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Disclaimer  

The Postharvest Technology Center (PTC) at the University of California, Davis does not 
guarantee the accuracy, adequacy, completeness or óconformity and suitability-in-tradeô of 
any information provided and is not responsible for any errors or omissions or for any results 
obtained from the use of such information. The PTC does not purport to and cannot provide 
legal advice or verification of conformance with industry-based standards or local, state, 
provincial, Tribal Nations, or federal level regulatory compliance.   

In an effort to provide diverse options for the end-user of this manual, the authors have 
included information which is clearly not or may not be consistent with currently held 
regional, national, or global standards for safe food production, even for small-scale and 
limited resource operations.  Adopting any recommendations, models, methods, protocols, 
or guidance presented or derived from any part of this manual does not ensure compliance 
with U.S. Food and Drug Administrationôs final Food Safety Modernization Act rules and 
related regulations or any other law or legal requirement for producers, shippers, handlers, 
direct-sales, or cooperatives marketing covered or non-covered edible horticultural products.  
Individuals engaged or entering commercial marketing, with commodities and practices 
covered in this manual, are strongly advised to carefully review the materials and make 
adoption and implementation decisions cognizant of regulatory and audit standards for 
qualified suppliers in the destination country(ies).   

The PTC gives no expressed or implied warranties, including but not limited to, any 
warranties of merchantability or fitness for a particular purpose or use of commodities 
produced, stored, shipped, or marketed following practices or technologies described or 
cited in this manual.  

 

Trevor Suslow, Ph.D. 
Director, Postharvest Technology Center  

5 December 2016 
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Users' Feedback Solicited 
 
The Postharvest Technology Center welcomes suggestions for additions to this manual and 
for changes in the materials included in this edition and will include such changes in the next 
edition. Please send your correspondence by mail or e-mail directly to:  
 
Postharvest Technology Center 
Department of Plant Sciences, University of California, Davis 
postharvest@ucdavis.edu  
 
Thank you for your cooperation and assistance. 



 

iv Small Scale Postharvest Handling Practices: A Manual for Horticultural Crops (5th edition). 

Table of Contents  

Acknowledgments ..................................................................................................... i 

 

Table of Contents ..................................................................................................... iv 

Introduction to the Manual ....................................................................................... 1 

Principal Causes of Postharvest Losses and Poor Quality ...................................... 4 

Principal Causes of Postharvest Losses and Poor Quality by Type of Crop ........... 5 

Relative Perishability and Storage Life of Fresh Produce ........................................ 6 

Produce Facts ......................................................................................................... 7 

Resources for Quality Assurance and Export Marketing ......................................... 8 

Chapter 1: Harvesting and Preparation for Market .............................................. 10 

Best Practices for Harvesting ................................................................................ 13 

Maturity Standards ................................................................................................ 14 

Using a Refractometer ........................................................................................... 16 

Using a Firmness Tester ....................................................................................... 17 

Harvesting Practices .............................................................................................. 18 

Harvesting Containers ........................................................................................... 20 

Harvesting Tools .................................................................................................... 22 

Field Packing ......................................................................................................... 27 

Transport to the Packinghouse .............................................................................. 30 

Chapter 2: Curing Root, Tuber and Bulb Crops ................................................... 31 

Field Curing ........................................................................................................... 32 

Curing with Heated Air ........................................................................................... 34 

Bulk Systems for Curing Onions ............................................................................ 35 

Emergency Curing ................................................................................................. 36 

Chapter 3: Packinghouse Operations ................................................................... 37 

Best Practices for Packinghouse Operations ........................................................ 40 

Narrow Pallet System ............................................................................................ 41 

General Operations ............................................................................................... 42 

Packinghouse Layout ............................................................................................ 43 

Dumping ................................................................................................................ 44 

Conveyor Equipment ............................................................................................. 46 

Washing ................................................................................................................ 47 

Waxing .................................................................................................................. 50 

Sorting ................................................................................................................... 51 

Sizing ..................................................................................................................... 56 

Simple Packing Line .............................................................................................. 61 

Chapter 4: Packing and Packaging Materials ....................................................... 63 

Best Practices for Packing and Packaging ............................................................ 65 

Packing Practices .................................................................................................. 67 

Packing Containers ............................................................................................... 71 

Choosing a Container ............................................................................................ 81 

Packaging Practices .............................................................................................. 84 



 
Small Scale Postharvest Handling Practices: A Manual for Horticultural Crops (5th edition).  v 

Labeling ................................................................................................................. 88 

Modularization of Containers ................................................................................. 89 

Modified Atmosphere Packaging (MAP) ................................................................ 91 

Unit loads .............................................................................................................. 94 

Chapter 5: Decay and Insect Control .................................................................... 95 

Best Practices for Postharvest Pest Management ................................................. 96 

Chemical Controls ................................................................................................. 98 

Vase Life of Cut Flowers ..................................................................................... 104 

Cold Treatments .................................................................................................. 105 

Controlled/modified atmosphere treatments ........................................................ 106 

Heat Treatments .................................................................................................. 108 

Biological Control and Plant Growth Regulators .................................................. 110 

Chapter 6: Temperature and Relative Humidity Control .................................... 111 

Best practices for managing temperature and relative humidity .......................... 113 

Room Cooling ...................................................................................................... 115 

Forced-air Cooling (See also the USDA Portacooler on page 202) ..................... 116 

Hydro-cooling ...................................................................................................... 120 

Evaporative Cooling ............................................................................................ 122 

Night Air Ventilation ............................................................................................. 129 

Chilling Injury ....................................................................................................... 130 

Use of Ice ............................................................................................................ 132 

Alternative Methods of Cooling ............................................................................ 134 

Increasing Relative Humidity ............................................................................... 135 

Maintaining the Cold Chain for Perishables ......................................................... 136 

Chapter 7: Storage of Horticultural Crops .......................................................... 137 

Best practices for storage of fresh fruits and vegetables ..................................... 139 

Recommended storage temperatures ................................................................. 140 

Compatibility groups for storage of fruits and vegetables .................................... 146 

Susceptibly to Freezing Injury.............................................................................. 149 

Storage Practices ................................................................................................ 150 

Storage Structures ............................................................................................... 155 

Storage of Dried and Bulb Crops ......................................................................... 174 

Storage of Root and Tuber Crops ........................................................................ 176 

Storage of Potatoes ............................................................................................. 177 

Controlled Atmosphere (CA) Storage .................................................................. 181 

Chapter 8: Transportation of Horticultural Crops .............................................. 194 

Best Practices For Transport ............................................................................... 195 

Open Vehicles ..................................................................................................... 198 

USDA Portacooler ............................................................................................... 201 

Refrigerated Trailers ............................................................................................ 202 

Stacking Patterns/Hand-stacked ......................................................................... 204 

Stacking Patterns/Pallet and Slip Sheet loads ..................................................... 208 

Stacking Strength ................................................................................................ 209 

Bracing the Load ................................................................................................. 210 

Air Transport ........................................................................................................ 212 

file://///plantsciences.ucdavis.edu/dfs/FacultyData/KADER/KADERShared/Postharvest%20Technology/(New%20folders)/Personnel/Angelos/For%20formatting/Final/Final%20To%20Print-%20Small-Scale%20Postharvest%20Handling%20Practices%20(5th%20Edition).docx%23_Toc472418525


vi Small Scale Postharvest Handling Practices: A Manual for Horticultural Crops (5th edition). 

Chapter 9: Handling at Destination ..................................................................... 213 

Best practices for destination handling ................................................................ 214 

Unloading ............................................................................................................ 215 

Temporary Storage Temperatures ...................................................................... 218 

Sorting/Repacking ............................................................................................... 220 

Ripening .............................................................................................................. 222 

Display ................................................................................................................. 230 

Chapter 10: Processing of Horticultural Crops .................................................. 233 

Processing Equipment ......................................................................................... 234 

Preparation for Processing .................................................................................. 236 

Solar Drying ......................................................................................................... 239 

Forced-air Dehydrators ........................................................................................ 245 

Oil-burning Dehydrators ...................................................................................... 245 

Electric Dehydrators ............................................................................................ 247 

Oven Drying......................................................................................................... 248 

Drying Flowers ..................................................................................................... 250 

Canning ............................................................................................................... 252 

Juicing ................................................................................................................. 255 

Other Methods of Processing .............................................................................. 256 

Chapter 11: Food Safety Practices ...................................................................... 258 

Food Safety on the Farm ..................................................................................... 260 

Minimizing Pathogen Contamination During Harvest .......................................... 262 

Minimizing Pathogen Contamination During Postharvest Handling ..................... 263 

Sanitizing Field Containers, Tools and Packhouse Surfaces .............................. 265 

Traceback ............................................................................................................ 266 

For further information ......................................................................................... 267 

General References .............................................................................................. 268 

Appendix A ............................................................................................................ 273 

 

 

 
 
 
 
 
 
 
 
 



 

 
Small Scale Postharvest Handling Practices: A Manual for Horticultural Crops (5th edition).  1 

Introduction to the Manual  

The three main objectives of applying postharvest technology to harvested fruits and 
vegetables are:  
 

1) To maintain quality (appearance, texture, flavor and nutritive value),  
2) To protect food safety, and 
3) To reduce losses between harvest and consumption. 

  
Effective management during the postharvest period, rather than the level of 
sophistication of any given technology, is the key in reaching the desired objectives. 
While large-scale operations may benefit from investing in costly handling machinery 
and high-tech postharvest treatments, often these options are not practical for small-
scale handlers. Instead, simple, low-cost technologies often can be more appropriate 
for small volume, limited resource commercial operations, farmers involved in direct 
marketing, as well as for suppliers to exporters in developing countries. 
 
Since the first edition of this manual was first published, the number of small farms 
and active farmerôs markets in the USA has been steadily on the rise. According to 
the USDA-AMS, the number of farmers markets increased from 1,755 in 1994 to 
7,175 in 2011. ñBuy Fresh-Buy Localò campaigns are common in many cities, and the 
USDA is actively promoting farmers markets for urban areas and advocating for US 
citizens to eat more fruits and vegetables via a ñ5-a-dayò program. 
 

 
 
Although some of the recent innovations in postharvest technology in developed 
countries have been in response to the desire to avoid the use of costly labor and the 
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desire for cosmetically "perfect" produce, these methods may not be sustainable over 
the long term due to socioeconomic, cultural and/or environmental concerns.  
For example, while the use of postharvest pesticides may reduce the incidence of 
surface defects, they can be expensive both in terms of cost and environmental 
consequences. Currently, the growing demand for organically produced fruits and 
vegetables offers new opportunities for small-scale producers and marketers who sell 
locally to restaurants or supermarkets, or those who choose to get involved in direct 
marketing to consumers.  
 
Local conditions for small-scale handlers may include labor surpluses, lack of credit 
for investments in postharvest technology, unreliable electric power supply, lack of 
transport options, storage facilities and/or packaging materials, as well as a host of 
other constraints. Fortunately, there is a wide range of simple postharvest 
technologies from which to choose, and many practices have the potential of meeting 
the special needs of small-scale food handlers and marketers. Many of the practices 
included in the manual have successfully been used to reduce losses and maintain 
produce quality of horticultural crops in various parts of the world for many years.  
 
This manual will assist you to identify and utilize scale-appropriate, cost-effective 
postharvest technologies for handling fresh horticultural produce to: 

¶ Reduce postharvest losses due to water and weight loss, decay and physical 
damage 

¶ Maintain produce quality (color, flavor, texture, appearance, nutritional value, 
etc.) and economic value during postharvest handling, storage and transport 

¶ Increase shelf life with proper temperature and relative humidity management 

¶ Assure food safety during fresh handling 

¶ Increase income by adopting those postharvest technologies that are most 
profitable for your small-scale operations. 

 
There are many interacting steps involved in any postharvest system. Produce is 
often handled by many different people, transported and stored repeatedly between 
harvest and consumption. While particular practices and the sequence of operations 
will vary for each crop, there is a general series of steps in postharvest handling 
systems that will be followed for the purposes of the manual.  
 

Chapter 1 presents some of the harvesting practices and methods for preparation of 
fresh produce for market. Chapter 2 provides selected examples of how to cure root, 
tuber and bulb crops before further handling or storage. Chapter 3 illustrates simple 
technologies that can be used in packinghouse operations, be it a simple shed in the 
field or a separate structure with integrated cooling and storage facilities.  
 
Chapter 4 presents a variety of improved packing methods and packaging materials 
that can help to maintain product quality and reduce mechanical damage during 
handling, transport and storage. Chapter 5 describes postharvest pest control 
methods and offers suggestions for alternatives to chemical treatments for insect and 
disease control.  
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Simple methods for cooling produce including the use of shade, evaporative cooling, 
hydro-cooling and forced-air cooling are described in Chapter 6. Storage structures, 
methods for ensuring adequate ventilation, and simple technologies for modified 
atmosphere storage are presented in Chapter 7. Transport practices that can reduce 
losses are described in Chapter 8, and methods for handling at destination 
(wholesale or retail markets) are illustrated in Chapter 9. Chapter 10 presents some 
simple methods for processing fresh produce and adding value by drying, canning or 
juice extraction. Finally, Chapter 11 describes the basics of Good Agricultural 
Practices (GAP) and simple methods that can be applied to ensure food safety when 
handling fresh produce. 
 
Each of the practices presented in the manual are briefly described and illustrated. 
For further information on any particular practice, users can refer to the sources listed 
or contact the authors of the manual via email. The practices described in this 
manual are not meant to be a comprehensive list of postharvest handling practices, 
but a starting point for low-input and/or small-scale handlers of horticultural 
commodities. We suggest that you try the practices and compare them to your 
current practice. Remember that any of the practices may be modified by handlers to 
better suit local conditions or the materials available. And it is our hope that users of 
the manual will send to the authors any information about practical, low-cost 
technologies currently in use which were not covered in this edition.  
 
We believe that application of some of the simple practices illustrated in the manual 
will enable small-scale handlers to reduce produce losses, protect food safety and 
help maintain quality of fruits, vegetables and ornamental crops.  
 

 
 

Postharvest Handling Steps for a Typical Commodity 

RURAL ASSEMBLY 

MARKET 
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Principal Causes of Postharvest Losses and Poor Quality 
 
Despite decades of educational efforts, the most common causes of postharvest 
losses in developing countries continue to be rough handling and inadequate cooling 
and temperature maintenance. The lack of sorting to eliminate defects before storage 
and the use of poor quality packages and packaging materials further add to the 
problem. In general, minimizing rough handling and using protective containers to 
reduce bruising and mechanical damage, sorting to remove damaged and diseased 
produce, and effective temperature management will help considerably to maintain a 
quality product and to reduce food losses. Storage life will be enhanced if the 
temperature during the postharvest period is kept as close to the optimum as feasible 
for a given commodity.  
 
IMPORTANT TYPES OF POSTHARVEST HORTICULTURAL LOSSES, 
QUALITY DETERIORATION AND FOOD SAFETY PROBLEMS 
ENCOUNTERED BY PRODUCE HANDLERS AND MARKETERS 
 
Problems:  

Water loss (weight loss) Shriveling, wilting of fruits and vegetables 

Water loss (loss of textural quality)   Softening, limpness, loss of crispiness or 
juiciness 

Mechanical damage Bruises, cuts, surface abrasions or crushing 

Physical losses due to pests Fungal and bacterial diseases, insect attack 

Contamination Soil, pathogenic bacteria (soil-borne disease) 
Pesticide and chemical residues 

Losses from physiological disorders due to 
temperature 

Chilling injury, freezing injury, heat injury, 
sunburn 

Losses from physiological disorders due to 
nutrient imbalances 

Calcium deficiency (bitter pit, blossom end 
rot), Boron toxicity 

Losses from physiological disorders due to 
atmospheric gases 

Damage from ethylene (russet spotting, 
softening, induced browning), low oxygen, 
high carbon dioxide, or refrigerant gas leaks 
(ammonia)  

Losses due to continued growth and 
development after harvest 

Rooting, sprouting, shoot development, 
elongation and curvature of asparagus, 
greening of potatoes, fiber development, 
seed germination inside fruits, compositional 
changes (loss of color, flavor, firmness) 

Nutritional losses Loss of stored carbohydrates, vitamin C 
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Principal Causes of Postharvest Losses and Poor Quality by Type 
of Crop 

GROUP  EXAMPLES  PRINCIPAL CAUSES OF POSTHARVEST LOSSES 
AND POOR QUALITY (IN ORDER OF IMPORTANCE)  

Root vegetables  Carrots  
Beets  
Onions  
Garlic  
Potato  
Sweet 
Potato  

Mechanical injuries  

Improper curing  

Sprouting and rooting  

Water loss (shriveling)  

Decay  

Chilling injury (subtropical and tropical root crops)  

Leafy vegetables  Lettuce  
Chard  
Spinach  
Cabbage  
Green 
onions  

Water loss (wilting)  

Loss of green color (yellowing)  

Mechanical injuries  

Relatively high respiration rates  

Decay  

Flower vegetables  Artichokes  
Broccoli  
Cauliflower  

Mechanical injuries  

Yellowing and other discolorations  

Abscission of florets 

Decay 

Immature-fruit 
vegetables  

Cucumbers  
Squash  
Eggplant  
Peppers  
Okra  
Snap beans  

Over-maturity at harvest 

Water loss (shriveling) 

Bruising and other mechanical injuries 

Chilling injury 

Decay 

Mature-fruit 
vegetables and fruits  

Tomato  
Melons  
Citrus  
Bananas  
Mangoes  
Apples  
Grapes  
Stone fruits  

Bruising  

Over-ripeness and excessive softening at harvest  

Water loss  

Chilling injury (chilling sensitive fruits)  

Compositional changes  

Decay 
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Relative Perishability and Storage Life of Fresh Produce 

Classification of fresh horticultural crops according to their relative perishability and 
potential storage life in air at near optimum temperature and relative humidity  
 

RELATIVE 
PERISHABILITY 

POTENTIAL 
STORAGE LIFE 

(WEEKS) 

COMMODITIES 

Very high <2 Apricot, blackberry, blueberry, cherry, fig, raspberry, 
strawberry; asparagus, bean sprouts, broccoli, 
cauliflower, green onion, leaf lettuce, mushroom, 
muskmelon, pea, spinach, sweet corn, tomato (ripe); 
most cut flowers and foliage; minimally processed fruits 
and vegetables. 
 

High 2-4 Avocado, banana, grape (without SO2 treatment), 
guava, loquat, mandarin, mango, melons (honeydew, 
Crenshaw, Persian), nectarine, papaya, peach, plum; 
artichoke, green beans, Brussels sprouts, cabbage, 
celery, eggplant, head lettuce, okra, pepper, summer 
squash, tomato (partially ripe). 
 

Moderate 4- 8 Apple and pear (some cultivars), grape (SO2-treated), 
orange, grapefruit, lime, kiwifruit, persimmon, 
pomegranate; table beet, carrot, radish, potato 
(immature). 
 

Low 8-16 Apple and pear (some cultivars), lemon; potato 
(mature), dry onion, garlic, pumpkin, winter squash, 
sweet potato, taro, yam; bulbs and other propagules of 
ornamental plants. 
 

Very low >16 Tree nuts, dried fruits and vegetables. 
 

 
 
 
 
 
 
 
 
 
 
Source: 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. 
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Produce Facts 

The UC Davis Postharvest Technology Center website provides ñProduce Factsò, 
with detailed information and recommendation for many fresh horticultural crops. 
Produce Facts are available online in English, Spanish, French and Arabic.  
http://postharvest.ucdavis.edu/Commodity_Resources/Fact_Sheets/ 
 
One example is provided here: 

 
 
For the full Produce facts sheet, visit  
http://postharvest.ucdavis.edu/Commodity_Resources/Fact_Sheets/Datastores/ 
Vegetables_English/?uid=34&ds=799 

http://postharvest.ucdavis.edu/Commodity_Resources/Fact_Sheets/
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Resources for Quality Assurance and Export Marketing 

While it is likely that most of the users of this manual will be producing for local or 
regional domestic markets, the following information is provided for those users who 
may be interested in learning more about export marketing. Export markets require 
adherence to strictly set grades and standards, use of proper packaging materials, 
proper cooling and cold chain management, and documentation of the maintenance 
of international food safety standards. 
 
Standards for U.S. Grades are available for a wide range of fruits and vegetables for 
fresh market or processing. For a single free copy of U.S. Grades for a particular 
commodity, write to Fresh Products Branch, USDA-AMS, FV, Room 2056-S, 
Washington, D.C., 20250. U.S. Inspection Instructions are also available at a small 
fee from this address. Grade Standards can also be downloaded from the USDA-
AMS (Fruit & Vegetable Programs) website: 
https://www.ams.usda.gov/grades-standards 
 
The Organization of Economic Cooperation and Development (OECD) publishes 
booklets on "International Standards of Fruits and Vegetables". In North America, 
write to: OECD Publications and Information Center, 2001 L Street, N.W., Suite 700, 
Washington, D.C., 20036-4910. From countries outside North America, contact 
OECD Publications Service, 2 Rue André-Pascal, 75775 PARIS Cedex 16, France.  
Food safety is a top priority for many growers, produce buyers and retailers, and 
global Good Agricultural Practices (GAP) are in wide use. Beginning as an initiative 
by retailers in 1997, the Euro-Retailer Produce Working Group (EUREP) developed 
and tested the first EUREP-GAP protocols, now referred to as Global-GAP. 
(http://www.globalgap.org/uk_en/) 
 

The mission of the Animal and Plant Health Inspection Service (APHIS) is ñto protect 
America's animal and plant resources by:  

¶ Safeguarding resources from exotic invasive pests and diseases, 

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

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

¶ Ensuring the humane care and treatment of animals.ò  
 
The APHIS website (https://www.aphis.usda.gov/aphis/home/) offers a wide variety of 
information related to import/export regulations of concern to those interested in 
exporting produce to the United States.  

¶ http://www.aphis.usda.gov/import_export/plants/manuals/index.shtml displays a 
list of APHIS/Plant Protection and Quarantine Manuals that are available 
electronically. 

¶ http://www.aphis.usda.gov/import_export/plants/manuals/ports/downloads/fv.pdf 
is a complete handbook on ñFresh Fruits and Vegetables Import Manualò that is 
available online. 
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Protrade advises and promotes businesses in Latin America, Africa, Asia and 
Eastern Europe by providing marketing expertise for products that are competitive in 
European markets. Handbooks on general trade and marketing are available for 
fresh fruit and dried fruit. Export manuals (in English and Spanish) are available for 
asparagus, mangoes, avocados, papaya and pineapple. These publications are 
available from Deutsche Gesellschaft für Technische Zusammenarbeit (GTZ), GmbH/ 
Protrade, P.O. Box 5180, D-65726 Eschborn, Germany.  
 
ASEAN Food Handling Bureau has developed publications on the harvesting, 
postharvest handling and marketing of banana, mango, rambutan, papaya and 
durian as a part of its series on "Fruit Development, Postharvest Physiology, 
Handling and Marketing in ASEAN". Each book is available for sale from ASEAN 
Food Handling Bureau, Level 3, G14/G15, Pusat Bandar Damansara, 50490 Kuala 
Lumpur, Malaysia.  
 
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. 
(www.pma.com)
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Chapter 1: Harvesting and Preparation for Market  

Small-scale producers have the option to harvest earlier when vegetables are more 
delicate and valuable, harvest later when fruits are at a riper, more flavorful stage; 
or harvest more often (taking advantage of multiple harvests to gather produce at 
its optimum stage of maturity). All these options can lead to higher profits due to the 
higher value of the produce you have to offer for sale. 
 
One of the most common mistakes growers make is to harvest fruit crops too early 
when they are under-ripe and have not yet developed their full flavor. Some 
vegetables, if allowed to grow large, will be too fibrous or full of seeds for good eating 
quality. With many horticultural crops, if you harvest all at once, you are sure to have 
many items that are either under-mature or over-mature. Using a maturity index as a 
standard will greatly reduce pre-sorting losses. For some crops this involves using a 
refractometer to measure soluble solids (mostly sugars) or a penetrometer to 
measure firmness. 
 
Mechanical damage during harvest can become a serious problem. Injuries 
predispose produce to decay, increased water loss and increased respiratory and 
ethylene production rates, leading to quick deterioration. In general, harvesting by 
machine will cause more damage than harvesting by hand, although some root crops 
can be severely damaged by careless hand digging. The containers used by pickers 
in the field should be clean, have smooth inside surfaces and be free of rough edges. 
Stackable plastic crates, while initially expensive, are durable, reusable and easily 
cleaned (FAO, 1989). If baskets must be used, they should be woven "inside out" 
with the stubs of the beginning and end of each cane on the outside of the basket 
(Grierson, 1987). Using smaller containers will also help to reduce damage and 
postharvest losses (Kitinoja, 2012). 
 
Manual harvesters should be well trained in the proper way to harvest the crop to 
minimize damage and waste, and should be able to recognize the proper maturity 
stage for the produce they are handling. Pickers should harvest with care by 
snapping, cutting or pulling the fruit or vegetable from the plant in the least damaging 
manner. The tips of knives should be rounded to minimize inadvertent gouges and 
excess damage to perennial plants. Knives and clippers should always be well 
sharpened. Pickers should be trained to empty their picking bags and/or baskets with 
care, never dumping or throwing produce into field containers. If harvesters pick 
directly into large bulk bins, produce can be protected from bruising by the use of a 
de-accelerating chute fashioned from canvas. Vented, stackable field containers 
should be kept clean and smooth.  
 
Exposure to the sun should be avoided as much as possible during and after harvest, 
as produce left out in the sun will gain heat and may become sun-burned. Produce 
exposed to sunlight can soon become 4 to 6 °C (7 to 11 °F) warmer than air 
temperature (Thompson et al., 2001). Field bins should be placed in the shade or 
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loosely covered (for example with light-colored canvas, leafy plant materials, straw, 
or an inverted empty container) if delays are expected in removing them from the 
field. Night or early morning harvest is sometimes an option for harvesting produce 
when internal temperatures are relatively low, reducing the energy needed for 
subsequent cooling. Latex flow is often lower later in the morning than it is at dawn 
for crops such as mango and papaya (Pantastico, 1980). Therefore, harvesting as 
late in the morning as possible can reduce later efforts required to clean the produce 
before packing. Also, citrus fruits should not be harvested early in the morning when 
turgid because of their greater susceptibility to the release of essential oils from the 
flavedo oil glands that cause oil spotting (green spots on yellow and orange citrus 
fruits after degreening). 
 
Directly following harvest, when produce is prepared for marketing, cooling is 
essential. Cooling (also known as "pre-cooling") is the removal of field heat directly 
after harvest, before any further handling. Any delays in cooling will shorten 
postharvest life and reduce quality. Even produce undergoing repeated cooling and 
warming deteriorates at a slower rate than produce that has not been cooled (Mitchell 
et al., 1972).  
 
Rough handling during preparation for markets will increase bruising and mechanical 
damage and limit the benefits of cooling. Roads between the field and the 
packinghouse should be graded and free from large ruts, bumps and holes. Field 
boxes must be well secured during transport and, if stacked, not overfilled. Transport 
speeds must be suited to the quality and conditions of the roads, and truck and/or 
trailer suspensions kept in good repair. Reduced tire air pressure on transport 
vehicles will reduce the amount of motion transmitted to the produce (as cited in 
Kader, 2002).  
 
Any practice that reduces the number of times the produce is handled will help 
reduce losses. Field packing (selection, sorting, trimming and packaging of produce 
at the time of harvest) can greatly reduce the number of handling steps the produce 
must undergo before marketing. Small carts or small mobile field packing stations 
can be designed to be moved along with the packers and to provide shade for 
packing operations. 
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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 kept in a well-shaded area. 
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Best Practices for Harvesting  

DO DO NOT 

Always consider the needs and requirements of the market 
for your produce (customer preferences for size and/or stage 
of maturity). 

Pick up produce that has 
fallen on the ground during 
harvesting. 

Regardless of commodity or development stage of produce, 
all horticultural products require extreme care at harvest. 

Lay harvested produce or 
field containers on bare soil. 
 

Use containers that are clean, smooth and free of rough 
edges, vented, and not too large. Steel or plastic buckets 
make good harvesting containers. 

Dump or throw produce into 
field containers.   

Use stackable plastic crates as field containers during 
harvest--while initially expensive, these are durable, 
reusable and easily cleaned. 

Overfill containers especially 
if they are stacked. 

Train harvest personnel in the proper way to harvest the 
crop to minimize damage and waste. 

Use field containers for any 
other purpose (tools, foods, 
fuel, etc.)  

Train harvesters to recognize the proper maturity stage for 
the produce they are handling (such as size, shape, color, 
sweetness or firmness).   

 

Round the tips of knives to minimize inadvertent gouges and 
excess damage to perennial plants, sharpen knives and 
clippers. 

 

Wear cotton gloves, trim fingernails, and remove jewelry 
such as rings and bracelets to help reduce mechanical 
damage during harvest. 

 

Train pickers to empty their picking bags and/or baskets with 
care. 

 

Keep produce clean and free from soil contamination to 
reduce food safety hazards. 

 

Always provide shade for harvested produce to prevent heat 
and sun damage. 

 

Let dew dry off in the morning if harvesting crops are 
susceptible to fungal diseases. 

 

Cool produce (remove field heat) as soon as possible after 
harvest. 

 

Grade roads between the field and the packinghouse and 
keep them free of large ruts, bumps and holes.   

 

Secure field boxes well during transport.  

Disinfect all tools and equipment that will come in contact 
with produce (use a solution of one part chlorine bleach to 
one part clean water).  

 

Consider field packing to reduce the number of times 
produce is handled between harvest and marketing. 
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Maturity Standards 

Maturity standards have been determined for many fruit, vegetable and floral crops. 
Harvesting crops at the proper maturity allows handlers to begin their work with the 
best possible quality produce. Produce harvested too early may lack flavor and may 
not ripen properly, while produce harvested too late may be fibrous or overripe. 
Pickers can be trained in methods of identifying produce that is ready for harvest. 
The following table, from Reid (as cited in Kader, 2002), provides some examples of 
maturity indices.  

 

Index Examples 

Elapsed days from full bloom to harvest Apples, pears 

Mean heat units during development Peas, apples, sweet corn 

Development of abscission layer Some melons, apples, feijoas 

Surface morphology and structure Cuticle formation on grapes, tomatoes 
Netting of some melons 
Gloss of some fruits (development of wax) 

Size All fruits and many vegetables 

Specific gravity Cherries, watermelons, potatoes 

Shape Angularity of banana fingers 
Full cheeks of mangos 
Compactness of broccoli and cauliflower 

Solidity Lettuce, cabbage, brussels sprouts 

Textural properties 

Firmness Apples, pears, stone fruits 

Tenderness Peas 

Color, external All fruits and most vegetables 

Internal color and structure Formation of jelly-like material in tomato fruits 
Flesh color of some fruits 

Compositional factors 

Starch content Apples, pears 

Sugar content Apples, pears, stone fruits, grapes 

Acid content, sugar/acid ratio Pomegranates, citrus, papaya, melons, kiwifruit 

Juice content Citrus fruits 

Oil content Avocados 

Astringency (tannin content) Persimmons, dates 

Internal ethylene concentration Apples, pears 

 
 
 
 
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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Vegetables are harvested over a wide range of maturities depending on the part of 
the plant used as food. The following table provides some examples of maturity 
indices of vegetable crops.  
 

Crop Index 

Root, bulb and tuber crops 

Radish and carrot Large enough and crispy (over-mature if pithy) 

Potato, onion, and garlic Tops beginning to dry out and topple down 

Yam bean and ginger Large enough (over-mature if tough and fibrous) 

Green onion Leaves at their broadest and longest 

Fruit vegetables 

Cowpea, yard-long bean, snap bean, 
batao, sweet pea, and winged bean 

Well-filled pods that snap readily 

Lima bean and pigeon pea Well-filled pods that are beginning to lose their greenness 

Okra 
Desirable size reached and the tips of which can be 
snapped readily 

Upo, snake gourd, and dishrag gourd 
Desirable size reached and thumbnail can still penetrate 
flesh readily (over-mature if thumbnail cannot penetrate 
flesh readily) 

Eggplant, bitter gourd, chayote or 
slicing cucumber 

Desirable size reached but still tender (over-mature if color 
dulls or changes and seeds are tough) 

Sweet corn Exudes milky sap from kernel if cut 

Tomato Seeds slipping when fruit is cut, or green color turning pink 

Sweet pepper Deep green color turning dull or red 

Muskmelon 
Easily separated from vine with a slight twist leaving clean 
cavity 

Honeydew melon 
Change in fruit color from a slight greenish white to cream; 
aroma noticeable 

Watermelon 
Color of lower part turning creamy yellow, dull hollow 
sound when thumped 

Flower vegetables 

Cauliflower 
Curd compact (over-mature if flower cluster elongates and 
becomes loose) 

Broccoli Bud cluster compact (over-mature if loose) 

Leafy vegetables 

Lettuce Big enough before flowering 

Cabbage Head compact (over-mature if head cracks) 

Celery Big enough before it becomes pithy 

 
 
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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Using a Refractometer   

Sugars are the major soluble solids in fruit juices and, therefore, soluble solids can be 
used as an estimate of sweetness. A hand-held refractometer can be used outdoors 
to measure % SSC (equivalent degrees Brix for sugar solutions) in a small sample of 
fruit juice. Temperature will affect the reading (increasing about 0.5% SSC for every 5 
ºC or 10 ºF), so you should adjust the measurement for the ambient temperature. 
 
A garlic press works well to squeeze the juice from fruit samples. For small fruits, use 
the whole fruit. For large fruits, take a wedge from the stem end to the blossom end 
and to the center of the fruit. Remove any pulp by filtering the juice through a small 
piece of cheesecloth. You must clean and standardize the refractometer between 
each reading with distilled water (should read 0% SSC at 20 ºC or 68 ºF). 

 
Here are some examples of proposed minimum % SSC for selected commodities. If 
your reading indicates a higher % SSC, then your produce is better than the 
minimum standard. Strawberries, which are of excellent flavor, for instance, would 
measure 8% SSC or above. 
 

Minimum % SSC 
Apricot 10 

Blueberry 10 

Cherry 14-16 

Grape 14-17.5 

Kiwifruit 6.5 

Mango 10-12 

Muskmelon 10 

Nectarine 10 

Papaya 11.5 

Peach 10 

Pear 13 

Pineapple 12 

Plum 12 

Pomegranate 17 

Strawberry 7 

Watermelon 10 

 
 
Sources: Kader, A.A. 1999. Fruit maturity, ripening and quality relationships. Acta Hort 485: 
203-208. S. Vasquez and S. Mueller, 2008. Refractometer calibration, use and maintenance. 
http://ucce.ucdavis.edu/files/datastore/234-1200.pdf  
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Using a Firmness Tester 

The degree of softness or crispiness can be estimated by squeezing produce or 
taking a bite. Objective measurements can be made with inexpensive penetrometers. 
The most common way to measure firmness is resistance to compression or pounds-
force (lbf). The Effe-gi fruit penetrometer is a hand-held probe with a gauge for 
pounds-force.  
 
To measure firmness, use fruits that are uniform in temperature, since warm fruits are 
usually softer than cold fruits. Use fruits that are uniform in size, since large fruits are 
usually softer than smaller fruits. Make two puncture tests per fruit on larger fruits, 
once on opposite cheeks, midway between stem and blossom ends. Remove a disc 
of skin (larger than the tip to be used) and choose the appropriate plunger tip (see 
below). Hold the fruit against a stationary, hard surface, and force the tip into the fruit 
at a slow, uniform speed (take 2 seconds) to the scribed line on the tip. Take the 
reading to the nearest 0.5 lb.-force. 
 
Appropriate Effi-gi plunger tip sizes to use  
when measuring firmness in selected fruits: 
 
1.5 mm (1/16 inch)  Olive 

  3 mm (1/8 inch) Cherry, grape, strawberry 

  8 mm (5/16 inch) Apricot, avocado, kiwifruit, pear, mango, nectarine, papaya, peach 

 11 mm (7/16 inch) Apple 

 
Calibrate firmness testers by holding the tester vertically and placing the tip on the 
pan of a scale. Press down until the scale registers a given weight, then read the 
firmness tester. Repeat three to five times. If you find the instrument reads the same 
as the scale, it is ready to use. You can adjust the penetrometers by inserting 
washers in the appropriate locations (follow the instructions that come with the 
instrument).  
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Harvesting Practices 

Harvesting practices should cause as little mechanical damage to produce as 
possible. Gentle digging, picking and handling will help reduce crop losses.  
 
Pick carefully to avoid damage:  

 

For some crops, a natural break point forms at the junction of the stem and the stalk 
when produce is mature. Harvesters should grasp the product firmly but gently and 
pull upward as illustrated below. Wearing cotton gloves, trimming fingernails, and 
removing jewelry such as rings and bracelets can help reduce mechanical damage 
during harvest.  

 

 
 
 
 
 
Source: FAO. 1989. Prevention of Post-Harvest Food Losses: Fruits. Vegetables and Root 
Crops. A Training Manual. Rome: UNFAO. p. 157. 
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If a small amount of leafy vegetables are being harvested for home use or for sale at 
a nearby roadside or farmers' market, a small tub of cold water can be useful for 
cooling the produce. The tub can be brought directly to the field and used by the 
picker as a field container. Clean water should be used with each lot of produce. 
Chilling leafy vegetables by using cold water at harvest will help maintain quality and 
prevent wilting.  
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Source: Minnich, J. 1983. Gardening for Maximum Nutrition. Emmaus, Pa: Rodale Press. 

Harvesting Containers 

Picking baskets, bags and buckets come in many sizes and shapes. Buckets are 
better than baskets in protecting produce, since they do not collapse and squeeze 
produce. 

 

These harvesting containers can be made by sewing bags with openings on both 
ends, fitting fabric over the open bottom of ready-made baskets, fitting bags with 
adjustable harnesses, or simply adding some carrying straps to a small basket.  

        

Source: Friend Manufacturing Corporation, Prospect Street, P.O. Box 385, Gasport, New 
York 14067. 



 
Harvesting and Preparation for Market 

 

 
Small Scale Postharvest Handling Practices: A Manual for Horticultural Crops (5th edition).  21 

Plastic crates are relatively expensive but are durable, reusable and easy to clean. 
When empty, they can be nested to save space in storage or transport. When filled, 
they can be stacked if every other crate is turned in the direction opposite to the one 
below.  

Stackable, reusable plastic crates:  

 

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

If plastic crates are well vented along the sides and/or bottom, they can also be used 
to wash and/or cool produce after harvest. See Chapter 3 and 4 for more details. 
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Harvesting Tools 

Some fruits need to be clipped or cut from the parent plant. Clippers or knives should 
be kept well sharpened. Harvesting tools should be kept clean, free from rust and 
extraneous materials by dipping them in sanitizing solution periodically during the 
day. Penduncles, woody stems or spurs should be trimmed as close as possible to 
prevent fruit from damaging neighboring fruits during transport.  
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Pruning shears are often used for harvesting fruits, some vegetables, and cut 
flowers. A wide variety of styles is available as handheld or pole models, including 
shears that cut and hold onto the stem of the cut product. This feature allows the 
picker to harvest without using a catching bag or dropping fruits.  

Straight-bladed hand shears for fruits and flowers:  

 

Thin, curved blade for grapes and fruits:  

 

Cut and hold hand shears:  

 

Clipper for citrus fruits:  
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Pole mounted, cut and hold picking shears:  

 

 

Using a cutting tool attached to a long pole can aid picking of crops, such as 
mangoes and avocados, when the fruit is difficult to reach. Cutting edges should be 
kept sharpened and the catching bag should be relatively small The angle of the 
cutting edge and the shape of the catching bag can affect the quality of the fruit 
harvested, so it is important to check performance carefully before using any new 
tools.  

Using a picking pole:  
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Picking poles and catching sacks can be made by hand or purchased from 
horticultural supply companies. The collection bags illustrated below were hand 
woven from strong cord or sewn from canvas. The hoop used as the basket rim and 
cutting edges can be fashioned from sheet metal, steel tubing or recycled scrap 
metal. 

Handwoven collection bag  

 

 

Canvas collection sack  
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Fruit trees are sometimes quite tall and letting fruit fall to the ground when it is cut 
from the tree will cause severe bruising. If two pickers work together, one can clip or 
cut the fruit from the tree, and the other can use a sack to break its fall. The catcher 
supports the bag with his hands while one foot catches the falling fruit. Then he 
lowers the far end of the bag to allow the fruit to roll safely to the ground. 

 

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

Unlike most nut crops, pistachio nuts should not be knocked to the ground during 
harvest because of their open shells and relatively high moisture content. The 
harvesting practice illustrated below can be used with pistachios and olives with good 
results. Plastic sheeting or canvas tarpaulins are spread below the tree being 
harvested, and trees are mechanically shaken or hand knocked (the branches hit 
with mauls) until the nuts drop. In the illustration below, two harvesters are gathering 
a sheet covered with produce.  
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Field Packing 

When crops are field packed, the picker harvests and immediately packs the produce 
after minimal handling. Strawberries are generally field packed, since even a small 
amount of handling will damage these soft fruits. When lettuce is field packed, 
several wrapper leaves are left on the head to help cushion the produce during 
transport.  

A small cart can help reduce the amount of bending and lifting the picker has to do 
during harvest. The carts shown below have a single wheel in front and can be 
pushed along the row ahead of the picker.  

Field Packing Strawberries:  

 

Field Packing Lettuce: 
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A simple aid for field packers is a movable cart with a rack for boxes and a wide roof 
to provide shade. This small cart is designed to be pushed by hand along the outer 
edge of the field or orchard where the harvest is taking place. It has been used to 
field pack table grapes, small fruits and specialty vegetables. 

This larger cart for field packing is designed to be pulled by a small tractor into the 
field when the crop is harvested. This type of cart can be used for field packing many 
types of crops. The roof folds down for easy transport and opens up to provide a wide 
area of shade for the packers and the commodity. The cart design can be modified 
as needed to suit various products and different operations. 
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A self-propelled field pack system allows field workers to cut, trim, tie/wrap and pack 
in the field, thus eliminating the expense of operating a packing shed. In the 
illustration below, a fiat bed truck is moving alongside the field pack system, and 
packed produce is being loaded for transport.  

 

Self-Propelled Field Pack System  

 

 

Options:  

¶ Number of worker positions per side  

¶ Row spacing 

¶ Ground clearance 

¶ Can harvest front, rear, or both  

 

 

 
 
 
 
 
 
 
Source: Highlander Ramsay Welding Machine Promotional Brochure. 1993. 
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Transport to the Packinghouse 

When crops are harvested at some distance from the packinghouse, the produce 
must be transported before packing. The gravity-driven conveyor system for bananas 
illustrated below provides an example of how handling can be minimized during 
preparation for market. Harvested bananas are carried to the platforms set up along 
the conveyor route, then lifted and hung from hooks attached to the wire. Transport 
speed is controlled by workers who lead the produce to the packinghouse at the 
bottom of the hill.  

 

 
 
 
 
 
 
 
 
Source: NIAE. 1977. Banana Conveyor. Tropical Agricultural Engineering Information O.D. 
Bulletin No. 7. National Institute of Agricultural Engineering, Silsoe, Bedfordshire, England. 
p.1
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Chapter 2: Curing Root, Tuber and Bulb Crops  

Curing root and tuber crops, such as sweet potatoes, potatoes, cassava and yams, is 
an important practice if these crops are to be stored for any length of time. Curing is 
accomplished by holding the produce at high temperature and high relative humidity 
for several days while harvesting wounds heal and a new, protective layer of cells 
form. While curing can be initially costly if it is necessary to use added heat, the long 
extension of storage life makes the practice economically worthwhile.  

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

Commodity  Temperature  Relative Humidity  Days  

°C  °F  (%)  

Potato  15-20  59-68  90-95  5-10  

Sweet potato  30-32  86-90  85-90  4-7  

Yarns  32-40  90-104  90-100  1-4  

Cassava (Manioc) 30-40  86-104  90-95  2-5  

Cocoyams (Malanga) 30-35 86-95 95 3-5 

Curing, when used for onions, garlic and flowering bulbs, refers to the practice 
directly following harvest, It allows the external layers of skin and neck tissue to dry 
out prior to handling and storage. If local weather conditions permit, these crops can 
be under-cut in the field, windrowed and left for five to ten days to dry naturally. The 
dried tops of the plants can be arranged to cover and shade the bulbs during the 
curing process, protecting the produce from excess heat and sunburn. If forced, 
heated air is used for curing onions and other bulbs, one day or less at 35 to 45 °C 
(95 to 113 °F) and 60 to 75% relative humidity is recommended. The dried layers of 
ñskinò then protect the produce from further water loss during storage.  
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Field Curing 

Yams and other tropical root and tuber crops can be cured outdoors if piled in a 
partially shaded area. Cut grasses or straw can be used as insulating materials and 
the pile should be covered with canvas, burlap or woven grass mats. Curing requires 
high temperature and high relative humidity, and this covering will trap self-generated 
heat and moisture. Never use plastic covers, as the pile can then become too hot, 
which will harm the produce. The stack should be left for about four days (yams) or 
five days (cassava, sweet potatoes, or cocoyams) and then checked to feel the peel 
of the produce. If the peel is firmly attached and does not slip when pressed 
sideways using light finger pressure, the curing process is complete.   

 

Cut-away View of Yam Curing  

 

 
 
 
 
 
 
 
 
 
 
 
Source: Wilson, J. (n.d.). Careful Storage of Yams: Some Basic Principles to Reduce 
Losses. London: Commonwealth Secretariat/International Institute of Tropical Agriculture. 
(IITA, Ibadan, Nigeria.). 
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Onions and garlics can be cured in the field in regions where the harvest coincides 
with the dry season. The crops can be cured either in windrows or after packing into 
large, woven, fiber or net sacks. The sacks must not be stacked, but placed in a way 
to leave plenty of open space to allow for excellent air flow. The produce can be left 
in the field for five days then checked daily until the outer skin and neck tissues are 
properly dried. Curing may take up to ten days, depending on weather conditions. It 
is important to check on the curing process each day. 

Curing can be assisted by the use of ventilated sheds in regions where solar 
radiation and/or relative humidity is high or natural air movement is low. Produce in 
sacks can be stacked 2 or 3 high, in the shade on canvas tarpaulins, or in an open-
sided shed under one or more ceiling fans.  An exhaust vent in the roof can assist 
with air circulation. 

 

Curing Assisted by Shade and Ventilation:  

 

Vent with 
exhaust fan 
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Curing with Heated Air 

The most uniform distribution of heat is obtained when heat is introduced near the 
floor level of a curing structure. Heaters can be placed on the floor near the bins of 
produce, or heat can be ducted in from outside the curing room. A high relative 
humidity can be obtained by wetting the floor or by using an evaporative cooler in the 
room without introducing outside air. 

 

If heaters are located near the ceiling, then ceiling fans can be used to help 
redistribute the heat down into the room of produce. Bulk bins must be stacked to 
allow a gap of 10 to 15 cm. (4 to 6 inches) between rows for adequate air circulation.  

 
 
 
Source: Thompson, J. and Scheuerman, R.W. 1993. Curing and Storing California Sweet 
potatoes. Merced County Cooperative Extension. Merced, California. 



 
Curing Root, Tuber, and Bulb Crops 

 

 
Small Scale Postharvest Handling Practices: A Manual for Horticultural Crops (5th edition).  35 

Bulk Systems for Curing Onions 

Curing using a bulk system requires a fan, a heating unit and a slatted floor. The 
illustrations below show how air can be brought in, heated, and distributed through 
bulk onions in the curing room. An exhaust opening near the ceiling re-circulates 
heated air.  

When using heated air it is easy to over-dry the bulbs, leading to a loss of external 
scales and exposure of the fleshy scales underneath. Curing onions should be 
checked regularly to avoid over-drying. 

  

 
Source: Davis, H.R. et al. (n.d.). Storage Recommendations for Northern Grown Onions. 
Information Bulletin 148. Ithaca, NY: Cornell University Extension. 
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Emergency Curing 

If conditions, such as rain or flooded fields, do not permit field curing and curing 
facilities are not available, a temporary tent can be used for curing onions. In the 
example illustrated below, the tent is constructed from large tarpaulins. Heated air is 
forced into a hollow area (known as a plenum) at the center of the bins of produce. 
Several fans are used to circulate the warm air through the onions while they are 
curing.  

 

 

 
 
 
 
 
 
 
 
 
Source: Davis, H.R. et al. (n.d.). Storage Recommendations for Northern Grown Onions. 
Information Bulletin 148, Ithaca, New York Cornell University Extension. 




























































































































































































































































































































































































































































































