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ABSTRACT: The present study aims to determine the best type and
concentration of growth regulators and find cheap and/or readilyavailable alternative substitutes of agar for tissue culture media
preparation. The results clear that MS medium supplemented with
1 mg l-1 BA significantly outperformed other tested cytokinins
concerning yucca shoot multiplication and growth parameters [number
of shoots/explant, number of leaves/shoot, and shoot length (cm)]
which recorded 4.75, 14.00 and 6.50 cm, respectively. Moreover, the
combination between 2 g l-1 agar and 6 g l-1 guar as gelling agents
produced the maximum shoot growth values. During rooting stage,
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data clear that 1.0 mg l-1 NAA increased number of leaves/shoot,
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7(3):239-246 (2020). number of roots/shoot and root length with mean values of 20.50, 3.75
and 5.22 cm, respectively. Finally, rooted plantlets were successfully
acclimatized with maximum survivability percentage (100%) in soil
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INTRODUCTION
Yucca (Yucca elephantipes L.) is an
evergreen and monocotyledonous plant,
which belongs to family Agavaceae. It is of
paramount interest of garden landscaping in
arid and semi-arid regions for its outstanding
ability to grow under such hostile conditions.
Moreover, Yucca is considered as a popular
plant for indoor decoration (Navin et al.,
1992).

release of the used yucca genotypes at large
scale production (Elshafei et al., 2011).
In the same time, agar has remained to
be the most frequently used gelling agent for
both plants and microbes culture media.
Many advances of agar make it a gelling
agent of choice such as, stability, high
clarity, non-toxic nature and resistance to
metabolism during culture (McLachlan,
1985 and Henderson and Kinnersley, 1988).

However, yucca propagation via cuttings
and offsets produces few plants. On the other
hand, micropropagation offers major
production and marketing advantages over
traditional propagation methods.

However, some doubts have been raised
about
its
suitability.
In
addition,
overexploitation of its limited resources and
prohibitive prices are other reasons that
propel attempts to identify another MS
medium suitable gelling agent substitutes.

Therefore, the current work was
conducted to establish rapid procedure for in
vitro
multiplication,
rooting
and
acclimatization, and hence facilitate the

Guar seed powder is endospermsderived from Cyamopsis tetragonoloba. Its
gum has a water-soluble fraction (85%)
named guaran. This compound is a non-toxic
polysaccharide made up of straight chain
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mannan, with relatively regular branching of
every second mannose by a single galactose
unit (Windholz et al., 1983).
Guar gum and seed powder have been
used as gelling agent in many plants tissue
culture media such as Hassan et al. (2016)
on Philodendron selloum.
However, the highest multiplication rate
was achieved on medium gelled with plant
agar, plantlets grown on medium solidified
by guar gum were extremely vigorous and
well developed (Fira et al., 2010).
Combination of agar and guar increased
the number of regenerated shoots in
micropropagation of pear (Pyrus communis
L., ‘Durondeau’), in vitro seed germination
of Linum usitatissimum, Brassica juncea, in
vitro axillary shoot proliferation in nodal
explants of Crataeva nurvala and rooting of
regenerated shoots of these plants compared
to media solidified by agar (Babbar et al.,
2005 and Lucyszyn et al., 2006).
Locust bean (LB) also known as carob
seeds of leguminous plant Ceratonia siliqua
Linn (Leguminosae) were used as gelling
agent for shoot multiplication and rooting of
carob tree. The obtained results show that
locust bean gum can be used in combination
with agar in culture medium as a gelling
agent without negative effect on plant
material and with the advantage of reduced
medium costs (Romano and Goncalves,
2005). Also, Hassan et al. (2016) on
Philodendron selloum found that locust bean
(LB) at 4 g l-1 as gelling agent produced the
maximum growth values. However, Soliman
et al. (2016) on Codiaeum varigatum
reported that 4 gl-1 agar +4 gl-1 LB gave the
maximum values of shoot proliferation and
growth.
The present study was designed to
investigate the effect of different growth
regulators and different inexpensive gelling
agent alternatives combinations with agar on
micropropagation of Yucca elephantipes L.

MATERIALS AND METHODS
This study was carried out in Prof. Dr.
Abd El-Fatah Helmy Belal Plant Tissue
Culture Laboratory, Faculty of Environ.
Agric. Sci., Arish University, from April
2017 to September 2018 to improve
micropropagation
of
yucca
(Yucca
elephantipes L.) by using inexpensive and
easily available substitutes of agar that could
be utilized for preparing tissue culture
media.
Establishment stage:
Plant material and explant sterilization:
Axillary buds and shoot tips were
excised from Yucca elephantipes L. plants
grown in greenhouses of Experimental Farm,
Fac. of Environ. Agric. Sci., Arish
University, El-Arish, North Sinai. Explants
were surface sterilized by soaking in 0.1%
mercuric chloride solution for 5 min, then
soaked in Clorox solution (NaOCl, 5.25%
free chlorine) at concentration of 20% for 10
min. Explants were thoroughly rinsed three
times with sterile distilled water after each
previous step.
The sterilized explants were cultured on
MS medium Murashige and Skoog (1962)
with 30 g l-1 sucrose and supplemented with
three different cytokinin types namely
benzyl adenine (BA), kinetin (kin) or 2isopentenyladenine (2ip) at 1 m gl-1 to
choose the best cytokinin type for yucca
micropropagation. Number of shoots/
explant, number of leaves/shoot and shoot
length (cm) data were recorded after 6 weeks
from inoculation date. The medium pH was
adjusted at 5.7-5.8 and solidified with 8 g l-1
agar. Medium was distributed into glass jars
(60×120 mm) every jar contained about 50
ml medium, finally jars were sterilized in
autoclave at 121 °C and 1.1 kg/cm2 for 20
min.
Multiplication stage:
Axillary shoots and shoot tips (about
1.5- 2.0 cm length) obtained from previous
stage were transferred to MS medium
contained BA (the best cytokinin for shoot
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induction) at 0.5, 1.0, 1.5 or 2.0 mg l-1.
Number of shoots/explant, number of
leaves/shoot and shoot length (cm) data were
recorded after 6 weeks from inoculation date.
The best multiplication treatment (1.0 mg l-1
BA) was repeated to obtain enough shoots
for the second multiplication experiment.
The effect of alternative gelling agents
during multiplication stage:
This experiment was conducted to
determine the influence of alternative gelling
agents on shoot multiplication of Yucca
elephantipes L. plants by culturing shoot tips
on MS medium contained (1.0 mg l-1 BA)
and solidified with a combination between
guar or locust bean (LB) seeds powder and
agar as follows: 8 g l-1 agar (as control), 6
g l-1 agar +2 g l-1 guar seed powder, 4 g l-1
agar + 4 g l-1 guar seed powder, 2 g l-1 agar +
6 g l-1 guar seed powder, 6 g l-1 agar +2 g l-1
locust bean seed, 4 g l-1 agar + 4 g l-1 locust
bean seed or 2 g l-1 agar +6 g l-1 locust bean
seed.
Rooting stage:
Effect of different auxin types at 1 mg l-1
on yucca plants rooting:
Shoots (about 2 cm length) obtained
from the second multiplication experiment
were cultured on MS medium without
growth regulators for 4 weeks then shoots
(about 3 cm) were cultured on MS medium
supplemented with indol acetic acid (IAA),
naphthalene acetic acid (NAA) or indol
buteric acid (IBA) at 1.0 mg l-1. After 4
weeks from inculation, the following data
were recorded; plantlet length (cm), number
of leaves/plantlet, number of roots and root
length (cm).
Effect of different naphthalene acetic acid
(NAA) concentrations on yucca shoot
rooting:
Previous experiment results indicated
that naphthalene acetic acid (NAA) recorded
the best results of rooting so that, shoots
obtained from multiplication stage were
cultured on MS media supplemented with
naphthalene acetic acid (NAA) at 0.0, 0.5,

1.0, 1.5 or 2 mg l-1. The abovementioned
data were recorded after 4 weeks.
Acclimatization stage:
Well rooted plantlets were transferred
into (8 cm diameter) plastic pots containing a
mixture of sand and peat moss at equal
volumes. To keep a high relative humidity
around the plantlets, polyethylene bags were
employed to cover the pots. Pots were kept
in greenhouse. Ten days later, small holes
were poked in the plastic covers to facilitate
air circulation. After additional 10 days,
relative humidity was gradually reduced, and
the covers were completely removed. After 4
weeks
survivability
percentage
was
determined.
Culture conditions:
Cultures of the above-mentioned in vitro
experiments were incubated in growth room
at 25±2 °C under 16 h/day photoperiod
which supported with cool white fluorescent
lamps with light intensity of 2000 Lux.
Experimental
analysis:

design

and

statistical

All the above-mentioned experiments
design was complete randomized design
(CRD). Collected data were analyzed by the
analysis of variance (ANOVA) procedure
using MSTAT-C Statistical Software
Package (Michigan State University, 1983).
Differences between means were compared
by using Duncan’s multiple range test
(Duncan, 1955).

RESULTS AND DISCUSSION
Establishment stage:
Table (1) and Fig. (1) indicated that,
using of BA significantly increased all shoot
growth parameters (number of shoots/
explant, number of leaves/shoot and shoot
length) of Yucca compared with control.
Also, results indicated that the greatest
values for these growth characters (4.75,
14.00 and 6.50 cm, respectively) were
recorded by using 1 mg l-1 BA.
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Table 1. Effect of different cytokinin types at 1 mg l-1 on Yucca elephantipes L. shoot
growth during establishment stage.
Cytokinin type
at 1 mg l-1

Number of
shoots/explant

Number of leaves
/shoot

Shoot length
(cm)

Control

1.00 b

9.50 b

2.85 c

BA

4.75 a

14.00 a

6.50 a

KIN

1.00 b

13.25 a

4.62 b

2IP
1.00 b
9.50 b
3.87 bc
Means having the same letter (s) within the same column are not significantly different according to
Duncan's multiple range test at 5% level of probability.

Fig. 1. Multiplication of Yucca elephantipes L., (A) Effect of cytokinin type (BA, Kin
and 2ip at 1 mgl-1) on shoot growth during establishment stage, (B) Effect of
using 2 g agar + 6 g guar as gelling agents on shoot growth during
multiplication stage, (C) Effect of auxin type (IAA, IBA and NAA at 1 mg l-1)
on shoot and root growth during rooting stage, (D) Acclimatized Y.
elephantipes L. plant.
These results seems to be in complies with
those found by Faisal et al. (2006) when they
evaluate the effect of BA, kin and 2-iP as
supplements to Murashige and Skoog (MS)
medium since they found that benzyladinine
(BA) at an optimal concentration (5.0 μM)

was effective in inducing multiple shoots.
Also, Khalafalla et al. (2011) on Boscia
senegalensis achieved the highest number of
shoots per explant on MS medium
supplemented with 3 mg l-1 BA, while the
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highest shoot length was obtained with 1
mg l-1 BA.
Multiplication stage:
Effect of BA concentration on Yucca
elephantipes L. shoot growth and
multiplication during multiplication stage:
The effect of BA concentration on yucca
shoot growth traits were showed in Table
(2). The results cleared that using MS
medium supplemented with BA at 1.0 mg l-1
resulted in significant increase for all yucca
growth parameters i.e., number of
shoots/explant, number of leaves/shoot and
shoot length (cm) with mean values of 4.50,
17.50 and 5.15 cm, respectively. The
increasing percentages resulted from using
1.0 mg l-1 BA over the control were
estimated by 125% for number of
shoots/explant, 45.83% for number of
leaves/shoot and 96.56% for shoot length. It
is worth to mention that there were no
significant differences between 0.5 and 1.0

mg l-1 BA
concerning
number
of
leaves/shoot and shoot length. The obtained
results were in agreement with Shaheen et al.
(2009) since they found that the number of
developed vegetative branches of yucca
culminated with BA at 2 mg l-1
concentration. However, zero BA did not
result in any developed branches.
Effect of gelling agents on Yucca
elephantipes L. vegetative growth during
multiplication stage:
The results in Table (3) indicated that the
combination between 2 g l-1 agar and 6 g l-1
guar seed powder as gelling agent produced
the maximum growth values for all yucca
growth parameters i.e., number of
shoots/explant, number of leaves/shoot, and
shoot length (cm), which recorded, 3.00,
16.00 and 5.66 cm; respectively with
increasing percentages estimated by 50%,
33.33% and 54.22% for these parameters,
respectively compared with corresponding

Table 2. Effect of BA concentration on Yucca elephantipes L. shoot growth and
multiplication during multiplication stage.
BA concentration
(mg l-1)

Number of
shoots/explant

Number of leaves/shoot

0.0 (Control)
2.00 b
0.5
2.00 b
1.0
4.50 a
1.5
3.50 a
2.0
3.00 ab
Means having the same letter (s) within the same column
Duncan's multiple range test at 5% level of probability.

Shoot length (cm)

12.00 b
2.62 b
17.00 a
4.87 a
17.50 a
5.15 a
12.50 b
2.80 b
11.50 b
2.30 b
are not significantly different according to

Table 3. Effect of gelling agents on Yucca elephantipes L. shoot growth and
multiplication during multiplication stage.
Number of
Treatments
Number of leaves/shoot
Shoot length (cm)
shoots/explant
(g l-1)
8 Agar (Control)
2.00 a-c
12.00 ab
3.67 b-d
6 Agar + 2 Guar
2.00 a-c
9.33 b
3.00 b-d
4 Agar + 4 Guar
2.67 ab
11.33 b
4.33 b
2 Agar + 6 Guar
3.00 a
16.00 a
5.66 a
6 Agar + 2 LB
1.33 c
11.00 b
2.67 cd
4 Agar + 4 LB
2.33 a-c
16.00 a
4.00 bc
2 Agar + 6 LB
1.67 bc
11.33 b
2.33 d
LB: locust bean
Means having the same letter (s) within the same column are not significantly different according to
Duncan's multiple range test at 5% level of probability.
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control mean values. However, there were no
significant difference between control (8 g l-1
agar) and this treatment (2 gl-1 agar + 6 g l-1
guar seed powder) concerning number of
shoots/explant and number of leaves/shoot.
The obtained results were in the same
way with those found by Abdallah et al.
(2019) on Haplophyllum tuberculatum L.
they obtained that Murashige and Skoog
(MS) was the best medium and agar at 6 g l-1
+ guar seed powder at 2 g l-1 was the best
gelling agent treatment.
Rooting stage:
Effect of different auxin types at 1 mg l-1
on Yucca elephantipes L. shoot growth and
rooting during rooting stage:
The results presented in Table (4) and
Fig. (1) show that using MS medium
supplemented with NAA at 1.0 mg l-1
significantly
increased
number
of
leaves/shoot, number of roots/shoot and root
length with mean values 20.50, 3.75 and
5.22 cm, respectively. On the other hand,
shoot length (cm) did not significantly affect
by auxin type. These results were in the
same line with Moudi et al. (2014) they
studied the effect of NAA concentrations on
bamboo Bambusa nutans Wall. Ex. Munro
rooting.they reported that 85% of rooting
was recorded on 2 mg l-1 NAA.
Moreover, Abdulmalik et al. (2012) on
Arachis hypogaea L. reported that rooting
was significantly influenced by the presence
and concentration of NAA. Microshoots

subcultured on medium supplemented with 1
mg l-1 NAA rooted within 2 weeks of
subculture, producing the highest number of
roots/plantlet and root-induction frequency.
Effect of NAA concentrations on Yucca
elephantipes L growth during rooting
stage:
The Effect of NAA concentration on
yucca shoot growth and rooting during
rooting stage were shown in Table (5). The
results clarified that using MS medium
supplemented with NAA at 1.0 mg l-1
resulted in significant increase for all yucca
shoot and root growth parameters i.e., shoot
length, number of leaves/shoot, number of
roots/shoot and root length which recorded
7.77 cm, 13.50, 5.25 and 4.97 cm,
respectively. The increasing percentages of
the mean values of yucca growth parameters
with 1.0 mg l-1 NAA treatment over the
control were 35.13%, 58.82%, 133.33% and
86.14%, respectively. These results are in a
harmony with those obtained by Seyyed et
al. (2013) since they studied the effect of
different concentrations of NAA and BAP on
micropropagation of Alstroemeria by apical
and lateral bud explants. These explants were
cultured on MS medium containing NAA (0,
0.2, 0.5 and 1.0 mg l-1) and BAP (0, 0.5, 1.0,
1.5 and 2.5 mg l-1). The results showed that
the highest shoot length, root length,
maximum root number and bud number were
recorded on culture medium containing 1.0
mg l-1 NAA.

Table 4. Effect of different auxin types at 1 mg l-1 on Yucca elephantipes L. shoot
growth and rooting during rooting stage.
Shoot length
(cm)

Number of leaves/
shoot

Number of
roots/shoot

Root length
(cm)

5.90 a

9.00 b

2.50 b

2.20 c

5.95 a

10.00 b

2.75 ab

3.50 b

IAA

5.95 a

12.00 b

2.50 b

1.37 d

NAA

6.30 a

20.50 a

3.75 a

5.22 a

Auxin type
(1 mg l-1)
Without auxin
(Control)
IBA

Means having the same letter (s) within the same column are not significantly different according to
Duncan's multiple range test at 5% level of probability.
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Table 5. Effect of NAA concentration on Yucca elephantipes L. shoot and root growth
during rooting stage.
NAA concentration
(mg l-1)

Shoot length
(cm)

Number of
leaves/shoot

Number of
roots/shoot

Root length
(cm)

0.0 (Control)
5.75 b
8.50 b
2.25 b
0.5
5.75 b
9.00 b
2.25 b
1.0
7.77 a
13.50 a
5.25 a
1.5
5.75 b
10.00 b
3.25 b
2.0
5.65 b
9.00 b
3.22b
Means having the same letter (s) within the same column are not significantly different
Duncan's multiple range test at 5% level of probability.

Acclimatization stage:

2.67 b
1.25 cd
4.97 a
0.95 d
1.03 d
according to

assessment of the cultural capabilities of
clonal propagation and molecular
characterization of Yucca elephantipes
cultivars. J. of Medic. Plants Res.,
5(13):2896-2905.

Plantlets of Yucca elephantipes L. were
successively acclimatized with maximum
survivability percentage (100%) in soil
mixture of sand and peat moss (1:1. v/v).

Duncan, B.D. (1955). Multiple range and
multiple F test. Biometrics,11:1- 42.

CONCLUSION
From above-mentioned results, it could
be concluded that for obtaining high
multiplication rate and good shoot growth of
Yucca elephantipes as well as lowering
gelling agent cost it is recommended to use
MS media fortified with 1 mg l-1 BA and
solidifying with 2 g l-1 agar + 6 g l-1 guar
seed powder as gelling agent.
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اﻹﻛﺜﺎر اﻟﺪﻗﯿﻖ ﻟﻨﺒﺎت اﻟﯿﻮﻛﺎ ﺑﺈﺳﺘﺨﺪام ﻣﺴﺤﻮق ﺑﺬور اﻟﺠﻮار واﻟﺨﺮوب ﻛﺒﺪاﺋﻞ رﺧﯿﺼﺔ اﻟﺜﻤﻦ ﻟﻌﺎﻣﻞ ﺗﻜﻮن
اﻟﺤﺎﻟﺔ اﻟﺠﻠﯿﺔ
ھﺎﻧﻲ ﻣﺤﻤﺪ ﺳﺎﻣﻲ ﺣﺴﻦ* و ﻣﻨﯿﻊ ﻣﺒﺎرك
 ﻣﺼﺮ، ﺟﺎﻣﻌﺔ اﻟﻌﺮﯾﺶ، ﻛﻠﯿﺔ اﻟﻌﻠﻮم اﻟﺰراﻋﯿﮫ اﻟﺒﯿﺌﯿﮫ،* ﻗﺴﻢ اﻹﻧﺘﺎج اﻟﻨﺒﺎﺗﻲ
 ﻣﺼﺮ، دﻣﻨﮭﻮر، ﺟﺎﻣﻌﺔ دﻣﻨﮭﻮر، ﻛﻠﯿﺔ اﻟﺰراﻋﺔ،** ﻗﺴﻢ اﻟﺒﺴﺎﺗﯿﻦ
**

ﺗﮭﺪف ھﺬه اﻟﺪراﺳﺔ إﻟﻰ ﺗﺤﺪﯾﺪ أﻧﺴﺐ ﻧﻮع و ﺗﺮﻛﯿﺰ ﻣﻦ ﻣﻨﻈﻤﺎت اﻟﻨﻤﻮ واﻟﺒﺤﺚ ﻋﻦ ﺑﺪاﺋﻞ ﻟﻸﺟﺎر رﺧﯿﺼﺔ وﻣﺘﺎﺣﺔ
 و ﻗﺪ أوﺿﺤﺖ اﻟﻨﺘﺎﺋﺞ اﻟﺘﻲ ﺗﻢ اﻟﺤﺼﻮل ﻋﻠﯿﮭﺎ أن ﺑﯿﺌﺔ ﻣﻮراﺷﯿﺞ.ﺑﺴﮭﻮﻟﺔ ﻹﺳﺘﺨﺪاﻣﮭﺎ ﻓﻲ ﺗﺤﻀﯿﺮ وﺳﺎﺋﻂ زراﻋﺔ اﻷﻧﺴﺠﺔ
ﻟﺘﺮ ﻗﺪ ﺗﻔﻮﻗﺖ ﻋﻠﻰ أﻧﻮاع اﻟﺴﯿﺘﻮﻛﯿﻨﯿﻨﺎت اﻟﻤﺨﺘﺒﺮة اﻷﺧﺮى ﻓﯿﻤﺎ ﯾﺘﻌﻠﻖ/ ﻣﻠﺠﻢ۱ وﺳﻜﻮج اﻟﻤﻀﺎف إﻟﯿﮭﺎ اﻟﺒﻨﺰﯾﻞ آدﻧﯿﻦ ﺑﻤﻌﺪل
ﻓﺮخ وطﻮل اﻟﻔﺮخ( ﺣﯿﺚ ﺣﻘﻘﺖ ﻗﯿﻢ/ ﻋﺪد اﻷوراق،ﻣﻨﻔﺼﻞ ﻧﺒﺎﺗﻲ/ﺑﺠﻤﯿﻊ اﻟﺼﻔﺎت اﻟﺨﻀﺮﯾﺔ ﻷﻓﺮخ اﻟﯿﻮﻛﺎ )ﻋﺪد اﻟﻔﺮخ
ﻟﺘﺮ ﻣﻦ/ ﺟﻢ٦ ﻟﺘﺮ آﺟﺎر و/ ﺟﻢ۲  أظﮭﺮت اﻟﻨﺘﺎﺋﺞ أن اﻟﺠﻤﻊ ﺑﯿﻦ، ﻋﻼوة ﻋﻠﻰ ذﻟﻚ. ﻋﻠﻰ اﻟﺘﻮاﻟﻲ، ﺳﻢ٦٫٥۰  و۱٤٫۰۰ ،٤٫۷٥
 ﺑﺎﻟﻨﺴﺒﺔ ﻟﻤﺮﺣﻠﺔ اﻟﺘﺠﺬﯾﺮﻓﻘﺪ ﺛﺒﺖ أن إﺳﺘﺨﺪام ﻧﻔﺜﺎﻟﯿﻦ ﺣﻤﺾ اﻟﺨﻠﯿﻚ.ﻣﻄﺤﻮن ﺑﺬور اﻟﺠﻮار ﻗﺪ ﺣﻘﻖ أﻋﻠﻰ اﻟﻘﯿﻢ ﻟﻨﻤﻮ اﻷﻓﺮخ
ﻓﺮخ/( وﻋﺪد اﻟﺠﺬور۲۰٫٥۰) ﻓﺮخ/ﻟﺘﺮ ﻗﺪ أدى ﻟﻠﺤﺼﻮل ﻋﻠﻰ أﻓﻀﻞ اﻟﻨﺘﺎﺋﺞ ﻓﯿﻤﺎ ﯾﺘﻌﻠﻖ ﺑﻌﺪد اﻷوراق/ ﻣﻠﺠﻢ۱ ﺑﻤﻌﺪل
( ﺑﺈﺳﺘﺨﺪام ﻣﺨﻠﻮط٪۱۰۰)  ﺗﻢ أﻗﻠﻤﺔ اﻟﻨﺒﯿﺘﺎت اﻟﻨﺎﺗﺠﺔ ﺑﻨﺠﺎح و ﺑﺄﻋﻠﻰ ﺑﻨﺴﺒﺔ ﺑﻘﺎء،ً  وأﺧﯿﺮا. ( ﺳﻢ٥٫۲۲) ( وطﻮل اﻟﺠﺬر۳٫۷٥)
.ﻣﻦ اﻟﺮﻣﻞ واﻟﺒﯿﺘﻤﻮس ﺑﻨﺴﺐ ﺣﺠﻤﯿﺔ ﻣﺘﺴﺎوﯾﺔ

246

