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ABSTRACT

This study, conducted at the Central Laboratory for Plant Tissue Culture in Kirkuk, aimed to establish an efficient In
Vitro protocol for Helianthus annuus L. by optimizing sterilization and micropropagation phases. The experimental
framework, designed under a Completely Randomized Design (CRD) with ten replicates, first evaluated the efficacy
of Sodium Hypochlorite (as commercial Clorox) at varying concentrations (0, 20, 40, and 60%). Results indicated that
while the absence of the sterilizing agent led to total contamination, a 40% concentration significantly minimized the
infection rate to 30% without compromising tissue integrity. Subsequently, the research investigated the morphogenic
influence of the cytokinin BA (0, 1.0, 1.5, and 2.0 mg L) on vegetative development. Statistical analysis revealed that
the 2.0 mg L ! BA treatment was the most effective for enhancing biomass and growth indicators, yielding the highest
mean values for node number (3.250 per explant), leaf count (7.000 per shoot), and fresh and dry weights (0.862 g and
0.080 g, respectively). Interestingly, the control group exhibited the maximum shoot length (3.000 cm), suggesting a
distinct response pattern to hormonal concentrations. These findings provide a standardized approach for the successful
clonal propagation of sunflower industrial crops.
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INTRODUCTION

Industrial crops serve as a fundamental pillar for diverse manufacturing sectors, providing the
essential raw materials required to drive economic growth and industrial productivity. Within this
category, the sunflower (Helianthus annuus L.), a prominent member of the Asteraceae family, stands
out as a globally significant industrial resource. The high concentration of unsaturated fatty acids,
coupled with a rich profile of vitamins that inhibit oxidative degradation, distinguishes sunflower oil

as one of the healthiest options for human consumption. Consequently, these nutritional merits have
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solidified its position as a primary global commodity (Bilgen et al., 2018). In the local context of Iraq,

agricultural data indicates a cultivated area of 2,381 dunums, with seed yields averaging
approximately 1,183 kg per dunum (Directorate of Agricultural Statistics, 2022). However, to
overcome the inherent constraints of traditional propagation, there has been a strategic shift toward
advanced plant tissue culture methodologies. Micropropagation, in particular, has emerged as a
pivotal technological application, facilitating large-scale commercial multiplication and ensuring the
sustainability of high-quality plant stocks (Aldabbagh et al., 2024; Neumann et al, 2020). This
technique has become extensively applied, particularly for the propagation of crop plants, ornamental
plants, medicinal plants, fruit trees, and forest species that are difficult to propagate by conventional
methods, as well as for producing plants outside their natural growing seasons (Wawrosch and
Zotchev, 2021; Abdulhafiz et al., 2022). Based on the above, the present study aims to:

1. To evaluate the effectiveness of different concentrations of sodium hypochlorite in seed
sterilization and to determine the optimal concentration for eliminating contamination.

2. To investigate the influence of various concentrations of the cytokinin BA and to identify
the most suitable level for enhancing vegetative growth parameters, followed by measuring
fresh and dry weight.

In a study conducted by Allssawi et al. (2017) on sunflower plants, different concentrations of BA
were used, and the mean number of shoots reached 1.76 shoots per explant at the concentration of
2.0 mg L. In another study on plants belonging to the same family as sunflower (Asteraceae), Al-
Hasani (2021) reported that the addition of BA at a concentration of 2.0 mg L' in Stevia resulted in
the highest mean number of shoots and leaves, reaching 5.16 shoots per explant and 7.53 leaves,
respectively.

MATERIALS AND METHODS

The experiment was carried out at the Central Laboratory for Plant Tissue Culture (private sector) in
Kirkuk Province during the period from 1/10/2025 to 13/1/2026. Seeds of Helianthus annuus L. (cv.
Vietnam) were used. The effectiveness of sodium hypochlorite in seed sterilization was evaluated
using different concentrations of the commercial bleach Clorox containing 6% active ingredient
(w/v). The solution was diluted to obtain sterilizing solutions with concentrations of 0, 20, 40, and
60% sodium hypochlorite. A few drops of the surfactant Tween-20 were added to each concentration
to reduce the surface tension of the sterilizing solutions. The seeds were treated with the sterilizing
solutions for 15 minutes and subsequently rinsed three times with sterile distilled water. To optimize
surface sterilization, initial trials compared 40% and 60% sodium hypochlorite concentrations. While
both treatments successfully reduced contamination to a 30% threshold, the 60% concentration
induced significant phytotoxicity, leading to observable tissue degradation in the emerging seedlings.

Based on these findings, the 40% concentration was standardized for all subsequent experiments to
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maintain explant health. The incidence of microbial contamination was recorded ten days post-
inoculation as a percentage of the total cultured seeds. Following the initiation phase, the
morphogenic effect of Benzyladenine (BA) was investigated at concentrations of 0, 1.0, 1.5, and 2.0
mg L', For each treatment, ten independent replicates were established, where nodal segments were
precisely excised and transferred to the multiplication media at a density of one explant per replicate.

The cultures were incubated in the growth room under a light intensity of 1000 lux and a 16 h light /
8 h dark photoperiod. After the incubation period, vegetative growth parameters including number of

nodes, number of leaves, shoot length, as well as fresh and dry weight were measured.

RESULTS AND DISCUSSION

Effect of surface sterilization using sodium hypochlorite solution on seeds of Helianthus annuus
L. after 10 days of in vitro culture

The results presented in Table 1 demonstrate the effectiveness of different concentrations of sodium
hypochlorite (NaOCl) in reducing contamination of Helianthus annuus L. seeds. The lowest
contamination percentage was observed at concentrations of 40% and 60%, reaching 30% for both
treatments, respectively. In contrast, complete contamination was recorded in the control treatment
where sodium hypochlorite (NaOCI) was not applied.

Table 1. Effect of surface sterilization with sodium hypochlorite (NaOCI) solution on seeds of

Helianthus annuus L. after 10 days of in vitro culture.

Percentage of seed contamination NaOCIl concentrations (%)
100 0
50 20
30 40
30 60

It was observed that increasing the concentration of sodium hypochlorite to 60% for 15 minutes led
to delayed seed germination or complete inhibition of germination, in addition to the appearance of
abnormal seedlings. In contrast, the concentration of 40% sodium hypochlorite resulted in the lowest
contamination rate, reaching 30%, without negatively affecting germination. This effect may be
attributed to the toxic influence of high concentrations of NaOCl on plant tissues. Similarly, Islam et
al. (2021) reported that the use of sodium hypochlorite at a concentration of 40% in Helianthus
annuus L. was effective in obtaining contamination-free seedlings compared with the control

treatment.

Effect of BA on the mean number of nodes of Helianthus annuus L. in vitro after four weeks of

culture
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The results shown in Table 2 indicate that the addition of BA to the multiplication media of
Helianthus annuus L. resulted in a significant increase in the average number of formed nodes,
reaching its maximum at the concentration of 2.0 mg L™, which produced the highest mean number
of nodes, 3.250 nodes per explant, compared with the control treatment that recorded 1.750 nodes per

explant.

Table 2. Effect of BA on the mean number of nodes of Helianthus annuus L. in vitro after four

weeks of culture.

BA (mg L™) Number of nodes
0 1.750
1.0 2.000
1.5 2.500
2.0 3.250
LSD 0.05 1.133

Effect of BA on the mean number of leaves of Helianthus annuus L. in vitro after four weeks of

culture

The results presented in Table 3 show that the concentration of 2.0 mg L' BA was superior to the
other concentrations in increasing the mean number of leaves compared with the control treatment.
The highest mean number of leaves reached 7.00 leaves per shoot, whereas the lowest value was

recorded in the control treatment, which produced 4.00 leaves per shoot.

Table 3. Effect of BA on the mean number of leaves of Helianthus annuus L. in vitro after four

weeks of culture.

BA (mg L) Number of leaves
0 4.000
1.0 4.250
1.5 5.000
2.0 7.000
LSD 0.05 1.925

Effect of BA on the mean shoot length of Helianthus annuus L. in vitro after four weeks of

culture

The results presented in Table 4 indicate that the addition of different concentrations of BA
significantly reduced the mean shoot length of Helianthus annuus L. in vitro. The control treatment
recorded the highest mean shoot length, reaching 3.750 cm. Shoot length then decreased significantly

with increasing BA concentrations, reaching the lowest mean value at the concentration of 2.0 mg.L™".
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Table 4. Effect of BA on the mean shoot length of Helianthus annuus L. in vitro after four weeks

of culture.
BA (mg L) Plant height (cm)
0 3.750
1.0 3.625
1.5 3.500
2.0 3.000
LSD 0.05 1.504

A B

Figure 1. (A) Explant grown on MS medium without growth regulators, (B) explant growing on

MS culture medium supplemented with 2.0 mg L' BA.

It can be inferred from the results presented in Tables 2 and 3 that BA was effective in
increasing the mean number of nodes and leaves and in promoting shoot multiplication. This effect
may be attributed to the molecular structure of this cytokinin and the number of double bonds present
in its side chain, as it contains three double bonds, in addition to the presence of a benzyl ring, which
has made BA one of the most widely used cytokinins in plant propagation (Abdul, 1987). Moreover,
BA is considered a stable compound that does not easily degrade and has a high efficiency in breaking
apical dominance. It also contributes to the enlargement of the vascular tissues, including xylem
vessels and phloem sieve tubes, prevents chlorophyll degradation, and stimulates cell division as well
as the synthesis of nucleic acids (Mok et al., 2000; Schmulling, 2004). These results are consistent
with the findings reported by Allssawi et al. (2017) and Al-Hasani (2021).

It was also observed that increasing the concentration of cytokinin in the culture medium up to the

optimal level led to an increase in the mean number of nodes. This may be attributed to the fact that
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higher cytokinin concentrations in the culture medium enhance the response rate until reaching the
optimal condition, which occurs when hormonal balance is achieved, resulting in the maximum
growth response of the cultured explants. In addition, cytokinins play an important role in stimulating

cell division and differentiation as well as promoting the growth of axillary buds (Dellolio, 2007).

The results of the present study also demonstrated the importance of cytokinins in increasing shoot
length. As shown in Table 4, the treatment with 1.0 mg L' BA produced the highest mean shoot
length, reaching 3.625 cm. This effect may be attributed to the role of cytokinins in stimulating cell

division and promoting cell growth (Al-Khafaji, 2014).
Effect of BA on the mean fresh weight (g) of shoots of Helianthus annuus L. in vitro

The results presented in Table 5 indicate that higher concentrations of BA added to the culture
medium resulted in a significant increase in the mean fresh weight of shoots. Data analysis revealed
that the 2.0 mg L' concentration exerted the most profound influence on biomass accumulation,
significantly outperforming all other treatments. This concentration achieved a peak shoot fresh
weight of 0.862 g, representing the maximum growth response observed in the study. Conversely,
the 1.0 mg L' treatment resulted in the minimum incremental gain, recording the lowest fresh weight
at 0.777 g. These findings underscore a clear dose-dependent relationship between BA levels and the

vegetative development of the explants.

Table S. Effect of BA on the mean fresh weight of shoots of Helianthus annuus L. in vitro after

four weeks of culture.

BA (mg L™) Fresh weight
0 0.682
1.0 0.777
1.5 0.810
2.0 0.862
LSD 0.05 0.409

Effect of BA on the mean dry weight (g) of shoots of Helianthus annuus L. in vitro

The results presented in Table 6 indicate that higher concentrations of BA added to the culture
medium resulted in a significant increase in the mean dry weight of shoots. The concentration of 2.0
mg L' showed the greatest effect, significantly exceeding the other treatments and producing the
highest dry weight of shoots, reaching 0.080 g, compared with the control treatment, which recorded
the lowest value of 0.070 g.
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Table 6. Effect of BA on the mean dry weight of shoots of Helianthus annuus L. in vitro after

four weeks of culture.

BA (mg L) Dry weight
0 0.059
1.0 0.070
1.5 0.071
2.0 0.080
LSD 0.05 0.004

The increase in fresh and dry weight of shoots of Helianthus annuus L. reflects changes in the cellular
components of the shoots as influenced by their growth in the culture medium, which primarily
depends on the plant growth regulators added to the medium. In general, cell division in the shoots is
accompanied by an increase in essential cellular constituents required for sustaining growth and
division, such as carbohydrates, proteins, and amino acids. These internal biochemical changes
promote cell division and enlargement, which was clearly observed in the treatment supplemented

with 2.0 mg L' BA.

CONCLUSIONS

1. The absence of sodium hypochlorite (NaOCI) during sterilization resulted in severe
contamination of sunflower explants (stem nodes) cultured in vitro, whereas higher
concentrations caused damage to the plant tissues and resulted in their death.

2. The cytokinin BA was effective in improving vegetative growth traits as well as increasing

the fresh and dry weight of sunflower plants.
RECOMMENDATIONS

1. Further development of plant tissue culture techniques for the in vitro propagation of
sunflower through studies focusing on shoot and leaf production, as well as improving the
success rate of plant acclimatization under external conditions.

2. The use of sodium hypochlorite (NaOCl) at a concentration of 40% is recommended for
effective contamination control.

The cytokinin BA at a concentration of 2.0 mg L™ is recommended to obtain the highest response in

vegetative growth parameters and fresh and dry weight of sunflower plants.
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