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where P is the vapor pressure (mmHg) and T'is the temperature in Kelvin.

YVapour pressure of vwater (O—100
Celsius)l']

T(C) | T(F) P{kPa) P(torr) P{atm)
O 3= 06113 A_S851 O _ 0060
= R 0. S7T26 55450 O_00S6
10 S0 1. 2281 o 2115 O_0121

100 | 212 | 1013200 | 799 9625 | 1.0000

One atm. equals 760.0 mm Hg
One atm equals 101.325 kPa

The bar is nearly identical to the atmosphere unit. One bar = 750.062 torr =
0.9869 atm = 100,000 Pa
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, Pantoea stewartii, Pseudomonas viridiflava and Xanthomonas translucens =

Aalia ) Jualaall o adioall ¢hgan 8 48 @il g cilall mha e s
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Table 1 Comparison of ice-nucleating bacteria and non-ice-nucleating bacteria.

Ice-nucleating temperature (0C) )

Bacterial species @

T1o Tso Too
Strain KUIN-1 -2.6 -3.0 -3.1
Pseudomonas syringae (IFO 3310) -2.1 -2.4 -2.7
Erwinia herbicola (IFO 12686) -2.9 -3.1 -3.3
Protaminobacter ruber (NR 1) -8.3 -9.8 -12.3
Corynebacterium sp. (KUP 1) -13.0 -14.6 -16.0
Staphylococcus aureus (IFO 12732) -11.2 -15.0 -18.1
Pseudomonas sp. (KUC 7A) -14.2 -18.4 -20.4
Pseudomonas fluorescens (IFO 3930) -15.0 -18.4 -19.5
Nocardia globerula (IFO 13509) -16.9 -18.8 -20.1
Rhodococcus rhodochrous (IFO 3338) -16.2 -19.0 -20.5
Bacillus subtilis (IFO 3134) -15.9 -19.4 -20.7
Escherichia coli (JA 221) -13.8 -20.0 -21.6
Streptococcus faecalis (H21D) -17.9 -20.7 -22.9
Lactobacillusacidophilus (ATCC 3953) -18.9 -21.5 -22.5
Distilled water (HPLC) -18.7 -21.6 -24.1

2 o pseudomonas syringae L S e dedfie bl ja & an g 38
LS o o ol e JS0y g o gsladl e las (8 (5 giad Ly yiSHl)

, ice-nucleating proteins (INPs) (sos dondal) Q‘J}M\ JiSil (g 63 o Sl
S gas JSa Calaai ) elall iy Jad Ay g i) A g pall 1) gall 038 ands

3oloa Ala e elall daad ) (5279 4 gl a8l gall 23 83b g L, 2ea
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CHAPTER 4 - FROST DAMAGE: PHYSIOLOGY AND
CRITICAL TEMPERATURES
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MOST MODERATELY LEAST

SUSCEPTIBLE SUSCEPTIBLE SUSCEPTIBLE

Apricots Apples Beets

Asparagus Broccoli Brussels sprouts

Avocados Carrots Cabbage, mature and
savoury

Bananas Cauliflower Dates

Beans, snap Celery Kale

Berries (except Cranberries Kohlrabi

cranberries)

Cucumbers Grapefruit Parsnips

Eggplant Grapes Rutabagas

Lemons Onion (dry) Salsify

Lettuce Oranges Turnips

Limes Parsley

Okra Pears

Peaches Peas

Peppers, sweet Radishes

Plums Spinach

Potatoes Squash, Winter

Squash, Summer

Sweet potatoes

Tomatoes

Types of damage and critical temperatures giall ) ual g1 gl
da_al) 5yl cila ey

S e Al i gl ae S IS 4L 8 T 8K piiall ) jual ol jef Calias
LuSe Ae dllia ale IS5 aoiiall Lelead da 3 b CiliaY) 5 o) V) aliasy | 4l
oan s () dsadls il )l dead e Lt a8y 3l (85 Sl o
aaall JSE1 3 ) a da o e () Jsandls | laddl Jualaal piuall i gl Gl el
Jhadll dualas e piiall al el gy ()JSS
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CROP SYMPTOMS

Artichoke |Epidermis becomes detached and forms whitish to light tan
blisters. When blisters are broken, underlying tissue turns
brown.

Asparagus |Tip becomes limp and dark and the rest of the spear is water
soaked. Thawed spears become mushy.

Beet External and internal water soaking and sometimes blackening
of conductive tissue.

Broccoli The youngest florets in the centre of the curd are most sensitive
to freezing injury. They turn brown and give off strong odour.

Cabbage Leaves become water soaked, translucent and limp. Upon
thawing the epidermis separates.

Carrot Blistered appearance, jagged length-wise cracks. Interior
becomes water soaked and darkens upon thawing.

Cauliflower |Curds turn brown and have a strong off-odour when cooked.

Celery Leaves and petioles appear wilted and water soaked upon
thawing. Petioles freeze more readily than leaves.

Garlic Thawed cloves appear greyish yellow and water soaked.

Lettuce Blistering of dead cells of the separated epidermis on outer
leaves, and become tan with increased susceptibility to physical
damage and decay.

Onion Thawed bulbs are soft, greyish yellow and water soaked in
cross- section. Damage is often limited to individual scales.

Pepper, bell |Dead, water-soaked tissue in part or all of pericarp surface with
pitting, shrivelling and decay follow thawing.

Potato Freezing injury may not be externally evident, but shows as
grey or bluish-grey patches beneath the skin. Thawed tubers
become soft.

Radish Thawed tissues appear translucent and the roots soften and
shrivel.

Sweet A yellowish-brown discoloration of the vascular ring and a

potato yellowish green, water-soaked appearance of other tissues.
Roots soften and become susceptible to decay.

Tomato Water soaked and soft upon thawing. In partially frozen fruits,
the margin between healthy and dead tissue is distinct,
especially in green fruits.

Turnip Small water-soaked spots or pitting on the surface. Injured
tissues appear tan or grey and give off an objectionable odour.

The 10 percent kill and 90 percent kill imply that 30 minutes at the indicated
temperature is expected to cause 10 percent and 90 percent kill of the plant part
affected during
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CRITICAL SPRING TEMPERATURES FOR FRUIT BUD

DEVELOPMENT STAGES
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Old standard temperature is the lowest temperature that can be endured for 30 minutes

without damage.
This chart also shows the temperature that will kill 10 % and 90 % of normal fruit buds.
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TABLEL.2
Categories and sub-categories for methods of frost protection

21



Passive Biological Induction of resistance to freezing
(avoidance or [without modifying plant genetics

resistance) Treatment of the seeds with chemicals

Plant selection and genetic
improvement

Selecting species for timing of
phenological development

Selecting planting dates for annual
crops after the probability of freezing
lessens in the spring

Growth regulators and other chemical

=

substances

Ecological Site selection for cropping
Modification of the landscape and
microclimate

Controlling nutritional status
Soil management
Cover crop (weed) control and mulches

Active Covers and|Organic materials Covers without
Radiation supports
Covers with supports
Water Over-plant sprinklers

Under-plant sprinklers
Microsprinklers
Surface irrigation
Acrtificial fog
Heaters Solid fuel

Liquid fuel
Propane

Wind machines Horizontal
Vertical
Helicopters
Combinations Fans and heaters

Fans and water

Economic importance of frost damage &iall ) sy Lalaidy) LaaY)
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