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I

N VITRO propagation techniques were studied to establish a protocol for rapid and mass
production of Rosa spp. cv. Eiffel Tower, an important and endangered cultivar. Several
experiments were conducted through a two-stage procedure: multiplication stage and rooting
of microshoots stage. For multiplication, the best results were obtained when nodal segments
were cultured on MS medium supplemented with BAP at 1mg/l and/or Kinetin at 0.5 mg/l.
The highest shoots number (3.17 shoots/explant) was obtained when 0.5 mg/l BAP was added
to the medium. Kinetin at 0.5 mg/l produced the highest shoot number/explant (3.67 shoots),
and shoot length (3.67 cm). The interaction between BAP at 1 mg/l plus kinetin at 0.5 mg/l
gave the highest shoot number/explant (4 shoots). For rooting, the best interaction effect on
rooting percentage (61.00%), highest number of roots/shoot (5.12) and root length (3.33 cm)
were observed when the shoots were cultured on hormone-free MS medium and pH level was
adjusted to 5.5. Moreover, adjusting the medium pH to 5.5 formed roots faster in 17.67 days
followed by medium with pH level 4.5 (18 days). The medium with pH at 5.5 supplemented
with 50 g/l sucrose produced the highest significant value of rooting (85%) and enhanced
root formation in 7.5 days. The rooted plantlets were transplanted into the potting substrate
and successfully acclimatized in the laboratory then transferred to the field with a survival
rate of 55%. After 6 month, the plantlets reached ~ 22 cm in length and 5.50 leaves/plant
Keywords: Rose, MS medium pH, Nodal segments, Sucrose, Kinetin, BAP

Introduction
The genus Rosa belongs to family Rosaceae and
includes more than 100 species and thousands
of cultivars of economical and commercial
perennial shrubs and climbers. Of the several
major classes belonging to garden roses, hybrid
tea is the best-known and most-popular class. It is
the source of the majority of rose cultivars grown
in greenhouses, gardens and sold in the florist
market, which are known for their beauty and
mostly fragrant flowers. One of the most popular
and preferable cultivars of hybrid tea roses in
the Egyptian market is ‘Eiffel Tower’. This
cultivar was obtained via hybridization by David
Armstrong and Herbert Swim. It was registered
and introduced in 1963 (Rose Society, 2012). It
is characterized by its tolerance to hot and dry
Mediterranean climate in addition to its fragrant
pink flowers which appear throughout the entire
growing season.

Like many other rose cultivars, ‘Eiffel Tower’
is propagated by vegetative means (grafting
and stem cuttings) even though it does not
ensure mass production of healthy and diseasefree plants (Kroin, 2016 and Manners, 2014).
Different species are commercially propagated
using tissue culture techniques. Micropropagation
is a fast propagation method and offers a potential
to deliver enormous quantities of true-to type
and disease-free plants within a short span of
time (Brunda et al., 2016). So, tissue culture can
be used as substitute to traditional production
methods.
Since the first report of Hasegawa (1979)
on micropropagation of Rosa hybrida L.
by proliferation of axillary buds, different
methodologies have been applied for in vitro
propagation of many species and cultivars of roses
(Ibrahim & Debergh, 2001, Schum et al., 2001,
Pati et al., 2006, Kumud et al., 2015, Uzunova,
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2015, Ambros et al., 2016 and Kumari et al.,
2017) and many commercial laboratories have
been established all over the world for mass
production of such important ornamental cut
flowers to meet the market demand. The success
of micropropagation involves several factors viz.,
the composition and type of the culture medium
(Tawfik et al., 1992 and Bagheri et al., 2015),
culture environment (Schum et al., 2001 and
Tawfik and Mohamed, 2005), genotype (Tawfik
& Mohamed, 2006 and Hamama et al., 2015),
explant type (Tawfik & Noga, 2001 and Maurya
et al., 2013).
In plant micropropagation, type and
concentration of plant growth regulators play
a major role in cell division, differentiation and
morphogenesis (Tawfik, 1995 and 1997). In
addition, the successful regeneration of shoots
and their subsequent rooting is essential for the
commercial exploitation of micropropagation
technology (McGaw & Burch, 1995 and
Mahmood & Hauser, 2015).
Nevertheless, there is scarce available
information about the use of micropropagation
technique for Rosa hybrida cv. Eiffel Tower. Thus
the aim of this study is to encourage the expansion
of cultivation of such cultivar and the production
of high quantities of genetically homogenous
plants by tissue culture techniques through the
establishment of an efficient protocol for in vitro
propagation of such important and cultivar with
special emphasis on enhancing in vitro rooting
ability.
Materials and Methods
Plant material
Young and healthy shoots of Rosa hybrida cv.
Eiffel Tower were collected from mature shrubs
growing in the farm of Floriculture and Medicinal
plants, Faculty of Agriculture, Assiut University
during 2017 and 2018 seasons. The subterminal
part of the shoots (10-15 cm in length) were
defoliated and used to prepare the explants as
single nodes (1.5-2 cm).
Culture establishment
The excised explants were thoroughly washed
with running tap water, then an experiment was
carried out to investigate the effect of disinfestation
with various concentrations and duration of
commercial bleach ~ 5% sodium hypochlorite
(data are not shown). As a result of a preliminary
trail 100% of the commercial bleach for 10 minutes
Egypt. J. Hort. Vol. 45, No. 2 (2018)

was applied. The containers which contained the
explants and the bleach were thoroughly shaken.
Then the explants were rinsed 4 times with sterile
distilled water. After the surface disinfestation,
the explants were cultured into 350 ml sterilized
glass jars, containing 50 ml of assigned medium
MS nutrient medium (Murashig and Skoog,
1962) was used in all experiments conducted in
the course of the current study. The media were
solidified with 8 g agar/l, sucrose was added at the
rate of 30 g/l and the pH was adjusted to 5.8±0.1
in all experiments except where different levels of
pH and sucrose were investigated. All the tested
media were autoclaved at 121˚C and 1.2 kg/cm2
for 20 min. All the cultured jars were incubated
in a plant growth room at 25 ± 2˚C under constant
fluorescent light of 1500 Lux for 16/8 h (light/
dark) photoperiod.
Multiplication stage experiments
An experiments was conducted to study
the effect of different plant growth regulators
on proliferation of the Rosa hybrida cv. Eiffel
Tower explants transferred from 4-week old
culture on the same medium from the previous
stage. The experiment was conducted to test the
effect of 6-Benzylaminopurine (BAP) at different
concentrations (0.0, 0.5, 1.0 and 2 mg/l) and
Kinetin at 0.0 and 0.5 mg/l on proliferation ability.
The experiment was designed as a factorial
experiment in a randomized complete block
design (RCBD) with 3 replicates and 15 jars for
each treatment each jar containing 2 explants.
Data were measured after 4 weeks on shoot
proliferation, shoot number per explant, shoot
length (cm), shoot fresh weight (g) and shoot dry
weight (g).
Rooting stage
The main goal at this stage was to enhance
the micro-shoots (from the multiplication stage
cultured on the same medium) to induce roots
and obtain complete plantlets to be hardened
and transferred to the field with a minimum loss.
So, shoots (2-3 cm in length) were transferred
to basal MS medium for root induction. Three
experiments were carried out. In the first
experiment, MS medium was used with 5 levels
of pH (4.0, 4.5, 5.0, 5.5 and 5.8) supplemented
with NAA at different concentrations (0.0, 0.1
and 0.2 mg/l). It was designed as a factorial (5x3)
in a completely randomized design (CRD) with
3 replicates and 15 jars for each treatment. The
second experiment was designed to test the effect
of different concentrations of sucrose (0.0, 30, 40
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and 50 g/l) on rooting of Rosa hybrida cv. Eiffel
Tower. Half-strength MS medium was solidified
with 8 g/l agar (w/v) and the pH of the medium
was adjusted to 5±0.01. A completely randomized
design (CRD) was used with 3 replicates and 15
jars for each treatment. In the third experiment, the
effect of MS medium pH (5 and 5.5) and sucrose
concentrations (30, 40 and 50 g/l) on rooting
was studied. This experiment was designed as
a factorial experiment in randomized complete
block design with 3 replicates and 15 jars for each
treatment. Data were recorded starting from the
second week after culturing and followed up until
the fourth week on rooting%, roots number per
shoot, root length (cm) and number of days to
form roots.
Acclimatization stage
Healthy and well rooted plantlets of Rosa
‘Eiffel Tower’ obtained from the previous stage
were selected and taken away from jars, then
their roots were thoroughly washed with tap
water to eliminate the agar. These plantlets were
transferred to plastic pots filled with peat moss
and perlite 1:1 (v/v). The pots were covered with
clear polyethylene bags to maintain high relative
humidity and then kept in the growth room for ~ 3
weeks. The plants were watered with tap water each
2 days. Then the polyethylene bags were removed
and the plants were transferred to the green house.
Data were recorded on survival percentage, shoot
length and leaves number per shoot.
Statistical analysis
Data of all experiments were subjected
to analysis of variance (ANOVA) and mean
comparison were performed using the least
significant difference (LSD) methods with a
significant level of 5% according to (Gomez
and Gomez, 1984)
Results and Discussion
Multiplication stage
Preliminary trials were conducted to determine
the most proper concentration of both BAP and
Kin for shoot multiplication (data not shown). It
was found that BAP at 0.5 and 1 mg/l and Kin at
0.5 mg/l showed the best proliferation rate of in
vitro grown explants of the cultivar ‘Eiffel Tower’.
Both cytokinin types were involved together in
order to study their solitary and combined effect.
As shown in Tables 1 and 2 and Fig.1, the
interaction effect of kinetin and BAP on all the
growth measurements instigated significant
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differences. Shoot multiplication and their fresh
and dry weights of shoots were significantly
enhanced when nodal segments were cultured on
MS medium supplemented with BAP at 1mg/l plus
Kin at 0.5 mg/l. The same combined treatment gave
the highest shoot number per explant (4 shoots)
followed by the medium supplemented with Kin and
BAP both at 0.5 mg/l which produced 3.67 shoots
per explant. These results are consistent with the
previous observations reported by Kanchanapoom
et al. (2009), Hegde et al. (2011) and Kharde &
Kshirsagar (2014). MS medium supplemented
with Kin at 0.5 mg/l and BAP at 1 mg/l gave the
highest fresh and dry weights of shoots (0.35 g and
0.08 g respectively). Tawfik (2002), has shown an
increased efficacy of medium supplemented with
both BAP and TDZ (thidiazuron, a cytokinin-like
substance) in regeneration of Salvia officinals. The
stimulation effect has been attributed to possible
complementary action. However, both BAP and
Kin decreased the shoot length (Tables 1 and 2).
These results could be interpreted according to
the general fact that cytokinins stimulate shoot
proliferation and inhibit their elongation. Moreover,
strong cytokinins such as BAP depress shoot length
by an increase in number of axillary buds (Hameed
et al., 2006) where the formation of lateral shoots
utilize all the nutrients (Yakimova et al., 2000).
Other investigators such as Ahmad et al. (2003)
concluded that the high cytokinin concentration
causes an increase in the ethylene level in plants
which block the basipetal transport of endogenous
auxin in the shoots resulting in the minimum shoot
length.
Rooting stage
Shoots obtained from the multiplication stage
were transferred to MS basal medium for rooting
induction.
Effect of medium pH, NAA concentrations and
their interaction
It could be inferred from the data presented in
Table 3 that the influence of NAA was affected by
the medium pH, where no response was observed
on a medium with pH 4. While adding NAA at
different concentrations to a medium with pH
level of 5.8 (the standard level recommended by
Murashig and Skoog, 1962) led to the formation
of callus. Data presented in Tables 3 and 4 indicate
that adding NAA to the rooting medium decreased
all the measured growth parameters. This is
maybe attributed to the change of the medium pH
to 4.5, 5 and 5.5.
Concerning the effect of medium pH on the
Egypt. J. Hort. Vol. 45, No. 2 (2018)
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(2003) and the increased initial uptake of auxins at
low pH according to the results demonstrated by
De Klerk et al. (2008). Other investigators, such
as Shang et al. (1991), stated that the effect of the
initial pH on the developmental fate of the cell
culture indicates that complicated action-reaction
processes between the cells and the extracellular
pH must occur.

rooting measurements, it is clear that at medium
pH 4 no response was observed while at the
standard pH level (5.8) recommended for MS
medium, callus was formed on the shoot base
(Table 3 and 4). Adjusting the medium pH to levels
5 and 5.5 produced the highest root percentage
(55.22 and 53.44%), root number (3.20 and 3.48
roots per shoot) and root length (2.08 and 2.40
cm) respectively with no significant differences
between these two levels of pH. However, medium
with pH 5.5 significantly enhanced forming roots
in 21.89 days compared to medium pH at 5
where roots were formed in 25.11 days. Similar
results were reported by Martins et al. (2011) on
Plantago lmogravensis, Kovacevic et al. (2013)
on poplar. Also, Ahmed et al. (2014) reported
that Musa spp. produced the longest roots in the
shortest time when the medium pH was adjusted
to 5.5. The reasons behind the stimulating effect
of the pH levels lower than 5.8 may be attributed
to the increased initial uptake of micronutrients at
low pH as suggested by Van Winkle and Pullman

As shown in Tables 3 and 4, the highest rooting
percentages (62.67% and 61.00%) were recorded
when the shoots were cultured on free-hormoneMS medium and pH level was adjusted to 5 and
5.5, respectively. Moreover, adjusting the medium
pH to 5.5 produced the highest number of roots
(5.12 roots per shoot) and root length (3.33 cm).
Shoots cultured on hormone-free medium with
pH adjusted to 5.5 formed roots faster in 17.67
days followed by medium with pH level 4.5 (18
days).

TABLE 1. Effect of Kin and BAP on shoot number/explant and average shoot length during in vitro multiplication
stage of Rosa hybrida cv. Eiffel Tower nodal segments

Kin mg/l
BAP mg/l

Shoot number/explant

Shoot length
(cm)

0.0

0.5

Mean

0.0

0.5

Mean

0.0
0.5
1.0

0.97
2.00
2.00

1.67
3.67
4.00

1.32
2.84
3.00

5.40
3.00
2.00

3.60
3.00
1.67

4.50
3.00
1.84

Mean

1.66

3.11

3.57

2.76

LSD 5%
Kin
BAP
Kin x BAP

0.57
0.69
0.98

0.17
0.21
0.30

TABLE 2. Effect of Kin and BAP on shoot fresh and dry weights (g) during in vitro multiplication stage of Rosa
hybrida cv. Eiffel Tower nodal segments
Kin mg/l
BAP mg/l
0.0
0.5
1.0
Mean

0.0
0.15
0.24
0.18
0.19

LSD 0.05
Kin
BAP
Kin x BAP
Egypt. J. Hort. Vol. 45, No. 2 (2018)

Fresh weight
(g)
0.5
0.12
0.27
0.35
0.25
0.02
0.02
0.03

Mean
0.14
0.26
0.27

0.0
0.02
0.05
0.04
0.04

Dry weight
(g)
0.5
0.02
0.03
0.08
0.04
0.01
0.02
0.02

Mean
0.02
0.04
0.06
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1mg/l BAP

mg/l Kin 1
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mg/l BAP 0.5

mg/l Kin 0.5

mg/l Kin + 0.5 mg/l BAP 0.5

0.5 mg/l Kin +1 mg/l BAP
Fig. 1. Effect of interaction between BAP and kinetin at different concentrations on proliferation of Rosa hybrida
cv. Eiffel Tower nodal segments
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TABLE 3. Effect of medium pH and NAA on rooting% and number of roots during in vitro rooting stage of Rosa
hybrida. cv. Eiffel Tower
Rooting%

NAAmg/l

pH

0.0

0.1

Number of roots

0.2

Mean

0.0

0.1

0.2

Mean

5.33

4.17

2.00

3.83

4.33

3.67

1.60

3.20
3.48

4.0

-

-

-

-

4.5

42.33

47.33

52.67

47.44

5.0

62.67

49.00

54.00

55.22

5.5

61.00
Callus

52.00
callus

53.44

5.8

47.33
Callus

Mean

55.33

47.89

52.89

5.12

3.33

2.00

callus

callus

callus

4.93

3.72

1.87

LSD 0.05
pH

2.05

0.42

NAA

2.05

0.47

pH x NAA

3.55

0.72

TABLE 4. Effect of medium pH and NAA on root length and number of days to form roots during in vitro rooting
stage of Rosa hybrida. cv. Eiffel Tower

pH

Root length (cm)

NAAmg/l
0.0

0.1

0.2

4.0
4.5
5.0
5.5
5.8

1.33
3.33
3.33
callus

0.83
2.07
2.00
callus

0.83
0.83
1.87
callus

Mean

2.66

1.63

1.18

Number of days to form roots
0.99
2.08
2.40

0.0

0.1

0.2

18.00
27.00
17.67
callus

22.33
27.00
20.67
callus

27.67
21.33
27.33
callus

20.89

23.33

25.44

Mean
22.67
25.11
21.89

LSD 0.05
pH

0.35

2.51

NAA

0.14

2.51

pH x NAA

0.61

4.35

Effect of different concentrations of sucrose on
rooting behavior
The response of the microshoots of Rosa
hybrida cv. Eiffel Tower cultured on half-strength
MS medium with pH 5 at different concentrations
of sucrose is illustrated in Fig. 2. Elimination of
sucrose completely from the rooting medium
cause a significant reduction in rooting percentage,
number of roots and root length, while number
of days to form roots significantly increased.
Similar results were reported by Tawfik (1995),
who stated that thin and weak roots were formed
after 35 days on the basal end of Melaleuca
armillaris explant cultured on sucrose–free MS
Egypt. J. Hort. Vol. 45, No. 2 (2018)

medium. Raising the sucrose concentration up
to 50 mg/l significantly increased rooting %, root
number, root length and, moreover, reduced the
time to form roots. It is obvious that 82.33% of
cultures formed roots in 7.33 days when 50 g
sucrose/l was added to the medium comparing
with the medium containing 30 g sucrose/l
which had rooting percentage (62.33 %) formed
within 14.67 days. Similar results were found by
Hasan et al. (2015) and Gabryszewska (2015)
who reported that using 50 g/l sucrose strongly
simulated the number of roots per shoot (5.8-6.0
roots) in Helleborus niger.
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Fig. 2. Effect of sucrose concentrations on rooting behavior of Rosa hybrida. cv. Eiffel Tower shoots.
Vertical bars indicate LSD at P = 0.05
Effect of medium pH and sucrose concentrations
on rooting behavior
This experiment was conducted to test the
effect of pH medium at 5 and 5.5 and different
concentrations of sucrose (30, 40 and 50 mg/l) as
well as their interactions on rooting percentage,
root number, root length and number of days to
form roots of Rosa cv. Eiffel Tower shoots. The
results are shown in Tables 5 and 6.
Data in Tables 5 and 6 indicate that culturing
the shoots on a medium at a pH level of 5.5
significantly increased the rooting percentage up
to 72 % and accelerated root formation (11.50
days). No significant effect of pH medium was
observed on root length, nevertheless, medium
pH at 5.5 reduced the root number to 4.61 roots
per shoot in comparison to shoots cultured on pH
medium of 5 which produced 6 roots per shoots.

The obtained data in Tables 5 and 6 indicate
that increasing sucrose concentrations up to 50
g/l significantly increased rooting percentage
(80%), root length (1.92 cm) and enhanced the
root formation in 7 days compared to medium
supplemented with 30 g/l (16.17 days). No
significant effect of sucrose was observed on
number of roots.
It appears from the data presented in Tables
5 and 6 and Fig. 3 that the medium with pH 5.5
supplemented with 50 g/l sucrose produced the
highest significant value of root percentage (85%)
and enhanced root formation in 7.5 days. No
significant interaction effects were observed on
root number and root length.
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20/25°C (night/day) and 80% humidity. After one
month, the survival rate of 55% was recorded.
Survived plantlets were placed under plastic
greenhouse conditions (25 °C and 80 % RH)
for acclimatization. After 6 month, the plantlets
with shoot length ~ 22 cm and 5.50 leaves/shoot,
on average, were transferred to big plastic pots
containing clay and kept outside the green house
(Fig. 4).

Acclimatization and field establishment
Well-developed in vitro-rooted healthy
plantlets with 1-2 leaves were successfully
acclimatized according to the protocol followed
under the conditions of the current experiment.
After the plantlets were transferred to plastic
pots containing mixture of peat: perlite (1:1
v/v), they were kept in a growth chamber
under 16/8 h. photoperiod, at a temperature of

TABLE 5. Effect of medium pH and sucrose on rooting% and number of roots during in vitro rooting
stage of Rosa hybrida. cv. Eiffel Tower
pH
sucrose g/l

Rooting %

Number of roots

5

5.5

Mean

5

5.5

Mean

30

62.00

61.00

61.50

7.33

5.00

6.17

40

65.00

70.00

67.50

5.67

3.67

4.67

50

75.00

85.00

80.00

5.00

5.17

5.09

Mean

67.33

72.00

6.00

4.61

LSD 0.05
pH

1.18

1.07

Sucrose

1.44

N.S*

pH x sucrose

2.04

N.S

* NS= not significant at p˂0.05 by LSD

TABLE 6. Effect of medium pH and sucrose on root length and number of days to form roots during
in vitro rooting stage of Rosa hybrida. cv. Eiffel Tower
pH
sucrose g/l

Root length (cm)

Number of days to form roots

5

5.5

Mean

5

5.5

Mean

30

1.00

1.00

1.00

17.33

15.00

16.17

40

1.50

1.33

1.42

12.33

12.00

12.17

50

2.00

1.83

1.92

6.50

7.50

7.00

Mean

1.50

1.39

12.05

11.50

LSD 0.05
pH

NS*

0.68

Sucrose

0.19

0.48

pH x sucrose

NS

1.18

* NS= not significant at p˂0.05 by LSD
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30 g/l sucrose and medium pH 5.5

40 g/l sucrose and medium pH 5

50 g/l sucrose and medium pH 5

50 g/l sucrose and medium pH 5.5
Fig. 3. Effect of interaction between pH and sucrose at different concentrations on rooting behavior of Rosa
hybrida cv. Eiffel Tower shoots
Egypt. J. Hort. Vol. 45, No. 2 (2018)
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Fig. 4. Acclimatization of in vitro-derived plantlets of Rosa hybrida cv. Eiffel Tower

Conclusion
Nodal segments of Rosa spp. cv. Eiffel Tower
were successfully established and multiplied on
MS medium supplemented with BAP at 1 mg/l
plus kinetin at 0.5 mg/l. High rooting percentage
and fast rooting were obtained through adjusting
auxin concentration, sucrose and medium
pH value. Rooted shoots were successfully
acclimatized.
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عمل بروتوكول إكثار دقيق لنبات الورد صنف برج إيفل يتميز بقدرة تجذيرية عالية داخل
األنابيب
عزة عبد العزيز توفيق* ،عمر حسني محمد إبراهيم* ،عصام يوسف عبد الحفيظ* ،سمر أمين إسماعيل**
*قسم نباتات الزينة وتنسيق احلدائق  -كلية الزراعة  -جامعة أسيوط و** قسم البساتني  -كلية الزراعة فرع
الوادي اجلديد  -جامعة أسيوط  -أسيوط  -مصر.
تمت دراسة بعض تقنيات اإلكثار الدقيق بهدف تعظيم بروتوكول لإلكثار على نطاق واسع وسريع لنبات الورد
صنف برج إيفل وهو أحد األصناف الهامة .أجريت العديد من التجارب على مرحلتين وهما مرحلة التضاعف
ومرحلة التجذير .تم الحصول على أفضل النتائح في مرحلة التضاعف عند زراعة العقل الساقية على بيئة
موراشيج وسكوج مضافا ً إليها إيا ً من  1ملجم/لتر بنزيل أمينوبيورين أو  0.5ملجم/لتر كينتين منفردين أو
مجتمعين معاً .فمن بين التركيزات المختلفة المستخدمة من البنزيل أمينوبيورين ،كان التركيز  0.5ملجم/لتر
هو األفضل حيث أعطى أكبر عدد للفروع /قطعة ساقية ( .)3.17في حين أن إضافة الكينتين للبيئة بمعدل 0.5
ملجم/لتر تفوق على باقي التركيزات من حيث عدد الفروع/عقلة ساقية ( )3.67وكذلك طول الساق ( 3.67سم).
وأدت التداخل بين البنزيل أمينوبيورين بمعدل  1ملجم/لتر والكينتين بمعدل  0.5ملجم/لتر إلى الحصول على
أكبر عدد للفروع ( 4فروع/عقلة ساقية) .وبالنسبة لمرحلة التجذير ،فقد لوحظت أفضل النتائج فيما يتعلق بنسبة
التجذير ( ،)%61.00عدد للجذور ( 5.12جذر/ساق) وطول الجذر ( 3.33سم) وذلك عند زراعة األفرع على
بيئة موراشيج وسكوج خالية من الهرمونات مع ضبط الرقم الهيدروجيني للبيئة على  .5.5كما أن ضبط الرقم
الهيدروجيني على  5.5أدى إلى اإلسراع في تكوين الجذور في  17.67يوما ً يليه البيئة ذات الرقم الهيدروجيني
 18( 4.5يوماً) .في حين أن البيئة ذات الرقم الهيدروجيني  5.5والمضاف إليها السكروز بمعدل  50جم/لتر
أعطت أعلى قيم معنوية لنسبة التجذير ( )%85كما أدت إلى تحسين سرعة إنتاج الجذور في  7.5يوماً .كما لم
تالحظ أية تأثيرات معنوية لمعامالت التداخل على كل من عدد الجذور وطول الجذر .وتم أقلمة النبيتات المكونة
للجذور بنجاح بعد نقلها إلى أصص مملوءة ببيئة زراعة وذلك داخل المعمل ثم نقلت إلى الحقل بمعدل بقاء وصل
إلى  .%55وبعد مرور  6أشهر فإن متوسط طول النبات قد وصل إلى 22سم  ،وعدد األوراق إلى  5.5ورقة/
نبات.
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