
SUMMARY

Several non-parasitic diseases are of primary signifi-
cance for olive trees growing in the Mediterranean area
and other warm-temperate regions of the world. As for
other crops, they are generally poorly understood and
often completely unrecognized, especially in olive which
is considered a crop of marginal lands. The origin may
rest with a lack/excess of essential nutrients or an excess
of non-essential elements; it may be an unsatisfactory en-
vironment: too cold or hot, too wet or dry, or too windy;
there may be unsuitable soil characteristics such as poor
physical condition, water-logging, salinity, improper pH,
and so on. Also pollution in the environment, spray and
fire damage, and climatic extremes like lightning, hail,
and snow can cause heavy losses to olive. This review fo-
cuses on the most important disorders of olive caused by
environmental, physical, and chemical stresses that can
affect the normal physiological processes in trees. An in-
tegrated view is utilized to highlight interactions with
plant healthiness, production, and quality.
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INTRODUCTION

Olive (Olea europea L.) is an evergreen shrub or tree
native to and widely spread in the Mediterranean area,
but now grown in other warm-temperate regions of the
world, including North and South America, New
Zealand, Australia, Japan, China, India, and South
Africa. These areas are characterized by cool to mild
winters and warm to hot summers with rainfall, varying
greatly from place to place, mainly confined to the win-
ter months. Until a few decades ago such areas hosted 
traditional widely spaced, rainfed, olive groves with very 
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low input of fertilizers and labor. In fact, olive has long
been considered a crop for marginal lands, unsuitable
for more intensive cultivation due to soil type, topogra-
phy, and shortage of irrigation water. However, a new
upsurge of interest in extra-virgin olive oil, due to the
awareness of its benefit for human health, has modified
olive cultivation, which is no more based on traditional
growing systems. A number of new olive groves are
planted at high and super high density, are irrigated and
fertilized for high yield and trained for mechanical
pruning and harvesting. 

Very little is known on the influence of these new
forms of cultivation on biotic and abiotic diseases,
though a different impact could reasonably be expected
because of the wide differences in cultural practices,
cultivation environment and the use of new varieties.
The vast knowledge on parasitic diseases gathered with
studies on traditional olive groves may readily adapt to
the new growing systems but not equally well to the
non-parasitic diseases which, notwithstanding the long
history of olive cultivation, have been much less investi-
gated. With some exceptions, the studies addressing
these diseases are old and scattered throughout the lit-
erature and have not been the object of recent reviews. 

Diseases caused by environmental stresses are gener-
ally poorly understood and often completely unrecog-
nized, especially for plants such as the olive left to grow
for years with hardly any care. However, growers apply-
ing traditional and new growing systems are now aware
of the importance of abiotic factors, especially nutrient
deficiencies and excesses, for determining high yield
and top quality. Moreover, it is well known that some
abiotic factors can influence the degree of resistance to-
wards parasitic as well as other non-parasitic diseases
(Ciccarone, 1956; Graniti et al., 2011). Plant growth ab-
normalities, with the exception of those genetically in-
duced, are an indicator of one or more unfavourable
growing conditions resulting from the lack/excess of es-
sential nutrients or antagonism among them, excess of
nonessential elements, unsuitable environment (too cold
or hot, too wet or dry, or too windy) and soil character-
istics such as poor physical conditions, improper pH,
etc. Environmental pollution and climatic extremes like
lightning, hail, and snow can cause heavy losses conse-
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quent to plant injury. This review will focus on the most
important diseases of olive caused by physical, environ-
mental and chemical stresses, in an integrated view of
their interactions with plant health, production, and
quality.

CLIMATIC CONDITIONS

Climatic conditions are limiting factors in the distri-
bution of olive throughout the world. Commercial
olive-growing areas are not found above a latitude of
45° north and south as olive generally succumbs at -10
to -12°C (Mancuso, 2000). Temperature and other cli-
matic factors have a range which maximizes growth, so
that when they are outside this range, the different
physiological processes are slowed down or suspended.
For example, in the Mediterranean area, low tempera-
tures from recurrent winter frost affect the northern
border of olive-growing, whereas the southern border is
determined by aridity. 

Low temperatures. Low temperatures are determi-
nant for the agronomical and commercial success of an
olive grove, since they can influence the physiology of
the plant by slowing down many vital processes, as in
case of chilling injury, or by inducing frost damages,
which can be more or less harmful, in relation to the
timing of the year when they occur. However, a physio-
logical requirement of chilling temperature is needed to
break dormancy of flower buds (Orlandi et al., 2004).
Indeed, inflorescence development and subsequent fruit
production are generally proportional to the amount of
chilling received (Hartmann and Porlingis, 1957), which
explains the poor yields in African highlands (Cic-
carone, 1959).

Chilling injury. Chilling injuries can occur at temper-
atures between 15°C and 0°C, depending on the vegeta-
tive stage of the trees. At chilling temperatures, the
plant slows down its metabolic processes, reducing res-
piration and enzymatic activity with a slower absorption
of water and nutrients and lower photosynthetic effi-
ciency and cellular processes; plants stop growing and
the young leaves are pale-green. Chilling injury becomes
evident in marginal areas with long periods at low tem-
peratures. 

The physiological and biochemical response of olive
to chilling is still poorly understood and few studies are
focused on it. Some investigations on field adaptation to
low temperatures have reported an increment in the
concentration of total soluble sugars and proteins that
may be related also to tolerance to chilling injury (Bar-
tolozzi et al., 1999; Eris et al., 2007); in particular, a sea-
sonal fluctuation of two leaf proteins (66 and 43 kDa)
was observed with accumulation in autumn and disap-

pearance in summer (Eris et al., 2007). A chilling injury
involving drupes has been reported from a number of
Australian olive-growing regions, associated with shrivel-
ling of the apical end of the fruit in periods near harvest
(Sergeeva and Spooner-Hart, 2011; Sergeeva et al.,
2011). The condition, resulting from a sudden change of
humidity and temperature below 7°C, leads to a black-
ening of flesh and pip of the whole or the apical end of
the fruit. Damaged parts can be colonized by secondary
pathogens (e.g. Alternaria spp.) and low quality oil is ob-
tained. This symptom is known as “soft nose” (Sergeeva
and Spooner-Hart, 2011; Sergeeva et al., 2011). Howev-
er, as reported throughout this review, different symp-
toms have been recorded and generally described as
“soft nose”, as in the case of nutrient deficiency involv-
ing calcium and/or boron, or in the presence of water
stress (Sergeeva, 2008; Michailides et al., 2011).

Frost damage. Frost damage occurs at temperatures
lower than 0°C with the formation of ice. In Italy, in
some important areas of olive cultivation, severe frost
damage occurred in 1709, 1747, 1789, 1847 and 1895;
whereas, in the 20th century, it occurred in 1907, 1919,
1929, 1949, 1956, 1963, and 1985 (Presta, 1794; Scara-
muzzi and Andreucci, 1957; Cirulli et al., 1981; Gucci et
al., 2003; Agosteo, 2011). This means that every 10 to
40 years a destructive drop in temperature can hit the
crop. Frost damage is expected to increase its frequency
in the future, considering the high worldwide demand
for olive oil that encourages olive growing in marginal
cold areas. The threshold temperature below which
olive shows the first metabolic effects of cold damage is
not easily determined, since it depends on many factors,
such as growth stage and age of the plant, its nutritional
and sanitary status, the type of organ affected (Fig. 1),
the velocity at which minimum temperature is reached
and its duration, the site exposition of the grove, the air
and soil humidity and the presence of weeds and wind.
Furthermore, the damage depends also on the time of
the year when the frost is likely to occur, being classified
as early frosts, winter frosts and late frosts, occurring in
fall, winter and spring, respectively. 

Early frosts. A drop in temperature during fall is gen-
erally of limited importance since the values reached are
generally not harmful for leaves and twigs. Low temper-
atures, such as -0.4°C, can induce dehydration of the
drupes and skin shrivelling, which may represent seri-
ous damage mainly for table olive (Azzi, 1928), and a
temporary reduced accumulation of oil. However, at
temperature lower than -1.7°C fruit can be extensively
damaged showing surface blister and spots. Damaged
drupes turn brown, acquire an aqueous consistency and
drop, or dehydrate remaining shrivelled until harvest
(Sergeeva, 2010). In unharvested trees there is the risk
of fruit freezing when temperature drops below -3°C
(Tombesi, 2003). For oil production the southern Italian
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growers are not concerned by slight frost damage be-
cause, due to dehydration, the percentage oil content
increases. For table olives, damage can be reduced uti-
lizing early ripening cultivars such as Ascolana tenera or
by the early harvesting of olives before the arrival of low
temperature periods (Ciccarone, 1963). It is not by
chance that in Apulia (southern Italy), olive stands from
the highlands are harvested commonly before those lo-
cated along the coast. 

Winter frosts. In general, during winter olive plants
are damaged by temperatures lower than -7 to -8°C, al-
though there are cases of resistance to -12°C and, much
less frequently, at -18°C (Fiorino and Mancuso, 2000;
De Andrés Cantero, 2001). Depending on the low tem-
perature reached and its extent, the damage can affect
leaves, twigs, branches, and the trunk of the plant. The
temperature at which lethal intracellular ice is formed in
cold-stricken plants differs according to the organ (Fig.
1) in decreasing order of sensitivity: drupes > roots >
leaves > twigs > buds (Fiorino and Mancuso, 2000;
Graniti et al., 2011). Few and frequently discrepant data
are available in the international literature as to the re-
sistance of different cultivars because of the many vari-
ables influencing the frost response. In fact, different
plant characteristics are considered to be involved in
frost resistance, such as stomatal density and size
(Roselli et al., 1989, 1992), photosynthetic activity (An-
tognozzi et al., 1990), content of phenolic compounds

(Roselli et al., 1992). It is generally accepted that the
Italian cvs Ascolana tenera, Leccio del Corno, Leccino,
Dolce Agogia, Gentile di Vasto, Cima di Monopoli and
Cellina di Nardò are tolerant, whereas cvs Coratina and
Manzanillo are regarded as less tolerant (Ciccarone,
1963; Casarini and Ugolini, 1990; Gucci et al., 2003).
Another study reported that the French cv. Bouteillan
and the Italian cv. Nostrale di Rigali had the least nega-
tive response to freezing, whereas cv. Borsciona was the
most sensitive (Bartolozzi and Fontanazza, 1999). Toler-
ant cvs are Verdial and Negral, from Spain; Lucques,
Lucqueoise, Oliverolle, Rouget and Vermillan from
France; Karidolia, Kothreiki Agouromanakolia and
Tsounati from Greece (De Andrés Cantero, 2001). A
study in which the relationship between laboratory and
field frost resistance was determined, showed that
among eight olive cultivars (Picual, Cornicabra, Arbe-
quina, Nevadillo de Jaén, Frantoio, Hojiblanca, Empel-
tre and Manzanilla Cacereña), Picual was frost-hardy,
showing a low percentage of damaged shoots and a low
lethal freezing temperature (-13.2°C) (Barranco et al.,
2005).

Symptoms of frost damage are observed first on the
leaves which desiccate, turning brown due to the oxida-
tion of phenols leaked in the intercellular spaces. Gen-
erally, after some days, the damaged leaves fall and the
plant, in relation to the age and the severity of frost,
may be completely defoliated. Ice formation in the leaf

Fig. 1. Schematic representation of freezing temperatures for different organs of olive tree (Graniti et al., 2011).
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tissues does not necessarily lead to immediate defolia-
tion, which may occur after a period of transition (also
1-2 months), in which leaves show different hues of
colour. Defoliation is more dangerous in young plants in
the nursery than in bearing plants. Damaged young
twigs may turn reddish or, in the case of severe frost,
may show cracks and detachment of the bark with at-
tached desiccated leaves, whose edges are rolled up.
Cracked (Fig. 2A) and detached bark can be observed
mainly on the trunk and scaffold branches, even a few
hours after the frost. The external part of the xylem, in
contact with the bark, changes colour from cream to
dark-brown, due to the release and oxidation of phenols
(Fig. 2B); sometimes only the cambium turns dark-
brown, whereas the bark and the xylem appear appar-
ently normal. Cortical tissues detach at the cambium
level, but in some cases only the transparent epidermis
comes off, revealing the underlying green bark tissue
(Gucci et al., 2003). 

Acclimation to low temperatures depends on envi-
ronmental parameters but also on endogenous regula-
tors, being temperatures below 5°C, as well as the pho-
toperiod, the most important factors triggering the phe-
nomenon (Heino and Palva, 2004). Moreover, the quali-
ty and intensity of light, the cell water content, the ener-
getic and nutritional conditions, the presence of dis-
eases, and the vegetative stage can influence the re-
sponse to the cold. During acclimation a specific family
of genes is activated that modules particular metabo-
lisms responsible for cold resistance. The complex se-
quence of events include variation of hormonal levels,
intracellular accumulation of solutes, increase of partic-
ular families of proteins, and changes in the composi-
tion of membrane lipids (Thomashow, 1999; Eris et al.,
2007). A significant increase in the activity of catalase,
ascorbate peroxidase and nicotinamide adenine dinu-
cleotide phosphate (NADPH) oxidase as well as in de-
hydrin protein levels in cold-acclimatized olive trees was
also reported, indicating an increment in the activity of
antioxidant systems during cold acclimation (Cansev et
al., 2008). Recent results indicate that phenylalanine
ammonia-lyase (PAL) is involved in the response of
olive trees to cold stress, its activity being higher in tol-
erant cultivars. It was also found that polyphenol-oxi-
dase (PPO) activity and oleuropein concentration are
important elements in the response of the leaves of cv.
Picual to cold stress, acting as protective agents and
lowering the cellular reactive oxygen species (ROS) lev-
el during the stress (Ortega-Garcìa and Peragón, 2009).

Field observations have established that, once accli-
mated, olive can easily lose its resistance with the rise of
average winter temperatures above 16°C for at least 6
days (Gucci et al., 2003). Frost damage to foliage, fruit,
and twigs may be visible within two days to a week after
the occurrence of freezing temperatures, whereas dam-
age to branches and trunk may not be evident for two

or four weeks, or even several months. Thus, prompt
pruning, which seems desirable also from the stand-
point of appearance, should be guided by the degree of
freeze damage. For slight damage the time interval is
not critical, but following heavy freezes, pruning should
be postponed to the beginning of summer, when the re-
active capacity to produce new shoots is higher. If there
is slight damage to the foliage no interventions are re-
quired since the plant promptly regenerates these or-
gans, whereas, in the case of heavy freezes, dead wood
should be removed completely. When injuries extend to
the whole plant, the dead stump should be cut as much
as possible and sprout growth be forced to obtain a new
canopy. Light nitrogen fertilizations and no soil plough-
ing should help to quickly rebuild a balanced canopy.
Large cuts should be treated with a wound dressing to
prevent fungal infections (Ciccarone, 1963). 

Late frosts. In the spring, during the flush of growth,
olive tree become very susceptible to frost injury and
can suffer even at temperatures just below freezing. Di-
rect damage is observed first on more hydrated tissues,
such as vegetative apexes and young leaves which desic-
cate, turning brown. Leaves with light symptoms of late
frosts may show a pale green color, smooth areas or
patches of the lower surface, that may cover most of the
blade (Graniti et al., 2011). Furthermore, whole flower
clusters (Fig. 2C) as well as single flowers and their pis-
tils in particular, that seems very sensitive, may be in-
jured (Cirulli et al., 1981). Low temperatures can be one
of the factors determining the production of pseudo-
drupes, also known as “shotberry” (Petri, 1942; Cic-
carone, 1959; Michailides et al., 2011). Pseudo-drupes
are characteristically small, almost spherical fruits that
develop in clusters (Fig. 2D), in which the pericarp is
complete whereas the endocarp contains pseudoseeds
showing degeneration of the four ovules and no embryo
(Messeri, 1947). The phenomenon has been ascribed al-
so to incompatibility (Russo and Spina, 1952) and to
unfavorable environmental conditions, such as high hu-
midity (Morettini, 1950a). Indirect damage may result
from the microlesions produced by the frost, highly
conducive to heavy attacks by Pseudomonas savastanoi
pv. savastanoi, the causal agent of olive knot (Ciccarone,
1950). These attacks are also favored by the rainy spring
weather, frequently coincident with a drop in tempera-
ture, and by the return of mild weather typical of the
season. 

In Italy, cv. Leccino is considered sufficiently tolerant
to spring frost. It is commonly accepted that cultivars
tolerant to winter frost are not necessarily tolerant to
spring frost. In areas where frost pockets develop, only
the lower plant parts may be affected; in these environ-
ments, cultural practices such as the appropriate choice
of the planting site, establishment of new groves in
spring to allow trees time to harden off, accurate weed-
ing, late pruning for avoiding early spring flushing,
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Fig. 2. Symptoms of olive disorders caused by different physical and chemical factors. A. Splitting of the bark caused by frost on a
2-year old twig. B. Frost damage on a young olive plant showing dark brown discoloration of the xylem below the bark. C. Clus-
ters of flowers with different degree of frost damage (middle and right) as compared to a healthy one (left). D. Pseudo-drupes, al-
so known as “shotberry”, in comparison with normal drupes. E. Olive drupes damaged by excessive summer temperatures. F.
Physiological honeydew oozing from twigs. This substance is secreted by vessels at the tip of the leaf apical tooth. G. Shrivelling of
olive drupe surface due to water stress. H. Plant damaged by fire, producing abundant suckers from which a new plant can be
rapidly grown. I. Asymmetric canopy in an old olive tree subjected to a predominant wind rich in salts, coming from the sea. On
the exposed side the canopy is almost completely desiccated. J. Leaf scorch, characterized by necrosis of the tips. The symptom is
not specific since it may be caused by hot dry winds, salty winds, nutrient deficiency/toxicity, or by absorption of heavy metals
from various sources, e.g. municipal solid wastes.
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potassium fertilization, etc., are recommended to re-
duce late frost damage (Proietti and Famiani, 2005).
Heaters, irrigation for frost protection, wind machines
mounted on tall towers, etc., generally used to protect
high income crops, are not used to protect olive groves.
However, recently, some effective results in protecting
various plants, including olive have been reported (Yaz-
dampanah and Stigter, 2011; http://www.frostprotec-
tion.com) with a horizontal wind machine (SIS - Selec-
tive Inverted Sink), based on the concept of a selective
drain of the coldest air from the orchard located in a
valley, expelling it upwards out of the plantation area by
means of mechanical power (Augsburger, 2000). Finally,
as a method for preventing olive frost injuries it would
be interesting to reduce the population of ice-nucle-
ation-active bacteria by using copper treatment or by in-
troducing in the phylloplane genetically engineered ice-
nucleation inactive bacteria (Wilson and Lindow, 1994).
However, bibliography on this subject is limited (Lin-
dow, 1995) and nothing has been reported on olive. 

High temperatures. High temperatures are less limit-
ing than low temperatures in both pathological and eco-
logical contexts. High temperature damage is rare and
occurs only in coincidence with drought, excessive
light, and strong winds accompanied by low humidity.
Olive cultivars acclimated to high temperatures (e.g.
40°C) still maintain 70-80% of their photosynthetic rate
(Bongi et al., 1987), thus their cultivation is expanding
in desert areas (Wiesman, 2009). Damage due to high
temperatures is expected to rise, considering the general
accumulation of greenhouse gases in the earth’s atmos-
phere which are leading to an increase in the average
temperatures (Gibelin and Déque, 2003). High temper-
ature tolerance has been genetically engineered in sever-
al plants mainly by overexpressing the heat shock pro-
tein (HSP) genes or, indirectly, by altering the level of
heat shock transcription factor proteins (Singh and
Grover, 2008). HSP70 from olive has been cloned and
characterized. The presence of both typical binding
sites for the heat shock and transcriptional activator
known as GAGA factor in the sequence suggest that the
promoter of this gene is highly heat-inducible
(Drosopoulou et al., 2009). 

Damage due to high intensity of light, temperatures,
drought, and wind is difficult to distinguish on the
leaves. During summer, leaves usually develop inner
temperatures higher than the surrounding air because
of their thickness and limited transpiration. Data on
olive leaf warming are not available, but in the leaves of
other sclerophyllous plants such as Quercus ilex L., leaf
temperature during summer may be 4-8°C higher than
the environmental temperature (Larcher, 2000). At high
temperatures, leaves turn yellow and roll up, the tip and
margin may turn brown and finally drop off; the oldest
leaves usually succumb first. Severely stressed plants

may lose all their leaves. Leaf necrosis occurs at a tem-
perature higher than 49°C (Gucci et al., 2003). Sunburn
may occur during summer on branches exposed to the
direct sunlight after heavy pruning (e.g. rejuvenation
pruning); the damage is visually evident after several
months, when the bark starts to crack, becomes loose,
or falls off. High and persistent temperatures (above
33°C) at flowering can negatively influence fruit set
(Graniti, 1993; Graniti et al., 2011); at this stage, the op-
timum temperature is between 18-20°C, with a mini-
mum of 15°C and a maximum of 32°C. If temperatures
are, with some persistence, outside these limits, flower
buds and flowers wither and fall. High summer temper-
atures may affect the drupes too, resulting in the pres-
ence of redness or dried spots (De Andrés Cantero,
2001) (Fig. 2E). A condition known as “pit burn” of the
drupes has recently been recorded from hot, high hu-
midity districts of Australia; the disorder, supposed to
be due to high temperature (>40°C) coinciding with ex-
cess of soil moisture, is evidenced by an internal soften-
ing and brown discoloration of the flesh adjacent to the
stone (Sergeeva, 2008). 

There is a different tolerance to high temperatures:
generally cultivars from the hottest environments are
more tolerant than those from northern areas, e.g. the
tolerant cv. Coratina grown in Apulia (southern Italy)
compared to cv. Simjaca cultivated in the former Yu-
goslavia (Mancuso and Azzarello, 2002). Tolerance may
vary with the organ, the season, the physiological condi-
tion, and also in relation to the time of day. For in-
stance, at midday, tolerance is higher compared to the
early morning or late afternoon (Alexandrov, 1977),
probably in relation to the synthesis of protective pro-
teins (HSP) quickly produced by the plant to protect
tissues from stress (Nover et al., 1989). Sudden increas-
es in temperature and light after a period of cold nights
and rainy weather are probably responsible for a modi-
fication of the cellular metabolism, characterized by an
increase in the production of extracellular sugars (main-
ly mannite); these sugars are secreted outside through
pores in the epidermis or, typically, by the vessels at the
tip of the leaf apical tooth, producing the “physiological
honeydew” (Goidanich, 1978); rarely, it can be ob-
served to ooze from twig cracks or injury (Fig. 2F). Sim-
ilarly to the honeydew produced by scale insects, this
substance occasionally can make a sticky layer on the
plant surfaces causing sooty mold (commonly due to
species of the genera Alternaria, Antennariella, Aureoba-
sidium, Capnodium, Cladosporium, Limacinula, and Sco-
rias) which is essentially a cosmetic problem, as it is un-
sightly, especially on table olives (Frisullo and Carlucci,
2011). As to the factors triggering the “physiological
honeydew”, there are different hypotheses including ex-
cessive transpiration and low temperatures associated
with rainy weather rather than high temperature and
light (Ciccarone, 1963).
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Snow. Although snow is generally infrequent in areas
where olive is grown, it occasionally creates problems,
especially at higher latitudes and altitudes. Breakage or
stretching of scaffold branches due to the snow weight
can cause extensive damage, especially on plants and
cultivars rich in leaves and twigs like those neglected in
pruning. During the day a snow covering is disadvanta-
geous since it keeps tree parts exposed to a sunlight
colder than when they are not covered. Sunlight cannot
heat the peel because the reflectivity of fresh snow to
visible or near infrared is high. Emissivity and thermal
conductivity of the snow, when dry, are very low, and
therefore during the night the snow acts as an insulator
against radiative loss of heat to the cold, dry sky. For the
same reason, snow can protect the canopy from very
cold air drift and the soil from loss of heat. However,
these advantages are lost when snow melts, for its ther-
mal conductivity augments. Moreover, evaporation of
melted snow increases the loss of heat during the night,
leading to frost damage on the sky-exposed side of the
branches.

Sunburn. Sunburn is caused by the intense heat or
direct sunrays hitting the limbs of olive plants. In Aus-
tralia sunburn is reported to affect growth, leading to a
slow tree decline and even death of young olive trees;
the canopy takes an unhealthy appearance as the leaves
turn yellow and slowly dry up (Sergeeva and Spooner-
Hart, 2011; Sergeeva et al., 2011). On bearing plants it
is usually an indirect result of heavy pruning carried out
during rejuvenation pruning or after branch grafting.
Damaged bark appears on the south-west side of the
limbs, showing at first only a depressed growth, difficult
to distinguish from the adjacent healthy bark; with the
same orientation cankers may develop also on trunk.
Later, the bark dries, and eventually cracks and sloughs
off. Wood deprived of natural protection by the bark
become susceptible to wood decay fungi (Ippolito and
Salerno, 2011). Prolonged drought intensifies sunburn
symptoms. Similar symptoms can be induced by frost.
On the fruits, sunburns may induce small circular de-
pressions tan in color (Fig. 2E), with smooth edges, 2 to
4 mm in diameter (De Andrés Cantero, 2001). Proper
tree training and pruning are critical to avoid damage
on trunk and limbs. Summer pruning must be carefully
done to avoid damage, and white painting of trunk and
branches and drought avoidance may help in reducing
sunburns.

Drought. Like many Mediterranean wood species
adapted to semi-arid climates, olives can tolerate the
scarcity of soil water. These trees have prospered under
rainfed conditions because they are capable of accept-
able yields while subjected to the characteristic pro-
longed summer water shortage. This result is achieved
thanks to the morphological, physiological, and bio-

chemical adaptation of the trees that reduce water loss
and maintain water uptake at a high plant water status
as the drought commences; moreover, they maintain
turgor and tolerate dehydration at low plant water sta-
tus as the drought persists (Connor and Fereres, 2005).
Olive plants combine low leaf conductance, leaf area
and radiation load, deep roots, high root length density,
and high hydraulic conductance; turgor is maintained
by osmotic adjustment of cell contents, small cell size,
changes in cell wall elasticity and dehydration is tolerat-
ed also because of other properties of the protoplasm
and cell wall (Connor and Fereres, 2005). However, in
spite of the well-recognized tolerance to water shortage,
olive groves may suffer when persistent drought and
high temperatures occur simultaneously. Drought stress
has a negative effect on the growth parameters of olive
trees, particularly in young plantations. Shoot growth is
very sensitive to water shortage and is economically sig-
nificant, since it has an effect on the non-bearing fruit
period of the trees (Petri, 1914); trunk expansion is also
reduced (Moriana et al., 2003). The reduced growth
rates is attributed to the lower photosynthetic rates due
to stomatal closure and also to the reduced functionality
of the root system, which is unable to supply the canopy
with minerals and water (Grattan et al., 2006; Bacelar et
al., 2007). Drought also decreases the actual water con-
tent and succulence of the leaves, carbon assimilation
rate, stomatal conductance and intrinsic water use effi-
ciency, while leaf tissue density and intercellular CO2 in-
crease (Denaxa et al., 2012). Water channel proteins,
named aquaporins (AQP), present in the cell mem-
branes, seem to mediate the short-term adjustment of
the symplastic pathway to drought stress. The regula-
tion of root AQPs facilitates water flow under moist
conditions, whereas in drought conditions they reduce
water loss to the soil by “more tight” membranes. In
particular, the transcript levels of each AQP gene di-
minished strongly in plants submitted to drought, lead-
ing to reduced membrane water permeability, thus lim-
iting the loss of cellular water during periods of water
stress (Secchi et al., 2007a, 2007b). A higher expression
of AQPs and a higher root surface area-specific conduc-
tance were suggested to compensate for a reduced root
system size in salt- and drought-stressed olive trees (Lo-
visolo et al., 2007). The increase of malon-dialdehyde
content and lipoxygenase activity, two markers of oxida-
tive damage, in olive tissues during drought stress indi-
cate that water deficit induces also lipid peroxidation
(Sofo et al., 2004); this finding suggests that some an-
tioxidant enzymes and non-enzymatic antioxidants
could confer a better protection against oxidative stress
related to water deficit. To this regard, it was recently
demonstrated that foliar application of Ambiol, a syn-
thetic antioxidant compound derivative of 5-hydroxy-
benzimidazole, alleviated the effects of drought stress
through membrane stabilization, reduced transpiration
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rate, and increased water use efficiency (Roussos et al.,
2010; Denaxa et al., 2012). Ambiol and glycine betaine,
a tertiary ammonium compound, had a positive effect
on photosynthesis and yield under drought and well ir-
rigated conditions as well as the application on the
canopy of kaolin clay particles (Roussos et al., 2010; De-
naxa et al., 2012). Although drought resistance varies
among olive cultivars, their response to water stress has
not been thoroughly investigated. Concentrations of
proline, an important component of osmoregulation, in-
crease strongly in response to drought or salt stress and
have been suggested to explain differences in drought-
and salt-tolerance observed in the defense mechanisms
against water deficit in cvs Meski and Chemlali (Enna-
jeh et al., 2006).

Symptoms of water stress on drupes and leaves can
be observed in late summer-autumn on both oil and
table olives. Symptoms on the drupes consist of shrivel-
ing of the surface (Fig. 2G). Affected fruits are located
mainly at the base of the twigs, while near the end of the
bearing shoots the fruits show a slight shriveling or no
symptoms, depending on the drought severity. On cv.
Sevillano water stress is considered one of the possible
causes of “soft nose” (Michailides et al., 2011). General-
ly, the affected drupes reach the veraison before the
asymptomatic ones. Old leaves show symptoms of water
shortage more severe than the younger ones, with blade
curling and/or downward drooping of the margins. At
the beginning of the stress period symptoms on drupes
and leaves are observed on the part of the canopy facing
south-west; as the drought becomes more severe, the
phenomenon progressively appears on the whole
canopy. Drupes may drop when stressed plants receive
water from rainfall or irrigation. Generally, with the re-
turn to normal humidity conditions in the soil, the dru-
pes still on the tree became turgid again and the symp-
toms on the leaves disappear; however, after recovering,
drupes remain smaller than usual and may continue to
show some signs of water shortage, such as sunken lines
less intense in colour than in the unaffected areas and a
lack of surface bloom on the folds which have come out
during shrinking (Ippolito and Nigro, 2002). Olive trees
subjected to severe water stresses during summer pro-
duce very small rounded drupes with a low flesh/kernel
ratio, reduced production, and low oil content. Table
olives may show shrinking again during post-harvest
handling (Hartmann, 1953). Plants affected by other
diseases (e.g., Phytophthora root rot and Verticillium
wilt) impairing water uptake may not recover. 

Another important factor to be taken into considera-
tion is that water stress in autumn may adversely affect
the floral induction of olive, which usually takes place in
September-October (Fernández-Escobar et al., 1992;
Ferrara et al., 1998), thus reducing the differentiation of
fruit-bearing shoots in the following year (Selles et al.,
2004). Water stress affects also the quality and the

organoleptic characteristics of the virgin olive oil. In
particular, the concentrations of phenols and, to a lesser
extent, volatiles are affected, whereas the effect is mini-
mal or absent on free acidity, peroxide value, and fatty
acid composition. Early studies pointed out a decrease
in the volatile compounds C6 from the lipoxygenase
pathway (i.e. 2-hexenal, cis-3-hexenal, and cis-2- pen-
tene-1-ol) when olive oils from irrigated and rainfed or-
chards were compared, whereas it is well established
that the total phenol content decreases with the amount
of water applied during irrigation; as a consequence vir-
gin olive oil obtained under irrigation is usually charac-
terized by a lower bitterness (Gómez-Rico et al., 2007).

Fire. In the environments in which olive trees are
grown, characterized by few rainy months which
favours the growth of weeds and prolonged summer
drought in which weeds desiccate, the development of
dangerous and devastating fires is frequent. In southern
Italy, the phenomenon is very widespread and tens of
hectares of olive groves are lost every year. Although the
plants more often damaged by fire are those located
along the borders of the groves next to woods or stub-
ble-covered plots, fires can attack and incinerate whole
orchards. Particularly damaging is the breaking of fires
in monumental plants that in many Mediterranean
countries have great historical and landscape value. The
worst situation for these plants is determined by burn-
ing of the decayed wood, generally present in the inner
part of the trunk; the plants collapse and new sprouts
may grow after various lengths of time, i.e. a few weeks
or 1 to-2 years from the event (Fig. 2H). Damages can
occur also when farmers inaccurately burn pruning ma-
terials or dry weeds. Symptoms consist in injured leaves
and small drupes that desiccate and remain attached to
the twigs for some months; well-developed drupes may
show necrotic lesions, localized on the side exposed to
heat rays, which later tend to crack. The low income of
the crop is often at the basis of the scarce care for or the
abandonment of olive groves that create an environ-
ment favourable to fires. After these events, plants have
the potential to recover and be productive again, de-
pending on the degree of the damage suffered, the size
and age of the trees, and the moisture stress before and
after the fire. If plants are grafted, the presence of un-
damaged parts of the scion (trunk, limbs) facilitates the
growth of a new canopy. As to cuttings, all the novel
growth can be used to re-train a new tree. Waiting for
new growth, generally taking place in a few weeks, it is
useful to ascertain the extent of the damage (Sheldon
and Sinclair, 2000) so as to intervene with an adequate
pruning of desiccated parts. Considering that the leaf
area of damaged trees is small as compared to the un-
damaged roots, not much irrigation and fertilization are
needed as the reshaping of the trees would be very rap-
id (Sheldon and Sinclair, 2000).
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Wind. Olive trees often show symptoms of wind
damage because they are frequently cultivated in hot-
arid climates where the effect of the wind per se is com-
bined with low soil water availability and relative hu-
midity. Moreover, sometimes olive groves are located on
unfavorable hill sites, constantly hit by wind, or in areas
bordering the sea thus exposed to salty winds. Wind
damage varies with its intensity and/or duration, tem-
perature, air and soil humidity, presence of polluting
substances (e.g., salts). Autumn winds, especially in
combination with drought, may lead to shriveling of the
drupes (Ippolito and Nigro, 2002), which is particularly
damaging for table olives. Windstorms may induce fruit
bruising and dropping, breakage or stretching of the
branches, and also uprooting in the case of plants
grown from cuttings. Constant winds, especially coming
from the sea and thus also rich in salts, may lead to a
limited growth and canopy asymmetry (flag canopy)
(Fig. 2I). 

Winds may also create entry points for pathogens,
aggravate cold injury (especially if the humidity is low),
reduce yield and quality, particularly of table olives, by
banging and dropping of the fruits, and increase the
evaporation from the leaf surface in a hot day, aggravat-
ing heat stress. A symptom on the leaves associated with
hot dry winds is called in Italy “Brusca non parassitaria”
(non-parasitic scorch), which consists of a scorching of
the apical part of the leaf characterized by drying and
browning of the tissues (Fig. 2J). 

The symptom known as “leaf scorch” is a physiologi-
cal condition when leaves lose water more rapidly than
the roots can supply trough moisture from the soil. As
the condition progresses, affected tissues dry up, be-
coming brittle. Damage is usually more pronounced on
the windward or southern side of trees. The abundant
application of municipal solid waste to the soil may oc-
casionally induce severe symptoms of leaf scorch, very
similar to dry wind damage, but associated with a gener-
al disturbance of the growth and lack of flowering. 

Wind damage to the leaves, can be confused with
potassium and boron deficiency and with “Brusca
parassitaria” (parasitic scorch) caused by Martamyces
panizzei De Not. Minter (=Stictis panizzei De Not.),
which differs from the non-parasitic scorch because of
the presence of black fruiting bodies of the pathogen in
the center of the affected areas and a clear-cut separa-
tion of infected areas from healthy tissues (Petri, 1915;
Frisullo and Carlucci, 2011). Avoiding windy sites or
setting up permanent windbreaks may be a stable solu-
tion. Shelters should be established some years in ad-
vance of planting, because newly established trees are
much more vulnerable during the early growth phases.

Hail. Depending on when a hailstorm occurs, the in-
tensity of the event, and the hailstone size, hail can dam-
age foliage, flowers, fruits, tender stem tissues and the

epidermis of twigs, branches, and trunk. Symptoms can
be seen over a broader area and consist of severe defoli-
ation, leaf, flower and stem lesions, scars and bruises on
fruit and branches (Sergeeva and Spooner-Hart, 2009).
Lesions on the fruits (Fig. 3A) can make table olives un-
marketable because of the presence of blemishes and
malformations. Furthermore, hail lesions increase the
acidity in the oil, due to the oxidation of internal tissues.
Damages are easily identified immediately after a hail-
storm. Fresh scars appear mainly on the top of horizon-
tally oriented organs, or along one side (depending on
the wind direction during the storm) of those vertically
or obliquely oriented. After a severe hailstorm, flowers,
foliage, fruit and twigs litter the ground, while the pres-
ence of flagged leaves and small twigs still hanging on
the trees is useful for diagnosis. On seedlings and
saplings in formative stages, hail damage can be so se-
vere as to compromise the plant development. Although
lesions on bearing plants tend to heal rapidly, neverthe-
less the wounds caused by the impact can serve as infec-
tion courts for fungal and bacterial pathogens, particu-
larly for P. savastanoi pv. savastanoi. 

Overhead protection against hail damage is generally
used to protect nurseries but not olive groves. Crop in-
surance is generally not enforced because of the low in-
come of the crop. Protective treatment soon after the
event, based on copper, may prevent bacterial infection.
Severely damaged organs should be pruned out as soon
as possible. 

Lightning injury. Affected trees often have a strip of
bark and sapwood blown off the trunk, leaving a con-
tinuous or intermittent rough groove which follows the
grain of the wood. Trees that are struck but not killed
are likely to be disfigured by the death of limbs. In ad-
dition, wounds and destroyed parts provide entry for
wood decay fungi. While in traditional training system
injury is observed on a single plant, in the new ones
(high and super high density growing system) damaged
plants can be observed in a row, thanks to the wires
connecting them. 

WATER-LOGGING 

Olive, like most plants, is susceptible to water-log-
ging or root hypoxia (Navarro and Parra, 2008). Trees
may survive even more than 30 days of water-logging,
but this depends on the cultivars (Therios, 2009) and is
associated with the ability to produce adventitious roots
close to the soil surface (Aragüés et al., 2004). Few stud-
ies exist on the anatomy and physiology of the response
of olive to water-logging and on the different adaptation
processes among cultivars. Much of the early reduction
in the rate of photosynthesis of flooded plants is corre-
lated with stomatal closure, resulting in decreased CO2
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absorption by the leaves (Pezeshki et al., 1996). Water-
logging also alters some metabolic functions of the roots
resulting in reduced absorption and transport of water
and nutrients. Therefore, stressed plants at first show a
reduced growth and a chlorotic condition of the leaves,
which then turn brown and are shed. Young stressed
plants may show curled and twisted dry leaves (Fig. 3B).
Flowering, fruit set and growth of the drupes are in
some way negatively influenced by the stress; fruit of
flooded plants show brown spots (Fig. 3C) or a com-
plete discoloration, involving also the still unlignified
endocarp. The root system appears damaged, showing a
few and discoloured rootlets; in severe cases, the soil
emanates an unpleasant smell. Floods may contribute to
the dissemination of soil-borne pathogens from infested
to healthy areas and may predispose roots to soil-borne
pathogen attack (Graniti et al., 2011). Poor soil struc-
ture, limited soil depth, clay pans, hardpans, and poor
ground preparation are at the basis of poor drainage,
leading to water-logging. Plantations should advisably
be located where inundation does not occur, or where
raised tree lines, surface or deep drains, can rapidly
shed the water.

A particular kind of symptom appearing on trunk,
collar, and large roots, not associated to flooding but to
a very wet soil was observed in Italy (Ciccarone, 1953)
and Australia (V. Sergeeva, unpublished information).
Affected plants show severe longitudinal bark splitting
due to the presence of decaying and sound strips of
bark (Fig. 3D). Pressing the decayed bark between fin-
gers, a brown sap comes out with a characteristic fer-
mented smell. On the lower parts of the collar and on
the roots, soil may adhere to decayed bark. Symptoms
start in autumn, after the first rains, and progress until
spring. At beginning no microorganisms are found in
the damaged tissues, whereas later they are abundantly
isolated, bacteria being the most frequent (Ciccarone,
1953). During summer the decayed parts can be exclud-
ed by the growth of cork; however, with the next au-
tumn rains, the defensive cork layers are overwhelmed
and wood can also be affected by soil inhabiting mi-
croorganisms, showing red-brown discolourations. Sec-
tors of the canopy may show declining symptoms, with
poor growth of new shoots and yellowish-pale leaves
that in summer dessicate and drop. Heavily affected
trees may die slowly. This disorder is frequent in cold
and clay soils and also on hills where high humidity is
persistent. In Italy it has been observed on cvs Moraiolo
and Carboncella and is named “gelatina” (gelly) by the
growers, whereas elsewhere is known as “wetwood” or
“slime flux”. Control is possible by unearthing and
cleaning the affected crowns and roots. The foot of the
plant is then lime-washed and left exposed to the sun
during summer (Ciccarone, 1953). 

Another symptom, common on many woody plants,
that in some way is linked to water stress is the “girdling

root/encircling root”. It is a disorder of the root archi-
tecture in which roots of affected plants begin to grow
circularly around the main stem of the tree, thus cutting
off or restricting the movement of water, plant nutri-
ents, and stored food reserves (Sergeeva et al., 2011).
Growth of some branches or the whole plant affected
by girdling root is slowed, leaves become smaller, lighter
green or yellow, fewer leaves are produced and, eventu-
ally, twigs begin to dieback. Trees can slowly weaken
and die over a period of years or decades. Factors trig-
gering the disorder are not well understood, but this
condition is generally associated with unfavorable con-
ditions that prevent roots from growing out in a normal
spreading manner. The disorder can be observed on
plants left in pots for long before transplanting, or
young plants transplanted in holes made by an earth
auger. In both cases, roots are forced to grow in a circu-
lar fashion due to the impenetrability of plastic/clay
pots or of the wall of the hole made by a earth auger in
too wet clay soils. To avoid the issue, plants should be
transplanted at the right period, roots should be pruned
at the time of transplanting, and holes should be made
using excavators instead of earth auger, preferably when
soil is dry.

SALINITY

Salinity, either occurring naturally or induced by irri-
gation, is of concern in many semi-arid areas to which
olive is climatically adapted. The salt most concerned is
NaCl, but also SO4

--, HCO3
-, and CO3

-- ions may con-
tribute to increase salinity damage. In olive plants, salin-
ity induces a strong reduction of leaf fresh weight and
oxidative stress, and a dramatic increase in proteins that
undergo tyrosine nitration (Valderrama et al., 2007);
growth is negatively affected by restricted availability of
water, toxic effects of Na+ and Cl-, and the metabolic
energy expended in salt exclusion by roots and/or its se-
questration within the plant (Connor and Fereres,
2005).

Olive is considered moderately tolerant to salinity
(Rugini and Fedeli, 1990; Gucci and Tattini, 1997), al-
though significant differences in salt tolerance have
been registered among cultivars (Tattini et al., 1992;
Benlloch et al., 1994; Marin et al., 1995; Chartzoulakis
et al., 2002, 2006; Chartzoulakis, 2005). Salt tolerance is
associated with effective mechanisms of ion exclusion
and retention of an appropriate K/Na ratio in actively
growing tissues and roots (Benlloch et al., 1991; Tattini,
1994; Tattini et al., 1995; Chartzoulakis et al., 2002),
limiting the accumulation of these ions into growing
shoots. Ion exclusion and compartmentalization at the
root level regulates ion concentration in the xylem sap,
thus preventing accumulation of potentially toxic ions
in the aerial part. The effectiveness of exclusion mecha-
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Fig. 3. Symptoms of olive disorders caused by different physical and chemical factors. A. Drupes with hail damage. B. Curled and
twisted dry leaves in young plants after flooding. C. Fruits from flooded plants, showing roundish brown spots of different size. D.
Longitudinal bark splitting on a young olive trunk associated to prolonged wet soil, named “wetwood” or “slime flux”. E. Seedling
with symptoms of N deficiency. Older leaves are yellow or reddish whereas younger leaves are pale green and small. F. Magnesium
deficiency on a leaf showing a pale green colour; gradually the symptom can extend to the whole leaf blade. G. Different degree of
iron deficiency on detached leaves in comparison with a healthy leaf (right) and a symptomatic shoot with apical leaves showing the
most severe symptoms. H. Symptoms of leaf scorch with necrotic tips bearing a zonate pattern, induced by boron deficiency. I.
Drupes with necrotic apical end due to boron deficiency, known as “monkey face” (Courtesy of Prof. U. Prota).
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nism depends on the salinity level, working effectively at
low and moderate levels of salinity (up to 50 mM NaCl);
conversely, at high salinity values, sodium is transported
and accumulated in the aerial parts, resulting in toxicity
symptoms (Chartzoulakis et al., 2002). In cv. Chemlali,
salt tolerance has been ascribed also to the mechanism
by which plants eliminate leaves accumulating excessive
sodium and chloride (Kchaou et al., 2010). Salt stress
induces also an increase in the L-arginine-dependent
production of nitric oxide, total reactive nitrogen
species, and several proteins that undergo tyrosine ni-
tration, thus functioning as good markers of nitrosative
stress (Valderrama et al., 2007). 

Water, photosynthesis, nutrition, biomass partition-
ing, and fruit quality are somewhat influenced by salini-
ty, resulting in a general chlorosis and small, stunted,
slow-growing plants. Leaves become thicker, appearing
chlorotic at first, then showing a typical tip and edge
burn, prior to falling off. However, accumulation of salt
in the leaves reduces photosynthesis at concentrations
below those at which visual symptoms are evident, and
well below those that cause leaf drop. Salts, transported
from the roots to the canopy through the transpiration
stream, have a decreasing concentration from old to
young leaves and this explains why symptoms decrease
from old leaves to the young ones. In Italy, most of the
olive plantations are located in well-drained soil and are
irrigated with water of suitable quality; moreover, winter
rainfall is generally adequate to leach out annual salt ac-
cumulation. Therefore, visual symptoms of salt injury are
very rare. However, when there are persistent drought
periods of two-three years in a row, which occur in the
Mediterranean basin every 10-11 years, and in groves
along the coast, plants may suffer. Frequently, salt injury
can be observed in ornamental olive grown in pots. 

Many new areas grown with olive are now located in
semi arid places where saline water is the main source
available for crop irrigation; therefore, research on the
mechanisms of resistance and on salt-tolerant cultivars
is very active (Chartzoulakis, 2005; Melgar et al., 2009;
Rewald et al., 2011). Maximum concentration of NaCl
in olive irrigation water should not exceed 135 mM; but
water with salt concentration over 30 mM may affect
production depending of its management (Gucci et al.,
2003). Young trees are generally less tolerant to salty
water than mature trees. The use of tolerant cultivars is
recommended in sites where salinity problems occur
(Gucci and Tattini, 1997; Kchaou et al., 2010; Graniti et
al., 2011), together with suitable irrigation (extra water
addition), improved soil drainage, light tillage to avoid
soil evaporation, etc. Low plant density may mitigate
the effect of salinity stress on olive trees (Gucci et al.,
2003).

NUTRIENT DEFICIENCY AND EXCESS 

As stated in the introduction, olive was considered a
crop of marginal, arid lands with low income, left to
grow for years with hardly any care, like forest plants.
However, growers of both traditional and new intensive
production systems are now aware of the importance of
some abiotic factors, especially nutrient deficiencies and
excesses. Olive trees, like other plants, require the es-
sential mineral elements in appropriate amounts and
may suffer from their lack or excess. For olive, as well as
for other vegetables, different nutritional conditions,
more or less recognizable, can be considered (Cic-
carone, 1972): (i) evident deficiencies, with visible
symptoms and clear negative effects on quantity and
quality of the yield; (ii) latent deficiencies, that only
rarely or transiently exhibit symptoms, but do not per-
mit optimal plant production. In the ‘sphere of health’
of plants (Melhus and Kent, 1949) there are conditions
in which, although far from the optimum (which is in
the center of the ideal sphere), they still do not exceed
the limit between health and disease. Many of those de-
ficiencies, not manifesting themselve if not through the
advantages obtained with the supply of one or more nu-
trients, appear to be located in this range; (iii) optimal
range, in which all nutrients are in the best quantities
and ratios among them, allowing the highest possible
production; (iv) tolerated overabundance, in which the
excessive amount of a nutrient, while reducing the
quantity and quality of the yield, only occasionally in-
duce clear symptoms; (v) manifest excess, where symp-
toms and detrimental effects on the yield are evident.

The removal of nutrients and lack of their reintegra-
tion determine at first a gradual adjustment of the plant
with reduced production and enhanced alternate bear-
ing, followed by the appearance of deficiency symp-
toms. As with other crops, diagnosis of nutritional
problems in olive is based on visual observations to
catch particular symptoms, and on tissue, soil and water
analyses. All these approaches have strengths and weak-
nesses: visual observation is a quick way to identify nu-
tritional problems, but by the time they appear the
plant has already suffered in productivity and quality of
fruits; moreover, few symptoms are really specific and
difficulties may arise when similar symptoms can be in-
duced by different elements or by the occurrence of an-
tagonism between nutrients. Soil analysis to detect the
presence of extremely deficient or toxic levels of nutri-
ents, even if accurate, suffers from spatial variability, es-
pecially for olive that has extensive root systems (Con-
nor and Fereres, 2005). Tissue analysis, and in particu-
lar leaf analysis, is considered the best method for de-
tecting the actual nutritional status of olive plants (Fer-
nández-Escobar, 1998). A standardized sampling proce-
dure is required because the nutrient content may vary
according to different factors such as leaf age, position
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on the tree, season, fruit load, etc. (Fernández-Escobar
et al., 1999). As a general rule, leaf samples should be
collected during periods when the concentrations of the
nutrients are at their most stable values, i.e. in summer,
preferably in the second half of July. An additional sam-
pling may be required at the end of winter to ascertain
how trees respond to a specific nutrient application or
to follow-up the nutrient level. The leaves sampled for
analysis should be collected from the current year’s
shoots, without fruit, picked halfway between the shoot
tip and the base. Picked leaves should be totally ex-
panded and healthy, and aged between two and five
months (Ruilope, 2009). Moreover, since cultural prac-
tices, soil mineral content, soil pH, weather conditions,
etc. may influence the total nutrient content, compari-
son between symptomatic and symptomless plants of
the same area are advisable to find the element(s) in-
volved in the abnormal situation observed. In practice,
the best way to solve problems of nutritional deficiency
and excess in olive trees, as well as in other crops, is a
comprehensive approach, taking into account data re-
ported in the literature, visual symptoms, and leaf and
soil analysis, together with local experience. Unfortu-
nately, no comprehensive catalog of visual symptoms of
nutrient deficiency of olives has been published, al-
though some photographic documentation is available
(Sanz Encinas and Montanes Garcia, 1997; Fernández-
Escobar, 1998; Pastor et al., 2002). 

Nitrogen (N). Nitrogen deficiency rarely causes evi-
dent symptoms in olive orchards because of fertilization
applied routinely and the great capability of the root
system to explore deep soil layers less subjected to rain-
water leaching. However, cases of N deficiency have
been reported in new olive-growing areas (e.g. Tunisia),
being responsible for considerable losses of productivity
(Boussadia et al., 2010). Since N is a constituent of
amino acids, amides, enzymes, alkaloids, chlorophyll,
and other compounds important in plant metabolism,
especially proteins, it directly influences photosynthetic
capacity, carbon assimilation, dry matter accumulation,
fruit set, shoot growth, and yield (Fernández-Escobar et
al., 2009; Boussadia et al., 2010). Symptoms of deficien-
cy may appear on canopy when leaf N content is lower
than 1.4% dry weight, whereas 1.5-2.0% N is consid-
ered adequate (Fernández-Escobar, 1998; Reuter et al.,
1997). However, 2.1-2.5% N is reported as an adequate
leaf content by Tittarelli et al. (2002) and recently, Fer-
nández-Escobar et al. (2009) questioned the established
deficiency threshold of 1.4% of N in dried leaf because
no reduction in yield or growth was observed for lower
N concentrations. The same authors (Fernández-Esco-
bar et al., 2012) found that in a fertile soil, annual appli-
cations of nitrogen are not necessary to produce a good
crop, since N removed by crop and pruning was equiva-
lent to N mineralization of soil organic matter. In addi-

tion, under continuous N stress, trees may maintain
substantial growth by recycling N from older to newer
leaves. As mature leaves loose N to the younger ones,
they turn yellow or reddish and abscise, leaving young,
pale green, deformed and small terminal leaves on the
trees (Fig. 3E). This behaviour leads to a constant con-
tent of leaf N through autumn and winter, that drops
with the new foliage flushing in the spring, reaches the
lowest value in August, and then increases (Hartmann
and Brown, 1953). With N deficiency, the life of a leaf
may be shortened, and on the whole the canopy may
look thin; such trees suffer from exposure to sun and
are prone to sunburn. Twigs may die back and fruit pro-
duction may be limited in quality and quantity, being N
deficiency associated also with pistil abortion (Moretti-
ni, 1950b). 

Leaf N levels may vary in on- and off-crop years, de-
pending on the fertilizer supply. In the case of N defi-
ciency, liquid fertilizers can be applied to the soil or by
foliar spray. When spray is used, a 2% biuret solution
plus an appropriate sticker applied until leaf runoff may
promptly increase the N content. If this is done during
the early stage of fruit growth two goals may be
reached: (i) current season fruit growth and (ii) shoot
growth bearing subsequent season crop. This may alle-
viate the alternate bearing (Fernández-Escobar et al.,
2009). N excess does not increase yield or vegetative
growth, but it negatively affects fruit and oil quality
(Fernández-Escobar et al., 2004, 2006) and is consid-
ered one of the possible cause of fruit “soft nose”
(Michailides et al., 2011). N excess may lead to a delay
in ripening and higher susceptibility to winter frost. 

Phosphorus (P). Phosphorus has important func-
tions in plants since it is a constituent of nucleic acids
and of membrane phospholipids, and also participates
in energy transfer and in regulating carbohydrate me-
tabolism. This element is readily translocated and con-
centrated in metabolically active tissues. In one year, on-
ly 8-20 kg/ha of phosphoric acid are extracted from soil
by olive plants and a leaf dry weight content of 0.15-
0.35% is considered adequate (De Andrés Cantero,
2001; Sibbett and Ferguson, 2005). Due to its mobility
in the plant, the relatively low levels needed, and the in-
trinsic characteristics of olive plants, P deficiency symp-
toms are rarely found anywhere in the world. However,
when present, symptoms are very similar to those of N
deficiency, with plants showing reduced growth and
yield. Leaves show a reduced size but are not deformed
or chlorotic as in N deficiency (De Andrés Cantero,
2001). Phosphorus deficiency in light soils can readily
be corrected by soil application of simple or triple su-
perphosphate or through the irrigation system with
mono- or bi-ammonium phosphate. Phosphorus toxici-
ty has not been observed in olive, although excessive P
is known to induce disturbances to the absorption of
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several micronutrients such as Fe and Zn.

Potassium (K). In the Mediterranean basin, low or
deficient potassium level in the leaves are frequently
found and described as one of the most important nu-
tritional problems, even in olive groves established on
soils with high K content (Restrepo-Diaz et al., 2008a,
2008b). Potassium is a highly mobile nutrient both
within the cell and through the xylem and phloem, thus
deficiency is clearly shown in older leaves. K functions
in buffering anions and in the stabilization of cell pH, is
an activator of many enzymes in meristematic tissues
and participates in protein synthesis and photosynthe-
sis. It plays an important role in water balance in the
plant since it is required for turgor build up and for
maintaining the osmotic potential of cells, which in
guard cells governs the opening of stomata. Further-
more, K is involved in carbohydrate metabolism, water
uptake from the soil, water retention in the tissue and
long distance transport of water and metabolites in the
phloem and xylem (Bennet, 1993; Arquero et al., 2006).
Therefore, K plays an important role in the regulation
of the water status in olive trees that, as repeatedly stat-
ed, are frequently cultivated in drylands. Symptoms of
K deficiency on the leaves consist of a slightly reduced
size and a chlorosis of tips and edges, that develop into
necrosis looking like “burns”. These symptoms may re-
semble those of boron deficiency (Gambogi, 1958). The
areas of dead tissue progress from the tip to the base of
the leaves and from the margin towards the inter veinal
space. The leaf tip tends to curve downwards; twigs
show short internodes. Leaf symptoms may appear long
after reaching the critical low level. Therefore, it is very
important to monitor periodically the K content of the
leaves, especially in lighter soils, those under continual
leaching, where there is erosion or much leveling, and
where stone grinding has been done (Sibbett and Fer-
guson, 2005). A content less than 0.4% (dry weight) can
induce symptoms of deficiency, whereas a content of
over 0.8% is considered adequate (Sibbett and Fergu-
son, 2005). However, these levels may vary from 0.1 to
1%, as low threshold, from 1 to 1.7% as an adequate
amount (Tittarelli et al., 2002). Potassium deficiency can
be corrected by soil application of potassium sulphate
(K2SO4) or through the irrigation system using different
compounds; also foliar application of potassium nitrate
can give satisfactory results when applied in spring, as
the trees present a good water status and there are many
young leaves. In fact, it has been ascertained that in
presence of K deficiency and water stressed plants (e.g.
in rainfed orchards) foliar K fertilization often gives ir-
regular responses (Restrepo-Diaz et al., 2008b). Foliar
application of KCl or K2SO4 increase K concentration
in the leaves and have a positive effect in increasing its
content in fruits (Restrepo-Diaz et al., 2008b). An ex-
cess of K can antagonize calcium, magnesium, zinc and

other nutrients, thus affecting production and fruit
quality (Ciccarone, 1959).

Magnesium and calcium (Mg, Ca). Calcium and
magnesium are closely related elements and their chem-
istry is somewhat similar. Magnesium is an essential part
in the chlorophyll molecule and is a co-factor in a num-
ber of enzymes including transphosphorylase, dehydro-
genase, and carboxylase, it aids in sugar and lipids
biosynthesis and activates the formation of the polypep-
tide chain from amino acids (Tisdale et al., 1985). Defi-
ciency may occur in sandy soils or in soils naturally low
in Mg, but can also be induced by heavy application of
K-containing fertilizers, which replace Mg on soil cation
exchange sites. On the contrary, K, NH4

+, Ca, and Mn
can be depressed by Mg uptake. Magnesium is readily
translocated from older to younger tissues. Deficiency
symptoms appear primarily on mature leaves, contain-
ing less than 0.1% (dry weight) Mg, and show as pale
green colouring on the half apical part of the leaves,
which gradually extends the whole blade (Fig. 3F). In
severe cases, leaf shedding and poor vegetation may
complete the picture. Terminal leaves are normal in size
and colour; fruit can acquire a chlorotic appearance but
less pronounced than in iron-deficient trees (Sibbett
and Ferguson, 2005). In Italy, Mg deficiency has been
observed in pot-grown olives in the nursery. Magnesium
deficiency can be corrected by supplying 300-500 g of
magnesium oxide or potassium-magnesium sulphate
(providing also potassium for simultaneous fertilization
with this nutrient) per tree. Alternatively, foliar sprays
with 2-4% of soluble magnesium sulphate can be ap-
plied. 

Calcium is bound in exchangeable form to cell walls
and serves as a binding agent in the form of calcium
pectates; its mobility from cell to cell and in the phloem
is very low. Being non-toxic even at high concentrations,
Ca serves as a detoxifying agent, binding toxic com-
pounds and maintaining the cation-anion balance in the
vacuole. Calcium is involved in cell elongation and cell
division; indeed, it has a beneficial effect on plant
vigour and plays a role in mitosis (Follet et al., 1981).
The main symptom of Ca deficiency is a chlorosis of the
apical part of the leaves with the veins in the chlorotic
area of older leaves becoming almost white. The root
system may show poor growth, and root apexes may ap-
pear gelatinous. One of the possible cause of the “soft
nose”, a symptom already described in this review (see
under chilling injury), has been attributed to localized
deficiency of calcium in the drupes (Sergeeva and
Spooner-Hart, 2009; Sergeeva et al., 2011a). Normally
the calcium content of fruit, leaves, and wood, ex-
pressed as dry matter, is 0.09, 1.45, and 0.50%, respec-
tively (De Andrés Cantero, 2001). A calcium content in
the leaves lower than 1% may induce deficiency, where-
as 1.5-2% is considered adequate (De Andrés Cantero,
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2001). The demand for calcium per hectare is between
20 and 50 kg per year and, notwithstanding these high
requirements calcium deficiency has never been ob-
served in California (Sibbett and Ferguson, 2005) and
in Apulia (Italy). In non-calcareous soils, calcium defi-
ciency may be corrected applying 5-10 kg of calcium
oxide per tree. The amount of calcium added must be
determined after soil analysis. 

Zinc (Zn). Zinc acts either as a metal component of
enzymes or as a functional, structural, or regulatory co-
factor of many enzymes. It is transported in the xylem
as free cation or bound to organic acids and it is a com-
ponent of auxin molecules, one of the best-known en-
zymes regulating plant growth (Tisdale et al., 1985). In
some crops Zn deficiency often accompanies other met-
al deficiencies (e.g. Zn and Mn or Zn and Fe), but in
olive these combinations have never been reported. Un-
der experimentally-induced conditions of Zn deficiency
plants and shoots appeared normal, whereas younger
leaves showed a slightly lighter colour compared to old-
er leaves and the fruits matured earlier (Hartmann and
Brown, 1953). Leaf Zn concentration decreases
throughout the season reaching the minimum level in
December (Fernández-Escobar et al., 1999). A leaf con-
tent between 10 and 30 ppm dry weight is considered
adequate, whereas the threshold for deficiency symp-
toms and for toxicity is unknown (Fernández-Escobar,
2004). In Italy, Zn deficiency has been observed in Sici-
ly. Symptoms consisted of smaller leaves, twigs with
short internodes, young shoots with a compact chlorotic
vegetation and very small terminal leaves that, after
showing scattered necrosis, died and dropped (Russo,
1954). Zinc deficiency can be corrected by applying to
the canopy ZnSO4 (5 g/l of water) neutralized by
Ca(OH)2 (2.5 g/l of water) (Agosteo, 2000). 

Iron (Fe). Iron is an essential element for the synthe-
sis of chlorophyll and is involved in nitrogen fixation,
photosynthesis, and electron transfer. It is also a struc-
tural component of substances involved in oxidation-re-
duction reactions, reduction of O2 to H2O during respi-
ration in particular, and of respiratory enzymes as a part
of cytochromes and emoglobin, and in many other en-
zyme systems (Tisdale et al., 1985). Two groups of Fe-
containing proteins, the hemo-protein and the iron-sul-
phur proteins, are important in plant metabolism. Iron
deficiency, also known as lime-induced chlorosis, is a
nutritional problem detrimental to olives growing in al-
kaline, calcareous soil. Iron deficiency often results
from a high pH or mineral imbalance which renders Fe
unavailable, rather than from an actual lack of iron in
the soil. Affected trees show an overall loss of vigor,
general yellowing or chlorosis of the leaves and low pro-
ductivity. The veins, which remain green and stand out
in contrast with the pale yellow blade, are the most re-

markable and distinctive features of this deficiency (Fig.
3G). These symptoms occur only on young leaves, but
may persist to maturity. In very mild cases, the symp-
toms may disappear gradually, whereas in moderate to
strong cases the leaves may be solid yellow but persist-
ent; in chronic cases, growth is restricted, affected
leaves drop, and dieback may occur. Low productivity
is another symptom caused by flowers without ovaries
and irregularity in fruit setting (Pastor et al., 2002).
Drupes of affected trees show the same light green hue,
remaining small, and at full ripening have a less intense
colour than normal, chlorotic or yellowish. Due to the
low vigour it becomes very difficult to apply rejuvena-
tion pruning, so plants remain small and slowly cease to
produce. 

In Italy, Fe deficiency does not seem widespread. In
Apulia, it has been recently observed in a soil very rich
in tuff (A. Ippolito, unpublished information). On the
contrary, this problem seems very widespread in Spain,
where 70% of the olives of Andalusia are grown on cal-
careous soils (Pastor et al., 2002). In this area, Pastor et
al. (2002) have observed a different behaviour of olive
cultivars, Cornicabra, Hojiblanca and Nevadillo negro
being tolerant whereas Arbequina and Manzanilla de
Sevilla proved to be sensitive. Another Spanish study
lists cvs Leccino, Arbequina, Lechín de Sevilla and
Galega as most susceptible, Nevadillo negro, Pajarero
and Manzanilla de Sevilla as most tolerant, and
Cornezuelo de Jaén as intermediate (Alcántara et al.,
2003). To increase tolerance in susceptible cultivars, Al-
cantara et al. (2003) suggested grafting onto tolerant
cultivars. Among the different graft combinations, those
that used cvs Hojiblanca, Arbequina, and Lechín de
Sevilla either as scion or as rootstock were tested, dis-
closing that tolerance was mainly determined by the va-
riety used as a rootstock. Combinations in which cv.
Hojiblanca served as rootstock were the most tolerant,
followed by those with cv. Arbequina, classified as inter-
mediate, and those with cv. Lechín de Sevilla, consid-
ered as the most susceptible (Alcántara et al., 2003).

A leaf content between 50 and 150 ppm (dry weight)
Fe is considered adequate (Tittarelli et al., 2002), where-
as the limit for deficiency symptoms is unknown (Fer-
nández-Escobar, 2004; Sibbet and Ferguson, 2005).
However, the values reported above do not seem to be
widely accepted and leaf analysis is not considered use-
ful for diagnosing Fe deficiency because of the difficulty
encountered in a clear-cut separation of chlorotic from
non chlorotic leaves (Korcak, 1987; Fernández-Escobar
et al., 1999). Pastor et al. (2002) reported that Fe defi-
ciency is not always apparent, so that latent chlorosis af-
fects the majority of olives planted in calcareous soil. In
this case, the leaves do not show the classic symptoms of
inter-veinal chlorosis, but appear pale green to yellow-
ish. This condition may reduce plant vigour and pro-
ductivity. Soil analysis is not of much consequence be-
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cause rarely the amount of iron in the soil is low. In-
deed, the total content of iron in the soil (around
20,000-30,000 ppm), is largely sufficient to satisfy the
need of olive trees (0.5 ppm) (Pastor et al., 2002). 

Elements like calcium, zinc, manganese, phosphorus,
or copper can tie up iron if they are present in high
amounts in the soil, an instance that should be taken in-
to consideration in analyzing for Fe deficiency. Fernán-
dez-Escobar et al. (1993, 1999) reported that visual ex-
amination still remains the best method for diagnosing
Fe deficiency which, in any case, rarely occurs on neu-
tral or acidic soils. In calcareous soils, Fe deficiency can
be corrected by applying Fe-EDDHA, or other iron
chelates of good quality, at 50-70 g/tree following the la-
bel-suggested procedures. At these rates a 20-30% in-
crease in productivity was observed, drupes were bigger
and showed also a darker green colour, compared to the
control (Pastor et al., 2002). Foliar applications of iron
chelates can induce immediate decrease in symptoms,
but the beneficial effect may last only few weeks. Iron
toxicity is not known to be a problem in olive produc-
tion. 

Boron (B). Boron deficiency is reported as one of
the most common deficiencies in young and older olive
trees. B deficiency was first studied by Horne (1917) in
California and called “exanthema” because of a certain
resemblance to the exanthema or Florida dieback of cit-
rus trees. In Italy, B deficiency is frequently observed in
olive groves (Ciferri et al., 1955). It was first reported by
Pesante (1938), then further studied in the mid 20th

century (Gambogi, 1958). In particular, Fogliani (1952)
described in great detail the succession in space and
time of the symptoms of the disease in the olive groves
on the west shore of lake Garda (northen Italy). Boron
is an essential element absorbed by roots as the very
weak acid H3BO3 and is transported through the xylem.
It affects carbohydrate metabolism and transports
across cell membranes, playing a role in amino acid for-
mation and synthesis of proteins and cell wall material
(Tisdale et al., 1985; Treshow, 1970). Because of its im-
pact on cell development and on sugar and starch for-
mation and translocation, B deficiency can retards new
growth and tree development. It apparently leads to a
build-up of indoleacetic acid (IAA) by blocking IAA
oxidase in the roots, which inhibits elongation; it also
reduces membrane stability, pollen germination and the
growth of pollen tubes (Bennet, 1993). Boron is not
very mobile, which explains the appearance of deficien-
cy first on young leaves, the tip of which turns light
green (chlorotic tips), then during fall and winter most
of the leaves turn yellow with shades of bronze and
eventually desiccate. At first, the chlorosis involves 1/3
to 1/2 of the blade, while the base retains a normal
colour, the same as in magnesium deficiency. Gradually,
the discolouration appears in the leaves near the base of

the shoots that may develop necrotic tips showing a
zonate pattern (Fig. 3H) (Scott et al., 1943). Late
growth is characterized by small and distorted leaves
that are readily shed (Fogliani, 1952). As reported by
Gavalas and Demetriades (1966) in Greece, leaf chloro-
sis due to B deficiency may resemble that caused by Ca
deficiency. Altered leaf tissues show increased thickness
of the palisade layer, phloem necrosis, and accumulation
of large starch grains, also in the two epidermis cell lay-
ers (Pesante, 1938; Biraghi, and Naldi, 1948; Biraghi,
1949, 1951; Ciccarone, 1956, 1963). Trees suffering
from B deficiency appear chlorotic from a distance, ex-
hibit a bunchy growth and delayed bud break (Cic-
carone, 1956). In severe cases, a dieback of most of the
upper twigs occurs, which is followed by the growth
from lower nodes of many secondary shoots (excess
branching) with short internodes, that lead to the for-
mation of rosettes (Pesante, 1938; Scott et al., 1943;
Fogliani, 1952). The bark of affected twigs, branches,
and trunks may show protuberances 1-2 mm high and
5-10 mm long either smooth or, sometimes, with a
cracked surface. The phloem underneath these protu-
berances shows variously extensive necroses (Scott et
al., 1943; Fogliani, 1952). Depressed, corky and smooth
reddish lesions can also be observed on branches and
trunk. The phloem underlying corky lesions appears
completely necrotic (leptonecrosis), whereas it remains
sound in the case of reddish spots (Pesante, 1938;
Fogliani, 1952; Ciccarone, 1956; Gambogi, 1958). Also
the peduncle of drupes may show phloem necrosis (Pe-
sante, 1938). If a small piece of the twig is cut off with a
sharp knife, a brown discoloration appears due to
necrosis of the cambium. Sometimes these kinds of
symptoms are present only on a part of the canopy. 

In moderately B-deficient plants, blooming and fruit
set may appear normal, but immature drupes may drop
in July-August. Affected plants may produce malformed
fruits showing pitting, shriveling, and drying, that usual-
ly involve only the apical half or the drupe; the flesh un-
der the deep pits and shrunken apical ends is necrotic.
These fruit symptoms, which are known in California as
“monkey face” (Treshow, 1970; Scott et al., 1943), have
also been seen in Italy (Fig. 3I) (Ciccarone, 1963). B de-
ficiency may appear on single or on grouped plants (Pe-
sante, 1938). Old plants, like those derived from
seedlings, are more tolerant than the young ones, which
may die within 2-3 years. Old plants may also show al-
ternate symptoms of recovery and decline, depending
on the season and the environmental conditions (Cic-
carone, 1963). Although with different intensity, B defi-
ciency symptoms are shown by all the cultivars grown in
the area where the disorder occurs. Boron concentra-
tion is generally higher in younger leaves, but decreases
as the season advances, reaching the lowest values in
May-June, probably because of the B requirements by
flowers and fruits (Delgado et al., 1994). Boron defi-
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ciency may be worsened by an unfavorable ratio with
calcium and perhaps also by the lack of manganese
(Treshow, 1970). Deficiency symptoms appear at a leaf
content of 7-13 ppm dry weight (Hartmann, 1953;
Hartmann and Brown, 1953). At 14-19 ppm, plants are
symptomless or show very mild symptoms, but their
performance improves if boron is supplied (Ciccarone,
1963). Hartmann (1953) reported 19 ppm of B as an ad-
equate concentration, but a more recent study conduct-
ed in Italy, retains as adequate a leaf content between 13
and 16 ppm (dry weight) (Tittarelli et al., 2002). Sibbet
and Ferguson (2005) report deficiency symptoms at a
concentration of less than 14 ppm, whereas for these
authors a concentation of 19-150 ppm is adequate and
excessive when it reaches 185 ppm. The maximum level
of B content (268 ppm) was attained in sand-grown
plants irrigated with water containing 10 ppm boron
(Hartmann and Brown, 1953). 

Olive seems much less sensitive to high boron levels
than other tree crops since, even when it is cultivated in
soils with a high B content, it apparently does not accu-
mulate much of this element in the leaves (Sibbet and
Ferguson, 2005; Therios, 2009). In trees grown in sand
culture, B concentration in irrigation water at which
plants showed deficiency symptoms was 2 ppm (Leyson
and Jame, 1993). Under field conditions, trees may tol-
erate over 4 ppm B in irrigation water, without showing
any toxicity symptoms (Chatzissavvidis et al., 2004,
2008). Moreover, a comparative study on the response
of four Greek olive cvs (Chondrolia, Chalkidikis,
Megaritiki, and Amfissis) to six B concentrations,
showed that the increase of B concentration in the nu-
trient solution negatively affected the amount of nitro-
gen, potassium, zinc and calcium in leaves and stems,
while magnesium and manganese increased (Chatzissav-
vidis and Therios, 2010). B deficiency can easily be cor-
rected with soil application of borax (sodium perborate
or sodium biborate) at a rate of 300-500 g/tree in full
production (Hartmann et al., 1966), while for younger
trees a smaller amount can be used (10 g for each year
of the tree from the moment of planting). For trees in
full production, one treatment should be enough for
many years. Borax should be applied under the canopy
and buried at a depth of about 20 cm at the end of win-
ter (Ciferri et al., 1955). For faster response, soluble
sodium perborate can be applied as foliar spray or
through the irrigation system. However, foliar sprays
prove beneficial to the current season’s growth, but
their effect does not last as long as soil applications. 

Manganese (Mn). Manganese has many functions as
a catalyst in enzyme systems, especially decarboxylases
and dehydrogenases; it is a structural component of cer-
tain metalloproteins and is involved in the evolution of
O2 in photosynthesis (Follet et al., 1981). As it is also in-
volved in chlorophyll formation, its deficiency leads to a

decreased photosynthetic activity. Mn content generally
increases from the beginning of the season until July
and then shows a decreasing trend (Fernández-Escobar
et al., 1999). Manganese deficiency is rarely observed on
olive and has not been reported from Italy. Its symp-
toms are observed occasionally on plants growing in al-
kaline or highly leached soils, appearing on expanding
leaves in the form of a diffuse interveinal chlorosis with
poorly defined green areas around the veins (De Andrés
Cantero, 2001). Chlorosis may appear on leaves with
Mn content lower than 10 ppm (dry weight), whereas a
concentration between 20 and 50 ppm is considered ad-
equate (De Andrés Cantero, 2001; Tittarelli et al.,
2002). Manganese deficiency can be corrected by apply-
ing 50 kg/ha MnSO4 (De Andrés Cantero, 2001). 

Copper (Cu). Copper is involved in several enzyme
systems and apparently cannot be replaced by other
metal ions (Bennet, 1993). It plays a role in cell wall for-
mation, affecting lignification, and, like other micronu-
trients, is involved in electron transport and oxidation
reactions (Tisdale et al., 1985). Its content is constant
during the growing season, but is generally higher in
older leaves (Fernández-Escobar et al., 1999). Copper
deficiency is rarely observed on olive and has not been
reported from Italy, probably because copper is used as
a fungicide to control fungal and bacterial diseases. Pe-
riodical Cu sprays also explain its accumulation in the
oldest leaves. Symptoms of Cu deficiency have been de-
scribed in Spain as characterized by short internodes
and leaf chlorosis (De Andrés Cantero, 2001). They may
appear at a leaf content lower than 4 ppm (dry weight)
(Fernández-Escobar et al., 1999; De Andrés Cantero,
2001) whereas a Cu content between 6-10 and 20-36
ppm is considered as sufficient (De Andrés Cantero,
2001; Tittarelli et al., 2002).

SPRAY DAMAGE

Leaves, fruits, and sprouts are the main plant organs
that can be damaged by erroneous use of fungicides, in-
secticides, or herbicides. Symptoms of injury due to
these compounds are not easily diagnosed unless the
history and treatment of the plant are known. A high in-
cidence of phytotoxicity may result from the application
of dimethoate, an organophosphate insecticide used to
control olive fly [Bactrocera (=Dacus) oleae Gmelin] a
very common pest in the Mediterranean basin and
South Africa. The phenomenon is frequent on some
Italian cvs, (e.g., Coratina, Peranzana, and Mele), which
may show defoliation and necrosis of the drupes. In
particular, when applied at high dosage and when large
drops are formed, a necrotic ring along the edge of the
drop can be observed at the apex of young drupes. This
damage is economically important for both table and oil
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olives; moreover, defoliation can impair fruit set also in
the subsequent year (Guario et al., 2001). 

Copper in excessive dosages can cause necrosis of
young sprouts, especially when applied at the beginning
of their development. Damage by petroleum spray oils
(PSOs) is observed rarely and is generally associated
with high temperatures or sudden temperature changes,
i.e. a low temperature after a hot spell. PSOs damages
have also been observed when trees are stressed or
when PSOs are mixed with a number of other incom-
patible pesticides (Sergeeva et al., 2011). 

As to herbicide injuries, glyphosate, simazine, and
bromacil damage have been recorded in olive groves. In
particular, young sprouts at the base of the trunk
sprayed with glyphosate may show small, fanshaped
leaves, whereas those damaged by simazine show inter-
veinal leaf yellowing. Damage by bromacil, observed on
olive trees consociated with citrus, consists of leaf vein
yellowing, followed by apical desiccation and abscission
(Luisi and De Cicco, 1975). The use of plant growth
regulator naphthaleneacetic acid (NAA) for thinning to
improve fruit quality may sometimes kill or curl the ten-
der tip on new shoots, but this has no lasting effect (Sib-
bett and Krueger, 1998). 

POLLUTANTS

Over the past few decades there has been a steady
and significant increase in water, soil, and air pollution
caused by the release of pollutants produced by human,
industrial, and agricultural activities. Among the differ-
ent types of pollution, the alteration of the atmospheric
composition is probably the most damaging, since it can
seriously affect plant health and productivity and possi-
bly influence the climate. Nevertheless, it is still poorly
studied because of the difficulty in diagnosing its effects
on plants such as olive trees, unless high levels of the
pollutant occur and susceptible cultivars are surveyed.
Among the main air pollutants, carbon dioxide (CO2),
ozone (O3), sulphur dioxide (SO2) and fluorides (F-)
can be counted. The effects of increasing CO2 are com-
plex to analyze because they exert both a direct effect
on the physiology of the plant (Tognetti et al., 2001; Se-
bastiani et al., 2002) and an indirect effect linked to the
induction of climate changes (increased evaporation
and temperature, reduced rainfall) (Kattenburg et al.,
1996; Graniti et al., 2011). Woody plants seem to re-
spond more strongly to elevated CO2 than herbaceous
plants and show morphological and physiological re-
sponses, which vary not only among species, but also
among genotypes (Tognetti et al., 1999). Olive response
to increasing CO2 concentration has been studied using
cvs Moraiolo and Frantoio grown in conditions close to
their natural environments, in a free-air CO2 enrich-
ment facility (Tognetti et al., 2001; Sebastiani et al.,

2002). From these experiments it was observed that ex-
posure to elevated CO2 enhanced photosynthesis rates
and decreased stomatal conductance, leading to greater
water use efficiency. Cultivar differences in response to
elevated CO2 were not strong in five-year-old olive
plants although the two cultivars differed in intrinsic gas
exchange and stomatal density (Tognetti et al., 2001).
Instead, in one-year-old plants photosynthetic acclima-
tion was evident for cv. Frantoio, which showed strong
reductions in leaf area and in leaf and stem biomass (Se-
bastiani et al., 2002). 

The effect of O3 depends on its location in the at-
mosphere. In the stratosphere (15-55 km above the
Earth surface), ozone filters harmful ultraviolet radia-
tion from sunlight, which is extremely harmful to living
beings. In the troposphere, ozone, in combination with
prolonged drought periods, can become a stress factor
for plants in rural areas (Lorenzini, 1993; Schenone,
1993; Naveh, 1995). It has been reported that olive fu-
migation with quite elevated O3 doses (150 ppb) for a
short exposure time (a few hours) led to a significant re-
duction in stomatal conductivity, especially in cv.
Moraiolo, but with no development of visible injury
(Minnocci et al., 1995). By contrast, with doses of 50-
100 ppb for 100 days, a marked phylloptosis of mature
leaves and visible symptoms on younger leaves, especial-
ly of cv. Moraiolo, were recorded (Minnocci et al.,
1999). Furthermore, regardless of the cultivar, perma-
nent limitations in photosynthetic and transpiration ac-
tivity were observed, which could cause adverse long-
term effects (Minnocci et al., 1999). 

The SO2 is no longer considered as one of the major
air pollutants because of the restrictions imposed by the
fuel control legislation and the prominent role played
by other pollutants. Nevertheless, also at low concentra-
tions, damage may result from the combination with
other pollutants and it is still a serious problem in devel-
oping countries. Through the stomata, SO2 can reach
palisade and mesophyll cells, altering the functionality
of stomata, photosynthesis, and leaf structure (Rennen-
berg and Polle, 1994). Long-term SO2 treatments of
olive plants determined genotype-dependent responses:
on cv. Frantoio, they induced a strong reduction of the
photosynthesis rate and stomatal conductance and, on
several cultivars, the thickness of the leaf blade and the
stomatal density and opening were reduced. 

Among source-related primary pollutants, F- has
been known for a long time to be particularly harmful
to forest trees. Local surveys have reported individual
cases of fluorine damage to olive trees in Greece at sites
close to emission sources, represented by aluminum
smelting industries. Affected trees exhibit chlorosis or,
more frequently, necrosis of the leaf tip progressing to-
wards the base, and twig dieback. Necrotic areas are
grey, light-brown, or reddish in colour, whereas non-
necrotic areas appear normal green initially but, later in

486 Abiotic diseases of olive Journal of Plant Pathology (2012), 94 (3), 469-491

001_JPPReview_Sanzani_469  20-11-2012  11:01  Pagina 486



the season, they turn light green and dead tissues drop
off. Young fruits develop brown spots, 1 mm in diame-
ter, with a slightly sunken surface (Holevas, 1976; Eleft-
heriou, 1987; Eleftheriou and Tsekos, 1991).

REFERENCES 

Agosteo G., 2000. Le malattie da carenze nutritive. In: Avver-
sità e difesa dell’olivo in Calabria. Regione Calabria and
Consorzio Regionale Associazioni Olivicole, Reggio Cala-
bria, Italy.

Agosteo G., 2011. Olive diseases, a historical account. In:
Schena L., Agosteo G.E., Cacciola S.O. (eds). Olive Dis-
eases and Disorders, pp. 23-42. Transworld Research
Newtwork, Trivandrum, Kerala, India.

Alcántara E., Cordeiro A.M., Barranco D., 2003. Selection of
olive varieties for tolerance to iron chlorosis. Journal of
Plant Physiology 160: 1467-1472.

Alexandrov V.Y., 1977. Cells, Molecules and Temperature.
Conformational Flexibility of Micromolecules and Ecolog-
ical Adaptation. Springer, Berlin, Germany.

Aragüés R., Puy J., Isidoro D., 2004. Vegetative growth re-
sponse of young olive trees (Olea europaea L., cv. Arbe-
quina) to soil salinity and waterlogging. Plant and Soil 258:
69-80.

Antognozzi E., Pilli M., Proietti P., Romani F., 1990. Analysis
of some factors affecting frost resistance in olive trees. Pro-
ceedings 23rd International Horticultural Congress, Firenze,
Italy: 4280.

Arquero O., Barranco D., Benlloch M., 2006. Potassium star-
vation increases stomatal conductance in olive trees.
HortScience 41: 433-436.

Augsburger H.K.M., 2000. Frost control in temperate cli-
mates through dissipation of cold air. Aspects of Applied
Biology 61: 201-204.

Azzi G., 1928. Ecologia Agraria. U.T.E.T., Torino, Italy.
Bacelar E.A., Moutinho-Pereira J.M., Goncalves B.C., Ferreira

T.C., Correia C.M., 2007. Changes in growth, gas exchange
xylem hydraulic properties and water use efficiency of three
olive cultivars under contrasting water availability regimes.
Environmental and Experimental Botany 60: 183-192.

Barranco D., Ruiz N., Gómez-del Campo M., 2005. Frost tol-
erance of eight olive cultivars. HortScience 40: 558-560.

Bartolozzi F., Fontanazza G., 1999. Assessment of frost toler-
ance in olive (Olea europaea L.). Scientia Horticulturae 81:
309-319.

Bartolozzi F., Rocchi P., Camerini F., Fontanazza G., 1999.
Changes of biochemical parameters in olive (Olea europaea
L.) leaves during an entire vegetative season, and their cor-
relation with frost resistance. Acta Horticulturae 474: 435-
440.

Benlloch M., Arboleda F., Barranco D., Fernández-Escobar
R., 1991. Response of young olive trees to sodium and
boron excess in irrigation water. HortScience 26: 867-870.

Benlloch M., Marin L., Fernández-Escobar R., 1994. Salt tol-
erance of various olive varieties. Acta Horticulturae 356:
215-217.

Bennet W.F., 1993. Nutrient Deficiency and Toxicities. APS
Press, St. Paul, MN, USA.

Biraghi A., 1949. Recenti contributi alla conoscenza delle
malattie dell’olivo. Olivicoltura 12: 7-12.

Biraghi A., 1951. Deviazione dell’attività morfologica di alcu-
ni meristemi. Notiziario sulle Malattie delle Piante 14: 1-3.

Biraghi A., Naldi L., 1948. Ulteriori notizie sul deperimento
progressivo dell’olivo. Olivicoltura, 10: 3-5.

Bongi G., Mencuccini M., Fontanazza G., 1987. Photosynthe-
sis of olive leaves: effect of light flux density, leaf age, tem-
perature, peltates, and H2O vapour pressure deficit on gas
exchange. Journal of the American Society for Horticultural
Science 112: 143-148.

Boussadia O., Steppe K., Zgallai H., Ben El Hadj S., Braham
M., Lemeur R., Van Labeke M.C., 2010. Effects of nitro-
gen deficiency on leaf photosynthesis, carbohydrate status
and biomass production in two olive cultivars ‘Meski’ and
‘Koroneiki’. Scientia Horticulturae 123: 336-342.

Cansev A., Gulen H., Eris A., 2008. Cold-hardiness of olive
(Olea europaea L.) cultivars in cold-acclimated and non-ac-
climated stages: seasonal alteration of antioxidative en-
zymes and dehydrin-like proteins. Journal Agricultural Sci-
ence 147: 51-61.

Casarini B., Ugolini A., 1990. La Difesa delle Piante da Frut-
to. Edagricole, Bologna, Italy.

Chartzoulakis K., 2005. Salinity and olive: growth, salt toler-
ance, photosynthesis and yield. Agricultural Water Manage-
ment 78: 108-121.

Chartzoulakis K., Loupassaki M., Bertaki M., Androulakis I.,
2002. Effects of NaCl salinity on growth, ion content and
CO2 assimilation rate of six olive cultivars. Scientia Horti-
culturae 96: 235-247.

Chartzoulakis K., Psarras G., Vemmos S., Loupassaki M.,
Bertaki M., 2006. Response of two olive cultivars to salt
stress and potassium supplement. Journal of Plant Nutri-
tion 29: 2063-2078. 

Chatzissavvidis C.A., Therios I.N., Antonopoulou C., 2004.
Seasonal variation of nutrient concentration in two olive
(Olea europaea L.) cultivars irrigated with high boron wa-
ter. Journal of Horticultural Science and Biotechnology 79:
683-688. 

Chatzissavvidis C., Therios I., Antonopoulou C., Dimassi K.,
2008. Effects of high boron concentration and scion-root-
stock combination on growth and nutritional status of
olive plants. Journal of Plant Nutrition 31: 638-658.

Chatzissavvidis C., Therios I., 2010. Response of four olive
(Olea europaea L.) cultivars to six B concentrations:
growth performance, nutrient status and gas exchange pa-
rameters. Scientia Horticulturae 127: 29-38

Ciccarone A., 1950. Alterazioni da freddo e da rogna sugli
ulivi, esemplificate dai danni osservati in alcune zone
pugliesi negli anni 1949-1950. Bollettino della Stazione di
Patologia Vegetale S. III 6: 141-174.

Ciccarone A., 1953. Osservazione sulla “gelatina” e su alcune
gommosi del colletto e delle radici degli olivi. Bollettino
della Stazione di Patologia Vegetale SIII 9: 205-213.

Ciccarone A., 1956. Le malattie nutrizionali dell’olivo e rela-
tive rimedi. Notiziario sulle Malattie delle Piante 37-38
(N.S. 16-17): 71-89.

Journal of Plant Pathology (2012), 94 (3), 469-491 Sanzani et al. 487

001_JPPReview_Sanzani_469  20-11-2012  11:01  Pagina 487



Ciccarone A., 1959. Reproduction is affected. In: Horsfall
J.G., Dimond A.E. (eds). Plant Pathology: An Advanced
Treatise. Vol 1 The Diseased Plant, pp. 249-276. Academic
Press, New York, NY, USA.

Ciccarone A., 1963. Malattie. In: Baldini E., Scaramuzzi F.
(eds). Olive da Tavola, pp. 241-271. Edagricole, Bologna,
Italy. 

Ciccarone A., 1972. I microelementi in Patologia vegetale. At-
ti IX Simposio Internazionale di Agrochimica su La Fitonu-
trizione Oligominerale, Punta Ala, Italy: 63-92. 

Ciferri R., Riu D., Scaramuzzi G., Candussio R., Bonfante S.,
1955. La “leptonecrosi” da borocarenza dell’olivo. Annali
della Sperimentazione Agraria 9: 1309-1342.

Cirulli M., Laviola C., Roberti D., 1981, Avversità e difesa. In:
Baldini E., Scaramuzzi F. (eds). L’olivo. Frutticoltura Anni
80, pp. 142-187. REDA, Roma, Italy.

Connor D.J., Fereres E., 2005. The physiology of adaptation
and yield expression in olive. Horticultural Review 31: 155-
229.

De Andrés Cantero F., 2001. Enfermendades y plagas del oli-
vo. Riquelme y Vargas Ediciones, Madrid, Spain.

Delgado A., Benlloch M., Fernández-Escobar R., 1994. Mobi-
lization of boron in olive trees during flowering and fruit
development. HortScience 29: 616-618.

Denaxa N., Roussos P.A., Damvakaris T., Stournaras V., 2012.
Comparative effects of exogenous glycine betaine, kaolin
clay particles and Ambiol on photosynthesis, leaf sclerophyl-
ly indexes and heat load of olive cv. Chondrolia Chalkidikis
under drought. Scientia Horticulturae 137: 87-94.

Drosopoulou E., Chrysopoulou A., Nikita V., Mavragani-
Tsipidou P., 2009. The heat shock 70 genes of the olive
pest Bactrocera oleae: genomic organization and molecular
characterization of a transcription unit and its proximal
promoter region. Genome 52: 210-214.

Eleftheriou E.P., 1987. A comparative study of the leaf anato-
my of olive trees growing in the city and the country. Envi-
ronmental and Experimental Botany 27: 105-117.

Eleftheriou E.P., Tsekos I., 1991. Fluoride effects on leaf cell
ultrastructure of olive trees growing in the vicinity of the
alluminium factory of Greece. Trees 5: 83-89.

Ennajeh M., Vadel A.M., Khemira H., Ben Mimoun M., Hel-
lali R., 2006. Defense mechanisms against water deficit in
two olive (Olea europaea L.) cultivars ‘Meski’ and ‘Chem-
lali’. Journal of Horticultural Science and Biotechnology 81:
99-104.

Eris A., Gulen H., Barut E., Cansev A., 2007. Annual patterns
of total soluble sugars and proteins related to cold-hardi-
ness in olive Olea europaea L. ‘Gemlik’. Journal of Horti-
cultural Science and Biotechnology 82: 597-604. 

Fernández-Escobar R., 1998. Diagnóstico del estado nutritivo
y fertilización del olivar. Phytoma España 102: 54-55.

Fernández-Escobar R., 2004. Fertilización. In: Barranco D.,
Fernández-Escobar R., Rallo L. (eds). El Cultivo del Olivo,
pp. 297-336. Mundi-Prensa, Madrid, Spain. 

Fernández-Escobar R., Benlloch M., Navarro C., Martin
G.C., 1992. The time of floral induction in the olive. Jour-
nal of American Society of Horticultural Science 117: 304-
307.

Fernández-Escobar R., Barranco R., Benlloch M., 1993. Over-
coming iron chlorosis in olive and peach trees using a low-
pressure trunk-injection method. HortScience 28: 192-194.

Fernández-Escobar R., Moreno R., García-Creus M., 1999.
Seasonal changes of mineral nutrients in olive leaves dur-
ing the alternate-bearing cycle. Scientia Horticulturae 82:
25-45.

Fernández-Escobar R., Benlloch M., Herrera E., Garcıa-Nov-
elo J.M., 2004. Effect of traditional and slow-release N fer-
tilizers on growth of olive nursery plants and N losses by
leaching. Scientia Horticulturae 101: 39-49. 

Fernández-Escobar R., Beltran G., Sanchez-Zamora M.A.,
Garcıa-Novelo J., Aguilera M.P., Uceda M., 2006. Olive oil
quality decreases with nitrogen overfertilization. HortScience
41: 215-219.

Fernández-Escobar R., Marina L., Sánchez-Zamora M.A.,
García-Novelo J.M., Molina-Soria C., Parra M.A., 2009.
Long-term effects of N fertilization on cropping and
growth of olive trees and on N accumulation in soil profile.
European Journal of Agronomy 31: 223-232.

Fernández-Escobar R., García-Novelo J.M., Molina-Soria C.,
Parra M.A., 2012. An approach to nitrogen balance in
olive orchards. Scientia Horticulturae 135: 219-226.

Ferrara E., Ferrara G., Zurlo P., 1998. Effects of defoliation
times on flower buds differentiation and on mineral nutri-
tion in olive. Proceedings of the Giornate Scientifiche
S.O.I.”, Sanremo, Italy: 151-152.

Fiorino P., Mancuso S., 2000. Differential thermal analysis,
deep supercooling and cell viability in organs of Olea eu-
ropaea at subzero temperatures. Advances in Horticultural
Science 14: 23-27.

Fogliani G., 1952. Ricerche sulla leptonecrosi dell’olivo. Nota
II. Sintomatologia dell’alterazione negli olivi della zona del
Garda. Olearia 6: 1-10.

Follet R.H., Murphy L.S., Donahue R.L., 1981. Fertilizers
and Soil Amendments. Prentice-Hall, Englewood Cliffs,
NY, USA.

Frisullo S., Carlucci T., 2011. Minor fungal diseases of olive.
In: Schena L., Agosteo G.E. Cacciola S.O. (eds). Olive
Diseases and Disorders, pp. 291-304. Transworld Research
Newtwork, Trivandrum, Kerala, India.

Gambogi P., 1958. I sintomi delle carenze nutrizionali dell’oli-
vo. L’agricoltura Italiana 58 (13 N.S.): 160-167. 

Gavalas N.A., Demetriades S.D., 1966. A non parasitic dis-
ease of olive probably caused by abnormal Ca/Mg ratio
within the plant. Soil and Ferilizers 1: 586-590. 

Gibelin A.L., Déque M., 2003. Anthropogenic climate change
over the Mediterranean region simulated by a global vari-
able resolution model. Journal of Climate Dynamics 20:
327-339.

Goidanich G., 1978. Manuale di Patologia Vegetale. Vol 1.
Edagricole, Bologna, Italy. 

Gómez-Rico A., Salvador M. D., Moriana A., Pérez D.,
Olmedilla N., Ribas F., Fregapane G., 2007. Influence of
different irrigation strategies in a traditional cv. Cornicabra
olive orchard on virgin olive oil composition and quality.
Food Chemistry 100: 568-578.

Graniti A., 1993. Olive scab: a review. Bulletin OEPP/EPPO
Bulletin 23: 377-384.

488 Abiotic diseases of olive Journal of Plant Pathology (2012), 94 (3), 469-491

001_JPPReview_Sanzani_469  20-11-2012  11:01  Pagina 488



Graniti A,. Faedda R., Cacciola S.O., Magnano di San Lio G.,
2011. Olive diseases in a changing ecosystem. In: Schena
L., Agosteo G.E., Cacciola S.O. (eds). Olive Diseases and
Disorders, pp. 403-433. Transworld Research Newtwork,
Trivandrum, Kerala, India.

Grattan S.R., Berenguer M.J., Connell J.H., Polito V.S.,
Vossen P.M., 2006. Olive oil production as influenced by
different quantities of applied water. Agricultural Water
Management 85: 133-140.

Guario A., Laccone G., La Notte F., Murolo O., Percoco A.,
2001. Le principali avversità dell’olivo. Regione Puglia, As-
sessorato Agricoltura, Osservatorio per le Malattie delle Pi-
ante, Bari, Italy.

Gucci R., Tattini M., 1997. Salinity tolerance in olive. Horti-
culture Review 21: 177-213.

Gucci R., Mancuso S., Sebastiani L., 2003. Resistenza agli
stress ambientali. In: Fiorino P. (ed.). Olea. Trattato di
Olivicoltura, pp. 91-111. Edagricole, Bologna, Italy. 

Hartmann H.T., 1953. Olive production in California. Califor-
nia Agricultural Experiment Station. Extension Service No. 7.

Hartmann, H.T., Brown J.G., 1953. The effect of certain min-
eral deficiency on the growth, leaf appearance, and mineral
content of young olive trees. Hilgardia 22: 119-130.

Hartmann H.T., Uriu K., Lilleland O., 1966. Olive nutrition.
In: Childers N.F. (ed.). Nutrition of Fruit Crops. Tropical,
Sub-tropical, Temperate Tree and Small Fruits, pp. 252-
261. Horticulture Publication Rutgers-The State Universi-
ty, NJ, USA. 

Heino P., Palva E.T., 2004. Signal transduction in plant cold
acclimation. In: Hirt H., Shinokazi K. (eds). Plant Re-
sponses to Abiotic Stress, pp. 151-186. Springer, Berlin,
Germany.

Holevas C.D., 1976. Air-borne fluorides in relation to visible
injury and fluorine accumulation in the foliage of olive
trees. Proceedings of the 4th Congress of the Mediterranean
Phytopathological Union, Zagreb, Croatia: B3-13.

Horne W.T., 1917. Some diseases of olive in California. The
Olive Journal 1: 4. 

Ippolito A., Nigro F., 2002. Shriveling of olive fruits associat-
ed to water stress. Acta Horticulturae 586: 745-747. 

Ippolito A., Salerno M.G., 2011. Wood decay of olive. In:
Schena L., Agosteo G.E., Cacciola S.O. (eds). Olive Dis-
eases and Disorders, pp. 281-290. Transworld Research
Newtwork, Trivandrum, Kerala, India.

Kattenburg A., Giorgi F., Grassil H., Meehl G.A., Mitchell
J.F.B., Stouffer R.J., Tokioka T., Weaver A.J., Wigley
T.M.L., 1996. Climate models projections of future cli-
mate. In: Houghton J.T., Meiro Filho L.G., Callendar
B.A., Harris N., Kattenburg A., Maskell K. (eds). The Sci-
ence of Climate Change, pp. 285-357. Cambridge Univer-
sity Press, Cambridge, UK.

Kchaou H., Larbi A., Gargouri K., Chaieb M., Morales F.,
Msallem M., 2010. Assessment of tolerance to NaCl salini-
ty of five olive cultivars, based on growth characteristics
and Na+ and Cl- exclusion mechanisms. Scientia Horticul-
turae 124: 306-315.

Korcak R.F., 1987. Iron deficiency chlorosis. Horticulture Re-
view 61: 133-186.

Larcher W., 2000. Temperature stress and survival ability of
Mediterranean sclerophyllous plants. Plant Biosystems 134:
279-295.

Leyson A.J., Jame Y., 1993. Boron toxicity and irrigation man-
agement. In: Gupta U.C. (ed.). Boron and its Role in Crop
Production, pp. 207-226. CRC Press, Boca Raton, FL,
USA.

Lindow S.E., 1995. Control of epiphytic ice nucleation-active
bacteria for management of plant frost injury, pp. 239-256.
In: Lee R.E., Warren G.J., Gusta L.V. (eds). Biological Ice
Nucleation and its Applications. APS Press, St. Paul, MN,
USA. 

Lorenzini G., 1993. Towards an ozone climatology over the
Mediterranean basin: environmental aspects. Medit 4: 53-
59.

Lovisolo C., Secchi F., Nardini A., Salleo S., Buffa R., Schu-
bert A., 2007. Expression of PIP1 and PIP2 aquaporins is
enhanced in olive dwarf genotypes and is related to root
and leaf hydraulic conductance. Physiologia Plantarum
130: 543-551.

Luisi N., De Cicco V., 1975. Bromacil injuries on olive conso-
ciated with citrus in Apulia. Informatore Fitopatologico 25
(6): 17-19. 

Mancuso S., 2000. Electrical resistance changes during expo-
sure to low temperature measure chilling and freezing tol-
erance in olive tree (Olea europaea L.) plants. Plant Cell
Environment 23: 221-229.

Mancuso S., Azzarello M., 2002. Heat tolerance in olive. Ad-
vances in Horticultural Science 16: 125-130.

Marin L., Benlloch M., Fernandez-Escobar R., 1995. Screen-
ing of olive cultivars for salt tolerance. Scientia Horticultur-
ae 64: 113-116.

Melgar J.C., Mohamed Y., Serrano N., García-Galavís P.A.,
Navarro C. Parra M.A., Benlloch M., Fernández-Escobar
R., 2009. Long term responses of olive trees to salinity.
Agricultural Water Management 96: 1105-1113.

Melhus J.E., Kent G.C., 1949. Elements of Plant Pathology.
Macmillan, New York, NY, USA

Messeri A., 1947. Osservazioni morfologiche sulle “olive
passerine”. Nuovo Giornale Botanico Italiano (N.S.) 54:
374-376.

Michailides T.J., Vossen P.M., McKenry M.V., 2011. Diseases
of olive in California. In: Schena L., Agosteo G.E., Caccio-
la S.O. (eds). Olive Diseases and Disorders, pp. 379-401.
Transworld Research Newtwork, Trivandrum, Kerala, In-
dia.

Minnocci A., Panicucci A., Vitagliano C.,1995. Gas exchange
and morphological stomatal parameters in olive plants ex-
posed to ozone. In: Lorenzini G., Soldatini G.F. (eds). Re-
sponses of Plants to Air Pollution: Biological and Econom-
ic Aspects, pp. 77-81. Pacini, Pisa, Italy.

Minnocci A., Panicucci A., Sebastiani L., Lorenzini G.,
Vitagliano C., 1999. Physiological and morphological re-
sponses of olive plants to ozone exposure during a growing
season. Tree Physiology 19: 391-397.

Morettini A., 1950a. Ulteriore contributo allo studio del-
l’aborto dell’ovario nel fiore dell’olivo. Annali Sperimen-
tazione Agraria 57: 309-329. 

Journal of Plant Pathology (2012), 94 (3), 469-491 Sanzani et al. 489

001_JPPReview_Sanzani_469  20-11-2012  11:01  Pagina 489



Morettini A., 1950b. Olivicoltura. REDA, Roma, Italy.
Moriana A., Orgaz F., Pastor M., Fereres E., 2003. Yield re-

sponses of a mature olive orchard to water deficits. Journal
American Society Horticultural Science 128: 425-431.

Navarro C., Parra M.A., 2008. Plantacíon. In: Barranco D.,
Fernández-Escobar R., Rallo L. (eds). El Cultivo del Olivo,
pp. 163-195. Junta de Andalucía y Mundi-Prensa, Madrid,
Spain.

Naveh Z., 1995. Conservation, restoration, and research pri-
ority for Mediterranean uplands threatened by global cli-
mate changes. In: Moreno J.M., Gechel W.C. (eds). Global
Change and Mediterranean-type Ecosystems, Ecological
Studies no. 117, pp. 482-507. Springer, New York, NY,
USA.

Nover L., Neumann D., Scharf K.D., 1989. Heat Shock and
Other Stress Response Systems of Plants. Springer, Berlin,
Germany.

Orlandi F., Garcia-Mozo H., Vazquex Ezquerra L., Romano
B., Dominguez L., Galan C., Fornaciari M., 2004. Pheno-
logical olive chilling requirements in Umbria (Italy) and
Andalusia (Spain). Plant Biosystem 138: 111-116. 

Ortega-Garcìa F., Peragón J., 2009. The response of pheny-
lalanine ammonia-lyase, polyphenol oxidase and phenols
to cold stress in the olive tree (Olea europaea L. cv. Picual).
Journal of the Science of Food and Agriculture 89: 1565-
1573.

Pastor M., Castro J., Hidalgo J., 2002. La correzione della
clorosi ferrica dell’olivo. Olivae 90: 42-45.

Pesante A., 1938. Sopra una malattia dell’olivo sino ad ora
sconosciuta. Bollettino della Regia Stazione di Patologia
Vegetale di Roma 18: 401-428.

Petri L., 1914. Memorie della Reale Stazione di Patologia Veg-
etale, Tipografia del Senato, Roma, Italy.

Petri L., 1915. Le Malattie dell’Olivo. Istituto Micrografico
Italiano, Firenze, Italy.

Petri L., 1942. Recenti progressi degli studi sulle malattie del-
l’olivo. Convegno di Studi Olivicoli. Reale Accademia dei
Georgofili, Firenze, Italy.

Pezeshki S.R., Pardue J.H., DeLaune R.D., 1996. Leaf gas ex-
change and growth of flood-tolerant and flood-sensitive
tree species under low soil redox conditions. Tree Physiolo-
gy 16: 453-458.

Presta G., 1794. Degli Ulivi, delle Ulive e della Maniera di
Cavar l’Olio. Stamperia Reale, Napoli, Italy.

Proietti P., Famiani F., 2005. Cultural choices and olive
health. Informatore Fitopatologico 55 (11): 4-11.

Rennenberg H., Polle A., 1994. Metabolic consequences of at-
mospheric sulphur influx into plants. In: Alscher R.G.,
Wellburn A.R. (eds). Plant Responses to the Gaseous Envi-
ronment, pp. 165-180. Chapman & Hall, London, UK.

Restrepo-Diaz H., Benlloch M., Fernàndez-Escobar R.,
2008a. Plant water stress and K+ starvation reduce absorp-
tion of foliar applied K+ by olive leaves. Scientia Horticul-
turae 116: 409-413.

Restrepo-Diaz H., Benlloch M., Navarro C., Fernández-Esco-
bar R., 2008b. Potassium fertilization of rainfed olive or-
chards. Scientia Horticulturae 116: 399-403. 

Reuter D.J., Robinson J.B., Dutkiewicz C., 1997. Plant Analy-

sis: An Interpretation Manual. CSIRO Publishing, Mel-
bourne, Australia.

Rewald L., Leuschner C., Wiesman Z., Ephrath J.E., 2011. In-
fluence of salinity on root hydraulic properties of three
olive varieties. Plant Biosystems 145: 12-22.

Roselli G., Benelli G., Morelli D., 1989. Relationship between
stomatal density and winter hardiness in olive (Olea eu-
ropaea L.). Journal of Horticultural Science and Biotechnolo-
gy 64: 199-203.

Roselli G., La Porta N., Morelli D., 1992. Valutazioni del ger-
moplasma di olivo per la tolleranza a stress da freddo. Atti
Convegno Germoplasma Frutticolo, Alghero, Italy: 107-112.

Roussos P.A, Denaxa N.K., Damvakaris T., Stournaras V., Ar-
gyrokastritis I., 2010. Effect of alleviating products with
different mode of action on physiology and yield of olive
under drought. Scientia Horticulturae 125: 700-711.

Rugini E., Fedeli E., 1990. Olive (Olea europaea L.) as an
oilseed crop. In: Bajai Y.P.S. (ed.). Biotechnology in Agri-
culture and Forestry, pp. 563-641. Springer-Verlag, Berlin,
Germany. 

Ruilope R., 2009. Leaf diagnosis: a method of monitoring prop-
er nutrition in olive plantations. Olint Magazine Nurstech 8:
15-21.

Russo F., 1954. La foliocellosi degli agrumi dovuta a carenza
di zinco. Tecnica Agricola 6: 17-24.

Russo F., Spina P., 1952. Indagini sulla formazione delle
cosiddette pseudo-drupe dell’olivo. Annali della Sperimen-
tazione Agraria Roma 6: 101-118. 

Sanz Encinas M., Montanes Garcia L., 1997. Visual diagnosis
of iron chlorosis. ITEA Producción Vegetal 93: 7-22.

Scaramuzzi F., Andreucci E., 1957. Indagini e osservazioni sui
danni provocati dalle minime termiche del febbraio 1956
alle olive nei vivai di Pescia (Toscana). Nuovo Giornale
Botanico Italiano 66: 19-124.

Schenone G., 1993. Impact of air pollutants on plants in hot,
dry climates. In: Jackson M.B., Blank C.R. (eds). Interact-
ing Stresses on Plants in a Changing Climate, NATO ASI
Series. Series I: Global Environmental Change, Vol. 16,
pp. 139-152. Springer, Berlin, Germany.

Scott C.E., Thomas H.E., Thomas H.E., 1943. Boron defi-
ciency in the olive. Phytopathology 33: 933-942.

Sebastiani L., Minnocci A., Tognetti R., 2002. Genotypic dif-
ferences in the response to elevated CO2 concentration of
one-year-old cuttings (Olea europaea L. cv. Frantoio and
Moraiolo). Plant Biosystems 136: 199-208.

Secchi F, Lovisolo C., Schubert A., 2007a. Expression of
OePIP2.1 aquaporin gene and water relations of Olea eu-
ropaea twigs during drought stress and recovery. Annals of
Applied Biology 150: 163-167.

Secchi F., Lovisolo C., Uehlein N., Kaldenhoff R., Schubert
A., 2007b. Isolation and functional characterization of
three aquaporins from olive (Olea europaea L.). Planta 225:
381-392.

Selles G., Ferreira R., Selles I., Lemus G., 2004. Effect of dif-
ferent irrigation treatments on the fruit load, fruit size and
yield of olive trees cv. Sevillana. Agricultura Técnica 66: 48-
56.

Sergeeva V., 2008. Important diseases and their control meas-

490 Abiotic diseases of olive Journal of Plant Pathology (2012), 94 (3), 469-491

001_JPPReview_Sanzani_469  20-11-2012  11:01  Pagina 490



ures. The Australian Olive Expo 2008, Canberra, Australia:
20-21. 

Sergeeva V., 2010. Frost and chilling injuries in olive. Australian
and New Zealand Olivegrower and Processor 74: 23-34.

Sergeeva V., Spooner-Hart R., 2009. Olive disorders caused
by heat and sun. Australian and New Zealand Olivegrower
and Processor 66: 44-46. 

Sergeeva V., Spooner-Hart R., 2011. Diseases and disorders
associated with environmental stress in sustainable olive
orchards in Australia. Acta Horticulturae 924: 145-150.

Sergeeva V., Hall B., Tesoriero L., Spooner-Hart R., 2011.
Olive diseases and disorders in Australia and New
Zealand. In: Schena L., Agosteo G.E., Cacciola S.O. (eds).
Olive Diseases and Disorders, pp. 357-378. Transworld
Research Newtwork, Trivandrum, Kerala, India.

Sheldon M., Sinclair R., 2000. Water relations of feral olive
trees (Olea europaea) resprouting after severe pruning.
Australian Journal of Botany 48: 639-644.

Sibbett G.S., Ferguson L., 2005. Olive Production Manual. 2nd

Ed. Publication 3353. Agricultural and Natural Resourse,
University of California, Berkeley, CA, USA.

Sibbett S., Krueger W., 1998. Olive Spray and Thinning Guide-
lines. Publication 7238. Division of Agriculture and Natural
Resources, University of California, Berkeley, CA, USA.

Singh A., Grover A., 2008. Genetic engineering for heat toler-
ance in plants. Physiology and Molecular Biology of Plants
14: 155-166.

Sofo A., Dichio B., Xiloyannis C., Masia A., 2004. Lipoxyge-
nase activity and proline accumulation in leaves and roots
of olive tree in response to drought stress. Physiologia
Plantarum 121: 58-65.

Tattini M., 1994. Ionic relations of aeroponically-grown olive
plants during salt stress. Plant and Soil 161: 251-256.

Tattini M., Bertoni P., Caselli S., 1992. Genotypic responses of
olive plants to sodium chloride. Journal of Plant Nutrition
15: 1467-1485.

Tattini M., Gucci R., Coradeschi M.A., Ponzio C., Edward
J.D., 1995. Growth, gas exchange and ion content in Olea
europaea plants during salinity stress and subsequent relief.
Physiologia Plantarum 95: 203-210.

Therios I.N., 2009. Olives. Vol 18. Crop Production Science
in Horticulture, CABI, Wallingford, UK.

Thomashow M.F., 1999. Plant cold acclimation: freezing tol-
erance genes and regulatory mechanisms. Annual Review
of Plant Physiology and Plant Molecular Biology 50: 571-
599.

Tisdale S.L., Nelson W.L., Beaton J.D., 1985. Soil: fertility
and Fertilizers. 5th Ed. Mac Millan, New York, NY, USA.

Tittarelli F., Neri U., Poletti P., Lacertosa G., Raus R., 2002.
Monitoraggio dello stato nutrizionale dell’olivo. L’Informa-
tore Agrario 44: 39-51. 

Tognetti R., Longobucco A., Raschi A., Miglietta F., Fumagal-
li I., 1999. Responses of two Populus clones to elevated at-
mospheric CO2 concentration in the field. Annals of Forest
Science 56: 493-500.

Tognetti R., Sebastiani L., Vitagliano C., Raschi A., Minnocci
A., 2001. Responses of two olive tree (Olea europaea L.)
cultivars to elevated CO2 concentration in the field. Photo-
synthetica 39: 403-410.

Tombesi A., 2003. Biologia fiorale e di fruttificazione. In:
Fiorino P. (ed.). Olea. Trattato di Olivicoltura, pp. 35-55.
Edagricole, Bologna, Italy.

Treshow M., 1970. Environment and Plant Response. Mc-
Graw-Hill, New York, NY, USA.

Valderrama R., Corpas F.J., Carreras A., Fernández-Ocaña A.,
Chaki M. Luque F., Gómez-Rodríguez M.V., Colmenero-
Varea P., del Rio L.A., Barroso J.B., 2007. Nitrosative
stress in plants. FEBS Letters 581: 453-461.

Wiesman Z., 2009. Desert Olive Oil Cultivation: Advanced
Biotechnologies. Academic Press/Elsevier, Amsterdam,
The Netherlands.

Wilson M., Lindow S.E., 1994. Ecological similarity and coex-
istence of epiphytic ice-nucleation (Ice+) Pseudomonas sy-
ringae strains and a non-ice-nucleating (Ice-) biological
control agent. Applications of Environmental Microbiology
60: 3128-3137.

Yazdanpanah H., Stigter C.J., 2011. Selective inverted sink ef-
ficiency for spring frost protection in almond orchards
northwest of Isfahan, Iran. Theoretical and Applied Clima-
tology 105: 27-35.

Journal of Plant Pathology (2012), 94 (3), 469-491 Sanzani et al. 491

001_JPPReview_Sanzani_469  20-11-2012  11:01  Pagina 491



001_JPPReview_Sanzani_469  20-11-2012  11:01  Pagina 492


