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Freeze Damage Considerations* 
 
Minimum temperatures and durations during the freeze 
were low enough in some locations to damage leaves 
and shoots particularly in young trees.  Experiences from 
the 1990 freeze suggest that it may take some time to 
fully assess tree damage.  A detailed study of freeze 
damage was conducted following the 1990 freeze.  
Details and results of this study are described and should 
prove helpful in assessing damage and making 
management decisions for 2007. 
 
During the last 2 weeks of 1990, a mass of dense, frigid 
Arctic air moved into California, and temperatures 
plunged to record lows along the Pacific Coast and in the 
Central Valley.  One major crop adversely affected was 
olive (Olea europaea L.).  Responding to concerns of 
olive growers, the California Olive Committee (COC) 
requested the University of California’s Department of 
Pomology at Davis to study the olive under freeze 
conditions. 
 
The study included (1) field examination of olive 
orchards, (2) microscopic examination of freeze-
damaged olive tissue, (3) laboratory experiments to look 
at coldhardiness in California cultivars, (4) 
climatological research, (5) questionnaires sent to olive 
growers and (6) economic studies. 
 
Field work was carried out in California’s two major 
olive-producing regions:  Butte, Tehama, and Glenn 
counties in the Sacramento Valley and Tulare and 
Madera counties in the San Joaquin Valley.  Assisting 
were UC Cooperative Extension farm advisors and olive 
growers.  The COC mailed approximately 1,400 
questionnaires regarding the freeze to growers; 311 
responses were received and used for data processing 
and analysis.  The questionnaire dealt not only with 
damage symptoms and severity but also with production 
levels and cultural practices. 
 
Although temperatures at which olive trees can be 
damaged vary, depending on climatic conditions, 
temperatures at or below 20°F (-6.7°C) are often critical. 
 
 

Factors affecting coldhardiness 
 
Cultivar differences.  Although olive, as a species, is 
the most cold-hardy of the subtropical fruit trees, certain 
olive cultivars are more cold-hardy than others.  For 
example, in the 1990 California freeze, ‘Manzanillo’ 
trees suffered more damage than did any other cultivars 
grown in the state.  Where ‘Manzanillo’ was grown 
alongside ‘Mission,’ ‘Ascolano,’ or ‘Barouni’ in the 
same orchard, the ‘Manzanillo’ trees sustained obvious 
damage, but the other cultivars sustained little or none.  
Responses of growers to the questionnaire clearly 
supported differences in coldhardiness among the five 
major California cultivars.  ‘Manzanillo’ was the most 
damaged.  Other cultivars appeared to be hardier; 
‘Ascolano’ emerged as the hardiest. 
 
Acclimation.  Hardiness increase when trees are 
exposed to cold temperatures as autumn proceeds into 
winter, a process called “acclimation.”  Differences in 
damage to California cultivars from place to place may 
be partly explained by differences in acclimation. 
 
Cultural practices.  Pruning, irrigation and fertilization 
affect tree growth and thus influence coldhardiness.  For 
example, in a ‘Sevillano’ orchard near Corning, trees 
pruned in the fall before the freeze produced vegetative 
growth that did not have enough time to harden off 
before December’s severe cold.  Although ‘Sevillano’ 
trees are normally rather cold-hardy, pruned trees were 
damaged by the low temperatures; nearby unpruned 
‘Sevillano’ trees escaped injury.  This pattern was 
repeated in numerous locations statewide and with other 
cultivars.  The open canopies on pruned trees probably 
exposed tree parts to frigid air and wind stress.  Wind 
stress may also account for increased damage seen in 
trees along orchard perimeters. 
 
The bottom line with respect to irrigation seems to be 
this: (1) little or no irrigation after harvest encourages 
hardening off before cold weather and decrease chances 
of freeze damage, and (2) adequate irrigation in spring 
encourages recovery from freeze damage.  
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Clear evidence of damage from fertilization did not 
emerge in the study.  Nitrogen applied late in the season 
(after July), or in amounts or formulations that persist 
into fall, may account for continued vegetative growth 
that will not harden off before winter arrives.  Trees, 
therefore, are more susceptible to damage from low 
temperatures. 
 
Growers’ responses to the questionnaire indicated that 
young trees were more severely affected than were older 
trees, regardless of cultivar. Temperatures ranging from 
19.4°F (-7°C) to -4°F (-20°C) have reportedly damaged 
olives. 
 
Viability tests indicated that freezing was associated 
with the death of xylem tissues and that the consistently 
lower nucleation temperatures for ‘Mission’ xylem, 
compared with ‘Manzanillo’ xylem, mean that ‘Mission’ 
is a hardier cultivar.  The one-time test on January 27, 
1992 of ‘Ascolano,’ ‘Barouni,’ and ‘Sevillano’ with 
‘Manzanillo’ and ‘Mission’ confirmed the existence of 
cultivar differences in coldhardiness.  ‘Barouni’ and 
‘Sevillano’ showed xylem freezing similar to that seen in 
‘Mission.’ 
 
Remarkably, leaves showed a pattern of acclimation 
similar to that seen in the xylem of the shoots.  However, 
leaves are considerably less hardy that the xylem.  At the 
beginning and end of the winter cold period, leaves were 
also less hardy than the bark.  ‘Mission’ leaves were 
consistently hardier than ‘Manzanillo’ leaves.  
Especially in early season, leaf vulnerability to freezing 
at temperatures above that necessary for bark freezing 
may be an important factor in overall tree damage, as 
freezing events begun in the leaves may propagate into 
the stem.  Leaf loss from freeze damage is also serious 
because leaves are important in the initiation of 
inflorescences and in the nourishment of developing 
fruits and other organs, and because leaf scars allow for 
olive knot infection. 
 

Types of freeze damage observed 
 
Some symptoms of damage to olive trees appeared soon 
after the December 1990 freeze.  Other symptoms were 
expressed later. 
 
Tip Burn.  Tip burn refers to the death and blackening-
as if by burning-of succulent, growing, shoot tips and 
nearby leaf tips.  Tip burn was seen on all cultivars.  The 
abundance of free water in these tissues and their 
location on the perimeter of the tree canopy make them 
susceptible to freezing and the subsequent expansion 
that breaks surrounding tissue. 
 

Tip burn often affected the first four or five nodes of the 
shoot.  At the node below the area affected by tip burn, 
lateral buds broke, once growth started in spring 1991.  
The increased number of shoots in the outer shell of the 
canopy led to an overproduction of inflorescences for the 
1992 growing season. 
 
Bark, wood, and leaf discoloration.  The normal 
greenish grey appearance of young olive bark was 
darkened.  The darkening may be the result of oxidation 
of phenolic compounds, spilled into cell walls when the 
membranes of living cells were disrupted by ice crystals.  
Normal olive wood is a cream color, but wood of 
damaged trees was stained in colors ranging from buff to 
dark brown. 
 
Defoliation.  Loss of leaves was the best overall 
indicator of the extent of damage to olive trees.  As with 
the stem, leaves harden off as they are exposed to colder 
temperatures.  However, leaves are considerably less 
hardy than stems.  Ice formation in leaves may not 
always lead to immediate defoliation.  
 
Defoliation was seen to one extent or another on all 
cultivars as a result of the 1990 freeze.  Defoliation on 
‘Manzanillo’ began within 2 weeks after the freeze, 
usually at the ends of the shoots.  On young trees, leaves 
that remained were located near the bottom of twigs 
where they join the main branches and trunk.  
Eventually, usually within 6 weeks, most of these leaves 
also dropped, and many young ‘Manzanillo’ trees were 
completely denuded.  Older ‘Manzanillo’ trees fared 
better, but often the entire outer shell of the canopy was 
defoliated. 
 
Bark split was especially common on ‘Manzanillo’ 
twigs.  However, such damage was also seen in young 
‘Ascolano’ and ‘Mission’ trees.  It is likely that twigs of 
other cultivars also were affected, but not to the extent 
seen on ‘Manzanillo.’ 
 
Olive knot.  Olive knot disease is caused by a 
bacterium, Pseudomonas syringae pv. savastanoi.  The 
bacterium is spread externally by water splashing down 
from sites of previous infection and, to an unknown 
extent, systemically through the tree’s vascular system.  
Entering the plant through wounds, the bacteria produce 
the growth hormone auxin (indole-3-acetic acid), which 
causes uncontrolled plant cell growth and formation of 
galls.  Cultivars vary in susceptibility.  ‘Manzanillo’ is 
very susceptible; ‘Mission,’ ‘Sevillano,’ and ‘Barouni’ 
are moderately susceptible; and ‘Ascolano’ is the least 
susceptible.  This ranking is supported by the grower 
survey data. 
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Normally, galls form leaf scars, pruning cuts, and sites 
of other physical damage.  In addition, when there is 
freeze damage, twigs, branches, and trunks may develop 
olive knot. 
 
Limb dieback.  During the growing season, some large-
sized limbs suddenly collapsed and died, leaving brown 
foliage on branches.  Limbs girdled by olive knot and 
affected by bark splits collapses once temperatures 
warmed up. 
 
Concern was expressed about the viability of flowers 
that developed from leafless nodes, especially in 
‘Manzanillo,’ which had lost much of the leaves 
produced in the previous year’s growth.  Despite the 
concern, many of these inflorescences persisted and 
were pollinated normally.  Except in cases of limb 
dieback, fruits developed and reached maturity, even 
without subtending leaves. 
 

Recommended cultural operations: 
Olive knot infects bark splits caused by freezing.  
Copper sprays should be made as soon as possible to 
protect bark cracks in orchards where olive knot is 
present.  Delay pruning until the extent of damage is 
known.  Ideally, one should wait until May when hot 
weather stresses the tree; new growth on limbs girdled 
by the freeze will wilt and die and can be removed.  
Where little freeze damage has occurred (no defoliation, 
etc.) normal fertilization programs can proceed.  Freeze 
damage acts much like heavy pruning; the top is reduced 
substantially.  Reduction in top growth will reduce the 
nitrogen requirements.  The soil profile should be wet to 
the depth of rooting by the time spring growth begins.  
Irrigation may be necessary to supplement rainfall to 
accomplish this.  Freeze damage can kill tissue that 
moves water and nutrients within the tree.  Given the 
proper care olive trees will repair damage to these 
conducting tissues most rapidly when trees are given 
timely irrigation. 
 
*Details of freeze study from California Agriculture, Volume 
47, Number 1 
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