 il ol Uy Ria Ll A8 ol 2yl (mas i Law A gaall
sl e cplebaial) pailad) )5 o A 5 J pemnall Jand 3 Ainll) e (s sal) Jeal iy
e Lanssia 3aaiel) Y gl ) cpiilad) 3 S uas @i J peaadl) e Jaladll 5 Jglail) 3 e

.(Hagen, et al., 1999) laa ala yal saitusall g yailld Al 5 (A 3.5 & i)

Clind b Aals Al 1S 5el b Gild ke daalaall Balisd) Jueadll of a5 Zigaall y jlaill o
el 3l pad) Gila jo Gl 1Y) Aald pad alada) Jas Lalidall (28l o) (Hagen et al, 1999) _y=all
Jaaladll o)) L onlidl Al 5 AT Jaalae e Gl daiie Jualae ol die i (Tas Ladidin 3 )
Gl A dgad i gl ) gog (ol — Al — malid) sl (i) culiY) e gy e
— bl — Gaall Jie) Gl dulial) Jualaall 8 &) @l o 460 ol ol 8 Ao je e s

(Bl 5 — alalladl — ) 5al)
Oe Aake Y1 o) Jal) 5 ;E_xsi 83 yaal) Jpalaall dhazil anaiies bl dae | e saae g 5l lla
) Gany 5 Aashll 5 AT e AU Ases aad 5 o)l A 4 5 Al e Gl s
3aal 5 3 all QL) e Jgpanall st G S sl Adall A jlad) ddae V) aladia) o) B3l
£ 4 il Jralaall dhastl ) )0 ALE 4lae V) addius 8 (Die Jpaatl) & 5l Al L3) el
sl (keywords: produce pallet covers) e staall (e 2 3al i JBY1 alige 35 (Sar 2lS Lol

International Ripening Company (www.QAsupplies.com or 800-472-7205).
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Open vehicles 48 gdsal) cliall)

Quosm}mau)\pigzﬁygéhuuwgoiwudm\dsnss
u.d:mdl;@dpw J\ u.u;j\u,q&\}a\ e\m\u&u wﬂ\wm@hmwm)
g_uaj\d}a.a;‘d\d}sdﬁ\uYJA;M\eAJuMY}oJMAAMu\JMJ\

Source: Wilson, J. No date. Careful Storage of Yams: Some Principles to Reduce Losses.
London: Commonwealth Secretariat/ International Institute of Tropical Agriculture.
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33y e AU Aueedl ALk Jee Sy 5 el Sal LS e e A8 o3 Y saall i )
Rons 4885 o £l e due g 353 b (A0 e ollaiy Al pan Ay S 44536
550 30 e ol () Ao go AL Radie 3 5 Al panll (5 siase (30 (oled (5 siasar (1555 O inty

pmanall o slal) 28l (g 3 55 samll Clilal) i Jall (L

cl gl Jsas (ks 338) 2ol Basne

WIND INTAKE

G.ALA\ )L.LA
PR R

Source: Pantastico, Er. B 1980. FAO/UNEP Expert Consultation on Reduction of Food
Losses in Perishable Products of Plant Origin, Working Document 2: Fruits and Vegetables.
(6-9 May, Rome: FAO)
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3anae o) GV L8 Gua faba beans saal ol Jst Jitl dapaai &3 8l 23 sail)
Lok o 288 aalinall Glles A1) ) 2en Apudiall Gualiall (e Lempiaal &5 38 4y 5gil) il 538 5 -1 )
lee Jaill el Jgemnall DA eb o) sgd) @laty olial aus )l 3 eam gl JSEIL DL
@;M\\Me\m\éﬁj4.4)\);4.;)3&@)\jd}m;d\sﬁﬁ)\)aj\es\)ﬁ@aujcA::ng
AWl Joi o) caa JB ¢l padll Jualaall Joi dls = (dss Coal) 3 yuall GliaLa
el g sl 8 5 SU luall 8 Jaill o) ) die il Juadl e Jgeasll (S 5 ) uadl)

ssle ki
Gailia
e 23
fadia gl
s
#) sl Ol
Source: Kasmire, R.F. 1994. Personal Communication.
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USDA Portacooler s a8 dsl 3 5155 — Aaiiall &y il sasg

Sl Gie i all K50 (USDA) 483 5Y) de) )30 5 ) g ol (53l abaaall a3y 5 el s
) peialiia)

Ao el 6 siun e Jsana) g 5 5 (|

(B suill g sall J puanall saal) il (o

ds;l\a_)\ﬁunual;.\ﬂ J\.&AAJ‘JM\J‘QJM\J:\JJS%(A
Aelull b Aty 5y 550 pm B3n5 12,000 4550 el 355 Slen adiiey jeall 35l 138 ¢
Go ) e sl ady sy 5 el SSaall (3sanall JAh el gell 35l (b asl ) (BTUNN)
dA\J d;\dj\ (53 UAL-A‘}“ Li\\ajh DJP}ALMKAJJA é.\)la e d)m;d\ d)\ﬁ 9 é}mj\ eLA\
(Bsiall dedie ) Geaia (3 saiall LS A SV Jaud ol sgdl 3 gmy &3 (§ gauall

Beltsville, Maryland 8 45 5¥) del )30 55055 (e B (yslais o3l &3 zasaill 128 ()
Tl GRS o g 55 i i (6 AY) Jaalaall (may 5 Gl Ay oo Juaalaall ey 3
clin 5 Jantivan €3 Slea i) 13 CllSill oda andd O (Say 5 Y 52 1200 o8 gsaill 13¢]
i) Lo ATTRA g ol Jsmall (Sa gisall 3 ALS Juali

.(www.attra.ncat.org)

Source: Ross, D.S. 2002 E-mail:dr27 @umail.umd.edu
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Refrigerated trailers 82l < ghial)
u\dfﬁjf}.lg‘)ﬁﬁhjm;d)c ‘_A;\ad).mh L_i\‘)jks.d\ CNBJ\)Q\:\AJJS‘;L\aJ\JJdM
Bany b dstladl bt 5 bl oda poaa si A AR 5 el sell sl 8L Aille 3,8

et )l ol sell mala Lead oy (Al il

8 el cClialdl) & Jaaadl) Jd Lady) daild
Refrigerated Vehicles-- Pre-loading Checklist

A JS5 dasd  pll 3y -

A ylae Caai s g I

Aalus s 3 5 Ol 53 Jaa il ol 58 5 2 5L ) sl Cl 8-
Bam Alla 8 Y1 Je-

sl 5 il (e ol jasd) la-

AlSa 3 s se ala] Jualdll-

A side 4 YY) A Ca el claia

2l e slAn g candas Al Jala-

RURE EON VT E-TTE R A P I

Alpeall aaal dunlic b 5 e 5 plE) Aalall 40200l s
58 sie Alilaall (Lo sl o 40 ganll gl il

aenil) Ja (AdY1 2l ) dalall 380 a5l 6 ja) &5 Ja-

Source: Ashby, 1995
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Alee ol dusladll Bl 30 all da jn e ddadlaall o Led jad aaay daalall dulalall AW )
A atliadll e aSEH 5 Jraadll Jd AU sl Jolaill e J gl 2 iy of Y 5 Jaill

) . Ja Gl JSa) Ul
ks o) ggl) Joem 53 538 mu:m@

A
Air delivery chute intact? - / Door seal damage?

1 \ F(f
U ]
aSae alall L

1 D | ekl

] ~10 . .

I Side door seal tight?
bl QWL Ja

oy

.- Door damage?

<

~ felaali lasdl Ja

! 40

¥ Wall damage?
f’ Lel&a & AaalaY) 5l

/ N
A \h\ Front bulkhead

7 \ installed?
Ji N

Floor clean? Floor drains open (clean)?

Inside width adequate for load? Load bars used to secure load?
Inside height adequate for load?  Trailer precooled before loading?
Door height adequate for load? Refrigeration unit operates satisfactorily?

S gaal) Condliy LGN R0 o sl - 4 gaal) il (ol aladiin -
4 ganl) iy AL LAl ¢ s,y - ranil) J8 L ol Waoy s a3 480 -
?Z\Jﬁaﬂw&ghﬂ\tw‘)\- T IS5 Jaad il 3as g -

Source: Kasmire, R.F. and Hinsch, R.T. 1987. Maintaining Optimum Transit Temperatures in
Refrigerated Truck Shipments of Perishables. University of California Perishables Handling
Transportation Supplement No. 2.
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Stacking patterns/hand-stacked sl gad / gad @k

gLl 32l Lalil) 8 lehaas (Kay Jsanall e (Bushels) cal e 45l J31 ()
A sl Gpuaad il il o SN ey Laa (52018 Jilia Aa) A sSae ladal Jalgiall (a5l alai

T4 AT AU |

SR

Q © o 0O

Source: Ashby, B. H. et al. 1987. Protecting Perishable Foods During Transport by Truck.
Washington, D.C.: USDA, Office of Transportation, Agricultural Handbook No. 669.
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Lsedl) 5 ol sel) i 3oL anial A8y yhay i oy () amg 051 S Galia (A L) Jeandl)
e :\:\Sw\;uw\ L_?:IJI—:-&A O djl_uj\_\ U eLL.\ cUJi CJ)A_\M @Aﬁ 9 d):caj\ d)\A T:A:\Aj\
Ay Al dilu Gl 1 (@lill) b aladin) gy L a A Sl Adae Y1 cld Gt

(ALY 2o 8) A SV e b pdliadl dedlal (e il g5 S

o

.%ﬁ oy J

Source: Ashby, B. H. et al. 1987. Protecting Perishable Foods During Transport by Truck.
Washington, D.C.: USDA, Office of Transportation, Agricultural Handbook No. 669.
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& JBY) Galiall s e Y Lpan ae plaall duilaice e (58 S Galia Jaead Ly g OIS 1Y)
Al gaal) IS Ll da o) sl Gl Glasal &) sie <l 98 & 355 )5 i pe Al ganl) 3208

~—

Air Duct

81 58 Juna gt BLIB

Parailel
Air

Channels

Rear To Front

' )

£ 92 &) g8
O 4 )) gia
S 5A sl
41813Y dadia

Source: Nicholas, C.J. 1985. Export Handbook for U.S. Agricultural Products. USDA, Office
of Transportation, Agricultural Handbook No. 593
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435k 5 clalall A Caladll e ) s 8 deadiall anall 35Sl @l gl Ga )y o4 Losale
akaill 1 4 5 (Pigeon hole) aleall ciladi aUaiy & ganll s38 (a j aldas Juadl Ca ey 5 455
ol on Glilue & 5 ae solid A 5 As gidall Glba )l G Jalilh Goluall a ) &4
0588 O Gstina IS rany 5 A seall NS dal sk 458 ol g8 alaill 138 8505 Al gaall s dilal)

.J)._ud\ ;\}@J\@}wm&

Source: Rij, R et al. 1979. Handling, Precooling and Temperature Management of Cut Flower
Crops for Truck Transportation. USDA Science and Education Administration, AAT-W-5, UC
Leaflet 21058.
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A8 jial) A8l g cililld) <Y gaa aa o ) Al
Stacking patterns/pallet and slip sheet loads

oa® JHlEl dum )Y Aulall aal) e sam gl G6SE Cuny ABUI Jaesd W O s
e e g Olgaedl 2o Gl ol aghadill aull A5 ABL 2l Dl e 50 ) i)
Lo JelSl Jaaall sie AU a5 (o)) paadl Gaedl O Gamg S ol gl

&_IL\SL\M e\d;.u.n\ u\ [IXS o_)\)aj\ UALAA.\A\}I S 4_\.0;.4]\ LSA Lasd 3aclal) ‘_é DJP)AM d}a;j\
t\ﬁﬁyé&&udﬁﬂ\w\ebu\mMMJ‘ﬂ\u& \Mu\jﬂ\km(éw\)
A Al il s Ul A ses o e Jole S o

B i W/ﬁ?////ﬂ/é’//

\.

LALr 7P .)’/JIIIWW/}W LTI
151 cartons LOAD ON SLIP-SHEETS 50 cartons

14.6% 0%

| . | | |
: |

113 carons LOAD ON PALLETS 0 cartons
Al e 4 gaal)

Source: Ashby, B. H. et al. 1987. Protecting Perishable Foods During Transport by Truck.
Washington, D.C.: USDA, Office of Transportation, Agricultural Handbook No. 669.
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Stacking strength o=l 548

G US o Lewimns g S Y1 QS (f o3 ol LS 5 gl B o L 5 (g 355 gl i
2nd (Raa ) 08 75 3) S sld Gl 5 LS 3 (i S0 Gaaliaal) 88 alina o) AL i S0
9034 A 15 e yada dua )15 8 (e Jlas sl g dia o

0 0 0 0 0 0 Well-aligned
stack of cartons
/ has the strongest
Reduced stacking 0 0 0 0 0 0 stacking strength
strength possible

L)l 5,68 Loaliasi

@ sl ¢
= s dua pua pall
diSaa a3 g8 5 S8
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Bracing the load <ba il culs

Voin A ganll Coi cany oA 5 AL 5 A pe AL 8 Ay AT o Al il e Y
O S o) sal) e Ji (o LeiSay Al ganl) i€ s 13) Jal oL ABUN 810 Ll sla) b & jas
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o Al Cfl ddapey 4puda 3l Al (S 5 @il (S Jeasll gSe ) sl
) S el L AR 5 A e
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e S Gl %

Nominal 2x4 in. gl
(approx. 38x89 mm)
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Source: Nicholas, C.J. 1985. Export Handbook for U.S. Agricultural Products. USDA, Office
of Transportation, Agricultural Handbook No. 593
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ashgtinY) e Sl o Al it ol luml o dpdd il aladiuly dadl) cuds oSa
Jaill oL Calill g ) jat) Jls g Jail) U AL ganll s e ) Gang) o) Styrofoam

Brace load | ﬁ
away from side - . ;,ﬁ .
walls and L e
stabilize load .

with small
plastic air bags

Ol 08 s i gl G e
dsilad)

Stabilize last -~ .
pallets with load
locks

TR
i A

Source: Thompson, J.F. 2002. Transportation. In. Kader, A.A. Postharvest Technology of
Horticultural Crops (3rd Edition). UC Publication 3311. University of California, Division of
Agriculture and Natural Resources. pp.259-269.
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Air Transport ¢l Jail

(fial) osisl s alall sl (e add s e Y gall el Gl D geall @ ad il
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Source: McGregor, B. 1987. Tropical Products Handbook. USDA Office of Transportation
Agricultural Handbook Number 668.
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Handling at destination Js<ag) dkii b Jglaill :aulill QL)

Al pa ) ol gt (65 Casiad) (S 8D (e Y Al gy AL (3 gmnall J5h5 o Laic
S Aleall 3 gusl 8 Axy I Jmmnall (385 w30 135 Jmanadly Sl 050 55008 A0 Ji e
b5 dpmasl) Al (b Jsemne o JIST il | lass J5all Samm s bl 0385 G () zliad 43 3l
Jicalae (535 5 Lee Adliaall i) all clalin¥l b Jualaadl o a3 850 ST o Y C gl s
(5358 im gyl iy il sl I3 Gbia Gy Ala s Ll e 5 3] g (kS Auion

(558 V) o) i (5 W) gl (0 33%) 5 58 i) ) sanll gl

JY e ol sasadl dal e 58 Addes o)) ) Jshailly adil) 2 ling 8 @llgivd) ) J gennall g U8
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e J8 dualad) 038 e plaail clilee o) a) Al dsasll dhais 8 Jolaill o 238l zling 28 (sailall
Lhaai e lid 8 5 Lapda eatd Alal) 3,0 pall ds o (8 5 sall Jie Jsemne i 8 (el Gany 5 01l
sl g s) Lised s ) (PHTRC, 1984).Juadl da yhay Jlaill guai (uilad e L) (e dadady  5al
Lo o33 e SEST Ll ) m Aa 0 gl ) pae o dany Lealiad] (g lal) Sl 28 (8 (e US55 ) pude
usn) zlail GulS o Caje 8 Al sl gall ol sall aal gl a1 aladin) o) plaas) axy skl Bl 5 53 Lalas,

DL e (uilas e Jany (Lgens

Janall o ol O 2Y (S e gud) s 8 Sl i jall S 5l Gmal) GlSa s a3 g
DL Jilil g alalalal) (V) eal) e s glaey Qi 5 alalelall (ge JS 4 san o3 il i gLl
Jie QL Jeati il Jualadll ge 3130 Claall aladind o @Y s e Geal) Laiy 35l Al
Alle and gl A8 e sl o (Ra calai 5 2l elay (ad¥) Jeadl — IS5 50 — (i)

Dyl Jsa

e L i 5 5l Bl 3 (8 Sl (s (e i 353 (ST 3 A ) Jaaladl e
Sy ol A (S g Al SN g J gl diia i 5 J puaanall (e plall 288 804 ) () (g050 B Laa (5 58 o) 58
ZLol e Aleal) g Jallaill Bl g alasin) (e salaiuy)

388 bl Lgd Jasy o Jary @l 5 Dine 8 Jy o) 4y Jlaill e 2381 o8 4l 8
Bl IS 13 Lo pass o) (Kasmire & Ahrens in Kader, 1992) 4ijaill 5 dlaall (5 siwe e
3eliS Baly 3 aaill 138 o 1 il sl saill Qi) ane 5l (al a1 5 SISl ) k) ) s
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Unloading &4l

Ji oSa 5 Jpemsll L b ind) cidlalall oy Tapal) Jed) Jmsr sl Cinmy L o
sl Jan 8 e 5 Jlaall e clinil g Jil 5 5l 38y g il gual

@(@;;48 46)(1..»222)(117&wjhdm@mjﬁjh"ﬂ\u\)m‘ubujwy

Source: Selders, AW. et al. 1992. Facilities for Roadside Markets. Northeast Regional
Agricultural Engineering Service/ Cornell University Cooperative Extension.
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G pladinly Gl Jseanall J8 Sl g8 ke Jemn o (Sar dany Joe lia
z o Al 3 jUall 53 k) ddda dedie 8 5 jld) Jala 3 s aay (S 5. 8 din 5 (0sh)
din o lelalgn (e < gaall Galad (S 5 el s e 8agiie ol 350e o Aana 3l

Bokd) z A ) el J e LSy pa

\___ IRON HOOK

Laa Cillad

Source: Pantastico, Er. B. 1980. FAO/UNEP Expert Consultation on Reduction of Food
Losses in Perishable Products of Plant Origin. Working Document 2: Fruits and Vegetables.
(6-9 May, Rome: FAO)
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Lol g yedll 2 5ill (8 5 i 5 el Blee il (s 3) oDl Ao sanae e oSy
b&d&us.m”ja_)\:u.n]\cﬂ‘)a.l;m‘ﬁjw\%uﬁk_amjj%m;t@iﬂﬂu‘ém‘w
Lty 58l Cala -l aladin) s caliall (e 2l cadall e A1BL

SIS IS putie Ciaa I 058 O a5 Jend A8k s a1 Jreatill Cia ) aladia) )
Jagnd (Y (a5 3 ma e i O LS Lt Al gaall 5 dlalall Sl Jaladl 5 danidd 5 8
oAl Lo el Jaall

STEEL BAR SUPPORTS

RIVETED PLATFORM

ald) e 31 Glua Saac

SR ' . 'HINGES

BALL BEARING (socket type)

Q,g,\’.'ﬂ\ L.. 1 9) )

FRONT VIEW OF STAIRS (wood or steel matting)
(o sl 9 Eua) allaall sala) jlaia

Source: Pantastico, Er. B. 1980. FAO/UNEP Expert Consultation on Reduction of Food
Losses in Perishable Products of Plant Origin. Working Document 2: Fruits and Vegetables.

(6-9 May, Rome: FAOQ)
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cdgall ¢ AL 3 A cila g

B oo Akdladll A4Sy Jhally 2l Gl 48 gud JB 5 jual 35l Jeasally BliiaY) &5 1)
S 13 Jia ol e 5 i 351 ja sy daadl & Jualaall (3305 8 Q8 5 J sanall
058 o AaaSle ge %695 — 85 G Anaaill 4y sha Il e Adadlaall (S Ji ) oL 7 Ladall 5 s
LI Auale 3 e aladiud 5 4y seill Baob e o) g sl (B aals e 5a e S GuliY) S i

feh LS5l all ds o e el e gane S 8 Lgaend o () (S Jpnalaall alana (6

32-36°F, 0-2°C

Temporary storage temperatures:

45-50°F, 7-10°C 55-65°F, 13-18°C

Vegetables and Melons  <l8allg padl)
anise collard* parsnip Basil casaba melon LS ¢ 3
artichoke cut vegetables |raddichio beans; snap, etc. cassava L.l
arugula* daikon* radish cactus leaves crenshaw melon
asparagus*® | endive* :Lxa  |rutabaga cucumber* L dry onions = <ils Jay
bean sprouts escarole* rhubarb eggplant®  olsidb ginger du s
beet garlic a5 salsify Juan Canary honeydew melon s
Belgian green onion* shallot Melon jicama
endive* herbs(not basil) spinach* &l kiwano potato sl
bok choy horseradish snow pea* okra*  4xb Persian melon
broccoli* Jerusalem sweet corn pepper; bell, »=ai Jab Pumpkin = lwe g 8
broccoflower* |artichoke sweet pea* chili squash; winter, hard rind
brussel kale Swiss chard squash; summer, soft rind* 'sweet potato* Uil
sprouts* kohlrabi turnip tomatillo taro
cabbage* leek* turnip greens* watermelon* gk tomato; ripe (issl) ahlds
cantaloupe lettuce* s waterchestnut mature green sl AlaSa
carrot* o> Mint gl watercress s> yam* ol
cauliffower* ' mushroom
celeriac mustard
celery* u4_ S greens*
chard* parsley* (s
chicory*

32-36°F, 0-2°C 45-50°F, 7-10°C 55-65°F, 13-18°C
Fruits Agsul)
Apple zw Fig O avocado, mandarin atemoya Mango s>l
quince gooseberry unripe olive s banana mangosteen
apricot Jiede | grape e cactus pear, Orange J& . breadfruit papaya kLu
raspberry kiwifruit* RIS tuna passion fruit cherimoya plantain
avocado, ripe Sl nectarine S carambola  pepino coconut pummelo
strawberry 4.8 peach & chayote pineapple grapefruit* rambutan
blackberry pear; Asian sl 5 S cranberry pomegranate lemon* sapote
blueberry pear; European feijoa tamarillo lime* soursop
cherry persimmon* Ss guava Tangelo
currant plum RESY kumquat tangerine
cut fruits  4=hia iS4 prune longan
date &b lychee

* Products marked with an asterisk are sensitive to ethylene damage.

Source: Thompson, J.F., Kader, A.A. and Sylva, K. 1995. Compatibility Chart for Fruits and
Vegetables in Short-term transport or Storage. University of California DANR Publication
21560 (poster).
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Sorting/repacking i) Bale) /3 Al

aall (39 (5 sinn e 3 5l aa dae 5 cuded sl e ke ) Jalaall iany ling o8
) Landait oy O amg Jgea gl Adas (& J peanall Jhail Jaall ddans Japlads of &332l
o AL aa 55 J gl gy Al gla (8 olial rua gill (B 5 (Aadie ) a3 e il shaal)
sle o paldill 3y 5 dpsd) cle diiail dlbias dga s sl (b o3 Jpasal e asa
Zasall 13 8 5 Al AUl d8adle 4y je o lgnay 5 Gl S Al (S J sl

a0 sleny Gulalall (g 23 g a5y sl il shadd oda 1Sy a5y Ol sl 5 alad ¢Sy

T L e e =
= - &
U_ | fill Al H
Repackin, H
specing ® ® —
e
U. Produce
Cant U et Saen Drain .
Aipdl) saley A gla
axil) paley Al Board S.Ink.
O I sl Jas paa
Qa4 e
Sl

Source: Selders, A.W. et al. 1992. Facilities for Roadside Markets. Northeast Regional
Agricultural Engineering Service/ Cornell University Cooperative Extension.
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axe o Basall &l pual | ks A5 el ) dlead) (3 (5 s o Jaalaall rany L alad 8
dad ) aae Juay dee a8l 50 Lo sbial daiza gall ahlakall 558 Al o) gl (uilad 5 bt
DLl s mandt 5 (breaker) saiall 5l 4oyl s dsalll LA L) ladls a8 Al

AUl Jind @ sae 8 da g pall T35 580 aacas Ay 5 dadd) Aled ) o) sl

i 44 gatia alalabs
b galia il 3 a2 8 gulia
e e BREAKERS i
EMPTY LUGS RIPES PINKS TURNS EMPTY LUGS
A2 8 glia i b galia
EMPTY CRATES , EMPTY LUGS

/

N

DUMPER . |l e s °lo <— RUNOFF
S ol file: -‘h 4 20 /
5' ROLLER CONVEYOR SORT BELT ‘ ’ Lal) 4l
/ (V99 dada SAU s .
a5 oahy SA Juee e
FULL CRATES ’ GREEN TOMATOES
Jsmanally slan il g §) pad bk

Source: USDA. No date. Tomato repacking methods and equipment. USDA Marketing
Service, Transportation and Facilities Research Division, Marketing Research Report No.
597
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Ripening gzl

Dl o) el Al pal a5 sl g slhaall 4gSall ) lalll Jgea sl Saaat Al sl 58 L)
s o (A ldpay 2 5 @il 7 )&zl o) s Climacteric fruits o« 353 <l
o sl sl JL)

— 4aidl) —gﬁ#\—jﬂ\—jdﬁﬁy\—cﬁﬂ\ : C|imacteri0w;é.'|ﬂ\ 3_9_)5 <l Jhﬂ\d&'ﬂj
-Lﬁﬁﬁ\—j;ﬁmw\—:\_}ﬁbﬂ}Nﬁdﬁu\—d.;ﬂ\—ggqbd\ Qﬂﬂ\—feijoa:\é‘jéj\—d‘,)ﬁj\
(G5l — & Al — o S — afiall€) A paall 81l il 5 gl 5 LU QXS Ul
2 Lgaliad] oy o) ol pind gl ALaSa Wabian &3 13 (Sa Jualaall 038 iy 5 akilekall
Cum alall e Lmnl) 3 Ll G (s RS 5 3 pall (o) 5 paemd 5 il 0 330 a1 sl
leabai) ai 5 ¢l pad sall dlaiSe Wobias &3 13) ol 8 Gal a5 4eSs Judl e Joans ) oSy

bl e lganzai 25 Da 50l @Y1 e el clll & s

)uss\mija&m;u:idg;gg\wz)ﬁsg:g.gs@;zum;\zwsaujw\u@
— el — Al o Sl - eIl — N - S Y - el — i)
b Sl iad ol (Sar GaliY) e Aase DS () (passion) sl 5 ke G5l
an)L@.\SAJ\)(k_UﬁJ&\dﬁAUAS.\J\ EJ)..J <ald Jw\wdéﬁémﬂ‘ &LI\:\SA.G ;J.}ﬂ u.ns.\ﬂ\ 3})..3

i Babas i Gl e s ol Y Non-climactericosiii 35,0 o oad I Ll
OF Taadly 5 @l dmy el g Canmy Y gl 3 yaay 41 a3 sa Gl s Juadl e Lgie s
&L\.u&\ujc c..A.\S\ Yawdﬁjw‘ Y J@F\J\WEdpu\Ju}&ue\)ﬂ\}W\

sl Sl 5 S0 5 cliall Jis non-climacteric (45 350 Lo (e (Al Ll 03 yany g
a5 Ll (Gl 5 Busll 5 s 8 cuall — JE L — sl g sadll — ¢ saull)
g oAl A gl all 5 el — LYY — Jaldll 5 ALl 5 Ll 5 (Lychee) (iilll s caiall 5 laidlll

Gabill 5 Auall

Dk o) L cpliYU i) &Y sladd non-climacteric (45 853 b (Al Ll cuaid

la S 330 b Sl ea Yl Gtil) B et o Leiay Y — Bl Jaw e Wiga ol seall A1)l

DI L dla aliee €S bl LS () g ol Jlgiin ldB) cume 1) 5 dbasll ey
st ya e @l 8 slasll Jaag Lee W sai JWKY Gilad) £ saul)
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ot bl addind 5 Letad Gauad ) 45 ol dlead (6 gl o Ll pliai] g2y 38 Ula|
Ll aladind o 55l 5 — (W edae Opentl) sl — alleball Jie Jralas g o Lad)
o) 51 963 Sy xie JidY) 5 jladdd QA il Gl i) aladi) e Juall ddiia (ol

100 Sy glay) 48 e ) lad (technical grade) o)) aadiv alaloall 4l
pan e dele JS) CxSa 238 0.25 Jlos ) ZUsd Lo Wlle 5 dels 48 3add g slall (e 22
P 5 M Gl @5 5 dsA pualad Glaval 8 opa Ay s pladiad (Say 5 glaty) 438
zlayl o e A forced-air ¢ sl ady aladin) 3 ¥ LW 4 a3y 5 zlead)) 4 e

el A e A Galiy) Jle a8 5Bl all da ja pailad (lal

Continuous flow gassing: b saiwall syl s

RPN IR
Air
let .
Sg;(ee <=/0)Blower Y e Cluass
ToA clad < Tubing for S8
o156 Tomatoes Ethylene Sl il e
phlab SFlowmeter .
Two Stage };f
Regulator R
< Ethylene
Cylinder
OalEY) &l shad

Source: Kasmire, R.F. 1981. Continuous flow ethylene gassing of tomatoes. California
Tomatorama. Fresh Market Tomato Advisory Board Information Bulletin No. 29.

oYl ASs e Ml 1 ) oaa ) Gl Clalse e Glaglall e 25l
www.gasupplies.com B WWW.ripening.com

s34 5 activated alumina dadial) Lie ) (e mlae e J Y Sl el i) ZU8) (Say

(S« 2- chloroethyl phosphonic acid (ethephon) Osiiy! Jie GalinY) Glalge o)
Al oY) A o ) e Wiy o5y aadind 1)) aiaill dga sall ablelal) Lealasin
Al 4y sha 1 i/ 5 Aca sanll o8 5 315 LalS oy i

Source: Kays, S.J. and Beaudry, R.M. 1987. Techniques for inducing ethylene effects. Acta
Horticulturae 201:77-115.
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N Jsall 5 e pa o LS et ¢l 1) 51 il ililnd 4 ¢ peme (s

by sl 8 4e1 30 5 2- chloroethyl phosphonic acid Gsiy) aladiay L 7 saal) clalaiiuy)
ddadall

Approved uses for ethephon (2-chloroethane phosphonic acid) in US
agriculture.

pad Sy o113 -V 5l (B L ¢ el Jralaa pladiuy)
LYl IS (2 Tl 2 AN

la 588 alaledall — 55all | Postharvest fruit ripening Sbasll 3y gall 2Lzl
Bananas, tomatoes (FL)

phladall — =a¥) Jaléll | pre-harvest fruit ripening Jbaall Ji 7Ll Alalas
Peppers, tomatoes

sl - zlal Fruit removal _Lill 4 )
Apples, carob, crabapples, olive

3l - pladl) — i) Defoliation (/s Llau
Apples, buckhorn, cotton, roses

- blackberries (WA, OR)- Apples &l Fruit loosening Ol Joad 4 s
cherries (CA, AZ, TX) - cantaloupes < stlsl!
tangerines

cranberries (MA, NJ, WI)- Apples &l Ol Gty gaill JUES) paa

- filberts (OR) (il - figs (CA) ¢l | Maturity or color development
— peppers_asl Jili — grapes, i)
tomatoes ahlek — pineapple (+-Ul

cpotadl) (Sbaall JaB) pad¥I o6l Al )
Tangerines | De-greening (preharvest)

(Sbandl 223) puzdW) o ol &) 5
Lemons Osedll | De-greening (postharvest)

Walnuts Jead e Dehiscence kel ddlef (3ais

Tobacco & Leafcuring  G&l_sY) dallas

Pineapple and other bromeliads _~ULY) Flower induction _ta 5> adall
A8l — bl Sex expression  (siadl il

Cucumber, squash

Apple &l | Flower bud development A ac yll sk

zadll — Juigdlall - 5l | Plant height control Gl J gl A 2Sasl)
Barley, daffodils, hyacinth, wheat

, geraniums - AzaleasW!J¥! | Stimulate lateral branching 4wl & 81 sl

Source: Reid, M.S. 2002. Ethylene in Postharvest Technology pp.149-162. In: Kader, A.A.
(ed). Postharvest Technology of Horticultural Crops. Univ. of California, Div. of Agriculture
and Natural Resources, Publication 3311.
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el (Saall Jualaal) (ol mlaa) 5 G3adll s jall cila e g U Jgaal)

The following table shows typical produce storage and ripening temperatures for

some of the commodities that can be ripened.

Bl 30a da o
4o 5l O AL
Btu/llb-F = °F (°C)
0.81 55-40
(13- 4.4)
0.81 58 - 56
(14 - 13)
0.94 50 - 45
(10-7)
0.86 33-32
(0.5- siuz)
0.85 58 - 56
(14 -13)
0.9 48 - 41
(9-5)
0.9 32-31
~0.5-)
(Ve
0.95 55 - 50
(13-10)

Ba da
zlan)
°F (°C)
65-59

(18 — 15)
65 -59

(18 -15)
77 - 68

(25 - 20)

68 - 32
(20 — jins)
72-68
(22 - 20)
72-68
(22 - 20)

77 - 55
(25 - 13)

77 - 68
(25 - 20)

oa_pil) Baa
Gl
G

48 - 12

24

24 -18

24 -12

24-12

72-24

72-12

48 - 24

CHLEN) 58 5

(Ppm)

100 - 10

150 -100

150 - 100

100 - 10

150 - 100

10-1

100 - 10

150 - 100

oealill Jaza
(mg C02/
kg-hr)*

157 -62

110-25

27 -20

22-16

200 - 40

34 -22

81-12

44 - 24

Janall

5lS gl
avocado
B
banana
Jusal) 2.3

honey dew
melon

&S

kiwifruit

mango

J
el g A1)

orange
degreening

c\jﬂ\ &LI\}..J

stone fruit

A

tomato

(el 24/ Hhfagilay 5 83 ) il 3 5] ja Ao Jeani] 220 & @yl

Source: Thompson, J.F. 1994. Ripening facilities. Perishables Handling Newsletter, Nov.
1994. Special Issue No. 80: 5-8.
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2 e A jall (i () Blaral) el gall diaiadie umd¥) o AN ) A8 e (e B e slial z3 salll
DA ol sell Bam A8 n gl QIS i il 5 il day )l gL Gl ey Loy Lo
s) el A8 a5 Al A5k )l 55 sall Bl 5 A8 jall maaal o Claglaall (o el 5 Ad )
¢ 3l & (Thompson 1994) Ripening facilities b)) Jilu s ol sies AEd) ) aa )l

Bl sda L aaljally (aldll

R
Cmdad 3aa g
Ventilation inlet Heating unit
s Fan
Humidistat /
QS Cil et Humidifier s e
Faise ceiling—-\ *J) >< Thermostat=, ~ <iwses
/'::: -\
— | < 2 N —
/-Cur'rain > i JAd o Curtain—\ |
B Sl Wall or fixed curtain Curtain (raise for entry)
4l ’
L b Pallet | boxes b,
il alba //?-: = =

Solid floor

(B5) Do <l

Source: USDA. No date. Modernizing Handling Systems for Florida Citrus from Picking to
Packing Line. Agricultural Research Service, Marketing Research Report No. 914.
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izl lilead Lauilly 3508 Basly 5 jaa il e Juadl 3 pia 43 2 (e ST 25m )
i gl et & ST gl Ban) 5 Ad e aladin dulSa) el e alaill apanad Sy Alall 020 i g

CJ\AL@_’L‘.AJHJ}\ Aaaliall Jagaatl 2al g u&éuha.d\ de\a;;u.u\:ﬁ'é‘)gé\ GAJUSA.\
lae dlia sall ol sall 5 COlasll (i 2 3all ) Zlisd aal s (lSa (83 36aY) 028 auay ) sl
e Pl 1 sl AdS e Claglaall e pdaly e A Wl Sles JS a3 1)

.Sherman and Gull (1981)

Flowmeters in one location alg (S 33392 sa Sladl daS Gl Cilalas

i

Flowmeters located in each ripening room e e zlail 48 & JS 8 Slall (uld cialae s g

IS / ‘?g/ 7

h o

-~

(\

/

’

Bl
g !

Source: Sherman, M. and Gull, D.D. 1981. A flow through system for introducing ethylene in
tomato ripening rooms. University of Florida/IFAS, Vegetable Crops Fact Sheet 30.
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8 Baae IS 58 (e Al plial) Cilaa g yali 4y () 30 sasall el Jghai] dilly (V) Sy
Ly 52y el sedl il ddle Ay ailly 20 ao olial L yeall Jaiiall g SN HUaill () 1Sy 5l
58 220 ebiyeS Jiae g JpeadCina ) pdsh s slhe g le 0S5 aliads &

Air Handler

sl ylaa

Source: Modular Ripening Company, Inc. 1994. Norfolk Virginia
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5 DiNS 5_xS Gl ahadiuly zlasy) dlee a1 G Ljadll 5 daall (3 gu (5 50 o 5 (S
e Bsnall Jah malill sl Jie Gl e J eane (o Aot 23S pay 5308 s S
24 52 i) (e dadaly 508l A g Sl Sl G5 gaiall Adaat 255 Asbiai] 3 jall J geanall

ey il Uil 1 J13 5 de

zleaiy! @L‘.?\mp dhesgjsﬁ?_m LSy J ‘é_é.)}.&\ claaly daww 44 )k cllia
g2l Ssa sl damli U8 g Galal) B G Leabiad] S all Ll gy 23 5 ripening bowl
45 Sl i (e g sian dlial i sall Galall 5 (G e 5 A5 A Jsasa gl )

A 4-1 O i il 6 Ll 3 aladiuls 5 — (eUaall) Galall A J g A gl ClaTh

L5 Jaa allill daddia (5 Al 4k aladinly Jad) (5 gian e L)) ol ja) Lad oS
J) pSaa e A Gl J8 &5 daali 50 ge By LS (B leabad] sl Ll g o
AUl e A zaail) Ly Lie (i) (s
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Display uasd)

eadl) Jualas 5l duliall Jualadll (a el dacas sbial dca g jaal) Znddll (o el A gs )
dila 5l a8 s b ol Lealadin) (Say gl pliidy 2,0 deats ) 480
rdi ) sS Arala (8 40U YY) cleadlly Jaail apanaill Jaaldi (e il slaall 3y jall DLl

Cornell University Extension Service 304, Riley-Robb Hall, Ithaca, New York, 14853.

B9 ma g asll (B 2,0l i gl mhaise (e o e 038 IS g yaall B (e Jla ) -4 sl
3l O3l e aY 8 e claliay) Qi) 5 o el e ) oLl LY e b
B).'I:L\AS‘ u.nA.uJ‘ oe ‘ML@.&;@}}M}M\ ah@l

e sanall Jaadl @lly 5 cpiida of aal g A8k aladie) dplied) COLalal) (aje 8 Juady
Sleiuall dga (e Jghaill 3305 (e 5 Lpmny e cliilal) b e Al 4SSl ) )

Source: Bartsch, J.A. et al. No date. Construction and management of an iced produce
display. Cornell University, Agricultural Engineering Extension Bull. 438.
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Sle A Ala) Gk e Jsanall Gase LU Adle Al gkl e ddadlaal) (Sa
dae Say 5 .cibai 5oL ele aladialy elld Ly 5 JL deati Gl dualsall 5 48 5511 Jualaall
ladin] &3 13) 5 ele ash i Lelua gl g lan 5 juea Lol Audie ) gula aladiuly Algn ) s

Al 5 5 e Y el A G el 1

WATER MIST

—

i

DRAIN i wa de glL

Codgdl) Ll & 5 () Aelaiie <l i o W pedai 5 Leddat (e 0¥ G adll 5 el (Bhalie ()
O S WS alall jedaall 1) foa (ia el (S 850 0 50 lanS Ly Al Jualaall 5 cidUaidll
Y 5 @l 5 sl T jaan ()5S

2oll e se o U1 3131 (e i A Jaealaally 400l

Produce that benefit from misting while being displayed:

Mustard greens ¢l waa 03 i Artichoke sl A
Onions (green) il Joay Beans (snap) s =i W sald
Parsley (538 Beets o
Parsnips Broccoli S5
Peas Al Brussels sprouts J-S » < S
Peppers sl Jils Cabbage SPS
Radishes Jadll Carrots o»
Rhubarb Cauliflower Loy 8
Shallots (green) Celery o S
Sprouts Gliial) Collards
Summer squash (stia 4 S Corn 33
Swiss chard Eggplant BESLE
Turnips il Endive slaaia
Watercress B Kale

Lettuce oS
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CSars 08 8 X 4 S = o) e ginai () (S 853 Caal e 3 ke Adanay (e Al la cllia
Cornell University Extension, 304 Riley-Robb Hall, Ithaca, New.
York 1485

Source: Agricultural and Biological Engineering. No date. Description and Price List of Plans

for Storages and Market Stands for Fruit and Vegetables. Cornell University Extension
Bulletin 851-S.
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PROCESSING of HORTICULTURAL CROPS Zuilivdl Jualaall ayiial

L) Jalaal) et 1 piilald) il
Processing of horticultural crops

K Janalaal o3 (pe S8 A U Jeealaall (35330 5f (5 sil) (3 puils eant¥ g ylal) il 1
LY Jla L axdid o) (Say dpmsieaill okl (e paall Glia g adae il o) iS5 AlaREl Lgayiai
kil a5 peadll Ll ol eaed) Gillee s Jaialdl g avaaill g cadeill 5 yradill s Caiaill Lgia s 53 saaall
a5y HhaS allall 8 Aol Alee jpedll Alee o Jilsall (8 Lgm 5 Lgaladial Caags Lehy 3305 Lgdaind (S
Campbell-Platt (1987) o2l Ll iy juedill o il o122 3500 (o SS) G o 28l 5 6 12a1) Jada]

N s oyl 4 S Jillae (3 4gSU el daia o dle 5 AgSUl 5 il iand ol st (Say

Al A el lee (e Caagl) (38 s Axiiaall Jualaall 3 38y jlay o jA0l) § Raadl) o) jal Gaag g
e ) o) sedl Aalanl) daSaa due o A Adiaal) Jpalaall (385 (00 2 Ade I Joci B id) Lgdy g 5 5
B lals 8 haal el 331 (585 ) o) LS (Slitadlll (e Al GLS) S 483000 Sl s
o Auladd) calatiall (A0 Ky Leaa e i 53 Alle B35 1Y O ge Crediiune &y ) ) Lgilies aas

Aallie 5 33)b (Slal (8 Fladn s cilala ) A 3Ll

Aa sl Jualaall e 2815 J81 5 Jansl ) 60 ) Sy dian) any dnieadl) Jualaall 3 g s Jii s J sl o

G A JUal) L lat e J8 L2 ) 58 Jids Adbaal) Jualaall () L 5 5 jan G AMal) 03 3y il ) Cam
oAl Jall Callss i _gd

gl alall 5 M by 25 g ol Jsanall 055
Yields this much dried product 25 pounds of
Jby4 Fruits dgS
Jby3 Carrots or beets BETIS
Jby 1.5 ablaks ol i jSc b S

Celery, cabbage or <tomatoes

Jh,25 Onions or zucchini 4 S gl Jaay

Source: Bills, J. and Bills, S. 1974. Home Food Dehydrating. Bountiful, Utah: Horizon
Publishers

Intermediate 5 CTA on L oslaily @lldy paill clleal dudiall 35¢a¥) 0o diy laal o3
423l iy Small-Scale Food Processing (1992) s» Jl ol sie s Technology Publications
31l lleall e Cilaslaall (10 2 50 () J gl JLlall 138 alasil aads a5 Fellows and Hampton

Sl Ol sialls Gainl | e aial jiae ol A sara N Jsasll 5l oda Ly b
* Intermediate Technology Publications, 9 King Street, London WC2E 8HW, UK
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Processing equipment il Ciira

Gl e 5 cilidaall Jadn g Intermediate Technology Publications ge sdbas i siay zla z IS cllia
il Gl s decorticators b <l i &) ) Clara g dn eI allaall 5 4y sl allaall 5 cilalaiall g o ja3l
a i o A 3al) Jualaddl cilakld ¢ Ll ¢ jlac ¢ 3l

Two-man cassava grater: gbaid 4axding VLS ji g ohli jlea —

Four-bladed root chopper: 4 %) dualaal) ashiil dall day )b aabai Jlea
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Hand-operated fruit press: JLill 43533 juac

Source: Intermediate Technology Publications, 1987. Post-harvest Crop Processing: Some
tools for agriculture. Intermediate Technology Publications. London, England. 29 pp.
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Preparation for processing giwill jigaill

3l sl elall aladiuly Bl dlee o) Caiaill ol sl 38 blanching Gle dslee () Jualaall (s zliag
sosma oo s atieadll ey 4S5 o Sl Bl e aeluy Lae Jsanall 8 dpa 331 Bl lill Cigi
u&jw\&&u‘s@\wuﬁ}éjgufwéo‘)ﬁc)\iJU\;wb(@ygﬂ\)dw\uﬁ
_&HEJ\)Q\A;JA

G ploaskS O 1 8) ) JS sle (sl p35u) Jieslaall (g0 e penal (Ll il B g ) Jsanll s
ST gl ) e Ailaie b asis i€ 13 i Y e e ) 238 2000 JSU 50l ) A Ailal el s . J geandl)

234000
(A832) (3laall o 33U Cya 300 Jyaall
Blanching time in boiling water Commodity
(minutes
3 Broccoli Sy
3 Green Beans o) pad Ul pald
5 Cabbage (wedges) S
5 Carrots o
(e 3o 4 )3 Cauliflower L i
3 Collard greens ERBTIPS
7 Corn (sweet) 3 S0
(U9 spae S 2/1 canl) 4 Eggplant - ol
2 Leafy greens 48 )5l g s
5-3 Mushrooms Qlall (e
2 Peas il
10-4 Potatoes (new) (e233) uballay
oli a3 -2 Pumpkin e & B
oli Sa20-15 Sweet potatoes Uallaydl
3 Zucchini/summer squash sira A S

Sources:

Chioffi, N. and Mead, S. 1991. Keeping the Harvest. Pownal, Vermont: Storey Publishing.
McClure, S. 1992. The Harvest Gardener. Pownal, Vermont: Storey Publishing.
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@mdﬂwgﬁ)ujﬁ\umd\,L@g;s;uziq)ﬁg&uﬁwbtﬁ\,@mbcum B
on %1 sbae ) Sl e Sulphiting Gk e sl (W) G aaS [ pa 12 5) dlay IS )
C Ol 28 ol AgSall 8088 ) Sy () 5l (685 ade e aeluy(Baal) 5 4385 3a4] potassium metabisulfite

GG Alaladll Jualaall ¢ gae 565 o s @l Wil aed Splesall et | jame (o 5Sy 38 a0 o
DA il o s i (Al AlelaaS) a8 ALl (el plaiind Sy iy 245 A 5 Ay Lgide
Osla A1 b Gale ) S LA Ll e 2y i b a Ouelid s o 30 pail Chiadl Al
@M\JM\M\)‘\@\A&;M_DM@&MJ\}QJ}M\‘;@&@)L&\@\)ZM_(quart

FENET W

s () ) adali LS gLl ol il i (I Leil) aodai Gany Jralaall Cagiad 8 il Juadl e () el
I8 e Aadadall il cani Lty skl ol oL 3 — 2 (e L (8 (oesall) it 5 a5 S ) 4
Ol gl a s DA 2 58

Sulfuring times for selected fruits: JLill (s 43 1 & 53U e 30

el bl B 4 sl ) Ll gLl A4S sl a ) Jyasal)
Sulfuring Time for Halved Fruits | Sulfuring Time for Quartered Commodity
Fruits
438,45 Apples gus
icls 3 dels 2 Apricots Chadia
438,30 438y 20 Cherries HA
elu 3 delu 2 Nectarines G lsS
el.3-2 delu 2 Peaches tA
elu5-4 elu 2 Pears 6 RS
Sources:

Miller, M. et al. 1981. Drying Foods at Home. University of California, Division of Agricultural
Science, Leaflet 2785.
Hobson, P. 1994. Making and using dried foods. Pownal, Vermont: Storey Publishing.
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4 dexd 958 Ge S Bsta (o 3 ke s 5 48l Alas o) jal (8 paxdiuy RIS (nddie (§s0ia dee (Say
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Source: Miller, M. et al. 1981. Drying Foods at Home. University of California, Division of
Agricultural Science, Leaflet 2785.

Wooden box: (a3 gdia

Source: Intermediate Technology Publications, 1987. Post-harvest Crop Processing: Some
tools for agriculture. Intermediate Technology Publications. London, England.
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Source: Kitinoja, L. 1992. Consultancy for Africare/ USAID on food processing in the
Ouadhai, Chad, Central Africa. Extension Systems International, 73 Antelope Street,
Woodland, California 95695.
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Source: Intermediate Technology Publications, 1987. Post-harvest Crop Processing: Some
tools for agriculture. Intermediate Technology Publications. London, England. 29 pp.
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Source: Mrak, E.M. and Phaff, H.J. 1949. Sun-drying fruits. California Agricultural Experiment
Station Circular 392.
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Source: Fuller, R.J. 1993. Solar Drying of Horticultural Produce: Present Practice and Future
Prospects. Postharvest News and Information 4(5): 131N-136N.
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Source: Yaciuk, G. 1982. Food Drying: Proceedings of a Workshop held at Edmonton,
Alberta, 6-9 July 1981. Ottawa, Ontario: IDRC 104 pp.
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Source: FAO. 1985. Prevention of Post-Harvest Food Losses: A Training Manual. Rome:
UNFAO. 120 pp.
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Oil-burning dehydrators — «ujl (&) fak Jasd cilidaa
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Source: Clarke, B. 1987. Post-Harvest Crop Processing: Some Tools for Agriculture. London,
UK: Intermediate Technology Publications.
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Source: Kader, A.A. and Thompson, J.F. 2002. Postharvest handling Systems: Tree nuts.
Pp.399-406. In: Kader, AA. (Ed). Postharvest Technology of Horticultural Crops. University of
California, Division of Agriculture and Natural Resources, Publication 3311.
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Source: Chioffi, N. and Mead, G. 1991. Keeping the Harvest. Pownal, Vermont: Storey
Publishing
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Source: Georgia Cooperative Extension Service. 1984. So Easy to Preserve. University of
Georgia, Athens, Georgia.
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Source: Rogers, B.R. 1988. The Encyclopaedia of Everlastings. New York: Michael
Friedman Publishing Group, Inc. 191 pp.
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Source: Rogers, B.R. 1988. The Encyclopaedia of Everlastings. New York: Michael
Friedman Publishing Group, Inc. 191 pp.
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Source: Georgia Cooperative Extension Service. 1984. So Easy to Preserve. University of
Georgia, Athens, Georgia.
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Source: Georgia Cooperative Extension Service. 1984. So Easy to Preserve. University of
Georgia, Athens, Georgia.
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Source: Georgia Cooperative Extension Service. 1984. So Easy to Preserve. University of
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Source: Stoner, C.H. (Ed). 1977. Stocking Up. Emmaus, Penn: Rodale Press.
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Source: USDA. 1977. Canning, Freezing and Storing Garden Produce. USDA Agricultural
Information Bulletin 410.
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Cornell University’s Good Agricultural Practices Program

(e-mail: eab38@cornell.edu ).
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Source: Gorny, J.R. 1999. Chapter 10: Food Safety for fresh horticultural produce. In :
Kitinoja, L. and Gorny, J.R. Small-Scale Postharvest Technology: Economic Opportunities,
Quality and Food Safety. Postharvest Horticulture Series No.21, Department of Pomology,
University of California, Davis.
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Portable Sanitation Association International at (800) 822-3020.)

Source: Cornell University GAPs Program. 2000. Reduce Microbial contamination with Good
Agricultural Practices.
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Source: Cornell University GAPs Program. 2000. Reduce Microbial contamination with Good
Agricultural Practices.
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Minimizing pathogen contamination during harvest
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Source: Gorny, J.R. 1999. Chapter 10: Food Safety for fresh horticultural produce. In :
Kitinoja, L. and Gorny, J.R. Small-Scale Postharvest Technology: Economic Opportunities,
Quality and Food Safety. Postharvest Horticulture Series No.21, Department of Pomology,
University of California, Davis.

Small Scale Postharvest Handling Practices: A Manual for Horticultural Crops (4th edition). July 2002

247



FOOD SAFETY PRACTICES ¢l &a3lu il jlas

Slanll day be A e (8 ™ daa jall Gilsally (5 gaal) Jalis
Minimizing pathogen contamination during postharvest handling
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Sources:

Gorny, J.R. 1999. Chapter 10: Food Safety for fresh horticultural produce. In : Kitinoja, L. and
Gorny, J.R. Small-Scale Postharvest Technology: Economic Opportunities, Quality and Food
Safety. Postharvest Horticulture Series No.21, Department of Pomology, University of
California, Davis.

Cornell University GAPs Program. 2000. Reduce Microbial contamination with Good
Agricultural Practices.

Harris, L.J., D. Zagory, and J. R. Gorny. 2002. Safety factors. p. 301-314, in: A.A. Kader
(ed). Postharvest Technology of Horticultural Crops, third edition. University of California,
ANR Publ. No. 3311.
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Source: Price, R.J. 1992. Sanitizers for food plants. University of California Cooperative
Extension Sea Grant Extension Program Publication 92-9.
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Example of a package label useful for traceback
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Source: U.S. FDA. 1998. Guide to minimize microbial food safety hazards for fresh fruits and
vegetables. Food Safety Initiative Staff (HFS-32). www.fda.gov
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For Further Information: To obtain more information about produce food safety
programs contact the following organizations:

California Department of Food and Agriculture, Food Safety Issues
(www.cdfa.ca.gov/foodsafety).

Cornell University

Department of Horticulture

134A Plant Science Building

Ithaca, New York 14853-5904

GAPs Program: (607) 255 1428; www.cce.cornell.edu/publications/agriculture.html

Gateway to U.S. Government Food Safety Information: www.foodsafety.gov

International Fresh-Cut Produce Association

“Food Safety Guidelines for the Fresh-cut Produce Industry 3rd Edition”
1600 Duke Street Suite 440

Alexandria, VA 22314

Phone (703) 299-6282; www.fresh-cuts.org

Produce Marketing Association

P O Box 6036

Newark, Delaware 19714

Phone (302) 738 7100; FAX (302) 731 2409; www.pma.com

United Fresh Fruit and Vegetable Association

“Industrywide Guidance to Minimize Microbiological Food Safety Risks for Produce”
727 N. Washington St.

Alexandria, VA 22314

Phone (703) 836-3410; www.uffva.org

University of California

FoodSafe Program

One Shields Avenue, Davis, CA 95616
Phone (530) 752-2647; foodsafe.ucdavis.edu

U.S. Department of Agriculture, Food Safety and Inspection Service, Q & A about
HACCP. (www.fsis.usda.gov/QA/haccpg&a.htm)

U.S. Department of Health and Human Services, Food and Drug Administration
(www.fda.gov). A guide to minimize microbial food safety hazards for fresh fruit and
vegetables. (http://www.foodsafety.gov/~dms/prodguid.html)

Western Growers Association

“Voluntary Food Safety Guidelines for Fresh Produce”
P.O. Box 2130, Newport Beach, CA 92658

Phone (714) 863-1000; www.wga.org
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Appendix A: (38
Cila slrall 40 o Lt 4dli) jalaa
Sources of Additional Information on the Internet
(updated November 2003)

Postharvest Equipment and Supplies Alaad) da La Cila s g Sl ara
http://postharvest.ucdavis.edu

The on-line Postharvest Resource Directory can be searched by keyword for hundreds
of supplies and a wide variety of postharvest equipment and tools.

http://gasupplies.com
The International Ripening Company offers a wealth of products for handling produce
from the identifying maturity in the field to managing the ripening room at the retail level.

Grades and Standards, Phyto-Sanitary Regulations
;U.I:L.\.'\M daall a8 g B_yww’ 3{5@1\ il

http://www.ams.usda.gov

http://www.ams.usda.gov/nop/ (National Organic Program standards)
http://www.ams.usda.gov/fv/ (Fruit & Vegetable Programs)
http://www.ams.usda.gov/tmd/ (Transportation & Marketing Programs)

Agricultural Marketing Service at the U.S. Department of Agriculture

The Agricultural Marketing Service includes six commodity programs--Cotton, Dairy,
Fruit and Vegetable, Livestock and Seed, Poultry, and Tobacco. The programs employ
specialists who provide standardization, grading and market news services for those
commodities. They enforce such Federal Laws as the Perishable Agricultural
Commodities Act and the Federal Seed Act. AMS commodity programs also oversee
marketing agreements and orders, administer research and promotion programs, and
purchase commodities for Federal food programs.

http://www.aphis.usda.qov/

The mission of the Animal and Plant Health Inspection Service (APHIS) is to protect

America's animal and plant resources by:

e Safeguarding resources from exotic invasive pests and diseases,

e Monitoring and managing agricultural pests and diseases existing in the United
States,

e Resolving and managing trade issues related to animal or plant health, and

e Ensuring the humane care and treatment of animals.

http://www.aphis.usda.gov/ppg/manuals/online_manuals.html
A list of the APHIS/Plant Protection and Quarantine Manuals that are available
electronically.
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http://www.aphis.usda.gov/ppg/manuals/pdf files/FV%20Chapters.htm
Regulating the Importation of Fresh Fruits and Vegetables — (This complete handbook
is available online.)

Marketing of Agricultural Products Ao )30 cladiial) (3 g

http://www.bluebookprco.com/
The Produce Reporter Company Blue Book Services allow members to check out vital
business information such as credit ratings of potential buyers.

http://www.ams.usda.gov/tmd2/ccard
A case study of postharvest handling, marketing and transportation training for Ghana.
Website contains many postharvest training materials and marketing links.

http://www.agoa.gov/

President Clinton signed the African Growth and Opportunity Act (AGOA) into law on
May 18, 2000 as Title 1 of The Trade and Development Act of 2000. The Act offers
tangible incentives for African countries to continue their efforts to open their economies
and build free markets. Included in this website are a few the resources African
businesses can use to either search or post information on the products or services they
wish to sell. Unless otherwise noted, the services provided by these websites are free.

WWw.pma.com
The Produce Marketing Association, founded in 1949, is a not-for-profit global trade
association serving over 2,400 members who market fresh fruits, vegetables, and
related products worldwide. Its members are involved in the production, distribution,
retail, and foodservice sectors of the industry.

Food Safety Information LY A ¢ Gilaglaa

http://foodsafe.ucdavis.edu
University of California’s Food Safe program offers information for growers that assists
in their efforts to protect food safety.

http://ucgaps.ucdavis.edu
University of California’s Good Agricultural Practices

http://www.foodsafety.gov
Gateway to U.S. government information on food safety.

http://www.jifsan.umd.edu/gaps.html
US FDA manual on “Improving the Safety and Quality of Fresh Fruits and Vegetables”.
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http://www.cfsan.fda.gov/~dms/secquid6.html
Food security guidance documents.

http://www.cfsan.fda.gov/~Ird/pestadd.html

Center for Food Safety and Applied Nutrition - Any pesticide used in growing and post-
harvest treatment of each produce item must be registered for use in the United States
for the particular produce item. Pesticide residues must not exceed established limits.

Eab38@cornell.edu

Cornell University’s Good Agricultural Practices Program offers a free copy of a
grower’s guide entitled Food Safety Begins on the Farm: Good Agricultural Practices for
Fresh Fruits and Vegetables.

Postharvest Handing Practices — suaall i La (CBlalas) Gl jlas

http://postharvest.ucdavis.edu

At this University of California (UC) website you will find a wide range of fact sheets on
individual fruits and vegetables, temperature recommendations for storage, links to
suppliers of postharvest equipment and many reference articles on the postharvest
handling of perishables.

http://www.postharvest.org

Website hosted by Extension Systems International offering mentoring at no charge to
extension workers and postharvest professionals interested in developing further skills
in postharvest technology, training and demonstrations of practices. CDRom of a wide
range of postharvest training materials available free of charge by mail order (please
include $4.95 for copying services, packaging, shipping and handling).

http://www.ba.ars.usda.gov/hb66/
A draft version of the forthcoming revision to USDA Agricultural Handbook 66:
Commercial Storage of Fruits, Vegetables and Florist and Nursery Stocks.

http://www.fao.org/inpho/

This United Nations website includes a variety of FAO and other publications that users
can browse on-line or download for their personal use. The UCDavis training
publication. Small-Scale Postharvest Handling Practices: A Manual for Horticultural
Crops (3" edition) provides cost-effective recommendations on improved handling of
fruits and vegetables from the farm to the market. Other publications focus on
packaging, storage, marketing or training and extension.

http://www.bae.ncsu.edu/programs/extension/publicat/postharv/
This website sponsored by North Carolina State University offers information on
postharvest cooling and storage options for many commaodities.
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http://www.uckac.edu/postharv/
University of California Kearney Agricultural Center.

http://postharvest.ifas.ufl.edu
University of Florida Postharvest Group

http://www.fdocitrus.com
Florida Department of Citrus postharvest information.

http://www.postharvest.tfrec.wsu.edu
Washington State University postharvest information.

http://www.postharvest.com.au/
Sydney Postharvest Laboratory information (Australia).

http://www.sardi.sa.gov.au/horticulture/
South Australian Research and Development Institute.

http://www.chainoflifenetwork.org
A comprehensive assembly of information about postharvest handling of floral crops.

http://anrcatalog.ucdavis.edu

This website describes the many publications, slide sets and videos on agriculture and
horticulture developed and offered for sale by the University of California. There is also
a long list of free publications available to read online or to download.
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