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ABSTRACT

This study was conducted during the two consecutive seasons of 2012 and 2013 to enhance
root ability of three fruit species i.e. Kalamata Olive (Olea europaea L.), Betulaefolia Pear
(Pyrus betulaefolia 1.) and Malus Apple (Malus sylvestris Mill.), under hydroponic units.
From private farms, near to El-Sadat city, one year old mature wood cuttings from the three
studied fruit species were collected on the end week of January in both seasons. Woods (50-
70 cm in length) were prepared and maintained wet in black plastic bags, next day after
collection and in the nursery, woods were cut into (12-15 cm) long sections early in the
morning. The terminal cuttings were less than 15 cm length and (2-3 mm) in diameter with
terminal bud. Where as sub terminal cuttings were (15-18 cm) in length, (3-4 mm) in
diameter. The basal cut was made just below anode. Only olive cuttings with 4-5 leaves
retained on the upper portion were used. The base of cutting were treated with one of the
following Treatments (500 ppm IBA for 5 seconds - Table beet water extract (solution 5 gL'l)
for 30 min - 500 ppm IBA for 5 seconds and retreated with table beet water extract for 30 min
— Control). The treatments were arranged in a completely randomized design with three
replicates for each treatment. Apples cutting treatment recorded the best results compared
with olive cuttings in rooting percentage, root number, vegetative growth and leaf nutrients
content as well as total carbohydrates and Indole. Terminal cuttings treatment achieved the
best results compared with sub-terminal cuttings in rooting percentage, root number,
vegetative growth and leaf nutrients content as well as total carbohydrates and indole. The
results of the present study clearly demonstrated the effect of a combined treatment of IBA
500 ppm + table beet extract on stimulation of rooting and survival of rooted cuttings
compared with a treatment of IBA or table beet alone. This treatment is of particular
importance for rooting of difficult root and moderate-rooting cuttings, but is also beneficial
for easy to root cuttings, in increasing the survival rate of rooted plants compared with the
common treatment of IBA alone.
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INTRODUCTION and Apple propagation are rooting of
cuttings (Fontanazza, 1996; Cetintas and
Ozkaya, 2005). Rooting hormones should
be applied to the base of cuttings to increase

The traditional methods wused for
multiplication of fruit trees since ancient

times are the purely asexual method of 1 . h
propagation (suckers or cuttings) and overall rooting percentages, hasten root

later grafting on seedlings rootstocks. The initiation, increase the number.and quality
main techniques which are now used of roots and encourage uniformity of
commercially for Olive, Betulaefolia Pear rooting. The most widely used hormone is
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Indole butyric acid (IBA) (Wiesman and
Epstein, 1987; Dauod et al, 1989;
Fernandes et al., 2002; Ozelbaykal and
Gezerel, 2005; Bartolini er al, 2008). In
fact, Rugini and Fedeli (1990) reported
that the biggest problem in vegetative
propagation, in some species of olive, pear
and apple is the low ability of regeneration
leading to low percentage of rooting. All
Mediterranean countries have one or two
economically very important but difficult to
root olive cultivars (Asl-Moshtaghi and
Shahsavar, 2011).

Vegetative propagation by cutting is
widely used for the propagation of some
fruit trees. This technique is considered to
be easy, in expensive and appropriate for
mass plant production. In spite of the high
Morphogenetic potential of the trees, the
low rooting ability, unsatisfactory viability
and the low rooting quality of cuttings in
some fruit trees are limiting factors
(Wiesman and Epstien, 1987; Wiesman
and Lavee, 1994).

Rooting media should be considered an
integral part of the propagation system.The
appropriateness of the medium depends on
the species, the cutting type, the propagation
system used and the cost as well as
availability of the medium components
synthetic rooting media (e.g. peatmoss plus
sand) and water culture (Hydroponic
system) are also used in the nurseries of
some countries (Hartmann et al, 2002).
The discovery of auxins as plant growth
regulating chemicals and early research into
their physiological effects and practical
applications form a fascinating story of
horticultural research (Tincker, 1936).

From these studies, the finding that
auxins could stimulate adventitious rooting
in cuttings was a major breakthrough for
commercial plant propagation (Arteca,
1996).

Thimann and Koepfli (1935) reported
the synthetic preparation of indole-3-acetic
acid (IAA), a naturally occurring auxin that
had recently been found to have root-

forming properties. Indole-3-butyric acid
was later found to occur naturally in plants
as a conversion product of IAA, but occurs
at lower concentrations than IAA (Ludwig-
Miiller et al, 1993; Ludwig-Miiller and
Epstein, 1994). At present, IBA and NAA
are the most widely used auxins for
promoting root formation on stem cuttings.
Auxin treatments are commonly used in
commercial plant propagation to increase
overall rooting percentages, hasten root
initiation, increase the number and quality
of roots, and encourage uniformity of
rooting (Macdonald, 1987; Hartmann, et
al., 2002; Eugene et al., 2007). This study
aimed to improve the rooting of three fruit
species cuttings i.e. Kalamata Olive (Olea
europaea L.), Betulaefolia Pear (Pyrus
betulaefolia L.) and Malus Apple (Malus
sylvestris, Mill.) under hydroponic system.

MATERIALS AND METHODS

This study was conducted during the two
consecutive seasons of 2012 and 2013 at
private farm, near to FEl-Sadat city, El-
Monofia Governorate. One year mature
woods were collected on the last week of
January in both seasons from the three
tested fruit species i.e. Kalamata Olive,
Betulaefolia Pear and Malus Apple. Cutting
woods (50-70 cm in length) were collected
and maintained wet in black plastic bags,
the day after their arrival to the nursery (one
day after collection) where prepared in
early morning. Cutting woods were cut into
12-15 cm length long sections. The terminal
cuttings were less than 15 cm length and 2-
3 mm diameter with terminal bud. Where
as, sub-terminal cuttings were 15-18 cm
length and 3-4 mm diameter. The basal cut
was made just below a node. Only olive
cutting retained 4-5 leaves on the upper
most portion.

Cuttings of each treatment were planted
in a plastic basin containing the culture
solution covered 5 cm of the basal part of
the cuttings. The upper end of the plastic
basins was covered with foam a slab. This
foam slab was punched with a punching
machine to make the holes. These holes in
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foam slab were not only to the cuttings but
will also to improve aeration. On the other
hand, these plastic basins were provided
with a heater to regulate the culture solution
at 26 +2°C as well as an air pump to give
extra aeration. The mist unit containing
Fluorescent lamps at the top. Fresh culture
solution was changed every week in both
seasons and the cultures were misted for 20
Sec., every 12-15 min.

The tested treatments were:

Growth Regulator and Antioxidant
Treatments

Indole Butyric Acid (IBA)

Indole-3-butyric acid solutions at 500
ppm and 5000 ppm were freshly prepared
through dissolving IBA powder (0.5g and
5¢g/1 water) in an Alcohol/water (3—7 V/V)
solution.

Table Beet Water Extract

The fresh root of table beet was washed
three times with tap water to remove any
residues of dust then sliced to fine small
parts. Those parts were soaked for 24 hr., in
distilled water at the rate of 5 g and the
mixture was filtered using gauze the final
extract (Betalain pigment) was used directly
for treatment. Treatments were; Table beet
water extract only was applied where 5 gL,
supplemented with 500 ppm IBA and
untreated cuttings (control) using tap water.

Parameters

At the end of the rooting period (4 months
after planting), the tested treatments were
evaluated through the following parameter
determinations:

Root Formation and Development

All the rooted cuttings were uprooted
from the media and the roots were washed
thoroughly with tap water to free from
media, followed by distilled water, to
determine the percentage of rooting, root
number and root length then. All farmed
roots were removed and their fresh weights

were recorded and dried in an oven at 80°C
for forty eight hours to determine the dry
weights.

Vegetative Growth

Number of leaves/cutting was recorded
and all the leaves were removed and their
fresh weight was determined and the leaves
were put in an oven at 80°C for forty eight
hours to determine the dry weights.

Chemical Determination

Some chemical analyses were done on
stem sections (approximately 2 cm long of
cutting base - about 5 g) which were collected
from each rooted cutting in order to find out
any possible relationship between the internal
chemical composition and root ability of
the un-rooted cuttings.

Total nitrogen (%) was determined using
the micro kjeldahl method as described
by (Pregl, 1945). Phosphorus (%) was
determined colorimetrically using the
Spectrophotometer (Model 1600 Jenway
Co.) according to Jackson (1958).
Potassium (%) was determined using the
flame photometer according to (Brown and
Lilleland, 1949). Fe content (ppm) was
determined using the Atomic Absorption
Spectrophotometer (Perkin- Elmer Model
305B). All determinations were carried out
by using air-acetylene gas mixture at rate of
5:1 1. min™ according to Jackson (1958).
Total phenols (AOAC, 1990). Total indoles
according to (Fischl and Rabiah 1964).

Statistical Analysis

The treatments were arranged in a
completely randomized design with three
replicates for each treatment. Data were
analyzed by ANOVA using MSTAT-C
computer program package (Russell, 1986).
Mean  values of treatments were
differentiated by using least significant
range (Duncan's multiple range tests) at
0.05% level probability (Duncan, 1955).
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RESULTS AND DISCUSSION

The effect of fruit cutting species i.e.
Kalamata Olive, Betulaefolia Pear and
Malus Apple, cutting type (terminal or sub-
terminal) and IBA or antioxidant on
rootability of the three fruit cutting species
under hydroponic system are presented in
Tables 1-5.

Root Ability Parameters
Rooting (%)

Table (1) and Fig. (1) show that the
cuttings of Kalamata olive gave higher
rooting percent (28.54 and 28.93%),
followed descendingly by the analogous
ones of Malus apple (27.18 and 27.69%).
Whereas, Betulaefolia pear cuttings
recorded the lowest values of rooting
percent (25.84 and 26.13) in the first and
second seasons, respectively. However, the
differences between the three tested fruit
species were significant from the statistical
standpoint.

Furthermore, terminal cuttings of the
three tested fruit species showed superiority
in their root ability and recorded 34.29 and
34.76 rooting percent as compared with the
analogous ones of subterminal cuttings
(20.09 and 20.41) in the first and second
seasons, respectively.

In addition, the tested IBA and antioxidant
alone or in combination enhanced rooting
percent of the three tested fruit species
cuttings as compared with control treatment,
which failed to root any cutting. However,
antioxidant alone or combined with 500
ppm IBA induced similar and higher
positive effect on rooting rather than 500
ppm IBA treatment alone.

Finally, the interaction between the three
tested factors indicated that terminal
cuttings of Kalamata olive treated with 500
ppm IBA supported with antioxidant
recorded the highest values of rooting
percent, followed descendingly by terminal
cuttings of Kalamata olive treated with 500

ppm IBA. On the contrary, non-treated
terminal or subterminal cuttings of
Betulacfolia pear, Malus apple and
Kalamata olive produced the lowest values
of rooting percent. Other tested combinations
showed an intermediate values in this
respect.

Number of Roots /Cutting

Table (1) and Fig. (1) show that the
cuttings of Kalamata olive gave higher
number of roots/cutting (3.30 and 3.33),
followed descendingly by the analogous
ones of Malus apple (3.00 and 3.04).
Whereas, Betulaefolia pear cuttings
recorded the lowest values of number of
roots/ cutting (2.88 and 3.04) in the first and
second seasons, respectively. However, the
differences between the three tested fruit
species were significant from the statistical
standpoint.

Furthermore, terminal cuttings of the
three tested fruit species showed superiority
in number of roots/cutting and recorded
3.87 and 3.97 as compared with the
analogous ones of subterminal cuttings
(2.25 and 2.31) in the first and second
seasons, respectively.

In addition, the tested IBA and antioxidant
alone or in combination enhanced number
of roots/cutting of the three tested fruit
species cuttings as compared with control
treatment, which failed to number of roots
on any cutting. However, antioxidant alone
or combined with 500 ppm IBA induced
similar and higher positive effect on
number of roots /cutting rather than 500
ppm IBA treatment alone.

Finally, the interaction between the three
tested factors indicated that terminal
cuttings of Kalamata olive treated with 500
ppm IBA supported with antioxidant and
terminal cuttings of Betulaefolia pear
treated with 500 ppm IBA recorded the
highest values of number of roots /cutting.

On the contrary, non-treated terminal or
subterminal cuttings of Betulaefolia pear,



Table (1): Effect of fruit species, cutting type and (IBA and antioxidant) on rooting (%) and number of roots /cutting of Kalamata
Olive, Betulaefolia Pear and Malus apple under hydroponic system culture during 2012 and 2013 seasons.

Rooting (%)

No. of roots /cutting

Fruit species Kalamata olive  Betulaefalia Pear Malus Apple Kalamata olive  Betulaefalia Pear Malus Apple
. . . Sub- . Sub-  Mean . . Sub- ) Sub-  Mean
Cutting type Terminal . Terminal . Terminal . Terminal . Terminal . Terminal .
Terminal Terminal Terminal Terminal Terminal Terminal
Season I (2012)
Control "tap water" 0.001 0.001 0.001 0.001 0.001 0.001 0.00c 000e 0.00e 0.00¢ 0.00 e 0.00 e 0.00e  0.00c
500 ppm IBA 65.87ab 0.001 61.23f 15531 62.17¢ 0.001 34.13b 7.67a 0.00e 7.67a 1.67d 6.67b 0.00e 3.95b
3 3 "
A“t“”“::;f' Table " 1683h 63474 0001 654bc 1410k 65.10bc 37.48a 176d 7.67a 000e 7.00b 133d 6.67b 4.07a
500 IBA + . .
me, 66.73a 1541 64.57c 0.001 5993¢g 16.13hi 37.13a 8.00a 1.33d  6.67b 0.00 e 6.67b  2.68c 4.23a
Antioxidant
Mean for: Kalamata olive (28.54a) Betulaefalia Pear (25.84c) Malus Apple  Kalamata olive (3.30a) Betulaefalia Pear (2.88c) Malus Apple (3.00b)

(27.18b) Terminal cuttings (34.29a) subterminal cuttings (20.09b)

Terminal cuttings (3.87a) subterminal cuttings (2.25b)

LSD at 5% for

] ) 0.827 0.413
interaction
Season II (2013)
Control "tap water" 0.001 0.001 0.001 0.001 0.001 0.001 0.00c 000g 0.00g 0.00g 0.00 g 0.00g 0.00g 0.00c
500 ppm IBA 66.27ab  0.001 62.30ef 16.2jk 62.37¢f 0.001 34.52b 7.33b 0.00g 833 a 200e 633c 000g 4.00b
O "
A“t“”“::;f' Table " 1753n 63674 0001 656bc 1583k 655bc 3802a 200e 733b  000g 7.67b  133f 633c 4lla
500 IBA + . .
me, 66.90a 17.10hi 64.97c 0.001 61.00g 16.8hij 37.80a 8.67a 1.33f  6.33c¢ 0.00 g 733b 3.00d 4.44a
Antioxidant
Mean for: Kalamata olive (28.93a), Betulaefalia Pear (26.13¢), Malus Apple Kalamata olive (3.33a), Betulaefalia Pear (3.04b), Malus Apple (3.04b)

(27.69b) Terminal cuttings (34.76a), subterminal cuttings (20.41b)

Terminal cuttings (3.97a), subterminal cuttings (2.31b)

LSD at 5% for
interaction

0.827

0.413

Means followed by the same letter(s) within each column or row are not significantly different at 0.05 level, according to Duncan’s multiple range test.
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Fig. (1): Rooting of (A) Kalamata Olive, (B) Betulaefolia Pear and (C) Malus Apple

cuttings under hydroponic system.

Malus apple and Kalamata olive produced
the lowest values of number of roots
/cutting. Other tested combination showed
an intermediate values in this respect.

Vegetative Growth
Number of Branches/ Cutting

Results in Table (2) and Fig. (2) reveal
that the cuttings of Malus apple achieved
the highest values of number of branches/
cutting (4.71 and 5.46). On the contrary, the
least values of number of branches/ cutting
were obtained by Kalamata olive and
Betulaefolia pear cuttings (4.46 and 5.21)
and (4.46 and 5.21) in the first and second
seasons, respectively. However, the
differences between the three tested fruit
species were significant from the statistical
standpoint.

Furthermore, sub-terminal cuttings of the
three tested fruit species gave the highest
values of number of branches/ cutting and
recorded 4.85 and 5.42 as compared with
the analogous ones of terminal cuttings
(4.50 and 5.17) in the first and second
seasons, respectively. Similar results were
reported by (Hansen, 1989; Lin and Lin,
1990).

Also, data indicate that the combination
IBA and antioxidant enhanced number of
branches/cutting of the three tested fruit
species as compared with control treatment
which gave the lowest values.

As for, the interaction effect between the
three tested factors; results indicated that
the highest values in the two seasons came
from terminal cutting of Malus apple or
Kalamata olive or Betulaefalia Pear treated
with IBA 500 ppm + antioxidant. While,
non-treated terminal or subterminal cuttings
of Betulaefolia pear, Malus apple and
Kalamata olive produced the lowest values
of number of branches/ cutting. Other tested
combinations showed an intermediate
values in this respect.

Number of Leaves/ Cutting

Results in Table (2) and Fig. (2) reveal
that the cuttings of Kalamata olive achieved
the highest values of number of leaves/
cutting (29.67 and 30.88), followed by
Malus apple cuttings (29.33 and 30.63). On
the contrary, the least values of number of
leaves/cutting were obtained by Betulaefolia
pear cuttings (27.50 and 28.88) in the first
and second seasons, respectively. However,
the differences between the three tested
fruit species were significant from the
statistical standpoint.

Furthermore, terminal cuttings of the
three tested fruit species gave the highest
values of number of leaves/ cutting and
recorded 29.22 and 31.00 as compared with
the analogous ones of sub-terminal cuttings
(28.45 and 29.25) in the first and second
seasons, respectively. Similar results were
reported by Hansen (1989) abd Lin and
Lin (1990).



Table (2): Effect of fruit species, cutting type and (IBA and antioxidant) on number of branches and leaves/ cutting of Kalamata
Olive, Betulaefolia Malus Pear and apple under hydroponic system culture during 2012 and 2013 seasons.

No. of Branches / cutting No. of Leaves/ cutting

Fruit species Kalamata oliv  Betulaefalia Pea Malus Appl Kalamata oliv  Betulaefalia Pea Malus Appl
Cutting type Termins: S.ul Termin: S.ul Termin: S.ut Mea Termin: S.ut Termin: S.ut Termin: S.ul Mea
Termin: Termin: Termin: Termin: Termin: Termin:
Season I (2012)

Control "tap water" 0.00 £ 0.00 £ 0.00 £ 0.00 £ 0.00 £ 0.00 £ 0.00d 0.00 1 0.00 1 0.00 1 0.00 1 0.00 1 0.00 1 0.00d
500 ppm IBA 733 ¢ 833b 733 ¢ 833D 733 ¢ 833b 7.83b 45.67c 4567c 41.67d 41.67d 44.67c 44.67c 44.00b
Antioxidant "Table beet" 133e 1.67¢ 1.33 e 1.67 ¢ 2.33d 2.67d 1.83 ¢ 1533 g 2133e 11.33h 1733 f 1433g 2033e 16.66 ¢
00 ppm IBA + Antioxidant 9.00 a 8.00 b 9.00 a 8.00b 9.00 a 8.00 b 850a 56.67a 52.67b 56.00a 52.00b 55.67a 55.00a 54.66a

Mean for: lamata olive (4.46b), Betulaefalia Pear (4.46b), Malus Apple (4.71a) Termina Kalamata olive (29.67a), Betulaefalia Pear (27.50c), Malus Apple (29.33b)
cuttings (4.50b), subterminal cuttings (4.85a) Terminal cuttings (29.22a), subterminal cuttings (28.45b)
LSD at 5% for interaction 0.413 1.655
Season 11 (2013)

Control "tap water" 0.00 £ 0.00 £ 0.00 £ 0.00 f 0.00 f 0.00f 0.00d 0.00 h 0.00 h 0.00 h 0.00 h 0.00 h 0.00h  0.00 d
500 ppm IBA 833 ¢ 9.67 a 833¢c 9.67 a 833 ¢ 9.67a 9.00b 46.67c 46.67c 42.67d 42.67d 58.67a 45.67c 47.17b
Antioxidant "Table beet"  2.33 e 2.67¢e 233e 2.67e 333d 3.67d 2.83c¢ 17.00f 21.33e¢  13.00g 1733f 16.00f 2033e 17.50c
500 ppm IBA + 9.67 a 9.00 b 9.67a 9.00b 9.67 a 9.00 b 933 a 59.67a  55.67b 59.67a  55.67b  58.67a 4567c 55.84a
Antioxidant
Mean for: Kalamata olive (5.21b), Betulaefalia Pear (5.21b), Malus Apple (5.46a) Kalamata olive (30.88a) Betulaefalia Pear (28.88b) Malus Apple (30.63a)

Terminal cuttings (5.17b), subterminal cuttings (5.42a) Terminal cuttings (31.00a) subterminal cuttings (29.25b)

LSD at 5% for interaction

0.413

1.655

Means followed by the same letter(s) within each column or row are not significantly different at 0.05 level, according to Duncan’s multiple range test.
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Fig. (2): Vegetative growth of (A) Kalamata Olive, (B) Betulaefolia Pear and (C) Malus
Apple cuttings under hydroponic system.

Also, data indicate that the combination
between IBA and antioxidant enhanced
number of leaves/cutting of the three tested
fruit species cuttings as compared with
control treatment which gave the lowest
values.

As for, the interaction effect between the
three tested factors indicated that the
highest values in the two seasons came
from terminal cutting of Malus apple or
Kalamata olive or Betulaefalia Pear treated
with IBA 500 ppm + antioxidant.

While, non-treated  terminal or
subterminal cuttings of Betulaefolia pear,
Malus apple and Kalamata olive produced
the lowest values of number of leaves/
cutting. Other tested combinations showed
an intermediate values in this respect.

Chemical Constituents
Leaf N%, P% and K% Content

Results in Tables (3 and 4) indicat that
the cuttings of Malus apple achieved the
highest values of leaf N%, P% and K%
content (1.80 and 1.82), (0.16 and 0.17) and
(1.32 and 1.33), respectively. On the
contrary, the least values of leaf N% and
P% content were obtained by Kalamata
olive cuttings (1.69 and 1.70) and (0.14 and
0.14), but Betulaefolia pear cuttings gave
the lowest values of leaf K% (1.28 and
1.30) in the first and second seasons,
respectively. However, the differences
between the three tested fruit species were
significant from the statistical standpoint.

As shown in the same Tables, terminal
cuttings of the three tested fruit species
gave the highest values and significantly
increased each of leaf N%, P% and K% and
recorded (1.79 and 1.81), (0.15 and 0.17)
and (1.30 and 1.31) as compared with the
analogous ones of sub-terminal cuttings
(1.69 and 1.70), (0.15 and 0.16) and (1.29
and 1.30) in the first and second seasons,
respectively. Similar results were obtained
by (Hansen, 1989; Lin and Lin, 1990).

Furthermore, data indicate that combination
of 500 ppm IBA and antioxidant gave the
highest leaf mineral content from N%, P%
and K%, as compared with control
treatment which gave the lowest values.
Also, results proved that the interaction
effect between the three tested factors
indicated that the highest values in the two
seasons came from terminal cutting of
Malus apple treated with IBA 500 ppm +
antioxidant. While, non-treated terminal or
subterminal cuttings of Betulaefolia pear,
Malus apple and Kalamata olive produced
the lowest values of leaf N%, P% and K%.
Other tested combinations showed an
intermediate values in this respect.

Leaf Fe (ppm) Content

Results in Table (4) indicate that the
cuttings of Kalamata olive achieved the
highest values of leaf Fe (ppm) content
(72.55 and 75.50), followed by Betulaefolia
pear cuttings which recorded (70.64 and
75.03). While, the least values of leaf Fe
(ppm) content were obtained by Malus apple



Table (3): Effect of fruit species, cutting type and (IBA and antioxidant) on leaves N and P content (%) of Kalamata Olive,
Betulaefolia Pear and Malus apple under hydroponic system culture during 2012 and 2013 seasons.

N content (%) P content (%)
Fruit species Kalamata olive Betulaefalia Pear Malus Apple Kalamata olive = Betulaefalia Pear Malus Apple
Cutting type Terminal Sul{- Terminal Sul{- Terminal Sulf- Mean Terminal Sul{- Terminal Sulf- Terminal Sulf- Mean
Terminal Terminal Terminal Terminal Terminal Terminal
Season I (2012)
Control "tap water" 000m 0.00m 0.00m 0.00m 000m 0.00m 0.00d 0.00i 0.00 i 0.00i 0.00i 0.00 i 0.00 i 0.00d
500 ppm IBA 240fg 234 g 270D 2.65 be 2.65bc 237 g 252b  0.29abc  0.28bcd  0.22ef 0.30a-d 0.24de 0.18f 0.25b

Antioxidant "Table beet" 1.95h 1.74 jk 1.67kl 1.86 i 1.77 j 1.63 1 1.77¢  0.08gh 0.06 h 0.08gh 0.08f 0.11g 0.08 gh  0.08 ¢
500 ppm IBA + Antioxidant2.60cd 2.53de 2.86 a 272 b 2.83a 248 ef 2.67a  030abc 0.28bcd 0.26cde 0.32ab 0.33a 026 cde 0.29 a

Mean for: Kalamata olive (1.69c¢), Betulaefalia Pear (1.71b), Malus Apple (1.80a) Kalamata olive (0.14c), Betulaefalia Pear (0.15b), Malus Apple (0.16a)
Terminal cuttings (1.79a), subterminal cuttings (1.69b) Terminal cuttings (0.15a), subterminal cuttings (0.15a)
LSD at 5% for interaction 0.082 0.041
Season I1 (2013)
Control "tap water" 0.00 k 0.00k  0.00k 0.00 k 0.00 k 0.00 k 0.00d 0.00g 0.00g 0.00g 0.00 g 0.00 g 0.00g 0.00d
500 ppm IBA 249 ¢ 239f  274cd 2.71cd 2.68d 2.39f 2.57b 0.34a 0.3labc 0.30a-d 0.29bcd 0.26d 020e 0.28 b

Antioxidant "Table beet" 1.89¢g 1.68 1 1.691 1.79 h 1.79h 1.59] 1.74¢  0.09f 0.08f 0.08 f 0.09 £ 0.08 £ 0.09 f 0.09 ¢
500 ppm IBA + Antioxidant2.69 d 248e 2.86ab 2.78bc 290 a 2.56¢ 271a  0.27cd 0.29bcd 0.32ab  0.31abc 034a 027cd 0.30a

Mean for: Kalamata olive (1.70c), Betulaefalia Pear (1.74b), Malus Apple (1.82a) Kalamata olive (0.14c), Betulaefalia Pear (0.16b), Malus Apple (0.17a)
Terminal cuttings (1.81a), subterminal cuttings (1.70b) Terminal cuttings (0.17a), subterminal cuttings (0.16b)

LSD at 5% for interaction 0.082 0.041

Means followed by the same letter(s) within each column or row are not significantly different at 0.05 level, according to Duncan’s multiple range test.
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Table (4): Effect of fruit species, cutting type and (IBA and antioxidant) on leaves K (%) and Fe content (ppm) of Kalamata Olive,
Betulaefolia Pear and Malus apple under hydroponic system culture during 2012 and 2013 seasons.

K content (%) Fe content (ppm)
Fruit species Kalamata olive  Betulaefalia Pear Malus Apple Kalamata olive = Betulaefalia Pear Malus Apple
Cutting type Terminal "™ Terminal Sub-Terminal Terminal ' Mean Terminal """ Terminal Sub-Terminal Terminal Sub- Mean
Terminal Terminal Terminal Terminal
Season I (2012)
Control "tap water" 0.00 1 0.00 1 0.00 1 0.00 1 0.00 1 0.00 1 0.00d 0.00 m 0.00m  0.001 0.00 m 0.001 0.00 m 0.00 d
500 ppm IBA 1.75 e 1.80cd 1.78 de 1.74 ¢ 1.80 cd 1.81cd 1.78Db 108.6d 9890g 107.4de 9930¢g 10.401 101.7f 87.72b
Antioxidant "Table beet" 1.56gh 1.60fg 1.54h 1.52h 1.6l f 1.59fg  1.57¢ 7990h  69.60jk 70.80i 68.40k 116.5a 72401  79.60c
500 ppm IBA + 1.86 ab 1.8abc 1.82bcd  1.86 ab 1.88 a 1.87 a 1.85a 1148 a 108.6cd 112.7b 106.5 ¢ 116.5a 109.5c 111.4a
Antioxidant
Mean for: Kalamata olive (1.30b) Betulaefalia Pear (1.28c) Malus Apple (1.32a) Kalamata olive (72.55a) Betulaefalia Pear (70.64b) Malus Apple (65.88c)
Terminal cuttings (1.30a) subterminal cuttings (1.29b) Terminal cuttings (69.80a) subterminal cuttings (69.58b)
LSD at 5% for interaction
Season 11 (2013)
Control "tap water" 0.00j 0.00j 0.00j 0.00j 0.00j 0.00j 0.00d 0.001 0.001 0.001 0.00 m 0.001 0.00m  0.00 d
500 ppm IBA 1.72 £ 1.79de 1.81cd 1.76 ef 1.79 de 1.83bcd 1.78 b 110.2¢ 104.2f 1129cd 101.5¢g 104.6 f 104.2 f 106.2b
Antioxidant "Table beet" 1.57 hi 1.63 ¢ 1.56 hi 1.551 1.64 ¢ 1.60gh 1.589 ¢ 78.601 80.20hi  81.30h 76.40 j 7420k  75.60jk 77.72¢
500 ppm IBA + 1.87ab  1.8abc  1.83bcd 1.86 ab 1.89a 1.88a 1.86a 118.1a 112.7cd  116.3b 111.8de 1143c¢ 110.8e 114.0a
Antioxidant
Mean for: Kalamata olive (1.30b) Betulaefalia Pear (1.30b) Malus Apple (1.33a) Kalamata olive (75.50a) Betulaefalia Pear (75.03b) Malus Apple (72.96¢)
Terminal cuttings (1.31a) subterminal cuttings (1.30b) Terminal cuttings (75.88a) subterminal cuttings (73.12b)

LSD at 5% for interaction

Means followed by the same letter(s) within each column or row are not significantly different at 0.05 level, according to Duncan’s multiple range test.
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cuttings (65.88 and 72.96) in the first and
second seasons, respectively. However, the
differences between the three tested fruit
species were significant from the statistical
standpoint.

In the same Tables, data revealed that,
terminal cuttings of the three tested fruit
species gave the highest values and
significantly increased leaf Fe (ppm)
content and recorded (69.80 and 75.88) as
compared with the analogous ones of sub-
terminal cuttings (69.58 and 73.12) in the
first and second seasons, respectively.
Whereas, data indicate that combination of
500 ppm IBA and antioxidant gave the
highest leaf Fe (ppm) content as compared
with control treatment which gave the
lowest values.

In the same line, results proved that the
interaction effect between the three tested
factors indicated that the highest values in
the two seasons came from terminal cutting
of Kalamata olive treated with IBA 500
ppm + antioxidant. While, non-treated
terminal or subterminal cuttings of
Betulaefolia pear, Malus apple and
Kalamata olive produced the lowest values
of leaf Fe (ppm) content. Other tested
combinations showed an intermediate
values in this respect.

Leaf Organic Constituents
Soluble Phenol Content (%)

Results in Table (5) indicate that the
cuttings of Malus apple achieved the
highest values of soluble phenols content
(0.15 and 0.15%). While, the least values of
soluble phenols content were obtained by
Kalamata olive and Betulaefolia pear
cuttings (0.12 and 0.13) and (0.12 and 0.13)
in the first and second seasons, respectively.
However, the differences between the three
tested fruit species were significant from
the statistical standpoint.

In the same Tables, data revealed that,
sub-terminal cuttings of the three tested
fruit species gave the highest values
significantly increases of soluble phenols

content and recorded (0.13 and 0.13%) as
compared with the analogous ones of
terminal cuttings (0.12 and 0.13%) in the
first, on the contrary in second seasons,
respectively.

Where as, data indicate that treated with
antioxidant "Table beet" gave the highest
soluble phenols content % as compared
with control treatment which gave the
lowest values.

In the same line, results proved that the
interaction effect between the three tested
factors indicated that the highest values in
the two seasons came from sub-terminal
cutting of Malus apple treated with
antioxidant "Table beet". While, non-
treated terminal or subterminal cuttings of
Betulacfolia pear, Malus apple and
Kalamata olive produced the lowest values
of soluble phenols content (%). Other tested
combination showed an intermediate values
in this respect.

Soluble Indoles Content (%)

Results in Table (5) revealed that the
cuttings of Kalamata olive achieved the
highest values of soluble indoles content
(2.42 and 2.66%), followed by Malus apple
cuttings (1.90 and 2.00%). On the contrary,
the least values of soluble indoles content
were obtained by Betulaefolia pear cuttings
(1.84 and 1.92%) in the first and second
seasons, respectively. However, the
differences between the three tested fruit
species were significant from the statistical
standpoint.

Whereas, terminal cuttings of the three
tested fruit species gave the highest values
of soluble indoles content and recorded
(2.26 and 2.39%) as compared with the
analogous ones of sub-terminal cuttings
(1.85 and 1.99%) in the first and second
seasons, respectively. And also, data
indicate that the combination IBA and
antioxidant enhanced soluble indoles
content of the three tested fruit species
cuttings as compared with control treatment
which gave the lowest values.
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Table (5): Effect of fruit species, cutting type and (IBA and antioxidant) on soluble phenol and indole content (%) of Kalamata
Olive, Betulaefolia Pear and Malus apple under hydroponic system culture during 2012 and 2013 seasons.

Soluble Phenols (%) Soluble Indoles (%)
Fruit species Kalamata olive  Betulaefalia Pear Malus Apple Kalamata olive  Betulaefalia Pear Malus Apple
Mean Mean
Cutting t . Sub- . Sub- . Sub- . Sub- . Sub- . Sub-
Uttng type Terminal Terminal Terminal Terminal Terminal Terminal Terminal Terminal Terminal Terminal Terminal Terminal
Season I (2012)
" ”

Control "tap water" 551 (0000 000k 0000 000k 0000 000d 000q 000r 000q 000r 000q 000r 0.00d
500 ppm IBA 0.13j 0.14i 0.15h 0.16g 0.14i 016g O0I5b 206 250i 196k 1881 272h 234j 239b
Antioxidant "Table 0.25a 0.81
beet" 021d 025¢ 0.19f 020e 028b 0.35a ’ 0890 0.68p 0.860 036q 1.06m 1.00n oL e
500 ppm IBA + 0.12 5.022
Antioxidant 009n 0.1lm 0.13k 0.111 0.121 0.13k ’ 7.25a 5.10b 498c¢c 4.71d 446e¢ 3.62f )
Mean for: Kalamata olive (0.12b) Betulaefalia Pear (0.12b) Malus Apple (0.15a) Kalamata olive (2.42a) Betulaefalia Pear (1.84c) Malus Apple (1.90b)

Terminal cuttings (0.12b) subterminal cuttings (0.13a)

Terminal cuttings (2.26a) subterminal cuttings (1.85b)

LSD at 5% for interaction

12 ‘qezy-1a

Season II (2013)

" ”
Control "tap water" o1 (000 000k 0000 000k 0000 000d 000q 000r 000q 000r 000q 000r 0.00d
500 ppm IBA 0.15gh 0.14gh 0.17f 0.16f 015g 0.17f 016b 2086 275i 205k 1961 285h 245; 251b
Antioxidant "Table 0.25 0.92
beet" 025¢ 023d 02le 02le 029b 032a =% 092n 0870 094n 042p 1.18m 120m ¢
500 ppm IBA + 0.13 ¢ 5342
Antioxidant 0.12ij 0.11j 0.17f 0.12ij 0.13i 0.14h - 814a 560b 510c 486d 457e¢  3.77f
Mean for: Kalamata olive (0.13b) Betulaefalia Pear (0.13b) Malus Apple (0.15a) Kalamata olive (2.66a) Betulaefalia Pear (1.92c) Malus Apple (2.00b)

Terminal cuttings (0.13a) subterminal cuttings (0.13a)

Terminal cuttings (2.39a) subterminal cuttings (1.99b)

LSD at 5% for interaction

Means followed by the same letter(s) within each column or row are not significantly different at 0.05 level, according to Duncan’s multiple range test.
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Data in same table of the interaction
effect between the three tested factors
indicated that the highest values in the two
seasons came from terminal cutting of
Kalamata olive treated with IBA 500 ppm +
antioxidant. While, non-treated terminal or
subterminal cuttings of Betulaefolia pear,

Malus apple and Kalamata olive produced
the lowest values of soluble indoles content.
Other tested combination showed an
intermediate values in this respect.
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