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Managing Salinity in
Citrus

Brian J. Boman!,
Mongi Zekri?, and Ed Stover?

ADDITIONAL INDEX WORDS. irrigation,
management, fertilization

SummMaRry. Although citrus ( Citrus
spp.) is sensitive to salinity, accept-
able production can be achieved with
moderate salinity levels, depending on
the climate, scion cultivar, rootstock,
and irrigation-fertilizer management.
Irrigation scheduling is a key factor
in managing salinity in areas with
salinity problems. Increasing irriga-
tion frequency and applying water in
excess of the crop water requirement
are recommended to leach the salts
and minimize the salt concentration
in the root zone. Overhead sprinkler
irrigation should be avoided when
using water containing high levels of
salts because salt residues can ac-
cumulate on the foliage and cause
serious injury. Much of the leaf and
trunk damage associated with direct
foliar uptake of salts can be reduced
by using microirrigation systems.
Frequent fertilization using low rates
is recommended through fertigation
or broadcast application of dry fertil-
izers. Nutrient sources should have a
relatively low salt index and not con-
tain chloride (Cl) or sodium (Na). In
areas where Na accumulates in soils,
application of calcium (Ca) sources
(e.g., gypsum) has been found to re-
duce the deleterious effect of Na and
improve plant growth under saline
conditions. Adapting plants to saline
environments and increasing salt tol-
erance through breeding and genetic
manipulation is another important
method for managing salinity.

Salinity measurement
he objective of this article is
to review practical methods
for managing salinity in citrus
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production. Saline irrigation water and
fertilizer application are the factors
most responsible for increasing soil
salinity (Jones et al., 1952). All natu-
ral waters and soil solutions contain
soluble salts. The salinity of irrigation
water is defined as the concentration
of dissolved mineral salts presentin the
water on a unit volume or weight basis.
The major components of salinity are
the cations Ca, magnesium (Mg), and
Na, and the anions ClI, sulfate (SO,),
and bicarbonate (HCO,) (Pratt and
Suarez, 1990). With the exception of
boron (B), the effects of other minor
dissolved constituents [e.g., nitrate
(NO,) and potassium (K)] are gener-
ally excluded in assessing salinity of
irrigation water supplies.

Salt concentration in water is
commonly reported in units of total
dissolved solids (TDS) or electrical
conductivity (EC). TDS are measured
by evaporating a sample of water and
weighing the residue. The results are
reported in parts per million (ppm) or
milligrams per liter (mg-L), depend-
ing on whether the calculation is on
a weight or volume basis. For most
practical purposes, ppm are equal
to mg-L™. Salts in solution exist as
ions that conduct electrical current,
and the EC increases with higher
concentrations of dissolved salts. EC
measurements are taken with platinum
electrodes and presented in units of
conductance such as decisiemens per
meter (dS-m™), generally resulting in
avalue from 0 to 5 for most irrigation
waters. The conversion from electrical
conductance to TDS depends on the
particular salts present in the solu-
tion. For most conditions, the TDS
(expressed as mg-L!) can be estimated
by multiplying the EC (in dS-m™) by
a factor ranging from 500 to 750,
with the higher values generally as-
sociated with waters high in sulfate
concentration (Hem, 1970). A typical
conversion factor used for many areas
of the world is: dS'm™ x 640 = mg-L!
(Tanji, 1990).

Since the concentration of salts in
soil depends on soil water content, soil
salinity is often related to the electri-
cal conductivity of standard saturated
extract (EC,)). EC_ standardizes the
amount of saltsin the soil to conditions
when the soil is saturated. Depending
on soil moisture content, the actual
salinity level in the vicinity of the tree
roots may be several times greater than
the EC_. In sandy soils, where salts are
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casily leached, management decisions
based solely on EC_ measurements are
not advised. The EC, of these soils is
only an indication of soil salinity at the
time of measurement and can change
rapidly following drought, fertilization,
irrigation, or rainfall.

Salt injury

The primary citrus tree response
to excess salts in irrigation water and
soil solutions is a reduction of growth.
Salts in solution exert an osmotic ef-
fect, measured by osmotic potential,
that reduces the availability of free
(unbound) water through both chemi-
cal and physical processes. Therefore,
roots are not able to extract as much
water from a solution that is high in
salts as from one low in salts. This can
result in reductions in root growth,
shoot growth, and yield. The critical
salinity level will vary with the buffering
capacity of the soil (soil type, organic
matter ) and climatic conditions (which
affect daily water requirements) and
the soil moisture status (Shalhevet et
al., 1974). In humid areas, the injury
symptoms on citrus trees caused by
saline irrigation water are not usually
permanent. However, affected trees
may remain stunted compared to trees
notreceiving salinized water, especially
if the trees are young when they are
salt stressed.

Citrusis also sensitive to the toxic
effect of accumulated Cland Na in the
leaves (Cooper, 1961; Cooper et al.,
1952; Furr and Ream, 1968; Grieve
and Walker, 1983). Goell (1969)
suggested that salt ions such as Cl in
citrus leaves might shorten the life
span of leaves by increasing chlorosis
and by promoting senescence and
abscission. The accumulation of ions
in large amounts in the leaves may
be the main factor causing leaf burn
and inhibition of certain metabolic
processes. Salt can also damage plants
by causing nutritional imbalances. In
citrus, nutritional imbalance has been
also attributed to depressed absorption
of some nutrients. A decrease in the
concentration of calcium, magnesium,
and sometimes potassium was found
when salt concentration in the irriga-
tion water wasincreased (Pearson etal.,
1957, Zekri and Parsons, 1992).

Sodium can also cause injury to
plants through its deleterious effect
on the soil by dispersing clay particles,
blocking soil pores, decreasing water
infiltration, and causing poor aeration.

Studies by Aldrich et al. (1945) dem-
onstrated that inferior performance
of sweet orange (C. sinensis) trees was
caused primarily by poor water penetra-
tion into soil resulting from Na accu-
mulation on the exchange complex.
Plant extraction of water from soil is
osmotically more difficult under saline
solutions. Therefore, increasing salt in
soil water is analogous to soil drying
since both reduce water potential and
result in decreased water uptake.

Salinity can cause canopy thin-
ning, severe leaf drop, and twig die-
back. Salt stress can also delay fruit
maturation and reduce fruit yield by
decreasing the number of fruit per tree
and the size of fruit produced. The
critical salinity level will vary with the
buftering capacity of the soil (soil type,
organic matter), climatic conditions,
and the soil moisture status (Levy and
Boman, 2004 ). Many salinity-induced
symptoms, such as decreased flower-
ing, smaller leaf size, impaired shoot
growth, and reduced root growth,
are often difficult to assess but oc-
cur prior to ion toxicity symptoms in
leaves. Chloride toxicity, consisting
of burned, necrotic, or dry-appear-
ing edges or tips of leaves, is one of
the most common visible salt injury
symptoms. Toxicity symptoms usually
appear when leaf Cl levels reach about
1% ofleaf dry weight (Chapman, 1968)
but, based on reductionsinyield, aleaf
Cl concentration of as little as 0.2%
should be considered excessive (Koo
et al., 1984). The critical Cl concen-
tration varies with climate, humidity,
and tree water use.

Visible Na toxicity symptoms ap-
pear when leaf Na levels reach 0.10%
to 0.25% ofleaf dry weight (Chapman,
1968). Again, such symptoms vary
with climatic conditions. In humid
climates, Na toxicity symptoms seldom
distinctly appear. Sometimes an overall
leaf “bronzing” appears along with
reductions in growth. As with CI, high
leat Na can cause nutrientimbalances at
much lower concentrations than those
required forvisible symptoms, and high
Na in leaves can be physiologically
even more detrimental than excess Cl
(Syvertsen et al., 1988).

The sensitivity of citrus scion/
rootstock combination to injury
through direct foliar contact bears no
relationship to its general tolerance to
soil salinity. Leaf Cland Na toxicity due
to direct contact with saline water has
different symptoms than toxicity of Cl
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that was absorbed by roots. Contact
damage, consisting of burned, necrotic,
or dry-appearing tips on leaves, is one
of the most common visible salt injury
symptoms. Controlled experiments
showed that citrus leaves easily accu-
mulate Cl and Na from direct contact
with water drops (Eaton and Harding,
1959, and Ehlig and Bernstein, 1959).
Harding et al. (1958a) reported that
wetting of lower leaves of citrus trees
with saline irrigation water resulted
in 3 to 4 times as much Na and Cl as
in the upper leaves, which were not
wetted. Accumulation depends on
the rate of evaporation, which results
in increased salt concentration of the
water film on the leaves. Similar dam-
age can also develop from wind-blown
salt near the sea.

It is important to remember that
growth and yield of trees on all root-
stocks can be reduced by excessive salts.
Salt- (Cl) tolerant rootstocks tend to
produce trees that grow more slowly or
that use less water than trees on many
salt-sensitive rootstocks. The com-
paratively high tolerance to salinity of
sour orange ( C. aurantinm) rootstock
creates a dilemma since growers must
balance the risk of sour orange’s high
sensitivity to citrus tristeza virus (CTV)
with its favorable responses to salinity,
and many tristeza-tolerant rootstocks
are sensitive to salinity. Younger drip-
irrigated trees on sour orange rootstock
may be more susceptible to salinity than
mature trees (Levy etal., 1999a). The
salinity tolerance of scions also may
be related to water usage. Grapefruit
(C. paradisi) and lemon (C. limon)
trees tend to use more water and are
less salt tolerant than sweet orange
cultivars (Cooper et al., 1952; Levy
and Shalhevet, 1985).

Salt tolerance

Citrus is classified as a salt-sensi-
tive crop because physiological distur-
bances and reductions in growth and
fruit yield can occur at relatively low
salinity levels (Bernstein, 1969; Bielorai
et al., 1978; Boaz, 1978; Kirkpatrick
and Bitters, 1969; Maas, 1993; Walker
etal., 1983; Zekri and Parsons, 1989).
However, citrus trees can withstand
moderate salinity levels without great
disruption, depending on the climate,
scion cultivar, rootstock, and irrigation-
fertilizer management. Salt tolerance
in citrus has been related to ion exclu-
sion because of the plant’s inability
to compartmentalize toxic ions in a
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useful way and to adjust osmotically
(Greenway and Munns, 1980).

Citrus tolerance to salinity can be
correlated with its ability to restrict the
entry of ions into the shoots (Green-
way and Munns, 1980). Exclusion of
certain ions has been demonstrated in
some citrus rootstocks. ‘Rangpur’ lime
(C. limonia) and ‘Cleopatra’ mandarin
(C. reshnii) appear to be Cl excluders
(Cooper, 1961; Cooper and Gorton,
1952; Cooper and Peynado, 1959;
Grieve and Walker, 1983; Hewitt
and Furr, 1965; Walker et al., 1983;
Wautscher et al., 1973; Zekri and Par-
sons, 1992). Trifoliate orange ( Poncirus
trifolinta) and its hybrids appear to
be Na excluders (Grieve and Walker,
1983; El Gazzaretal., 1965; Zekri and
Parsons, 1992),and C. macrophylina B
excluder (Cooper and Peynado, 1959;
Embleton et al., 1962). This suggests
the existence of a blocking mechanism
in the transport of these ions. It also
indicates the existence of apparently
separate mechanisms that regulate the
uptake and transport of ions (Cl and
Na) in salt-stressed citrus (Grieve and
Walker, 1983; Walker et al., 1983).

Several studies have shown that
citrus rootstocks differ in their salinity
tolerance (Cooper and Gorton, 1952;
Wautscher, 1979). Field studiesin Texas
(Chapman, 1968; Cooper, 1961) and
California (Newcomb, 1978) tested
salinity tolerance of rootstocks ac-
cording to their ability to exclude CI
from leaves. These results have been
corroborated more recently for many
rootstocks under field conditions (Levy
and Shalhevet, 1990; Levyetal.,1999a,
1999b). In general, the decreasing
order of salinity tolerance (most toler-
ant to most sensitive) is: ‘Cleopatra’
mandarin, ‘Rangpur’ lime, ‘SB812’
(C. sunki x P. trifolinta), *x639” (C.
reshmiX P trifolinta),‘Gau Tow’ (Citrus
hybrid), ‘Volkameriana’ ( C. volkameri-
ana),sour orange, ‘Swingle’ citrumelo,
rough lemon ( C. jambhiri), ‘Carrizo’
and “Troyer’ citranges (C. sinensis X
P wrifolinta), ‘C35° citrange, citron
(C. medica). The above ranking may
be changed somewhat by the effect
of scion, and conditions of incompat-
ibility, which can be physiological or
pathological (viruses, viroids, root
infections).

Irrigation management

When theirrigation waterissaline,
theirrigation method greatly influences
tree performance. Shalhevet (1984)

described three factors that should be
considered before selecting an irriga-
tion method: 1) the salt distribution
in the soil; 2) the sensitivity of the
crop to foliar wetting; and 3) the ease
with which high osmotic and matric
potentials can be achieved.

Good irrigation management
should consider the salinity factor in
the irrigation water, in the soil, and in
the root zone (Boaz, 1978). Methods
of irrigation scheduling that do not
account for salinity are not suitable
for scheduling irrigation in areas with
a salinity problem. Irrigation water
containing about 250 mg-L™* of Cl
reduced grapefruityield by 28%to 32%
when trees were irrigated at intervals
of 40 d compared to intervals of 18 d
(Bielorai et al., 1973). These studies
demonstrated that the effect of salin-
ity is more severe at lower soil water
content.

Trees irrigated with sprinkler irri-
gation systems are subject toinjury not
only from salts in the soil but also from
salts absorbed directly through wetted
leaf surfaces (Maas, 1985). Overhead
sprinkler irrigation should be avoided
when using water containing high
levels of salts because salt residues can
accumulate on the foliage and seriously
injure plants. Navel orange accumu-
lated injurious amounts of Cl and Na
from sprinkler-applied water having
500 to 900 mg-L.! TDS (Harding et
al., 1958a). Considerable leatburnand
defoliation of these trees were found to
be correlated with excessive amounts
of Na and Cl and lower amounts of
K in the leaves. Leaf injury of navel
orange trees developed at concentra-
tions of 5 tol0 mmol-L! of sodium
chloride (NaCl), calcium chloride
(CaCl,), or sodium sulfate (Na,SO,)
in the sprinkler-applied waters (Ehlig
and Bernstein, 1959). Salt content of
up to 1300 mg-L! caused defoliation
of sprinkler-irrigated citrus trees (Ly-
ons, 1977). During periods of high
salinity in the irrigation water, foliar
absorption of Naand Cl occurred when
using overhead sprinklers on citrus. It
was believed that this problem caused
poor tree health, low yield, and pos-
sibly poor fruit quality in citrus (Cole
and Till, 1977). Comparative studies
between overhead sprinklers and drip
systems using saline water showed that
vegetative growth, root development,
and yield were greater with drip than
with sprinklerirrigation (Goldbergand
Shmueli, 1971;Shmueli and Goldberg,
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1971). In a comparison of flood and
drip systems, water high in Cl and B
was applied to young grapefruit trees
on many rootstocks (Wutscher et al.,
1973). More CI and B accumulation
was found in flood-irrigated trees than
in microirrigated trees.

Frequency rather than duration
of sprinkler irrigation is perhaps more
important in foliar absorption of salts.
Salt injury was greater under higher
evaporation conditions and with short
and frequent periods of overhead
sprinkling (Eaton and Harding, 1959;
Ehlig and Bernstein, 1959; Harding
et al., 1958a). It is important to keep
poor quality water offleaves, especially
under conditions of high evaporative
demand, and toirrigate at night when-
ever possible to minimize evaporative
concentration of salts (Boman and
Stover, 2002). Other strategies to
minimize foliar injury from sprinkling
include irrigating below the canopy to
eliminate or reduce wetting of the foli-
age and avoiding intermittent wetting
that results in repeated wetting and
drying cycles (Maas, 1985, Syvertsen
etal., 1989)

Successfulirrigation management
to control soil salinity requires adequate
leaching. Irrigation rates should be
monitored to make sure that excess
salts are leached below the root zone.
Leaching should remove enough salts
and prevent their build-up to damaging
levels (Maas, 1993). However, exces-
sive leaching can lead to loss of some
essential nutrients. Poorly drained,
heavy soils or soils with perched water
tables may be difficult to leach properly
because of inadequate permeability or
drainage.

Drip irrigation at frequent inter-
vals maintains a low soil water tension
and prevents salt accumulation within
the wetted zone. More frequent ir-
rigations resulted in less depletion of
soil water by the trees between irriga-
tions, thus reducing average soil salt
concentration and salt uptake by the
trees (Grieve, 1983). Consequently,
water with higher salinity levels may be
used withoutsignificantly affecting the
yield. Nevertheless, salt accumulation
under drip irrigation must be con-
sidered because salts may accumulate
both at the periphery of the wetted
zone and on the soil surface (Bielorai,
1977, 1985).

In arid climates, especially under
drip irrigation, special care should be
taken to prevent salt damage caused
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by the first rains after a long drought
period. Rain may leach the salts into
the root zone that had accumulated
on the soil surface or the periphery
of the wetted zone. Irrigation should
thus be started immediately when the
rain begins; postponing irrigation for
evenashort period may resultin severe
damage, typically defoliation.

Fertilizer management

Since salinity can cause nutri-
tional imbalances by displacing cer-
tain nutrients, salinity damage can be
reduced if adequate nutritional levels
are maintained (Boman and Stover,
2002). Adopting a fertilizer program
that uses frequent applications with
relatively low concentrations of salts
is recommended. Controlled-release
fertilizers and frequent fertigations
are ways to minimize salt stress when
using high salinity water. Selecting
nutrient sources that have a relatively
low salt index in the soil solution can
help reduce saltstress. Fertilizer sources
containing high amounts of Cl or Na
[such as potassium chloride (KCI) and
sodium nitrate (NaNO,)] should be
avoided to minimize compounding of
salinity problems (Boman and Stover,
2002).

High rates of salt application can
alter soil pH and thus cause soil nutrient
imbalances. Specific ions can also add
to potential nutrient imbalances in soil
and trees. For example, Na* displaces
K+, and to a lesser extent Ca*, in soil.
This can lead to K deficiencies and,
in some cases, even to Ca deficiencies
in leaves when irrigating repeatedly
with water high in Na. Such nutri-
ent imbalances can compound the
effects of salinity stress. Problems can
be minimized if adequate nutritional
levels are maintained, especially those
of Kand Ca.

Calcium has been known to have
an ameliorating effect on the growth
of plants under saline conditions.
Calcium can flocculate soil in which
clay particles and aggregates have been
dispersed by Na. Salt-affected soils
can therefore be made productive by
chemical amendment, drainage, and
irrigation with high quality water, but
sometimes the cost of these operations
exceeds the expected returns from the
land. Application of gypsum to the soil
or in the irrigation water markedly
reduced the percentage of soluble Na
in the soil (Harding et at., 1958b) and
reduced the percentage of Nain citrus

leaves and roots (Jones et al., 1952;
Pearson and Huberty, 1959). The
addition of calcium sulfate (CaSO,) to
saline solutions was found to be slightly
beneficial to some citrus rootstocks by
reducing Naand /or Cl concentrations
in the shoots, increasing Ca content,
and improving final emergence and
seedling growth (Zekri, 1993). Zekri
and Parsons (1990) demonstrated that
the ability of sour orange seedlings to
withstand saline irrigation water was
improved by the addition of Ca to the
water. The beneficial effect of CaSO,
addition to the saline irrigation water
was mainly attributed to a reductionin
the accumulation of Na and CI below
the toxicity level in the leaves without
amajorincrease in total dissolved salts.
Zekri and Parsons (1990) also showed
that the beneficial effect of adding Ca
depended on the anion associated with
the Ca salt, with a higher growth rate
for NaCl-stressed sour orange seedings
receiving CaSO, compared to CaCl,.

The use of enhanced K plant
nutrition is an efficient method of
preventing Na-induced stress in many
crops. Inaddition, the use of enhanced
NO, fertilization is a potent tool in
precluding chloride-induced stress in
many crops (Achilea, 2002). Salinity
treatments (6.6—-18 mm of Cl) mark-
edly increased Cl and Na contents of
grapefruit leaves, thereby reducing
the total yield of the trees and their
canopy volumes. However, by main-
taining a constant concentration of 2
mM potassium nitrate (KNO,) in the
irrigation water, the adverse effects of
salinity treatments on the trees were
avoided and yields increased up to
38%. Addition of NO, to the irrigation
water reduced Claccumulation in the
plant and alleviated its adverse effects.
High NO, fertilization was also found
to reduce Cl accumulation and toxic
symptoms as well as B concentrations
in the leaves (Baretal., 1997). The re-
sults of this study suggested that water
containing high Cl levels may be used
to irrigate citrus orchards, provided
that NO, is supplied continuously ata
molar concentration equivalent to half
that of CI. It is also suggested that a
NO, supplement be applied to citrus
to reduce the undesirable uptake of B.

Genetic improvement

Cultivars, rootstocks, irrigation,
and fertilization management all are
important factors to consider con-
cerning salinity management in citrus

111



(Levyand Syvertsen, 2004 ). However,
adapting plants to saline environments
through breeding and genetic manipu-
lation may be a long-term solution to
salinity problems. Results from screen-
ing hybrids indicate that Cl exclusion
of rootstock is heritable. Ream and
Furr (1976) found that Cleopatra
mandarin and Rangpur hybrids were as
effective as their parents in restricting
Cl transport.

In some species, the variability in
salt tolerance may not be adequate for
asuccessful breeding program because
it may not be possible to find salt-
tolerant wild relatives and use them
as sources of germplasm. Selection
of cell lines for high salt tolerance in
vitro has been pursued with the aim
of developing more salt-tolerant citrus
types (Ben-Hayyim and Kochba, 1983;
Garcia-Agustin and Primo-Miloo,
1995; Kochbaetal., 1982; Libal-Wek-
sleretal., 1994; Piqueras etal., 1996).
Selection in solutions having various
degrees of osmotic stress was found to
be a promising technique to identify
salt-tolerant cells among salt-sensitive
cells (Croughan et al., 1981), which
implies that the geneticinformation for
growth in a saline environment may be
present in salt-sensitive cells but is not
expressed. Such salt-tolerant cells may
improve our understanding of salinity
resistance at the cellularlevel. However,
attempts to develop more salt-tolerant
plants from salt-tolerant cells or tissue
cultures have had little success (Ben-
Hayyim and Goffer, 1989; Spiegel-Roy
and Ben-Hayyim, 1985). NaCl-se-
lected salt resistance of somatic cells
has not been translated into increased
resistance of whole plants in the field,
largely because salt resistance in citrus,
like most plants (Dracup, 1993), ap-
pears to be a multigenic trait (Storey
and Walker, 1999).

Like most glycophytes, salt toler-
ance in citrus is associated with the
restriction of Naand Cl transport from
the rootto the shoot. This suggests that
breeding and selection for CI- and Na-
excluding genotypes will continue to
be a potential area of research (Storey
and Walker, 1999). However, breed-
ing alone will probably not solve the
problems of salinity. Breeding should
be viewed as part of a total package
including the management of irriga-
tion and drainage (Flowers and Yeo,
1995).

In spite of a significant amount of
research on the effects of salinity on
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plants, there has been little success in
getting salt-tolerant plants into com-
mercial production, probably because
salinity has not been a problem of
sufficient priority (Flowers and Yeo,
1995). Progressin genetic engineering
may open ways to manipulate citrus
salt resistance by insertion of specific
resistance genes. However, physiologi-
cal processes involved in Na and Cl
restriction, uptake, transport, and ac-
cumulation must be well understood
(Storey and Walker, 1999).
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