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ABSTRACT
Salinity is an important abiotic factor that negatively impacts maize cultivation,

especially in areas with saline soils. The present study evaluates the influence of salinity on the
growth and physiological reactions of seven maize genotypes. Highly tolerant cultivars were
excluded, while callus cultures were produced from moderately salt-tolerant cultivars and
salt-sensitive genotypes on MS medium fortified with 3 mg/L 2,4-D and 0.5 mg/L Kin. The
finding showed that high levels of salinity significantly decreased the callus weight. The
moderate cultivars (Alfajr and Almaha) demonstrated a high salt tolerance index (STI)
compared with sensitive genotypes (T1 and T6). The ionic analysis indicated that genotypes
T1 and T6 revealed a higher concentration of the ions Na* and CI. On the contrary, the
cultivars Alfajr and Almaha accumulated a high concentration of the cations K™ and Ca?",
along with a greater carbohydrates and proline content that probably led to their developed
salt tolerance. Additionally, the molecular analysis based on the RAPD test, classified the
tolerant cultivars and sensitive genotypes into two separate groups, confirming the presence
of genetic differences related to salinity tolerance. The results highlight the role of ion
regulation, osmotic adaptation, and genetic factors to mitigate the impact of salinity on maize.
The study provides helpful insights that could assist breeding procedures for developing salt-
tolerant maize genotypes that are necessary for maintaining maize agriculture in areas
affected by high salt stress.
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INTRODUCTION primary source of nutrition for millions of
The presence of high salinity levels represents people and playing a critical role in animal
an important risk to the overall stability of the feed and numerous industries (Gheith et al
food supply worldwide, affecting the 2022). However, the increasing prevalence of
efficiency of crop growth and the long-term salt stress in maize cultivation areas has raised
viability of agriculture (Mukhopadhyay et a/ concerns about its potential impact on crop
2021). The increasing salinity levels in the output and quality (Li et a/ 2023). Inducing
soil, mostly caused by inappropriate irrigation osmotic disorder, ion toxicity, and oxidative
techniques, rising sea levels due to climate damage are some of the ways that salinity
change, and the degradation of soil, have stress hurts plants (Farooq et al 2015), this
become urgent issues for agricultural leads to slower growth, lower yields, and poor
cultivation on a global scale (Stavi et al 2021). nutritional quality (Ibrahim et a/ 2022). Many
Maize (Zea mays L.) is an important crop in physiological functions in maize crop
worldwide food production, serving as a cooperate to reduce the negatively impacts of
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salinity stress, including: modulation of
stomatal behavior, reducing cytoplasmic
toxicity by split extra Na+ into vacuoles, and
increasing Cl- transportor activities (Cao et al
2023). The accumulation of some osmotic
substances like starch and proline also
increased in salt-grown maize; to adapt to
decrease water potential (Farooq et al 2015).
To address these difficulties, it is crucial to
cultivate varieties of maize that can flourish in
saline environments and sustain productivity
in salt-affected soils (Zhou et al 2022).
Traditionally, the assessment of tolerance to
salt in crops has depended on trials in the field
and greenhouse investigations, which are
frequently time-consuming, resource-
intensive, and susceptible to environmental
fluctuations (Sun et al 2018). To assist these
constraints and expedite the progress of salt
tolerance  studies, innovative  methods
employing plant tissue culture and molecular
techniques have gained traction. The
controlled environment of plant tissue culture
makes it possible to study how plants” bodies
and chemicals respond to salt stress (Taratima
et al 2022). This permits for a better
understanding of the mechanisms that
contribute to salt tolerance in maize.
Molecular analysis methods, like Random
Amplified Polymorphic DNA (RAPD), is also
being used to test for salt tolerance (Mazumder
et al 2020). In addition to physiological tests,
molecular studies help us understand salt-
responsive DNA markers and genetic variants
that are connected to salt stress tolerance (Kim
et al 2023). By employing a multidisciplinary
approach, a thorough analysis of salt tolerance
pathways in maize can be achieved, leading to
valuable insights for developing specific
methods to enhance crop quality (Ibrahim et a/
2022). The study aimed to employ tissue
culture techniques and molecular analysis to
comprehend the response of maize to salt
stress and to identify potential genotypes for
use in breeding programs to enhance salt
tolerance. Moreover, this study contributes to
the development of sustainable maize
production in response to increasing salinity
difficulties. It provides valuable insights that
can guide future efforts to improve crops and
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reduce the negative impact of saline stress on
agricultural systems.

MATERIALS AND METHODS

Plant materials and surface sterilization
After screening seven maize genotypes for
salinity tolerance in the Department of
Agricultural Research of Iraqi Agriculture
Ministry, four genotypes were selected to
evaluate the impact of salt stress on each
genotype, including two moderately salt-
tolerant cultivars, Alfajir and Almaha, and two
sensitive salt-tolerant genotypes, T1 and T6.
The investigation and in vitro study were
carried out at the Biotechnology Research
Center/ Al Nahrain University. The surface
sterilization was applied under a laminar air
flow cabinet, by soaking the washed seeds in
70% ethanol for 1 minute, followed by 2%
sodium hypochlorite for 15 minutes (Al-
Alwani et al 2023). The rewashing with
sterilized distilled water was applied to remove
the disinfectant solution. The sterilized seeds
were kept for 24 h in the refrigerator at 7 °C to
facilitate the removal of mature embryos and
use them as explants.

Establishment of callus cultures: Callus
cultures were induced by inoculating mature
embryos on Murashige and Skoog medium
(MS) (Murashige et al 1962) fortified with 3.0
mg/L of 2,4-dichlorophenoxyacetic acid (2,4-
D), 0.5 mg/L Kinetin (Kin), 30 g/L sucrose,
and 7 g/L Agar. The pH was adjusted to 5.7
using 1N of NaOH or HCI. Steam sterilization
was carried out by an autoclave for 20 minutes
at 121 °C (a pressure of 1.04 kg/cm?) (Singh et
al 2011). The cultured explants were kept in
darkness at 25 = 1 °C in the growth chamber
(Jassim et al 2021). After 30 days, the initiated
callus cultures from four maize genotypes
were sub cultured every four weeks for three
intervals to perform the maintenance stage.
Impact of salinity stress: Three levels of salt
stress were applied by adding NaCl to the MS
culture medium to obtain 2, 8, and 16 dS/m of
electrical conductivity. Each treatment was
divided into 15 replicates and finally
autoclaved. Three-month-old callus cultures
that were induced from four maize genotypes
were splinted into equal weights (200 mg) and
planted in each replicate. All treatments were
incubated under growth chamber conditions
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for 30 days. Different parameters were used to
evaluate the salinity tolerance (Masuda et al
2021). Measurement of the callus dry weight
(DW), reduction in DW, and the salt tolerance
index

The fresh callus was harvested on the 30"
day. Dried samples were obtained using dry
oven at 55 °C for 48 h to calculate the dry
weight (DW) (Hannachi et al 2022). The

relative percent reduction in DW was
estimated according to (De Leon et al 2015)
by the following:

DW reduction (%) =100 (DW control — DW
stress/ DW control)

The salt tolerance index (STI) in dry callus

Total dry weight of plant tissue subjected to salinity

STI (%) =

Mineral content: Four mineral ions were
analyzed in a callus under salt stress. Sodium
(Na"), potassium (K"), chlorine (CI), and
calcium (Ca™) were determined by atomic
absorption spectroscopy after acidic digestion,
according to the method described by (Paul et
al 2014).

Carbohydrates content: The anthrone
method was applied to determine the content
of soluble carbohydrates in samples of callus
as described in (Nikoogoftar-Sedghi et al
2024). Briefly, 50 mg of each dried sample
was homogenized with 70% ethanol. The
centrifugation was carried out for 15 minutes
at 4500 rpm. Hundred pl of supernatant was
mixed with an anthrone-acid mixture and kept
for 10 minutes in a water bath. The
photometric method was employed to detect
the absorbance at 625 nm with glucose as a
standard. Proline content, the content of
proline was determined as described in
(Dinakar et al 2009). Briefly, 100 mg of dried
callus cultures were homogenized with 3% of
S-sulfosalicylic acid and centrifuged at 3500
rpm for 10 minutes. The supernatant was
mixed with an acid-ninhydrin reagent and
boiled for 30 minutes in a water bath. After
cooling, the red layer was separated by adding
toluene. Proline content (nug/g) was estimated
by spectrophotometry (Optima-300, Japan) at
520 nm against standard proline (Sigma-
Aldrich, USA).

Pearson correlation analysis: Correlation
analysis was performed between callus growth
parameters, mineral ion content,
carbohydrates, and proline content of the
studied maize genotypes under 16 dS/m
salinity stress.
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matter was estimated using the method
determined by (Hu et al 2022).
x100

Total dry weight of plant tissue in control group

Genetic similarity under salt stress: DNA
extraction: Total DNA was extracted from
dried callus using the Geneaid DNA
purification kit (Taiwan). The purification and
quantification of isolated DNA were verified

by a nanodrop spectrophotometer. Gel
electrophoresis using 1% agarose was
employed to confirm the quality of the isolated
DNA (Alwash et al 2016).
RAPD-PCR amplification

Seven RAPD primers were chosen to identify
the genetic similarity (GS) of the studied
maize genotypes, named OPB-01, OPB-06,
OPC-08, OPE-13, OPE-16, OPF-20, and
OPG-09. Five microliters of template DNA, 2
uL of primer (10 pmole/ul), 1 U of taq
polymerase, 200 mM dNTPs, and 1.5 mM
MgCl, were added to Each 20 pL reaction
maser mix (Bioneer-Korea). A Biorad thermal
cycler (USA) was operated for polymerase
chain reaction (PCR) amplification. The
program steps were followed as described,
which included the initial denaturation step (95
°C for 5 min), then 40 cycles of denaturation
(95 °C forl min), annealing (43 °C for 1 min),
and final elongation (72 °C for 8 min). After
all, the cooling step was performed at 10 °C.
The separation of the final products of PCR
was carried out on 1.4% agarose (
Oktavianingsih et al 2021). Gel was stained
with Safe-Red and photographed by the Gel-
documentation system (Atta-Japan) under UV
illumination.

Genetic diversity: The performance of the
utilized RAPD markers was quantified
according to (El-bakatoushi et al 2017),
included estimation of total bands (TB),
monomorphic bands (MB), polymorphic bands
(PM), polymorphic percentage (P%), primer
efficiency (PE), and primer discriminatory
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power (PDP). The cluster analysis was applied
to form a genetic diversity and similarity

relationship ~ depending  on  Jaccard’s
coefficients using Ward's method by PAST
computer software (version 1.94b).

Statistical analysis: A completely randomized
design (CRD) was used to analyze the differences
among the data in the experimental treatments. All
the treatments were replicated twice; ten
replications of culture test tubes were used. Three
replications of the chemical analysis were tested.
The least significant difference (LSD) was used at
p<0.05 for a multiple comparison (Selvamuthu et
al 2018).

RESULTS AND DISCUSSION
Establishment of callus cultures: Mature
embryos growing on MS medium with 2,4-D
3.0 mg/L and Kin 0.5 mg/L were able to start
callus cultures after three weeks in the dark
conditions. The callus morphology, formed
from four maize genotypes, was friable and a
yellowish-white. The callus cultures that were
three months old were used later to evaluate
different salinity stresses. The present results
are forming a good texture of callus in maize,
applying a mixture of auxin and cytokinin.
(Ma et al 2022) demonstrated that high
concentration of auxin and relatively low level
of cytokinin could directly activate the
expression of several genes that induce callus
development from various explants.

Moreover, the findings of current study
consistent with previous study (Malini et al
2018), indicated that Z. mays maturing seed or
embryos gave a high callus formation
percentage

Effect of salinity stress on callus growth

The callus cultures grown under different
concentrations of salt stress for 30 days
exhibited significant differences in growth
parameters. The results illustrated in Figure 1-
a show that the growth pattern under salt
influence is similar for different studied
genotypes; when the salt stress increased, the
DW of callus were significantly decreased for
all maize genotypes. In this case, the lowest
DW were observed at a higher salinity (16
dS/m) compared to the control treatment (2
dS/m). Alfajr and Almaha  attained
significantly high means of DW (36.9 and 37
mg, respectively), while T1, and T6 recorded
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low means (15.6 and 16.0 mg, respectively). In
order to evaluate the ability of four maize
genotypes to withstand high salinity stress, the
study particularly analyzed the impact of the
highest salt concentration (Hasanuzzaman et al
2021) dS/m) on the growth of callus matter.
This was achieved by quantifying the percent
reduction of DW. The results in Figure (1-b)
show that the DW percentage reduction ranged
from 34% to 58% among the maize genotypes.
The genotype T6 had the highest reduction
rate (58%), while the lowest reduction (34%)
was obtained from the cultivar Almaha. The
salt tolerance index (STI) of cultivars Alfajr
and Almaha exposed to the 16 dS/m treatment
was higher than that of genotypes T1 and T6
exposed to the same salt concentration (Figure
1-c). Considerably, the highest rate of STI was
66 % attained by Almaha, while the lowest
rate of 42% was observed in genotype T6.
Additionally, the results mentioned above, that
the rates of STI are inversely proportional to
the rates of DW reduction. The results
confirmed the good ability of the two
genotypes, Alfajr and Almaha, to tolerate high
salinity comparable to T1 and T6. Maize is
considered a moderately cereal crop in terms
of its response to salinity stress (Ibrahim et a/
2022), although the early growth stage is very
sensitive to salt stress (Yuan ef al 2019). The
results of our research support this
observation, revealing that even under high
salt stress (16 dS/m), the reduction of callus
growth in sensitive genotypes was under 60%.
In contrast, with resistant cultivars, growth
reduction performed at 34%. Despite this
reduction in cell growth, salt-tolerant cultivars
showed better resistance than sensitive
genotypes, as reflected in the higher value of
STI. According to (Mansour et a/ 2005), salt-
tolerant plants can suffer a decrease in growth,
allowing them to preserve energy for vital
functions.  Furthermore, = our  findings
demonstrated that the STI significantly
decreased as salt stress increased. (Khan et
al.2022) showed similar results related to eight
pea genotypes under salinity stress. A higher
STI value signifies a lower level of influence,
while a lower value means a higher level of
affect (Aggarwal er al.2024). The STI helps
identify genotypes that develop mechanisms to
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mitigate these stresses, like effective ion
transport, the generation of osmoprotectants,

and reactive oxygen species (ROS) (Yamazaki
et al.2020).

(DW) £ 80 DW Reduction
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Figure 1. Shows the effect of salt stress on callus growth in four maize genotypes: (a) dry
weight of maize genotypes under three levels of salinity; (b) percent of dry weight reduction
under salinity 8 and 16 dS/m; (c) percent of salinity tolerance index under salinity 8 and 16

dS/m. Each value is an average of five replicates. '"Bars marked with different lowercase

letters mean significant differences at a level of P<5%"

Impact of salinity stress on mineral
contentSodium ion (Na*)

The addition of elevated concentrations of salt
to the MS cultural medium, significantly
induced the buildup of Na* ions in the callus.
The content of Na' ions intensified with the
increase in salt stress. Maize genotypes
differed in their ability to retain Na" according
to their tolerance to salt stress (Figure 2-a).
The data indicate that the highest salinity
concentration (16 dS/m) resulted in a
substantial rise in Na® accumulation at
extremely high levels in the two salt-sensitive
maize genotypes. In detail, we evaluated the
Na' content at 166.9 mg/g in genotype T1 and
161.9 mg/g in genotype T6. The resistance
cultivars, Alfajr and Almaha, had the lowest
Na" accumulation, with contents reaching 45.1
and 42.5 mg/g, respectively.
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Chloride ion (CI")

Increasing salt strength in the culture medium
significantly boosted chloride ions (CI) in
callus culture (Figure 2-b). Nevertheless, the
four genotypes had significantly dissimilar CIl°
concentrations in their cultures. Under 16
dS/m salinity, the highest means (187.3 and
178.4 mg/g) were achieved from T6 and TI,
respectively, which were significantly higher
than 87.3 and 84.8 mg/g that were attained
from Alfajr and Almaha, respectively. The
toxicity or ionic imbalance are the main
negative effects of salt stress that is made by
Na" and CI', which could damage plant cells
and membranes and inhibit growth more
significantly (Hasanuzzama et a/.2021). In
general, Na" and Cl" accumulate in harmful
quantities, impairing cellular activities and
causing oxidative stress as a consequence of a
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high level of ROS (Kesawat et al. 2023).
Another toxic effect of Na" and CI, is that
they cause a K'/Na“" imbalance like seen in
maize roots (Hu et al. 2022) and compete with
K" and Ca™ that reduce their concentration,
particularly in sensitive genotypes, more than
tolerant genotypes (Stavi et al.2023).
Potassium ion (K%)

It is clear that the pattern of K accumulation
in callus when it is subjected to two high
strengths of salinity levels (8 and 16 dS/m), is
not the same as the pattern of Na'
accumulation  (Figure 2-¢). The K
accumulation exhibited a significant increase
in the salt-tolerant cultivars Alfajr and
Almaha. Likewise, this  accumulation
displayed a relative rise with higher salt
concentrations. Unlike the sensitive genotypes
T1 and T6, the addition salt to the culture
medium dramatically decreased K content.
When analyzing the findings across different
genotypes, particularly at the highest salinity
stress of 16 dS/m, it was observed that the K*
accumulation was 99.0 mg/g in Almaha and
96.0 mg/g in Alfajr. In contrast, the low K"
concentrations were 37.0 and 33.9 mg/g

achieved by genotypes TI1 and T6,
respectively.

Calcium ion (Ca™)

Following a similar pattern to K*

accumulation, the amount of Ca*? ions in the
culture medium went up as the salt stress level
went up in salt-resistance maize cultivars but
down in sensitive baize genotypes as the salt
stress levels went up. To better understand the
pattern, it is important to note that the cultivars
Alfajr and Almaha had a lot of Ca™ (23.1 and
22.9 mg/g, respectively), when the salt stress
was 8 dS/m. Separately, under 16 dS/m, the
genotypes T1 and T6 had the lowest values of
6.1 and 6.7 mg/g, respectively (Figure 2-d).
The Ca™ ion is necessary for supporting the
integrity of the cell membrane and forming the
middle lamellae in the cell wall (Aly et al
2018). Consequently, the elimination of Ca*
from its binding locations in the cell
membrane strongly changed the stability of the
membranes, contributing to improved salt
stress (Farooq et al. 2015). Another
consideration of contrast is that salt- sensitive
genotypes constantly exhibit a greater increase
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in cell permeability compared to tolerant
maize cultivars (Mansour et al. 2005). In the
present study, cations like K* and Ca™ ions
decreased with the increase in salinity levels.
Furthermore, the concentration of these cations
significantly declined in sensitive genotypes as
the salinity increased. The Oryza sativa
displayed similar observations (Srivastavaa et
al. 2022). These observations are consistent
with respective studies revealing how plants
respond to salinity by adjusting the levels of
ions and metabolites (Yuan ef al. 2019; Ali et
al. 2021).

Impact of salinity stress on carbohydrates
and proline content

Carbohydrates (CHO) content

The bar chart in Figure 2-e clearly shows that
salt-tolerant cultivars demonstrated a rise in
their carbohydrates (CHO) content as they
were subjected to a higher level of salt stress
(600.0 and 630.9 mg/g), respectively, from
cultivars Alfajr and Almaha. One o the
defensive mechanisms they possess against
salinity stress could be responsible for this
increase in CHO concentration. At the same
time, it is important to mention that sensitive
genotypes T1 and T6 exhibited a significant
reduction in CHO content (173.9 and 192.0
mg/g), respectively, when subjected to the
same salt stress (16 dS/m), comparable to the
control treatment (2 dS/m). The graphical
illustration clearly indicates an inverse
correlation in the manner of CHO content
between salt-tolerant and salt-sensitive maize
genotypes.

Proline content

The statistical analysis reveals that there are
significant variances among four genotypes in
their proline content when grown under three
salt concentrations (Figure 2-f). The proline
content increased  proportionally  with
increasing salt concentrations in all callus
cultures for the studied maize genotypes.
Obviously, the salt-tolerant cultivars recorded
the superiority average means of proline
comparable to the sensitive genotypes. The
control treatment (2 dS/m) had the lowest
content of proline. In contrast, under the
highest salt stress of 16 dS/m, the significant
superiority value was achieved from cultivar
Alfajr, while the lowest means were 14.4 and
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Figure 2. Impact of three levels of salinity stress on the content of: (a) Na™, (b) CI, (¢) K%, (d)
Ca*?, (e) carbohydrates, and (f) proline. Each value is an average of five replicates. '"Bars
shown with dissimilar lowercase letters indicate significant differences at a level of P<5%"

Carbohydrate and proline concentrations were
found to be significantly higher in tolerant
maize cultivars compared to sensitive
genotypes under the same salt stress. The
presence of NaCl stress leads to an increase in
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the accumulation of carbohydrates that assist
in alleviating stress, ROS, and storing carbon.
These directly impact physiological processes
like respiration and photosynthesis (Naz et al.
2022). Fundamentally, osmoregulation aids
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plants in mitigating the adverse effects of
osmotic stress resulting from salts (Ahmad et
al. 2017). Proline and carbohydrates are the
primary osmolytes that trigger osmoregulation
in maize when subjected to salt stress (Farooq
et al. 2015). The accumulation of proline has
been confirmed to be an effective protectant of
plasma membrane permeability (Mansour et
al. 2013). However, another observation
showed that in saline conditions, soluble
carbohydrates in plants may have a more
noteworthy function than proline (Zhang et al.
2019). For instance, the elevation of sugar
content in maize shoots was higher than the
elevation of proline content under high salinity
stress compared to low salt stress (Sun et
al.2018). Another investigation found that
raised salt stress resulted in a higher proline
accumulation in the calli of a salt-tolerant
maize cultivar than in a sensitive one (Sukma
et al. 2020) which is consistent with the results
of our current study.

Pearson correlation analysis

The Pearson correlation coefficient (PCC)
evaluates the proximity and intensity of the
linear relationship among two factors. As
shown in Table 1, the positive and highly PCC
were seen between DW and STI, K*, Ca*,
carbohydrates, and proline content, but had a

negative correlation with Na* and CI” content.
On the contrary, DW reduction achieved a
positive correlation with Na“ and CI” content
but had negative correlation with STI, K",
Ca*?, carbohydrates, and proline content. The
STI was positive and greatly correlated to K™,
Ca*?, carbohydrates, and proline content, while
negatively correlated to Na" and CI content.
The ions Na® and CI° exhibited a similar
pattern of negative correlation with K*, Ca™,
carbohydrates, and proline content; however,
the correlation was positive between them.
Additional positive correlation was observed
between K* content and Ca*?, carbohydrates,
and proline content. Ca™ also had a positive
correlation with carbohydrates and proline.
Finally, carbohydrates were positively
correlated with proline. All positive PCCs
showed highly significant differences at a level
of P<5%. Similar correlations have been
reported between ions in various parts of rice
under salt stress (Nemati et al. 2011). A
positive correlation between STI and growth
parameters has been observed in salt-tolerant
varieties of rice under salinity stress (Zhou et
al. 2022). Another positive correlation has
been reported between  proline and
carbohydrate in different Populus euphratica
olive under salt stress (Neko et al. 2019).

Table 1. Pearson correlation analysis between callus dry weight (DW), dry weight reduction

percentage (DW reduction), salt tolerance index (STI), sodium (Na*) content, chloride (CI)

content, potassium (K*) content, calcium (Ca*?) content, carbohydrates, and proline content
of four maize genotypes in response to 16 dS/m salinity stress.

DW  DW reduction (%) STI (%) Na Cl K Ca Carbolydrate Proline

DWW 1

DW reduction -0.99865 1

STI (%) 0.997479 -0.999729655 1

Na -0.99981 0.998093255 -0.99708 1

Cl -0.9968 0.999318201 -0.99899 0.995542 1

K 0.998362 -0.999984804 0.999829 -0.99779 -0.99938 1

Ca 0.999875 -0.997741787 0.996234 -0.9997 -0.99568 0.997363 1

Carbohydrate 0.998759 -0.997989888 0.997757 -0.99938 -0.99497 0.997826 0.998245 1

Proline 0.982755 -0.974290922 0.968843 -0.98126 -0.97296 0.973098 0.985279 0.974012562 1
Genetic diversity The results of the genetic variation study

Seven RAPD primers (Table 2 and Figure 3) made
a total of 34 bands with an average of 4.8 per
primer. Twenty bands were monomorphic, while
the remaining 14 were polymorphic. The total
products of primers divided into different size
groups ranged from 150-2250 bp. Primer OPG-09
showed the highest polymorphic (P) percent
(57.1%). The primers OPE-13 and OPG-09 had the
highest primer efficiency (20.5). While the
maximum value of primer discriminatory power
(PDP) was 28.5, that achieved by primer OPG-09.
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demonstrated two groups: Alfajr and Almaha
combined in one group, while T1 and T6 were
arranged in another group. Plant genotypes exhibit
significant genetic variation in their ability to adapt
to environmental salt stress, as documented by
(Mazumder et al. 2021). Moreover, previous
investigations have shown that certain genes
control the essential pathways responsible for
salinity stress resistance (Gupta et al. 2014). Using
maize tissue culture, the zmhktl,5 gene was
identified responsible for Na+ exclusion in
response to different salinity stresses. Additionally,
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(Yu et al. 2023) proved the involvement of the proved their relationship with salinity stress in rice
ZmHSP90 gene in maize adaptation to high at the seedling stage (Kim et al. 2023).
concentrations of NaCl stress. Whereas two genes
Table 2. Shows the RAPD primer sequence that was used for studying polymorphism, along
with the size range (SR), total bands (TB), monomorphic bands (MB), polymorphic bands
(PB), polymorphic percentage (P%), primer efficiency (PE), and primer discriminatory
power (PDP) for each RAPD primers.

No. Primers Sequence (5°-3°) SR (bp) TB MB PB P% PE PDP
1 OPB-01 GTTTCGCTCC 250-750 3 2 1 333 8.8 7.1

2 OPB-06 TGCTCTGCCC 300-750 4 3 1 25.0 11.7 7.1

3 OPC-08 TGGACCGGTG 250-2000 6 3 3 50.0 17.6 21.4
4 OPE-13 CCCGATTCGG 150-2250 7 4 3 42.8 20.5 21.4
5 OPE-16 GGTGACTGTG 350-750 4 3 1 25.0 11.7 7.1

6 OPF-20 GGTCTAGAGG 500-1000 3 2 1 333 8.8 7.1

7 OPG-09 CTGACGTCAC 300-1000 7 3 4 571 20.5 28.5
Total bands 34 20 14

Average/primer 4.8 2.8 2 38.0 14.2 14.2

M  Afajir Almaha T1  T6

Alfajir Almaha
10 000

10 000
2500
3000
2500
2000
1500

1000
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M Abjr Amsha Tt T6 e A TR R R T

10 000

3000
2500
2000
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10 000
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2500
2000
1500

1000
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=
&

Figure 3. Gel electrophoresis presented the amplification profile of four maize genotypes
(Alfajr, Almaha, T1, and T6) using seven RAPD primers: OPB-01, OPB-06, OPC-08, OPE-13,
OPE-16, OPF-20, and OPG-09. M =1 kb DNA Ladder (250-10000 bp).

1336


https://doi.org/10.36103/ykkh6v73

Iraqi Journal of Agricultural Sciences —2026:57(5):1328-1341
P-ISSN: 0075- 0530 /E-ISSN: 2410-0862
DOI: https://doi.org/10.36103/ykkh6v73

The results presented in Jaccard’s similarity
matrix (Table 3) and the UPGMA dendrogram
(Figure 4) provide a clear feature of the extent
of genetic distance between the four
genotypes. The cluster tree is divided into two
main clusters. The first branch introduced the
cultivars Alfajr and Almaha to the clusters. In
the similarity matrix, these clusters recorded
0.848 as a Jaccard’s distance value, indicating
a high measure of similarity between them.

The second branch also consisted of two
clusters, giving genotypes T1 and T6.
Comparatively, a high Jaccard similarity value
was 0.880, highlighting their substantial
closeness to one another. Eventually, the two
main branches merged to create a Jaccard’s
distance value of 0.300 between these main
clusters, indicating a moderate degree of
resemblance

Table 3. Diversity and similarity matrix (Jaccard’s coefficient) of four maize genotypes based

on RAPD primers.
Alfajr Almaha T1 T6
Alfajr 1
Almaha 0.848 1
T1 0.741 0.727 1
T6 0.700 0.687 0.880 1

Sim
=

U0
40
0
"

ila rity

#0
il
%0

T1

Almaha

Alfajr

Figure 4. The UPGMA dendrogram of four maize genotypes resulted from seven RAPD primers.

CONCLUSION

The investigation indicates that salinity had an
impact on the growth of maize callus cultures,
particularly, higher levels of salt led to a
decrease in average callus weight. Tolerant
maize cultivars showed a higher STI and had
better adaptation to salt stress conditions. lon
studies revealed that sensitive genotypes
displayed a higher accumulation of Na* and
CI ions, while tolerant cultivars maintained an
optimum equilibrium of ions. Genetic analysis
showed separate groups of maize genotypes
that were either semi-tolerant or susceptible to
salt stress. These results have the potential to
inform future breeding plans on creating maize
varieties that are more adaptable to grow in
salinity conditions.
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