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SUMMARY

Plants can also be affected by the toxicity of some
elements in saline water, especially chloride, sodium and
boron. Some of the early signs that salinity in water or soil
is affecting plants are:

*  Salt mjury includes leaves scorching or mottling,
leaves shedding and twig diebaclk.

¢ Saltinjury may include fragmentation of cuticles and
myury to cell membrane mereases solutes leakage.

+  Salimty results in  poor germination and
establishment:

¢ Salinity inhibits vegetative growth of non-
halophytes, with reduction of shoot growth more
than root growth.

¢  Plant anatomy is often altered by salinity such as:

1. Leaves become thicker and more succulent.

2. The great leaf thickness may reflect more layers
of mesophyll cells, larger cells or both.

3.  Salinity stimulated suberization of the root.

* Increases number of salt-tolerant plants, such as
some woody trees (Leucaena luecocephala, Melia
azedarach, Dalbergia sissoo, Casuarina gluaca and
Khaya senegalensis)

* In non-halophytes, mhibition of
plant growth is accompanied by metabolic
dysfunction, including decreased photosynthetic

salt-induced

rate and changes in enzymatic activity.

* In halophytes, physiological processes may be
stimulated or not altered by salt concentrations
that are inhibitory in non-halophytes.

* Salimty decreases carbohydrates or growth
hormoenes, thereby inhibiting growth.
¢ High salt concentrations inhibit enzymes by

impeding the balance of forces controlling the protein

¢+  Omamental plants and woody trees vary in their
degree of salinity tolerance from sensitive to very
tolerant.

»  Salt tolerance varies widely among species and
genotypes. Plants adapted to salinity by tolerating or
avoiding salt. ITn some plants, salt tolerance is
achieved by osmotic adjustment. Tlis may involve
absorption of 10ns from the soil followed by 1solation
of ions in vacuoles.

+  Salt avoidance mechanism includes salt exclusion
and dilution of salt in the plant.

GENERAL

All plants are subjected to a multitude of stresses
throughout their life cycle. Depending on the species of
the plant and the source of the stress, the plant responds
in different ways. The major environmental factor that
currently reduces plant productivity 1s salinity [1]. There
are global constraints on fresh water supplies and this
had led to a surge of interest in reusing water [2]. Salt
stress can be a major challenge to plants. Tt limits
agriculture all over the world. As more lands become
salimzed by poor wrigation practices, the inpact of salimty
is becoming more important [3]. This is creating the need
for salt tolerant plants.

Egypt 18 a predominantly arid country and the
scattered rain showers in the north can hardly support
any agricultural crops. Agriculture thus depends mainly
on irrigation from the River Nile. The needed increase in
food production to support the acceleration in population
growth (2.7%) compels the country to use all sources of
water (ie. drainage water, groundwater and treated
sewage water) for the expansion of irrigated agriculture.
This paper reviews amm at recognizing and
highlighting the problem of salinity.

Effect of salinity on ornamental plants and woody trees:

structure. 1) Injury: Salinity adversely affects plant by mducing
*  Salinity affects negatively the nutritional balance of  injury, inlubiting growth, altering in plants morphology
plants. and anatomy, often being a prelude to tree mortality [4].
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Injury is more severe when salts absorbed from the soil
are augmented by salts deposited on leaves. General
symptoms include stunted growth and reduced yields. All
parts of the plant, including leaves, stems, roots and
fruits, may be reduced in size.The signs and symptoms
displayed by displayed by deciduous and broad-leaved
trees and shrubs include leaf necrosis (death), marginal
leaf of needle burn, leaf drop and eventual plant
death.Entire leaves can be affected and drop prematurely.
Buds may fail to open or grow and branches may die.
Sometimes deciduous trees may extubit early fall color and
leaf drop. Salt damage on deciduous trees and shrubs
usually becomes evident in late summer following the
growing seasorLor during periods of hot, dry
weather(summer drought).On comfers (firs, junipers,
pines, spruces), damage appears as brown needle tips.
The brown discoloration progresses toward the base of
the needles as salt exposure mcreases. Salt damage on
evergreen trees and shrubs [both comifers and broadleaf
(hollies, photinia, southern magnolia)] usually first
appears in late winter to early spring and becomes more
extensive during the growmg season. In extreme
situations, trees and shrubs will die due to soil Sali
damage [5].

Injury is induced not only by the osmotic effect of
salts but also by specific toxic effects resulting from the
accumulation of Cl™ and Na". Evidence for non-osmotic
effect of salinity on injury to plants can be summarized as
follows:

Individual salts have different critical concentration
for inducing injury.

Certain organic solutes mcrease the critical salts
concentrations for imury.

Injurious effects of salts are antagonized by Ca ™.

Both Cl-and Na" may cause injury, but symptoms of
Cl-mjury usually appear first. Chloride mjury develops
marginal chlorosis of leaves of broad-leaved trees,
followed by extensive scorching of leaf blades. Sodium
accumulation in leaves is typified by leaf mottling and
necrotic patches [5] or by tip burn or both salts wyury to
leaves often 1s followed by leaf shedding and twig die
back. As salinity was increased, Na replaced K to a large
extent in all tissues. Chloride was the major balancing
anion in all tissues. Salinity injures cell membranes and
solute leakage [6]. The effect of NaCl on membrane
leakage is counteracted by Ca". Application of NaCl to
foliage of Thuja accidentalis and Picea glauca induced
fragmented cuticles, disrupted stomata, collapsed cell
walls, coarsely granulated cytoplasm, disintegrated
chloroplasts and nucleic and disorganized phloem [7].
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2) Seed germination: To both nonhalophytes and
halophytes, salimity reduces the total number of seeds
germinating and postpones imitiation of germination
processes; however, within each group the responses are
variable and related to the species specific. Salinity
influences seed germination primarily by lowering the
osmotic potential of the soil solution sufficiently to retard
water absorption by seeds, but also by toxicity to the
embryo [8]. Seeds of many halophytes accumulate less
than 10% of the 1onic content present m shoots,
indicating that they process a mechanism for preventing
excess ion accumulation in the embryo. Wamgwattana
et al.[9tested the effect of NaCl on germination of seeds
of some trees and the results showed that Centrosema
pubescens was the most tolerant to NaCl (0.125,
0.250, 0.500, 1.00 and 2.00%) followed by Letcaena
lewicocephala and Sesbarnia rostrata. Similarly, Sherbeeni
[10] tested the effect of so1l salinity levels of NaCl, CaCl,
and NaCl: CaCl, (1:1) on germination of seeds of some
trees. Results indicated that salinity treatments decreased
seed germination percentage. The germination percentage
of Leucaena Ileucocephala, Melia azedarach and
Dalbergia sissoo were progressively related with the
concentration of salts. The major effects of salinity on
seed germination retardation could be attributed to
decreasing rate and total amount of water absorbed and
increasing the entry of certain ions into the seed, which
are toxic in high concentration

3) Vegetative growth: Salinity reduces vegetative and
reproductive growth of non-halophytes. Combined
flooding and salinity typically decrease growth and
survival more than stress alone [11].

Maynard ef al. [12] studied the growth of spruce
(Picea glauca) under saline water (EC of 0, 0.5,1.0, 1.7
and 3.1 ¢) conditions, the results indicated that the growth
decreased to reach 50% in the 0.5 dS m™ treatment
compared with the control. EL-Settawy and EL-Garmal [13]
studied the effect of salinity at 0, 1, 5 and 10 mg NaCl/g
soil on Casuaring glauca seedlings and found that plant
height, stem diameter, total dry matter were decreased by
increasing saluuty stress. Genhwa [14] watered the
following trees and shrubs which were used for this
subject: Black cherry (Prunus serotina), Green ash
(Fravimes — pennsylvanica), Lacebark elm (Ubnus
parvifolia), Russian olive (Hlaegnus angustifolia), Sand
cherry (Prinis besseyt), Sand plum (Prumss angustifolia)
and Desert willow (Chilopsis linearis) with saline
irrigation at 0.8 (Tap water), 2 and 4 dS m™ electrical
conductivity The photos in Fig. 1 showed that based
on caliper growth and visual quality, lacebark elm was
most salt tolerant among the tested species.
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Zand cherry

Fig. 1. Photos on the left side: One month after the initiation of saline solution irrigation; on the right side: 3
months after the saline solution irrigation. Plant species from top to the bottom: Green ash, lacebark elm,
desert willow, Russian olive, black cherry and sand cherry. Source: GenhuaN. [14]
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Tt did not have any foliage injury due to salt and its caliper
mcreased by 30 to 40 percent n three months. Russian
olive had leaf mjury and defoliation 1 some plants when
irrigated at 4 dS m™ and caliper of most plants increased
by 20 to 30 percent. Similar results to Russian olive were
observed on Desert willow. Sand plum, Sand cherry and
Black cherry had severe defoliation in elevated salinity
treatments and did grow significantly. Green ash plants
also had leaf injury but was better than the above three
species.

4) Morphological and anatomical changes: Salinity often
alters the morphology and anatomy of woody plants.
Leaves of Quercus lobata and (Q.agrifolia that grow on
saline soil often are thicker and more succulent than those
of trees growing on salt-free soils. The epidermal cell walls
and cuticles of leaves of salinized plants also are thicker.
Salimty often promotes suberization of hypodermis and
endodermis in roots than 1s found in non-salinized roots.
The walls of root cells of salinized plants often are
unevenly thickened and convoluted [15].

In salimzed Gossypium hirsutum plants, the leaves
were thicker because the of cell layers
increased and the mesophyll cell were larger, whereas
in citrus, increase in the size of spongy mesophyll

number

cells, rather than an increase in cell layers, accounted
for thicker leaves [16].

The large cells of leaves of salinized plants result
from increased cell wall extensibility together with
higher turger pressures. Salimty not only mlubits the
rate of cambial growth but also mfluences the anatomy
of cambial derivatives. Following exposure of Adesculus
hippocastanum trees to salinity, the number of xylem
vessels imnereases and their size decreases [17].

5) Physiological responses: Salt-induced slowing of
plant growth is accomplished by a variety of metabolic
dysfunctions in nonhalophytes, including mhibition of
enzymatic activity, photosynthesis, absorption of
minerals, protein and nucleic metabolism and respiration.
Addition of NaCl to mitochondria isolated from leaves
of a nonhalophyte (Piswm sativum) and a halophyte
(Suaeda Maritima) reduced the rate of O, uptake by
both species. Salinity affects synthesis of carbohydrates
as well as transport of photosynthetic products and
their utilization in production of new tissues. In many
halophytes, 1important physiological processes
stimulated or not altered by salt concentrations that
inhibit these processes in nonhalophytes.

are

Gas exchange: Salimty reduces the rate of

photosynthesis of both halophytes and nonhalophytes

389

[18]. Although both stomatal and nonstomatal
factors have implicated m the reduction of
photosynthesis  following flooding with saline water,
most of the reduction in photosynthetic rates in the

result of nonstomatal effects. In the long term, total

been

photosynthesis 1s reduced as a result of mhibition of
leaf formation and expansion as well as early leaf
abscission [4].

Following irrigation of Fraxinus pennsylvanica
seedlings with low concentrations of salt solution, the
leaves progressively dehydrated, causing partial stomatal
closure and decreased CO, absorption. However, after
plants were flooded with high concentrations of salt
solution, photosynthetic mhibition was attributed to 1on
toxicity, membrane disruption and complete stomatal
closure [19]. For the first few days after flooding of Ficus
carica plants with salt solution, stomatal conductance
was reduced but the rate of photosynthesis was not
altered; however, longer-term salmity treatment greatly
inhibited the rate of photosynthesis by non stomatal
effects [20].

Mineral nutrition: Salinity often upsets the nutritional
balance of plants by one or more mechanisms including
osmotic effects of salts, competitive interactions among
1ons m the substrate and effects on membrane selectivity.
As root elongation slows, the amount of 1ons reaching
the rtoots by diffusion decreases. High concentrations
of CI” reduce NO,” uptake by plants and high
concentrations of NO,™ inhibit phosphate uptake. Salimty
decreases uptake of K, Ca and Mg m phylloclades of
Casuarina equistifolia [21].

Epron and Toussamnt [22] watered Quercus robur
with a nutrient solution containing either 50 or 250 mM
NaCl and found that Na* content strongly increased in all
plant tissues with increasing NaCl concentration.
Prevention of Na translocation in shoot moderately
stresses oak (Quercus robur) probably requires an extra
energy, may be provided by an increase m mamtenance
respiration.

Than et ol [23] studied change in Na" and K*
content under stress in seedlings of 10 trees species
Pinus koraiensis, P. sylvestris Var. mongolica, Picea
Abeis
mansharica, Tilia amurensis,

karaiensis, Larix kaenpferi, Larix olgensis,
holophylla,
Ulmus pumila and Betula platyphylla. They found
that significant differences in Na® and K* contents
among trees species, Na/K'
increase in salinity of the medium, but the increase

Fryinus

increased with the

was lower m tolerant species than in mtolerant ones.
Adding CaCl, to the medium was effective for decreasing
Na'/K' ratio.
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Sherbeeni [10] found that using NaCl, CaCl, and their

mixture (1:1 by weight) in concentrations; 0, 1000, 2000,
3000 and 4000 ppm. The three used salts at all
concentrations decreased N, P and K contents 1 different
plant parts of leucaena lecocephala as compared to
control. Meanwhile, using saline water at different
concentrations mecreased Na, Ca and Cl contents m the
plant parts as compared to control with the exception of
Ca content.
Hormones: The balance between root and shoot
hormones changes considerably under saline conditions.
Salinity reduces cytokimn production in the roots and its
transport to the shoots. The supply of cytokimn to the
leaves imcreases transpiration and synthesis of some
proteins Therefore, a reduction m the supply of root
to the may
transpiration m growth rate. On the other hand, water
reduces transpiration [24].

hormones leaves result m reduced

Mechanisms of growth depression: The mechanisms by
which salinity inhibits plant growth have elucidated
precise characterization, although there has
considerable success in describing their physiclogical
manifestations. Over the years emphasis has been placed

been

on three aspects of the physiological effects of salinity on
plant growth: 1) turgor regulates stomatal conductance
and cell expansion, thereby affecting growth of plants in
so1ls of low water potential, 2) plant growth 1s limited by
a lowered rate of photosynthesis and 3) excessive uptake
of salts affects production of a specific metabolite that
directly inhibits growth. The mechanisms of short-and
long-term inhubition of shoot growth by saliuty may
vary [7].

Munns [25] concluded that the absorbed salts do not
directly growth by influencing turgor,
photosynthesis, or activity of a specific enzyme.

control

Meanwhile showing the complexity of salimty effects, she
developed a model that mcorporates a two-phased plant
growth response to salimity; growth 1s first reduced by a
decrease in soil water potential (a water stress effect) and
later a specific effect appears as salt imury in the old
leaves, which die because of a rapid merease of salt in cell
walls or cytoplasm when vacuoles can no longer
sequester incoming salts. The proposes of the
accumulation of salt in the old leaves accelerated their
death and loss of these leaves decreased the supply of
carbohydrates or growth hormones to meristematic
regions, thereby inhibiting growth.

Adaptations to salinity and how to alleviate the harmful
effects of salinity: Plant growth retardants are widely
used in  modern agricultwre. Compounds like
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chlorolmequate chloride, mepicuate chloride, ethephon
and latter uniconazole can be applied successively to
solve growth problems alleviate the harmful effects of
salimity. In this concern, many Investigators reported that
exogenous application of some growth retardants reduced
the toxicity of salinity and sometimes enhanced the
growth ([26] used ABA on Carthamus tinctorius ). It 1s
well known that physiclogical processes in plants pass
through many metabolic pathways and lead to metabolic
products. Exogenous application of growth retardants
on plants grown under sa 1t stress  may
physiological effects disorders.In this respect, the
increase n chlorophyll content of uniconazole treated

reduce

plants could be referred to hormonal effects as it has been
noted earlier that cytokimins stimulate chlorophyll
synthesis.  Cytokining accelerate  chloroplast
differentiation and stimulate chlorophyll production [27].
Plants treated with uniconazole and grown under saline
condition tended to have a darker green color than
untreated, this darker colour is desirable to consumers and
malkes the plants more saleable, these darker foliage can
be attributed to greater chlorophyll concentrations and
carotenoids in the leaves [28, 29]. Tt may be mentioned
that carotenoids provide photosynthetic systems with a
method of photoprotection. Singlet 1/20, is an extremely

also

powerful oxidant, which 13 very harmful to the plant,
carotenoids prevent the formation of singlet oxygen by
quenching the triplet states of the chlorophyll molecules
as they arise [30].Concerning the effects of growth
retardants on the amounts of total carbohydrates as well
as total soluble-sugars of the plants grown under saline
condition, the results recorded showed significant
[28, 29]. It could be
accumulation of

increases 1 these criteria
concluded that the
compounds (e.g. glycerol) might be attributed to osmotic
adjustment (osmoregulations) in a trial to maintain its

turgidity and to overcome the increased resistance to

such these

water uptake in roots then helped the plants to tolerate
the salimty stress.

The accumulation of new proteins in vegetative
tissue of plants subjected to salimty and treated with
growth retardants may be one of the important
protective characteristic mechamsms which result in
avoidance of injuries effects of salt stress [28]. Recently,
Bekheta [29] stated that,application of paclobutrazole on
plants grown in newly reclaimed regions induced
appearance of some new protein bands. These new bands
of protein may play an important physiological role to
alleviate the harmful effects of environmental stress on
wheat plants.

There 15 a wide spread phenomencn that subjecting
plants to environmental stress e.g. salt stress or water
stress induced proline accumulation in the cells of these
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plants. Proline is believed to protect plant tissues against
by acting nitrogen-storage  compound,
osmosolute and hydrophobic protectant for enzymes

stress as
and cellular structures [31]. Many investigators reported
that proline content is affected to different extent by
combined action of growth retardants and salimty [28].
Plants subjected to undergo
exposure to activated form of oxygen and accumulation of

stress increased
free radicals associated with damage to membranes and
build up of lipid peroxides. Plant cell normally are
protected against such effects by a complex antioxidant
system. This system includes three general classes; (1)
lipid scluble, membrane associated antioxidants (e.g.
tocopherol and B-carotene) (2) water soluble reductants
(e.g. Glutathione ascorbate) (3) enzymatic
antioxidants e.g. super oxide diunutase “SOD”, catalase,
peroxidase and enzymes of ascorbate-glutathione cycle.

and

In different species tissues and developmental stages
tolerant to water stress, reduced membrane damage
has been linked to increased enzymatic defenses
agoxygen radicals, together
radical scavengers [32].

with synthesis of free
Carotenoids prevent the formation of singlet
oxygen by quenching the triplet states of the chlorophyll
molecules as they arise [30].

Bio-regulators m general and growth retardants in
particular play an important role for increasing the
resistance of the plants to grow under stress conditions.
This resistance might be afttributed to changes in the
levels of endogenous hormones (e.g. ABA, cytokimins,
Gas, IAA, polyamines, ethylene.....etc.). In this concern,
elevated ABA levels in the leaves are important for rapid
osmotic adjustment via stomatal closure [33]. They also
favor the accumulation of amine acids in general and
praline in particular and improve the adaptation to salimty.

Kinetin can partially counteract the adverse effects of
salinity [34]. There are also some reports on the reduction
or even prevention of salt induced growth depression by
cytokinins (CYT), Gibberellic Acid (GA) or Indole Aceitic
Acid (IAA) Cytokinins are variety of compound that
stimulate water uptake, increase cell division, promote
organ development and lead to generation and
proliferation of shoots and branches [35].

It is clear that the combined treatments between
uniconazole and salinity on plants decreased the
levels of TAA and GA, while increased the levels of ABA
and cytokinmns. These mcrements may be due to
interference of uniconazole in gibberellin biosynthesis
through inhibiting the oxidation of ent-kaurene to
entakaurenoic acid: this will result m furmishing more
substance for the biosynthesis of cytokinins and
abscisic acid [28].
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To ameliorate or to alleviate the harmful effects of
salimty on the yield and its components, seed
pretreatment or plant treated with growth retardants. In
this concern, Bekheta, [28-29] showed that application
of growth retardants uniconazole or paclobutrazole
on Vicia faba and wheat plants respectively led to
increases 1n all the yield parameters compared to
corresponding  salinity control. He also postulated
that these increments could be a reflection of the
effects of uniconazole or paclobutrazole on growth and
development, it might be due to: 1) marked mcreases in
the number of bean branches and wheat tillers 2)
Increases in the endogenous contents of ABA, CYT,
Proline, Protem, photosynthetic products as well as
carotenoide.

Gorham [36] stated that woody plants may adapt to
salinity by variously tolerating or avoiding salt, or both.
Most highly salt-tolerant halophytes withstand high
tissue largely through osmotic
adjustment. The absorbed salts typically are sequestered

salt concentrations

in vacuoles, hence reducing the salt concentration to
which the cytoplasm and chloroplasts are exposed [15]. In
some plants, osmotic adjustment results from synthesis in
the cytoplasm of compatible organic solutes (including
proline, glycine, betaine and other aminoe acids in addition
sugars). The
concentrations of organic compounds that balance the

to cytoplasm often contains high
high salt concentrations mn the vacuoles but do not inhibit
the functioning of enzymes and membranes.

Although most salt-tolerant halophytes and non-
halophytes respond to saline by osmotic
adjustment, there exceptions including
halophytes (e.g. Suaeda maritima) which grow faster
plants  that can
adapt to salinity if exposed to low concentrations of
salinity [37].

Kozlowski and Pallardy [4] mentioned that salt
avoldance may passive salt
exclusion, active salt dilution of salt as it enters a plant.

stress
are some

as salinity increases and some

mechanisms involve
Application of the growth mnhibitor paclobutrazol
promoted avoidance of salt stress in Prunus persica by
reducing uptake accumulation of Na* and Cl™ in plant
tissues [38].

Some halophytes possess mechanisms for both salt
tolerance and avoidance. For example, Avicennia marina
has three mechanisms of salt resistance; 1) salt exclusion
by low permeability of roots to salts, 2) salt tolerance and
3) release of salt through glands. Many plants adapt to
salinity by more than one mechanism and these tolerance
mechanisms mteract. Thus, adaptation to salimty 1s
the integrated effects of

determined by several

mechanisms [36].
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Table 1: Average values of agronomic characters as affected by salinity and Eptam herbicide. Combined analysis for two seasons

Eptam Plant Straw Head Head Weight of Seed index
Salinity conc. herbicide L/fed. height (cm) yield/plant diameter (cm) weight (gm) seeds/head (wt. of 100 seeds)
0 - 110 135.7 6 34 8 2.1
1000 - 127 150.6 8 43.3 11.3 2.7
2000 - 117 1422 6.6 34 10.2 2.4
X 118 1428 6.86 37.1 9.83 2.4
0 3 128.6 147.2 7.6 44.3 12.5 2.8
1000 3 143.3 1591 9.3 51.3 13.9 34
2000 3 133 150.7 8.6 44.4 12.8 2.9
X 134.9 1523 8.5 46.66 13.06 3.03
L.S.D. at 5% level N.S 7.967 0.395 2.131 1.329 N.S
Source: El Quesni and El Gayar [39]
Table 2: Stem length, stem diameter and root length of Khava senegalensis as affected by salinity and ascorbic acid

Stem length (crm) Stern diameter (mm) Root length (cm)

Ascorbic (ppm) (B) Ascorbic acid (ppm) (B) Ascorbic acid (ppm) (B)
Characters
salinity (ppm) (A) 0 200 400 Mean 0 200 400 Mean 0 200 400 Mean
Control 42.90 50.67 54.25 49.27 12.10 14.70 15.50 14.10 24.77 35.00 37.00 3226
1000 42.30 45.00 49.97 45.76 11.70 14.00 14.30 13.30 23.40 33.50 34.67 30.52
2000 37.90 39.83 4833 42.02 11.00 13.00 13.30 12.4 22.73 30.83 31.73 2843
3000 33.27 35.60 44.57 37.81 10.00 12.00 12.70 11.60 17.47 24.90 28.10 23.49
Mean 39.09 42.78 49.28 11.20 13.40 14.00 22.09 31.06 32.28
LSD 0.5%
A 3.053 0.260 2.637
B 2.493 0.212 2.153
(A)*B) 4317 0.367 3.726
NB Control: Tap water Source: Abd El-Azziz et al. [40]
Table 3: Nitrogen, phosphorous, potassium and sodium contents (%6) of Khava senegalensis as affected by salinity and ascorbic acid

N P K Na
Ascorbic acid ppm Ascorbic acid ppm Ascorbic acid ppm Ascorbic acid ppm

Salinity ppm_ 0 200 400 Mean 0 200 400 Mean 0 200 400 Mean 0 200 400 Mean
Control 0.84 0.91 0.97 0.91 0.41 0.67 1.12 0.73 3.95 4.17 4.48 4.23 0.10 0.06 003 0.06
1000 0.73 0.85 0.91 0.83 0.39 0.56 0.88 0.60 3.35 3.51 3.75 3.54 0.18 0.12 005 0.12
2000 0.66 0.78 0.84 0.76 0.38 0.50 0.83 0.57 2.92 3.19 3.33 3.15 0.22 0.15 007 015
3000 0.62 0.66 0.80 0.69 0.28 0.38 0.62 0.43 2.29 271 2.89 2.63 0.28 0.18 011 0.09
Mean 0.71 0.80 0.88 0.37 0.53 0.86 3.13 3.40 3.64 0.20 0.13 007

NB Control:Tap water Source: Abd El-Azziz et of. [40]

Table 4: Effect of sulfur amendment on chlorophyll a and b and carotenoids (ng/ g. F.W) of Dalbergia sissoo under different levels of salinity

Chlorophyll (a) Chlorophyll (b) Carotenoids

sulfinr (g) sulfiur (g) sulfur (g)
Salinity ppm 0 5 10 Mean 0 5 10 Mean 0 5 10 Mean
control 2.17 2.23 2.33 2.24 0.65 0.71 0.79 0.72 0.92 0.97 1.15 1.01
1000 1.93 2.01 2.17 2.04 0.56 0.66 0.73 0.65 0.87 0.93 0.98 0.93
2000 1.81 1.85 2.03 1.90 0.53 0.62 0.65 0.60 0.82 0.91 0.93 0.89
3000 1.62 1.68 1.76 1.75 0.48 0.55 0.61 0.55 0.63 0.69 0.81 0.71
4000 1.30 1.34 1.58 1.41 0.43 0.48 0.53 0.48 0.55 0.59 0.76 0.63
Mean 1.77 1.83 1.97 0.53 0.60 0.66 0.76 0.82 0.93
NB control: Tap water, Source: Mazher et af. [41]
Table 5: Effect of sulfur amendment on proline, phenols and indoles contents of Dalbergia sissoo under different levels of salinity

Proline (um g™!) Phenols (mg g~! F.W) Indoles (mg g™ F.W)

sulfur (g) sulfur (g) sulfur (g)
Salinity ppm 0 5 10 Mean 0 5 10 Mean 0 5 10 Mean
control 39 35 2.9 3.43 13.4 121 10.7 121 1.83 1.67 1.58 1.69
1000 4.7 4.1 3.5 4.10 15.2 13.3 11.0 13.2 1.91 1.84 1.70 1.82
2000 5.5 4.8 4.1 4.80 16.7 151 13.1 15.0 1.99 1.88 1.74 1.87
3000 6.7 5.6 5.0 5.77 19.1 17.4 15.1 17.2 2.07 1.95 1.83 1.95
4000 8.2 7.2 5.8 7.07 21.4 183 16.4 187 2.14 2.01 1.94 2.03
Mean 5.8 5.04 4.23 17.2 153 13.3 1.99 1.87 1.76

NB control: Tap water, Source: Mazher et af. [41]
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Table 6: A list of ornamental plants representing their sensitivity and
tolerance degree to salinity

Very sensitive (threshold less than 2 dS m™)

Dahiia spp. Dahlia

Gardenia spp. Gardenia

Lilivm spp. Lily

Photinia~ fraseri ‘Robusta’ Photinia
Rhododendron spp. Azalea, rhododendron
Rosa spp. Rose

Sensitive (threshold less than 4 dS m™")

Aster spp. Aster

Gladiolis spp. Gladiolus

Magnolia grandiflora Magnolia

Mathiola incana Stock

Nandina dome stica Heavenly bamboo
Strelitzia regince Bird of paradise flower
Zinnida elegeans Zinnia

Moderately tolerant {threshold less than 6 dS m™)

Agapanthis spp. Aftican lily
Chrysarthemum spp. Chrysanthemum
Dicmthus carvophyiius Carnation

Tolerant (threshold less than 8 dS m™)

AMetrosideros excelsa NewZealand Christmas tree
Rosmearinus officinalis Rosemary

Very tolerant (threshold less than 13 dS m™)

Araucaria heterophyiia Norfolk Island pine
Barksia spp. Banksia

Casuarina distvia She-oak

Source: Handreck and Black (1999

Ormamental plants and woody trees may adapt to
salinity by variously tolerating or avoiding salt, or both.
In this context, different researches were carried out to
overcome hazards of salimty.

El Quesni and El Gayar [39] investigate the effect
of salimity (control,1 000 and2000 ppm) and Eptam (EPTC)
herbicide and their interaction on some agronomic
sunflower.
recorded 1n straw yield per planthead diameter,head
weight and weight of seeds per head by increasing

characters of Significant increases were

salmity to 2000 ppm.The above mentioned characters
were significantly by applying eptam herbicide alone or
accompanied with saline water. The highest values of yield
components were obtained by eptam treatment under
1000 ppm salinity { Table (1)}

Abd El-Azziz et al. [40] tested the effect of foliar
spraying with ascorbic acid (0, 200 and 400 ppm ) and three
levels of salimity (1000, 2000 and 3000 ppm) and tap water
serves as control on Khaya senegalensis (Table 2 and 3).
Salinity treatments have a depressing effect on various
growth parameters (i.e. stem length, stem diameter and
root length). The same tendency was observed regarding
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the percent of N, P and K. On the contrary, all previous
growth parameters and chemical constituents, except the
percentage of Na, tended to increase by increasing the
concentration of ascorbic acid up to 400 ppm as compared
to the untreated ones.

Mazher et al. [41] on Dalbergia sissoo tree mdicted
that (Table 4 and 5) the use of saline mrigation water
of Chlorophyll a, b and
carotenoids while a pronounced increase was noticed for
proline, phenols and indoles contents. On the other hand,

decreased the contents

all those above mentioned gave the opposite results with
sulphur application. The interactive effects between
sulphur and salinity levels showed a markedly decrease in
proline, phenols and mndoles contents, while chlorophyll
a, b and carotenoids contents increased.

As concerning ornamental plants, Handreck and
Black [42] show the relative tolerance (approximate 25%
growth reduction) of omamental plants to salimty
{(Table 6) growing conditions in media.
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