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Abstract

In vitro technique for the conservation of sunflower germplasm provides a perspective for enhancing breeding
programs. In this study, we investigated the induction of callus and evaluated direct plant regeneration from
sunflower seeds of different genotypes using specific culture technology. For the experiment we used three
commercial hybrids (genotypes G1, G2, G3) based on their technologies Imidazolinine (IMI), Sulphonylureic
(SU) and Conventional (CONV) and were grouped as it follows: G1-IMI, G2-SU, and G3—CONYV. Furthermore,
for the in vitro culture Murashige & Skoog (MS) media with hormone combinations of auxins as the Alpha-
naphthylacetic acid (NAA) and the 2,4-Dichlorophenoxyacetic acid (2,4-D) and cytokinins as the 6-
Benzylaminopurine (BAP) were used. Callus induction was observed in all three genotypes using media with
both 5 mg/l BAP and 2 mg/l 2,4-D. Genotype G3 showed the highest rate of induction to BAP (100%). Plant
regeneration was successful only in the medium containing 5 mg/l BAP + 0.35 mg/l NAA, with the efficiency
on genotype G1 of 30%. However, in the other hormone combinations, regeneration did not occur. Results
suggest that the genotype has a strong dependency for the success of in vitro regeneration and highlight the
importance of optimizing the phytohormonal concentrations to succeed plant regeneration.
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Introduction

The sunflower (Helianthus annuus L., 2n=34) breeding is an important objective in agriculture, posing
challenges and opportunities for crop improvement. Globally, sunflower records in 2024 over 54 million tons
on a total cultivated area of over 29 million hectares with an average yield of 1855 kg/ha. In Romania the year
2023 recorded over 1 million hectares were cultivated with a total production of just over 2 million tons with a
yield of 1870 kg/ha, lower than in 2021, when the average yield per hectare was 2530 kg/ha [6] The evolution
of the breeding programs, whether conventional or based on biotechnology has a key objective of selecting
and maintaining individuals with desirable traits for further line development and hybrid creation

Sunflower breeding requires a long-lasting period for obtaining the inbred lines, an estimated interval
of 6-8 generations. The development of germplasm, hybrids, and lines has brought revolutionary results by
improving the plant’s qualities such as an increased yield potential, resistance to diseases and pests, tolerance
to challenging pedo-climatic conditions, and adaptability to mechanized cultivation. By the use of biotechnology
[18] [14].

Advances in both classical breeding and biotechnological approaches have led to significant
transformation in the development and preservation of rare and valuable genotypes. The creation of hybrids
with the wild Helianthus species has introduced genes of interest for drought and cold resistance. The Leclercq
method of breeding and reproduction based on cytoplasmic male sterility (CMS), has proved efficient in the
exploitation of maternal and paternal traits and reducing the risk of genetic degeneration from repeated
inbreeding [14,18].
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Conservation and genetic selection has involved a set of challenges, bringing us to an overcome
objective through modern biotechnological methods [5]. These include genomic selection, mutagenesis and
variant selection, gene editing, immature embryo rescue, gynogenesis and androgenesis, marker-assisted
selection, and in vitro tissue culture [30]. Among these, in vitro culture techniques offer a valuable perspective
for preserving homozygous haploid genotypes, rescuing and reproducing non-viable embryos, and reducing
space and logistic material with an advantage of economic demands compared to the classical methods [6].
The success of these cultures is determined by factors such as medium composition, hormonal balance, light,
and temperature conditions [20].

The influence of phytohormones in the success of in vitro cultures is essential for inducing callus and
regenerating plants. The main phytohormones used in micropropagation are: Alpha-naphthylacetic acid (NAA),
a synthetic auxin that has the role of stimulating cell division, elongation and callus formation, but also inducing
the formation of adventitious roots [10]. The cytokinin 6-Benzylaminopurine (BAP), which is synthetic in nature,
plays the main role of inducing the formation of shoots and buds and stimulating the cell division in meristems
[13]. Both NAA and BAP are used in combinations of different concentrations for an optimal auxin:cytokinin
ratio that influences the direction of morphogenesis [7]. The 2,4-Dichlorophenoxyacetic acid is a very potent
and effective synthetic auxin in inducing callus and promoting somatic embryogenesis, used in the first phase
to obtain callus, and in the next stage for regeneration, the tissue is transferred to cytokinin media [2] [29].

In this study, we aimed to induce callus formation directly from seeds to obtain two types: differentiated
and undifferentiated. These were subsequently developed into tissues for micropropagation, as part of a study
on herbicide resistance in plant tissue, using genotypes from IMI, SULFO, and CONV technologies.

Material and Method

Chimicals

The Chemicals and reagents used were of analytical grade and purchased from Duchefa Biochemie
(Haarlem, A. Hofmanweg 71, The Netherlands). Murashige and Skoog (MS) basal medium was used for
culture, supplemented with 3% (w/v) sucrose and solidified with 1.6% (w/v) agar. The pH of the medium was
adjusted to 5.8 before autoclaving at 121°C for 20 minutes.

Germplasm

For the study three hybrids of sunflower from the three conventional technologies (CONV),
Imidazolinone (IMI) and Sulphonylureic (SU) were used. The induction of callus has a purpose for producing
vegetal material from explants to test herbicide resistance. The chosen hybrids were: CONV- ILINCA 115 from
INCDA Fundulea, resistant at Orobanche cumana and Plasmopara halstedii, also resistant at drought and
scorching heat [4]; For IMI, it was chosen the hybrid ES OASIS from LIDEA with genetical resistance at
Orobanche cumana G-Race and it can be used as control for testing the resistance for Plasmopara halstedii
[11]; And from the SU technology we have chosen the ALEXA SU hybrid from Saaten-Union, a mid-early
hybrid with high resistance at the races A-F of Orobanche cumana and very resistent at diseases such as
Phomopsis and Sclerotinia sclerotiorum [25].

Experimental design

The experiment had two objectives: I-Callus induction and ll-Plant regeneration.The vegetal material
consisted of 200 seeds per genotype: G1-IMI, G2-SU and G3-CONV.

For the callus induction (l) the seeds were grouped in 2 variants according to the phytohormone
concentration: V1 - MS + 5mg/L BAP and V2 - MS + 2 mg/L 2,4-D. Each variant had 10 repetitions of 10 seeds
each one and the period for the induction was 40 days.

For the plant regeneration (ll), the successful callus induced seeds have been chosen to propagate
the shoots and roots generation, for all of the three genotypes the plants were transferred on 3 variants with
MS media as it follows: V1- 5mg/l BAP+0.35 mg/l NAA, V2- 0.5 mg/l NAA+0.5 mg/l BAP andV3-1mg/l NAA+
2 mg/l BAP. The results for the plant regeneration were reported as percentage from the successfully callus
induced seeds.

Data collection

The number of calluses induced seeds was taken for regeneration test and selected as percentage
from the successful grown callus as such: 10 repetitions per genotype transferred from the initial medium to
one of the 3 variants in a proportion as 50% from BAP and 50% from 2,4-D. Each variant had 3 repetitions per
genotype, and each repetition had 10 callused plants.

Sterilization Protocol

The sterilization protocols was tested to evaluate its effectiveness in eliminating microbial
contamination from the seeds and the influence of sterilization on seed germination: Seeds were rinsed in
running tap water for 10 minutes to remove the dirt and debris, were mechanically hulled, followed by
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immersion in 70% ethanol for 30 seconds, then in 0.1% mercuric chloride solution for 10 minutes, and rinsed
3 times in sterile distilled water.

Culture Conditions

Following sterilization, seeds were aseptically transferred to sterile culture dishes containing MS
medium supplemented with the variant’s concentration. Cultures were incubated in a growth chamber at 25 +
2°C under a 16-hour photoperiod.

Assessment of Viability and Contamination

Seeds were monitored daily for signs of contamination (fungal or bacterial growth) and germination
(as an indicator of viability) over a period of 14 days. The percentage of contaminated and viable seeds was
recorded for each treatment group. After seed germination, the resulting explants were cut into small pieces
using sterilized instruments (scalpel and tweezers) and inoculated.

Figure 1. Callus induction protocol with cotyledon and stem explants on different hormonal
balances

Results and Discussion

According to our results all three genotypes showed a rate of callus induction in all three genotypes
(G1-IMI, G2-SU, G3-CONV) in both medium variants. After 40 days of trial, the seeds germination in vitro was
registered. Furthermore, the average of callused materials counting the seeds from each repetition and defined
the rate per medium and per genotype. The induction rate in the case of BAP was 100% for G3 and 90% for
both G1 and G2, leading to an average of 93%. In the case of 2.4-D medium the highest rate was shown to
be 94% for G3 and the lowest rate was shown for the G2 genotype in all the three genotypes, as can be
observed in Table 1.

Table 1. Callus Induction from seeds in In Vitro Conditions

V1-5 mg/l BAP (%) V2-2 mg/l 2.4-D (%)
G1-IMI 90 90
G2-SU 90 90
G3-CONV 100 90
Average 93+ 5.77 90+ 0.0

Note: V1-56 mg/l BAP; V2-2 mg/l 2.4-D

Table 2. Successful regenerated plants resulted from the induced callus according to the variants with

the hormonal balance

V1 (%) V2 (%) V3 (%)
G1-IMI 30 0 0
G2-SU 0 0 0
G3-CONV 10 0 0
Average 13 +£15,28 0+£0.0 0+0.0

Note: V1-bmg/l BAP+0.35 mg/l NAA; V2-0.5 mg/l NAA+0.5 mg/l BAP; V3-1mg/| NAA+ 2 mg/| BAP
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The plant regeneration assessment led to a final observation that variant 1 of the medium with 5 mg/I
BAP + 0.35 mg/l NAA was the only one capable of inducing plant regeneration. Genotype G1 has regenerated
at a rate of 30%, while G3 offered a rate of 10%, proving a significant efficiency of this medium compared to
the other concentration variants taken to test. Genotype G2 did not regenerate. The average regeneration rate
was 13%, suggesting that this medium has an increased potential of selection, particularly for genotype G1.
Medium with 0.5 mg/l NAA + 0.5 mg/l BAP, no regeneration was observed in any of the genotypes (0% for G1,
G2, and G3). This hormonal combination proved to be ineffective for the sunflower callus tissues regeneration.

The medium with 1 mg/l NAA + 2 mg/l BAP, similarly to the previous variant, none of the genotypes
regenerated (0%). This result highlights that the NAA and BAP combination at the tested concentrations, lower
than for the first one, does not induce regeneration.

Figure 3. The Induction of undifferentiated callus in V1

Regarding callus induction, we found the efficiency of the concentrations for both the BAP-
supplemented and 2,4-D-supplemented media. The resulting undifferentiated callus was promising for material
to be tested for regeneration. The resulting tissue could provide resources to monitor the regulation of
phytohormone concentrations and be considered effective in obtaining in vitro regenerated plant material, ideal
for use in various tests, including herbicide resistance testing, according to the readiness objective for a
particular sunflower cultivation technology.

Regarding plant regeneration we were able to follow how differentiated and undifferentiated callus
evolve, thus being able to ascertain the optimal concentrations of phytohormones that can provide optimal
development and regeneration of vegetative organs. The concentration of the culture medium supplemented
with 5mg/I BAP + 0.35 mg/I NAA was the only and most efficient concentration from which differentiated callus
and subsequently vegetative organs resulted. Some challenges encountered in the study were the viability of
the seeds and undifferentiated calluses, but also of the genotype that encountered difficulties in adapting.

As a future perspective, we will try to obtain undifferentiated calluses to streamline the reproduction
of plant material directly from embryos to increase stability and adaptability in different experimental conditions.
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Various studies and researchers have explored the tissue culture strategies. For instance, optimal
callus induction for wild H. annuus , H. occidentalis, H. tuberosus, and H. giganteus was achieved using MS
medium with BAP and NAA in ratios of 2:1 and 5:1, respectively [31]. Regeneration of plants from hypocotyl-
derived protoplast callus grown on V-KM medium supplemented with NAA and BAP in the dark, later
transferring them to hormone-free MS medium for germination and field acclimatization [9]. This opens a
further perspective for developing an acclimatization protocol in adapting the plants from the laboratory-
controlled conditions to field conditions. Plant regeneration from sunflower anthers, using MS medium with 2.0
mg/l NAA and 1.0 mg/l BAP for callus induction, followed by elongation on a medium with reduced hormone
levels. Variables such as light exposure, pre-cooling of seed caps, agar, and sucrose concentration
significantly influenced embryogenesis [22]. A perspective that we are looking for applying it to regenerate
plants from anthers and test the concentrations in the same conditions as our study. Genotype influence on
callus production using hypocotyl and cotyledon tissues from five sunflower varieties. Callus induction varied
across genotypes on MS medium with 1 mg/I 2,4-D, followed by transfer to MS medium containing 1 mg/| BAP
and 0.5 mg/l NAA, revealing diverse regenerative capacities [17]. According to this study that we used in the
experiment with lower ratios of BAP:NAA will keep searching for the conditions the researcher applied for and
will try to repeat it. Callus induction from cotyledons grown on MS media supplemented with 2,4-D and kinetin
[24] and the induction of callus under salinity conditions, the result obtained was the induction of callus with a
rate of over 60% for three of the genotypes (Sakha 53, Giza102 and Par-1617-1), the effect of NaCl was
necrosis and growth reduction, but the three mentioned genotypes showed the lowest percentage of necrosis
[8]. Further experiments for us will include an assessment of callus tolerance at salinity and higher heavy
metals concentrations. The efficiency of callus induction from immature embryos using 2,4-D supplemented
MS medium to induce callus and BA and NAA supplementation for regeneration, the callus induction rate was
high and variable depending on genotype [16]. This study confirmed our hypothesis that plant regeneration
depends on genotype. Various sterilization protocols for explants in which he obtained the most effective
combination for disinfection and induction of callus by treatment with benomyl (2g/l, 2 hours) followed by
sterilization with H202 (10min) and NaOCI 2% (12 min, without pH adjustment). By adjusting the pH to 7 and
10 it reduced contamination with microorganisms, but affected the viability of the explants by degrading the
callus [1]. A good sterilization protocol to have in perspective for sterilizing the laboratory instruments.

More recently employed immature embryo rescue to accelerate the development of inbred lines across
three genotype categories—lines, populations, and hybrids. Embryo survival rates reached up to 81% in
hybrids and 71% in inbred lines, depending on embryo harvest timing and medium composition, which included
varied concentrations of BAP, NAA, and GA; [11]. This impacts our study in realizing the embryonic callus
capacity in multiplication, differentiation and regeneration according to the culture medium. The effect of the
heavy metals is a serious factor that needs to be taken in consideration due to the pollution increasing, the
callus induction might reduce the negative effect by avoiding the intoxication of the seeds and the seedlings
in soil [12].

Also, genetic studies and laboratory tests offer an impact perspective on the effects of substances
tested for agricultural species, especially sunflowers. Both genotype and environmental conditions play an
important role in defining empirical and observable characters, making it necessary to conduct a large-scale
study and complex research on the effects of different substances in their interaction at the cellular level as
well as at the level of genetic material [3, 25, 26, 27].

Conclusions

Callus induction succeeded for all three variants taken into study of sunflower genotypes using both
BAP and 2,4-D, resulting in two types of calluses (differentiated and undifferentiated). However, plant
regeneration was efficient with the hormonal combination of 5 mg/L BAP + 0.35 mg/L NAA, where genotype
G1 showed the highest response. This suggests that regeneration capacity is influenced by genotype and
hormone balance. In perspective, future research on herbicide resistance screening through callus-based
assays and for refining /In Vitro protocols aimed at conserving and regenerating resistant sunflower lines.
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