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ABSTRACT
This study was carried out with an aim of evaluation of performance of Hassawi peach rootstocks and
testing their variance towards salinity stress thus to find out a quick effective modern technique for
their reculture and re-propagation again in the region. Eight different concentrations of sodium
chloride (NaCl) that represent progressive gradual levels of salinity were used to investigate
tolerability of the explants towards variant levels of salinity stress. Thus to evaluate the performance
of these Hassawi peach rootstocks (peach, plum [ghwj], and almond). Date and results declared the
general superiority of bitter almond to the other rootstocks, as it vitally survived and tolerated salinity
to 3500 ppm NaCl, followed by peach that tolerated salinity to 2500 ppm, and eventually ghwj that just
survived with maximum tolerance of 2000 ppm of NaCl. The study recommends to count on bitter
almond as a salinity tolerant rootstock followed by peach for grafting Hassawi peach rootstocks for its
regeneration again in Al-Ahsa oasis, and to exclude plum rootstock because of its low salinity tolerance
besides its very low harmonization with peach that negatively affect grafting process.
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INTRODUCTION

Al-Ahsa oasis is one of the most important
agricultural regions in Saudi Arabia because of
its characteristic variant natural water
resources represented by many wells and
springs (14). But because of the misuse of
these resources and the unsafe exhaustion of
groundwater, water level has decreased that
led to draught of more than 30 springs and
wells in it (5). In addition to, the
environmental changes that predominantly
took place in the region like raise of
temperature and humidity has also led to
increasing the salinity stress and drought
spread of some diseases and insects and
impairment of most of farms and distinction of
previously famous for plants like peach, plum
and almond (25). Salinity is generally one of
the most important agricultural problems that
obstructs farmer. It is the main determinant
factor of plants growth in the deserts (25% of
earth) specially if associated with high
temperature or low water content, as salt
concentration increases in the soil because of
few rains and water loos through evaporation
and transpiration (22). Despites the low
aquatic need of peach as it can be cultivated at
desserts depending on rains water (25), it is
sensitive towards salinity as it can’t be
cultured on land salt, or alkaline, or
waterlogged (33). After the initial study of the
current situation (circumstances), it turns out
the distinction of Hassawi peach rootstocks
and its in capability of surviving with the
environmental changes that took place at Al-
Ahsa like salinity stress. This study concluded
three approaches; Frist: Enumerate Hassawi
peach rootstocks in the region, Second: In
vitro re-culture of them, and third: Study the
effect of salinity stress on them by adding
gradual concentrations of NaCl. The irrigation
and drainage authority of Al-Ahsa region has
classified the area into ten agricultural sectors
according to salinity and water content
(availability) of each sector. Generally, the
total salinity of Al-Ahsa oasis ranges from 1.2

— 9.7 gm/l. besides, that the sources of
irrigation water has been restricted to wells
water treated sewage and agricultural drainage
(4). Al-Omran region represents the 10™ sector
according the classification as its total salinity
ranges from 1000- 3744 ppm ie 2.3- 6.1
mmoh/cm = 29-68 MPa (13, 4). In addition,
that peach can handle soil salinity to 1100 ppm
and water salinity to 800 ppm (33). This study
is aiming to find out a scientific practical
solution to overcome salinity induced Hassawi
peach rootstocks extinction by using tissue
culture technique for in vitro regeneration and
propagation of these rootstocks. It is designed
to evaluate their salinity tolerance and
surviving ability to match the predominant
environmental conditions of the region and
subsequently to count on the superior one as a
rootstock for peach grafting and recultured on
Al-Ahsa oasis.

MATERIALS AND METHODS

Explant sterilization and culture: Fresh 20-30
cm shoots were collected from studied trees
under study (peach, plum [ghog] and almond)
grown at local farm of Al-Omran region Al-
Ahsa during spring March. After removing the
branches and leaves and getting the side buds
and the shoots tips primary sterilization was
directly done on the explants according to
(30), by applying 30% Clorox for 30 min then
70% ethyl alcohol for 3 min. All sterilized
explants were dissolved in an antioxidant
solution at 0.1 g/l of both citric and ascorbic
acids and transferred into culture cabinets.
Side buds and shoot tips were cut at 1-2 ml
long and cultured on primary medium, then
incubated in growth room at temperature of
2542 °C and light intensity of 2000 lux for
illumination period of 8:16 hr.

Culture medium composition

culture media recommended by (30) shown at
Table 1 from their ex-study concerning in vitro
Hassawi peach propagation were used in this
study with putting into consideration renewing
media every one month to transfer explants on
it.

Table 1. Culture medium constitution for Hassawi peach regeneration protocol in vitro

growing stages

Salts Strength (MS)

Composition medium (mg 17)

Growth regulators Organic Constituent's

1. Starting Full MS*
2. Multiplication Full MS
3. Rooting Half MS

0.1 IBA? + 2 BAP®
0.1 IBA +2BAP
0.5 IBA

100 Myo-Inositol + 100
Gibberellin + 30000 Suc. +
7000 Agar

1- MS = (19) & 2- IBA = Indole-3 -Butyric Acid & 3- BAP = 6-Benzylaminopurine
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Salinity stress impact

The study was designed that the three
rootstocks (peach, plum, and almond) are
subjected to variant levels of salinity stress by
adding gradual variant concentrations of NaCl

to the nutrient medium shown at Table 2.
Proline amino acid was also added to the
nutrient media in a concentration of 0.1 gm/l
to improve the efficacy and the salinity
tolerance of the explants.

Table 2. Gradient concentrations of NaCl to induce salinity stress on peach rootstocks.

Code Concentrations of Sodium Chloride (NaCl)
<28 w ) N1 N 2 N3 N4 N5 N 6 N7 N8
o & | Concentration
a ppm* 0.0 1000 1500 2000 2500 3000 3500 4000
g/l 0.0 1.00 1.50 2.00 2.50 3.00 3.50 4.00

*ppm = 0.03 Mpa =1 dsm = 1 mmhos/cm = 640 ppm.
Data showing salinity tolerance parameters of
in vitro cultured explants were recoded as each
treatment was represented by five replications
and each replication has three tubes.
Parameters showing salinity tolerance were as
the following:

1. No. of survived plantlets.

2. No. of shoots

3. Shoot length (cm)

4. No. of leaves (fresh leaflets)

Rooting stag: All the regenerated plantlets of
the three peach rootstocks (peach, plum, and
almond) were transferred to be cultured on
rooting medium that is half strengthened MS
medium in addition to adding IBA in a
concentration of 1.00 mg/l and other
components illustrated in Table 1.
Acclimatization stage

All the three rootstocks plantlets that formed
roots were subjected to unified acclimatization
process. As the well rooted, plantlets were
removed from the culture vessels. Then
thoroughly washed by water to get rid of the
residual traces of the nutrient medium, then
immersed in fungicidal solution (Bnlat) with a
concentration of 3 g/l. Then rewashed to
eliminate the fungicidal traces, then planted in
8 cm pots filled with artificial soil consisting
of equal volumes of peat moss, sand, and
vermiculite 1:1:1 (30). The potted plantlets
were covered with bags to maintain humidity
around the plantlets inside the green house for
one month. After one week the bags were
gradually opened to expose, the plantlets to
ambient conditions till the bags were
completely removed after one month. The
acclimatized plantlets were recultured on
bigger pots to start fertilization and gradual
irrigation for three months before being
planted in the field.

Statistical analysis: The experiment was
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designed according to randomized complete
design according to rootstocks, treatments and
replications. Data and measurements recorded
by using Excel for treatments and replications
then data were statically analyzed based on
analysis of variance wusing significance
difference of 5% using (M stat-c) statistical
analysis program according to (11).

RESULTS AND DISCUSSION

Figure 1 & 2 show the interactive effect
between variant peach rootstocks and the
concentrations of NaCl used to induce salinity
stress on the in vitro cultured explants. The
results showed significant differences between
rootstocks and NaCl concentrations. The
results also showed the superiority of bitter
almond rootstock to the other rootstocks
concerning salinity tolerance all over studied
parameters. Also, as shown at figure (1-a)
bitter almond achieved the highest means of
survived plantlets (1.67) at 3000 ppm followed
by peach and plum by (1.00) but at 2000 &
1500 ppm, respectively. Data also declared
that high salinity con concentration (3500-
4000 ppm) negatively affected plum plantlets
leading to its damage which indicates the
lower salinity tolerance of plum rootstock than
almond and peach as being the most
negatively affected rootstock by high salinity
stress. This may by attributed to its cultivar
according to (23). Concerning leaves Figure
(1-b), bitter almond achieved the best results
followed by peach and plum as it achieved the
highest mean of No. of shoots (3.67) followed
by peach by (3.33) but at NaCl concentration
of 2500 ppm, and finally plum with the lowest
mean of (1.67) but with a lower NaCl
concentration of 2000 ppm. While, the lowest
mean of No. of shoots (1.00) was with all
cultivars at high concentration of NaCl 4000
ppm that indicates the severe decrease in
growth and multiplication average under high
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concentration of NaCl (10, 17), as growth
decreases by increasing NaCl concentration in
leaves (3). In a like manner, concerning shoot
lengths Figure (1-c) bitter almond proved its
superiority to the other rootstocks by achieving
the highest mean of length (5.70 cm) at 2000
ppm, then plum and peach by 3.43 & 2.43 cm,
respectively at the same concentration.
Furthermore, it was obviously more salinity
tolerant till 3500 ppm as it attained higher
lengths with a mean of 4.17 cm. While plum
and peach couldn’t tolerate or survive at that
level of salinity and suffered from dwarfism by
length mean of (1.67 cm) at the same salinity
level. Likewise, data from Figure (1-d) showed
that bitter almond was the best concerning No.
of fresh leaflets under the same treatments
with a mean of 32.67 at 2500 ppm, followed
by peach then plum with means of 30.33 and

21.33, under the same level of salinity stress.
Generally, data showed significant interactive
effect between the gradual concentrations of
salinity on all studied rootstocks. Ghog was
the least salinity stress tolerant levels, which
led to leaves burning as a clear indication of its
low salt tolerability (29). The variance of salt
tolerance degrees by different plants is
attributed to the plant type and cultivar (23).
As well, the good shoot growth and resistant
brown spots and burns on leaves of almond
under high salinity stress are indications of its
high salinity tolerance (29). The low growth
and development rates are due to NaCl effect
on water content of plantlets and to the
resultant high osmotic pressure, which
negatively affect the No. and size of plantlets
and lowers cells fission and elongation, rates
(16).

, a. Plantlets Survival Per Culture —o— Peach
Plum
15 1.67 1.67
33 1.33 1:33 1.33
1 1 rre 1 1
08 *—0-77 N
0 0
0 1000 1500 2000 2500 3000 3500 4000
Salinity tolerance - Na CL (ppm)
b. Number of Shoot
4 —o— Peach
ggg Plum
3 /jA
.67
2 2 - AN
41870167 167 M&g\
1 133 133 $:33 13 1.33 ,
0
0 1000 1500 2000 2500 3000 3500 4000
Salinity tolerance - Na Cl. (ppm)
¢. Shoots of Length (cm)
6 —4— Peach
5.67
5 5 Plum
4.33 A 417
4 - i Almonds
3 =293 = : g 303 N
5 e {a— 233 2.43 \
167 A
1 58
0 &
0 1000 1500 2000 2500 3000 3500 4000
Salinity tolerance - Na CL (ppm)
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d. Number of fresh leaflets
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Figure 1. the interactive effect between NaCl concentrations that induce salinity stress on Hassawi
peach rootstocks under study; a- No. of survived plantlets, b- No. of shoots, c- Shoot length (cm), and

d- No. of fresh leaflets.

N8

N7

Figure 2. The gradual effect of NaCl to induce salinity stress on in vitro Hassawi peach rootstocks.
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On another side, it has been noticed that
rooting started after three weeks from culture
on rooting medium that is confirmed by (26),
for all the three peach rootstocks as shown on
Table 3, recording 85.77 % rooting percent.
Butter almond achieved the highest mean of
roots No. (6.70), and highest mean of root
length (7.30 cm). As well, the maximum
achieved plantlets elongation mean (7.80 cm)
followed by peach with the following means;
No. of roots (5.40), root length (6.80 cm), and
plantlets elongation (7.60 cm). Eventually,
plum with the following means; No. of roots
(4.10), root length (5.30 cm), and plantlets
elongation (5.90 cm). It has been noticed that
the half strengthened MS medium (2.2 gm/l)
enhanced rooting of deciduous plants as peach,

almond and plum by stimulating the plants to
look for nutrients through rooting that agreed
with the ex-studies (21, 2, 1, 32, 30). The
former studies also confirmed that 2 MS
medium achieved best results of rooting
concerning number, lengths and plantlets
elongation during in vitro peach rooting stage
(12, 30). An artificial soil has been used for
plantlets acclimatization that is consisted of
peat moss, vermiculite, sand with equal ratios,
growth was normal, and there were no plant
abnormalities or deformities in plants cultured
on green house for 60 days. This mixture
proved to be efficient for acclimatization
process of many deciduous plants like peach
(30), almond (34, 27) and plum (15).

Table 3. Number, lengths and elongation of in vitro peach rootstocks cultured plantlets during
rooting stage the success percentage of acclimatization stage in green house

Parameters No. roots Root lengths- cm Elongation of Success percentage
(means) (means) plantlets - cm of acclimatization
Rootstocks (means) (%)
Almonds 6.70 7.30 7.80 91.20
Peach 5.40 6.80 7.60 88.70
Plum (Ghog) 4.10 5.30 5.90 77.40

From all of the above, all the results of this
study agree with the previous studies
concerning that almond rootstock was more
salinity tolerant than plum and peach that are
known of their sensitivity towards salinity that
doesn’t exceed 1100 ppm (33). Salinity stress
is considered one of the important obstacles
that generally hinders agriculture because of
its high impact on most of components inside
plant cells like reduction of nuclear acids,
carbohydrates and proteins (16, 17). Also,
severe reduction of growth and multiplication
ratio (10), besides impairing absorption of
some nutritive elements from the medium as
phosphorous, magnesium, ferrous, manganese,
capper, and K'/Na" ratio. It also, increases
other components (elements) like proline,
potassium, sodium, calcium and =zinc a
compound resulted from metabolism of fatty
acids inside moldy rotting tissues (28). In
addition, to enhancing activation of peroxidase
enzyme that contains cupper which results in
oxidation and browning of plant tissues (31).
Thence, proline as an amino acid was added to
the nutrient medium as recommended by (30)
for prophylaxis to increase the efficacy and
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durability of plantlets towards salinity stress
(17). It was added with the optimum
concentration 0.1gm/l as recommended by the
previous (23, 17). As proline is an antioxidant
and it helps adjusting the osmotic pressure and
pH of cells cytoplasm (8), thus it can protect
the cellular protein and enzyme from being
metabolized and subsequently helps cell
survive (16, 24). Generally, proline reduce the
harmful effects of ammonium and other
poisonous components resulted from salinity
stress. As well, it retains carbon and nitrogen
necessary for growth, in addition to elevation
of NaCl levels inside plants, which promotes
water absorption that reduces the negative
effects of salinity stress (8). Proline is also,
considered as one of the most defensive
proteins that enhance the tolerability of plant
towards salinity like amides and fluoridone (6,
20). It is also, characterized by its adaptive
characters to hard conditions and by being a
good growth activator that result in delaying
aging of plants (10). It is generally, known that
MS medium is characterized by its calcium
and potassium content that reduces the NaCl
negative effects on the explant because of
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potassium accumulation inside its cells, that
enhances growth and salinity tolerance besides
achieving balance between Na, K & Ca that
helps adjusting pH of the nutrient medium (7).
Besides that presence of myoinositol in
association with proline in the nutrient
medium increases, salinity tolerance as proline
moves to leaves and roots which sustains
growth rate under stress (24). Tissue culture
technique can be used to overcome the
bothering problems and it could be used to
evaluate the salinity tolerance variance
between the variant peach rootstocks and to
reculture it after getting rid of the problem
(20). Evaluation and selection of rootstocks is
carried out by gradual salinity induction to
mimic nature as salinity stress increases
gradually till reaching the harmful levels at the
end. It is necessary for plants to have
morphological or physiological mechanisms to
survive under salinity stress hard conditions
(3, 6). Great attention should be paid to
overcome Hassawi peach rootstock extinction
due to many different reasons including rare
rains or low water resources or invalid
resources because their high content of salt
due to their combination with agricultural
drainages as (5). They recommended to pay a
greet attention for continuous washing of salts
in case of irrigation with this type of water in
Al-Ahsa specially for salinity sensitive plants
or to cultivate a substituent salinity tolerant
ones. Researchers exert continuous efforts to
overcome salinity problem to get the best use
of saline water and soil for agriculture of
economically important salinity tolerant
plants. Variant methods are used to increase
salinity tolerance that can be classified into:

1) physiological methods: by using botanical
growth regulators like abscisic acid (ABA)
that close stomata and reduce stomatic
delivery to the shoots, or by adding indol
acetic acid (IAA) that on contrarily open
stomata and reduce water loss of plants (18),
or by adding kinetin or espermen that elevate
salinity resistance of plants (6).

2) Biological methods: by adding salinity
resistive bacteria to the soil like Halo tolerance
bacteria that lives in seas and saline soils (9).
3) Biotechnological methods: by using tissue
culture technique or genetic engineering to
produce new salinity tolerant cloning or by
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transplanting salinity resistant genes from a
resistant plant to a sensitive one.

The study recommends to count on bitter
almond as a rootstock on which Hassawi
peach can be grafted for its recultured and
respread on Al-Ahsa region followed by peach
rootstock. The study also excluded plum as a
rootstock because of its inability to survive
under high levels of salinity besides its very
weak adhesion to peach which extremtly limits
success of the process. Also recommended to
support  biotechnological researches like
genetic engineering, genes transplantation and
micro grafting concerning conserving genetic
rootstocks of Kingdom Saudi Arabia (KSA) in
general and Al-Ahsa in particular.
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