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Abstract

Salt stress is a sever threat to global agriculture. Improving salt tolerance is a
problematic task due to the large number of characteristics involved. Graft technique
is a potential substitute to breeding and interesting practices to salt tolerance since
it unites a scion and rootstock of two genotypes. Increased salinity tolerance in fruit
trees will alter water relations, disrupt ionic balance, which can harm plant tissues and
thus limit plant productivity. Therefore, the ability of fruit trees to resist salinity varies
by species, although it is mostly determined by the type of their root systems. In this
regard, the selection of salt-tolerant rootstocks can help maintain productivity under
salinity. Several physiological and biochemical changes are attributed to the favorable
response of grafting exerted by tolerant rootstocks or scion-rootstock interactions on
yield and fruit attributes of plants in saline environments. Rootstocks provide grafted
plants different salt tolerance mechanisms including the accumulation of compatible
solutes and enhancing the antioxidant mechanisms in scion. The importance of graft-
ing, strategies for selecting appropriate rootstocks, scion-rootstock interaction for
growth and the tolerance mechanisms used by plants to avoid the effects of salt stress,
are all discussed in this review. Grafting’s potential challenges are also discussed.

Keywords: grafting, rootstocks, scion, salinity, glycophyte

1. Introduction

Environmental stress causes a variety of physiological stress reactions in plants,
which can change the chemical composition of crops and, as a result, the quality of
harvested goods and linked to the quantity and quality of agricultural seeds and food.
The most significant of all environmental stresses is salinity, which affects the plant
growth and barricades plants from reaching their genetic potential [1]. Salinity occurs
when salts accumulate excessively in the water [2]. High salinity affects about 20% of
planted native land and 33% of watered farming lands all around the world, and these
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regions are growing at a pace of 10% each year. Salinity is expected to affect 50% of

all arable land by 2050, according to estimates [3]. Salts in the soil are essential for the
growth of plant [3]. However, excess of salt can lead to ion toxicity and osmotic stress
and interfere with soil nutrient balance [4] affecting plant growth and physiological
functions. Salt stress impairs a plant’s capacity for photosynthesis and chlorophyll
production, which frequently results in a decrease in PSII activity, an obstruction

to electron transport, a restriction on carbon assimilation, and peroxidation or
dissociation of the thylakoid membrane [5]. Plant roots are characterized by high
developmental plasticity, facilitating adaptation to adverse environments [6]. Because
there is less cell development in the root elongation zone, the root responds to salt
stress by inhibiting root growth [5]. The most actively developing part of the root

tip, the meristematic zone, which is a key component of the architecture of the root
system, undergoes modifications as a result of saline stress in order for roots to adapt
[7]. Therefore, rootstocks are also commonly employed in current wood fruit crop
cultivation because of their capacity to adapt a cultivar to a variety of environmental
conditions and cultural methods [8, 9]. Rootstocks, on the other hand, can alter scion
performance by decreasing plant vigor and allowing the production of high-density
orchards [10]. Several breeding initiatives around the world are working on improv-
ing rootstocks for fruit trees. It has been reported that the most important factor
limiting the cultivation of fruit trees such as peach, almond, plum, cherry, olive, and
grape is their special ecological requirements. Aside from the high lime rate of the

soil, various diseases also hamper the cultivation of fruit tree species. As a result, in
many Mediterranean regions, rootstock is needed to overcome these limitations while
growing stone fruits. Therefore, interspecific hybridization is widely used in rootstock
breeding programs to expand the genetic base and allow the introduction of genes not
found in the breeding population [11]. Because they are tolerant of lime-induced Fe
chlorosis and graft-compatible with peach cultivars, almond peach hybrids are widely
used as rootstocks for peach trees in Mediterranean countries [12]. They are robust and
suitable for use in poor and dry soils [13]. New varieties resistant to biotic stressors,
including root-knot nematodes (Meloidogyne spp.) and replanting conditions, have
also been produced [14, 15]. Rootstock/scion interactions are widely known to produce
arange of properties that transform the overall performance of the combination and
have important economic implications and are referred to as rootstock/scion relation-
ships [16]. However, the mechanisms behind these connections are complicated and
poorly understood. Soil salinity affects fruit tree species in particular. For instance,
peach [17] and almond tree [18] shoot growth is inhibited by relatively low NaCl
concentrations (25 mM) in the soil solution. Stress-tolerant crops must be produced
through the selection and breeding of cultivars capable of providing commercial
yields in saline or drought conditions to reduce the detrimental effects of these stresses
[18]. Unfortunately, due to the genetic complexity of abiotic stress tolerance, this is a
challenging task [19]. As a result, various cultural opportunities were scrutinized. In
this regard, grafting has been used in crops production in the world to improve plant
tolerance to abiotic stress by grafting best cultivars (as scion) onto more resistant
genotypes (as rootstocks) [20]. Grafting is distinguished as a crucial process to adapt
the plant vigor and extend the crops [8, 21]. The most important factor that affects
the adaptability of fruit tree to soil stress is the scion-rootstock combination [22]. The
combination of rootstock/scion has the potential to produce a plant with characteris-
tics that neither component would have if grown independently. Indeed the rootstocks
can provide many characteristics that do not appear in the scion, such as resistance to
pests and diseases in the soil [23, 24], improved nutrient uptake, and better tolerance
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to high saline [25, 26]. The rootstock vigor can also improve the whole plant vigor,
increase fruit quality, and alter fruit ripening period [27]. Grafting can also lengthen
the harvesting season [13] and extend the life of the crop after harvest [28]. Based on
recent studies in this subject, in this article, we will give an overview of the potential
of the grafting method to improve the salt tolerance of fruit trees. The physiological
and biochemical elements of the rootstock-scion relationship in fruit trees will be
explored, as well as the mechanisms involved in the salt tolerance of grafted plants and
the influence of the rootstock on the main physiological and biochemical processes of
the scion, in order to boost the tolerance of trees grown under saline conditions.

2. The effect of salinity on fruit trees species

Soil salinity is a global issue endangering land productivity and one of the most
important environmental concerns limiting plant production in arid and semiarid
areas [16]. Salinity alters water relations, disrupt ionic balance, and produces reactive
oxygen species (ROS) that can harm plant tissues and thus limit plant productivity.
Salinity also causes osmotic and oxidative stress in plant tissues [29, 30] and affects
growth, development [31], and the rate of plant less survival [32, 33].

The most sensitive horticultural crops to high salinity were fruit trees [34],

Fruit crops are somewhat affected by salinity levels, and once salt concentrations
exceed the threshold, their growth rate drops faster than most crops [35]. In fact,

salt stress disrupts many metabolic activities in most glycophyte plants, impairing
vital cellular function. Many fruit trees, on the other hand, have evolved systems to
withstand salt stress and can thus thrive in saline soils [36]. The ability of fruit trees
to resist salinity varies by species, although it is mostly determined by the type of
their root systems [22]. The ability of most glycophyte plants, such as fruit trees, to
exclude or retain potentially harmful ions, determines their salt tolerance. Different
species or root types have different adaptation methods for salt stress. The overall
concentration of soluble salts in the soil solution, or its osmotic potential, is linked

to reduction in growth and yield [32]. For example, shoot growth of peach [37] and
almond [5] is affected by low doses (25 mM NacCl) of salt in the soil solution. Zrig et
al. [38] revealed that the sweet almond tree cannot tolerate a concentration higher
than 75 mM NaCl. Under this lethal concentration, the total dry weight and shoot
extension of almond cv Mazzetto decreased while the root/shoot ratio increased.

The ratio root/shoot was a state of homeostasis and is independent of root salinity. In
this regard, at high salinity level, many plants allow the big part of biomass to roots
to maintain a better uptake of water and therefore reach to optimum autoregulation.
In pistachio species (P. atlantica and Pistacia lentiscus), the growth, the number of
leaves, and the fresh biomass of a 3-month-old plantlets decreased significantly with
10 gL™! of NaCl. The leaf browning rate also increased [34]. Furthermore, several
studies have been conducted to determine the effects of varying salt levels on the yield
of mature plum trees (Prunus salicina, cv Santa Rosa) [39]. At 4 dm/S, plum vegeta-
tive development appeared more sensitive, and the same treatment caused significant
leaf damage [35]. Excessive doses of salt in soil reduce significantly the performance
of fast-growing plants of Prunus species [40]. Salt load control systems at the whole
plant level strongly integrate growth rates and plant shape [41]. Furthermore, high
salinity disturbs the osmotic adjustment and leaf water relations [42, 43]. Stone fruit
crops (Prunus spp., for instance) such as apricot, cherry, nectarine, almond, peach,
and plum are the world’s seventh-largest crop producers. Stone fruit trees are sensitive
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to salinity, particularly to chloride, and irrigation with saline water can significantly
reduce yields [44, 45]. The main ions causing problems are CI°, SO,*, HCO;5™, Na*,
Ca%, Mg2+, NOs, and K, although in several fields B is concerned [46]. In general,
during the seed germination stage, the plants were moderately salt-tolerant, but
during the young seedling stage, they become more sensitive and progressively

more tolerant as they get older through the reproductive stage [47]. Furthermore,
most stone fruit trees are sensitive to salt stressors, and their production gradually
decreases at salt concentrations above 1.5 dSm™, reaching 50% of normal production
at 4 dSm™" [48].

Plants are affected by salt stress in various ways, including ionic diseases, osmotic
stress, and nutritional imbalances. Overproduction of reactive oxygen species (ROS)
such as singlet oxygen (O,), superoxide anion (O,"), hydrogen peroxide (H,0,), and
hydroxyl radical (OH) is a common feature of these effects, which are highly reactive
and toxic and cause damage to proteins, lipids, carbohydrates, and DNA, leading to
oxidative stress [49]. Salt stress closes stomata, lowering the CO,/O; ratio inside leaf
tissues and preventing CO, fixation. Plant antioxidant enzymes work together to
prevent uncontrolled oxidation cascades and protect plant cells from oxidative dam-
age by scavenging ROS [50].

The processes of salinity sensing and signal transduction within the plant are
not well understood, which is exacerbated by the restricted investigation done on
this topic for fruit trees [51]. According to several authors [52, 53], plants respond
to high levels of salt by activating a signaling network and a comprehensive reac-
tion that involves the synthesis of a variety of chemicals that maintain cellular
homeostasis. When the plants sense high levels of salt, primary and secondary
metabolites will be activated to provide adequate osmotic balance. This is the
cleanest approach for plants to adapt to salt stress. In almond leaves, when the
electrical conductivity of irrigation water exceeds 3 dS m™, Ranjbarfordoei et al.
[44] found that the total chlorophyll content and fluorescence parameters are
negatively affected. In vitro cultivated “Gisela 6” cherry and exposed to various salt
concentrations also showed increased malondialdehyde content as well as expres-
sion of SOD, ascorbate peroxidase, catalase, and glutathione reductase. Milosevic
et MiloSevi¢ [54] found that the Myrobalan plum (Prunus cerasifera Ehrh.) is one
of the most tolerant to salinity and B (reduced salt uptake in the root), while the
peach “Nemared” (Prunus persica (L.) Batsch) is one of the most sensitive (high
salt content in the stem).

Traditional breeding programs have attempted to improve crop salt tolerance,
but with limited success due to the trait’s complexity [55]. The adoption of resistant
rootstocks is a technique to avoid or reduce production losses caused by salinity.

In this regard, scion/rootstock pairings with a modest growth response have been
demonstrated to have a greater ability to exclude Na* and CI” from the shoot [56].

3. Effect of the rootstock on the salt tolerance of grafted plants

Plant development and structure can be influenced by the complex interactions
between scion and rootstock. Rootstocks provide grafted plants with more favor-
able tolerance against several environmental stresses (both abiotic and biotic);
therefore, one of the most important steps in starting a new plantation is choosing
a good rootstock, achieving outstanding tree performance in various ecological
zones. In fruit trees, rootstocks have been used to boost fruit yield, flavor, and
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quality while improving nutrient uptake, transport, and resistance to a variety

of environmental challenges. The rootstocks had an impact on the physiologi-

cal characteristics of the grafted plants, as well as other elements of growth and
development [49]. Therefore, using grafting techniques to choose a salt-tolerant
root system as rootstock can support plants become more salt-tolerant (Table 1).
The root system of the rootstock replaces the scions during grafting. If the root-
stock is chosen correctly, this method will improve nutrition and water uptake,
increase carbon and nitrogen metabolism, and increase the salt tolerance of plants
[63, 64]. Depending on the intrinsic qualities of the scion, rootstock, and their
functional linkages, as well as the severity of salt stress, the persuasive response
of grafting on plant growth and production characteristics may differ under salty
environments. A number of studies have suggested that grafting can help plants
cope with the negative effects of salt stress. Therefore, the rootstock’s involvement
in determining the tree’s performance under saline conditions is essential [65].
Physical characteristics of the root system, such as lateral and vertical develop-
ment, lead to increased or reduced uptake of water and minerals, which is one of
the reasons for the widespread use of rootstocks to overcome salinity. In order to
increase detection of better sources of tolerance in the rootstock selection process,
it is crucial to determine which type of test offers the best response in a commercial
orchard (Figure1).

3.1 Growth and yield

Rootstocks alter the size and shape of trees by reducing internodes, altering branch
angles, and altering dates and rates of active growth [49]. The rootstock’s response to
salinity was related to improved growth under saline circumstances. Several fasci-
nating research studies on Prunus rootstocks, for example, have indicated that via
grafting, the rootstock’s degree of tolerance is transmitted to the scion variety. In fact,
several studies have shown that grafting onto salt-tolerant rootstock can reduce more
effectively the negative effects of salt on scion growth. For example, shoot exten-
sion and leaf dry weight of almond cv. Mazzetto grafted on Garnem (GN15), which
considered as more salt tolerance, were found to be higher to those grafted on GF677
[43]. Accordingly, it appears that grafting onto specific rootstocks can successfully

Species Rootstocks genotypes References

Almond GN15 (Prunus dulcis (Mill.) D.A. Webb x [571
(Prunus persica (L.)

Pistachio Akbari, ‘Ahmad-Aghai’ and ‘UCB-1 [34]

Plum ‘Mariana 2624 and Adesoto 101’ [58]

Cherry CAB 6P’ (Prunus [59]

cerasus L.) and Colt’ (Prunus avium (L.) L. x
Prunus pseudocerasus Lindl.)

Apricots Prunus microcarpa [60]

Olive Arvanitolia and Lefkolia [61]

Citrus Shaker and Cleopatra mandarin [62]
Table 1.

Different genotypes of rootstocks of different trees. They are used as most salt-tolerant rootstocks.
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Figure 1.

Potential beneficial effects of rootstocks on trees in saline soil conditions, summarized from the literature.
Salinity reduces root biomass because it prevents cell proliferation, which lowers the overall biomass yield (left).
Grafting improves roots vaporosity by modifying root avchitecture and increased nutrient uptake (vight). In
ungrafted tree, Na* and Cl” accumulation genevates competition for nutvient uptake and transport. This vesults
in imbalance of the ionic composition of plant and affects plant’s physiological traits (left). In grafted tree,
rootstock could improve nutrient uptake and maintenance of ionic homeostasis (vight). The high uptake of Na'
and Cl” caused by an increase in salt content (left). In grafted tree, the accumulation of osmolytes consequently
improves plant’s water status (vight). In ungrafted tree, increasing salinity causes oxidative stress due to
imbalance in reactive oxygen species generation and quenching activities of antioxidants (left). In grafted
plants, the oxidative stress was reduced under salt stress (vight). Salt stress causes a decline in photosynthesis by
decreasing chlorophyll concentration (left). The vigor vootstock has positive effect on photosynthesis under salt
stress (right).

minimize the negative effects of salt on the scion; this is consistent with previous
observations on various plant species [5]. Similarly, Massai et al. [37] found that
peach cv. Armaking grafted onto GF677 inhibited whole plant and lateral root growth
more than the Arm/Mrs. combination. This indicated that the first combination was
more sensitive to NaCl than the second. Aras and Esitken [66] studied the responses
of cherry plants grafted onto two distinct rootstocks (CAB6P, MaxMa 14, and
Mazzard Rootstocks) to short-term salt. This study found that 0900 Ziraat grafted
onto MaxMa 14 had the largest decreases in rootstock and shoot diameter by 14 and
14.2%, respectively, while 0900/Mazzard had the smallest decreases in rootstock
and shoot diameter by 9.2 and 11%, respectively. Cherry (Prunus cerasus) rootstocks
can considerably alter the scion’s tolerance to salinity, according to Ertuka et al. [67].
Kucukymuk et al. [68] confirmed that sweet cherry trees with the 0900/mazzard
combination were more vulnerable to salinity increases than plants with the 0900/
mahaleb combination. Further research has shown that when “GF-677” and “Mr.S.
2/5” rootstocks were grafted with peach and exposed to varying NaCl concentrations
(0-120 mM), the “GF-677” showed improved sensitivity in terms of growth and net
CO, assimilation [41].
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3.2 Root system architecture

The rootstock’s root system characteristics are often the most important criterion
for increasing salt tolerance in grafted plants; therefore, the most significant factor
for enhancing salt tolerance may be a healthy root system [69]. The root is the first
organ to deal with salt excess in soil, due to its activities of searching for and mov-
ing water, nutrients, and ions, and it can play a key role in defining plant sensitivity
or tolerance to salt stress. Under salt stress, a decline in root growth was observed
in woody fruit trees with different levels of salt tolerance. Accordingly, the loss was
linked to a decrease in root respiration, which is susceptible to high salinity in soils
[70]. Root respiration is also a major source of carbohydrates [71], and it is classified
into two types: “maintenance respiration,” which includes the preservation of existing
tissue, and “growth respiration,” which involves the production of new tissue [72].
Maintaining a root respiration is important for producing energy and coping with
adverse environments like salinity. Because of the significant requirement for ATP
to maintain transport activities across concentration gradients, a higher percentage
of root respiration was found to be dedicated to scion maintenance in plants under
salt stress. For example, a healthy root system produced more cytokinins and utilized
xylem sap to transport water to the shoot system, thereby increasing plant develop-
ment and yield [73]. Furthermore, root hydraulic conductivity can control plant
growth by controlling the water supply to the aboveground plant components [67].
The mechanism, however, is still unknown. Because roots are the primary organ
exposed to salt stress, salt-induced suppression of root development is extremely
clear. Salt stress, for example, slowed root growth in ungrafted plants, whereas the
rate of root dry mass loss was lower in grafted Kinnow mandarin [69] and Pistachio
[74]. According to recent study, the first defense under salinity takes place in the root
system and apoplastic barrier differentiation contribute to salinity response [35].
The exodermis and the endodermis serve as two apoplastic barriers contributing to
protection against abiotic stress, such salinity, by regulating the uptake and transport
of water and ions from the soil. An anatomical analysis of suberin in almonds roots
revealed that the most salt tolerance rootstock exhibits a strinking increase of suber-
ine deposition at both exodermal and endodermal cells under salinity stress [35].
Furthermore, the lignin deposition, particularly at the Casparian strip, is also critical
for the regulation of solute transport at apoplastic barriers [75].

3.3 Gas exchange attributes

The first signs of salt stress in glycophytes are the decrease in leaf development,
which seems to be driven by a decrease in stomatal conductance [76]. The stomatal
closure reduces the assimilation rate of CO, in both grafted and non-grafted salt-
treated plants by impairing CO, diffusion into the leaves as a result of mesophyll
conductance impairment. Photosynthesis is blocked by salt stress because it sup-
presses the electron transport chain leading to photoinhibition, which leads to a
decline in plant growth [57]. Earlier findings have demonstrated that grafting onto
salt-tolerant rootstocks can enhance photosynthetic efficiency by preserving chloro-
plast composition and reducing oxidative damage, which ultimately leads to a delay
in photoinhibition rate [32]. The photosynthetic rate (A), stomatal conductance (gs),
and transpiration of many prunus rootstocks, such as almond, were all impacted by
salinity [77]. It is worth noting that the grafting can modify the photosynthetic per-
formance depending on the scion-rootstocks combinations. Several works reported
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that the grafting on salt-tolerant rootstocks reduced the salt effect on gas exchanges of
scion. In fact, research on almond rootstocks found that after 4 weeks of NaCl treat-
ment, A, gs, and rate of transpiration rate (E) were all lower in all grafting combina-
tions compared to control. Mazzetto/GF677 reliably showed the ultimate reductions.
By supporting stomatal conductance, the leaves of Mazzetto/Garnem plants were
able to lessen the harm of photosynthetic apparatus. In peach trees, Massai et al. [37]
showed that the severe reduction in net assimilation rates was observed in Arm/Mrs.
compared to Arm/GF during the first 2 weeks of stress imposition. Besides, these
reductions in net assimilation rate seemed to be mainly limited by CO2 diffusion into
the leaves during the first 15 days of salt stress. A greater decrease in stomatal conduc-
tance was obvious in salt-treated Arm/GF leaves, clearly resulting from salt-induced
water stress. Goharrizi et al. [29] examined the photosynthetic activity of three
Iranian cultivars of pistachio grafted on four rootstocks and found that trees grown
on Sarakhs and P, atlantica rootstocks had the highest photosynthetic rates. Sharma
etal. [78] recorded higher leaf chlorophyll content in Non Pareil almond and bitter
almond rootstock combination than on wild peach rootstock, although wild peach
rootstock had higher leaf photosynthesis.

3.4 Mineral content

Fruit species, such as prunus or citrus, are categorized as glycophyte plants
because they are salinity sensitive on a scale ranging from moderate to severely salt
sensitive. Ion transporters’ activities are affected by rootstocks, which alter ion
intake and transfer to the scion. Rootstocks promote the acquisition of vital elements
while reducing salt uptake and transport (e.g., Na* and CI") under saline conditions
by exclusion or retention of ions. It is thought that effective rootstocks will be able
to limit salt ion uptake and their transit to the shoot, hence slowing or preventing
hazardous salt ion accumulation in the leaves [79].

The ability of rootstocks to minimize toxicity of Na* and/or Cl” by exclusion and/
or reduction of Cl- uptake by the roots, and replacement or substitution of total K* by
total Na* in the foliage, is related to increased salt tolerance by grafting [80, 81]. The
rootstocks minimize Na" and CI” loading and transport to the scion while enhancing
K, Ca, and Mg”* ion intake and allowing for low energy osmotic potentials [82]. The
salt sensitivity of fruit tree is related to the sensitivity of the leaves to chloride, while
the rootstock salt tolerance is related to the rootstock’s ability to exclude chloride and
protect the scion leaves [26]. The physical characteristics of the root system, such
as lateral and vertical development, which results in increased or reduced uptake of
water and minerals, have been attributed to the rootstock’s influence on the concen-
tration of certain minerals in the aerial parts of the plant; this is one of the reasons
for the widespread use of rootstocks to overcome salinity [83]. Other research has
shown that increased salt tolerance in grafted plants is related to increased K*, Ca",
or Mg2+ translocation to the leaves [53]. The rootstock’s ability to minimize damag-
ing ion uptake and transport over time is thought to influence shoot growth [84].
According to Zrig et al. (2016) [85], Mazzetto/Garnem had lower Na + content in the
aerial sections than Mazzetto/GF677. The greater shoot extension and leaf biomass
of Mazzetto/Garnem found in this study can be explained, at least in part, by such an
exclusion mechanism. In this regard, scion/rootstock pairings with a modest growth
response have been shown to have a greater ability to exclude Na* and Cl” from the
shoot. The ability to stock Na* and CI in the cell vacuole and excrete salts outside
of the leaf cells via specialized organs is a crucial determinant for salt tolerance in
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glycophytes [86]. Massai et al. [87] showed that a gradient in Na* and CI” concentra-
tion (tissue water molar basis) was observed in leaves of various age of Arm/GF
plants, since basal leaves of 120 mM salt-treated plants had a Na* + Cl” concentration
2.1 and 3.4 times higher than that of medial or apical leaves, respectively. On the
contrary, the concentration of Na* + Cl” did not differ between leaves of different
age of both 80 and 120 mM salt-treated Arm/MrS plants. According to Kii¢iikyumuk
et al. [68], when increasing salinity of the irrigation solution, leaves of sweet cherry
trees grafted onto mazzard rootstock suffered more than sweet cherry trees grafted
onto mahaleb. Na* and CI” ions can build up in high concentrations in leaves, causing
leaf burn in trees grafted with mahaleb.

Rootstocks protect scion shoots from salt damage primarily by reducing ionic
stress and, to a lesser extent, by enhancing K*, Ca*, and Mg2+ translocation to the
shoots and leaves, according to studies, but they have minimal role in reducing
osmotic stress [88]. Exclusion or restricted uptake by the roots is used to reduce Na*
and/or Cl translocation to the shoot system. According to Pérez-Alfocea et al. [89],
plants use their inherent potential to exclude Na* and/or Cl” from shoots by preserv-
ing energy consumption in the root system from risky ion efflux.

Aside from osmotic balancing and root exclusion or restricted root-to-shoot trans-
fer of the harmful ion (i.e., Na*), plants use ion buildup and subsequent partitioning
among plant organs or compartmentalization in cellular organs such as vacuoles to
reduce salt toxicity. The grafted plants were able to maintain favorable K*/Na*, Ca**/
Na*, and Mg”**/Na® ratios in actively growing leaves [77].

By reducing Na" toxicity, rootstocks have been proven to restore plant salt toler-
ance. According to several studies, the increased salt tolerance of grafted plants
such as prunus cultivars is due to a decrease in the accumulation of Na + and/or
Cl in the shoots of the plant [77]. Other research has shown that increased salt
tolerance in grafted plants is associated with better transfer of K*, Ca**, or Mg**
to the leaves [53]. A 19-year-old commercial Japanese plum (P, salicina Lindl. var.
salicina) orchard grafted onto “Marianna 2624” rootstock and received varying
amounts of a mixture of NaCl and CaCl, ranging from 0 to 28 mM. This study
found that woody tissues accumulated a lot of Na* and CI", while the leaves accu-
mulated a lot of CI', leading to leaf lesions. They found that woody tissue can
presumably retain the flow of Na* to the leaves (which was not observed in young
trees). Chlorides have the greatest damaging influence at the leaf level, lowering
net photosynthesis, total carbohydrates, chlorophyll content, and leaf area, accord-
ing to the second part of the invitation [9]. The ability to keep the rate of buildup
of harmful ions (Na*/CI") as close to physiological homeostatic capacity as possible
disturbs the plant’s response to salinity. Martinez-Rodriguez et al. [84] state that
these characteristics can be transmitted to a more salt-sensitive cultivar by using
tolerant genotypes as rootstocks [84]. Despite the fact that ionic homeostasis is
mandatory for plant persistence, tissue ion concentration is not a reliable measure
of salt tolerance [90, 91].

Different amounts of NaCl and CaCl, mixture from 0 to 28 mM were administered
to a 19-year-old commercial orchard of Japanese plum (P, salicina) grafted on the
rootstock “Marianna 2624” [92]. These researchers found that woody tissues stored a
lot of Na* and Cl, while leaves mainly accumulated Cl’, leading to leaf lesions. They
found also that woody tissue can apparently retain the movement of Na® to the leaves
(which was not observed in young trees). The same authors observed that the most
negative impact was caused by chlorides at leaf level, decreasing net photosynthesis,
total carbohydrates, chlorophyll content, and leaf area [92].
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3.5 Water relations

Under normal conditions, grafted plants frequently show improved mineral
and water uptake compared to non-grafted plants due to improved root vigor of the
rootstock [81]. The plasticity in hydraulic properties in a crop species may be offered
through increasing resistance along the pathway of water transport in the plant,
and this is central to the maintenance of an adequate water supply to the foliage. In
glycophyte plants, which include most crops, high salt content in the medium has
a well-known influence on plant growth. First, the saline soil’s osmotic potential
decreased considerably, resulting in a loss in root water uptake ability. Osmotic stress
impacts root and leaf growth as well as stomatal conductance and photosynthetic
rate. Water relations in the rootstock-scion system have been explored with a focus on
increasing plant adaptability to stressful situations. Zrig et al. [38] showed a decline
of the relative water content (RWC) similarly in two Mazzetto/GF677 and Mazzetto/
GN15 combinations. On the other hand, Massia et al. [37] reported that the greatest
reductions in relative growth rate (RGR) observed in salt-treated Arm/GF as com-
pared to Arm/MrS plants. Nevertheless, at the lowest NaCl doses (25 mM), the water
potential dropped significantly, especially in Mazzetto/GF677. Compared to GF677,
plants grafted onto Garnem consistently had higher leaf water potential, indicating
that Mazzetto/Garnem had higher turgor potential. Salinity affected RWC values in
0900/mazzard trees more than 0900/mahaleb trees, according to a study on sweet
cherry [68]. Rootstocks give grafted plants a stronger and wider root system, which
allows them to absorb more minerals and water than non-grafted plants [57].

4. Some mechanisms of salt tolerance in grafted plants

Salt tolerance mechanisms have been shown to be transported from rootstock to
scion [93]. In fact, several mechanisms of salt tolerances have been observed in the
rootstock (Figure 1), after grafting it has been observed in the scion. While, in some
varieties their salt tolerance was different between scion and rootstocks, this may be
due to the interaction between the scion and the rootstock through the graft associa-
tion. Through their roots, plants were evolved different mechanisms of salt tolerance
such as exclusion of salts, accumulation of salts for osmotic adjustment, and activa-
tion of antioxidative system.

4.1 Accumulation of compatible solutes

To maintain turgor and water intake for growth, plants must keep their internal
water potential below that of the soil. This requires an increase in cell osmotic concen-
tration, either by inorganic ion uptake or by the manufacture of metabolically suitable
solutes such as sucrose and proline [32]. Osmoregulation is further facilitated by cyto-
solic compatible solutes, which impede water outflow to the apoplast and vacuole [2].
In this regard, Zrig et al. (2016) [38] showed that Mazzetto/GN15 had higher concen-
trations of polyamine, proline, and total soluble sugar (TSS) in their leaves than those
of Mazzetto/GF677. This highest accumulation of compatible solute was observed in
GN15 rootstocks more than on GF677 rootstocks [5, 38]. These results suggest that
the rootstock Garnem enhanced the accumulation of those osmolytes in the leaves of
the scion (Mazzetto) to be more tolerant to salinity. Still in almond tree, Zrig et al.
[38] testified that GN15 rootstocks accumulated anthocyanin in their leaves, and that
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these polyphenols were reinforced under salt stress. These anthocyanin productions
were observed in leaves of Mazzetto grafted onto Garnem (GN15) also under normal
conditions; thereafter, the anthocyanin content was sharply increased under a high
level of salinity. According to this earlier study, rootstocks induce the anthocyanin
biosynthesis in scion leaves to effectively contribute to osmoprotection under salt
stress. Thus, the lower salt-tolerant plants Mazzetto grafted onto GF677 rootstocks
showed novel production of polyphenols and polyamines to contribute to osmoregu-
lation [43].

4.2 Antioxidant mechanisms

Photosynthesis can be reduced by a reduction in photochemical activity under salt
stress, regardless of stomatal conductance [17]. Several abiotic stressors have been
shown to decrease Chla+b content and photochemical efficiency of photosystem II
(PSII), still these effects can be improved by grafting. In fact, it was demonstrated
that the total chlorophyll contents were reduced in the leaves of Mazzetto grafted
on GF677; however, it remained unchanged in the plants grafted on Garnem [38].
Accordingly, the rootstock appears to have influenced the rate of Chl turnover or
biosynthesis in scion leaves. Similarly, Aras and Esitken [66] showed that the lesser
decrease of cholrophyll pigment is related to the salt tolerance of rootstocks. In fact, in
this study on cherry trees, the plants (0900) grafted on Mazzard displayed the lowest
decline in chlorophyll content by 7% under salinity compared to those grafted onto
CAB 6P and MaxMa 14. Such effect could be due to its ability to maintain higher chlo-
rophyll levels or its ability to block chlorophyllase activity, which causes chlorophyll
degradation [66]. Plants also have the ability to scavenge or detoxify ROS produced
by salinity to safeguard photosynthesis and prevent the breakdown of cholorophyll
pigments. In grafted crops, such antioxidants have been used as indicators for salin-
ity tolerance. Accordingly, an effective antioxidant system is a key determinant of
increased salt tolerance of grafted plants. This is accomplished by increasing the
activity of antioxidant enzymes and the amount of non-enzymatic antioxidants in the
plant. Under NaCl stress, non-enzymatic antioxidant activity was found to be consid-
erably higher in the leaves of grafted eggplant seedlings than in self-rooted seedlings
[94]. There has been less research on the antioxidant system in the roots of grafted
plants under salt stress than in the leaves. Non-enzymatic antioxidants are higher in
sweet almonds grafted on salt-tolerant rootstocks than in sweet almonds grafted onto
salt-sensitive rootstocks. Indeed, research on sweet almond cv. Mazzetto found that
Mazzetto/Garnem leaves had higher carotenoid/Chl and anthocyanin/Chl ratios than
Mazzetto/GF677 foliage. These findings suggest that the light-harvesting antenna and
photosystems are protected by more effective antioxidant mechanisms. Carotenoids
protect chlorophylls from oxidative damage by scavenging two ROS, singlet molecular
oxygen and peroxyl radicals, in addition to their role as light-harvesting pigments that
aid in photosynthesis [95]. These results show that Garnem rootstock improved the
antioxidation capacity of Mazzetto cells. Mazzetto/Garnem leaves had higher antho-
cyanin concentrations and anthocyanin/Chl ratios than in Mazzetto/GF677 leaves,
even in control plants. The leaves of the scion seem to adopt some of the rootstock’s
characteristics; for example, the red-leafed Garnem contains more anthocyanins in its
tissues than in green-leafed GF677 [38]. The mechanism of this influence is unknown,
but growth regulators such as auxin may play a role. Several studies have established
the impact of rootstock on the biochemical composition of the scion of several spe-
cies, including almond [96] and grapevine [63]. The photo-protective importance of
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anthocyanins against photo-oxidation during salinity stress was highlighted by Zrig
et al. [43] in Garnem rootstock, overall antioxidant activity was favorably related

to carotenoid and anthocyanin concentrations rather than polyamines. Mazzetto/
Garnem plants appear to exhibit the most efficient photoprotective mechanism,
which require carotenoids and anthocyanins, as well as more osmoprotectants in the
form of proline and soluble sugars. Mazzetto/antioxidant GF677’s effect appears to be
mostly due to polyphenols and spermidine, both of which were abundant in its leaves.

5. Impact of scion/rootstock reciprocal effects

Rootstock-scion have the capacity to influence tree physiology in several ways, as
the relationships between rootstocks and scions are both vast and complex. The scion
assimilates the carbohydrates and translocates them, along with the hormones, to the
root system. While the root system can also provide hormones for the scion, as well
as water and nutrients absorbed from the soil [97]. Numerous research studies have
been done to better understand how rootstock and scion interact to produce traits such
as modest tree stature and precocity. Further studies have described a main effect of
the rootstock and its proficiency to exhibit consistency of growth to the scion, while
the scion showed influence in determining tree weight. Physiological research on
rootstock-scion interactions revealed a complex relationship that differed depending
on the rootstock and scion varieties used [23]. Despite the fact that scion genotype has
a dominant effect on most agronomic variables, rootstock-scion-environment inter-
actions introduce new sources of genotypic and phenotypic diversity into the crop.
Hydraulic and chemical impulses pass through the xylem and phloem to cause these
interactions. Although maximizing crop productivity requires the leaves to obtain an
appropriate supply of water and mineral nutrients from the root system via the xylem,
integrated plasticity also requires long-distance communication, in which tiny organic
molecules play an important role [1]. The xylem and phloem, two plant vascular
systems, conduct cross talk between the above and below graft components under
normal conditions. Under salt stress, plants accumulate many osmoregulators such
as amino acids, carbohydrate, organic acids, and enhance mineral uptake, all these
compounds abound in phloem sap, which includes both o