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ABSTRACT

The world has recently become focused on finding alternatives to plant growth
regulators, particularly those used in plant tissue culture, as they are the cornerstone
of establishing tissue cultures and are involved in all stages of agriculture. Plant
extracts are one of the most important factors that encourage growth, as they contain
many active compounds that can replace hormones and increase plant resistance
to drought. This study aimed to use harmala extract as an alternative to artificial
hormones and to induce genetic variations that would increase the ability of plants
to tolerance stress. In this study, sunflower embryos were grown in media known as
Murashige and Skoog (MS) culture media that containing (0, 4, 6 and 8) ml L1 of
alcoholic extract of Peganum harmel seeds, as compared to benzyl adenine (BA)
treatments of (0, 1, 2, and 3) mg L' and indole acetic acid (IAA) of 0.5 mg L. The
plantlet that recorded the highest average number of vegetative shoots and dry
weight were transferred to a culture medium containing mannitol compound from (0,
5, 10, and 15) g L. The results experimentally showed that the actual highest
average number of vegetative shoots formed was 22.6 shoots plant -1, and the total
amount of chlorophyll was 983.9 mg g-', and the dry weight of vegetative shoots was
303.4 mg at 6 ml L-" of harmel seed extract and 2 mg L' of BA in the Elf variety. The
relative average growth was 66.2 mg day-', while the plant growth average was 73.8
mg day-' and the stress tolerance index was 2.321 in the Elf variety and the 6 ml g1
of harmel seed extract and 10 g L' of mannitol. The polymerase chain reaction-rapid
amplification polymerase DNA (PCR-RAPD) revealed a difference in the number of
bands and their molecular weights for the harmel extract treatments compared to
the comparison treatment.
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INTRODUCTION

Sunflower is the third most important oil crop in day life use and a member of the
star family. It is characterized by its large, radial flowers that rotate with the sun,
hence its name. It is cultivated as an ornamental plant, and its seeds are edible.
Sunflower seeds contain chlorides, 35-55% oil, small amounts of fluorine, and
vitamins A and B [1].

Plant growth regulators are expensive compounds. In Iraqg, they are imported
because they are not manufactured locally [2, 3, 4]. It is necessary to develop
cheaper, locally available materials that improve vegetative growth of plants. Natural
plant extracts that can improve plant growth are important [5, 6].

Genetic variations could be induced especially by plant tissue culture by using plant
extracts, therefore, researchers paid higher attention to the study of these extracts
[7]. The plant extracts could affect tissue-cultured plants [8] and determine whether
they can replace plant growth regulators such as Peganum harmel seed extract [9],
which contains many important glycosides and alkaloids, especially alkaloids.
Alkaloids are defined as organic compounds present in plants that have at least one
nitrogen atom in the hydrocarbon ring.

Most of them have a bitter taste, and they have an importance in the ionic balance
in the plant instead of inorganic bases. Harmel seed extract also contains many
alkaloid compounds like B-carbolines. Alkaloids include harmaline, harmine,
quinazoline alkaloids, pegamine alkaloids, and quinazoline [10, 11, 12].

This also impacts photosynthesis and stomata function. This effect in cell water
relationships, such as water potential, osmotic potential, and turgor potential, causes
stomata to close, thus reducing the amount of carbon dioxide (COZ2) entering the
cells [13, 14, 15].

The cause of the drought problem has encouraged many researchers to understand
the mechanisms that help plants adapt to drought conditions, such as selecting
varieties with genetic traits for drought resistance [16, 17]. Drought-tolerant plants
are characterized by their ability to grow with low soil water content, stable
membranes, low photosynthesis, high levels of soluble sugars and proline [18, 19],
accumulation of complex amino acids, higher concentration of chlorophyll
molecules, and accumulation of enzymatic and non-enzymatic antioxidants [20, 21].

This was achieved by controlling the water irrigation, the period of irrigation, or by
the using of organic compounds that stimulate water tension like mannitol and
polyethylene glycol (PEG) [22, 23]. The solution concentration depends upon the
principle of drawing water away from the plant because of the potential difference
between the internal and external environments [24].
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Drought caused by osmotic stress affects a wide range of problems in growth, water
status, alterations in transporting systems and ions found in plants [25, 26 ,27].
Osmotic pressure can be gradually raised by adding sugar alcohol to the culture
media. Sugar has a significant effect on osmotic pressure [28, 29], the growth and
emergence of plant organs in the artificial environment can stop due to the inability
of the plant part to absorb water [30].

The aim of the work is to improve the vegetative growth characteristics and increase
the plant tolerance to resist drought stress. This will be conducted by adding the
extract of harmel seed as an alternative to chemicals represented by cytokinins that
are responsible for increasing cell division like benzyl adenine (BA) and auxins
responsible for cell elongation like indole acetic acid (1AA).

MATERIALS AND METHODS

Varieties

Mammoth and EIf Seeds were obtained from the Seed Inspection and Certification
Department/ Agricultural Research Department/ Ministry of Agriculture [31].
Mammoth is the giant of the sunflower family It can reach over 3 meters in height
and is characterized by its large, seed-filled head. This variety is often grown for its
edible seed production and for adding dramatic appeal to large gardens. Elf is a
dwarf variety, standing only 45 cm tall. Its compact size makes it ideal for smaller
gardens, pots, or as a decorative border along walkways. Despite its small size, EIf
produces dense heads of bright yellow petals, adding a touch of elegance and
beauty without requiring a lot of space.

Preparation for extract of harmel

The dried harmel seeds were ground, 100g of powder was weighed, and 1000 mL
of methanol was added to it. It was left to soak for 2 hours to allow the active
ingredients to be extracted. The mixture was filtered, and the filirate was then
collected and concentrated using rotary evaporator, where it was left until the volume
reached 100 mL. The extract was filtered using Whatman No. 1 filter paper, the pH
of nutrient medium was adjusted to be 5.8 before adding the extract and sterilizing
the entire medium. The extract was sterilized by filtration through 0.22 M membrane
filters after heat sterilization of the basic medium to preserve heat-sensitive
compounds according to Baday and Hamza [32].

Preparation of seeds and media

Seeds were sterilized using mercuric chloride at 1 g L-1 for 10 minutes, seeds were
sterilized by using mercuric chloride (HgCl2) 1 g L' for 10 minutes according to
Sawant et al. [33]. Murashige and Skoog [34] media was used as a culture were
sterilized and autoclaved at 121°C for 15 minutes [39)].
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Culture and acclimation

Sunflower embryos were planted in media containing the methanolic extract of
harmel seeds at (0, 4, 6 and 8) ml L', and regulators BA of plant growth at (0, 1, 2
and 3) mg L-" and I1AA at 0.5 mg L1 [36].

Plantlets were transferred this was by using 6 ml L of harmel extract, and 2 mg L1
of BA to nutrient media containing mannitol at 0, 5, 10 and 15 g L' [37], the cultures
were incubated at 25°C and using light with intensity equal to 1000 lux for sixteen
hours of lighting and eight hours darkness [38].

Data such as the number of branches, dry weights, and other traits were recorded
four weeks after planting. The next stages, such as rooting and acclimatization, were
then carried out for field examination. The young plants were removed from the
tubes, the roots were gently washed to remove any residual growth medium, and
the plants were planted in vermiculite and soil and placed in small pots according to
Baday [39].

Measurement of dry weight and number of shoots

Measurements were recorded after 28 days of cultivation on a nutrient medium
containing concentrations of harmel extract and boric acid. Five samples were
collected for each concentration and variety, based on the number of buds present
in each plant with the total number of buds per sample, then divided by the number
of samples measured according to Dere et al. [40].

The cultures were extracted from the bottles in which they were grown and placed
on filter paper. The remaining culture medium was removed using a surgical blade,
and five samples were collected for each concentration and variety. The samples
were dried in an oven at a constant temperature of 60-80°C for 24—48 hours until
they reached a constant weight.

Measurement of PRGR and PGR
The physiological characteristics were measured as the average relative growth
according to Farshadfar et al. [41] using plant relative growth rate (PRGR) equation

as shown below:
(PRGR) = (W2-W1)/W1

Where W1 and W2 are the primal weight of plants before and after four 28 days,
respectively, of cultivated embryos on MS media was accurately measured at 7, 14,
21 and 28 days after transferring plant to media and measuring index tolerant
drought.
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PCR-RAPD

Three random primers obtained from the American company, Promega were used.
Each primer consists of ten random nucleotide bases and includes a DNA reaction
mix (PCRPreMix).

For each sample 2 pl of primer, 2 ul of sample DNA, and 16 pl of sterile distilled
water were added. Tris-HCI (50 mmol), KCI (30 mmol), MgCl> (3 mmol), and Taq
DNA Polymerase (50 Units ml-') were purchased from Promega, United States.

The bands were separated using a 2% agarose gel at 70 volts for two hours, by
comparing the duplicated bands of the studied samples resulting from the RAPD
reaction with the standard DNA bands, their molecular sizes were estimated.

The products of the RAPD reactions for DNA were obtained, according to the
parameters of the studied species and according to the type of primer [42].

Data analysis

The work was performed from a fully Complete Randomized Design (CRD). The
sample size on which the analysis was conducted was 160 samples resulting from
the use of two varieties of sunflower, 4 concentrations of harmel extract, 4
concentrations of BA, and 5 replications. Data analysis was performed using a
factorial experiment design with a (CRD) and five replications for each treatment,
concentration, and variety across all experiments. The averages were analyzed
using Least Significant Difference (LSD) test at 0.05 probability level, as
implemented in the Genestat 2007 program [43].

RESULTS AND DISCUSSION

Effect of harmel extract and BA concentrations on the number of vegetative
shoots

Table 1 indicates a high difference among the two sunflower types. The ElIf exhibited
the highest average number of shoots up to 12.9 shoots plant'. The Mammoth
achieved a lower average number of shoots at 9.1 shoots plant!. The extract of
Harmel seed concentrations shows a high superiority of the 6 ml L1, with the highest
average number of shoots which was 15.1 shoots plant-, while the control treatment
exhibited a lower average number of shoots that reached 8.7 shoots plant'. The 2
mg L' of BA significantly exhibited the highest average number of shoots, 16.0
shoots plant!, while control treatment showed a very low average number of shoots
9.0 shoots plant'. The EIf at 6 ml L' gave the highest average number of shoots up
to 17.8 shoots plant'. The superiority of harmel seed extract concentrations in
increasing the number of shoots compared to the control treatment is attributed to
the fact that this extract contains hormones, while the lowest average number of
shoots, 6.4 shoots plant!, was recorded when using Mammoth at 0 ml L-". This result
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attributed to the genetic and hormonal differences between varieties [44]. The Elf at
2 mg L attained a higher average number of shoots 18.0 shoots plant-, while the
Mammoth at 0 mg L' of BA afford a lower average number of shoots 6.9 shoots
plant1, as shown in Figure 2. Regarding the interaction between the concentrations
of harmel seed extract and BA concentrations, the highest average number of shoots
was recorded as 6 ml L' of harmel seed extract and 2 mg L' of BA, amounting to
19.2 shoots plant, while the 0 of harmel seed extract and BA gave the lowest
average number of shoots at 6.2 shoots plant'. Table 1 shows a significant
difference between the varieties, concentrations of harmel seed extract and
concentrations of BA. The Elf was highest at 6 ml L' of harmel seed extract and 2
mg L of BA, with the highest average number of shoots up to 22.6 shoots plant,
while the Mammoth showed the lowest average number of shoots at 5.6 shoots
plant, at 0 ml L' of harmel seed extract and BA, as in Figure 1 and 2.

Effect of harmel extract and BA concentrations on dry weight

Table 2 indicates significant differences between the two sunflower varieties. The EIf
achieved the highest average shoot dry weight of 242.6 mg, while the Mammoth
achieved a lower average branch dry weight of 160.1 mg. Harmel seed extract
concentrations registered 6 ml L1, yielding the highest shoots dry weight of 230.0
mg, while the control treatment recorded a lower average shoot dry weight of 180.2
mg. The 2 mg L' concentration of BA was the highest, yielding the highest average
shoot dry weight of 234.1 mg, while the treatment of control showed the lowest
average shoot dry weight of 175.1 mg. The interaction between varieties and harmel
seed extract concentrations was higher. The EIf at 6 ml L-' gave the highest average
dry weight of shoots up to 266.8 mg. The Mammoth at 0 ml L' gave the lowest
average dry weight of shoots at 134.9 mg. For the interaction between varieties and
concentrations of BA where the EIf at 2 mg L' gave the highest average dry weight
of shoots at 278.2 mg, while the Mammoth at 0 mg L-' concentration using BA
afforded the lowest average dry weight of shoots at 134.3 mg. As regards the
interaction among the concentrations of harmel seed extract and BA concentrations
where the highest average dry weight of shoots recorded was 6 ml L-' of harmel
extract and 2 mg L' of BA at 294.2 mg, while the concentration of 0 of harmel extract
and BA afforded the lowest average dry weight of shoots, amounting to 170.2 mg.
The EIf gave a higher performance at concentration of 6 ml L-* of harmel extract and
2 mg L' of BA, and afforded the highest average dry weight of shoots at 303.4 mg,
while the Mammoth recorded 0 ml L-' of harmel seed extract and BA the lowest
average dry weight of shoots at 127.2 mg.
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Effect of mannitol in plantlets that achieved highest number of shoots, total
chlorophyll and dry weight treated harmel extract and BA on plant relative
growth rate

Table 3 shows significant differences between the two grain varieties, where Elf
exceeded at 6 ml L' of harmel extract and was dominated with plant relative growth
rate and gave 51.3 mg day-' compared to Mammoth, at 2 mg L-* of BA, which gave
a lower plant relative growth rate of 29.3 mg day-'. The effect of mannitol on the
relative plant growth rate is shown in Table 4 where the results reveal that there were
significant differences caused by mannitol where the highest plant relative growth
rate appeared at 50.6 mg day-' was achieved at 10 g L' of mannitol, while plant
relative growth rate lowered to 35.2 mg day-' when the mannitol increased to 15 g L-
1. This decreasing of plant relative growth rate may be drought produced to the
addition of mannitol, that causes lowering in photosynthesis necessary for
carbohydrates and proteins building [45]. Table 4 shows the interaction between the
varieties and mannitol where the lowest plant relative growth rate was achieved in
Mammoth at 2 mg L' of BA, was 29.3 mg day-' 6 ml L-' of harmel extract was 66.2
mg day-' at 10 g L' of mannitol, which may be attributed to the nature of these cells
to the stress tolerance, and plasticity that DNA has in the cells of plant to form genetic
structures that are more resistant to stress conditions [37]. The decrease in the plant
relative growth rate at high of Mannitol may be attributed to a decrease in cell
division, a decrease in cytoplasmic volume, loss of cell turgor, and nutritional
imbalance due to a decrease in water and nutrient absorption, an increase in
electrical potential, and a decrease in cellular water content with increasing stress.
Perhaps the increase in stress causes physical damage to the carbon metabolism
mechanism because of exposure to continuous stress, or perhaps it is attributed to
the fact that the cytoplasmic content of the plant cell becomes denser, and its volume
decreases when the cell is deficient in water [46, 47].

Effect of mannitol in plantlets that achieved highest number of shoots, total
chlorophyll and dry weight treated harmel extract and BA on index tolerant
drought

Table 4 results show considerable differences between sunflower varieties, as the
Elf variety significantly outperformed the plant in the average stress tolerance index,
giving an average of 1.306 compared to the Mammoth, which gave a lower average
stress tolerance index of 0.822. The results in the table record the highest average
stress tolerance index for callus of 10 g L' of mannitol, amounting to 1.797. These
results are confirmed by what was reached by earlier work [48-52], while the average
stress tolerance index decreased to 0.529 when the mannitol concentration
increased to 15 g L. The table indicated that the interaction between the varieties
and mannitol concentrations the lowest average stress tolerance index was recorded
at Mammoth, reaching 0.453 of 15 g L' of mannitol, while the highest average stress
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tolerance index was achieved in the Elf, reaching 2.321 of 10 g L' of mannitol, as in
Figures 3 and 4.

Figure 1: The Elf is treated with Figure 2: Elf is treated with BA
harmel seed extract

Figure 3: Tissue culture Figure 4: Tissue culture

The primer OPA-5

The results in Table 5 and Figure 5 indicate the number of bands and their molecular
weights resulting from the use of OPA-5 primer. The primer revealed a band with a
molecular weight of 650 bp in the harmel treatments and it disappeared in the
comparison treatment.

The Primer OPA-11

The results from Table 6 and Figure 6 indicated OPA-11 primer revealed the number
of bands resulting and their molecular weights for the treatments 4, 6, 8 ml L' of
harmel extract as well as the comparison treatment. The treatments produced bands
whose molecular weights ranged between (250-1500) bp, and a band with a
molecular weight of 500 bp was revealed in the harmel treatments and it had
disappeared in the comparison treatment.

The Primer OPZ-11

Table 7 and Figure 7 indicated that the OPZ-11 primer showed the number of
resulting bands and their molecular weights for the treatments 4, 6, and 8 ml L' of
harmel extract and the control treatment. The treatments produced bands with
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molecular weights ranging between (300-1100) bp. Two bands with molecular
weights of 1100 and 600 bp were detected in the 8 ml L-! treatment of harmel, and
they disappeared in the rest of the treatments. A band with a molecular weight of
1000 bp was detected in the 6 ml L' treatment of harmel, and it disappeared in the
rest of the treatments. A band with a molecular weight of 650 bp was detected in the
harmel treatments, and it disappeared in the control treatment.

Figure 5: Results of PCR-RAPD Figure 6: Results of PCR-RAPD
analysis using primer analysis using primer
OPA-5 OPA-11

Figure 7: Results of PCR-RAPD
analysis using primer
OPZ-11

CONCLUSION AND RECOMMENDATIONS FOR DEVELOPMENT

The harmel seed extract treatments were superior in the measurements of
physiological characteristics such as the average number of shoots, the total amount
of chlorophyll and the dry weight attributed to the harmel extract containing keloids.
Which is the foundation for building cells, increasing growth and division and
increasing the tolerance of varieties to drought stress because the extract containing
antioxidants and reduce ROS. Conclude from the study that the harmel extract could
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induce genetic variations that would increase tolerance to tissue-induced drought
stress in sunflowers, which is one of the aims of sustainable development.
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Table 1: Effect of concentrations of harmel extract and BA on the number of
vegetative shoots plant

Varieties BA conc. Harmel extract conc. llatBrktcizic.average
0 4 6 8

0 5.6 68 |80 |70 |69
Mammoth 1 6.8 84 (96 |86 |84

2 9.6 116 [ 148 | 134 [ 124

3 7.6 96 |13.2(11.8 |10.6

0 6.8 88 |15.6 | 124 |10.9

1 10.0 116 [ 16.0 | 146 | 13.1
o 2 12.5 156 {226 | 212 | 18.0

3 114 124 (20 | 164 | 15.1
LSD0.05 15.3 11.2
Varieties Harmel extract x varieties Varieties average
Mammoth 6.4 81 | 11.2 (105 | 9.1
EIf 9.3 111 (178 [ 134 [ 129
LSD0.05 11.2 3.6
BA conc. Harmel extract x BA BA average
0 6.2 78 | 113107 |9.0
1 79 10 {138 [ 11.1 [ 10.7
2 12.3 146 [ 19.2 [ 17.8 | 16
3 9.0 11.0 {176 | 131 [ 127
LSDO0.05 12.3 75
Harmel average extract 8.7 10.5 | 15.1 | 13.0
LSD0.05 75
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Table 2: Effect of concentrations of harmel extract and BA on the dry weight

mg
Varieties BA conc. Harmel extract conc. Aver:g;Aoz Zszeties
0 4 6 8

0 1272 | 127.8 | 1414 | 140.6 134.3
Mammoth 1 136.4 | 146.8 | 167.2 | 162.0 153.1

2 138.8 | 176.4 | 285.0 | 178.6 194.7

3 1372 | 1484 | 179.4 | 167.2 158.1

0 2132 | 2158 | 218.6 | 216.4 216.0

1 2194 | 219.6 | 266.6 | 225.2 232.7
o 2 2542 | 267.4 | 303.4 | 287.6 278.2

3 230.0 | 2424 | 2786 | 276.2 256.8
LSDO0.05 173.4 123.3
Varieties Harmel extract x varieties Varieties average
Mammoth 1349 | 149.9 | 193.3 | 162.1 160.1
EIf 2157 | 236.3 | 266.8 | 251.4 242.6
LSDO0.05 123.3 82.6
BA conc. Harmel extract x BA BA average
0 170.2 | 171.8 | 180.0 | 178.5 175.1
1 177.9 | 183.2 | 216.9 | 193.6 192.9
2 187.0 | 221.9 | 294.2 | 233.1 234.1
3 181.1 | 1954 | 229.0 | 221.7 206.8
LSDO0.05 134.8 95.3
Harmel average extract 180.2 193.1 | 230.0 | 206.7
LSDO0.05 95.3
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Table 3: Effect of Mannitol in plantlets that achieved highest number of shoots,
total chlorophyll and dry weight treated harmel extract and BA on
plant relative growth rate mg day-!

Mar;niitis c. 1 2 3 4 Average
0 43.2 335 | 415 | 304 37.2

5 54.5 373 | 523 | 336 44 .4
10 66.2 415 | 583 | 36.2 50.6
15 41.3 302 | 401 | 293 35.2
LSDO0.05 37.8 15.5
Average 51.3 356 | 48.1 324

LSDO0.05 19.3

1. Elf treated with 6 ml L-1 of harmel extract

2. Elf treated with 2 mg L-1 of BA

3. The Mammoth treated with 6 ml L-1 of harmel extract
4. The Mammoth treated with 2 mg L-1 of BA

Table 4: Effect of mannitol in plantlets that achieved highest number of shoots,
total chlorophyll and dry weight treated harmel extract and BA on

index tolerant drought
ieties

Mannitol 1 2 3 4 Average
Conc.
5 0.931 0.822 | 0.911 0.801 0.866
10 2.321 1.542 2112 1.212 1.797
15 0.665 | 0467 | 0532 | 0453 | 0.529
LSDO0.05 43.6 19.4
Average 1.306 0.944 1.185 0.822
LSD0.05 21.6

1. Elf treated with 6 ml L-1 of harmel extract

2. Elf treated with 2 mg L-1 of BA

3. The Mammoth treated with 6 ml L-1 of harmel extract
4. The Mammoth treated with 2 mg L-1 of BA
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Table 5: Number of resulting bands and estimated molecular weight (bp) using
the OPA-5 primer for tissues of the EIf variety treated with
concentrations of harmel extract

Harmel extract concentrations ml L
Cont. 4 6 8
Mwtbp | Bands | Mwtbp | Bands | Mwtbp | Bands | M.wtbp | Bands
number number number number
1400 1 1400 1 1400 1 1400 1
1300 1 1300 1 1300 1 1300 1
1200 1 1200 1 1200 1 1200 1
900 1 900 1 900 1 900 1
700 1 700 1 700 1 700 1
650 0 650 0 650 1 650 1
500 1 500 1 500 1 500 1
400 1 400 1 400 1 400 1
250 1 250 1 250 1 250 1
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Table 6: the number of bands resulting and the estimated molecular weight
(bp) using the OPA-11 primer for tissues of the Elf variety treated with
concentrations of harmel extract

Harmel extract concentrations ml L
Cont. 4 6 8
Mwtbp | Bands | Mwtbp | Bands | Mwtbp | Bands | M.wtbp | Bands
number number number number
1500 1 1500 1 1500 1 1500 1
1300 1 1300 1 1300 1 1300 1
900 1 900 1 900 1 900 1
700 1 700 1 700 1 700 1
600 1 600 1 600 1 600 1
500 0 500 1 500 1 500 1
450 1 450 1 450 1 450 1
400 1 400 1 400 1 400 1
300 1 300 1 300 1 300 1
250 1 250 1 250 1 250 1
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Table 7: number of resulting bands and estimated molecular weight (bp) using
the OPZ-11 primer for tissues of the EIf variety treated with

concentrations of harmel extract

Harmel extract concentrations ml L

Cont. 4
Mwtbp | Bands | Mwtbp | Bands | Mwtbp | Bands | M.wtbp | Bands
number number number number
1100 0 1100 1 1100 0 1100 1
1000 0 1000 0 1000 1 1000 0
850 1 850 1 850 1 850 1
700 1 700 1 700 1 700 1
650 0 650 1 650 1 650 1
600 0 600 0 600 0 600 1
550 1 550 1 550 1 550 1
400 1 400 1 400 1 400 1
350 1 350 1 350 1 350 1
300 1 300 1 300 1 300 1
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