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WHOLESALE SUCCESS
A Farmer’s Guide to Food Safety, Selling, 

Postharvest Handling, and Packing Produce

edited by  
Jim Slama  
and Atina Diffley Fourth Edition

Field to Box

Post Harvest Impacts:
- Product Quality

- Food Safety

- Market Reputation

- Economic Viability

- Worker Health
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Fresh 
Produce 
Is Alive

Wholesale Success
FamilyFarmed.org
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• Loss of nutrients

• Loss of weight

• Shorter shelf life

• Lose $$

• Reputation

Respiration

The instant a crop is removed from the ground, or separated 
from its parent plant it begins to DETERIORATE.
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Higher Produce Temperature       Higher 
Respiration Rate       Quicker Deterioration

CROP 32° F 41° F 50° F 60° F 70° F 80° F
Asparagus 27-80 55-136 90-304 160-327 275-500 500-600
Broccoli 19-21 32-37 75-87 161-186 278-320 -
Potatoes, 
late

3-9 7-10 6-12 8-16 -

Beets, root 5-7 9-10 12-14 17-23 - -

For every 18°F  increase in temperature the 
rate of decay increases 2-3 times.
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32

41 50

57 68
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After five days at the correct temperature

80°F
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32 36.5 41 45 50 54.5
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Respiration Rate 
and Cold Needs

Page 45

Require Cooling 
and Cold Storage

Can Be Handled 
Without Cooling. 
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C R O P Harvest Quality Coo l ing Resp i r a t i on I C ED Cool To 
Method Ra t e Store Temp

Apples, R, F, H low 32-38
Asparagus bracts at tip closed H, I extremely high YES 35
Basil fresh, tender leaves high NO 50
Beans, snap seeds developed, plump R, F, H very high NO 41-46
Beans, lima crisp pods, seeds immature R, F, H high NO 41-43
Beets, bunched crisp fresh leaves H, I high YES 32
Beets, root firm, deep red roots R moderate Can 33-36
Blackberries full color, sweet R, F high NO 32
Blueberries full color, sweet R, F moderate NO 32
Broccoli firm head, buds not open I, F, H very high YES 32
Brussel sprouts firm sprouts H, V, I very high YES 32
Cabbage crisp, firm, compact head R, F moderate NO 32
Cantaloupe full slip, rind color H, F moderate NO 36-41 
Carrots, topped tender, sweet roots I, R moderate YES 32
Cauliflower compact, white curds H, V high YES 32
Celery crisp, tender I moderate YES 32
Corn, sweet plump tender kernels H, I, V extremely high YES 32
Cucumbers crisp, green, firm F, H moderate NO 50-55 
Eggplant seeds immature; shiny, firm R, F NO 50-54
Endive fresh, crisp, tender leaves H, I very high YES 32
Garlic N low NO 32
Leafy Greens crisp, dark green leaves H, I very high YES 32
Herbs fresh, crisp, tender leaves NO 32-41
Leeks size, crisp H, I high YES 32
Lettuce compact head, crisp, tender H, I moderate YES 32
Mushrooms size, firm very high NO 32
Onions, bulb firm bulbs, tight necks N low NO 32
Onions, green crisp stalks, firm white bulbs H, I very high YES 32
Parsley crisp, dark green leaves H, I extremely high YES 32
Pears F, R, H moderate NO 32
Peas, in pods tender, green, sweet pods F, H, I extremely high CAN 32
Peppers, bell firm, shiny, thick walls R, F moderate NO 45-50
Peppers, hot firm, shiny, thick walls R, F moderate NO 41-50
Potatoes, early well shaped, defect free R, F moderate NO 50-59
Potatoes, late well shaped, defect free R, F very low NO 40-54
Pumpkins hard rind, good color, heavy N moderate NO 54-59
Radishes firm, crisp, dark green leaves H, I high YES 32
Raspberries full color, sweet R, F high NO 32
Rutabagas roots firm with smooth surface R low NO 32
Spinach dark green, fresh, crisp leaves H, I extremely high YES 32
Squash, summer firm, shiny, right size R,F moderate NO 41-50 
Squash, winter hard rind, heavy, good color N moderate NO 50-55 
Strawberries full color, sweet R, F high NO 32
Sweet potatoes N low NO 55-59
Tomatoes firm, uniform coloration R, F moderate NO 45-55
Turnips firm, heavy roots R, H, V, I low YES 32
Watermelon crisp, good flesh color, not mushy N low NO 50-59
F = forced-air cooling, H = hydrocooling, I = package icing, R = room cooling, V = vacuum cooling, N = no precooling needed. F = forced-air cooling, H = hydrocooling, I = package icing, R = room cooling, V = vacuum cooling, N = no precooling needed. F = forced-air cooling, H = hydrocooling, I = package icing, R = room cooling, V = vacuum cooling, N = no precooling needed. F = forced-air cooling, H = hydrocooling, I = package icing, R = room cooling, V = vacuum cooling, N = no precooling needed. F = forced-air cooling, H = hydrocooling, I = package icing, R = room cooling, V = vacuum cooling, N = no precooling needed. F = forced-air cooling, H = hydrocooling, I = package icing, R = room cooling, V = vacuum cooling, N = no precooling needed. F = forced-air cooling, H = hydrocooling, I = package icing, R = room cooling, V = vacuum cooling, N = no precooling needed. 
Sources: USDA Agricultural Marketing Service, Kansas State University Extension, and Jim Waltrip at PetoSeed Sources: USDA Agricultural Marketing Service, Kansas State University Extension, and Jim Waltrip at PetoSeed Sources: USDA Agricultural Marketing Service, Kansas State University Extension, and Jim Waltrip at PetoSeed Sources: USDA Agricultural Marketing Service, Kansas State University Extension, and Jim Waltrip at PetoSeed Sources: USDA Agricultural Marketing Service, Kansas State University Extension, and Jim Waltrip at PetoSeed Sources: USDA Agricultural Marketing Service, Kansas State University Extension, and Jim Waltrip at PetoSeed Sources: USDA Agricultural Marketing Service, Kansas State University Extension, and Jim Waltrip at PetoSeed 
2012 Production Guide for Storage of Organic Fruits and Vegetables NYS IPM Publication No. 10 Cornell University2012 Production Guide for Storage of Organic Fruits and Vegetables NYS IPM Publication No. 10 Cornell University2012 Production Guide for Storage of Organic Fruits and Vegetables NYS IPM Publication No. 10 Cornell University2012 Production Guide for Storage of Organic Fruits and Vegetables NYS IPM Publication No. 10 Cornell University2012 Production Guide for Storage of Organic Fruits and Vegetables NYS IPM Publication No. 10 Cornell University2012 Production Guide for Storage of Organic Fruits and Vegetables NYS IPM Publication No. 10 Cornell University2012 Production Guide for Storage of Organic Fruits and Vegetables NYS IPM Publication No. 10 Cornell University
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chilling injury
•Storage Temp 50-54°
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11

chilling injury

55° F

45° F 46-54° F

ROOM
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Maintaining the Cold Chain

PICK IT COOL
KEEP IT COOL 

PUT IT 
TO SLEEP

PR
O

CE
SS

 S
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PS

•Ethylene
•Humidity

•Harvest
•Cleaning
•Cooling
•Storage
•Transport
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Harvest: 1st Step Cold Chain

• 7 A.M. 
58° Ambient Air
45° Broccoli

• 4 P.M. 
88° Ambient Air
82° Broccoli 

37° Difference: Huge impact on shelf life and safety. 

PICK IT COOL 

14

Keep It Cool

Avoid direct sun!
Move produce to a 
packing shed often!

Removing heat costs time and $

15

Best to Harvest Dry
Solanaceous Family
Cucurbits
Green Beans
Storage Roots
Storage Alliums

Okay to Harvest Wet
Greens
Brassicas
Sweet Corn
Fresh Alliums
Fresh Roots

HARVEST -- Dry or Wet

16

FRESH PRODUCE 
SHOULD BE SEEN 

NOT HEARD
18 19
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2nd Step In The Cold Chain

1. All produce should 
be clean when sent 
to market. 
2. Clean: Visually 
free of dust, dirt, 
soil, and other 
debris.

Cleaning Options
• Do Not Wash
• Dry Brushing
• Water Tank
• Water Spraying
• Wet Brush
• Mechanical Washers

Cleaning and Drying

20

Do Not Wash

21

Do Not Wash

22

Don’t need washing. Keep clean at harvest.

23

Glove
Policy

Clean at 
Harvest

24 25
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Wash systems needs to be evaluated for food safety 
risk. Farms may change their practices as a result.

Food Safety and Water 

- Pathogens can transfer 
from product to product

- Pathogens can be imbibed
-Depth
-Length of time
-Temperature

WASHING PRODUCE

DUNK TANKS INCREASE THE RISK

28 29

Infiltration is particularly likely to occur in apples, 
melons, peppers, and spinach.

Minimize infiltration by 
controlling factors that 
affect the process:

- Minimize the amount of 
time warm produce spends 
in cold dunk tank water
- Use a sanitizer. 
- Avoid deep dunk tanks.
- Pre-cool produce using 

methods other than dunk 
tanks.

30

Clean
Cool
Crisp

Why do we use water? 

If there is a food safety consequence, it 
trumps cleaning, cooling, and crisping

Is there a way to 
accomplish our goals 
without dunk tanks?

31

Shows the reduction of e-coli in the rinse water
Do Not Interpret This Research To Mean That 

Pathogens Can Be Washed Off Of Produce!

Risk of Using Dunk Tanks

-- Vern Grubinger – University of Vermont

32 33
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ways to avoid dunking

34 35

36

joshvolk.com

37

The Big Blue Gun $90
High water volume
Low-pressure output 

Developed for 
European industrial 
and food-processing 
sectors for all types 
of cleaning.

38 39
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43 44

North Willamette Research and 
Extension Center

N Willamette Research and Extension
http://www.joshvolk.com/

45

K-Ball spray nozzles quickly clamp to PVC pipe

46
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UVM Extension Agricultural Engineering
Published on Aug 16, 2018 https://www.youtube.com/watch?v=U_FK3J_0rQ8

AZS Brusher Equipment 717-733-2584 
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Market Farm Implement  Roeters Farm Implement 
AZS Brusher Equipment 821 Crooked Ln, Ephrata, PA 17522 717-733-
2584 

Mechanical Wet Brush Washer/Pack Line
cucumbers - winter squash - peppers - potatoes - melons

48

49

Lu Yoder <bravelittleship@gmail.com>Barrel Washer

For Root Crops A Barrel Washer Can Be A Good Option

387# per hour
158# by hand
--Veggie 
Compass

51
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Shows the reduction of e-coli with 2nd and 3rd rinse

Reduced microbe levels in water

USE A SANITIZER!

Triple Washing Greens 

Step 2
- Hydro-Cool
- Hydro-Crisp

Step 1
- Hydro-Clean

Step 1
- Hydro-Clean

53

https://www.youtube.com/channel/UCwLVR4LaVPtvm4m3XW5Kv9w
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Step 2
- Hydro-Cool
- Hydro-Crisp

Step 1
- Hydro-Clean

54

Still Need To Use A Dunk Tank?
- Clean and sanitize the container before and 
after use
- Use water that is tested free of generic e-coli.
- Change water at a frequency sufficient to 
ensure that it is of appropriate microbial quality
- Use a water sanitizer

56

• Reduces item to item transfer
• Reduces risk of pathogen infiltration
+ Reduces plant pathogens that affect shelf life

Sanitizer: Goal, Prevent Cross Contamination

Sanitizers Treat The Water Not The Produce!

59

Rinse 
Required

pH
Control

NOP 
Allowed

Use

Tsunami™ (Ecolab) NO NO YES Produce only

StorOx (BioSafe) NO NO YES Produce & contact

SaniDate (BioSafe) NO NO YES Produce & contact

Chlorine Bleach YES YES YES Produce & contact

BENEFITS of peroxide based cleaners:
• No taste residue
• No dumping restrictions, environmentally responsible
• Less affected by organic matter than chloride
• Effective against microorganisms that affect shelf-life

Sanitizers For Fresh Produce

Sanitizer must be labeled for contact with product – Read the label
Download process, UC Davis, IA State, U of M, Penn State

60

• Test strips: Correct Concentration. Record. 
• Efficacy decreases with time dirt. 
• Discard and change water as needed. 

Use Anti-Microbial According To The Label And Test

61 62
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Drain Dry Upside Down
•Bunched Herbs
•Head Lettuce
•Bunched Arugula
•Bok Choy
•Celery
•Endive and Escarole
•Radicchio

67 68

Manual Spinners
• 1.0 gal Home Kitchen Salad Spinners, $5-50 
• Choice 2.5 gal Manual Spinner – $58 
• Choice 5.0 gal Manual Spinner – $63 
• Garde 5.0 gal Manual with Brake and Drain – $93
• Chef Master 5.0 gal Manual Spinner with Brake – $98
• Johnny’s / Dynamic 2.5 gal Manual Spinner – $199
• Johnny’s / Dynamic 5.0 gal Sealed Manual – $274
• Johnny’s / Dynamic 5.0 gal Manual Spinner – $249

Approximately 1.1 gal of spinner 
volume for 1.0 lb of greens.

69

http://blog.uvm.edu/cwcallah/2018/07/20/greens-spinners-for-farm-use/

“. . . inspect, maintain, and 
clean and, when necessary and 
appropriate, sanitize . . .

“. . . . equipment and tools that 
are of adequate design, 
construction . . . to enable them 
to be adequately cleaned …” 

“Seams on food contact 
surfaces . . . must be either 
smoothly bonded, or maintained 
to minimize accumulation of 
dirt, filth, food particles, and 
organic material and thus 
minimize the opportunity for 
harborage or growth of 
microorganisms.”

70

Electric Spinners

• Johnny’s Dynamic Electric Salad Spinner – $675
• Delfield SALD-1 Salad Dryer 20 Gallons – $1,817
• Sammic ES-100 Electric Spinner – 13 lb – $2,152
• Green’s Machine – 20 gal – $2,219
• Hobart SDPE-11 20 Gallon Polyethylene Dryer – $2,264 
• Hobart SDPS-11 20 Gallon Stainless Steel Dryer – $2,941 

Would you save enough in machine cleaning 
labor to buy an electric?

http://blog.uvm.edu/cwcallah/2018/07/20/greens-spinners-for-farm-use/
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C R O P Harvest Quality Coo l ing Resp i r a t i on I C ED Cool To 
Method Ra t e Store Temp

Apples, R, F, H low 32-38
Asparagus bracts at tip closed H, I extremely high YES 35
Basil fresh, tender leaves high NO 50
Beans, snap seeds developed, plump R, F, H very high NO 41-46
Beans, lima crisp pods, seeds immature R, F, H high NO 41-43
Beets, bunched crisp fresh leaves H, I high YES 32
Beets, root firm, deep red roots R moderate Can 33-36
Blackberries full color, sweet R, F high NO 32
Blueberries full color, sweet R, F moderate NO 32
Broccoli firm head, buds not open I, F, H very high YES 32
Brussel sprouts firm sprouts H, V, I very high YES 32
Cabbage crisp, firm, compact head R, F moderate NO 32
Cantaloupe full slip, rind color H, F moderate NO 36-41 
Carrots, topped tender, sweet roots I, R moderate YES 32
Cauliflower compact, white curds H, V high YES 32
Celery crisp, tender I moderate YES 32
Corn, sweet plump tender kernels H, I, V extremely high YES 32
Cucumbers crisp, green, firm F, H moderate NO 50-55 
Eggplant seeds immature; shiny, firm R, F NO 50-54
Endive fresh, crisp, tender leaves H, I very high YES 32
Garlic N low NO 32
Leafy Greens crisp, dark green leaves H, I very high YES 32
Herbs fresh, crisp, tender leaves NO 32-41
Leeks size, crisp H, I high YES 32
Lettuce compact head, crisp, tender H, I moderate YES 32
Mushrooms size, firm very high NO 32
Onions, bulb firm bulbs, tight necks N low NO 32
Onions, green crisp stalks, firm white bulbs H, I very high YES 32
Parsley crisp, dark green leaves H, I extremely high YES 32
Pears F, R, H moderate NO 32
Peas, in pods tender, green, sweet pods F, H, I extremely high CAN 32
Peppers, bell firm, shiny, thick walls R, F moderate NO 45-50
Peppers, hot firm, shiny, thick walls R, F moderate NO 41-50
Potatoes, early well shaped, defect free R, F moderate NO 50-59
Potatoes, late well shaped, defect free R, F very low NO 40-54
Pumpkins hard rind, good color, heavy N moderate NO 54-59
Radishes firm, crisp, dark green leaves H, I high YES 32
Raspberries full color, sweet R, F high NO 32
Rutabagas roots firm with smooth surface R low NO 32
Spinach dark green, fresh, crisp leaves H, I extremely high YES 32
Squash, summer firm, shiny, right size R,F moderate NO 41-50 
Squash, winter hard rind, heavy, good color N moderate NO 50-55 
Strawberries full color, sweet R, F high NO 32
Sweet potatoes N low NO 55-59
Tomatoes firm, uniform coloration R, F moderate NO 45-55
Turnips firm, heavy roots R, H, V, I low YES 32
Watermelon crisp, good flesh color, not mushy N low NO 50-59
F = forced-air cooling, H = hydrocooling, I = package icing, R = room cooling, V = vacuum cooling, N = no precooling needed. F = forced-air cooling, H = hydrocooling, I = package icing, R = room cooling, V = vacuum cooling, N = no precooling needed. F = forced-air cooling, H = hydrocooling, I = package icing, R = room cooling, V = vacuum cooling, N = no precooling needed. F = forced-air cooling, H = hydrocooling, I = package icing, R = room cooling, V = vacuum cooling, N = no precooling needed. F = forced-air cooling, H = hydrocooling, I = package icing, R = room cooling, V = vacuum cooling, N = no precooling needed. F = forced-air cooling, H = hydrocooling, I = package icing, R = room cooling, V = vacuum cooling, N = no precooling needed. F = forced-air cooling, H = hydrocooling, I = package icing, R = room cooling, V = vacuum cooling, N = no precooling needed. 
Sources: USDA Agricultural Marketing Service, Kansas State University Extension, and Jim Waltrip at PetoSeed Sources: USDA Agricultural Marketing Service, Kansas State University Extension, and Jim Waltrip at PetoSeed Sources: USDA Agricultural Marketing Service, Kansas State University Extension, and Jim Waltrip at PetoSeed Sources: USDA Agricultural Marketing Service, Kansas State University Extension, and Jim Waltrip at PetoSeed Sources: USDA Agricultural Marketing Service, Kansas State University Extension, and Jim Waltrip at PetoSeed Sources: USDA Agricultural Marketing Service, Kansas State University Extension, and Jim Waltrip at PetoSeed Sources: USDA Agricultural Marketing Service, Kansas State University Extension, and Jim Waltrip at PetoSeed 
2012 Production Guide for Storage of Organic Fruits and Vegetables NYS IPM Publication No. 10 Cornell University2012 Production Guide for Storage of Organic Fruits and Vegetables NYS IPM Publication No. 10 Cornell University2012 Production Guide for Storage of Organic Fruits and Vegetables NYS IPM Publication No. 10 Cornell University2012 Production Guide for Storage of Organic Fruits and Vegetables NYS IPM Publication No. 10 Cornell University2012 Production Guide for Storage of Organic Fruits and Vegetables NYS IPM Publication No. 10 Cornell University2012 Production Guide for Storage of Organic Fruits and Vegetables NYS IPM Publication No. 10 Cornell University2012 Production Guide for Storage of Organic Fruits and Vegetables NYS IPM Publication No. 10 Cornell University

Immediately removing field heat is KEY to extending shelf life!

COOLING
3rd step in Cold Chain

Cool Produce to the Core!

Full table available in the Wholesale 
Success Manual. WholesaleSuccess.org

74

http://www.WholesaleSuccess.org
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chilling injury
•Storage Temp 50-54°

76

chilling injury

55° F

45° F 46-54° F

ROOM

77

Options for Cooling
Room 
Cooling

Forced-Air Hydro 
Cool

Water 
Spray

Ice

Cooling 
Time 
(Hours)

20 to 100 1 to 10 .1 to 1.0 0.3 to 2.0 0.1 to 0.3

Water
Contact

No No Yes Yes Yes

Combination

78

•Not fast enough for 
High respiration crops

• May be OK for chilling 
sensitive crops. 

• May be OK if crops are 
harvested cool.

Room Cooling 

Low cost, but very slow

79

Fans should move 
cold air through 

the room. 

Air Flow is CRUCIAL in the Cooling Process

80
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Size: Cooling or Storage or Both

81

Right-sized refrigeration system
Underpowered – will run often and wear out quicker. 
Overpowered – will not cycle enough to effectively 
remove humidity and may cause icing.

82

Design Features and Accessories
- strip curtain to prevent loss of cold air
- temperature alarm and recorder
- a kickplate to protect the door

83

More adequate for storage than cooling
COOLBOT http://storeitcold.com/

84

COOL-BOT TRAILERS
On-line Plans to Build
$3,500
USDA “Porta-Cooler”

85 86
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Pull air through containers.

Remove from forced air when cooled.

Forced Air Cooling

87 88

North Carolina Extension
atinadiffley.com

• Energy Efficient
• Transportable
• Low initial cost 
Ideal for Berries

Cool and Ship: Portable Forced-Air

89 90

Ice Cooling • Sanitization
• Use policies
• Do NOT drip on other

Traditionally Iced
Can be Iced
Should NOT be Iced

91 92
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Cool before 
or after cleaning 
and/or
packing?

93 94

Product 
Must Be 
Proper 
Temperature 
Before 
Packaging

95

• Temperature
• Humidity
• Ethylene

Storage & Transportation
C R O P Ethy lene Ethy lene chilling or mishandling injuries Sto rage% Relative Storage  

P roduct ion sensitive sensitive Temp F humidity Life Days
Apples very high high browning, rot, soft 32-38 90-95 90-240 
Asparagus low low dull, limp 35 95-100 14
Basil low low browning, limp 50 90 7
Beans, snap low moderate surface pitting, brown streaks, dark tips 41-46 95-100 7-10
Beans, lima low moderate yellow to brown lesions on tips and stalks 41-43 95 7-10 
Beets, bunched very low low limp tops, rots 32 98 14
Beets, root very low low black root, brown spots on rot tips 33-36 98 90-150 
Blackberries low low mold 32 90-95 2-3 
Blueberries low low mold 32 90-95 10-18 
Broccoli very low high strong odor, yellowish, black rot spots 32 95-100 10-14 
Brussel sprouts very low high tipburn, black leaf speck, yellowing 32 95-100 21-35 
Cabbage very low high black spots, tipburn, soft 32 98-100 30-180 
Cantaloupe high moderate soft spots, fusarium rot 36-41 95 10-14 
Carrots, topped very low high rubbery, insect damage, brown lesions 32 98-100 28-180 
Cauliflower very low high yellow or brown curds, riciness 32 95-98 20-30 
Celery very low moderate yellowing, limp, rots 32 98-100 14-28 
Corn, sweet very low low tough kernels, loss of sugar 32 90-98 4-6 
Cucumbers low high pitted, watersoaked, yellowing 50-55 95 10-14 
Eggplant low moderate browning, shriveling, decay, pitting 50-54 90-95 10-14 
Endive very low moderate wilting, yellowing, soft, rots 32 90-95 14-21 
Garlic very low low rots, soft neck, brown spots 32 60-70 90-210 
Leafy greens very low moderate wilting, yellowing, soft, rots 32 95-100 10-14
Herbs very low moderate wilting, yellowing, soft, rots 32-41 95 10-14
Leeks very low moderate rot around roots, limp 32 95-100 60-90 
Head lettuce very low high wilting, bolting, tipburn, discoloration 32 98-100 14-21 
Mushrooms low moderate browning, water spots 32 95 12-17 
Onions, bulb very low low soft neck, sprouting, root growth, rots 32 65-70 30-180 
Onions, green very low moderate limp, yellowing, rots 32 95-100 7-10 
Parsley very low high limp, yellowing, bad odor 32 95 21
Pears high high mushy, soft, rots 32 90-95 60-90 
Peas, in pods very low moderate tough, yellowing, limp, yellow 32 95-98 7-10 
Peppers, bell low low pitting, wilting, rot, soft 45-50 90-95 12-18 
Peppers, hot low low pitting, wilting, rot, soft 41-50 85-95 14-21 
Potatoes, early very low moderate soft rot, scab, surface discoloration 50-59 90-95 56-140 
Potatoes, late very low moderate sprouting, soft rot, scab, discoloration 40-54 95-98 56-140 
Pumpkins low low rot, broken handles 54-59 60-70 84-160 
Radishes w/tops very low moderate color bleed, pithy, rots 32 95-100 14-21
Raspberries low low mold 32 90-95 2-3 
Rutabagas very low low pitting, rots, water spots 32 98-100 120-180 
Spinach very low high wilting, yellowing, rots 32 95-100 10-14 
Squash, summer low moderate pitting, limp, rots 41-50 95 7-14
Squash, winter low low rots, color loss 50-55 50-70 84-150 
Strawberries low low mold, water spots, limp 32 90-95 5-10 
Sweet potatoes very low low decay, pitting, discoloration 55-59 85-95 120-210 
Tomatoes moderate high decay, pitting, antracnose, cracking 45-55 85-95 7-28 
Turnips very low low pitting , water spots, rots 32 95 120-150 
Watermelon low high rots, anthracnose 50-59 90 14-21 
F = forced-air cooling, H = hydrocooling, I = package icing, R = room cooling, V = vacuum cooling, N = no precooling needed. F = forced-air cooling, H = hydrocooling, I = package icing, R = room cooling, V = vacuum cooling, N = no precooling needed. F = forced-air cooling, H = hydrocooling, I = package icing, R = room cooling, V = vacuum cooling, N = no precooling needed. F = forced-air cooling, H = hydrocooling, I = package icing, R = room cooling, V = vacuum cooling, N = no precooling needed. F = forced-air cooling, H = hydrocooling, I = package icing, R = room cooling, V = vacuum cooling, N = no precooling needed. F = forced-air cooling, H = hydrocooling, I = package icing, R = room cooling, V = vacuum cooling, N = no precooling needed. F = forced-air cooling, H = hydrocooling, I = package icing, R = room cooling, V = vacuum cooling, N = no precooling needed. 
Sources: USDA Agricultural Marketing Service, Kansas State University Extension, and Jim Waltrip at PetoSeed Sources: USDA Agricultural Marketing Service, Kansas State University Extension, and Jim Waltrip at PetoSeed Sources: USDA Agricultural Marketing Service, Kansas State University Extension, and Jim Waltrip at PetoSeed Sources: USDA Agricultural Marketing Service, Kansas State University Extension, and Jim Waltrip at PetoSeed Sources: USDA Agricultural Marketing Service, Kansas State University Extension, and Jim Waltrip at PetoSeed Sources: USDA Agricultural Marketing Service, Kansas State University Extension, and Jim Waltrip at PetoSeed Sources: USDA Agricultural Marketing Service, Kansas State University Extension, and Jim Waltrip at PetoSeed 
2012 Production Guide for Storage of Organic Fruits and Vegetables NYS IPM Publication No. 10 Cornell University2012 Production Guide for Storage of Organic Fruits and Vegetables NYS IPM Publication No. 10 Cornell University2012 Production Guide for Storage of Organic Fruits and Vegetables NYS IPM Publication No. 10 Cornell University2012 Production Guide for Storage of Organic Fruits and Vegetables NYS IPM Publication No. 10 Cornell University2012 Production Guide for Storage of Organic Fruits and Vegetables NYS IPM Publication No. 10 Cornell University2012 Production Guide for Storage of Organic Fruits and Vegetables NYS IPM Publication No. 10 Cornell University2012 Production Guide for Storage of Organic Fruits and Vegetables NYS IPM Publication No. 10 Cornell University

Continue 
Cold Chain
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Size: Cooling or Storage or Both
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55 to 60°F, 85-90% Relative Humidity
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Ethylene is a natural plant hormone. 
It affects the growth, development, 

ripening, and aging of all plants.
Consider Rate of Production and Sensitivity

Ethylene can come from: 
• Ripening fruit
• Decomposing plant material
• Plant growth regulators that release ethylene
• By-product of incomplete combustion

100

C R O P Ethy lene Ethy lene chilling or mishandling injuries Sto rage% Relative Storage  
P roduct ion sensitive sensitive Temp F humidity Life Days

Apples very high high browning, rot, soft 32-38 90-95 90-240 
Asparagus low low dull, limp 35 95-100 14
Basil low low browning, limp 50 90 7
Beans, snap low moderate surface pitting, brown streaks, dark tips 41-46 95-100 7-10
Beans, lima low moderate yellow to brown lesions on tips and stalks 41-43 95 7-10 
Beets, bunched very low low limp tops, rots 32 98 14
Beets, root very low low black root, brown spots on rot tips 33-36 98 90-150 
Blackberries low low mold 32 90-95 2-3 
Blueberries low low mold 32 90-95 10-18 
Broccoli very low high strong odor, yellowish, black rot spots 32 95-100 10-14 
Brussel sprouts very low high tipburn, black leaf speck, yellowing 32 95-100 21-35 
Cabbage very low high black spots, tipburn, soft 32 98-100 30-180 
Cantaloupe high moderate soft spots, fusarium rot 36-41 95 10-14 
Carrots, topped very low high rubbery, insect damage, brown lesions 32 98-100 28-180 
Cauliflower very low high yellow or brown curds, riciness 32 95-98 20-30 
Celery very low moderate yellowing, limp, rots 32 98-100 14-28 
Corn, sweet very low low tough kernels, loss of sugar 32 90-98 4-6 
Cucumbers low high pitted, watersoaked, yellowing 50-55 95 10-14 
Eggplant low moderate browning, shriveling, decay, pitting 50-54 90-95 10-14 
Endive very low moderate wilting, yellowing, soft, rots 32 90-95 14-21 
Garlic very low low rots, soft neck, brown spots 32 60-70 90-210 
Leafy greens very low moderate wilting, yellowing, soft, rots 32 95-100 10-14
Herbs very low moderate wilting, yellowing, soft, rots 32-41 95 10-14
Leeks very low moderate rot around roots, limp 32 95-100 60-90 
Head lettuce very low high wilting, bolting, tipburn, discoloration 32 98-100 14-21 
Mushrooms low moderate browning, water spots 32 95 12-17 
Onions, bulb very low low soft neck, sprouting, root growth, rots 32 65-70 30-180 
Onions, green very low moderate limp, yellowing, rots 32 95-100 7-10 
Parsley very low high limp, yellowing, bad odor 32 95 21
Pears high high mushy, soft, rots 32 90-95 60-90 
Peas, in pods very low moderate tough, yellowing, limp, yellow 32 95-98 7-10 
Peppers, bell low low pitting, wilting, rot, soft 45-50 90-95 12-18 
Peppers, hot low low pitting, wilting, rot, soft 41-50 85-95 14-21 
Potatoes, early very low moderate soft rot, scab, surface discoloration 50-59 90-95 56-140 
Potatoes, late very low moderate sprouting, soft rot, scab, discoloration 40-54 95-98 56-140 
Pumpkins low low rot, broken handles 54-59 60-70 84-160 
Radishes w/tops very low moderate color bleed, pithy, rots 32 95-100 14-21
Raspberries low low mold 32 90-95 2-3 
Rutabagas very low low pitting, rots, water spots 32 98-100 120-180 
Spinach very low high wilting, yellowing, rots 32 95-100 10-14 
Squash, summer low moderate pitting, limp, rots 41-50 95 7-14
Squash, winter low low rots, color loss 50-55 50-70 84-150 
Strawberries low low mold, water spots, limp 32 90-95 5-10 
Sweet potatoes very low low decay, pitting, discoloration 55-59 85-95 120-210 
Tomatoes moderate high decay, pitting, antracnose, cracking 45-55 85-95 7-28 
Turnips very low low pitting , water spots, rots 32 95 120-150 
Watermelon low high rots, anthracnose 50-59 90 14-21 
F = forced-air cooling, H = hydrocooling, I = package icing, R = room cooling, V = vacuum cooling, N = no precooling needed. F = forced-air cooling, H = hydrocooling, I = package icing, R = room cooling, V = vacuum cooling, N = no precooling needed. F = forced-air cooling, H = hydrocooling, I = package icing, R = room cooling, V = vacuum cooling, N = no precooling needed. F = forced-air cooling, H = hydrocooling, I = package icing, R = room cooling, V = vacuum cooling, N = no precooling needed. F = forced-air cooling, H = hydrocooling, I = package icing, R = room cooling, V = vacuum cooling, N = no precooling needed. F = forced-air cooling, H = hydrocooling, I = package icing, R = room cooling, V = vacuum cooling, N = no precooling needed. F = forced-air cooling, H = hydrocooling, I = package icing, R = room cooling, V = vacuum cooling, N = no precooling needed. 
Sources: USDA Agricultural Marketing Service, Kansas State University Extension, and Jim Waltrip at PetoSeed Sources: USDA Agricultural Marketing Service, Kansas State University Extension, and Jim Waltrip at PetoSeed Sources: USDA Agricultural Marketing Service, Kansas State University Extension, and Jim Waltrip at PetoSeed Sources: USDA Agricultural Marketing Service, Kansas State University Extension, and Jim Waltrip at PetoSeed Sources: USDA Agricultural Marketing Service, Kansas State University Extension, and Jim Waltrip at PetoSeed Sources: USDA Agricultural Marketing Service, Kansas State University Extension, and Jim Waltrip at PetoSeed Sources: USDA Agricultural Marketing Service, Kansas State University Extension, and Jim Waltrip at PetoSeed 
2012 Production Guide for Storage of Organic Fruits and Vegetables NYS IPM Publication No. 10 Cornell University2012 Production Guide for Storage of Organic Fruits and Vegetables NYS IPM Publication No. 10 Cornell University2012 Production Guide for Storage of Organic Fruits and Vegetables NYS IPM Publication No. 10 Cornell University2012 Production Guide for Storage of Organic Fruits and Vegetables NYS IPM Publication No. 10 Cornell University2012 Production Guide for Storage of Organic Fruits and Vegetables NYS IPM Publication No. 10 Cornell University2012 Production Guide for Storage of Organic Fruits and Vegetables NYS IPM Publication No. 10 Cornell University2012 Production Guide for Storage of Organic Fruits and Vegetables NYS IPM Publication No. 10 Cornell University
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Bitter
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103

1 2 3 4 5 
ethylenecontrol.com
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Apples
Ethylene Production
• Very high
Ethylene Sensitive
• High

105

- Mineral impregnated 
polyethylene film filters and 
removes ethylene gas. 

-Excellent permeability and 
good deodorizing properties.

-Breathable 

-Helps maintain a high 
humidity environment, while 
minimizing condensation 
(reduce mold and bacteria 
growth and degrade carton 

-Can extend shelf life 4 times$11 each

PEAKfresh®     

.19
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Humidity
1. Is it an issue?
• Use plastic film
• Mechanical 
humidifiers or fog spray 
nozzles
• Spray produce

107

Humidity Control
- Waxed boxes
- Waxed paper
- Poly bags
- Clamshells

108

Cold Distribution 
Alternatives

Temperature yo-yoing can do severe damage.
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TRANSPORT TO MARKET
COOL-BOT TRAILERS
On-line Plans to Build
$3,500
USDA “Porta-Cooler”
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Maintaining The Cold Chain Through Point-Of-Purchase
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Maintaining The Cold Chain Through Point-Of-Purchase
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