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Abstract. This study dealt with the induction of callus tissue of the belladonna plant Atropa
belladonna L. through the establishment of tissue cultures by growing cotyledons on Whites-
(1934) medium (WM) supplied with different concentrations of BAP (0.0, 5.0, and 1.5) mg.L-1
and 2 4-D at level (0.0, 1.5, and 2.0) mg.L-1, Callus tissue implantation at different levels of
Salicylic acid, tyrosine, Jasmonic acid, PEG, and NaCl separately. The results showed that the
best fresh and dry weight was obtained from the induction of callus when adding BAP At level
1.5 mg.L-1 mixed with 2,4- D At level 2.0 mg.L-1 reached 3.97 g and 0.649 mg on straight. The
results showed the highest percentage of nitrogen reached 0.98 pg.gm dry weight when adding
Jasmonic acid at level 75 mg.L-1, and the highest percentage of phosphorus reached 0.67
pg.gm dry weight when adding PEG at level 0.5 gm, and the highest percentage of potassium
reached 0.98 pug.gm dry weight when adding Salicylic acid at a concentration of 75 mg.L-1 ,
and the highest increase in calcium reached 637.0 pg.gm dry weight when adding Jasmonic
acid at level 75 mg.L-1 .and the highest percentage of sodium reached 185.3 pg.gm dry weight
when adding tyrosine at level 40 mg.L-1, and the highest increase in chlorine reached 178.2
pg.gm dry weight when adding NaCl at level 75 mg.L-1.

Keywords: Atropa belladonna L., lonic contents, Callus, in vitro.
INTRODUCTION

The belladonna plant, Atropa belladonna L. It belongs to the Solanaceae family and is
considered one of the most important medicinal plants. This family includes 90 genera and
2,000 species of plants. And the plant is native to Europe, in its southern regions, from there
it spread to Central and Western Asia., reaching the Himalayas and to Morocco and Algeria
in the south, and it is grown in England, France, and the United States of America. The
belladonna plant has been known since ancient times, as the first diagnosis of the plant was in
1504 AD [1] . The Atropa genus includes a group of four species of perennial herbs. The most
famous species is Atropa belladonna L. , which grows in the form of a shrub reaching a height
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of 1.5 m. The root is branched in the from of a cone. The leaves are large, oval in shape, with
a pointed base and the top. They are yellowish-green in color, and the flowers are small, up to
Its length is 2.5-3.5 cm, and it is carried on a downward-curving flower stand. The corolla
leaves purple in color, while the fruits are small, semi-spherical in shape, soft and juicy, 3-10
mm in diameter, green in color, and turn purple upon maturity [2]. Seeds It is kidney-shaped,
coffee-yellowish in colour, and the seed wall is solid, which is difficult to germinate [3] .
Callus is a tissue that arises when plant organs and tissues are injured. It is an undifferentiated
tissue so the process of inducing callus tissue is called callus tissue induction. [4] defined
callus as undifferentiated parenchyma cells that arise in areas of cuts or wounds in plant parts.
He explained that the process of inducing callus on the planted plant part goes through three
important stages: stimulation, division, and differentiation. Callus tissue is produced in the
vegetative part of the outer cortex cells. The dividing cells generate pressure on the epidermal
cells. The continuous cell division results in callus tissue on the plant part. Young tissues are
the most likely to produce callus. Callus was obtained from plant parts with high cells.
Specialization [5]. Among the studies conducted in this field are those conducted by [6] on
the Fagonia indica plant in which they showed that adding salicylic acid to the MS nutrient
medium gave a significant increase in the fresh weight of callus. [7] showed in a study on the
Coleus blumei plant that adding thyrosine acid at a concentration of 0.30 g I-1 to the B5
nutrient medium gave Highest weight for fresh and dry callus, reaching 15.9 g and 3.12 g,
respectively. [8] explained that growing Oryza sativa callus on MS medium supplied with
different concentrations of polyethylene glycol (PEG) had an effect on the percentage of callus
formation and on its fresh and dry weight, as the concentration of 1.25 g L-1 gave the highest
percentage to form callus and the highest fresh and dry weight of callus also gave the best
concentration of (N , P) elements in the callus tissue. The research aimed to determine the
possibility of inducing callus tissue of Atropa belladonna L. using cotyledon leaves and a
nutrient medium containing different concentrations of growth regulators (2,4-D and BAP).
And knowing the effect of adding some stimulants, chemical agents, and abiotic stresses on
the callus tissue and its content of some nutrients by growing the callus on nutrient media
containing different levels of Salicylic acid, tyrosine, Jasmonic acid, PEG, and NaCl.

MATERALS AND METHODS

a. Place of conducting the experiment

The study experiments were conducted in the Tissue Culture Laboratory - College of
Agriculture - Tikrit Univ. on the Belladonna plant during the period from 11/1/2021 to
9/15/2022.

b. Preparing the nutrient medium

Use the well-known nutrient medium Whites-(1934) (WM) [9] in ready-made powder from
HI media Ltd. To grow plant parts and induce callus. 4.43 g of the ready-made powder was
weighed into the nutrient medium, in addition to adding sucrose (30 g.I-1). All ingredients are
mixed together. on the mixing device to dissolve them, then growth regulators were added
according to the experiment and the volume was completed to liter with distilled water, and
the pH of the medium was adjusted to 0.1+5.7 with a solution of hydrochloric acid. (HCI) or
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sodium hydroxide (NaOH) solution 0.1 m. Add the agar (Agar-Agar) in an amount of 7 gm.I-
1 to the medium, and place it on the hot plate magnetic stirrer and heat it below the boiling
point to dissolve the agar and homogenize the nutrient medium, then pour the medium directly
into glass bottles with dimensions (3 x 15 cm) by 20 ml/bottle, which was closed with its own
cap, with 10 replicates for each concentration, Then it is sterilized in a pressure vessel at 121°C
for 20 minutes under a pressure of 1.04 kg/cmz2, then the sterile medium is removed and left
to solidify at room temperature until use.

c. Sterilize the seeds and plant them in a sterile environment

The seeds of Atropa belladonna L. which was obtained from the Medicinal and Aromatic
Plants Unit of the College of Agriculture - University of Baghdad, under running water for 20
minutes, then washed with regular washing powder for 7 minutes with constant stirring, then
washed by placing it in a strainer under running water for 30 minutes, then transferred To the
cultivation table, a 10% NaOCI solution was added to it, volume: volume, for 10 minutes,
(prepared from the minor solution Commercial oil containing 0.6% sodium hypochlorite) was
then washed with distilled and sterile water five times in a row for 3 minutes each time to
remove the harmful effect of the sterilizing substance. After the sterilization process was
completed, the seeds were transferred and placed in sterile Petri dishes containing filter paper
and left five minutes to dry. Thus, they became The seeds were prepared for planting, and
then planted in Whites- (1934) (WM) medium free of growth regulators.

d. Induction of callus tissue
Adding different concentrations of 2,4-D and BAP

With the aim of inducing callus from plant parts (cotyledonous leaves), after the growth of
seedlings, cotyledon leaves with a length of 0.8 cm were taken in order to induce callus tissue.
The plant parts were grown on Whites- (WM) (1934) medium prepared with different
concentrations of 2,4-D. (0.0, 1.5 and 2.0)mg.L-1 mixed with BAP at concentrations (0.0, 5.0
and 1.5 mg.L-1). After planting all the plant parts, at a rate of 10 plant parts for each
concentration, the plants were transferred to the growth room under a lighting intensity of
1000 lux, with a daily alternation of 16 hours of light followed by 8 hours of darkness,
equipped with white fluorescent tubes and at a temperature of 25 £ 1. m°, and after 5 weeks,
soft and dry callus and softening of the formed callus were measured. (g) using a sensitive
scale. As for the dry weight (mg), it was measured after drying the callus samples in an electric
oven at a temperature of 65 °C until the weight was stable using a sensitive balance. In light
of the results, The concentration of growth regulators BAP and 2,4-D( 1.5 mg.l-1 BAP and
2.0 mg.L-1 2,4-D) was adopted in subsequent experiments as it gave the best results.

Adding some stimulants, chemical agents, and abiotic stresses

150 mg of callus tissue formed was taken from the treatment that gave the best results 2,4-

D and BAP (1.5 mg.I-1 BAP and 2.0 mg.I-1 2,4-D) was taken and grown on Whites- (1934)
medium. WM) prepared with salicylic acid at concentration( 0.0 , 25, 50, 75) mg.l-1 and
Tyrosine with a concentration of (0.0, 20, 40, 60) mg.l-1 and Jasmonic acid with a
concentration of (0.0, 25, 50, 75) mg.I-1 and (PEG) Polyethylene Glycol which Molecular
weight 6000 (g mol-1) and concentration (0.0, 0.5, 1.0,1.5) g.I-1, and NaCl at a concentration
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of (0.0, 25, 50, 75) mg.l-1, separately, at a rate of 10 replicates for each concentration. The
cultures were incubated in the growth room at a temperature of 25+1°C and intense
Illumination of 1000 lux for 16 hours of light and 8 hours of darkness/day, and it was done It
takes on the following characteristics five weeks after planting.

1. The fresh weight (mg) was calculated according to the method mentioned in the
previous experiment.

2. The dry weight (mg) was calculated according to the method mentioned in the
previous experiment.

3. The diameter of the callus (mm) was calculated using the Vernier caliper

4. Estimation Concentrations of nutrients (N, P, K, Na, Ca, Cl) pg.gm dry weight.

Nutrients in callus tissue were estimated in laboratories at the Ministry of Science and
Technology.

e. Digestion of plant samples

For all the aforementioned treatments, 0.5 g of ground callus was taken separately and
digested according to the method of [10] by adding 10 ml of a mixture of concentrated sulfuric
acid H2S04 and perchloric acid HC104 in a ratio of 1:4 and heated until the solution became
clear in colour, then diluted to 50 cm3 for the purpose of ion determination.

Determination of nitrogen (Micrograms.g-1)

Determination of nitrogen using a micro-kjeldahl device according to the method
mentioned by [11].

Determination of phosphorus (micrograms.g-1)

Phosphorus was determined by the method [12] using ascorbic acid and ammonium
molybdate. The absorbance was read with a Spectrophotometer UV-VIS model D 80, at a
wavelength of 662. nm, [13].

Determination of potassium, sodium, calcium and chloride ions (ug.gm-1)

Potassium, sodium and calcium ions were estimated by following the method [14] using a
flame meter device. While the chloride ion was estimated using the method of plating with
silver nitrate and according to the method of the same researcher above.

f. Statistical analysis

All experiments were carried out using a completely randomized design (CRD), and the
statistical program Statistical Analysis System -SAS (2012) was used to analyze the data to
study the effect of different treatments on the studied traits. Each treatment included ten
replicates, and each replicate contained one plant part. The (Least Significant Difference-
LSD) test was used to compare the means at the level of 0.05 [15].

RESULTS AND DISCUSSION
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a. Effect of adding different concentrations of 2,4-D and BAP on the fresh and dry

weight of Atropa belladonna L. callus.

Table (1) shows that adding growth regulators 2,4-D and BAP It had an effect on the weight
of fresh callus, as the interaction treatment between 2,4-D at levels 2 mg L-1 with BAP at
levels 1.5 mg L-1 gave the highest fresh weight. It reached 3.97 g , which was significantly
superior to the rest of the interactions, while the interaction treatment between 2,4-D gave a
concentration 1.5 mg L-1 with BAP at levels 0.0 mg L-1, the lowest fresh weight was 0.78 g,
while the comparison treatment did not give any callus. As for the dry weight, adding
regulators was a significant effect on it, as the interaction treatment between 2,4-D gave at
levels of 2 mg L-1 with BAP at levels 1.5 mg L-1, the highest dry weight reached 0.649 mg,
which exceeded Significantly compared to the rest of the interactions, while the interaction
treatment between 2,4-D at a concentration of 1.5 mg L-1 with BAP at levels 0.0 mg L-1 gave
the lowest dry weight of 0.038 mg, while the comparison treatment did not give any callus.(1)
Figure.The reason for the increase in fresh and dry weight of callus with the addition of auxins
and cytokinins may be that the plant part has an increased ability to stimulate callus when the
medium is prepared using regulators, which encourages cell division and growth processes by
interfering with the appropriate compositions in addition to increasing the production of
important and necessary contents to support division and growth such as amino acids and
proteins, which leads to an increase in the biomass of callus and an increase in its dry weight
rates. [16].

Table 1. Effect of adding different concentrations of 2,4-D and BAP and their interaction on the

fresh and dry weight of Atropa belladonna L. callus grown on Whites- (WM) (1934) medium.

Concentration mg.L-1 fresh weight dry weight

2,4-D BAP ()] ek

0 0.0 0.0 0.0
0.5 0.89 0.032
15 0.93 0.119

1.5 0.0 0.78 0.038
0.5 1.69 0.117
15 2.76 0.135
0.0 0.99 0.074

2 0.5 2.93 0.327
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1.5 3.97 0.649

L.S.D (0.05) 0.658* 0.216*

Figure 1. Formation of callus tissue on cotyledons grown on Whites- (WM) (1934) medium
supplemented with 2 mg.L-12,4-D and 1.5 mg.L-1 BAP. (photos were taken 21 days after

Agriculture)

b. Effect of adding some stimulants, chemical precursors, and abiotic stresses on callus

growth indicators and the estimation of some nutrients in it.
Effect of Salicylic acid

The results of Table (2) showed that adding different concentrations of Salicylic acid had
an effect on the studied traits. As the results showed a significant difference in the fresh callus
weight, as the treatment of adding 50 mg L-1 of Salicylic acid was characterized by giving it
the highest fresh callus weight of 7.08 g, while the control treatment gave the lowest fresh
weight, amounting to 2.13 mg. As for the weight of dry callus adding salicylic acid has a great
effect on it, as the treatment adding 50 mg L-1 of Salicylic acid gave it the highest dry weight
of callus, amounting to 39.1 mg, while the control treatment achieved the lowest fresh weight,
amounting to 0.11 mg. The results of the same table also indicated the effect of the
concentrations of Salicylic acid added to the medium on the callus diameter, as the addition
of 50 mg L-1 to the medium achieved the highest callus diameter of 12.34 mm, which differed
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significantly from the rest of the addition., while the comparison treatment gave the lowest
callus diameter, which reached 5.52 mm. It is also noted from the same table that there was a
significant increase in the concentration of the nitrogen element, as the callus tissue responded
to produce nitrogen at a concentration of 50 mg.I-1 of Salicylic acid in all treatments, as it
gave the highest concentration of the nitrogen element, amounting to 0.97 pg.gm , which did
not differ significantly from the 25 and 75 mg.L-1 treatments of Salicylic acid, which gave
concentrations of 0.77 and 0.84 pg.gm. While the lowest concentration of nitrogen was
reached in the comparison treatment. As for the concentration of the phosphorus element, we
note from the same table that a significant difference appeared between the concentrations
used, as the treatment of adding 50 mg.l-1 of Salicylic acid outperformed the rest of the
concentrations and gave the highest concentration of the phosphorus element, amounting to
0.56 pg. gm, It did not differ significantly from the treatment of 75 mg I-1 of Salicylic acid,
as it gave a concentration of the phosphorus element amounting to 0.48 pg.gm. as for the
treatment adding a concentration of 25 mg I-1 of Salicylic acid and the comparison treatment
gave the lowest concentration of phosphorus, which amounted to 0.31 and 0.20 micrograms.g-
1. Straight dry weight. As for potassium, calcium, and sodium, they behaved the same way,
as the results shown in the same table showed that the best increase in the concentration of
potassium, calcium, and sodium occurred when a concentration of 75 mg.I-1 of Salicylic acid
was added, as it gave an average of 0.98, 582.0, and 178.50 pg.gm respectively, which was
significantly superior to the rest of the treatments, while the comparison treatment gave the
lowest concentrations. While the concentration of 25 mg L-1 of Salicylic acid added to the
nutritional medium gave the highest value of chloride, amounting to 70149 pg.gm dry weight
which did not differ significantly from the 50 and 75 mg I-1 treatments, as they gave an
average concentration of chloride amounting to 134.50 and 137.10 pg. gm in sequence, in
When we notice that the concentration of chloride decreased significantly in the comparison
treatment, reaching 117.00 pug.gm dry weight. Salicylic acid is an internal growth regulator
and has significant effects on many vital processes that greatly affect plant growth during the
various stages of its life [17][18][19]. Studies have indicated that moderate concentrations of
salicylic acid Salicylates stimulate the division and growth of cultivated plant cells and tissues,
as well as increasing their biomass and dry matter, depending on the plant type. The reason
for the increase in the studied characteristics when adding Salicylic acid may be attributed to
its effective role as it is one of the most important compounds of the new group
Phytohormones, which regulate the growth of plant tissues and eliminate or reduce the damage
of stress factors to which the plant is exposed. It also plays an effective role in inducing
resistance to the harmful effects of cells growing under Tensile conditions [20] as explained
by [21] Its contribution to the process of regulating all physiological processes such as nutrient
absorption, protein synthesis, and inhibition of ethylene biosynthesis, as well as preventing
the breakdown of the nucleus.

Table 2. effect of adding different concentrations of Salicylic acid on callus growth indicators
of the belladonna plant Atropa belladonna L. and the estimation of some of its nutrients.
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Salicylic ~ Fresh Dry Callus N P K Ca Na Cl
acid weight weight diameter
Mg- 9 Mg. 9 H9. 9 H9. 9 Hg. 9 Hg. 9

mg.L () (mg)

Mm)(
0.0 2.13 0.11 5.52 0.62 0.20 0.42 137.50  64.00 117.00
25 4.11 1.28 8.32 0.77 0.31 0.45 378.00 153.50 149.70
50 7.08 3.91 12.34 0.97 0.56 0.77 41250  162.00  134.50
75 5.59 2.50 7.95 0.84 0.48 0.98 582.00 178.50  137.10
L.S.D 3.98* *1.69 *2.68 *0.20 *0.19 *0.33 *62.41  *22.04  *16.53
(0.05)

Effect of tyrosine acid

The results in Table (3) show that the concentrations of tyrosine acid added to the medium
affected the fresh and dry weight and callus diameter, as the treatment of adding 60 mg.L-1
outperformed the rest of the treatments and gave the highest values in the fresh and dry callus
weight and the relative growth rate reached 12.88 mg, 2.22 mg and 18.66 mm, respectively the
lowest rates were for the control treatment which was given 12.88 mg, 2.22 mg, and 18.66 mm,
respectively, while the comparison treatment gave less values. The added concentrations of
tyrosine acid affected the ionic content of callus. Adding 20 mg.L-1 gave the highest value of
nitrogen in callus tissues, reaching 0.91 p g.g. The lowest concentration was for the comparison
treatment, which amounted to 0.57 pg. g. Added concentrations of tyrosine did not significantly
affect phosphorus and potassium levels. The same table showed that the concentration of the
calcium element was affected significantly, as the concentration of 60 mg L-1 of tyrosine acid
added to the nutritional medium gave the highest value of the calcium element, amounting to
498.50 ug.gm dry weight, while the lowest concentration of calcium was in the comparison
treatment. As for the sodium element, it was also affected by the addition of tyrosine acid, as

the 40 mg L-1 treatment gave the highest concentration of 185.30 pg .g. while control treatment
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gave the lowest concentration of 72.00 pg.g. While chlorine was significantly affected by

tyrosine the level of 60 mg L-1 gave the highest level of chlorine in callus tissues, which reached

129.00 png.gm. The control treatment gave the lowest concentration of chlorine in the callus

tissue which 101.00 pg. g. The reason for the results that appeared in Table (3) may be that the

addition of the amino acid acid tyrosine has led to an increase in the concentration of plant

hormones and enzymes, which acid tyrosine is part of, which in turn has led to an increase in

biological activities, which is a common factor in them. within the plant, which was reflected

in an increase in the studied traits [22].

Table 3. effect of adding different concentrations of tyrosine acid on callus growth indicators

of the belladonna plant Atropa belladonna L. and estimation of some of its nutrients.

tyrosine acid  Fresh Dry Callus N P K Ca Na Cl
weight  weight  diameter
-Img.L MO-O  HO.Q Hg. 9 Hg. 9 Hg. 9 Hg. 9
(@) (mg)
Mm)(
0.0 3.43 0.09 6.56 0.57 0.21 0.60 157.50  72.00 101.00
20 7.64 1.01 10.75 0.91 0.28 0.65 275.00 137.50 114.30
40 8.91 1.61 13.82 0.90 0.31 0.71 389.00 185.30 117.00
60 12.88 2.22 18.66 0.87 0.25 0.68 498.50 177.90  129.00
L.S.D (0.05) *2.69 *0.97 *3.06 *0.26 0.27ns  0.28ns  *57.06  *48.13  *18.42

Addition effect of Jasmonic acid.

The results in Table (4) indicate the effect of the added concentrations of Jasmonic acid on
the weight rate and callus diameter. As the results showed a significant superiority between
the treatments, as the 50 mg.I-1 treatment was superior. 1 of Jasmonic acid for all treatments,
which gave the highest average fresh and dry weight and callus diameter, which amounted to
13.51 mg, 2.32 mg and 11.82 mm, respectively, while there was a significant decrease in the
fresh and dry weight and the diameter of the developing callus on the nutrient medium without
any addition of Jasmonic acid, if the fresh weight reached 2.43 mg, 0.07 mg, and 6.41 mm,
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respectively. Also The results shown in the same table indicate that there is a significant effect
between the treatments on the concentration of nutrients, as the callus tissue responded to the
production of nutrients when increasing Addition of Jasmonic acid to the comparison
treatment, as the concentration of 75 mg L-1 of Jasmonic acid added to the nutrient media
gave the highest concentration of the elements nitrogen, phosphorus, potassium, calcium,
sodium and chloride if it reached 0.98, 0.57, 0.86, 637.00, 176.41 and 148.50 ug. ¢
respectively while given treatment Comparison: The lowest rates were 0.74, 0.37, 0.52,
217.31, 66.00, and 125.00 ug. g, respectively. The increase in the studied characteristics when
adding Jasmonic acid may be attributed to the role it plays in causing many physiological
changes within plant tissues. Accompanied by morphological changes in these tissues, as well
as a cycle in regulating production Plant cells for primary and secondary compounds by
stimulating the expression of genes responsible for biosynthesis [23][24] or perhaps the reason
is due to the effect of Jasmonic acid on regulating the work of cellular membranes and the
permeable materials from them by regulating their entry according to the need for them.
elements [25].

Table 4. effect of adding different concentrations of Jasmonic acid on callus growth indicators

of the belladonna plant Atropa belladonna L. and estimation of some of its nutrients.

Jasmonic Fresh Dry Callus N P K Ca Na Cl
acid mg.L weight  weight  diameter

Hg. 9 H9. g Hg.- g Hg. 9 HG. 9 Hg.- g

() (mg)
Mm)(
0.0 243 0.07 6.41 0.74 0.37 0.52 217.31  66.00 125.0
25 5.29 0.79 7.92 0.94 0.48 0.81 552.00 117.11 1320
50 13.51 2.32 11.82 0.87 0.37 0.67 47142 15942 137.9
75 7.53 1.01 8.19 0.98 0.57 0.86 637.00 176.41 1485
L.S.D (0.05) 2.47* 0.79* *1.74 0.20* 0.18* 0.26* 102.47  35.64* 21.08*
*

Effect of PEG

60
June 2025/ Volume 13/ Issue 1 Nabatia/https://nabatia.umsida.ac.id/index.php/nabatia



https://nabatia.umsida.ac.id/index.php/nabatia

Ekhlas Meteab Ahmed, dkk Induction Callus From ....

The results in Table 5 indicate that adding PEG at different concentrations to the nutrient
medium did not give a significant increase in the average fresh and dry weight and callus
diameter, while the comparison treatment achieved the highest values in the mentioned
characteristics, amounting to 4.55 g, 1.23 mg, and 6.03 mm, while the PEG addition treatment
gave at a concentration of 1.5 g L-1, the lowest values for these characteristics were 2.10 g,
0.17 mg, and 3.88 mm. The results shown in the same table indicate a significant effect of
adding different concentrations of PEG on the concentrations of elements in the callus tissue.
The callus tissue responded to nitrogen production giving the highest significant increase of
80.97 pg.gm. At a concentration of 1.5 g.L-1 of PEG, which did not differ significantly from
the treatment of adding 1.0 g.L-1 of PEG, which gave a nitrogen concentration of 0.91 pg.gm,
The lowest concentration of the comparison treatment was 0.55 pg.g. As for the phosphorus
element, the results in the same table showed that there was a significant difference between
the concentrations of the water stress PEG used, as the treatment exceeded 0.5 g.I-1 of PEG
and gave the highest concentration of the phosphorus element, amounting to 0.67 ug. g . While
the comparison treatment gave the lowest values for the phosphorus concentration, which
amounted to 0.31 pg. g . As for the potassium element, the results showed that the potassium
concentration in the Callus was affected by added levels of PEG to the nutrient media as the
1.0 g.I-1 treatment outperformed the PEG gave the best increase in potassium concentration,
which reached 0.96 pg. g , The lowest level of potassium ions was for the comparison
treatment of 0.59 pg. g. It is noted from the statistical results shown in the same table that the
concentrations of the calcium element were significantly affected when adding different
concentrations of PEG, as the treatment of adding 1.5 g.I-1 of PEG to the nutrient media
excelled and gave the highest concentration of calcium ion, which reached 611.50 pg. g with
a significant difference from the rest of the concentrations, while the comparison treatment
gave the lowest concentration of 347.50. pug. g. Likewise, the sodium element was also
affected Through PEG levels added to the medium. The treatment of adding 1.0 g.I-1 of PEG
was characterized by giving the best increase in sodium concentration, which reached 84.50
ug. g, which did not differ significantly from the 0.5 and 1 treatments. 5g.L-1 of PEG, while
the control treatment gave the lowest sodium ion concentration of 66.40 pg. g. As for the
concentration of the chloride element, the data showed that adding PEG to the nutrient
medium led to increase in the concentration of the chloride element in the callus tissue, as the
concentration of 0.5 gm.lI-1 of PEG added to the nutrient medium gave the highest
concentration. The chloride element reached 153.0 pg. g . Which did not differ significantly
from the treatments of 1.0 and 1.5 g.L-1 of PEG. From the table we note that the comparison
treatment gave the lowest chloride ion concentration, which amounted to 114.0 pg. g .The
reason for the decrease in all levels of PEG8000 added to the nutrient media in terms of fresh
and dry weight and callus diameter may be due to the accumulation of many compounds inside
the plant when it is exposed to stress treatments, such as free radicals, which lead to high stress
on the cells, which leads to plant weakness and lack of cell division [26] or it may be due to
the cells losing their water content which negatively affected their growth, and the exposure
of the plant to abiotic stresses leads to a reduction in Levels of endogenous plant hormones
that encourage growth, such as auxins, cytokinins, and gibberellins, and raising the level of
growth-inhibiting hormones, such as abscisic acid (ABA) [27] or perhaps a lack of water
causes the accumulation of large quantities of organic solutions and mineral elements, And
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as shown in the same table there is an increase in the concentration of elements. In the callus
tissue, which may lead to the occurrence of a toxic effect that leads to inhibition of growth
processes [28].

Table 5. effect of adding different concentrations of PEG on callus growth indicators of the

belladonna plant Atropa belladonna L. and the estimation of some of its nutrients.

Effect of NaCl.

The results in Table (6) show that there are significant differences between the treatments
in fresh and dry weight and callus diameter, where the comparison treatment outperformed all
treatments and gave 5.11 g, 2.62 mg, and 6.99 mm, respectively, while the treatment gave 75

PEG Fresh Dry Callus N P K Ca Na Cl
weight  weight  diameter
g.L-1 H9.-9  HO.Q H9. g H9. g Hg. 9 Hg.- g
(9) (mg)
Mm)(
0.0 4.55 1.23 6.03 0.55 0.31 0.59 3475 66.40 114.0
0.5 3.33 0.31 5.86 0.76 0.67 0.74 464.0 76.40 153.0
1.0 2.20 0.29 497 0.91 0.47 0.96 477.7 84.50 148.7
15 2.10 0.17 3.88 0.97 0.39 0.77 611.5 81.70 1375
L.S.D 237  0.88 *2.27 0.24*  0.18* 0.30* 7451* 16.49* 15.62*
(0.05)

mg.L-1, the lowest fresh and dry weight and diameter. For callus, it was 1.10 mg, 0.03 mg,
and 4.57 mm, respectively. It is also noted from the table that salt stress negatively affected
the nitrogen value in callus., The highest concentration was for the comparison treatment. 1.40
micrograms.gm-1., while the treatment of adding 25 mg L-1 of NaCl gave the lowest nitrogen
concentration in callus, which reached 0.86ug.gm. While increasing the addition of
concentrations of NaCl to the nutrient medium led to a gradual increase in the accumulation
of phosphorus in the callus tissue, as the concentration of 75 mg.L-1 of NaCl gave the highest
value of phosphorus, amounting to 3.41 pg.gm the lowest average was for the comparison
treatment amounting to 0.21 pg.gm. As for the potassium element, differences appeared
62

June 2025/ Volume 13/ Issue 1 Nabatia/https://nabatia.umsida.ac.id/index.php/nabatia



https://nabatia.umsida.ac.id/index.php/nabatia

Ekhlas Meteab Ahmed, dkk Induction Callus From ....

between potassium concentrations as the comparison treatment outperformed the rest of the
treatments and gave the highest value of the element, amounting to 2.61 pg.gm dry weight
while the treatment gave 25 mg.l-1 the lowest concentration was 0.60 pg.gm dry weight. As
for the calcium element, not affected by NaCl levels added to the media. The same argument
shows that sodium and chlorine were affected by the levels of sodium chloride added to the
medium, with a level of 75 mg/L giving the highest value of sodium and chlorine in callus
tissue, which reached 187.0 pg.gm dry weight and 178.2 pug.gm dry weight respectively, while
the control treatment gave the lowest concentrations of the two elements, amounting to 58.00
pg.gm dry weight and 109.1 pg.gm dry weight.The reason for the apparent effect of salt
concentrations on the decrease in fresh and dry weight and callus diameter as a result of
increased concentrations may be due to the variation in the osmotic potential inside the plant,
which leads to the lack of access to the nutrients that the plant needs for growth and
development, because the increase in salt concentrations leads to obstruction of tissue growth
and thus a decrease in Average fresh and dry weight of callus. Salinity also has a negative
effect on the nutritional balance of the plant through one or more mechanisms, including
osmotic effects. Salts are involved in competitive absorption between ions in plant tissues,
and increasing the salt level of the nutrient medium had the effect of reducing the amount of
K+ as a result of the state of opposition between sodium and potassium ions, noting that
sodium increases in concentration at the expense of potassium. The accumulation of Na+ in
root cells caused an enzymatic disorder and negatively affected its active absorption [29].

Table 6. The effect of adding different concentrations of NaCl on callus growth indicators of

the belladonna plant Atropa belladonna L. and estimation of some of its nutrients.

NaCl Fresh Dry Callus N P K Ca Na Cl
weight  weight  diameter
mg.L HO. g HO. g HO. g Mg. g Mg. O Hg. g
(9) (mg)
Mm)(
0.0 5.11 2.62 6.99 1.40 0.21 2.61 396.4 58.0 109.1
25 3.30 0.98 5.85 0.86 0.32 0.60 454.7 146.0 123.4
50 1.99 0.21 5.13 0.91 1.29 1.89 439.2 133.0 144.8
75 1.10 0.03 4.57 0.93 341 0.79 543.9 187.0 178.2
L.S.D (0.05) 2.08* 0.82* *2.81 0.31* 0.73* 0.70* 62.6ns 32.7* 7.81*
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CONCLUSIONS

The study showed that growth regulators had an effect on the induction of callus from
cotyledonous leaves, and that the addition of some stimulants, chemical initiators and abiotic
stresses had a significant effect on the mineral content of the elements measured in the callus
tissue.
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