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Good 

Agricultural Practices (GAP) 



 

 (low-input)

 

 



 

 

 

 

 

 

 

Spinach 

 

 

 

 

 

Artichokes 
Broccoli  

 

 

 

 (Abscission of florets)

 



 

Okra 
Snap Beans 

 

 

 

 (Chilling Injury) 

 

Stone fruit 

 

 

 

 

 

 

 

 

<
Apricot, blackberry, blueberry, cherry, fig, 
raspberry, strawberry; asparagus, bean sprouts, 

broccoli, cauliflower, , , , 

muskmelon, pea, spinach, ,  ( ); 

; 

   (  SO2), 

, loquat, , , melons 

(honeydew, crenshaw, Persian), nectarine, 



 

, peach, plum; artichoke, green beans, 

Brussels sprouts, , celery, , head 

lettuce, , , summer squash,  

( )

 ( ),  

( SO2), , , , 

, , ; table beet, , 

radish,  ( )

 ( ), ; 

( ), , , , , 

, , 

 

 

>

Kader, A.A, 1993. Postharvest Handling. In: Preece, J.E. and Read, P.E., The Biology 

of Horticulture- An Introductory Textbook. New York : John Wiley & Sons. pp. 353-

377. 

(Natural Resources Institute, NRI)

Central Avenue , 

Chatham Maritime , Kent ME4 4TB, 



 

Fresh Products Branch, USDA-AMS, FV, Room 2056-S, Washington, D.C., 

20250. U.S. Inspection

download Website USDA-AMS 

http://www.ams.usda.gov/standards/stanfrfv .htm 

(The Organization of Economic Cooperation 

and Development,OECD) ("International 

Standards of Fruits and Vegetables")   : OECD 

Publications and Information Center, 2001 L Street, N.W., Suite 700 , Washington , D.C. , 

20036-4910.  OECD Publications 

Service, 2 Rue André-Pascal, 75775 PARIS Cedex 16, France  

(Good Agricultural Practices, GAP)  

(Euro-Retailer Produce Working Group, EUREP) EUREP-GAP 

 "EUREP-GAP Fruits and 

Vegetables", European 

EU  

EUREP-GAP 

 (http://www.eurep.org)    

(APHIS) 

 

 

 

 



 

APHIS (http://www.aphis.usda.gov/) 

 http://www.aphis.usda.gov/ppq/manuals/online_manuals.html 

/APHIS  

 

 http://www.aphis.usda.gov/ppq/manuals/pdf_files/20Fruits_and_Vegetables.pdf 

 

 Protrade 

Deutsche Gesellschaft für Technische Zusammenarbeit (GTZ), Gmb 

H/Protrade, P.O. Box 5180 , D-65726 Eschborn,  

 

 ASEAN Food Handling Bureau, 

 "Fruit Development, Postharvest Physiology, Handling and Marketing in ASEAN"

 ASEAN Food Handling Bureau, Level 3, 

G14/G15, Pusat Bandar Damansara, 50490 Kuala Lumpur,  

 ProduceWorld 

ProduceWorld 

/

(www.produceworld.com)  

 (Produce Marketing Association) 

(www.pma.com)  

 



 

Refractometer 

Penetrometer 

(FAO, 1989)

(Grierson, 1987)



 

/

6oC ( oF) 

(Thompson et al, 2001)

 

(Pantastico, 1980) 

flavedo 

( Pre-Cooling)

(Mitchell et al,  

1972)



 

(Thompson et al in Kader, 2002)

Reid ( in 

Kader, 2002)

abscission  Feijoas 



 

Broccoli  

(solidity) 

(firmness) 

 

 

Avoccados  

( tannin) (dates) 

: 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 



 

Snap bean,

batao, sweet pea

Lima bean pigeon pea

Upo 

dishrag gourd

chayote 

Honeydew 

Broccoli 

 Celery 

 

: 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.

(Refractometer) 



 

Refractometer % 

SSC( ) 

SSC 
oC oF

oC oF

% SSC 

% SSC 

SSC 

 %SSC  

 

Apricot  %  

Blueberry    

Cherry    

 

Kiwifruit    

   

Muskmelon    

   

   

Peach    



 

Pear    

   

Plum   

   

Strawberry   

  

 

: Kader, A.A. 1999. Fruit maturity, ripening and quality relationships. Acta Hort 485: 

203-208. 

Penetrometers

 (lbf) The Effe-gi Fruit Penetrometer 

  lb

 

  Effi-gi plunger

 mm ( /  inch)  Olive 

mm ( /  inch) Cherry, grape, strawberry 
 

 mm ( /  inch)  Apricot, avocado, kiwifruit, pear, mango, 
nectarine, papaya, peach  

 mm ( /  inch)  Apple 
 

 



 

 penetrometers 



 

 

 

: FAO. 1989. Prevention of Post-Harvest Food Losses: Fruits. Vegetables and Root 

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



 

Tub

 

 
 

: Minnich, J. 1983. Gardening for Maximum Nutrition. Emmaus , Pa : Rodale Press.  

 



 

: Friend Manufacturing Corporation, Prospect Street , P.O. Box 385 , Gasport , New 

York 14067 
 

 

: FAO. 1989. Prevention of Post-Harvest Food Losses: Fruits, Vegetables and Root 

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



 



 

(Pruning shear) 

(Pole model) 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 



 

 

: FAO. 1989 . Prevention of Post-Harvest Food Losses: Fruits. Vegetables and Root 

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

 
 

pistachio nut 

pistachio nut



 

 

 



 



 

/



 

  

  

  

  

  

: Highlander Ramsay Welding Machine Promotional Brochure. 1993. 

 

 

:  NIAE. 1977. Banana Conveyor. Tropical Agricultural Engineering Information O.D. 

Bulletin No. 7. National Institute of Agricultural Engineering, Silsoe, Bedfordshire , 

England . 15 pp.  



 

°C °F % 

Yarns  

 

oC (   oC) 



 

: 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 .) 

/



 

 

 

 

 



 

 

 : Thompson, J. & Scheuerman, R.W. 1993. Curing and Storing California Sweet 

potatoes. Merced County Cooperative Extension, Merced, California  

 (Bulk systems for curing onions) 

 



 

: Davis , H.R et al. No date. Storage Recommendations for Northern Grown Onions. 

Information Bulletin 148. Ithaca , NY : Cornell University Extension. 
 

 

(Emergency curing) 

(Plenum)

 



 

: Davis , H.R. et al. (No date). Storage Recommendations for Northern Grown Onions. 

Information Bulletin 148, Ithaca , New York Cornell University Extension.  



 

Proctor, 198

ppm



 

/

(Summer Squash) 

ppm Cl

Moline, 1984

Ounces 

gallons

Kupferman, 1990

Summer squash 

Peaches 

Food grade waxes

 



 

Sorting Sizing

/

USDA

 

Rhubarb 

U.S. Fancy  > 1 inch  > 10 inches 

U.S. No.1  > 3/4 inch  > 10 inches 

U.S. No.2  > 1/2 inch  > 10 inches 

 

  

#11 Super-Colossal  2 15/16 and up  

#10 Colossal  2 11/16 – 2 15/16  

#9 Super-Jumbo  2 7/16 – 2 11/16  

#8 Extra-Jumbo  2 3/16 – 2 7/16  

#7 Jumbo  1 15/16 – 2 3/16  

#6 Giant  1 13/16 – 1 15/16 

#5 Tube  1 11/16 – 1 12/16 

#4 Medium Tube  1 9/16 – 1 11/16  



 

(Diverging bar rollers sizer): 

 

Wisconsin 

 

(dolly) 

x

UWisconsin

$ $ 

$ 



 

: University of Wisconsin Healthy Farmers, Healthy Profits Project, December, 2000; 

Work Efficiency  

Tip Sheet: Narrow Pallet System Second Edition.  

: Valley Craft, 2001 South Highway 61, Lake City , MN 

55041 . (800) 328-1480. carts@valleycraft.com  
 

Waxing 

 

FAO. 1986. Improvement of Post-Harvest Fresh Fruits and Vegetables Handling - A Manual. 

Bangkok : UNFAO Regional Office for Asia and the Pacific.  



 

 

: 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.  
 



 

 

 

( ) 

 

: USDA. No date. Modernising Handling Systems for Florida Citrus from Picking to 

Packing Line Agricultural Research Service, USDA Marketing Report No. 914.  
 



 

 

 

 

 

 

 

: 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.  
 

 

 



 

: Grierson, W. 1987. Postharvest Handling Manual. Commercialization of Alternative 

Crops Project. Belize Agribusiness Company/USAID/Chemonics International 

Consulting Division. 



 

 

/

 

 

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

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

pH   

 

Cl ppm 

 

 
 



 

Waxing 

waxing 

 
 

: 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 .  
 
 

 

 

 
 



 

 

: FAO. 1986. Improvement of Post-Harvest Fresh Fruits and Vegetables Handling- A 

Manual. Bangkok : UNFAO Regional Office for Asia and the Pacific. 

feet

/

 

 

 

: 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.)  



 

 

lux 

 
 

 
 

: Shewfelt, R.L. and Prussia , S.E. 1993. Postharvest Handling: A Systems Approach. 

San Diego : Academic Press Inc. 356 pp.  

 
 

/  

 
 



 

 
 

 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  

  Belt Conveyor 

Push-bar Conveyor 

Roller Conveyor 

Belt conveyor: 

 
Push-bar conveyor: 

 
Roller conveyor: 



 

 

 

: Shewfelt, R.L. and Prussia , S.E. 1993. Postharvest Handling: A Systems Approach. 

San Diego : Academic Press Inc. 356 pp. 

 

 

 

Single size hand held sizing ring: 
 

 
 

Multiple size rings 
 

: 

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

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



 

USDA : http://www.ams.usda.gov/standards/stanfrfv.htm 

“extra large”

 

 

 
 

: 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 Baños , College of Agriculture , Laguna , Philippines .  
 



 

 
 

:  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 Baños, College of Agriculture, Laguna, 

Philippines .  
 

 

Peach 

 

 



 

 

 

 

 

 
 

: 2001 Catalog of TEW Manufacturing Corporation, P.O. Box 87 , Penfield , New York 

14526 USA 

 

TEW

USD

eliminator, dry 

brusher, waxer, 

 

 

: 2001 Catalog of TEW Manufacturing Corporation, P.O. Box 87 , Penfield , NY 14526 

USA



 

 

 



 

 

Harvey et al, 

1990

Corrugated fiberboard Broustead  New (1986)

(Hunsigi, 1989)

Corrugated fiberboard flute B 1/8 inch

flutes lb  fl2

Thomson Kader, 2002



 

Volume-fill

Tight-fill

Volume-filler

Mitchelle in Kader, 2002

MAP MAP 

MAP 

CA MA 

/

/

/



 

MAP RH

 

: Grierson, W. 1987. Postharvest Handling Manual: Commercialization of Alternative 

Crops Project Belize Agribusiness Co./Chemonics International Consulting 

Division/USAID. 

 

 



 

: Grierson, W. 1987 Postharvest Handling Manual: Commercialization of Alternative 

Crops Project. Belize Agribusiness Co./ Chemonics International Consulting 

Division/USAID.

 

Latex

(a)  

 

 



 

(b)   

(c)  

(d) 

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

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



 

: National Institute of Agricultural Engineering. 1979. Preparing vegetables for 

supermarkets. Field Vegetable Department, Silsoe, Bedford : NIAE 

 
 

UV

-WFP 

Walker, D.J. (Ed) 1992. World Food Programme Food Storage Manual. Chatham , 

UK : Natural Resources Institute 



 

Fiberbord Bursting

Fiberbord

Corrugated

Walker, D.J. (Ed.) 1992. World Food Programme Food Storage Manual. Chatham , 

UK : Natural Resources Institute 
 

Fiberboard



 

 (OnePiecebox): 

 McGregor, B. 1987. Tropical Products Transport Handbook. USDA, Office of 

Transportation, Agricultural Handbook Number 668. 

Fiberboard

Bliss-style 

 



 

Full telescoping 

 

 McGregor, B. 1987. Tropical Products Transport Handbook. USDA, Office of 

Transportation, Agricultural Handbook Number 668.  

 

 Fiberboard

telescoping 

 

one-piece truck-in cover 

 

 McGregor, B. 1987: Tropical Products Transport Handbook. USDA, Office of 

Transportation, Agricultural Handbook Number 668.  



 

Fiberboard

 

Self-locking tray 

 

Interlocking: 

 

 McGregor, B. 1987. Tropical Products Transport Handbook. USDA, Office of 

Transportation, Agricultural Handbook Number 668.  

(41 Pine Street, Rockaway, New Jersey 07866) 



 



 

Peleg, K. 1985. Produce Handling Packaging and Distribution. Westport , Conn. : 

AVI publishing Co., Inc.  
 

 



 

fulltelescopic 

5% 



 

 

 

: 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).  
 

 

 

 

 FAO. 1985. Prevention of Post-Harvest Food Losses: A Training Manual. Rome : 

UNFAO. 120pp  



 

# # # # # # 



 

/

/



 

:  Schuur, C.C.M. 1988. Packaging for fruits, vegetables and root crops. Food and 

Agriculture Organization of the United Nations, Bridgetown , Barbados  

 

Fiberboard Stacking

Melon 

Fiberboard 

Carton

Fiberboard: 

 

 : McGregor, B. 1987. Tropical Products Transport Handbook. USDA, Office of 

Transportation, Agricultural Handbook Number 668.  

  

fiberboard 

Fiberboard 

stacking

fiberboard 



 

 

Cardboard liner for a palm rib crate: 

 

:  Blond, R.D. 1984. The Agricultural Development Systems Project in Egypt (1979-83), 

USAID/Ministry of Agriculture , Egypt / University of California , Davis .  

 

 

  



 

fiberboard 

 

 

: 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. 



 

fiberboard stencile 

/

(Brand)      

FDA, 

: McGregor, B. 1989. Tropical Products Transport Handbook. USDA, 

Office of Transportation, Agricultural Handbook Number 668.  



 

MUM (Modularization,UnitizationandMetrication)  USDA 

palette 

  mm (    inches) 

  MUM 

 
Pallete 

 

 x  (  x ) 

 x  (  x ) 

 x  (  x ) 

 x  (  x ) 

 x  (  x ) 

 x  (  x ) 

 x  (  x ) 

 x  (  x ) 

 x  (  x ) 

 x  (  x ) 

palette MUM: 



 

 

: Ashby, B.H. et al. 1987. Protecting Perishable Foods During Transport by Truck. 

Washington , D.C. : USDA, Office of Transportation, Agricultural Handbook No. 669.  

MUM palette 

(1000 1200mmrW40 48inches) MUM 

palette 100%

 

600 x 500 mm

(23.62 x 19.69")  

Pallet: 100%

500 x 400 mm 

(19.68 x 15.75")  

Pallet: 100%  

: 600 x 400 mm 

(23.62 x 15.75")  

Pallet: 100%  

: 500 x 333 mm 

 (19.68 x 13.11") 

 

Pallet: 97%  

: 600 x 333 mm  

(23.62 x 13.11") 

Pallet: 99%  

: 500 x 300 mm  

(19.68 x 11.81") 

 

Pallet: 100%  

: 475 x 250 mm 

(18.62 x 9.84")  

Pallet: 99%  

: 400 x 300 mm  

(15.75 x 11.81")

Pallet: 100%  

: 400 x 333mm 

(15.75 x 13.11") 

Pallet: 99%  

: McGregor, B. 1989. Tropical Products Transport Handbook. USDA, Office of 

Transportation, Agricultural Handbook Number 668. 

(MAP)  

 

CO2 CO2 

(Kader, 2002)



 

 

 mm  (CO230-50%, 4-6%CO2) 

polyethylene polyethylene 

 

 



 

pallet: pallet strawberry 

polyethylene 5 mm pallet 

CO2 15% 

MAP polyvinylechloride 

Saran  Polyester 

(Kader,2002)

 

(cc/m
2
/mil/day at  atm) 

 

CO2 O2 

CO2:O2 

Polyethylene: low density  

Polyvinyl chloride  

Polypropylene  

Polystyrene  

Saran  

Polyester  



 

pallet 

pallet slipsheet 

pallet 

pallet pallet 

pallet 

fiberboard

fiberboard  

 

Strapping and corner-boards on a unit loads : 

 

 

 

: 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. 



 

-

Canopy 

 

pathogens 

 

(  oC oF)

( % ) 

 

 

Cyanogens 

(Aiyer,1978) Lantana spp. Ochroma logopur 

Aphids (CIP,1982)

neem tree 

neem  



 

(NRC, 1992)

 

mold yeast 

chlorine pH pH 11 pH 8 pH 

chlorine  

hypochlorite (25ppm chlorine 2min) 

hypochlorite (50-70 ppm chlorine) yeasts&molds

: 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. 

hypochlorite 

 Target ppm ounces/ gallons cup/  gallons 

Sodium hypochlorite 

( %) 

 

 

 

Sodium hypochlorite 

( %) 

 

 

 



 

 : Bachman, J. and Earles, R. 2000. Postharvest Handling of Fruits and Vegetables. 

Horticulture Technical Note. ATTRA.  

USA EPA Compendium 

U.S. Environmental Protection Agency (http://epa.gov )

 

(0.1% ) 

10 ppm

Botrytis, Rhizopus Aspergillus

 SO2 

Luvisi, (1992)

 

molds 

: 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 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. 

 

melons 

(NaHCO3) 

 (KHCO3) 



 

 chlorination

%  

%  

: Smilanick, J. 2002 (personal communication) Research Plant Pathologist, USDA ARS 

San Joaquin Valley Agricultural Sciences Center . 

 soft rot (Erwinia) 

 % ( g %)

20-30 

( ): 

 

(press butt-end into powder): 

 

: Borromeo, E.S. and I lag, L.L. 1984. Alum and Lime Applications: Potential Postharvest 

Control of Cabbage Soft Rot. Appropriate Postharvest Technology 1(1):10-12.  



 

 

 

run-off

 
 

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

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

 

Internet   

Cascade Applicator 

 



 

: Overseas Div., AFRC. National Institute of Agricultural Engineering. 1974. Bulletin 

No. 6. Silsoe, Bedfordshire , England . 

 



 

oC oF 

 

lemonlime 

: 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.  

 



 

(Germitation) 

oC pear, 

kiwi, stonefruit Rhicopus Stolonifer Aspergillus niger ( ) 

oC ( oF) (Adaskaveg et al, 

in Kader, ) pathogen 

oC ( oF)

fruit 

flies, false codling moth, melon fly, pecan weevil fruit borer 

fruit flies ° C ( ° F) 

° C (  ° F) 

APHIS

 Fruit Fly (Ceratitis capitata) 

 

° C (  ° F)  

  ° C (  ° F)   

  ° C (  ° F)   

  ° C (  ° F)   

  ° C (  ° F)   

USDA APHIS PPQ Treatment Manual -http://www.aphis.usda.gov/ppq/manuals 

/online_manuals.html 



 

Controlled/modified atmosphere  

  pathogens Botrytiscinerea 

strawberry, blueberry, blackberry, fresh fig and table grapes 

 
(O2 %  /  CO2   % )

Mitcham et al (1997): 

Instars greenheaded leafroller (Planotortrix excessana) Instars 

brownheaded leafroller (Ctenopseustis obliquana) light brown apple 

moth (Epiphyas postvittana) 

oC CO2 

 apple rust mite (Aculus schlechtendali) European red mite (Panonychus ulmi) 

2.8 ºC 

) Codling moth larvae (Cydia pomonella) 

0 ºC , %  

 adult two-spotted spider mite (Tetranychus urticae)  

ºC,  O2 0.4% CO2  20%

 ºC O2 % CO2 %  Instar 

leafrollers (Planotortrix excessana) larvae adult 

mealy bug (Pseudococcus longispinus) 



 

: 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.  

 

) Sweetpotato weevil (Cylas formicarius elegantulus) 

°C (76 °F), 

mortality of adult weevils 

 

: Delate, K. et al. 1990. Controlled atmosphere treatments for control of sweetpotato 

weevil in stored tropical sweetpotatoes. Journal of Economic Entomology 83:461-465. 

 

)  Codling moth (Cydia pomonella) 

25 °C (76 °F) 

(adult  egg) (pupa)  

 

 

: 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.  

 

) °C ( °F) 

omnivorous leafroller (Platynota 

sultana), western flower thrips ( Frankliniella occidentalis),  Pacific spider mite ( 

Tetranychus pacificus) 

0° 2°C (32 ° to 36 °F) 

CA 

 

 : 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.  

 

 

 

 



 

(Mitcham et 

al in Kader, 2002)  

plum peaches stone fruit (Shewfelt, 1986),  

 

(Hot water treatments) 

 

 (C)  (min)  

Gloeosporium sp. Penicillium 

expansum  

Phytophthora citrophthora   

Pythium butleri Sclerotinia 

sclerotiorum  
 

Penicillium digitatum 

Phytophthora sp.  
 

AnthracnoseCollectotrichum 

gloeosporioides  
stem 

rot 

Fungi   

Diplodia sp Phomopsis sp. 

Phytophthora sp.  
Poor de-greening 

Fungi  

* 
Anthracnose Colletotrichum 

gleosporioides 
 

Peach Monolinia fruticola Rhizopus 

stolonifer  
Motile skin 

 (bell) 
Erwinia sp.  Slight spotting 

 



 

* anthracnose

  

 

(Hot forced-air treatments) 

 

 (C)  

(min) (%) 

Apple Gloeosporium sp. 

Penicillium expansum 

Melon Fungi  Marked breakdown 

Peach Monolinia fruticola 

Rhizopus stolonifer  

Strawberry Alternaria sp. Botrytis 

sp., Rhizopus sp. 

Cladosporium sp.  

 

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

vegetables for decay control. Plant Disease 75:1085-1089.  

 

plant growth regulators  

(antagonistic organisms)

 

plant growth regulators 

plant growth regulators 

 

 

  

  (ppm) 

Biocontrol Pseudomonas 

syringaeBio-
Save) 

Penicillium 

digitatus,P. 

italicum,Geotri

chum citri- 

aurantii 

 



 

   Penicillium 

expansum,Botr

ytis cinerea 

 

   
, 

  

Penicilliu 

expansum,Botr

ytis 

cinerea,Mucor 

piriformis 

 

 

   Fusarium 

sambucinum,H

elminthosporiu

m solani 

  

Biocontrol Candida 

oleophila 

(Aspire) 

Pome 
fruits 

Decay 
pathogens 

 

  Decay 
pathogens 

 

 

PGR Gibberellic acid 
(Pro Gibb) 

 
Delays 
senescence 
(delays onset of 
decay)  

 

PGR 2,4-D (Citrus 
Fix) 

 
Delays 
senescence of 
buttons (delays 
onset of decay)  

 

 

: 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.  



 

 

(0oC 32oF 

10-12oC 50-54oF )

 Sunken  

( , Cherimoyas, ) 

(Snewfelt, 1990)  

 

Conduction, Convection, 

 (Talbot and Fletcher, 1993; Rij et al, 

1979; Parsons and Kasmire, 1974)

Thompson in Kader, 

radiant

( , field clamps, )



 

(VPD)

waxes 

(VPD)

(Room cooling) 



 

(VPD)

waxes 

(VPD)

(Room cooling) 



 

 

oF

 



 

 
 

(Forced-air cooling) 

 USDA 

 

 

Cold wall forced-air cooler: 
 
 

 

: 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 
 



 

  

 
 

: Gast, K.L.B. and Flores , R. 1991. Precooling produce. Kansas State University 

Cooperative Extension, Manhattan , Kansas .  
 

 

 

 

 

 

 



 

A portable forced-air cooler: 
 

 

: 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.  
 

 



 

 
 

: 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.  

  

 



 

 

: 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.  

 (Hydro-cooling) 

(Mitchell in Kader, 1992)  

 

Batch 

type (Thompson in Kader, 2002)

(Hydro-cooling shower): 

 



 

Batch-type hydro-cooler: 
 

 
 

(Evaporative cooling ) 

 

 

(Straw packinghouse): 

 

 

: FAO. 1986. Improvement of Post-Harvest Fresh Fruits and Vegetables Handling- A 

Manual. Bangkok : UNFAO Regional Office for Asia and the Pacific.  



 

o F

wet bulk

foot 

wet bulk temperature 

(Evaporative forced-air cooler) : 

 
 

: 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.  

(votex wind machine) 



 

oC oF

 

 
 

: Redulla , C.A. et al. 1984. Temperature and relative humidity in two types of 

evaporative coolers. Postharvest Research Notes, 1(1): 25-28.  
 

 



 

(Drip cooler) : 

 

Redulla , C.A. et al. 1984. Keeping perishables without refrigeration: use of a drip 

cooler. Appropriate Postharvest Technology 1(2): 13-15. 

mustard greens a 

(GI) 

b, 

GI 5 5cm

 



 

 Mustard Green 

 
 

 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. 

 
 

 Thompson, J.F. and Scheuerman, R.W. 1993. Curing and Storing California 

Sweetpotatoes. Merced County Cooperative Extension, Merced , California 95340  



 

oC ( oF)  

RH 

 

 
 

Roy S.K. 1989. Postharvest technology of vegetable crops in India. Indian 

Horticulture. Jan-June: 7678. 

(Thompson in Kader, 2002)  



 



 

 

(Chilling injury) 

 

oC oF

 

(Fruits and vegetables susceptible to chilling injury when stored 

at moderately low but nonfreezing temperatures) 

 

 

°C °F 

0°C 
1 

Apples 
(Jonathan, McIntosh, 
Yellow Newton ) 

2-3 36-38 
Internal browning, brown core, soggy 
breakdown,soft scald 

Asparagus  0-2  32-36  Dull, gray-green, and limp tips  

Avocados  4.5-13  40-55  Grayish-brown discoloration of flesh  

Bananas, green or ripe  11.5-13  53-56  Dull color when ripened  

Beans ( lima )  1-4.5  34-40  Rusty brown specks, spots, or areas  

Beans (snap)  7  45  Pitting and russeting  

Cranberries  2  36  Rubbery texture, red flesh  

Cucumbers  7  45  Pitting, water-soaked spots, decay  

Eggplants  7  45  Surface scald, alternaria rot, blackening of 
seeds  

Guavas  4.5  40  Pulp injury, decay  

Grapefruit  10  50  Scald, pitting, watery breakdown  

Jicama  13-18  55-65  Surface decay, discoloration  

Lemons  11-13  52-55  Pitting, membranous staining, red blotch  

Limes  7-9  45-48  Pitting, turning tan with time  

Mangos  10-13  50-55  Grayish scald-like discoloration of skin, 
uneven ripening  

Melons Cantaloupe  2-5  36-41  Pitting, surface decay  

Melons Honey Dew  7-10  45-50  Reddish-tan discoloration, pitting, surface 
decay,failure to ripen  

Melons Casaba  7-10  45-50  Same as above but no discoloration  



 

Melons Crenshaw and 
Persian  

7-10  45-50  Same as above but no discoloration  

Watermelons  4.5  40  Pitting, objectionable flavor  

Okra  7  45  Discoloration, water-soaked areas, pitting, 
decay 

Olives, fresh  7  45  Internal browning  

Oranges , California and 
Arizona  

3  38  Pitting, brown stain  

Papayas  7  45  Pitting, failure to ripen, off flavor, decay  

Peppers, sweet  7  45  Sheet pitting, alternaria rot on pods and 
calyxes,darkening of seed  

Pineapples  7-10  45-50  Dull green when ripened  

Pomegranates  4.5  40  Pitting, external and internal browning  

Potatoes  3  38  Mahogany browning (Chippewa and 
Sebago), sweetening   

Pumpkins and hard-shell 
squashes  

10  50  Decay, especially alternaria rot  

Sweetpotatoes  13  55  Decay, pitting, internal discoloration; 
hardcore when cooked  

Tamarillos  3-4  37-40  Surface pitting, discoloration  

Tomatoes Ripe  7-10  45-50  Water-soaking and softening, decay  

Tomatoes Mature-green  13  55  Poor color when ripe, alternaria rot  
 

1

 

 French fries

oC ( oF)  

: 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.  
 

(Use of ice ) 



 

 
 

x  x cu ft 

cfm   

(cfm= cubic feet/min) 

Front elevation 
 

 



 

  

 

: Grierson, W. 1987. Postharvest Handling Manual Commercialization of Alternative 

Handling Crops Project. The Belize Agribusiness Company/Chenomics 

International/USAID.  
 

 

wax fiberboard, 

 
 

escarole broccoli

wax fiberboard, 

 



 

Should be Top-iced: Can be Top-iced: 

beets with tops  

broccoli  

carrots with tops  

corn sweet  

endive  

escarole  

green onions  

parsley  

radishes with tops  

radish greens  

spinach  

turnips  

turnips with tops  

turnip greens  

watercress  

artichokes, globe 

beet greens  

beets topped  

brussels sprouts  

cantaloupes  

carrots, topped  

celeriac  

chard  

kohlrabi  

leeks  

mustard greens  

parsnips  

radishes  

rutabagas  

: 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 

(Alternative methods of cooling) 

(Radiant Cooling) 

oC oF

 

 (Use of Well Water) 



 

(High Altitude Storage) 

oC oF

 

 

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.  

 
 

(Increasing relative humidity) 

®

(M)

(P)

(Wet moss as a moisture source inside 

a refrigerated storeroom): 
 



 

 
 

: Lopez, E.G. 1983. Conservación de la Producción Agrícola. Barcelona Editorial 

Aedos. 188 pp.  
 

fiberboard 

 

 

 



 

  

  

  

  

  

  

  

  

  

  

 Use refrigerated loading area 

  

  

 Reefer  

  

  

  

  

  

  

 

 

  

  

 

 

  

  

 



 

(sprinkler) 

(FAO) (ferro-

cement) 

polyurethane foam 

cfm/

/ /

 cfm/

Thompson et al. 1998  evaporator 

Thompson et al in Kader, 2002



 

(Liu, 1988)

 

Thompson, J.F. and Spinoglio, M. 1994. Small-scale cold rooms for perishable 

commodities. Family Farm Series, Small Farm Center , University of California , 

Davis .  

(controlled or 

modified atmosphere) 

 

 

Hardenburg et al, 1986

 



 

 

°C °F

Amaranth  

Anise  

Apples  

Apricots  

Artichokes, globe  

Asian pear  

Asparagus  

Atemoya  

Avocados, Fuerte, 
Hass  

Avocados, Lula, 
Booth-1  

Avocados, Fuchs, 
Pollock  

Babaco  

Bananas, green  

Barbados cherry  

Bean sprouts  

Beans, dry  

Beans, green or snap  

Beans, lima , in pods  

Beets, bunched  

Beets, topped  

Belgian endive  

Bitter melon  

Black sapote  

Blackberries  

Blood orange  

Blueberries  



 

Bok choy  

Boniato  

Breadfruit  

Broccoli  

Brussels sprouts  

Cabbage, early  

Cabbage, late  

Cactus Leaves  

Cactus Pear  

Caimito  

Calabaza  

Calamondin  

Canistel  

Cantaloupes (3/4-slip)  

Cantaloupes (full-
slip)  

Carambola  

Carrots, bunched  

Carrots, mature  

Carrots, immature  

Cashew apple  

Cauliflower  

Celeriac  

Celery  

Chard  

Chayote squash  

Cherimoya  

Cherries, sour  

Cherries, sweet  



 

Chinese broccoli  

Chinese cabbage  

Chinese long bean  

Clementine  

Coconuts  

Collards  

Corn, sweet  

Cranberries  

Cucumbers  

Currants  

Custard apples  

Daikon  

Dates  

Dewberries  

Durian  

Eggplants  

Elderberries  

Endive and escarole  

Feijoa  

Figs fresh  

Garlic  

Ginger root  

Gooseberries  

Granadilla  

Grapefruit, Calif. & 
Ariz.  

Grapefruit, Fla. & 
Texas  

Grapes, Vinifera  

Grapes, American  



 

Greens, leafy  

Guavas  

Haricot vert (fine 
beans)  

Horseradish  

Jaboticaba  

Jackfruit  

Jaffa orange  

Japanese eggplant  

Jerusalem Artichoke  
+

Jicama  

Kale  

Kiwano  

Custard apples  

Daikon  

Dates  

Dewberries  

Durian  

Eggplants  

Elderberries  

Endive and escarole  

Feijoa  

Figs fresh  

Garlic  

Ginger root  

Gooseberries  

Granadilla  

Grapefruit, Calif. & 
Ariz.  

Grapefruit, Fla. & 
Texas  



 

Grapes, Vinifera  

Grapes, American  

Greens, leafy  

Guavas  

Haricot vert (fine 
beans)  

Horseradish  

Jaboticaba  

Jackfruit  

Jaffa orange  

Japanese eggplant  

Jerusalem Artichoke  
+

Jicama  

Kale  

Kiwano  

Papayas  

Passionfruit  

Parsley  

Parsnips  
+

Peaches  

Pears  

Peas, green  

Peas, southern  

Pepino  

Peppers, Chili (dry)  

Peppers, sweet  

Persimmons, 
Japanese  

Pineapples  

Plantain  



 

Plums and prunes  

Pomegranates  

Potatoes, early crop  

Potatoes, late crop  

Pummelo  

Pumpkins  

Quinces  

Raddichio  

Radishes, spring  

Radishes, winter  

Rambutan  

Raspberries  

Rhubarb  

Rutabagas  
+

Salsify  

Santol  

Sapodilla  

Scorzonera  

Seedless cucumbers  

Snow peas  

Soursop  

Spinach  

Squashes, summer  

Squashes, winter  

Strawberries  

Sugar apples  

Sweetpotatoes  

Tamarillos  



 

Tamarinds  

Tangerines, 
mandarins, and 
related citrus fruits  

Taro root  

Tomatillos  

Tomatoes, mature-
green  

Tomatoes, firm-ripe  

Turnips  
  

Turnip greens  
  

Ugli fruit  
  

Waterchestnuts  
  

Watercress  
  

Watermelons  
  

White sapote  
  

White asparagus  
  

Winged bean  

Yams  
  

Yucca root  
  

 

: McGregor, B.M. 1989. Tropical Products Transport Handbook. USDA Office of 

Transportation, Agricultural Handbook 668.  

 
 



 

 

 

 °C (   °F), %  

apples  grapes (without sulfur dioxide)  parsnips  

apricots  horseradish  peaches  

Asian pears  kohlrabi  pears  

Barbados cherry  leeks  persimmons  

beets, topped  longan  plums  

berries (except cranberries)  loquat  pomegranates  

cashew apple  lychee  prunes  

cherries  mushrooms  quinces  

coconuts  nectarines  radishes  

figs (not with apples)  oranges* ( Florida and Texas )  rutabagas  

  turnips 

* biphenyl  

 

 °C (  °F), %

Amaranth*  cherries  parsley*  

anise  daikon*  parsnips*  

artichokes*  endive*  peas*  

asparagus  escarole*  pomegranate  

bean sprouts  grapes (without sulfur dioxide)  raddichio  

beets*  horseradish  radishes*  

Belgian endive  Jerusalem artichoke  rhubarb  

berries (except cranberries)  kiwifruit  rutabagas*  

bok choy  kohlrabi*  salsify  

broccoli*  leafy greens  scorzonera  

brussels sprouts*  leeks' (not with figs or grapes)  snow peas  

cabbage*  lettuce  spinach*  

carrots*  lo bok  Sweet corn*  

cauliflower  mushrooms  turnips*  

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

water chestnut  

celery*  watercress* 

*  

: McGregor, B.M. 1989. Tropical Products Transport Handbook. USDA Office of 

Transportation, Agricultural Handbook 668.  



 

  °C (   °F), %

 

garlic  onions, dry  

°C ( °F), %

cactus leaves  lemons*  tamarillo  

cactus pears  lychees  tangelos*  

caimito  kumquat  tangerines*  

cantaloupes**  mandarin*  ugli fruit*  

clementine  oranges ( Calif. and Arizona )  yucca root  

cranberries  pepino  

* biphenyl  

**   

 

 °C ( °F),  %  

 

beans  kiwano  pummelo  

calamondin  malanga  squash, summer (soft shell)  

chayote  okra  tamarind  

cucumber  olive  taro root  

eggplant  peppers   

haricot vert (fine beans)  potatoes, storage   

 

: McGregor, B.M. 1989. Tropical Products Transport Handbook. USDA Office of 

Transportation, Agricultural Handbook 668. 

 

  °C (  °F), %

 

atemoya  granadilla  papayas  

avocados  grapefruit  passionfruit  

babaco  guava  pineapple  

bananas  jaboticaba  plantain  

bitter melon  jackfruit  potatoes, new  

black sapote  langsat  pumpkin  

boniato  lemons*  rambutan  

breadfruit  limes*  santol  

canistel  mamey  soursop  

carambola  mangoes  sugar apple  



 

cherimoya  mangosteen  squash, winter (hard shell)  

coconuts  melons (except cantaloupes)  tomatillos  

feijoa   tomatoes, ripe 

ginger root    

* biphenyl  

 °C (   °F), %  

jicama  sweetpotatoes*  watermelon*  yams*  

Pears (for ripening)  tomatoes, mature green  white sapote   

 

* pears  

 : McGregor, B.M. 1989. Tropical Products Transport Handbook. USDA Office of 

Transportation, Agricultural Handbook 668.  
 

apricot  

asparagus  

avocado  

banana  

beans (snap)  

berries (except cranberries)  

cucumber  

eggplant  

lemons  

lettuce  

limes  

okra  

peaches  

peppers (sweet)  



 

plums  

potatoes  

squash (summer)  

sweet potato  

tomatoes  

: McGregor, B.M. 1989. Tropical Products Transport Handbook. USDA Office of 

Transportation, Agricultural Handbook 668.  

 

 

 

 
 

: 

 

 

: FAO. 1985. Prevention of Post-Harvest Food Losses: A Training Manual. Rome : 

UNFAO. 120pp. 
 



 

 

 

 

 

 
 

FAO. 1985. Prevention of Post-Harvest Food Losses: A Training Manual. Rome : 

UNFAO. 120 pp. 

 
 



 

 
Cement floors: 

 

 

FAO. 1985. Prevention of Post-Harvest Food Losses: A Training Manual. Rome : 

UNFAO. 120 pp. 
 

 

 

 
 

FAO. 1985. Prevention of Post-Harvest Food Losses: A Training Manual. Rome : 

UNFAO. 120pp.  



 

/

 

 

 
 

 

: 

 
 

 
 

 

 

 

  FAO. 1985. Prevention of Post-Harvest Food Losses: A Training Manual. Rome: 

UNFAO. 120 pp. 



 

 

 

 

 
 

 
 

Trunks of fast growing trees planted in situ  

 
 

 

Wilson , J. No date. Careful Storage of Yams: Some Basic Principles to Reduce 

Losses. London , England : Commonwealth Secretariat/International Institute of 

Tropical Agriculture. 



 

 

 

 

 
 

Propeller/expeller: 
 

 

 
 

Potato Marketing Board. No date. Control of Environment. Part 2. London : Sutton 

Bridge Experiment Station, Report No. 6 



 

 (light-proof exhaust vent is a pressure-

relief flap)  

 

 Potato Marketing Board. No date. Control of Environment. Part 2. London : Sutton 

Bridge Experiment Station, Report No. 6 

R-value 

R  R



 

 

 

R – Value 

 

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  

 

 Boyette, M.D. et al. No date. Design of Room Cooling Facilities: Structural and 

Energy Requirements. North Carolina Agricultural Extension Service.  
 

Polyurethane 

foam 

 



 

 

: Tugwell, B.L. No date. Coolroom construction for the fruit and vegetable grower. 

Department of Agriculture and Fisheries, South Australia . Special Bulletin 11.75.  
 



 

 

 : Seung Koo Lee, 1994. Assoc. Prof., Postharvest Technology Lab., Department of 

Horticulture, Seoul National University, Suwon 441-744, Korea.  
 

 

 

: Potato Marketing Board. No date. Control of Environment. Part 2. London : Sutton 

Bridge Experiment Station, Report No. 6  



 

 

 

: Potato Marketing Board. No date. Control of Environment. Part 2. London : Sutton 

Bridge Experiment Station, Report No. 6  
 



 

(Triangular wooden duct) : 

 
 

(Clay pipe duct) : 

 
 

(Sunken concrete duct) : 

 

 
 

: Potato Marketing Board. No date. Control of Environment. Part 2. London : Sutton 

Bridge Experiment Station, Report No. 6  

 

 

 



 

(Overhead ventilation distribution system) : 

 
 

 

(Types of ducts for air inlet fans): 

 

 
 

: Davis, R. et al. No date. Storage Recommendations for Northern Onion Growers. 

Cornell University Extension Information Bulletin 148  
 

 



 

 
 

( feet )  



 

 

: Walker, D.J. 1992. World Food Programme Food Storage Manual. Chatham , UK : 

Natural Resources Institute.  



 

  

 

 

(Cone-shaped pit storage) : 

 

 
 



 

(Mound storage) : 

 

: McKay, S. 1992. Home Storage of Fruits and Vegetables. Northeast Regional 

Agricultural Engineering Service Publication No. 7  

 

(Trench storage) : 

 
 

 
 

: McKay, S. 1992. Home Storage of Fruits and Vegetables. Northeast Regional 

Agricultural Engineering Service Publication No. 7  
 



 

(Storage barrel) : 

 

: Bubel, M. and Bubel, N. 1979. Root Cellaring: The Simple. No-Processing Way to 

Store Fruits and Vegetables. Emmaus , PA : Rodale Press. 297 pp.  

 

feet

x x 

 feet

feet  



 

 
 

 

 

: 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.  

 

 

 

 

 
 



 

(Storage bin) : 

 
 

 

 

 

 
Root box: 

 
 

 
 

: Bubel, M. and Bubel, N. 1979. Root Cellaring: The Simple No-Processing Way to 

Store Fruits and Vegetables. Emmaus , PA : Rodale Press. 297 pp.  



 

 

maleic hydrazide (MH) 

RH  

C F % 

   

  

   

 

< <    

 

: 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.  
 

 

cubic feet cubic feet 

 



 

(Bulk storage) : 

 

 
 

(Storage in cartons or bins) : 

 
 

 

: Oregon State University , 1978. Onion Storage: Guidelines for Commercial Growers. 

Oregon State Extension Service. Extension Circular 948.  
 
 

(Storage of root and tuber crops) 

alkaloid 

solanine  



 

(CIP, 1981) solanine 

 
 

°C °F 

RH (%) 
 

    

     

   

    

   

 
   

   

   

   

   

Jicama  
   

   

 

: 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.  
 

(Storage of potatoes) 

 



 

(clamp)

(Clamp)

Field storage clamp: 

 
 

: CIP. 1981. Principles of Potato Storage. Lima , Peru : International Potato Center 

(CIP). 105 pp. 
 

 

 



 

 
 

 
 

 : CIP. 1981. Principles of Potato Storage. Lima , Peru : International Potato Center 

(CIP). 105 pp. 
 

feet 



 

 

: University of Idaho . No date. Idaho Potato Storage . Agricultural Experiment Station, 

College of Agriculture , Bulletin 410.  
 

 
 

: Lopez, E.G. 1983. Conservación de la Producción Agrícola. Barcelona : Editorial 

Aedos. 188 pp.  

 
(Even distribution of potatoes in the storeroom) : 



 

 
 

(Uneven distribution of potatoes in the 

storeroom): 

 
 

: CIP. 1981. Principles of Potato Storage. Lima , Peru : International Potato Center 

(CIP) 105 pp.  



 

(Controlled atmosphere ( C.A. ) storage) 

 ( Kader, 2002)

 

 

 

 

 

  

 

 

 

 

C.A.

 

 

 



 

 : 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.  
 

 

CA 

Ca(OH)2 

CA

CO2

CO2 

CO2

 

 

 

 

CO2 

CO2 



 

 

  

 

 

 

 
 



 

mil

mil

 

CA (Typical layout of a C.A. tent) : 

 
 

: McDonald, B. 1982. Controlled atmosphere storage using plastic tents. International 

Institute of Refrigeration.  

(PVC) mil 

CA 

PVC 

probe 

  



 

 

: Leyte , J.C. and Forney, C.F. 1999. Controlled atmosphere tents for storing fresh 

produce in conventional refrigerated rooms. HortTechnology 9 (4) 672-675.  
 

 C.A. O2 CO2 

(Purafil)

 
 

: Shorter, A.J. et al. 1987. Controlled atmosphere storage of bananas in bunches at 

ambient temperatures. CSIRO Food Research Quarterly 47:61-63.  



 

(CA)

(MA) 

 

(CA)

(MA)   (A summary of controlled atmosphere (CA) and 

modified atmosphere (MA) requirements and recommendations for apples) 

 

 

O2 % CO2 % ( ° C)  ( ) 

Braeburn  

Fuji  

Gala  

Golden Delicious  

Granny Smith  

Idared  

Jonagold  

McIntosh  

Red Delicious  

Royal Gala  

Average  

: 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 .  

(CA)

(MA) (A summary of controlled atmosphere (CA) and modified atmosphere 

(MA) requirement and recommendations for pears) 
 

oC 

CA IB=internal breakdown or browning ; 

BH=brown heart; PBC=pithy brown core ; CF=core flush 



 

; Cav=cavity , usually lense shaped ; CI=chilling 

injury ). 

 

O2% CO2(%) 
  

CA- Disorders

Abate Fetel  1  1  5-6  IB  

Alejandrina  3  2  4-5  IB  

Anjou , d’Anjou  1-2.5  0-0.5  7-8  IB,PBC,Cav  

Bartlett (=William’s Bon Chretien)  1-2  0-0.5  3-5  CF,PBC  

Blanquilla, (=Blanca de Aranjuez)  3  3  6-7  

Bosc, Kaiser  1-2.5  0.5-1.5  4-8  PBC, Cav  

Buena Luisa (=Buona Luisa)  3  2  6  IB, CF  

Clapp’s Favorite  2  <0.7  3-4  IB, PBC  

Comice (=Doyenne du Comice, Comizio) 1.5-4  0.5-4  5-6  IB(overmature) 

Conference  1-2.5  0.6-1.5  6-8  BH,IB, Cav  

Coscia  1.5  2-3  6-7  CF  

Flor d’Hivern(=Inverno)  3  3  4-5  IB  

Forelle  1.5  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  3-4  

Packham’s Triumph  1.5-1.8  1.5-2.5  7-9  CB  

Passe Crassane (=Passa Crassana)  3  4-5  5-8  IB  

Rocha  2  2  8  

Spadona  1.5-2.5  1.5-3.5  8-9  IB  

Nashi, Asian pears :  

Chojuro  2  1-2  3-4  

Kosui  1-2  0-2  3-4  

Nijiseiki (=20 th Century)  0.5-3  0-1  5  

Tsu Li  1-2  0-3  3-5  IB  

Ya Li  4-5  0-4  3-4  IB, Cav, CI?  
 

‘Ya Li’ < oC  

 
 

: 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 .  
 

 

 

 

 

 

 

 

 



 

CA 

A summary of CA requirements and recommendations for fruits other than apples and 

pears 

 
CA

2

 

°C 
1

% O2 % 

CO2

 

Apricot  

Asian pear  

Avocado  
 

 

Blackberry  
 

Blueberry  
 

Cactus pear   

Cherimoya & 
Atemoya  

 

Cherry, sweet  

 

Cranberry   

 

Fig  
 

SO2 

 
SO2 

 

 

 

Kiwifruit  



 

C2H4 20 ppb  

Lemon   

Lime   

Loquat   

Lychee (litchi)   

 

Nectarine  
 

 

 

Olive  
 

 

 

Peach, 
clingstone  

 

Peach, 
freestone  

 

 
incidence  severity 

 

Persimmon 
MA 

Waxing MA

 

Plum 

Pomegranate  

Rambutan  

Raspberry 
 

Strawberry 
 



 

Sweetsop 
(custard apple) 

 

 

 

1  

 

2 CA 

O2  CO2 

 

 

: 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 .  
 

 

CA  

 

1 2 

3  
%O2 %CO2 3

 

Artichokes  ++  

Asparagus  +++  

Beans, green snap  +  

processing  ++  

Broccoli  +++  

Brussels sprouts  +  

Cabbage  +++  

Chinese cabbage  +  

Cantaloupes  ++  

Cauliflower  +  

Celeriac  +  

Celery  +  

Cucumbers, fresh  +  

pickling  +  

Herbs4  ++  



 

Leeks  +  

Lettuce (crisphead)  ++  

cut or shredded  +++  

Lettuce (leaf)  ++  

Mushrooms  ++  

Okra  +  

Onions (bulb)  +  

Onions (bunching)  +  

Parsley  +  

Pepper (bell)  +  

Pepper (chili)  +  

processing  ++  

Radish (topped)  +  

Spinach  +  

Sugar peas  +  

Sweet corn  +  

Tomatoes (green)  +  

ripe  ++  

Witloof chicory  +  

 

1 

 

 

2 CA  

3 (+++), (++), (+). 

 

4 : chervil, chives, coriander, dill, sorrel and watercress. 

 

: 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 . 
 



 

CA MA  

 
James R. Gorny 

 International Fresh-cut Produce Association  
Davis , CA 95616 USA 

 

(Fresh-cut Vegetable) 

 

 Fresh-cut 

(
o
C) %O2 % CO2 

Beets (Red), Grated, Cubed, 
or Peeled  

Moderate  

Broccoli, Florets  Good  

Cabbage, Shredded  Good  

Cabbage (Chinese), Shredded  Moderate  

Carrots, Shredded, Sticks, or 
Sliced  

Good  

Jicama, Sticks  Good  

Leek, Sliced  Moderate  

Lettuce (Butterhead), 
Chopped  

Moderate  

Lettuce (Green Leaf), 
Chopped  

Good  

Lettuce (Iceberg), Chopped or 
Shredded  

Good  

Lettuce (Red Leaf), Chopped  Good  

Lettuce (Romaine), Chopped  Good  

Mushrooms, Sliced  NOT RECOMMENDED 

Onion, Sliced or Diced  Good  

Peppers, Diced  Moderate  

Potato, Sliced or Whole-
Peeled  

Good  

Pumpkin, Cubed  Moderate  

Rutabaga, Sliced  Moderate  

Spinach, Cleaned  Moderate  

Tomato, Sliced  Moderate  

Zucchini, Sliced  Moderate  



 

– Fresh-cut 

Fresh-cut (
o
C)

%O 2  % CO2

Apple, Sliced  
<

Moderate  

Cantaloupe, Cubed Good  

Grapefruit, Slices  Moderate  

Honeydew, Cubed  Good  

Kiwifruit, Sliced  Good  

Mango Cubes  Good  

Orange , Sliced  Moderate  

Peach, Sliced  Poor  

Pear, Sliced  
<

Poor  

Persimmon, Sliced Poor  

Pomegranate, Arils Good  

Strawberry, Sliced  Good  

Watermelon Cubes Good  

 

: 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 .  



 

 

US 

(Hagen, et al., 1999)

(Hagen et al, 1999)

Internet ( produce pallet covers)

 International Ripening Company ( http://www.QAsupplies.com or 800-472-7205)



 

 

 

 

 
 

 

 : Wilson , J. No date. Careful Storage of Yams: Some Principles to Reduce Losses. 

London : Commonwealth Secretariat/ International Institute of Tropical Agriculture.  
 

 

/

  



 

 
 

: 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)  

Pick up

  

 

: Kasmire, R.F. 1994. Personal Communication. 



 

USDA 

USDA 

a- 

b- 

c- 

 

 BTU/

 

 
 

USDA, Beltsville, Maryland berries 

$

website: 

http://www.attra.org  

 

: Ross, D.S. 2002 E-mail:dr27@umail.umd.edu 

 



 

(Refrigerated trailers)  

 

 

-- Pre-loading Checklist 

 

________  

________  

________  

________  

________  

________  

________   

 ________

________  

________  

________ 

________ 

________

 

: Ashby, 1995 

 

 



 

 
 

: 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.  
 

/  

 



 

: Ashby, B. H. et al. 1987. Protecting Perishable Foods During Transport by Truck. 

Washington , D.C. : USDA, Office of Transportation, Agricultural Handbook No. 669.  
 

 

telescopeic 

 

: Ashby, B. H. et al. 1987. Protecting Perishable Foods During Transport by Truck. 

Washington , D.C. : USDA, Office of Transportation, Agricultural Handbook No. 669.  
 

 



 

 
 

: Nicholas, C.J. 1985. Export Handbook for U.S. Agricultural Products. USDA, Office 

of Transportation, Agricultural Handbook No. 593  
 

 

  



 

 
 

: 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.  
 

/

  

 

 



 

 

: Ashby, B. H. et al. 1987. Protecting Perishable Foods During Transport by Truck. 

Washington , D.C. : USDA, Office of Transportation, Agricultural Handbook No. 669.  
 

fiberboard 

 

 

 
 

 
 

 



 

 

 
 

: Nicholas, C.J. 1985. Export Handbook for U.S. Agricultural Products. USDA, Office 

of Transportation, Agricultural Handbook No. 593  
 

 



 

 
 

: 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.  
 

 

(Air Transport)  

 



 

 
 

 
 

 

: McGregor, B. 1987. Tropical Products Handbook. USDA Office of Transportation 

Agricultural Handbook Number 668.  



 

climateric fruit 

 (PHTRC, 

1984)

 broccoli, 



 

(Kasmire & 

Ahrens in Kader, 1992)

Pick up 

 

: Selders, A.W. et al. 1992. Facilities for Roadside Markets. Northeast Regional 

Agricultural Engineering Service/ Cornell University Cooperative Extension.  



 

 

: 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)  
 

 

  



 

 

: 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)  
 

ppm

 

 



 

 

°F, °C °F, °C °F, °C 

anise  
artichoke  
arugula*  
asparagus*  
bean sprouts  
beet  
Belgian 
endive*  
bok choy  
broccoli*  
broccoflower*  
brussel 
sprouts*  
cabbage*  
cantaloupe  
carrot*  
cauliflower*  
celeriac  
celery*  
chard*  
chicory*  

collard*  
cut 
vegetables  
daikon*  
endive*  
escarole*  
garlic  
green 
onion*  
herbs(not 
basil)  
horseradish  
Jerusalem  
artichoke  
kale  
kohlrabi  
leek*  
lettuce*  
mint  
mushroom  
mustard 
greens*  
parsley*  

parsnip  
raddichio  
radish  
rutabaga  
rhubarb  
salsify  
shallot  
spinach*  
snow pea*  
sweet corn  
sweet pea*  
Swiss chard  
turnip  
turnip 
greens*  
waterchestnut 
watercress  

basil  
beans; snap, etc.  
cactus leaves  
cucumber*  
eggplant*  
Juan Canary  
melon  
kiwano  
okra*  
pepper; bell,  
chili  
squash; summer, soft 
rind*  
tomatillo  
watermelon*  

casaba melon  
cassava  
crenshaw melon  
dry onions  
ginger  
honeydew melon  
jicama  
potato  
Persian melon  
pumpkin  
squash; winter, hard rind 
sweet potato*  
taro  
tomato; ripe  
mature green  
yam*  

°F, °C °F, °C °F, °C 

Fruits  

Apple  
quince  
apricot  
raspberry  
avocado, ripe  
strawberry  
blackberry  
blueberry  
cherry  
currant 
cut fruts 
date 

fig  
gooseberry  
grape  
kiwifruit*  
nectarine  
peach  
pear; Asian  
pear; European  
persimmon*  
plum 
prune 

avocado, 
unripe  
cactus 
pear, tuna 
carambola 
chayote  
cranberry  
feijoa  
guava  
kumquat 
longan 
lychee 

mandarin  
olive  
orange  
passion fruit  
pepino  
pineapple  
pomegranate  
tamarillo  
Tangelo  
tangerine 

atemoya  
banana  
breadfruit  
cherimoya 
coconut  
grapefruit* 
lemon*  
lime*  

mango  
mangosteen 
papaya  
plantain  
pummelo  
rambutan  
sapote  
soursop  

: Thompson, J.F., Kader, A.A. and Sylva, K. 1995. Compatibility Chart for Fruits and 

Vegetables in Short-term transport Storage. University of California DANR 

Publication 21560 (poster).  



 

 

 
 

: Selders, A.W. et al. 1992. Facilities for Roadside Markets. Northeast Regional 

Agricultural Engineering Service/ Cornell University Cooperative Extension.  
 

 

  

 

: USDA. No date. Tomato repacking methods and equipment. USDA Marketing Service, 

Transportation and Facilities Research Division, Marketing Research Report No. 597  



 

 

Climacteric 

Climacteric breadfruit, cherimoya feijoa, 

fig, passion fruit, quince, 

sapote, stone fruit, (apricots, nectarines, peaches, plum) 

 

apricots nectarine, peach, pears passion  

climacteric cluimacteric 

 Non-climacteric 

Non-climacteric berries, (lemons, limes, orange, grapefruits, 

mandarins, tangerines) date, 

strawberry, summer squash, tamarillo 

Non-climacteric 

strawberry



 

ppm cubic feet/

cubic feet

 

 

 : 

 

: Kasmire, R.F. 1981. Continuous flow ethylene gassing of tomatoes. California 

Tomatorama. Fresh Market Tomato Advisory Board Information Bulletin No. 29.  
 

Internet site of American Ripener Co., 

Inc. at http://www.ripening.com Catalytic Generators, Inc. (International Ripening 

Company) at http://www.Qasupplies.com

{

} spray 

pH   

 

: Kays, S.J. and Beaudry, R.M. 1987. Techniques for inducing ethylene effects. Acta 

Horticulturae 201:77-115.  

 

(2-chloroethane phosphonic acid) 



 

 

 

Postharvest fruit ripening  Bananas, tomatoes (FL)  

Pre-harvest fruit ripening  Peppers, tomatoes  

Fruit removal  Apples, carob, crabapples, olive  

Defoliation  Apples, buckhorn, cotton, roses  

Fruit loosening  Apples, blackberries (WA, OR), cantaloupes, cherries (CA, 
AZ, TX), tangerines  

Maturity or color 
development  

Apples, cranberries (MA, NJ, WI), figs (CA), filberts (OR), 
grapes, peppers, pineapple, tomatoes.  

De-greening (preharvest)  Tangerines  

De-greening (postharvest)  lemons  

Dehiscence  walnuts  

Leaf curing  tobacco  

Flower induction  Pineapple and other bromeliads  

Sex expression  Cucumber, squash  

Flower bud development  apple  

Plant height control  Barley, daffodils, hyacinth, wheat  

Stimulate lateral branching  Azaleas, geraniums  

 

: 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.  
 

 

(mg 

C02/kg-hr)
1 

(ppm)  (hr.) 

.  

°F  (°C) 

. 

 °F (°C) Btu/lb-F 

avocado  62-157  10-100  12-48  59-65  
(15-18)  

40-55  
(4.4-13)  

0.81  

banana  25-110  100-150  24  59-65  
(15-18)  

56-58  
(13-14)  

0.81  

honey dew 
melon  

20-27  100-150  18-24  68-77  
(20-25)  

45-50  
(7-10)  

0.94  

kiwifruit  16-22  10-100  12-24  32-68  
(0-20)  

32-33  
(0-0.5)  

0.86  

mango  40-200  100-150  12-24  68-72  
(20-22)  

56-58  
(13-14)  

0.85  

orange 
degreening  

22-34  1-10  24-72  68-72  
(20-22)  

41-48  
(5-9)  

0.90  

stone fruit  12-81  10-100  12-72  55-77  
(13-25)  

31-32  
(-0.5-0)  

0.90  



 

tomato  24-44  100-150  24-48  68-77  
(20-25)  

50-55  
(10-13)  

0.95  

 

1  (BTU/ton/24 hours) 

 

: Thompson, J.F. 1994. Ripening facilities. Perishables Handling Newsletter, Nov. 

1994. Special Issue No. 80: 5-8.  
  

 

(Thompson, 1994) 

 

: USDA. No date. Modernizing Handling Systems for Florida Citrus from Picking to 

Packing Line. Agricultural Research Service, Marketing Research Report No. 914.  
 



 

Sherman  Gull (1981)  

 

 

 

 

 

: 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.  
 

 

v  



 

 

: Modular Ripening Company, Inc. 1994. Norfolk Virginia  

 

 

 

 



 

(cruiciferous)

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

pound foot 

 

 

: Bartsch, J.A. et al. No date. Construction and management of an iced produce display. 

Cornell University , Agricultural Engineering Extension Bull. 438.  

 



 

 

 

 

 

 

Artichoke  Mustard greens  

Beans (snap) Onions (green) 

Beets Parsley 

Broccoli Parsnips 

Brussels sprouts Peas 

Cabbage Peppers 

Carrots Radishes 

Cauliflower Rhubarb 

Celery Shallots (green) 

Collards Sprouts 

Corn Summer squash 

Eggplant Swiss chard 

Endive Turnips 

Kale Watercress  

Lettuce  

 

foot

foot  Cornell 

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



 

 

 

 

 

 

Artichoke  Mustard greens  

Beans (snap) Onions (green) 

Beets Parsley 

Broccoli Parsnips 

Brussels sprouts Peas 

Cabbage Peppers 

Carrots Radishes 

Cauliflower Rhubarb 

Celery Shallots (green) 

Collards Sprouts 

Corn Summer squash 

Eggplant Swiss chard 

Endive Turnips 

Kale Watercress  

Lettuce  

 

foot

foot  Cornell 

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



 

 
 

: 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.  
 



 

 

Campbell-Platt 

 

4 lb 

3 lb 

1.5 lb 

 zucchini  2.5 lb 

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

Publishers 

Intermediate Technology Publication* CTA 

Small-Scale Food 



 

Processing Fellows and Hampton

* Intermediate Technology Publications 9 King Street , London WC2E 8HW, UK  

 

Intermediate Technology Publication  

 

Two-man cassava grater:  

 

Four-bladed root chopper: 

 



 

Hand-operated fruit press 
 

 
 
 

Cherry pitter: 
 

 

: Intermediate Technology Publications, 1987. Post-harvest Crop Processing: Some 

tools for agriculture. Intermediate Technology Publications. London , England . 29 pp.  



 

 

Broccoli  

Green Beans  

(wedges)  

 

 ( ) 

Collard greens  

( )  

  (  / ) 

Leafy greens  

    

(Peas)  

 ( )  

   

    

Zucchini/summer squash  

 

: Chioffi, N. and Mead, S. 1991. Keeping the Harvest. Pownal , Vermont : Storey 

Publishing. McClure, S. 1992. The Harvest Gardener. Pownal , Vermont : Storey 

Publishing.  
 

Apricot 

C 



 

C 

 

 

    

Apricots       

     

      

Peaches  
   

Pears  
      

: 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. 

 



 

 
 

: Miller, M. et al. 1981. Drying Foods at Home. University of California , Division of 

Agricultural Science, Leaflet 2785.  
 

 

 

 

: Intermediate Technology Publications, 1987. Post-harvest Crop Processing: Some 

tools for agriculture. Intermediate Technology Publications. London , England .  
 

 



 

 

 

 

 

 
 



 

 
 

: 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 .  

 

 

: Intermediate Technology Publications, 1987. Post-harvest Crop Processing: Some 

tools for agriculture. Intermediate Technology Publications. London , England . 29 pp.  



 

 

 

 

: Mrak, E.M. and Phaff, H.J. 1949. Sun-drying fruits. California Agricultural 

Experiment Station Circular 392. 

 

 

Tunnel 

 

Low 

Tunnel   



 

 

 

 

 

 

: Fuller, R.J. 1993. Solar Drying of Horticultural Produce: Present Practice and 

Future Prospects. Postharvest News and Information 4(5): 131N-136N.  



 

: FAO. 1985. Prevention of Post-Harvest Food Losses: A Training Manual. Rome : 

UNFAO. 120 pp. 

Batch-dryer 



 

 

:  Clarke, B. 1987. Post-Harvest Crop Processing: Some Tools for Agriculture. London, 

UK : Intermediate Technology Publications.  

"pot-hole" 

 : 

 
 

 



 

 

: 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. 



 

: Chioffi, N. and Mead, G. 1991. Keeping the Harvest. Pownal , Vermont : Storey 

Publishing  
 

 

°F



 

: Georgia Cooperative Extension Service. 1984. So Easy to Preserve. University of 

Georgia , Athens , Georgia . 

Anthurium 

strawflower, delphinium, 

larkspur, okra pods 

chysanthemum, amaranthus, African daisy, statice, marigold 



 

African daisy supported on a screen of chicken wire: 

 

shasta daisy, lily-of-the-valley, cosmos, dahlia, sweet william carnation, stock, 

freesia and narcissus 

 

 
 



 

allium, anemone, cornflower, roses, tulip  zinnia

 

 : Rogers , B.R. 1988. The Encyclopaedia of Everlastings. New York : Michael Friedman 

Publishing Group, Inc. 191 pp. 

water bath canner 

jams, jellies, syrups  marmalades  boiling 

water bath

 

: Georgia Cooperative Extension Service. 1984. So Easy to Preserve. University of 

Georgia , Athens , Georgia 



 

°C (240 °F)

 

 

 

 

 

 

 

: Georgia Cooperative Extension Service. 1984. So Easy to Preserve. University of 

Georgia , Athens , Georgia . 

(The Ball Type) (The Zinc Capped Jar) 



 

 

 

 : Georgia Cooperative Extension Service. 1984. So Easy to Preserve. University of 

Georgia , Athens , Georgia. 

 



 

(enamelware)

 (Water Bath)

( °C  °F)

(Pint)  (Quart) 

: Stoner, C.H. (Ed). 1977. Stocking Up. Emmaus, Penn: Rodale Press. 

 

°C (   °F)

 (Jellies, Jams and Preserves) 



 

paraffin 

wax boiling water bath 

pH Sauerkraut 

Chioffi and Mead (1991)

Acidification 

Boiling Water Bath 

 

: USDA. 1977. Canning, Freezing and Storing Garden Produce. USDA Agricultural 

Information Bulletin 410. 

 



 

EUREP GAP GAP (Good Agricultural Practices)

HACCP 

(Hazard Analysis Critical Control Points) 

EUREP-GAP

(http://www .eurep.org)

 “Food safety begins on the farm: A grower’s guide” 

 Cornell University’s Good Agricultural Practices Program e-mail: 

eab38@cornell.edu



 

(Physical 

Hazards): 

( ) 

(Chemical Hazards) :  

forklifts 

(  (Arsenic))

(Human Pathogens): 

 (Clostridium botulinum, Listeria monocytogenes) 

  (Salmonella spp., Shigella spp., E. coli O157:H7 

) 

 (Cryptosporidium, Cyclospora) 

 (Hepatitis, Enterovirus) 



 

 : 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 

 

(Clean Soil) 

 

 

 

 

 

 

(Clean Water) 

 

 

 

 



 

 

 

(Clean Surface)

 (Clean hands) 

 

 

* (  (Portable 

Sanitation Association International)  (800) 822-3020) 

 Cornell University GAPs Program. 2000. Reduce Microbial contamination with 

Good Agricultural Practices.  
 

o  

o  

o 

 

o  

o  

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

Agricultural Practices. 



 

 

A 

(porous surface)

: 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. 



 

 

 

ppm  

(biofilm) 

(aerosolize bacteria) 

 

 



 

(Wash and Hydrocooling Water) 

ppm pH 

Trevor Suslow 

“Publications organized by Topic”  "http://postharvest.ucdavis.edu"

  

 

ºC (41o F)

:  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. 

 (Sanitizer) 

Sanitizers 

quaternary ammonium ( QUATS, QAC, Benalkonium chlorite, N-alkyl dimethylbenzyl 



 

ammonium chlorite)  hypochlorites cloramines 

quaternary ammonium sanitizer 

sanitizer 

sanitazer 

Hypochlorites 

(Na, K or Ca 

hypochlorite) 

 

Chloramines (di- or 

trichloroisocyanuarate) 
Quaternary 

ammonium

sanitizer 

  

ppm 

   

ppm

   ppm  ppm 

  

  

pH pH= 

  pH=  pH= 

°F
°F

°F

°F



 

(> ppm) (>  ppm)

(> ppm)

 pH 

< °F 

 pH 

<  

 pH <  

  °F 

:  Price, R.J. 1992. Sanitizers for food plants. University of California Cooperative 

Extension Sea Grant Extension Program Publication 92-9. 

(Traceback) 

GAP

U.S FDA: 

 

 

 

Alphonso 

Pathak Brothers 

Kanpur , U.P. India 

#

#

: U.S. FDA. 1998. Guide to minimize microbial food safety hazards for fresh fruits and 

vegetables. Food Safety Initiative Staff (HFS-32). http://www.fda.gov 



 

California Department of Food and Agriculture, Food Safety Issues  
(http://www.cdfa.ca.gov/ahfss/ah/food_safety.htm ). 
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Ithaca , New York 14853-5904 
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Gateway to U.S. Government Food Safety Information: http://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; http://www.fresh-cuts.org 

Produce Marketing Association 
P O Box 6036 
Newark , Delaware 19714 
Phone (302) 738 7100; FAX (302) 731 2409; http://www.pma.com 
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University of California 
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( http://www.fda.org ). 
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"Voluntary Food Safety Guidelines for Fresh Produce" 
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http://www.cfsan.fda.gov/~dms/secguid6.html 
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