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Abstract:

This review characterizes, identifies and presents remarks of breeding rootstocks
in Palestine. It’s based upon a survey of the rootstocks that have been used along
decades of breeding and grafting of local and introduced cultivars. All for
acclimatization for hard conditions that confront fruit trees. It also proposes some
expected promising rootstocks that might suit the climate change and whatever
affected by it of biotic and abiotic stresses in the area. Obviously, this review
discusses the advantages of the current confirmed rootstocks that are compatible
with most of the species of the popular trees. It also pointed out to inadequate
rootstocks that have been used before. In fact, many of these rootstocks still exist,
however the elimination of the other rootstocks refers to different reasons either
to the environmental conditions or the incompatibility with the preferred

cultivars.
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Introduction:

Fruit trees constitute the bulk portion of the Palestinian agriculture in terms of
area covered and economical returns. The total agricultural area is about 1,2
million dunum; of which 60% are cultivated with fruit trees (PCBS, 2018).
Although Palestine is a small country, it has a wide range of agro-ecological
concerns and hosts a large variety of plants (Ighbareyeh et al., 2014; ARIJ,
2015), including fruit trees. This variation is mainly related to its location
between the continents Asia, Europe, and Africa, and between the eastern
Mediterranean Sea, Red Sea, Dead Sea, and Jordan River. In addition, to its
geographical location and the wide range of its elevations which range between
430 m below the sea level up to 1100 above the sea level. Such situation allowed
the Palestinian farmers to grow varied-range of fruit crops; in which temperate,

sub-tropical and tropical fruit trees exist.

Until 1970th, the majority of fruit trees were vegetatively propagated and trees

were grown on their own roots. However, due to different biotic and abiotic
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factors, there were necessities to introduce new approach of breeding depending
on using rootstocks that adapted to non-suitable factor for the scion cultivation.
The partners (scion and rootstock) in the new combination must have some
degree of botanical relationship, the closer is the better (McMahon et al., 2007).
Though, choosing the proper and most compatible rootstocks will give the scion
the best chance to survive, produce good economical yields, and guarantee
sustainable orchards.

Generally, rootstocks are used to modify form or stature, adapt to a variety of
soil, fit in an incompatible climate, impart or resist disease to the scion, increase
production, hasten maturity of crop, change the colour of the fruit, affect the
flavour of the fruit, shorten life of the tree, increase the size of the fruit, develop
vigour, effect salt tolerance and influence storage capacity (Usha et al., 2015).
However, during the last decades, drought as a direct result of global and
regional climate change (Basheer-Salimia and Sayara, 2017), seems to be the
most devastating stress affecting the overall Palestinian agriculture including
fruit trees with no exception. In fact, detectable climate change has been
observed as lower average precipitation rate, more marked changes in the
distribution of precipitation from one year to the next, with winter getting shorter
and extensive (Basheer-Salimia and Ward, 2014). Unfortunately, a worst climate
change scenario is expected to get more pronounced in the future. According to a
realistic emissions scenario for the region, the Intergovernmental Panel on
Climate Change (IPCC) predicts that warming over the 21st century will be
larger than global annual mean warming — ranging between 2.2-5.1°C (Collins, et
al., 2013). Furthermore, annual precipitation rates are expected to decrease by
10% by 2020, and are expected to decline by 20% by 2050 — with an increased

risk of summer droughts in the region.

To cope with such change, breeding rootstocks for fruit trees might be one of the
main options toward overcoming the current as well as the future forecast harsh

drought conditions.
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Despite the economic, nutrition and social importance of fruit trees sector in
Palestine, there has been little courtesy and studies for breeding fruit trees
rootstocks. This review screens, identifies and presents remarks of the current
used rootstocks of fruit trees (including olive, grape, cherry, peach and nectarine,
apricot, plum, almond, apple, pear, and citrus), as well as propose some
promising rootstocks that might suit the future climate change scenarios in
Palestine.

1. Olive rootstocks:

Olive (Olea europea L.) is the main horticulture crop in Palestine compromising
about 60% from the total area’s devoted to fruit trees (PCBS, 2013). In the past,
plants were vegetatively propagated using cuttings or suckers. Lately, the method
of grafting seedlings was introduced and this technique is still used for olive
propagation. Commercially, the interested scion is grafted on one to two year’s
old seedlings obtained from wild-olive stones or from stones of local cultivars
(mainly from Roomi, Nabali and Souri cultivars). Indeed, these rootstocks found
to improve the tolerance of the resulting plant to adverse environmental
conditions (Hussain et al., 2016), via enhancing different defense adaptation
strategies including plant-water relations, nutrient uptake, carbon assimilation,
canopy dimension, oxidative pathways, phenology and reproduction processes
(Bacelar et al., 2006; Bacelar et al., 2007; Farooq et al., 2009; Petridis et al.,
2012; Stocker et al., 2013; Brito et al., 2018; and 10C 2019). Therefore,
developing grafting approach technique for olive tree varieties is highly
important to withstand these stresses (severe summer conditions, excessive heat
load, high daily irradiance, and low winter rainfall and precipitations), that
characterize the Mediterranean region in the latest decades (Brito et al., 2019)
including Palestine with no exception. Such condition is leading to higher
evaporative demand and decreased soil water availability affecting thereby the

overall olive cultivation, yield and quality.
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2. Grape rootstocks:

Grape (Vitis vinifera L.) is the second most important fruit crop in terms of both
area covered as well as economical returns (Basheer-Salimia and Hamdan
2009a). Until 1980, Palestinian grapes were clonally propagated on their own
roots mainly by cutting. Due to phylloxera infestation Daktulosphaira vitifoliae,
and its severe damage on grapevines; five American rootstocks resistant to grape
phylloxera were chosen and accordingly introduced including Rugerri-140,
Paulsen-1103, Richter-110, 216/3, and B41 (Table 1).

Table 1. Main characteristics of the current grapevine rootstocks in

Palestine.

Rootstocks\ Drought Phylloxera Salinity
Characters Resistance Resistance Resistance
Ruggeri-140 High High Med.-High
Paulsen-1103 High High Med.
Richter-110 Very High High Med.

B41 Med.-High Susceptible High
216/3 Med.-High High Med.

However, choosing the right scion/rootstock combination is the main challenge
due to numerous available local cultivars and the introduced rootstocks,
especially in predicting how the scion and the rootstock genotype will interact in
the future (Cus, 2004; Serra et al., 2014). Based on the results accomplished
lately (Basheer-Salimia and Hamdan 2009a,b; Hamdan and Basheer-Salimia
2010), the best combinations (scions * rootstocks) were presented (Table 2), in
which those revealed high successful percentage are considered as a compatible
grafting. In fact, further research is needed for more information about the effect

of compatibility on yield and quality.
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Table 2: Successful percentage of grafted plants after five months in

nursery.

American Rootstocks
Local Richter- | Paulsen- | Ruggery- | B-41 216/3
Cultivars 110 1103 140
Halawani 100% 95% 85% 80% 85%
Halawani- 79% 60% 79% 60% 80%
Baladi
Red-Romi 25% 20% 10% 45% 5%
Beitoni 45% 55% 45% 35% 50%
Darawishi 30% 20% 30% 90% 5%
Hamadani- 45% 60% 0% 5% 40%
Faranse
Masri 100% 100% 95% 95% 80%
Shami 100% 90% 85% 90% 90%
Beiroti 45% 25% 60% 70% 30%
Dabogi 50% 25% 35% 65% 20%
Fhesi 100% 80% 80% 90% 80%
Hamdani- 20% 35% 45% 40% 35%
Baladi
Jandali 100% 20% 50% 65% 45%
White-Romi 55% 20% 85% 80% 85%
Zeiny 35% 40% 40% 35% 45%

In addition to phylloxera problem, and in light of the unpromising future climate
changes scenarios, it is crucial to introduce drought-tolerant grapevine cultivars
in which grafting is an interesting approach. Based on the literature, it is
recommended to use Richter-110 as a promising rootstock for grape-vine
cultivation in Palestine since it reveals very-high resistance to drought in similar

climate (Yildirnm et al.,, 2018). Indeed, over many other rootstocks, this
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rootstock imposed different adaptation mechanisms to drought stress including
enforce alteration of root system architecture, enhance root relative water
content, improve total carbohydrate and nitrogen content, and finally induct sugar
and protein transporters genes (SWEET and NRT1/PTR) in the roots of Richter-
110 to facilitate carbohydrate and nitrogen accumulation (Comas et al., 2013;
Barrios-Masias et al., 2015; Yildirnm, 2017; Yildirnrm et al., 2018). This
phenotypic and genotypic information’s might explain the superiority of Richter-

110 as a promising drought resistance rootstock.
3. Stone-fruit rootstocks:

Stone fruits namely stone because the seed is protected by a rigid stone called the
endocarp. The stone fruit is a species that belongs to the genus Prunus and it

commonly includes cherry, peach and nectarine, apricot, plum and almond.
3.1. Cherry rootstocks:

Cultivation and production of cherry (Prunus avium L), is still restricted to the
southern region of West-Bank, especially Hebron and Bethlehem areas mainly
due the available chilling requirements. To date, mahaleb, mazzard, and bitter
almond seedlings are used as rootstocks for both sweet and sour cherry (Table 3),
in which bitter almond is extensively used over the others. Based on the
Palestinian farmers and nurseries experiences (Al-Wadi and Al-sabe’h, 2017,
Personal communication), better almond is highly recommended probably due to
its high compatibility for most of cherries cultivars, tolerant to lime soils, and
tolerant to drought. Another rootstock namely colt also existed, but it dis-

appeared mostly due to its high susceptibility to drought.
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Table 3. Main characteristics of cherry rootstocks in Palestine.

Rootstocks

Main Characteristics

Mabhaleb

More drought tolerant than mazzard, slightly dwarfing,
induces early
and heavy bearing, not tolerant of wet soils, resists crown
gall, bacterial

canker, and some nematodes.

Mazzard

Medium drought tolerant, vigorous, does well in a wide
range of

soils, more tolerant in wet soils than mahaleb (but good
drainage

still required), resists root-knot nematode, moderately
resistant to oak

root fungus, susceptible to crown gall, bacterial canker
and

root-lesion nematode.

Bitter Almond

Drought tolerant, lime tolerant, available and cheap,

(seed) susceptible to

nematode, grown gall and phytophtora.
Colt Not available, susceptible to drought and crown gall,
(cutting) resistant to

phytophtora, resistant to bacterial cankers, and resistant to

cherry stem-pitting.

3.2. Peach and nectarine rootstocks:

Peaches and nectarines (Prunus persica L.) are principally produced by grafting

the selected varieties onto rootstocks. These rootstocks are generally divided into

three groups including wild types peach and nectarines (most common),

seedlings, and rootstocks bred for rootstock purposes (Layne, 1987; Zheng et al.,

https://digitalcommons.aaru.edu.jo/hujr_a/vol9/iss1/2
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2014). A major problem with wild peaches to be used as rootstocks is their high
genetic variability and lack of uniformity in the nursery as well as in the field
(Rakonjac et al, 2016). Lately, large numbers of rootstocks were used (GF677,
barrier, nemaguard, M29, bitter almond, etc), which have shown a wide range of
resistance to pests and diseases, tolerance to different edaphic conditions and to
their influence on tree physiology (Malcom, 2004; Yagci et al., 2019). Among all
these rootstocks, bitter almonds is dominant and outstanding and still the only
used rootstock in Palestine probably due to its availability, low price, and its
resistance to drought which characterize the region lately.

3.3. Apricot rootstocks:

Comparing with other stone-fruits, apricot (Prunus armeniaca) cultivation and
production is cruelly restricted by climatic conditions (Faust et al., 2011);
accordingly their rootstocks are also differing in their response to ecological
conditions. For instance’ Prunus domestica and Prunus cerasifera are the best
options for cold areas, whereas Myrobalan rootstock is highly adapted to extreme
soil pH. In addition, they differ in their response to pests and disease such as
phytophthora, crown gall and oak fruit fungus (Rom, 1991). Today, most apricots
cultivars are grafted on bitter almond, local apricot (Prunus armeniaca), Mahaleb,
and Myrobalan-GF81 (Table 4).

Table 4: Summery of the main characteristics of some stone-fruit rootstocks

in Palestine.
Crop Rootstocks | Rootstock Characteristics
Availability | Response Response to | Propagation | Special
to pests stress method characteri
stics
Apricot Bitter Available S to root knot T to drought | seeds Incompatib
almond nematode, T to lime. le
crown with
gall and Mestikawi
phytophthora. cv.
Compatible
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with
Prunus
armeniaca.
Local Available Seeds Highly
apricot compatible
(Prunus with most
armeniaca) of apricot
cultivars
especially
Mestikawi.
Early
bearing of
grafted
cultivars.
Strong
vigor.
Mahaleb Not Rtorootknot | Rtodrought | Propagated Low
Auvailable nematode by seed. compatibili
Low suckers | ty
productivity. | with local
apricot
cultivars.
Myrobalan Not R to bacterial T to lime. Propagated -
GF81 Available cankers. T to drought. | by seed.
Moderately R High suckers
to crown gall. productivity.
Very Sto
phytophthora
S to oak fruit
fungus.
Plum Bitter Auvailable S to root knot Tto seed Tto
almond nematode, calcareous drought.
crown gall and | soil. Late fruit
phytophthora. S to wet soil. bearing.
Myrobalan | Available R to root knot R to
GF31 nematode drought.
Prunus
cerasifera
Almond Bitter Available S to root knot Tto Tto
almond nematode, calcareous drought.
crown soil. Late fruit
gall and S to wet soil. bearing
phytophthora.
GF677 Available R to root knot Sto Propagated
nematode. Calcareous by
Storing soil. seed.
nematode S to wet soil. Tto
and bacterial drought
canker. Early fruit
bearing

R: Resistant; S: Susceptible, and T: Tolerant.
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However, the main concern is the grafting incompatibility which clearly
appeared with apricot. In fact, observations showed difficulty in full growth and
stability of the local apricot trees that is grafted on the un-local species. For
example, Mestikawi as one of the highly desired apricot cultivar in Palestine is
not compatible with bitter almond; however other cultivars are highly unified
with it. Based on these observations, bitter almond is used as a successful
rootstock for all local apricot cultivars except mestikawi which grafted on local
apricot seedlings. Meanwhile, Myrobalan and Mahaleb failed to resume their

availability since they are neither compatible nor suits our environment.
3.4. Plum rootstocks:

European plum (Prunus domestica) is known as the main local plum cultivar;
however the leading available rootstocks are bitter almond and Myrobalan
(GF31). These two rootstocks found to be feasible with the local plum cultivar
since they revealed somehow a wide range of adaptability, tolerate the hard
growth conditions, and are tolerant to a wide range of soil types. Other rootstocks
were also introduced such as Mariana, Okinawa, and GF-677; but they soon dis-
appeared due to incompatibility and un-acclimatization reasons. Due to drought
conditions and lack of winter chilling to break dormancy in warm years, bitter

almond might be the proper rootstock for breeding plums in Palestine.
3.5. Almond Rootstocks:

Almond (Prunus amygdalus) is the leading stone-fruits in terms of economical
and production areas. Bitter almond and GF677 are the only used rootstocks in

Palestine for different almond cultivars (Table 4).
4. Pomes rootstocks:

4.1. Apple (Malus pumila) rootstocks:

Published by Arab Journals Platform, 2020

11



on University Research Journal-A (Natural Sciences) - (2222 72222 20722 227702-2 (227722 72722722, Vol. 9 [2020], Iss. 1, /

Rezq salimia, et al., Breeding rootstocks for fruit trees ... .., H.U.R.J, Vol. (9), 2020 22

Generally, standard apple trees were produced by grafting the desired cultivar on
one-two year’s apple seedlings that comes from apple seeds (Hamed, et al., 2007,
Shatat et al., 2007). Later on, mainly M9 and M27 (dwarfing rootstocks) and
MM106 (resistance to woolly apple aphid) were introduced. However due to
different biotic and abiotic factors as well as grafting incompatibility with our
local apple cultivars, most of these rootstocks were found to be not suitable and
thereby dis-appeared. Based on the apple grower’s experience, most nurseries
were limiting their apple rootstocks to the seedlings of quince and local apple
seeds (Table 5) which were found to be soundlessly suitable for our environment,

highly compatible with most desired cultivars, and presenting a good vigor.

Table 5: Summery of the main characteristics of pome-fruit rootstocks in

Palestine.
Crop | Rootstocks | Main characteristics
Availability | Size of Responses Bearing | Proper Special
tree to pests time soil Character-
and characters | ristics
diseases
Apple | Local Auvailable Standard | S to apple Late Well Strong
apple stem borer. drained vigor, high
(Malus soil compatibili
sylvestris) ty
with most
of
cultivars.
Quince Auvailable Semi- S to fire Early Sto Strong
(Cydonia dwarf blight alkaline vigor
oblonga) R to crown soil
gall T heavy
soils
T wet soils
Pear Local Auvailable Standard | R to crown Early Sto Cutting &
Quince gall alkalinity layering.
Tto Large size
flooding of fruits.
European Auvailable S to fire Tto Seeds
& blight drought
local pear

R: resistant; S: susceptible, and T: tolerant.
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4.2. Pear (Pyrus communis) rootstocks:

Similar to apple, local and European pears often grafted only onto quince
seedlings rootstock (Table 5). This limited option is mainly due to the failed
grafting (incompatibility) with the introduced rootstocks, weak tolerant to lime
and alkaline soils, and susceptibility to some major pathogens. Furthermore,
quince rootstocks found to be highly acclimatized with the existing harsh

ambient climatic conditions.
5. Citrus rootstocks:

Citrus is cultivated among wide range of coastal areas mainly in Tulkarm,
Qalgilia and Gaza cities. Due to series of biotic (tristeza, exocortez, root knot
nematode, root rot) and abiotic factors (drought, increasing soil lime and salinity,
frost), its plantation was significantly deducted (MOA, 2014). Toward this end,
different rootstocks were introduced and accordingly evaluated. Only Bitter
orange and Volca-meriana rootstocks found to be suitable for our conditions.
However, bitter orange is used more than VVolca-mariana because of its resistance

to frost and salinity (Table 6).

Table 6: Susceptibility of citrus rootstocks to different problems in Palestine.

Rootstock Availability | Root Root | Tristez | Exocortez Lime | Salinity | Frost
avirus in
disease of knot rot
Nema- soil
resistance rootstock tode
level
Bitter orange Auvailable S R S++ R R R T+

(Citrus auran-
tium)

Volkameriana | Available S R R R T S S

R: resistant; S: susceptible, and T: tolerant.
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Conclusions:

To cope with climate change and global warming prediction, the following
rootstocks are highly recommended for breeding fruit trees in Palestine: olive
seedlings from seeds for olive; Richter-110 from cutting for grapes; bitter almond
from seeds for cherry, peach, and nectarine; bitter almond or local apricot from
seeds for apricot; and bitter almond or Myrobalan (GF31) from seeds for plum;
and bitter almond from seeds for almond. Furthermore, quince and local apple
seedlings from seeds could be used for apple as well as quince rootstocks from
seeds for pear plants. In addition, bitter orange rootstock from seeds is suitable
for orange due to its resistance to drought, frost and salinity. Finally, the
reviewed rootstocks in this study may be useful and valuable material for any
future breeding programs in Palestine.
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