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The present study aims to reduce the adverse effects of salinity on growth and chemical characteristics
of one-year-old 'Anna' apple on 'Balady' apple rootstock budded seedlings by foliar application of natural
rosemary plant (Rosmarinus officinalis L.) extract (10 and 20%) comparing to recommended
concentrations of pure synthetic agents; ascorbic acid as an antioxidant or trehalose as an osmoprotectant. Water salinity (50 and 100 mM NaCl) negatively affected vegetative and root system growth
of 'Anna' apple seedlings. Reduction of growth parameters as affected by higher salinity (100 mM NaCl)
was accompanied with reduction of leaves pigment content. Lower concentration of rosemary extract
(10%) had more beneficial effects on plants grown under stress as compared with control. It was found
that rosemary leaf extract is rich in some antioxidants such as ascorbic acid, phenols and flavonoids.
Also, it contains a considerable trehalose content which contributes to internal trehalose induction in
both leaves and roots of apple seedlings under stress.
Keywords: Apple, Salinity, Rosmarinus officinalis L., Ascorbic acid, Trehalose, Antioxidant.

INTRODUCTION
Salinity has plagued agriculture development and
continuous to be a major constraint in crop
production around the world (Tuteja, 2007). Most
plants, especially fruit trees, are non-halophytes,
meaning that their tolerance to salt is relatively
low (Sudhir and Murthy, 2004). Apple (Malus
domestica Borkh) as one of the most valuable
horticultural fruit crops in the world is subjected to
severe salt stress in many areas (Xia et al., 2005;
Navarro et al., 2003). Up to now, the loss of apple
productivity caused by salt stress is still a major
concern (Yang et al., 2014). Generally, salinity
effects are the combined result of the complex
interaction
among
different
morphological,
physiological, and biochemical processes (Singh
and Chatrath, 2001). In addition, production of
reactive oxygen species (ROS) is also a major
damaging factor in plants exposed to salinity

stress (Aggarwal et al., 2012). Osmotic stress,
ion-toxicity, and oxidative stress, which cause
injury to plant cells, can be regulated by cell
osmotic adjustment "osmo-protectants", active
oxygen scavenging "antioxidants", and ion efflux
to reduce the injury resulting from salt stress
(Chinnusamy
et
al.,
2006).
Rosemary
(Rosmarinus officinalis L.) is one of the most
effective spices among the Lamiaceae family
commercially available for use as a natural source
of antioxidant (Okoh et al., 2011). It is an ancient
Mediterranean herb well cultivated in Egypt and
available all throughout the year. Rosemary
extract may be a good candidate for functional
foods as well as for pharmaceutical plant-based
products (Marschner, 1995 and Moreno et al.,
2006). The benefits ascribed to rosemary cannot
be unambiguously attributed to a single class of
compounds, but rather to the multiple contribution
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of its different bioactive compounds (Mena et al.,
2016). The present study aims to alleviate the
adverse effects of salinity on growth of 'Anna'
apple seedlings by using foliar application of
ascorbic acid as an antioxidant, trehalose as an
osmo-protectant and natural rosemary plant
extract.
MATERIALS AND METHODS
This study was conducted during 2015 and 2016
seasons at the orchard of Horticulture Research
Institute, Agricultural Research Center, Giza,
Egypt. One-year-old budded seedlings of Anna
apple on Balady apple rootstock were used as
plant experimental materials.
Rosemary aqueous extract (RAE)
One hundred grams of rosemary (Rosmarinus
officinalis L.) leaves were washed thoroughly
under running tap water followed by distilled water
and chopped with 200 ml distilled water (w/v) by
using a domestic blender for 1 min at average
speed. The mixture was macerated during 24 h at
+ 4ºC. After that, resulting extract was filtered
through double layered Whatman No.4 filter
paper. Dilutions were prepared (10 and 20%). The
extract was freshly prepared one day before its
foliar application (25 ml/plant). Sodium and
potassium of rosemary aqueous extract were
determined directly by using a flame photometer
where it contained 0.163% Na and 0.233% K. It
showed 39 and 55% antioxidant activity at 10 and
20%, respectively. The extract contained 0.212%
phenols and 0.058% flavonoids. Titrimetric
method (A.O.A.C., 1990) was used to assess
vitamin C content as ascorbic acid in rosemary
fresh samples which recorded 188.51 mg/100g,
while trehalose content was 16.22 mg/100g as it
determined using HPLC (Hewlett Packard, HP
1090 liquid chromatography).
Field experiment
A randomized complete block design was used
with three replicates. Each experimental unit
consisted of 5 pots, each containing one seedling.
Pots (35 x 50 cm) filled with sandy loam mixture
soil were planted in February and watered using
tap water till the mid of July. Salinity treatments
th
were started July 15 for two months in repetition
twice a week at 0.0, 50 and 100 mM of NaCl.
Foliar spraying treatments were done once every
week during the experiment period as follows:
Ascorbic acid (AsA); at 100 ppm; Trehalose
(1,1α-D glucopyranosyl α-Dglucopyranoside) at 5
mM; Rosemary Aqueous Extract (RAE) at 10 or

20%; Water treated control. Tween 20 was added
at 0.05% as a wetting agent. Growth parameters;
survival percentage, vegetative growth and root
th
system, were measured by September 15 , then
samples of leaves and roots were collected to be
used in further chemical analysis. The content of
total chlorophylls (chlorophyll a and chlorophyll b)
and total carotenoids were determined by by
Moussa and Abdul Jaleel (2011). Total phenolics
were analyzed by the method described by Swain
and Hillis (1959). Total flavonoids were
determined by the method of Zhuang et al.,
(1992). The antioxidant activity of plant methanol
extracts was determined by the method of Blois
(2002).The trehalose contents was determined
using HPLC. Trehalose extraction was carried out
according to Ferreira et al. (1997) and analyzed
by the method described by Čižmárilk et al.,
(2004).
Statistical analysis.
Obtained data were statistically analyzed
according to Snedecor and Cochran (1989) and
significant difference was determined using L.S.D.
values at P = 0.05.
RESULTS
Survival percentage
Lower concentration of NaCl (50 mM) didn't
affect survival percentage of apple seedlings
regardless of spraying treatments as compared to
those irrigated using tap water (Figure 1). Only
33.3 and 22.2% of control apple seedlings during
first and second seasons, respectively survived
when irrigated with 100 mM NaCl solution, with no
significant reduction with any of spraying
treatments during both experimental seasons.
Vegetative growth
Irrigation of apple seedlings using 50 mM
NaCl solution didn't significantly affect emergence
of new shoots neither in average as compared to
tap irrigation water nor between spraying
treatments when 50 mM NaCl was used (Table 1).
When salinity of irrigation water was elevated up
to 100 mM NaCl, ability of control seedlings to
produce new shoots was drastically reduced by
76.43 and 79.57% of tap water irrigated ones in
first and second seasons, respectively. All
spraying treatments positively affected emergence
of new shoots under highest level of saline
irrigation water (100 mM NaCl), most beneficial
effect was observed with 10% RAE recording
66.67 and 69.65% for first and second seasons,
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respectively which emulate normal level (67%)

2nd season

1st season
100

Control

100

Control

Trehalose

60

10% RAE
20% RAE

40

Survival (%)

Survival (%)

80

AsA

80

AsA
Trehalose

60

10% RAE
20% RAE

40
20

20

0

0
0

50

0

100

NaCl conc. (mM)
L.S.D. 5%

50

100

NaCl conc. (mM)

NaCl 8.428
Treatments 10.880
Interaction 18.845

L.S.D. 5%

NaCl 5.344
Treatments 6.899
Interaction 11.949

Figure (1). Effect of irrigation with saline water on survival percentage of apple seedlings as
affected by different growth stimulators as a foliar application.
Table (1). Vegetative growth of apple seedlings grown under saline conditions of irrigation as
affected by different growth stimulators as a foliar application.
New shoots (%)

100
15.79
64.78
56.67
66.67
46.88
50.16

100
13.69
62.65
56.15
69.65
46.88
49.80

Second season
NaCl (mM)
Mean
0
44.67
99.38
63.03
97.90
70.02
96.40
61.78
96.65
52.52
94.74
97.01

Treatments
0
67.00
62.70
80.20
57.50
53.12
64.10

Control
AsA
Trehalose
10% RAE
20% RAE
Mean
L.S.D. 5%

NaCl
Treatments
Interaction

50
52.93
62.25
65.36
57.64
58.55
59.35
7.099
9.165
15.873

Treatments
0
67.00
61.31
85.15
56.67
53.12
64.65

Control
AsA
Trehalose
10% RAE
20% RAE
Mean
L.S.D. 5%

NaCl
Treatments
Interaction

Green leaves (%)
First season
NaCl (mM)
Mean
0
45.24
99.58
63.24
97.71
67.41
96.74
60.60
95.53
52.85
96.21
97.16

50
53.34
65.14
68.76
59.03
57.56
60.76
7.559
9.759
16.903
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50
100
57.24
21.08
64.76
34.21
70.16
34.25
90.61
55.96
83.58
55.90
73.27
40.28
7.234
9.340
16.177

Mean
59.30
65.56
67.05
80.70
78.56

50
100
55.71
21.62
62.80
37.77
66.85
36.15
87.84
53.14
80.81
52.25
70.80
40.18
9.608
12.404
21.485

Mean
58.90
66.15
66.47
79.21
75.93
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Table (2). Root system growth of apple seedlings grown under saline conditions of irrigation as
affected by different growth stimulators as a foliar application.
Number of roots
Treatments
Control
AsA
Trehalose
10% RAE
20% RAE
Mean
L.S.D. 5%

50
100
20
7
13
13
13
10
28
17
16
10
18.0
11.4
1.304
1.683
2.915

0
20
20
22
29
14
21.0

50
100
20
8
18
14
18
14
25
18
16
12
19.4
13.2
1.605
2.072
3.589

NaCl
Treatments
Interaction

Treatments
Control
AsA
Trehalose
10% RAE
20% RAE
Mean
L.S.D. 5%

0
18
20
24
34
13
21.8

NaCl
Treatments
Interaction

Percentage of green leaves gradually decreased
as affected by increasing NaCl concentration in
irrigation water (Table 1). Foliar application using
both concentrations of rosemary aqueous extract
enhanced percentage of green leaves under both
levels of saline irrigation water as compared to
control. In general, trehalose effectively increased
new shoots throughout the two seasons of study,
while rosemary was the most noticeable on
keeping green leaves.
Root system growth
Generally, increasing concentration of NaCl in
irrigation water negatively affected number of
roots (Table 2). Data of roots number clearly
revealed that, foliar application of 10% rosemary
aqueous extract gave the highest number of roots
under normal conditions recording 34 and 29 as
well as under saline conditions of lower NaCl
concentration at 50 mM (28 and 25) and higher
NaCl concentration at 100 mM (17 and 18 for first
and second seasons, respectively).
Concerning root length, longest roots under
severe salinity (100 mM NaCl) were observed by
seedlings sprayed with 100 ppm ascorbic acid, 5
mM trehalose or 10% rosemary aqueous extract
recording 33, 33 and 31 cm in first season,
respectively and 31, 33 and 31 cm for second

Average length of roots (cm)
First season
NaCl (mM)
Mean
0
50
100
Mean
15.0
21.7
27
17
21
15.3
27.3
25
24
33
15.7
26.0
25
20
33
26.3
31.0
35
27
31
13.0
21.0
21
21
21
26.6
21.8
27.8
0.955
1.232
2.135
Second season
NaCl (mM)
Mean
0
50
100
Mean
16.0
21.3
26
18
20
17.3
26.3
24
24
31
18.0
26.7
25
22
33
24.0
31.0
33
29
31
14.0
21.0
22
20
21
26.0
22.6
27.2
1.492
1.926
3.336

season, respectively. On the other hand,
seedlings sprayed using tap water or 20%
rosemary aqueous extract had shortest roots
when irrigated with 100 mM NaCl giving 21 cm for
both in first season and 20 and 21 cm for second
season, respectively. However, it's noticed that,
increasing salinity in root media significantly
decreased number of roots but increased length
of roots especially at higher salinity concentration
(100 mM). Apple seedlings maybe lengthen their
roots to reach unsaline conditions. It has been
shown that salt stress inhibits the growth of Malus
seedlings (Yin et al., 2010). In particular, salinity
of irrigation water significantly decreased growth
parameters and root system growth of 'Anna'
apple seedlings (Eissa et al., 2007a).
Pigment contents
Total chlorophyll content of leaves gradually
decreased with increasing NaCl concentration in
irrigation water (Table 3). Highest total chlorophyll
contents under severe salinity (100 mM NaCl)
were achieved by spraying seedlings with 5 mM
trehalose or 100 ppm ascorbic acid followed by
10% rosemary aqueous extract recording 0.823,
0.766 and 0.645 mg/g in first season and 0.848,
0.739 and 0.632 mg/g for second season,
respectively.
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Table (3). Pigment contents (mg/g) in leaves of apple seedlings grown under saline conditions of
irrigation as affected by different growth stimulators as a foliar application.
Total chlorophyll (A+B)

Carotenoids
First season
NaCl (mM)

Treatments
Control
AsA
Trehalose
10% RAE
20% RAE
Mean
NaCl
Treatments
L.S.D. 5%
Interaction

0
1.285
1.067
0.750
1.129
0.667
0.980

50
100
0.753
0.407
0.650
0.766
0.936
0.823
0.683
0.645
0.694
0.526
0.743
0.633
0.036
0.046
0.080

Mean
0.815
0.828
0.836
0.819
0.629

0
0.661
0.446
0.194
0.710
0.159
0.434

50
100
0.212
0.198
0.200
0.185
0.300
0.142
0.157
0.162
0.158
0.164
0.205
0.170
0.038
0.049
0.085

Mean
0.357
0.277
0.212
0.343
0.160

50
100
0.214
0.183
0.212
0.185
0.311
0.156
0.157
0.162
0.158
0.166
0.210
0.170
0.029
0.037
0.064

Mean
0.355
0.281
0.222
0.347
0.161

Second season
NaCl (mM)

Treatments
Control
AsA
Trehalose
10% RAE
20% RAE
Mean
NaCl
Treatments
L.S.D. 5%
Interaction

0
1.285
1.076
0.792
1.256
0.625
1.007

50
100
0.732
0.440
0.722
0.739
0.957
0.848
0.713
0.632
0.651
0.545
0.755
0.641
0.030
0.038
0.066

On the other hand, lower total chlorophyll
contents were observed when seedlings sprayed
using 20% rosemary aqueous extract followed by
tap water and irrigated with 100 mM NaCl giving
0.526 and 0.407 mg/g for first season and 0.545
and 0.440 mg/g in second season, respectively.
Generally, increasing concentration of NaCl in
irrigation water negatively affected leaves
carotenoids content (Table 3). The highest leaf
carotenoids content were found with control and
10% rosemary treatments. However, no
significant differences between various spraying
treatments were obtained under severe salinity
conditions.
In the present study, chlorophylls (chlorophyll
a,b), carotenoids and overall total pigment
contents are drastically reduced under salinity
stress as compared with normal conditions. Eissa
et al., (2007b) revealed that, reduction of Le-Cont
pear seedlings growth parameters as affected by
higher salinity was accompanied with reduction of
leaf chlorophyll content. The reduction in pigment
content due to synthesis of low or rapid
degradation occurs is known as one of the
symptoms of oxidative stress (Smirnoff, 1993).

Mean
0.819
0.846
0.866
0.867
0.607

0
0.668
0.445
0.198
0.722
0.159
0.438

This phenomenon as light protection mechanism
by reducing the absorption of light due to the
reduction of pigment content is described
(Elsheery and Cao, 2008). The decrease in
chlorophyll under osmotic stress is primarily due
to damage to the chloroplast via the effects of
reactive oxygen species (Jung, 2004). This
reduction may be attributed to the photo-oxidation
or chlorophyll degradation by the formation of
proteolytic
enzymes
like
chlorophyllase,
deterioration in chloroplast and/or stomatal
closure. On the other hand, a possible reduction
in stomata conductance leading to a decreased
photosynthetic level which is attributed to the
inhibitory effect of decreased water content in
leaves (Vurayai et al., 2011). Ascorbic acid has
importance in photo protection and regulation of
photosynthesis through stomatal or non-stomatal
factors (Foyer and Harbinson, 1994 and Forti and
Elli, 1995). It is possible that AsA with antioxidative properties prevents degradation of
chlorophyll under osmotic stress (Zonouri et al.,
2014b). It has a role in photosynthesis and
donates electrons to photosystems I and II when
the primary electron donor system is damaged
(Gallie, 2013).
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Table (4). Total phenols content (%) of apple seedlings grown under saline conditions of irrigation
as affected by different growth stimulators as a foliar applications.
Leaves

Roots

Treatments
0
Control
AsA
Trehalose
10% RAE
20% RAE
Mean
L.S.D. 5%

0.930
0.617
0.714
0.686
0.650
0.719
NaCl
Treatments
Interaction

50

100

0.908
0.808
0.781
0.900
0.713
0.839
0.674
0.911
0.717
0.946
0.759
0.881
0.069
0.089
0.154

Treatments
0
0.940
0.672
0.793
0.633
0.647
0.737

Control
AsA
Trehalose
10% RAE
20% RAE
Mean
L.S.D. 5%

NaCl
Treatments
Interaction

50
100
0.816
0.725
0.798
0.986
0.769
0.845
0.631
1.010
0.768
1.098
0.756
0.933
0.027
0.035
0.060

Also, AsA can affect signaling pathway of various
plant growth regulators; GA, ABA, SA and ET,
affecting plant response against various stresses
(Zonouri et al., 2014b). Carotenoids are able to
absorb high energy of short wavelengths and
quench singlet oxygen preventing initiation of lipid
peroxidation
(Inze
and Montagu,
2000).
Carotenoids
regulate
many
physiological
processes and plant growth, including the effect
on abscisic acid and accumulation of this
hormone in plant caused enhancement tolerance
of plants against environmental stresses
(Shakirova and Sahabutdinova, 2003).
Total phenols content
Total phenols content in leaves of control
seedlings either didn't significantly affected (first
season) or decreased gradually (second season)
with increasing NaCl concentration in irrigation
water (Table 4). Whatever, total phenols content
in roots of control seedlings were reduced with
NaCl supplements to irrigation water.
In general, spraying treatments positively affected
root total phenols content as compared to control
(Table 4). Rosemary aqueous extract at 10%
recorded the highest values of 0.840 and 0.823%
in first and second seasons, respectively. As for
the effect of spraying treatments, all growth

First season
NaCl (mM)
Mean
0
0.882
0.766
0.755
0.757
0.771

0.671
0.715
0.777
0.905
0.809
0.775

Second season
NaCl (mM)
Mean
0
0.827
0.610
0.819
0.732
0.802
0.733
0.758
0.868
0.838
0.768
0.742

50

100

Mean

0.506
0.550
0.698
0.728
0.697
0.652
0.736
0.880
0.771
0.815
0.682
0.725
0.064
0.083
0.144

0.576
0.714
0.709
0.840
0.798

50
100
0.522
0.489
0.635
0.684
0.674
0.689
0.727
0.873
0.699
0.703
0.651
0.688
0.024
0.032
0.055

Mean
0.540
0.684
0.699
0.823
0.723

stimulators foliar applications enhanced total
phenols of both leaves and roots under severe
salinity conditions of irrigation water compared
with control, rosemary aqueous extracts were the
most effective in this context (Table 4). Application
of both rosemary leaf extract concentrations by
foliar spraying have more stimulatory effects on
total phenolics level in highly salt stressed apple
seedlings as compared with control at
corresponding salinity level. This enhancement of
phenolic contents due to rosemary leaf extract
application might be attributed to its higher
content of phenols.
Flavonoides content
Under severe salinity conditions of irrigation
water, there is a significant reduction in
flavonoides content of control leaves (2.86 and
2.10 mg/100g) and roots (0.408 and 0.449
mg/100g in first and second seasons,
respectively) was observed (Table 5). All growth
stimulators
foliar
applications
enhanced
flavonoides content of leaves and roots under
severe salinity conditions of irrigation water
compared with control. In case of roots, foliar
application of 100 ppm ascorbic acid had the most
beneficial effect (0.749 and 0.746 mg/100g in first
and second seasons, respectively)
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Table (5). Flavonoides content (mg/100g) of apple seedlings grown under saline conditions of
irrigation as affected by different growth stimulators as a foliar applications.
Leaves
Treatments
Control
AsA
Trehalose
10% RAE
20% RAE
Mean
NaCl
L.S.D. 5%
Treatments
Interaction
Treatments
Control
AsA
Trehalose
10% RAE
20% RAE
Mean
NaCl
L.S.D. 5%
Treatments
Interaction

Roots
First season
NaCl (mM)

0
4.08
3.33
3.88
3.69
3.88
3.77

0
4.41
3.44
3.82
3.90
3.98
3.91

50
100
4.06
2.86
3.63
4.91
5.19
4.50
3.30
5.00
4.37
5.02
4.11
4.46
0.285
0.368
0.638

50
100
4.03
2.10
3.79
4.90
5.32
4.41
3.37
4.84
4.29
4.93
4.16
4.24
0.158
0.204
0.353

followed by both concentrations of rosemary
aqueous extract representing 0.665 mg/100g in
both seasons for 10% and 0.670 and 0.647
mg/100g in first and second seasons, respectively
with 20% concentration
Regardless the tested stimulators, salinity
treatments
effectively
increased
leaves
falvonoides
content,
however,
higher
concentration of NaCl (100 mM) decreased root
content of flavonoides. Król et al., (2014)
demonstrated that, long-term and continuous
osmotic stress inhibits the total synthesis of
phenolic compounds in grapevine leaves and
roots. It indicates a slowdown in selected
elements of secondary metabolism in plants
during long-term osmotic stress. So, the plant
reduces energy expenditure until the end of the
activity stressor. This is one of strategy for
survival in disadvantaged environment conditions.
In a related context Xiong et al., (2006) indicated
that, during long periods of osmotic stress a
significant decrease in activity of phenylalanine
ammonialyase (PAL); the main enzyme in the
synthesis pathway of phenolic compounds, in
Arabidopsis thaliana roots was observed.
Polyphenols are induced in plants under oxidative
stress conditions and support the activity of other

Mean
3.67
3.96
4.52
4.00
4.42

0
0.498
0.735
0.542
0.638
0.964
0.675

Second season
NaCl (mM)
Mean
0
3.51
0.579
4.04
0.731
4.52
0.563
4.04
0.667
4.40
0.978
0.704

50
100
0.711
0.408
0.914
0.749
0.413
0.566
0.662
0.665
0.878
0.670
0.716
0.612
0.018
0.023
0.040

Mean
0.539
0.799
0.507
0.655
0.837

50
100
0.627
0.449
0.866
0.746
0.489
0.575
0.659
0.665
0.851
0.647
0.698
0.616
0.020
0.026
0.044

Mean
0.552
0.781
0.542
0.664
0.825

important cellular antioxidant compounds such as
glutathione, α-tocopherol, ascorbic acid, and
enzymes such as peroxidase, and superoxide
dismutase (Francini and Sebastiani, 2013). They
directly react with super-oxide anions and lipid
peroxyl radicals that consequently reduce or
breakdown the chain of lipid peroxidation
(Rajanandh and Kavitha, 2010).
Antioxidant activity
Regarding antioxidant activity of apple leaves
extract (Table 6), growth stimulators foliar
applications during the first season showed
insignificant effect as compared to control when
saline irrigation water containing 100 mM NaCl
was used. For the second season, 100 ppm
ascorbic acid (95.57%) followed by both
concentrations of rosemary aqueous extract
(91.65% for 10% and 91.54% for 20%) were the
most beneficial effect in this regard.
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Table (6). Antioxidant activity (%) of apple seedlings grown under saline conditions of irrigation as
affected by different growth stimulators as a foliar applications.
Leaves

Roots
First season
NaCl (mM)

Treatments
0
Control
AsA
Trehalose
10% RAE
20% RAE
Mean
NaCl
L.S.D. 5%
Treatments
Interaction

84.40
83.89
90.81
81.32
94.37
86.96

50

100

94.20
91.62
92.20
93.30
89.95
90.46
93.31
93.47
91.79
93.16
92.29
92.40
1.223
1.579
2.735

Mean

0

90.07
89.80
90.41
89.37
93.11

92.50
97.15
97.53
98.35
96.41
96.39

50

100

Mean

84.85
85.21
98.07
98.87
97.22
94.81
96.76
99.04
92.00
89.10
93.78
93.41
1.353
1.747
3.026

87.52
98.03
96.52
98.05
92.50

50
81.69
93.06
94.88
94.80
92.16
91.32

Mean
83.25
92.47
95.14
95.94
92.17

Second season
NaCl (mM)
Treatments
Control
AsA
Trehalose
10% RAE
20% RAE
Mean
NaCl
L.S.D. 5%
Treatments
Interaction

0
84.33
84.92
86.82
79.66
95.28
86.20

50
100
91.54
87.47
93.00
95.57
87.41
88.67
92.06
91.65
92.10
91.54
91.22
90.98
0.972
1.255
2.173

In the first season, roots extract of apple seedlings
sprayed with 10% rosemary aqueous extract or
100 ppm ascorbic acid and irrigated with 100 mM
NaCl solution had highest antioxidant activity of
99.04 and 98.87%, respectively followed by those
received 5 mM trehalose with 94.81%, whereas
control seedlings were the worst giving 85.21%.
Similar results were obtained in the second
season with no significant differences between the
three superior treatments which recorded 96.70,
95.54 and 95.03% for 10% rosemary aqueous
extract, 5 mM trehalose and 100 ppm ascorbic
acid, respectively; while lowest activity (81.61%)
was obtained from roots extract of control
seedlings under severe saline irrigation water
conditions. It is also noticeable that, salinity
condition effectively increased antioxidant activity
in the leaves of apple seedlings while decreased it
in the roots than unsaline condition. Osmotic
stress give rise to excessive generation of some
reactive oxygen species (ROS) [superoxide anion
·(O2 ), hydrogen peroxide (H2O2), hydroxyl radicals
·
1
(OH ) and singlet oxygen ( O2)] as a result of the
imbalance between the productions of these

Mean
87.78
91.16
87.63
87.79
92.97

0
86.46
89.31
95.01
96.32
95.49
92.52

100
81.61
95.03
95.54
96.70
88.85
91.55

ns
1.564
2.709

species and the production of the antioxidant
defense system resulting in oxidative damages in
plant cells (El-Tayeb, 2006) that represented in
lipid peroxidation, chlorophyll bleaching, protein
denaturation, DNA and RNA damages (Hanafy,
2017). On the other hand, plants tend to
accumulate
some
osmo-protectants
and
antioxidant compounds such as proline, phenols
and soluble sugars, as well as formation of
scavenging radicals such as glutathione,
ascorbate, α-tocopherol, flavonoids, carotenoids
and some antioxidant enzymes such as
glutathione reductase, superoxide dismutase,
ascorbate peroxides which play a protective role
in scavenging ROS free radical species (ElBeltagi and Mohamed, 2013). Our results are
partially agreement with Król et al., (2014) who
revealed that, all extracts from grapevine leaves
and roots growing under optimum conditions
•
proved to be more efficient in scavenging DPPH
free radicals indicating that tissues of grapevine
seedlings subjected to stress contain less
antioxidants.
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Figure (2). Effect of irrigation with saline water (100 mM NaCl) on trehalose content (mg/100g) of
apple seedlings as affected by different growth stimulators by foliar application. A: tap water
irrigated control, B-F: stressed seedlings; B: Tap water, C: 100 ppm ascorbic acid, D: 5 mM
trehalose, E: 10% rosemary aqueous extract, F: 20% rosemary aqueous extract.
achieved by foliar application of 20% rosemary
On the other hand, antioxidant system is reported
aqueous extract (45.03), 5 mM trehalose (39.28)
to be stimulated by salt stress (Sairam et al., 2005
as well as 10% rosemary aqueous extract (34.23
and Rady, 2011). Whatever, antioxidant system
mg/100g). While, the highest overall roots
stimulation by some applications is reported to
trehalose content (32.97 mg/100g) was observed
alleviate the adverse conditions of salinity
in 10% rosemary aqueous extract applied
(Korkmaz et al., 2012 and Rady et al., 2013).
seedlings under severe irrigation water salinity
There appears to be a significant correlation
conditions which created a higher leaves/roots
between the content of total phenolics and
balanced content as compared to control.
antioxidant activity (Król et al., 2014). Zainol et al.,
Trehalose acts as a source of carbon and energy
and as a protector against stresses (Fernandez et
(2003) showed that, the phenolic compounds are
al., 1995). It can serve as a carbohydrate storage
the major contributors to the antioxidative
activities. They form complexes with the metals,
molecule as well as a transport sugar, similar to
which catalyse oxygenation reactions and inhibit
the function of sucrose (Müller et al., 1999).
activity of oxidizing enzymes (Elavarthi and
Moreover, it can stabilize proteins and
Martin, 2010). Flavonoids as a subgroup of
membranes of plants when exposed to stress by
phenols constitute that exhibit antioxidant
replacing hydrogen bonding through polar
properties are widely known and present in most
residues, preventing protein denaturation and
of the plant species (Jwa et al., 2006).
fusion of membranes (Iturriaga et al., 2009). Salt
stress affects plant physiology, both at whole plant
Trehalose content
and cellular levels, through osmotic and ionic
Control tap water irrigated apple seedlings
stress. Accumulation of the toxic amounts of salts
contained balanced quantities of trehalose in both
in the leaf apoplasm leads to dehydration and
leaves (25.43) and roots (25.37 mg/100g) as
turgor loss, consequently death of cells and
shown in Figure (2). Increasing salinity of irrigation
tissues. In addition, salinity stress causes overwater up to 100 mM NaCl negatively affected
production of reactive oxygen species (ROS) in
trehalose content of control seedlings, reduction
plant tissues. A balance between the generation
was more pronounced in leaves (16.54 mg/100g).
and degradation of ROS is required to avoid
Remarkable increase in leaves trehalose content
oxidative injury and to maintain metabolic
of seedlings irrigated with 100 mM NaCl was
functions under stress conditions. In plant tissues,
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the level of ROS is controlled by an antioxidant
system that consists of antioxidant enzymes and
non-enzymatic low molecular weight antioxidant
molecules (Semida and Rady, 2014 a and b).
Exogenous use of commercially available growth
stimulators as antioxidants to alleviate the
adverse effects of salinity on growth is costeffective. Therefore, natural sources of growth
stimulators having antioxidants may be evaluated
in this regard (Yasmeen et al., 2013). Extracts
from plant parts such as antioxidant-containing
leaves, seeds and/or grains has been reported to
affect different physiological functions under
stress conditions (Semida and Rady, 2014b). The
beneficial effects of plant’s natural extracts on
growth, yield and some chemical constituents has
been reported in different plant extracts (Sofy et
al., 2017; Habib et al., 2012; Hanafy, 2017;
Semida and Rady, 2014b). The biological
properties of rosemary have been attributed to its
phytochemical composition rich in (poly)phenolic
compounds, mainly diterpenoids such as carnosic
acid and carnosol (Sasaki et al., 2013 and Afonso
et al., 2013). However, the positive contribution of
flavonoids to rosemary bioactivity is also reported
(Sasaki et al., 2013). The benefits ascribed to
rosemary cannot be unambiguously attributed to a
single class of compounds, but rather to the
multiple contribution of its different bioactive
compounds (Mena et al., 2016). Ascorbic acid is
the most abundant antioxidant in plants (Buettner
and Jurkiewicz, 2006). It has an important role in
plant resistance to abiotic stresses (Rady et al.,
2013). Foliar application of ascorbic acid has been
reported to be growth and yield improving tool in
various crops, especially under saline conditions
(Jyotsna and Srivastava, 1998). Whereas, the
effects of exogenous applications of AsA in fruit
tree species under abiotic stress have been
scarcely researched in olive trees (Ibrahim, 2013),
grapevines (Zonouri et al., 2014 a,b) and peach
(Penella et al., 2017). Trehalose; a non-reducing
disaccharide is one of substances currently known
to be involved in osmotic adjustment (Fang and
Xiong, 2015). Tolerance to abiotic stresses can be
acquired by pre-treatment with such a protective
organic compound (Stolker, 2010).
CONCLUSION
Foliar spray with rosemary leaf extract on salt
stressed apple seedlings significantly improved
plant growth parameters as well as physiochemical attributes under the adverse conditions
of salinity. Since the low concentration of natural
rosemary plant extract was as effective as or even

exceeded
pure
synthetic
agents,
i.e.
trehaloseosmo-protectant and ascorbic acid
antioxidant, in improving growth and some key
physiological attributes in apple seedlings under
salt stress, it can be used as a cheaper alternative
ameliorative agent for protecting plants against
the hazardous effects of salt stress. However,
extract of fresh rosemary leaves can be easily
obtained by simple means involving no
sophisticated equipment. Furthermore, fresh
rosemary leaves are available in market
throughout the year in most countries. More
beneficial effects of rosemary extract than those
of pure agents are expected as the rosemary
extract contains other inorganic and organic
substances beneficial for plant growth under
stress. It was found that rosemary leaf extract is
rich in some antioxidants such as ascorbic acid,
phenols and flavonoids, so it may acts as a good
source of natural antioxidant compounds. Also, it
contains a considerable trehalose content which
contributes to internal induction of trehalose in
both leaves and roots. The present results
suggest that rosemary leaf extract could trigger
the activation of physiological compounds persist
in plants to alleviate the oxidative damage causing
by salinity, leading to improvements in
physiological and biochemical aspects for the
plant growth under saline conditions indicating
that rosemary leaves extract can be used to
alleviate the adverse effect of salt stress.
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