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Summary

Salinization of soils or waters is one of the world’s most serious environmental problems
in agriculture. It is necessary to determine the environmental factors under which me-
dicinal and aromatic plants give higher yields and better quality. The problem of salinity
is characterized by an excess of inorganic salts and is common in the arid and semi-arid
lands, where it has been naturally formed under the prevailing climatic conditions and due
to higher rates of evapotranspiration and lack of leaching water. Although more frequent
in arid lands, salt-affected soils are also present in areas where salinity is caused by poor
quality of irrigation water. Saline soil induces physiological and metabolic disturbances in
plants, affecting development, growth, yield, and quality of plants. Plants affects adversely
as a result of salinity, seed germination, survival percentage, morphological characteris-
tics, development and yield and its components. In general, salt stress decreases the pho-
tosynthesis and respiration rate of plants. Total carbohydrate, fatty acid and protein con-
tent were adversely affected due to salinity effect, but increased the level of amino acids,
particularly proline. The content of some secondary plant products is significantly higher
in plants grown under salt stress than in those cultivated in normal conditions. The salinity
tolerance depends on the interaction between salinity and other environmental factors.
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INTRODUCTION

Plants are usually exposed to different environmental stresses which limit their
growth and productivity as well as cause considerable loss to worldwide agricul-
tural production [1]. One of the most important factors affecting plant growth and
the production of secondary metabolites is the salt stress [2].

Salinity of soil or water is one of major stress obstacles to increase production
in plant growing areas throughout the world and especially in arid and semi-arid
regions it can severely limit plant production [3]. According to Sreenivasulu et al.
[4] the adverse effects of salts on plant growth may be divided into three broad
categories: (i) a reduction in osmotic potential of the soil solution that reduces
plant available water and thus creates a water stress in plants, (ii) a deterioration
in the physical structure of the soil such that water permeability and soil aeration
are diminished, and (iii) increase in the concentration of the certain ions that have
an inhibitory effect on plant metabolism (specific ion toxicity) and mineral nutri-
ent imbalances and deficiencies or (iv) a combination of these factors.

Causes of salinity

1. Primary cause

Most of the saline soils are developed due to natural geological, hydrological
and pedology processes. These soils include igneous rocks, volcanic rocks, sand-
stones, alluviam and lagoonal deposits. In arid and semi-arid lands, evapotranspi-
ration plays a very important role in the pedogenesis of saline soils. Other types
of salinity occur in coastal areas subject to tides and the main cause of salinity is
intrusion of saline water into rivers [5].

2. Secondary salinization

Secondary salt-affected soils are those that have been salinized by human,
mainly as a consequence of improper methods of irrigation, and poor quality
of water used for irrigation. Anthropic salinization occurs in arid and semi-arid
areas due to water logging brought about by improper irrigation [6]. Secondary
salt-affected soils can also be caused by human activities different from irrigation
and include: (i) deforestation — recognized as a major cause of salinization and
alkalization of soils as a result of the effects of salt migration in both the upper
and lower layers; (ii) accumulation of air-borne from industrial emissions or water-
borne salts in soils as waste water; (iii) salinization caused by contamination with
chemicals. This kind of salinization occurs more often in modern intensive agri-
cultural systems, particularly in greenhouses and intensive farming systems; (iv)
overgrazing — this process occurs mainly in arid and semi-arid regions, where the
natural soil cover is poor and scarcely satisfies the fodder requirement of exten-
sive animal husbandry [5].
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EFFECT OF SALT STRESS ON SEED GERMINATION, SURVIVAL, MORPHOLOGI-
CAL CHARACTERISTICS, DEVELOPMENT AND YIELD OF PLANTS

Seed germination

Germination is one of the most salt-sensitive plant growth stages severely in-
hibited with increasing salinity [7]. This negative response of seed germination
under salt stress was reported by many authors on Ocimum basilicum, Eruca sativa,
Petroselinum hortense, chamomile, sweet marjoram, and Thymus maroccanus [8-11].
Salinity affects germination of seeds in two ways: (i) there may be enough salt in
the medium to decrease the osmotic potential to such a point which retard or
prevent the uptake of water necessary for mobilization of nutrient required for
germination, (ii) the salt constituents or ions may be toxic to the embryo [3].

Seedling growth

Seedlings are the most vulnerable stage in the plants’ life cycle. There was
investigated that salinity caused a significant reduction in seedling growth of Thy-
mus maroccanus [11]. Salinity affects the seedling growth by slow or less mobiliza-
tion of reserve foods, suspending the cell division, enlarging and injuring hypo-
cotyls [12]. Reduced seedling growth has also been reported on basil, chamomile
and marjoram [9, 10, 13].

Survival

An excess of soluble salts in the soil leads to osmotic stress, specific ion toxic-
ity and ionic imbalances [14] and, as a consequence, plant can go to death [15].
All seedlings of Melissa officinalis died at 6 dS/m [16]; the observed increasing soil
salinity up to 3000 ppm resulted in complete death of sage plants [17]. In thyme,
it has been also reported that survival percentage was decreased significantly
under salinity conditions [18]. Similar results were obtained on Majorana hortensis
and spearmint [19, 20].

Morphological characteristics and development

Several investigators have reported plant growth reduction as a result of
salinity stress, Foeniculum vulgare subsp. vulgare [21]; Majorana hortensis [19];
peppermint, pennyroyal, and apple mint [22]; Matricaria recutita [23]; Thymus
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maroccanus [11]; geranium [24]; Thymus vulgaris [25]; sweet fennel [26]; sage
[27]; Mentha pulegium [28]. On Mentha piperita var. officinalis and Lipia citrio-
dora var. verbena significant reduction in number of leaves, leaf area and leaf
biomass under salt stress were noted [29]. On milk thistle growth parameters
such as plant height, number of leaves per plant, number of capitula per plant,
main shoot capitulum’s diameter was reduced with salinity greater than 9 dS/m
were found([30]. It was also stated that plant height, number of flowers, num-
ber of branches and head diameter, flower fresh weight, flower dry weight,
and peduncle length were reduced by salinity [31]. Similar decreases in growth
parameters under salt stress were found in Withania somnifera and Catharanthus
roseus |32, 33]; Achillea fragratissima [34]; Salvia officinalis [35]; thyme [18]; Nige-
lla sativa [36]; Chamomilla recutita [37]; and basil [38]. In Melissa officinalis, root
growth was reduced with each increase in irrigation water salinity [16]. Like in
Satureja hortensis, leaf area, leaf and stem fresh weight, as well as dry weight
of leaves, stems and roots were decreased in plants grown in different levels
of NaCl [39].

Yield

Salinity has considerable adverse impacts on plants productivity. As it was
stated, the detrimental effects of high salinity on plants can be observed at the
whole-plant level as the death of plants and/or decreases the productivity [40]. In
fennel, cumin and Ammi majus increasing salt concentrations caused a significant
reduction in the number of umbels, fruit yield/plant and weight of 1000 seeds
[21, 41, 42]. Similar reductions in seed yield and yield components per plant were
obtained on milk thistle and Trachyspernum ammi [30, 43].

EFFECT OF SALT STRESS ON NUTRIENT UPTAKE

Nutrient disturbances under salinity reduce plant growth by affecting the
availability, transport, and partitioning of nutrients. However, salinity can dif-
ferentially affect the mineral nutrition of plants. Salinity may cause nutrient
deficiencies or imbalances, due to the competition of Na* and Cl- with nutrients
such as K*, Ca’*, and NO,". Under saline conditions, a reduced plant growth
due to specific ion toxicities (e.g. Na* and Cl") and ionic imbalances acting on
biophysical and/or metabolic components of plant growth occurs [59]. Increased
NaCl concentration has been reported to induce increases in Na and Cl as well
as decreases in N, P, Ca, K and Mg level in fennel [21]; Trachyspermum ammi [43];
peppermint and lemon verbena [29], Matricaria recutita 23], Achillea fragratis-
sima [34].
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EFFECT OF SALT STRESS ON PRIMARY PLANT PRODUCTS

Carbohydrates

In fennel, a total carbohydrate was adversely affected due to salinity effect [21].
This can be attributed to the nutritional imbalance [44] of the specific toxic effects
of salinity [45], hyperosmotic stress [46] and reduced photosynthesis [47]. In con-
trast, total carbohydrate content was pronouncedly increased with increasing salt
stress levels of Salvia officinalis [17] content of soluble sugars was higher in plants
treated with NaCl which has been shown on Satureja hortensis [39].

Lipids

Oil content and fatty acid synthesis of plants are influenced by salt stress, which
modifies fatty acid composition, and is considered to be important for the salt tol-
erance of plants [48]. Oil yield in roots was significantly lowered by salt stress in
Ricinus communis, but increased in shoots [49]. It was also reported that the total
fatty acid content of Coriandrum sativum leaves decreased significantly due to sa-
linity, and the content of «a-linolenic and linoleic acids was decreased significantly
at raising NaCl levels [50]. This inhibition in the fixed oil content under salt stress
is similar to that reported [51] on sage.

Proteins

It was observed that protein content in Catharanthus roseus had been signifi-
cantly decreased along with NaCl concentrations [52]. The level of soluble pro-
teins decreased in salinity stressed chamomile and sweet marjoram [10]. Also,
in Achillea fragratissima it was indicated that salinity concentration of 4000 ppm
depressed significantly crude protein [34]. However, a stimulation of protein syn-
thesis has also been found (the stimulation, of course, depends on the saliniza-
tion degree) [53]. Proteins that accumulate in plants under saline conditions may
provide a storage form of nitrogen that is re-utilized later [54] and may play a role
in osmotic adjustment.

Amino acids

Plants under salt stress may present increased levels of certain compounds.
Amino acids (alanine, arginine, glycine, serine, leucine, and valine, together with
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the amino acid, proline, and the non-protein amino acids, citrulline and ornithine)
and amides (such as glutamine and asparagines) have also been reported to ac-
cumulate in plants subjected to salt stress [55]. On Catharanthus roseus and Mat-
ricaria chamomilla higher total free amino acids in plants subjected to salt stress
conditions were reported [52, 56]. Proline occurs widely in higher plants and ac-
cumulates in larger amounts than other amino acids [57]. According to literature,
proline accumulates in leaves as a response to salt stress on Salvia officinalis, Tra-
chyspermum ammi, spearmint, chamomile, sweet marjoram, Catharanthus roseus,
Achillea fragratissima, Matricaria chamomilla, sweet fennel, and Satureja hortensis
[10, 17,20, 26, 34, 39, 43, 52, 56]. The increase in proline content could be attrib-
uted to a decrease in proline oxidase activity in saline conditions [58].

EFFECT OF SALT STRESS ON SECONDARY PLANT PRODUCTS

The concentrations of various secondary plant products are strongly depen-
dent on the growing conditions, especially stress conditions.

Essential oil

There are contradictory reports in the literature concerning the response of
essential oil to salt stress. Salt stress decreased essential oil yield in Trachysper-
mum ammi [43]. This negative effect of salt stress in oil yield was also reported
for other medicinal plants, e.g. Mentha piperita [29]; peppermint, pennyroyal, and
apple mint [22], Thymus maroccanus [11], and basil [38]. Besides, salinity decreased
the essential oil yield [21] on fennel. It was also observed that anethole percent-
age was reduced with saline water. In marjoram the proportions of the main
compounds were differently affected by salt [13]. While, in Matricaria recutita, the
main essential oil constituents (a-bisabololoxide B, a-bisabolonoxide A, chama-
zulene, o-bisabolol oxide A, a-bisabolol, trans-B-farnesene) showed the increase
under saline conditions [23]. Also, on Origanum vulgare it was found that con-
tent of the main essential oil constituent (carvacrol) decreased under salt stress,
while p-cymene and y-terpinene contents increased under non-salt stress treat-
ments [60]. Similar results of an inhibitory effect of high level of salinity were also
found on lemon balm [16]; Majorana hortensis [19], Matricaria chamomile [31], Salvia
officinalis [51] and basil [61]. On the contrary, an increase of essential oil yield due
to lower levels of salinity has been reported in other plant species, e.g. Satureja
hortensis |62] and Salvia officinalis [17]. It was also shown that essential oil yield
of coriander leaves was stimulated only under low and moderate stress, while it
decreased at the high salinity level. At low stress, (E)-2-decenal, (E)-2-dodecenal
and dodecanal contents increased [50]. On Salvia officinalis the main essential oil
compound was viridiflorol at control and 25 mM NaCl, 1,8-cineole became the
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predominant compound at 50 and 75 mM and manool prevailed at 100 mM [51].
However, the major components of the essential oil of Ocimum basilicum var. pur-
purascens were eugenol and linalool. Soil salinity at 1500 and 4500 mg kg™' levels
increased the content of linalool and decreased eugenol content [61].

There are reports of an increase in essential oil percentage due to lower levels
of salinity was also found on Satureja hortensis [62]; sage [17] and thyme [18]. In
basil the highest oil percentage was achieved under salinity condition [38]. In
contrast, other reports showed a significant reduction of essential oil percentage
[16] on lemon balm and sweet marjoram (Majorana hurtensis L.) [19] and [39] in
savory (Satureja hortensis). The highest amount of carvacrol and the lowest amount
of y-terpinene were obtained by increasing the salinity levels. However, essential
oil yield was increased significantly with increasing NaCl concentrations of corian-
der roots [63] and [64]. The raising EC with NaCl increased the yield of essential
oil of curly-leafed parsley. The contents of aroma constituents (f3-phellandrene,
myristicin, 3-myrcene and apiole) of the foliar essential oil were affected by salt
stress. It was also demonstrated that essential oil (%) and oil yield (ml plant') were
significantly increased by using 1500 mg kg of soil salinity as compared to con-
trol [61]. On the contrary, there was significant decrease in this regard by using
higher level of soil salinity, at 4500 mg-kg'. In contrast, it was suggested that
essential oil content and yield decreased with water salinity increasing in three
Cymbopogon species [65].

The stimulation of essential oil production under a moderate degree of salinity
could be due to a higher oil gland density and an increase in the absolute number
of glands produced prior to leaf emergence [66]. Salt stress may also affect the es-
sential oil accumulation indirectly through its effects on either net assimilation or
the partitioning of assimilates among growth and differentiation processes [66].
Also, the formation and accumulation of essential oil in plants was also attribut-
able to the action of environmental factors. It might be claimed that the formation
and accumulation of essential oil was directly dependent on perfect growth and
development of the plants producing oils [67]. The decrease in oil production
might be due to the decrease in plant anabolism. The increase in oil content in
some of the salt stressed plants might be attributed to decline the primary me-
tabolites due to the effects of salinity, causing intermediary products to become
available for secondary metabolites synthesis [68]. In fact, the effect of salinity on
essential oil and its constituents may be due to its effects on enzyme activity and
metabolism [69].

Alkaloids

In the case of Rauvolfia tetraphylla [70] and Catharanthus roseus [71] the con-
centration of reserpine and vincristine, respectively, is higher in plants grown
under salt stress. However, on Ricinus communis it was observed that th elevel
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of ricinine alkaloids in roots was significantly lowered by salt stress, but it was
increased in shoots [49]. Also the studies published on Solanum nigrum (solaso-
dine) [72], Catharanthus roseus (indole alkaloids) [33], and Achillea fragratissima
[34] indicated significant increase in the alkaloid content of these plants ex-
posed to salt stress.

Phenolic compounds

In studies on spearmint it was found that phenolic acid concentration in-
creased in salt stressed plants [20] and on Achillea fragratissima indicated that
th econtent of phenols increased significantly along with increasing salinity [34].
Also on Matricaria chamomilla it was found that accumulation of phenolic acids
(protocatechuic, chlorogenic and caffeic acids) increased by salinity [56]. Other
studies published on Nigella sativa [73] and Mentha pulegium [28] showed increase
of phenols with saline treatment.

The content of some secondary plant products are significantly higher in plants
grown under salt stress than in those cultivated under normal conditions |2]. For
Nigella sativa, salinity enhanced the biosynthesis of some components, especially
quercetin, apigenin and trans-cinnamic acid [73]. However, on Achillea fragratis-
sima it was indicated that the content of tannin increased significantly along with
increasing salinity [34].

Cardenolides

Total cardenolide levels observed in Digitalis purpurea leaves and roots of the
100 mM NaCl plants were higher than those in 200 mM NaCl and control plants
[68]. They infer that moderate salinity conditions lead to raised cardenolide lev-
els, principally in leaves of Digitalis purpurea, although, the reason is not clear.

EFFECT OF SALT STRESS ON PHOTOSYNTHETIC PIGMENTS

There is a strong evidence that salt affects photosynthetic enzymes, chloro-
phylls and carotenoids [74]. Increased salinity levels reduced chlorophyll a and b
contents and total chlorophyll of centaury |75]|, Teucrium polium, Thymus vulgaris,
Zataria multiflora, and Ziziphora clinopodioides [76] and Satureja hortensis [39]. The
observed decrease of chlorophyll content in the plants grown under saline condi-
tions may be attributed both to the increased degradation and the inhibited syn-
thesis of that pigment [77]. Moreover, the reduction in photosynthetic pigments
(chlorophyll a, chlorophyll b, and total carotenoids) due to salinity effect which
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attributed to the disturbance of ions absorption involved in chloroplast formation
and protein synthesis and/or plastide breakdown [21] on fennel. However, it was
observed that the degradation of chlorophyll pigments was increased as a result
of exposure to NaCl [78].

SALT RESISTANCE

Plant salt stress resistance has been defined [79] as an inherent ability of plants
to withstand the effects of high salt concentrations without a significant adverse
effect. The authors have defined salinity tolerance as the ability of a plant to grow
and complete its life cycle on a substrate that contains high concentrations of
soluble salt [5].

Mechanisms of salt stress resistance

These mechanisms are characterized as avoidance and tolerance. The term
“salt resistance” has been used referring to a combination of tolerance and avoid-
ance strategies [53].

Mechanisms of salt avoidance include delayed germination or maturity until
favorable conditions prevail; the exclusion of salts at the root zone or preferential
root growth into non-saline areas; compartmentalization of salt into and secre-
tion from specialized organelles such as salt glands and salt hairs; or storage in
older leaves [80].

Mechanisms of salt tolerance include

1. Synthesis of compatible solutes

The presence of salt in the growth media often results in accumulation of
compounds, termed compatible solutes, which do not interfere with normal
biochemical reactions [81]. These compatible solutes include mainly proline
[82]. The proposed functions of proline under stress conditions include osmotic
adjustment, protection of enzymes and membranes as well as acting as a res-
ervoir of energy and nitrogen for utilization during exposure to salinity [5],
accumulation of nitrogen-containing compounds such as amino acids, amides,
proteins, polyamines [55]. These compounds have been reported to function in
osmotic adjustment, protection of cellular macromolecules, storage of nitrogen,
maintenance of cellular pH, detoxification of the cells and scavenging of free
radicals. Other compatible solutes that accumulate in plants under salt stress
include: (a) carbohydrates such as sugars (glucose, fructose, sucrose, fructans)
and starch. Their major functions have been reported to be osmotic adjust-



Medicinal and aromatic plants production under salt stress. A review

81

ment, carbon storage, and radical scavenging, (b) polyols are reported to make
up a considerable percentage of compatible solutes and serve as scavengers of
stress-induced oxygen radicals. They are also involved in osmotic adjustment
and osmoprotection [5].

2. Control of ion uptake by roots and transport into leaves

Plants regulate ionic balance to maintain normal metabolism. For example, up-
take and translocation of toxic ions such as Na and Cl are restricted, and uptake
of metabolically required ions such as K is maintained or increased. They do this
by regulating the expression and activity of K and Na transporters and of H pump
that generate the driving force for transport [5]. It is well documented that a
greater degree of salt tolerance in plants is associated with a more efficient sys-
tem for the selective uptake of K over Na [83].

Changes in photosynthetic pathway under salinity

The reduction of photosynthetic rates in plants under salt stress occurs mainly
due to the reduction in water potential. The main aim of salt tolerance is, there-
fore, to increase water use efficiency under salinity. To obtain this effect, some
plants such as the facultative halophyte Mesembryanthemum crystallinum shift their
C3 mode of photosynthesis to CAM [84]. This change allows the plant to reduce
water loss by opening stomata at night, thus decreasing transpiratory water loss.
In salt-tolerant plant species, such as Atriplex lentoformis, there was a shift from the
C3 to the C4 pathway in response to salinity [85].

Induction of antioxidative enzymes by salinity

All environmental stresses have been reported to lead to the production of
reactive oxygen species (ROS) that cause oxidative damage [86]. Plants possess
efficient systems for scavenging active oxygen species that protect against de-
structive oxidative reactions [87]. As part of this system, antioxidative enzymes
are key elements of the defense mechanisms. Some of these enzymes are as
catalase (CAT), glutathione reductase (GR), superoxide dismutase (SOD) and glu-
tathione-S-transferase (GST) [5]. Superoxide dismutase, for example, metabolies
oxygen (0,) radicals to hydrogen peroxide (H,0,), protecting cells from dam-
age. Catalase, ascorbate peroxidase, and a variety of peroxidases catalyze the
subsequent breakdown of H,0, to water and oxygen. Plants with high levels of
antioxidants have been reported to have greater resistance to this oxidative
damage [5]. Studies reported increased activities of the antioxidative enzymes
in plants under salt stress [88]. They found a correlation between these enzyme
levels and salt tolerance.
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Induction of plant hormones by salinity

The levels of plant hormones such as ABA increase with high salt concentration.
Abscisic acid is responsible for the alteration of salt-induced genes, and these
genes are predicted to play an important role in the mechanism of salt tolerance
[5]. The inhibitory effect of NaCl on photosynthesis, growth and translocation of
assimilates has been found to be alleviated by ABA [5]. Increase of Ca uptake is as-
sociated with the rise of ABA under salt stress and thus contributes to membrane
integrity maintenance, which enables plants to regulate uptake and transport un-
der high levels of external salinity in the longer period. ABA has been reported to
reduce ethylene release and leaf abscission under salt stress probably by decreas-
ing the accumulation of toxic Cl ions in leaves. Other plant hormones found to
accumulate in the presence of salt are jasmonates which have been reported to
have important role in salt tolerance [5].

CONCLUSION

Medicinal and aromatic plants are cultivated for different plant parts and their
active constituents are used in many ways, especially for drugs. Owing to their
high curing value and wild occurrence in diverse environments, they have been
considered to be promising plants for marginal lands, new reclaimed-soils and
semi-arid regions. The high yielding genotypes of these plants are very encourag-
ing, because a substantial number of literatures reports on the response of me-
dicinal and aromatic plants to salinity stress. Little information is available on me-
dicinal and aromatic plants. The general objective of the future studies is better
understanding of the response of medicinal and aromatic plants to salinity stress
by evaluation of the relative tolerance of different medicinal and aromatic plants
and their sensitivity at different plant stages; and how different environmental
conditions affect salt-stressed medicinal and aromatic plants; morphological and
physiological traits that contribute to salinity tolerance in medicinal and aromat-
ic plants; the ameliorative effects of nutrition and other treatments on growth,
mineral uptake, photosynthesis and active constituents of salt-stressed plants;
alleviate the mechanisms of salt resistance in medicinal and aromatic plants.

Saline lands can be converted to more productive plant lands by a number of
farm management practices:

1. better farm practices, such as drip or micro-jet irrigation; cultivation of deep
rooted perennial plants or trees;
2. amelioration through fertilization.

Salinity causes nutrient imbalances, mainly resulting in lower concentrations
of the macro-elements (N, P, K and Ca) in plants. Hence, the most direct way to
recover the normal nutrient concentrations within the plant would be by raising
their concentrations in the root zone by higher fertilizer dosages.
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3. leaching
Leaching soils to remove soluble salts is the most effective method known to
reclaim saline soils.
4. usage of salt stress tolerant plants
Developing of salt-tolerant plant genotypes through the use of plant-breeding
strategies involving the introgression of the genetic background from salt-toler-
ant wild species into cultivated plants.
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Streszczenie

Zasolenie gleb oraz wdd jest jednym z najpowazniejszych probleméw z zakresu ochro-
ny roslin wystepujacych w rolnictwie. Dlatego niezbedne jest okreslenie czynnikéw $ro-
dowiskowych wptywajacych na jakos¢, a takze wysoko$¢ plonowania roslin leczniczych i
aromatycznych. Zasolenie spowodowane obecno$cig nadmiaru nieorganicznych soli jest
charakterystyczne dla suchych oraz pétsuchych terenéw powstatych w wyniku dziatania lo-
kalnych warunkoéw klimatycznych, braku ewapotranspiracji, jak rowniez przenikania wody.
Wiekszy stopien zasolenia terendéw suchych spotykany jest na obszarach, na ktérych ja-
ko$¢ wody jest nizsza. Zasolenie gleby wptywa na fizjologie roslin, wywotujac zaburzenia
w metabolizmie, rozwoju, wzroscie, plonowaniu oraz jakos$ci. Zasolenie wptywa takze ne-
gatywnie na zdolnos¢ kietkowania nasion, wskaznik przetrwania roslin, ich morfologie,
wydajnos¢ oraz jakos¢ plonu. Stres wywotany zasoleniem obniza zdolnos$¢ rosliny do pro-
ceso6w fotosyntezy oraz proceséw ich oddychania. Wynikiem tego jest obnizony poziom
catkowitej zawartosci weglowodandw, kwaséw tluszczowych oraz biatek, a takze wzrostu
zawarto$ci aminokwasow, w szczego6lnosci proliny. W hodowli roslin w warunkach stresu
wywotlanego zasoleniem podfoza zaobserwowano wzrost poziomu produkgji niektérych
metabolitéw wtérnych w poréwnaniu z uprawg w normalnych warunkach. Zdolnos¢ roslin
do tolerangji zasolenia wynika z interakcji miedzy czynnikami $rodowiskowymi a warun-
kami zasolenia.

Stowa kluczowe: zasolenie, rosliny lecznicze oraz aromatyczne, prolina, wzrost i rozwoj, metabo-
lity wtorne, tolerancja na zasolenie
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