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ABSTRACT: Dimorphotheca ecklonis (L.), commonly known as
African daisy, is a half-hardy annual that produces large white blossoms.
The flowers exhibit a striking contrast, being white with the disc florets
presenting a deep blue or purple hue, a multifunctional plant that can be
used in a variety of landscape designs. It is frequently utilized as a
bedding plant, adding vibrant color to flower beds and borders.
Additionally, it thrives in rock gardens and containers, allowing for
\E\“““'Sd( flexible placement options. Its ability to withstand drought conditions
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makes it an excellent choice for low-water gardens, thus supporting
sustainable landscaping practices. In the Nursery of Floricultural and
Ornamental Plants, Faculty of Agriculture, Alexandria University,
Egypt, the current investigation was conducted over the course of two
consecutive seasons, 2022/2023 and 2023/2024. The seedlings (shoot
tip) of Dimorphotheca ecklonis (L.) were sprayed with sodium azide at

the levels of 1500, 3000, 4500, 6000 ppm and control (distilled water)

Scientific J. Flowers &
Ornamental Plants,
12(3):133-153 (2025).

to evaluate its effect on the vegetative, flowering growth and
phytochemical composition, induction of mutation and genetic
variability on Dimorphotheca ecklonis (L.) plants. Also, SRAP markers
were used to evaluate the induced mutants. The levels of 6000 ppm
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dr makka@mau.edueg level of 3000 ppm in both generations substantially elevated the levels
of anthocyanin and beta-carotene. Some variations in the habit of
growth, leaf form and inflorescence structure were observed in both
generations. SRAP marker-PCR technique was able to detect mutations
in Dimorphotheca ecklonis (L.) plants.
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INTRODUCTION

The Dimorphotheca genus is mainly
located in Africa and Australia and belongs to
the important Asteraceae family (Bailey and
Bailey, 1976). Dimorphotheca ecklonis (L.)
DC., commonly known as Cape marigold,

African daisy, or star of the veldt, is a widely
recognized ornamental plant grown globally.
This plant is a half-hardy annual that produces
large, brightly colored blossoms atop long,
slender stems. Cape marigolds form a loose
mound that is densely covered with flowers
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during cooler seasons or in regions with
cooler climates (Abdel-Wabhid ef al., 2005).

The glandular bracts are notable,
measuring between 13 to 16 millimeters in
length. The flowers exhibit a striking contrast,
being white on the upper side and reddish-
blue on the lower side, with the disc florets
presenting a deep blue or purple hue. The fruit
features a distinct wrinkled surface (Munz,
1968).

Dimorphotheca ecklonis (L.) is a
multifunctional plant that can be used in a
variety of landscape designs. It is frequently
utilized as a bedding plant, adding vibrant
color to flower beds and borders.
Additionally, it thrives in rock gardens and
containers, allowing for flexible placement
options. Its ability to withstand drought
conditions makes it an excellent choice for
low-water  gardens, thus  supporting
sustainable landscaping practices.

A mutation is an alteration that can occur
randomly, be inherited, and be brought on by
exposure to mutagenic agents or natural
processes (Oztiirk et al, 2020). The
utilization of in vitro and in vivo
methodologies in conjunction with mutation
breeding research enables the production of a
diverse array of mutants at extremely high
frequencies (Tiirkoglu ef al., 2023). The type
and variety of the selected mutations, along
with the specific region of the plant,
application dosage, and duration, all influence
the efficacy of the mutation (Kim et al,
2020). To increase the frequency of
mutations, various breeding research projects
have used physical or chemical mutagens
(Hewawasam et al., 2004).

Chemical mutagenesis represents an
established technique for improving yield and
quality characteristics in plants. Within this
field, alkylating agents are acknowledged as
particularly potent mutagens in higher plant
species. Additionally, sodium azide (NaN3)
has demonstrated efficacy as a chemical
mutagen capable of inducing genetic
variation. Consequently, NaN3 serves as a
valuable tool for enhancing agronomic traits

in various crop species. The significant
contribution of mutation breeding towards
increasing genetic variability for quantitative
traits across diverse crop plants is well-
documented in the scientific literature
(Srivastava et al., 2011).

Chemical mutagens result in base pair
substitutions, most often from GC to AT,
which change the amino acid composition and
affect protein function without completely
removing it, unlike deletions or frame shift
mutations (Ikhajiagbe and Omoregie, 2020).
Sodium azide stands out as one of the most
powerful chemical mutagens present in
cultivated plants. The method of inducing
mutations is significantly influenced by the
mutagen's concentration as well as the
duration of application (Khan et al., 2009).
Every amount of mutagen concentration and
exposure duration will result in an unusually
large number of mutations compared to what
would be predicted under typical conditions.
However, negative consequences, such as
increased seedling mortality and harm, may
occur if the concentration is elevated to an
extremely high level and the application
period is extended (Jenks et al., 2007).

Sodium azide (SA) is recognized as a
potent chemical mutagen, regarded as one of
the most effective mutagens in the realm of
plant biology. It is simple, affordable, and
produces mutations in plants to enhance their
characteristics. Numerous factors, including
pH, soaking time in water, temperature, azide
concentration, and treatment length, affect
how efficiently mutants are produced. It
induces point mutations and causes
chromosomal damage, thereby enhancing the
plants' tolerance to various adverse conditions
(Al-Qurainy and Khan, 2009). NaN3 serves as
a significant tool for improving agronomic
traits in crop plants under various biotic and
abiotic stresses (Tirkoglu er al, 2023).
Sodium azide, an ionic compound, exerts its
mutagenic effects through an organic azide
metabolite, analogous to L-azidoalanine. This
metabolite is synthesized by the enzyme O-
acetylserine  (thiol)-lyase (formerly O-
acetylserine sulfhydrylase) (Gruszka et al.,
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2012; Viana et al, 2019). The mechanism
involves the entry of this azide molecule into
the cell nucleus, where it induces point
mutations within the genomic DNA,
primarily characterized by G/C to A/T
transitions (Mistry et al., 2022).

Sequence-related amplified polymorphism
(SRAP) is regarded as a straightforward and
effective method, offering greater throughput
and reproducibility compared to RAPDs,
while also being simpler to execute than
AFLPs. The SRAP method is capable of
detecting numerous co-dominant loci and
effectively capturing open reading frames
(ORFs) (Li and Quiros, 2001).

This study aims to investigate the effects
of sodium azide on vegetative and flowering
growth in Dimorphotheca ecklonis, as well as
its phytochemical composition and potential
for mutation induction.

MATERIALS AND METHODS

The current study was conducted over
two consecutive generations during the
experimental seasons of 2022/2023 and
2023/2024, at the Nursery of Floricultural and
Ornamental Plants, Fac. Agric., Alexandria
Univ., Egypt.

Seeds of Dimorphotheca ecklonis (L.)
were sown on the 15" of September 2022 in
30 cm clay pots filled with a mixture of sand
and peat moss (1:1 v/v). Sodium azide was
used as a spray on the shoot tips of the plants
four-leaf formation. A hand sprayer was used
to apply all the rates, and a wetting agent
tween-20 was added to each test solution.
Each plant was sprayed individually until the
solution reached the point of run-off. Fresh
solutions of sodium azide were prepared at
concentrations of 1500, 3000, 4500 and 6000
ppm, and the control (distilled water).

For growing the Ma-generation, seeds
were gathered from each treatment, and then
sown on the 15" of September 2023. The
processes of seeding and transplanting were
conducted similarly to the initial generation.

The experimental
completely randomized design

design utilized a
(CRD),
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comprising five treatments with three
replicates (Gomez and Gomez, 1984). Each
treatment consisted of ten plants.

Data recorded:

The following data were measured in
both generations (M1 and M>).

Vegetative growth:

= Survival percentage for Mi-generation: The
percentage of the survived plants was
measured for each treatment in each
replicate as the percentage of the survived
plants which continued around the
experiment relative to the number of
transplanted seedlings according to the
following formula:
o Number of survived plants
Survival %= Number of transplanted %100
seedlings

= Seed germination percentage for Ma-
generation: The following formula was used
to compute the germination percentage of
each treatment 30 days after seeding:

Seed germination %=

Number of germinated seeds
%100

Number of total seeds

= Plant height was measured from the soil
surface in the pot to the highest point of the
plant at the end of M1 and Ma-generation
experiments.

= Stem diameter (cm) was measured at the
soil surface in the pots at the end of the
flowering.

= Number of branches/plant was counted at
the end of the first and second generations
of experiments.

= Number of leaves/plant was counted at the
end of the first and second generations of
experiments.

= Dry weight of vegetative growth (g): Plants
of each treatment per replicate were
subjected to drying in an oven at 70 °C for
72 hours until a constant weight was
achieved.
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» Leaf area (cm?) was determined after Koller
(1972) by weighing two mature leaf blades
taken from the 4™ nodes of two plants at
each treatment. Two squares with known
areas taken from the leaf blades were
weighed. The leaf area was calculated using
the following equation, then the average
was calculated for one leaf:

Leaf weights xsquare areas

Leaf area (cm*)= Square weights

Flowering characteristics:

= Flowering date (days) was expressed as the
number of days between planting and the
appearance of the first blossom on the plant.

= Number of flowers per plant.

= Fresh weight of 10 flowers (g) was recorded
for each treatment in each replicate.

= Dry weight of 10 flowers (g): Flowers of
each treatment per replicate were subjected
to drying in an oven at 70 °C for 72 hours
until a constant weight was achieved and
then weighted in grams.

= Flower diameter (cm) was measured at the
full opening stage for 10 flowers per
treatment.

= Flower length (cm) was measured at the full
opening stage for 10 flowers per treatment.

= Number of petals was expressed as the
number of disk flowers per plant.

= Seeds weight (g) of 100 seeds was recorded
for each treatment in each replicate.

= Flowering period was calculated as the
number of blooming days between the first

and the last inflorescence on each replicate
in each treatment.

Chemical analysis:

Total leaf chlorophyll contents a and b
(mg/g fresh weight) were determined
according to Moran (1982), total leaf
carotenoid content (mg/g) was determined
according to Torres et al. (2014), total leaf
soluble carbohydrates content (%) was
determined according to Hedge and Hofreiter
(1962). Anthocyanin content (ml/100 g)
determination in dried flowers was done
according to Fuleki and Francis (1968). The
amount of beta-carotene (mg/g) in the dried
flower was measured at the time of collecting
using the technique outlined in the AOAC
(1970). Phenols content (mg/g) in the leaves
was determined according to AOAC (2000).

Abnormal characters:

All plants from both generations of
treatments were checked and documented for
abnormalities, and alterations in vegetative or
blooming growth. These changes included:

= Habit of growth.
= Abnormal leaves (color and form).
= Abnormal inflorescences (color and form).

= Sequence-related amplified polymorphism
(SRAP) fingerprinting technique (Khatab
and Hegazi, 2015), was utilized as a
molecular fingerprinting technique via five
specific primers which were designed to
assess the mutagenesis influence on
Dimorphotheca samples. The primer code,
combination and sequences of forward and
reverse primers were illustrated as shown in
Table (1).

Table 1. Illustrate the primer features of sequence-related amplified polymorphism

(SRAP).

Primers Prifner's Sequences of forward and revers primer
code combination

A mel + me5 TGAGTCCAAACCGGATA+ TGAGTCCAAACCGGAAG

mel +em2 TGAGTCCAAACCGGATA+ GACTGCGTACGAATTTGC

C me2 + em2 TGAGTCCAAACCGGAGC+ GACTGCGTACGAATTTGC

D me2 + me5 TGAGTCCAAACCGGAGC+ TGAGTCCAAACCGGAAG

E mel + me3 TGAGTCCAAACCGGATA+ TGAGTCCAAACCGGAAT
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Statistical analysis:

Data were statistically analyzed by
analysis of variance (ANOVA) (Steel et al.,
1997) using SAS software Ver. 9.2 (SAS
Institute Inc., 1985, Cary, North Carolina,
USA). Means for the different sources of
variation were applied by the Ileast
significance difference (LSD) test at P <0.05.

RESULTS AND DISCUSSION

Survival percentage:

The result of the survival percentage of
the Mi-generation of Dimorphotheca ecklonis
(L.) as affected by SA is shown in Fig. (1A).

The survival percentage of seedlings
subjected to sodium azide (SA) treatment was
quantified following a one-month post-
treatment period.

All concentrations of sodium azide
significantly  increased the  survival
percentage (100%) compared to the control
(79.47%), but did not differ significantly
between them. No significant effects were
observed for the SA treatments in the Mo-
generation. In both generations, there were no
discernible changes in the various treatments.

These findings are consistent with
previous reports by Al-Halawany (1992) in

A Survival % u M1-generation
120 u M2-generation
a a a a a
100 a 2 a
b a
80 -
X 60
40 -
20 -
0 .
Control 1500 ppm 3000 ppm 4500 ppm 6000 ppm
Concentrations
120 —B Germination % H M1-generation
B M2-generation
100

80

%

a
b b
60 T b _ T
40 - [ ¢
20 -
0 -

Control 1500 ppm

3000 ppm

Concentrations

4500 ppm 6000 ppm

Fig. 1. Survival percentage (A) and germination (B) of Dimorphotheca ecklonis (L.) as
affected by sodium azide at the M and M,-generations.
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Catharanthus roseus and by Jakhar and
Ramkrishna (2004) in Eruca sativa.
Furthermore, Mani (1989) observed that the
plant survival exhibited a dose-independent
response to EMS.

Seed germination percentage:

Fig. (1B) displays the seed germination
percentages for both generations. The
concentration of 4500 ppm did not differ
substantially from the control, although all
values did differ considerably.

The low concentration of SA (1500 ppm)
gave the highest percentages (88.03% and
76.00% for first and second generations,
respectively) and differed significantly from
the control (56.05% and 49.32%) for first and
second generations, respectively. The highest
dosage (6000 ppm) decreased significantly
seed germination percentages to 32.01% and
28.03% for first and second generations,
respectively.

The high seed germination obtained in the
second generation may be related to the
stimulation effect and may be attributed to
environmental factors, including seed
moisture content and mutagen chemical
concentrations (Hussein et al., 1974; Abd El-
Maksoud and El-Mahrouk, 1992). The results
were analogous to those documented by El-
Nashar (2006) about Amaranthus.

The stimulatory effects observed on seed
germination following exposure to low and
intermediate doses of diethyl sulfate (DES)
could potentially be attributed to enzymatic
activation and the induction of meristematic

cell division. Conversely, a proposed
physiological effect of sodium azide,
particularly at elevated concentrations,

involves the inhibition of the synthesis for
enzymes critical to the germination process.

Plant height:

The results of the plant height of the Mi-
generation as affected by sodium azide are
listed in Table (2), which shows that the
impact of the different treatments on the plant
height did not reach statistical significance in
the Mi-generation. On the other hand, the M-

generation showed significantly different
results between treatments; the highest plants
(19.53 cm) were recorded in the level of 6000
ppm relative to the control (14.13 cm), but no
significant  differences  between  other
treatments.

Table (2) showed no clear trend for the
different SA treatments, which was also
reported by many other workers. i.e Potdukhe
(2004) in Cajanus cajan and El-Nashar
(2006) in Amaranthus caudatus and A.
hypochondriacus.

Stem diameter:

Table (2) demonstrated that the various
SA interventions did not have any significant
effects on the diameter of the stem in either
generation.

This result was confirmed with El-
Khateeb et al (2022) on Borago
officinalis.All these results may be due to the
simulative effect of the mentioned treatments
or concentrations on the plant height and stem
diameter, which could be related to the
physiological activation of plant metabolism
as a result of DES application El-Torky
(1992); Abd El-Maksoud and El-Mahrouk
(1992 and 1993).

The observed reductions in plant height
and stem diameter may be attributed to
physiological damage induced by Diethyl
sulfate (DES) or sodium azide (SA), as well
as their respective hydrolysis products. This
interpretation aligns with the findings
reported by Hussein et al. (1974), Abd El-
Maksoud and El-Mahrouk (1992 and 1993),
El-Torky (1992), and El-Nashar (2006).

Number of branches per plant:

Treatment with all tested concentrations
of sodium azide resulted in an increased
number of branches per plant in both the M1
and M2-generations, as detailed in Table (2).
The maximum observed values were
associated with the 6000 ppm treatment
group, giving means of 25.33 branches/plant
in the Mi-generation and 30.73 branches in
the Mz-generation. These values represent a
notable increase compared to the control,
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which exhibited means of 17.66 and 19.36
branches /plant in the M1 and Mz-generations,
respectively.

The present results agree with the results
of El-Khateeb et al. (2022) in Borago
officinalis.

Number of leaves per plant:

As indicated in Table (2), the treatment of
6000 ppm produced the greatest number of
leaves per plant in the M1 and M2-generations
(206.05 and 223.30, respectively) when
compared to the control (73.36 and 117.33,
respectively).

There were also noticeable and
noteworthy impacts on the branches and
leaves of each plant. The results align with the
findings presented by El-Nashar (2006) on
Amaranthus. The physiological effects of SA
and its hydrolysis products may indeed
elucidate the observed increase in the
branches and leaves in each plant.

Dry weight:

Table (2) demonstrated that the dried
weight of vegetative growth in the Mi-
generation was not significantly affected by
the various SA treatments. The treatment of
6000 ppm produced the highest dry weight of
vegetative development (12.46 g) in the Mo-
generation when compared to the control
(5.21 g), and there were notable variations
between the various treatments.

It was comparable to the results of Abd
El-Maksoud and El-Mahrouk (1992) on
Asparagus densiflorus, where the dry weight
increased proportionally and decreased
proportionally ~ with  increasing  DES
concentrations. The environmental factors
that predominate during the growth period of
the plants, such as temperatures and/or
nutrition, could be the cause of the variation
in responses at different doses.

Leaf area:

In the Mi-generation, treatments of 3000
ppm SA gave the largest average of total leaf
area per plant (1621.73 cm?) compared to the
control (684.37 cm?), as shown in Table (2)

with significant differences. While the
treatment of 6000 ppm recorded the lowest
average of total leaf area (454.40 cm?), with
no discernible variations between the various
treatments and the control. In the Mo-
generation, the treatment of 3000 ppm
significantly expanded the leaf area (877.77
cm?) compared to the control (565.62 cm?),
with no significant difference. While the
treatment of 6000 ppm SA decreased the
average of total leaf area per plant (386.59
cm?) with no significant difference compared
to the control.

Generally, the low concentrations of SA
increased the leaf area. The findings align
with those presented by El-Nashar (2006) on
Amaranthus. Increases and reductions in the
leaf area of the mutagen-treated plants might
be ascribed to the impact of chemical
mutagens on the cell number and/or cell
length, which can alter the leaf characters of
the plants following the chemical treatment.
Large leaf area means an increase in cell
number, and small leaf area means a decrease
in cell number and size El-Nashar (2006).

Flowering date:

The SA at 6000 ppm concentration
generated the flowering after (91 day) in the
Mi- generation and differed significantly
from the control and SA at 1500 ppm (70.00
and 70.66 days, respectively), as shown in
Table (3) while the other treatments weren't
much different from the control. The
treatment of 3000 ppm induced flowering
(163.65 day) in the M2-generation compared
to the control (131.68 day) with a significant
difference. While the other treatments weren't
much different from the control.

The delaying effect on flowering of some
SA treatments during the Mi and Ma-
generations was in harmony with the results
stated by Hussein et al. (1974) and El-Nashar
(2006). Conversely, findings reported by
Badr et al. (2000) and El-Nashar (2006)
indicated that elevated concentrations of the
applied agent of mutagens appeared to inhibit
cell growth, decrease the overall growth rate,
and delay the onset of flowering.

140



133-153 (2025)

Scientific J. Flowers & Ornamental Plants, 12(3)

IUAIJI( JUBIYIUSIS ISBIT *S0°0>d 38 JUAIIJIP APuedYIuSIs 1€ (S) 19139 JUIJIP 3Y) AQ PIMO[[0J UWIN[0I YIBI UI SIN[BA

qelOTTT b1 q€ST  6ST €991 wLE€9] L98 0t ql€9 LTS €61 4601 CI'0OL 959 9061 €IS qC06ST 0016 0009

el LTl 0ET 89T  8S'T =CO'ST w09°CT  eIl'L eS8V qOl'9 q80°C q8CTT q6€ 1T ql¥'8 qSE8  ECET  90°L €EOVI w€E8L  00SY

OEPVOL  0€T  oSP'T  qIST  e69°ST 90°LT P89  oLI'S oWV  q09'S  oSI'T  2l0T  2qL0L 096 q90°E]  q€L'S eS9E91 @00°LL  000€

@961 SEL @99 T  eLST  €0°ST €9LT  90L  eL9€ qll'9 q@bP'S @9TT  OUT  oql¥'L  o2qCV’L q€E€CL 90°S ql€LYI ¢99°0L 00S1

e€ECET  wLE]  eSLT  W8€T  99VI 89°CT 2898 9IS q89°C IO qL60 oEV'T  299°C  qI¥'8  q0L'8  q9€P o8IIET 400°0L [0MUOD)

A I A I A A N A A A A A N A A I A I
wdd

(sAep) porrad (Spaas 001) s[e)d () (ud) (8) sxamog o1  (3) sadmogy o1 Jo SIdMOL] (sAep) VS
Surromorg JYSIOM SPIIS Jo JaqunN YISUQ J9MO[] JI)OWIRIP JIMO[] JO IYSIOM I  IYSIOM Ysdayg JoaaqunN  9jep FuLMO[]

*SUONBIIUIG-IJA] PUB IJA] 9Y) UI SJUIWIBI.I)
(VS) ap1ze winipoS Aq pajddjje se (“ 1) stuopyoa voayroydiouq Jo poridd SULIIMO[J pue (SPads () IYSIoMm spaas ‘sfejad Jo Joquinu
‘YISUI] JIIMO[} “19)oWRIP JIMO[) “(3) 19MO[J (] JO AIp pUB JYSIOM YSIIJ ‘SIIMO[J JO JIqUINU ‘d)ep SULIIMO[J Y} JO SIN[BA UBIA] °€ d[qR L

141



Makka A. Hassan et al.

Number of flowers:

The number of flowers in both
generations was  enhanced by all
concentrations of sodium azide, as

demonstrated in Table (3). The treatment with
4500 ppm registered the highest value (7.06
and 23.33 in the M: and M:z-generations,
respectively) compared to the control (4.36
and 8.70 for Mi and Mz-generations).

Fresh weight of 10 flowers:

Table (3) displays the fresh weight's mean
values of 10 flowers of the various SA
treatments. In the Mi-generation, the largest
fresh weight of 10 flowers (9.60 g) was
recorded at the treatment of 3000 ppm, while
the smallest one (6.56 g) was for the treatment
of 6000 ppm, compared to the control (8.41
g), with significant differences. In the Ma-
generation, the largest fresh weight of 10
flowers (10.12 g) was recorded at a
concentration of 6000 ppm, relative to the
control (5.66 g), with a significant difference
and also the smallest amount.

These findings contradicted those
indicated by Al-Saheal and Gamil (1982); and
El-Nashar (20006).

Dry weight of 10 flowers:

The ten-flower dry weight mean values as
affected by SA treatment are shown in Table
(3). In the Mi-generation, the largest dry
weight (2.01 g) was recorded at the
concentration of 3000 ppm, relative to the
control (1.43 g), with a significant difference.
While the smallest one (1.09 g) was found at
the treatment of 6000 ppm.

In the Maz-generation, the largest dry
weight of 10 flowers (1.93 g) was recorded at
6000 ppm, relative to the control (0.97 g),
with a significant difference and also the
smallest one.

These findings contradicted those
presented by Al-Saheal and Gamil (1982) and
El-Nashar (2006).

Flower diameter:

As shown in Table (3), flower diameter
was reduced employing all sodium azide

doses in the Mi-generation. Treatment with
4500 ppm resulted in the lowest observed
mean flower diameter (5.08cm).

On the other hand, the Ma2-generation
showed significant differences with the
highest average of flower diameter, which
was noticed at the treatment of 3000 ppm
(6.44 cm) and the control (5.68 cm). Kannan
et al. (2002) found that the higher rates of
EMS reduced the flower diameter in
Jasminum sambac.

While the opposite occurred in the Ma-
generation, flower diameter was raised by
employing all tested concentrations of sodium
azide, the largest flower diameter (6.44 cm)
was recorded at 3000 ppm, relative to the

control (5.68 cm), with a significant
difference.
Stimulation and reduction in flower

diameter and length might be ascribed to the
impact of the chemical mutagens on the size
of the petals. Alterations in both cell number
and cell length may occur within the petal
tissues of treated plants. Larger flowers had
larger petals with raise in the number of cells
and/or cell size. Small flowers had smaller
petals with a decrease in cell number and/or
cell size (Abd El-Maksoud, 1988 and El-
Nashar, 2006).

Flower length:

Table (3) demonstrated that there were no
discernible impacts on flower length in both
generations from the various SA treatments.

Number of petals:

Table (3) demonstrated that the number
of petals in both generations did not exhibit
any significant effects for the various SA
treatments.

Seeds weight (100 seeds):

Within the Mi-generation, treatments
involving sodium azide (SA) concentrations
of 1500, 4500, and 6000 ppm resulted in
significantly higher 100-seed weights (1.57 g,
1.58 g, and 1.59 g; respectively) compared to
the control group (1.38 g).
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In the M2-generation, the weight of seeds
(100 seeds) was diminished across all
concentrations of sodium azide, as indicated
in Table (3).

Flowering period:

In the Mi-generation, the lowest
flowering period (114 days) was recorded at
treatments of 6000 ppm and differed
significantly from the control (137 days) and
other treatments (Table, 3). Conversely,
within the Maz-generation, the 3000 ppm
treatment exhibited the shortest flowering
period (104.30 days), which was significantly
different from the control (135.33 days). No
significant differences from the control were
observed for the other treatments regarding
this parameter.

These observations are consistent with
the findings reported by El-Nashar (2006)
concerning the Amaranthus plant.

Chlorophyll a (mg/g):

The content of chlorophyll a was
diminished across all levels of sodium azide
in the Mi-generation. Plants treated with 1500
and 4500 ppm gave the lowest chlorophyll a
content with significant differences to the
control (Fig., 2A). In the Maz-generation,
plants treated with 1500 ppm SA gave the
highest chlorophyll a content with no
significant difference to the control. While the
lowest chlorophyll a content was recorded in
plants subjected to 4500 ppm, with a
significant difference from the control.

Comparable findings were documented
by El-Nashar and Shetta (2015) on Leucaena
leucocephala and El-Khateeb et al. (2022a)

on Borago officinalis.
Chlorophyll b (mg/g):

Fig. (2A) demonstrated that there were
no discernible differences between the
various SA treatments in terms of the
chlorophyll b content in Mi-generation.

Within the Ma-generation, chlorophyll b
content exhibited a significant decrease
across all tested concentrations of sodium
azide. Specifically, plants subjected to the

6000 ppm treatment displayed the lowest
chlorophyll b levels, which were significantly
different, compared to the control plants. El-
Khateeb et al. (2022) reported comparable
findings regarding Borago officinalis.

Total carotenoid content (mg/g):

Using sodium azide at all concentrations
in Mi-generation reduced the total carotenoid
content. Plants treated with 4500 ppm gave
the lowest content with a significant
difference from the control.

Fig. (2B) illustrates the relevant data in
the Mz-generation; plants treated with 1500
ppm exhibited the highest total carotenoid
content, showing no significant difference
relative to the control. While the lowest
carotenoid content was scored in plants
subjected to 3000 ppm SA, with significant
difference to the control.

Comparable findings were documented
by El-Nashar and Shetta (2015) in Leucaena
leucocephala and El-Khateeb ef al. (2022) in

Borago officinalis.

The occurrence of chlorophyll mutations
is attributed to deficiencies in the biosynthesis
or accumulation of chlorophylls, carotenoids,
or both, often linked to alterations in plastid
genes, manifesting phenotypically as
variegation (Kirk and Tilney-Bassett, 1978).
Comparable detrimental effects associated
with mutagen treatment have been
documented in Salvia splendens (Hussein et
al., 1974) and Amaranthus species (El-
Nashar, 2006). The induction of chlorophyll
mutants by DES, as reported in previous
studies, may potentially be explained by
mechanisms involving altered chloroplast
differentiation or other factors previously
elucidated.

Total carbohydrates content:

The highest amount of total carbohydrate
content was scored at the treatment of 3000
ppm SA, with a significant difference to the
control in Mi-generation (Fig., 2C).

Within the Maz-generation, the highest
total carbohydrate content was measured in
plants treated with 4500 ppm, showing a
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Fig. 2. Chlorophyll a, b (A), carotenoids (B), total carbohydrate % (C), anthocyanin (D),
p-carotene (E) and T-phenol (F) of Dimorphotheca ecklonis (L.) as affected by
sodium azide at the M; and M. generations.
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significant difference relative to the control.
In contrast, the lowest total carbohydrate
content was observed following treatment
with 6000 ppm, although this value was not
significantly different from the control.
Comparable outcomes were reported by El-
Khateeb et al. (2022) in Borago officinalis.

Anthocyanin in the flowers:

In the Mi-generation, the highest level of
anthocyanin in the flowers was recorded by
3000 ppm with a notable variation from the
control (Fig., 2D).

Within the Maz-generation, the highest
anthocyanin level in the flowers was recorded
for the treatments of 3000 and 4500 ppm with
notable variations from the control.

B-carotene in the flowers:

The concentrations of 1500, 3000 and
4500 ppm gave higher contents. In the M-
generation, the highest -carotene content in
the flowers realized by 3000 ppm, with
notable variations from the control in Fig.
(2E).

In the Mba-generation, the highest
concentration of B-carotene in the flowers was
recorded for the treatment of 3000 ppm, with
notable variations from the control.

Total phenols in the leaves,

All concentrations of sodium azide
improved leaves total phenol in both
generations, as shown in Fig. (2F) and the
highest observed value was recorded in plants
subjected to 3000 ppm SA in the Mi-
generation and 6000 ppm in the Mo-
generation.

Effect of sodium azide (SA) on the
induction of variations (Abnormal
characters):

Habit of growth:

Certain treatments changed the way some
plants grew, giving them different shapes.
Fig. (3) showing the changes in the growth
habit of Dimorphotheca ecklonis (L.), from
normal to conical form as a result of the
treatment of 1500 ppm of sodium azide in the

Mi-generation (A), heavy branches (middle)
and compact and heavy branches (right)
growth as a result of the treatments of 3000
and 6000 ppm, respectively in the Mi-
generation (B), heavy branches growth as a
result of the treatment of 1500 ppm in the M-
generation (C), greater (middle) and snake
(right) growth as a result of the treatment of
6000 ppm in the M2-generation (D) and giant
plant growth as a result of the treatment of
3000 ppm in the M2-generation (E). As shown
in Fig. (4), there were different variations in
flowers which varied from normal to big
flower growth as a result of the treatments of
3000, 4500 and 6000 ppm in the Mi-
generation.

Abnormal leaves (color and form):

The treatments of 1500, 3000, 4500 and
6000 ppm SA caused changes in the leaf
relative to the control in the Mi-generation
(Fig., 5). These results align with previous
findings reported by Al-Halawany (1992)
concerning Catharanthus roseus, as well as
those documented by El-Nashar (2006) for
Amaranthus caudatus and A.
hypochondriacus. The chromosomal
disturbances that may have caused the
changes in leaf morphology or shape
observed in the M1 and M2 plants.
Additionally, such alterations may potentially
be ascribed to the rearrangement of tissue
layers resulting from the action of chemical
mutagens. (Abd El-Maksoud, 1988, and El-
Nashar, 2006).

Abnormal inflorescences (color and form):

As shown in Fig. (6), flowers with
deformed petals (A, B, C and D) in the Mi-
generation, (E) in the Ma-generation of
Dimorphotheca ecklonis (L.), were observed
as a result of the treatment of 1500, 3000,
4500 and 6000 ppm SA compared with the
control. These findings align with those
documented by El-Nashar (2006) on
Amaranthus, and Mostafa, 2009 on Balanites
aegyptiaca. Aberrations in inflorescence
shape could be ascribed to the impact of low
and high concentrations of chemical
mutagens on the cell number and cell length.
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Fig. 3. The changes in the growth habit of Dimorphotheca ecklonis (L.) as a result of
different sodium azide concentrations in M; and M»-generations.

Control

Fig. 4. The changes in the flowers of Dimorphotheca ecklonis (L.) as a result of different
sodium azide concentrations in Mi-generation.
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Fig. 5. Leaf changes in the Mi-generation of Dimorphotheca ecklonis (L.) as a result of
sodium azide at different concentrations compared with the control.

Fig. 6. A Photograph showing flowers with deformed petals (A, B, C and D) in the M;-
generation, (E) in the M»-generation of Dimorphotheca ecklonis (L.), as a result of
the treatment of 1500, 3000, 4500 and 6000 ppm SA compared with the control.
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Cell number and cell length may be
altered in the inflorescence of treated plants.
Large inflorescence had larger florets with a
rise in the number of cells and/or cell size.
Small inflorescence had smaller florets with a
decrease in cell number and/or cell size (Badr
and Etman, 1976).

Polymerase chain reaction (PCR) analysis:

The treatments which induced the
mutation in Dimorphotheca ecklonis (L.)
plants and the description of the produced
mutants are shown in Table (4). On the other
hand, the genetic similarity of the produced
eight mutants of Dimorphotheca ecklonis (L.)
plants as treated by sodium azide (SA) using
the SRAP-PCR technique is shown in Table

).

Sequence-related amplified  poly-
morphism (SRAP) technique was used to
identify eight mutants and control plants of
Dimorphotheca  ecklonis  (L.), which
produced from sodium azide treatments. Six
primers were used and generated ninety-eight
bands, with an average of 19.6 bands per
primer, and ranging from 100 to 950 bp
(Table, 6 and Fig., 7).

The primer designated E obtained the
largest number of unique, polymorphic and
total bands (10, 22, 32, respectively)
compared with other primers. The primer A
gave the lowest number for these parameters
(5, 8 and 14, respectively). Polymorphism
percentage ranged from 57.1% for primer A
to 84.2 % for primer B.

The dendrogram constructed based on
the analysis of the SRAP (Fig., 8)
demonstrated that all mutants were
genetically distinct from the control.

Mutants four and six were genetically
closer the row each other with a 19.4 genetic
distance, more distinct from the control and
designated in one group. The mutants were
two and three, also with 46.2 genetic
distances.

SRAP  technique could identify
sequence, non-coding flanking region and the
interval between genes (Elsayed et al., 2020).

In this study, the SRAP technique was
used successfully to distinguish the obtained

mutants of Dimorphotheca plants after
sodium azide treatments as mutagenic
compounds.

Table 4. The treatments which induced the mutation and description of the mutants of

Dimorphotheca ecklonis (L.) plants.

Number of plants Treatment Change
C 0000 ppm Control
1 1500 ppm No morphological characters
2 3000 ppm No morphological characters
3 4500 ppm No morphological characters
4 6000 ppm No morphological characters
s T T s
6 soooppm M memhlgtal s lrd e
7 4500 ppm Mutant mor]()ltézi‘osghiz;i (;Ill)zilrgfgarﬂsi gicéziored leaves)
3 6000 ppm Mutant morphological characters (colored leaves)

(Small leaves)
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Table 5. Genetic similarity of eight mutants and control of Dimorphotheca ecklonis (L.)
plants treated by sodium azide (SA) using the SRAP-PCR technique.

C 1 2 3 4 5 6 7 8
C 100
1 30.8 100
2 27.6 50.3 100
3 26.3 493 53.8 100
4 28.1 39.5 40.3 51.8 100
5 26.6 52.9 44.5 42.2 41.1 100
6 20.4 25.4 28.2 32.6 29.6 36.8 100
7 15.1 23.1 24.0 223 28.9 38.6 309 100
8 222 27.7 27.7 355 34.8 36.6 33.7 373 100

Table 6. Number of amplified, unique, polymorphic primers of band and polymorphism
percentages generating by SRAP technique to distinguish the mutants of
Dimorphotheca ecklonis (L.) from control plants.

Primers Numbe.r of Number of unique Numbe.r of Polymorphism %
polymorphic bands bands polymorphic bands
A 14 8 5 57.1
B 19 16 3 84.2
C 18 12 6 66.6
D 15 9 6 60.0
E 32 22 10 68.0
Total 98 67 30
Average 19.6 13.4 6 67.18
A B C
MC 123456 78 MC 123456 738 MC12345¢6738

SRR LT
m nn-.n.'ﬂl

DD

nn-nn .
i bl L "~

D E

Fig. 7. Photograph showing PCR amplified fragments for the control (original parent) and
variant plants of Dimorphotheca ecklonis (L.) after amplification with the primer
SRAP (A-E).
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Fig. 8. Tree diagram for M generation of Dimorphotheca ecklonis (L.) plants treated
by sodium azide on the basis of SRAP using PCR technique.

CONCLUSION

The data obtained showed that various
sodium azide concentrations induced some
changes in the vegetative and blooming
growth's morphology, as well as increased
chemical composition of Dimorphotheca
ecklonis (L.) plants. The SRAP-PCR
technique was able to detect some mutations
in the plant.

REFERENCES
Abd El-Maksoud, B.A. (1988). Effect of
Different Media and  Mutagenic

Treatments on /n Vitro Obtained Roses.
Ph.D. Thesis, Fac. Agric., Alexandria
Univ., Egypt, 596 p.

Abd El-Maksoud, B.A. and El -Mahrouk,
EM. (1993). Influence of Ethyl ethane

sulfonate on Cardiospermum
halicacabum L., I- Mi-generation
performance. Journal of agricultural

research Tanta university, 19(1):191- 203.

Abd El-Maksoud, B.A. and El-Mahrouk,
EM. (1992). Effect of ethyl methane
sulfonate on the growth and interior
quality of Asparagus densiflorus (Kunth)
Jessop cv. Sprengeri. Egyptian Journal of
Applied Sciences,7(10):116-132.

Abdel-Wahid, A.; Safwat, M.K.; Ahmed,
G.E.F. and El-Shakhs, M.H. (2005).

Effect of some trace elements and
agricultural practices on Dimorphotheca
ecklonis DC. Plants, [-Vegetative growth
and flowering. Proc. The 6™ Arabian
Conference for Horticulture, Ismailia,
Egypt.

Al-Halawany, [.S.M. (1992). Effect of EMS
on the Growth and Total Alkaloid Content
in Catharanthus roseus L. G. Don. M.Sc.
Thesis, Fac. Agric., Alexandria, Univ.,
Egypt, 215 p.

Al-Qurainy, F. and Khan, S. (2009).
Mutagenic effects of sodium azide and its
application in crop improvement. World
Applied Sciences Journal, 6(12):1589-
1601.

Al-Saheal, Y.A. and Gamil, K.H. (1982).
Induced mutation of a Saudi Arabian local
variety of bread wheat, 1. Yield and yield
components. Wheat Information Service,
54:20-26.

AOAC (1970). Official Method of Analysis,
11" Ed. Association of Official Analytical
Chemists, Washington DC., USA, 782 p.

AOAC (2000). Official Method of Analysis,
17" Ed. Association of Official Analytical
Chemists, Washington, DC., USA, 771 p.

Badr, M. and Etman M. (1976). Effect of
gamma-radiation on the vegetative growth
and flower production in carnation

150



Scientific J. Flowers & Ornamental Plants, 12(3):133-153 (2025)

(Dianthus caryopyllus L.). Alexandria
Journal of Agricultural Research, 24:577-
584.

Badr, M.; EL-Shennaway, O.; Mostafa, M.
and EL-Tony, F. (2000). Effect of gamma
irradiation, ethyl methane sulphonate and
their combinations on growth, flowering
and induced variability in Tagetes erecta
L. Journal of Agricultural Science,
Mansoura University, 25:3587-3604.

Bailey, L.H. and Bailey, E.Z. (1976). Hortus
Third: A Concise Dictionary of Plants
Cultivated in the United States and
Canada. Macmillan, New York, USA,
1312 p.

El-Khateeb, M. A.; El-Attar, A.B. and Fayed,
R.G. (2022). Comparative study on the
effect of chemical mutagens of sodium
azide and di-ethyl sulfate on improving
morphological traits and yield
components of Borgo officinalis L., plant.
International Journal of Health Sciences,
6(S4):10881-10898.

El-Nashar, Y.I. and Shetta, N.D. (2015).
Mutagenic effects of sodium azide and
diethyl sulphate on the growth of
Leucaena trees (Leucaena leucocephala
Lam.) under field conditions. Alexandria
Science Exchange Journal, 36(3):197-
205.

El-Nashar, Y.I.A. (2006). Effect of Chemical
Mutagens (Sodium Azide and Diethyl
Sulphate) on Growth, Flowering and
Induced Variability in Amaranthus
caudatus L. and A. hypochondriacus L.
Ph.D. Thesis, Fac. Agric., Alexandria
Univ., Egypt, 272 p.

Elsayed, I.M.; Salin, G.R.; El-Haggar, E.E.;
El-Ziat, A.R. and Soliman, M.D. (2020).
Molecular characterization and positive
impact of brassinosteroids and chitosan on
Solidago Canadensis cv. Tara
characteristics. Horticulture, 6(100):1-18.
https://doi.org/10.3390/horticulturaec6040
100

El-Torky, M.G. (1992). Effect of EMS
(ethylmethan sulphonate) on variegation
type and some other horticultural traits in
Euonymus  japonicus, L. Alexandria

151

Journal of Agricultural Research, 37:249-
260.

Fuleki, T. and Francis, F.J. (1968).
Quantitative methods for anthocyanin, 1.
Extraction and determination of total

anthocyanin in cranberries. Journal of
Food Science, 33:72-77.

Gomez, K.A. and Gomez, A.A. (1984).
Statistical Procedures for Agricultural
Research, 2™ ed. John Wiley and Sons
Inc., New York, USA, 680 p.

Gruszka, D.; Szarejko, 1. and Maluszynski,
M. (2012). Sodium azide as a mutagen. In:
Shu, Q.Y.; Forster, B.P. and Nakagawa,
H. (eds.), Plant Mutation Breeding and
Biotechnology, CABI International,
Wallingford, UK, pp. 159-166.
https://doi.org/10.1079/9781780640853.0
159

Hedge, J.E. and Hofreiter, B.T. (1962).
Determination of reducing sugars and
carbohydrates. In: Whistler R.L. and Be
Miller, JN. (eds.), Methods in
Carbohydrate ~ Chemistry, = Academic
Press, New York, USA, pp. 380-394.

Hewawasam, W.; Bandara, D. and Aberathne,
W. (2004). New phenotypes of
Crossandra infundibuliformis var. Danica
through in vitro culture and induced
mutations. Tropical Agricultural
Research, 16:253-270.

Hussein, H.A.S.; Sallam, S.H.; Kamel, H.A.
and Labib, T. (1974). The mutagenic
effects of EMS on Salvia Splendens.
Egyptian Journal of Genetics and
Cytology, 30:193-203.

Ikhajiagbe, B. and Omoregie, U.E. (2020).
Growth, yield, genetic parameters and
random amplified polymorphic DNA
(RAPD) of five rice varieties treated with
sodium azide and sown under different
saline conditions. Bulletin of the National
Research Centre, 44(89):1-19.

Jakhar, M.L. and Ramkrishna, K. (2004).
Induced silique morphovariants in
taramira (Eruca sativa Mill.). Indian
Journal of Genetics and Plant Breeding,

64(1):77-78.



Makka A. Hassan et al.

Jenks, M.A.; Hasegawa, P.M. and Jain, S.M.
(2007). Advances in Molecular Breeding
toward Drought and Salt Tolerant Crops;
Springer, Dordrecht, Netherlands, 817 p.

Kannan, M.; Sathiyamurthy, V.A. and Sankar
V. (2002). Mutagenetic studies on
Jasminum sambac. Proc. the National
Symposium on Indian Floriculture in the
New Millennium, Lal Bagh, Bangalore,
pp- 209- 211.

Khan, S.; Al-Qurainy, F. and Anwar, F.
(2009). Sodium azide: A chemical
mutagen for enhancement of agronomic
traits of crop plants. Environment and We:
An International Journal of Science and
Technology, 4:1-21.

Khatab, I.A. and Hegazi, M.A. (2015).
Induction of genetic variability with
gamma radiation in some flowering
ornamental herbs. International Journal of
Current Research in Biosciences and Plant
Biology, 2(10):47-54.

Kim, S.H.; Kim, S.W.; Ahn, JJW.; Ryu, J.;
Kwon, S.J.; Kang, B.C. and Kim, J.B.
(2020). Frequency, spectrum, and stability
of leaf mutants induced by diverse y-ray
treatments in two Cymbidium hybrids.
Plants, 9:1-11.
https://doi.org/10.3390/plants9040546

Kirk, J.T.O. and Tilney-Bassett, R.A.E.
(1978). The Plastids, Their Chemistry,
Structure, Growth and Inheritance, 2" Ed.
Elsevier Science Ltd., North Holland,
980 p.

Koller, H.B. (1972). Leaf area-leaf weight
relationship in the soybean canopy. Crop
Sci., 12:180-183.

Li, G.Y. and Quiros, C.F. (2001). Sequence-
related amplified polymorphism (SRAP),
a new marker system based on a simple
PCR reaction: its application to mapping
and gene tagging in Brassica. Theor.
Appl. Genet., 103:455-461.
http://dx.doi.org/10.1007/s001220100570

Mani, N.S. (1989). EMS-induced
mutagenesis in Sorghum bicolor L.
Moench. Proc. the Indian National

Science Academy, Part B. Biological
Sciences, 55(5/6):477-482.

Mistry, V.; Tiwari, P.; Patel, P,
Vishwakarma, G.S.; Lee, G.J. and
Sharma, A. (2022). Ethyl methane

sulfonate and sodium azide-mediated
chemical and X-ray-mediated physical
mutagenesis positively regulate
peroxidase, 1 gene activity and
biosynthesis of antineoplastic vinblastine
in Catharanthus roseus. Plants, 11:1-27.
https://doi.org/10.3390/plants11212885

Moran, R. (1982). Formulae for
determination of chlorophyllous Pigments
extracted with N,N-Dimethylformamide.
Plant Physiol., 69:1376-138]1.

Mostafa, G.G. (2009). Effect of dimethyl
sulphate on the growth and some chemical
composition of Balanites aegyptiaca,

Delile. Alexandria Journal of Agricultural
Research, 54:81-89.

Munz, P.A. (1968). Supplement to A
California Flora. University of California
Press, Berkele, USA, 232 p.

Oztiirk, 1.; Ayse, S.; Kili¢, T.H. and Sahinde,
S. (2020). Selection of advanced mutant
wheat (Triticum aestivum L.) lines based

on yield and quality parameters. Turkish
J. Agric. Nat. Sci.,7:87-95.

Potdukhe, N.R. (2004). Effect of physical and
chemical mutagens in Mi-generation in
red gram (Cajanus cajan (L.) Millsp.).
National Journal of Plant Improvement,
6(2):108-111.

Srivastava, P.; Marker, S.; Pandey, P. and
Tiwari, D.K. (2011). Mutagenic effects of
sodium azide on the growth and yield
characteristics in  wheat (Triticum
aestivum L. Em. Thell.). Asian Journal of
Plant Sciences, 10:190-201.

Steel, R.G.D.; Torrie, J.H. and Dicky, D.A.
(1997). Principles and Procedures of

Statistics: A Biometric  Approach.
McGraw Hill, Inc., New York, USA,
666 p.

Torres, P.B.; Chow, F.; Furlan, C.M.;

Mandelli, F.; Mercadante, A. and Cursino
dos Santos, D.Y.A. (2014).

152



Scientific J. Flowers & Ornamental Plants, 12(3):133-153 (2025)

Standardization of a protocol to extract epigenetic effects with iPBS and CRED-

and analyze Chlorophyll a and carotenoids iPBS techniques. Agriculture, 13:1-15.

in Gracilaria tenuistipitata var. Liui. https://doi.org/10.3390/agriculture 13061

Zhang and xia (rhodophyta). Brazilian 242

Journal of Oceanography, 62(1):57-63. Viana, V.E.; Pegoraro, C.; Busanello, C. and
Tirkoglu, A.; Haliloglu, K.; Tosun, M.; de Oliveira, A. C. (2019). Mutagenesis in

Szulc, P.; Demirel, F.; Eren, B.; Bujak, H.; rice: the basis for breeding a new super

Karagdz, H., Selwet, M., Ozkan, G. and plant. Frontiers Plant Sci., 10:1-28.

Niedbata, G. (2023). Sodium azide as a https://doi.org/10.3389/1pls.2019.01326

chemical mutagen in wheat (7riticum
aestivum L.): patterns of the genetic and

4ty jad) ciladaall 5 1S5 68 ) gagal) il A <l pilal) Gigan 5udatl (NaN3) asdseall i aladin)
gV Gl pasit 450 ) o) SRAP

T aeallde e 7L Qelan) judy ¢ T e 3%
e <z 3 s aala il s Ayl sanall Aoy 30 RS ¢(A 0 o) Gildl ad”

e ey puSl e )0 Ggaall S e Gl G sag dgaa ¢(giland) Gausi A5y 311 il gag a7
Gty o)l 1 e, 55 1 5l 3l it ecg s (om i ¢y 81 () mBY) s g pmall (S5 58 5 gaal) il
el ATy danie il 43 Bale Gaodly of (550 G gl dum jall o jla 3 cdead Loty ¢y sl elian ¢ o5 Cun (Jada
st 3l (mlen Y Al 5 Ul gl Gt ey 5 i€ Ble a2iid oDl pacil e gie e gana b daladind (K4
Cliad) gl Jend e 45 )8 L e s Ol i Las (oY) g Ay jiuall @\M\gﬁuius.a,;g\J
Crens ga DA M\)ﬂ\ 08 Cuy yal Aalaiowad) é.\b;l\ ol Ol jlaa as Las colaall 4118 d.:\d;ﬂ \;L"\M 5L PAPPN
A sean A ,iSuy) daala el A a3l il 5 a3l Jifie (B YT E/YOYY S Y OYF/Y VY i
Ll 5 ¢y salall e n Ve e c£00 e (Faue (10w vl 38 i a3 ealls bl S iy a3 A jal) jeaa
il ikl ity ecilll GlaasSU S illy s I saill 5 (g pumal) saill e o il il (Lhaile sle) Adladl) e
Gl Jsha 8 4 gina 3ol ) il af SARP Ay Eatuall @l jilall iy el 8 aalall )yl
a3 skl DS 8 Lal ¢ S ol 8 Gsalall e 5a T e e Alladll die (5 endl) & sanall Calad) o35l
Aalisall 3550500 5 () sl e 3 T v e e Alabaall ol LS 635 5Y1 a0 5 & 53V aae 8500 ) dasasd
0l Galiall (3 sl e salall (e da Y e 5T e (38 Al il 5 ¢ aliall SIS 3 il 48 ) )
Gl YY) (8 4, gime 534 () Colind) OIS (8 (ysalall e o Yov e S S Alalaall ol 5V e B (g ins
il LS aliall SIS Al Y1 pailad 5 (315 s¥1 S 5 saill dagida & CUDEAY) sy alaa ol (i s IS Ui

Alalaall e bl 45 jlae il 8 A Gl juad Sigas e

153





