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Abstract

Heavy metal toxicity is a real threat to the environment, crop productivity,
and the health of humans and their animals, especially when the toxicity
enters the food chain. This study investigates the effect of cadmium on the
physiological and molecular levels of ten introduced wheat genotypes.
Genotypes were stressed by cadmium (75 mg.L™) in comparison with
unstressed treatment to highlight their response to the cadmium. The
experiment was laid out as a factorial arrangement in RCBD, with three
replicates. The genotypes included in this study varied in their response to
cadmium stress during the laboratory tests. Notably, genotype G-41 was
superior to the rest of the genotypes in terms of seed vigor (18.58),
chlorophyll content (8.72 mg.g™), and carotenoid content (4.87 mg.g™),
while genotype IRAQ had wider epidermis in the root (2.28 um) and
ordinary epidermis cells (3.10 um). Cadmium boosted some physiological
and anatomical traits (e.g., REC, Chlorophyll, carotenoids, length and width
of root epidermis cells). However, cadmium concentration caused a
deterioration in some anatomical traits, including cortex thickness and the
length of the ordinary epidermis cells. Some wheat genotypes showed more
resistance to cadmium stress than others, and G-3 was notably affected by
cadmium treatment and this was associated with the high PCS1 expression
of the enzyme that chelates Cd to the vacuole (39 folds). It can be concluded
that cadmium reduced the physiological performances except for some
genotypes that showed more tolerance. Those genotypes could therefore be
investigated further to assess the accumulation of cadmium in their grains.
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Introduction

Unlike some heavy metals (e.g., Mo
(Molybdenum), Cu (Copper), Cr (Chrome), Co
(Cobalt), V (Vanadium), Ni (Nickel), Zn (Zinc),
Mn (Manganese), Fe (Iron)), there are other
metals (e.g., Ag (Silver), Hg (Mercury), As
(Arsenic), U (Uranium), Pb (Lead), Cd
(Cadmium), etc.) that have not been proven to
have a role in the development of normal plant
life (Alloway, 2013; Naja and Volesky, 2017).
On the contrary, their presence in the
environment may hinder plant growth. They
may enter the food chain, this will represent a
real threat to human health because they are
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insoluble and can accumulate in the cells of the
organism beyond the safe level. Considerably,
the life span of heavy metals is relatively long
and this causes their accumulation in the body
of the organism (Sabella et al., 2022; Zhao et
al., 2023). Chemical weapons used in wars are a
major source of heavy metals found in the
environment, followed by the accumulated
waste in cities, sludge places, dust, engine
smoke, and wastes and gases from factories
(Alloway, 2013). In addition, soil rock
weathering is considered one of the sources of
heavy metals, especially cadmium (Wen et al.,
2020; Xia et al., 2020). The overuse of
phosphate fertilizers can also be a source of
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heavy metals. It should also be noted that
sewerage discarded in rivers is one of the most
dangerous sources of heavy metals (Kumar et
al., 2022; Wimalawansa, 2016).

There are no apparent symptoms of heavy
metals once they enter the biological system;
however, their impact appears after many years
due to their accumulation (Mishra et al., 2019).
Cadmium (Cd) is one of the most widespread
heavy metals found in the environment, where it
takes third place after mercury and lead (Balali-
Mood et al., 2021; Rahman and Singh, 2019). It
has not been proven that Cd has a positive role
in plant life (Tran and Popova, 2013), but it has
been shown that plant functions start to decline
when Cd concentrations are higher than 3 mg
kg TDM (Dawar et al., 2023). The Cd has a
strong ability to bind with sulphur, causing
protein damage (Colovic et al., 2018). It also
has a great ability to bind with oxygen and
nitrogen compounds, thus disturbing the
oxidation balance in plant cells (Demidchik,
2015; Kapoor et al., 2019). Cd competes with
Ca* which is important to cell signaling
through kinase enzymes, thus it has a disturbing
effect on cell signaling (Thévenod and Lee,
2013b). As for Cd transporters, there is no
evidence that Cd has a specific transporter;
however, some researchers have proposed that
Zn and Fe transporters can transport Cd, with
less efficiency (Lin et al., 2016). The Zn
transporter ZNT1 has been found to transport
Cd but with less efficiency (Lin et al., 2016).
Also, Cd decreases cell expansion through
accumulating H,O; in the cell wall, which in
turn makes it solid This explains the weakness
in root growth in Cd-affected environments
(Demecsova and Tamas, 2019; Thévenod and
Lee, 2013a). Upon exposure to high
concentrations of Cd, Auxins and Gibberellins,
which are important in cell signaling, may be
damaged (Asgher et al., 2015; Singh et al.,
2016). The Cd also increases the content of
Abscisic acid (ABA) and Ethylene (ET) in root
cells, leading to a reduction in plant vegetative
growth. Ethylene reduces cell expansion, while
ABA helps plants adapt to water stress (Fahad
et al., 2015; Ullah et al., 2018).
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Genotoxic is serious damage that heavy
metals can cause to organisms, as it may lead to
unpredicted genetic variations during the
replication and recombination of DNA (Dutta et
al.,, 2018; Kocadal et al., 2020). Some
researchers have indicated that DNA damage is
due to the oxidation action by free radicals
(ROS), which might partition DNA and cause it
to lose some nitrogenous bases (Huang et al.,
2019). There are many methods for removing or
reducing cadmium effects by hindering Cd from
reaching edible plant parts (Haider et al., 2021;
Rizwan et al., 2017). This can be achieved by
using plant breeding programs and molecular
techniques (Nadeem et al., 2018; Alfalahi et al.,
2022). These give a clear image of how Cd is
mobilized inside plants at physiological and
genetic levels (Page and Feller, 2015). good
plant nutrition reduces the toxicity of Cd and
controls its accumulation in edible plant parts
(Rizwan et al., 2017). Phytochelatins are known
to be produced by plants and are implicated in a
number of their reactions to cadmium stress. In
particular, Phytochelatin synthase 1 - PCS1
gene offered a valuable defense strategy against
heavy metals such as Cd (Khan et al., 2016). Its
primary function is to bind to heavy metals and
store them in cell vacuoles (Cong et al., 2016).

Wheat is the most popular cereal used for
human nutrition, especially in the Middle East
(Igbal et al., 2022). Wheat growing in polluted
areas with heavy metals can be a source of Cd
in the food chain and eventually in the human
body (Mickovski Stefanovi¢ et al., 2023; Xing
et al., 2023). The use of low-accumulated
cadmium genotypes would be the most effective
and eco-friendly method for excluding Cd from
the food chain (Ozyigit et al., 2021). In this
context, the study investigated the effect of Cd
on many genotypes of wheat to characterize the
low Cd-accumulating genotypes suitable for
human and animal nutrition, besides
characterizing those that accumulate a higher
amount of Cd which could be used as
phytoremediation.

Materials and Methods

The experiment was conducted in the plant
physiology laboratory at the College of
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Agriculture, University of Anbar. It aimed to
investigate the effect of Cd on germination, and
the physiological and anatomical traits of 10
wheat genotypes recently introduced to Iraq
with proven suitability to arid and semi-arid
areas (Mansoor et al, 2021). Factorial
experiments in RCBD of two factors were
applied. The first was wheat genotypes, namely
G-3, G-4, G-9, G-24, G-28, G-29, G-39, G-41,
Al Diar and IRAQ, which were chosen based
on field performance in the last three seasons
(Abdul-Hassan and Al-Issawi, 2021; Hashem
and Al-1ssawi, 2023; Mansoor et al., 2021). The
second factor was the two levels of Cd (0 and
75 mg L™). Cadmium Chloride (Cd Cly)
(FW:183.317g mol™), (Thomas Baker,
chemicals- India) was used as a source of Cd.
Each treatment (combination) was repeated
three times. After ten days of the experiment,
standard lab germination (%), seed vigor, and
Relative Electrical Conductivity
(REC=EC1/EC2*100) (EC1: were measured
after soaking seedlings in test tubes containing a
fixed volume of distilled water for 24 h at lab
temperature 25°+ 2 C, EC2: was measured after
exposing the test tubes to 100°C for 15 min in
autoclave and then left, also for 24 h, at lab
temp).

The experiment was conducted in the plant
physiology laboratory at the College of
Agriculture, University of Anbar. It aimed to
investigate the effect of Cd on germination,
physiological and anatomical traits of Eight
genotypes recently introduced with two local
varieties with proven suitability to arid and
semi-arid areas. Factorial experiments in RCBD
of two factors were applied. The first was wheat
genotypes, namely G-3, G-4, G-9, G-24, G-28,
G-G-29, G-39, and G-41, as well as two local
Iraqi varieties (Al Diar and IRAQ), which were
chosen based on their performance in the last
three seasons (Abdul-Hassan and Al-lIssawi,
2021; Hashem and Al-Issawi, 2023; Mansoor et
al., 2021). The second factor was the two levels
of Cd (0 and 75 mg L™). Cadmium Chloride
(Cd Cl,) (FW:183.317g mol™), (Thomas Baker,
chemicals- India) was used as a source of Cd.
Each treatment (combination) was repeated
three times. After ten days of the experiment,
standard lab germination (%), seed vigor, and
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Relative Electrical Conductivity
(REC=EC1/EC2*100) (EC1: were measured
after soaking seedlings in test tubes containing a
fixed volume of distilled water for 24 h at lab
temperature 25+ 2°C, EC2: was measured after
exposing the test tubes to 100°C for 15 min in
autoclave and then left, also for 24 h, at lab
temp).

Physiological traits

Chlorophyll (mg g*) and carotenoid (umole
g™1) concentrations were measured. Chlorophyll
and carotenoid content were chemically
measured in the plumules of wheat genotypes,
in accordance with (Al-Saleh et al., 2019;
Lichtenthaler, 1987; Papista et al., 2002). The
following equations were used:

Chla = (12.7x A663) - (2.69xA645)
xV//(1000xW)
Chlb = (229x A645) - (4.68xA663)
xV/(1000xW)

Total Chl. =chl.a + chl.b

Carotenoids = (1.000 x A470) -(1.8 Chl a-85.02
Chl b)/198

where V represents the volume of Ethanol used
(99.99%), W represents the weight of plumules
and A represents the absorbance at the specified
wavelength of the spectrophotometer (APEL).

Anatomical traits

Some anatomical traits of radical and
plumule were investigated, such as a number of
root xylem vascular, cortex thickness(uM),
length and width of epidermis cells (uUM),
length and width of ordinary epidermis cells in
plumule (uM) (uM), length and width of
ordinary epidermis cells in plumule (uUM). Cross
sections or radicals were made manually by
scraping them with a sharp sterilized blade
while the radical parts were held vertically by
thumb and index fingers. Very thin slices were
cut and then stained with safranin (1%) for 20-
30 min before transferring them into ethanol
(30, 70, and 90%) for 2 min in each
concentration to remove the stain, finally
transferred to absolute ethanol (96%) for 2 min.



Diyala Agricultural Sciences Journal, 2024 Vol. (16) No. 1: 60-75

A cross-section of radicals (slices) was fixed on
glass slides by placing them using Gel (local
commercial). The slide cover was placed and
left for 3 hours to remove bubbles and afterward
dried, and finally, a cross-section was obtained
by the Microscope (Olympus: 100 X and 400 X)
(Al-Ubaidy et al., 2021).

Total RNA Extraction and RT-gPCR:

The extraction of the total RNA from fresh
seedlings samples was performed using GEN-
ZOLTM TriRNA Pure Kit (CAT No: GZX050,
Geneaid, 1SO: 9001:2015 QMS) following the
manufacturer’s  instruction by GEN-ZOI
reagent. RT-PCR (Fluorescence Quantitative
PCR Dector, Bioer: LineGene Plus (FQD-48A,
Japan) was performed using GoTagq® 1-Step
RT-gPCR System (CAT No: A6020, Technical
Manual: TM255, Promega Corporation). The
primers used in this experiment included
primers for the phytochelatin synthase 1 (PCS1)
gene (Forward:
3CTGGCCATTTCTCACCGATCH' and
Reverse: 3'GCGCCTTGATACAAGCATGAS')

and for the housekeeping gene GAPDH
(Forward:
3TTGCCCTCAATGACCACTTTGS and
Reverse:
3TTACTCCTTGGAGGCCATGTGS)  which

were designed in the aid of NCBI website.

Cadmium accumulation:

Cadmium concentration was determined
using atomic absorption according to Allen et
al., (1986), by digestion of the metal of the
dried seedlings (1 g) in 100 ml beakers
separately, to which 15 ml of the tri-acid
mixture (70% high purity HNO3, 65% HCIO,
and 70% H,SO, in 5:1:1 ratio) was added. The
mixture was then digested on a hot plate at 80°C
to get the transparent phase of the solution. The
resulting solution was filtered and then diluted
to 50 ml using deionized water and was
analyzed for concentrations of Cd using an
atomic absorption spectrophotometer. Data of
the traits studied were analyzed according to
ANOVA and significant means  were
distinguished by using MS Excel v. 2016.
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Result and Discussion

It is well documented that wheat is grown in
Cd- contaminated soils can easily accumulate it
leading to many issues including hindering its
growth, Reactive Oxygen Species (ROS)
accumulation, nutrient imbalance, and most
importantly entering the food chain and causing
serious problems to human health (Zhou et al.,
2020). The high risk associated with Cd stress
from its ability to readily dissolve and move
within water, soil, and plant systems. Thus,
strategies to control the level of Cd in the
ecosystems are urgently needed. One of the
environment-friendly strategies is to use low
accumulating wheat genotypes. Therefore, a
thorough  examination is  essential for
characterizing wheat genotypes, prompting this
study to investigate the response to Cd-induced
stress in ten wheat genotypes, including two
local cultivars. Understanding Cd's impact on
the important stages of wheat life namely
germination and seedling is very useful in
determining the future of these crops (Erenstein
et al., 2022; Wang et al., 2021).

Cd had no significant effect on the germination
of wheat and also genotypes did not vary in the
germination (%) (P<0.05) (Table 1). The
response of wheat genotypes in Petri dishes is
different from their response when sown in
soils. However, (Ahmed et al., 2012) found that
treating seeds of wheat genotypes with either
20, 50, or 80 mg L™ had a negative impact on
both germination and seed vigor. Unlike
germination, seed vigor was drastically affected
by cadmium treatment (Table 1). Cadmium
application did not affect the germination and
REC and this is in agreement with that of (Al-
Ubaidy et al., 2021), who indicated that the lab
performance of some genotypes was enhanced
with the low concentration of Cd and promoted
the metabolism inside seedlings, leading to
relatively better performance. The findings of
the present study revealed variations among
genotypes in the majority of studied traits,
particularly in terms of physiological and
anatomical parameters. This variability may be
attributed to differences in their genetic
backgrounds, where the phenotypic and
physiological performance mainly depends on



Diyala Agricultural Sciences Journal, 2024 Vol. (16) No. 1: 60-75

the genomic structure of any individual and the
number of variations occurs either at the genetic
or allelic level (Abdul-Hassan and Al-Issawi,
2021; Hashem and Al-Issawi, 2023; Mansoor et
al., 2021). Cd did not have big effects on the
investigated physiological traits which indicates
a mild impact of this element on the
physiological processes in plants (MA et al.,
2021). Our finding indicated that Cd might have

no effect on the metabolism combined with
germination (Table 1) and these are consistent
with what has been found by (Shao et al.,
2011), as they indicated a deterioration in seed
vigor when grain was treated with different
concentrations of Cd. Additionally, many
changes have been made in terms of root and
plumule anatomy when Cd presented
additionally in  the irrigation  solution.

Table 1. Germination (%), seed vigor, and relative electrical conductivity (REC) (%) of wheat
genotypes under the effect of Cd stress (mg L™)

Germination (%) Seed Vigor REC
Genotypes =40 | cars | M [ cdo cas | M TCao [ cars | Mean
G3 100 | 1200 | 1200 | 209 1202 | 1646 | 4121 | 4079 | 41
G-4 100 | 100 | 100 | 18759 | 1396 | 16.36 | 4542 | 46.35 | 45.89
G-9 100 | 1200 | 1200 | 17.85 1042 | 1414 | 56.95 | 37.15 | 47.05
G-24 100 | 100 | 100 | 1842 1199 | 1521 | 46.67 | 42.06 | 44.37
G-28 100 | 1200 | 1200 | 17.75 1172 | 1474 | 402 | 3896 | 39.58
G-29 100 | 100 | 100 | 2057 1154 | 1606 | 45.79 | 41.33 | 4356
G-39 100 | 1200 | 100 | 16.67 13.32 15 | 4035 | 4397 | 42.16
G-41 100 | 100 | 100 | 22179 | 1499 | 1858 | 4159 | 44.45 | 43.02
AlDiar | 99.33 | 99.33 | 99.33 | 20.02 1376 | 1689 | 3862 | 3L.75 | 35.19
IRAQ 100 | 100 | 100 | 2125 14 1763 | 4468 | 28.04 | 36.36
Mean | 99.933 | 99.933 19.44 12.77 44.15 | 39.49
G=NS G=121 [ Cd=1.03, | G=2.29
LSD (0.05) | Cd, G*Cd=NS Cd=0.54, G*Cd=1.71 Ceia s

*G: Genotypes and Cd: Cadmium (CdO= control and Cd75= application of 75 mg L™).

Inhibition by cadmium to seed vigor was
prominent at a concentration of 75 mg L™. Seed
vigor declined from 19.44 in the control group
to 12.77 when genotype seeds were exposed to
75 mg L*, indicating a notable reduction
compared to the control (P<0.05). This
reduction is owing to the negative effect of Cd
on the plumule and eventually on seed vigor
(Shao et al., 2011). Among different wheat
genotypes, seed vigor was significantly
(P<0.05) improved in G-41 and IRAQ
genotypes, whereas it was reduced in genotypes
such as G-9 (14.14), G-28 (14.74), G-39 (15),
and G-24 (15.21). This variation may be due to
the variation in the genetic background of the
investigated genotypes. Certain genotypes, such
as G-41, G-3, and G-29, exhibited a higher seed
vigor in the absence of Cd stress. Conversely,
genotype G-9 was in low seed vigor affected by
75 mg Cd L?, a characteristic that remained
consistent with genotypes G-29, G-28, G-24,
and G-3 at the same concentration (75 mg Cd L
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. It also indicated a significant (P<0.05) of
either genotype, cadmium stress, or their
interaction on the relative electrical conductivity
(%) (Table 1). It seems that cadmium enhanced
this trait by reducing the REC from 44.15% to
39.49%. Local varieties namely IRAQ and Al
Diar may leak fewer ions (36.36 and 35.19
respectively) in comparison with the rest of the
genotypes included in this study. However,
genotypes such as G-9 and G-4 showed high
relative electrical conductivity, reaching 47.05
and 45.88% respectively. This proved that the
genetic factor is the main reason for the
variation and also indicates that there are
genotypes that are tolerant and sensitive to Cd
stress (Al-Ameri, 2011). On the other hand,
there was a two-way interaction between
genotype and Cd on the REC in wheat
genotypes. Genotype G-9 recorded the highest
REC in the control (56.95%) whereas the IRAQ
genotype recorded a notable reduction in this
trait (28.04%) in response to the higher level of
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(75 mg Cd L™). followed by Al Diar (31.75%)
confirming the protection role of Cd in
relatively enhancing the integrity of plasma
membrane when it was initially imposed on the
plant.

Total chlorophyll content was significantly
affected due to Cd treatments. Chlorophyll
content was reduced from 7.16 mg g™ in the
control to 6.14 mg g when 75 mg L™ was
applied (Table 2). On the other hand, the current
results confirmed that the investigated
genotypes were different in their chlorophyll
content, however, G-41 was superior in this trait
(8.72 mg g*') followed by Al Diar and G-24
(8.56 and 8.26 mg g, respectively) compared
to the lesser chlorophyll content recorded by G-
4 (6.11 mg g?). Also, G-41 exhibited the
highest level of chlorophyll in the control

(10.02 mg g™) and was(10.02 mg g*) notably
higher than the other interactions while G-3
gave the lowest level when treated with 75 mg
g™ which did not significantly differ from G-4
at the same concentration of cadmium,
confirming the negative effect of this element
on this pigment chlorophyll content. A decrease
in chlorophyll content is always related to the
availability of Cd in plants because of the
damage in the ultrastructure of chloroplasts. In
addition, Cd affects the photosynthesis
components, such as the electron transport chain
(Yotsova et al., 2020) and eventually causes
pigment degradation and inhibition of CO,
fixation. Previously, it was observed that the
genotypes used in this experiment were varied
in their chlorophyll content (Hashem and Al-
Issawi, 2023).

Table 2. Total Chlorophyll (mg g*) and Carotenoids (umole g™) content in wheat genotypes’ seedlings
under the effect of Cadmium stress (mg L™)

Chlorophyll Content (mg Carotenoids content
Genotypes gh Mean (umole g™ Mean

Cdo Cd75 Cdo Cd75
G-3 6.70 5.57 6.14 3.65 3.98 3.81
G-4 6.27 5.96 6.11 3.78 3.67 3.73
G-9 6.78 6.27 6.53 3.79 3.90 3.84
G-24 8.88 7.64 8.26 4.43 4.88 4.66
G-28 8.40 7.86 8.13 4.52 4.59 4.55
G-29 7.86 8.00 7.93 4.83 451 4.67
G-39 8.54 6.79 7.67 4.13 4.68 4.40
G-41 10.02 7.42 8.72 4.31 5.42 4.87
Al Diar 7.69 7.62 7.66 4.42 5.06 4.74
IRAQ 8.69 8.42 Aot 4.79 4.67 £VY

Mean 7.16 6.14 4.26 453

LSD (0.05) Cd=0.24 G*Cd=0.77 =054 Cd=0.17 G*Cd=0.54 6=0.38

Unlike chlorophyll, carotenoids slightly
increased with the application of Cd. Carotenoid
content was 4.26 umole g™ in the control and
increased to 4.53 pmole g™ when 75 mg L™ was
applied (Table 2). Cadmium might activate the
antioxidant system in the plant as a response to
Cd stress including carotenoids. Carotenoid
content varied among wheat genotypes.
Genotypes such as G-41, Al Diar, IRAQ, G-29,
G-24 and G-28 were superior in carotenoid
content reaching 4.87, 4.74, 4.73, 4.67, 4.66 and
455 pmole g™ respectively. G-4 recorded the
lowest content of carotenoids (3.73 pmole g™).
The antioxidant content in some of the
genotypes increased as a response to the abiotic
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stress, while other genotypes were relatively
tolerant to stress and therefore slight response
was detected, and produced less antioxidant.
Genotypes varied in their responses to Cd
application, and it was found that G-41 and Al
Diar showed higher carotenoid content when
treated with 75 mg L™ in comparison with the
rest of the genotypes. The Cd application
significantly affected the radicals and plumule
anatomy of wheat genotypes.

The results of this study also indicated
significant changes in root cortex thickness,
length and width of its epidermis (Table 3 and
Figures 1 and 2). Genotype G-29 recorded the
highest thickness of the cortex in the root (15.55
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pM) followed by G-39, IRAQ, G-41, G-3, G-
28, and Al Diar, compared with G-9, which
recorded the lowest mean of thickness (12.38
pM).  Cadmium (Cd) exerted discernible
impacts on the anatomical features of wheat
seedlings, irrespective of their genotypes. The
application Cd at a rate of 75 mg L™ resulted in
significant alterations in the cortex thickness of
the root (14.94 uM), compared to the control
treatment which recorded only 13.81 uM. This
observed change can be attributed to hormonal
imbalances induced by the Cd treatment. The
two-way interaction of G-39 and 75 mg Cd L™
showed the highest mean of cortex thickness.
On the other hand, G-9 at the control revealed
the lowest mean of the root cortex thickness

(11.50 pM). Heavy metal Cd caused
considerable ultrastructural anatomical changes
in either roots or plumules upon application
(Sabella et al., 2022). These changes such as the
width and length of either the root or plumule
epidermis or the thickness of the cortex in the
root were varied according to different
genotypes included in this study. However,
most of Cd changes to the anatomy of either
root or plumule of those genotypes were
negative and that could be due to the impact of
Cd on hormone balance and metabolism (Zhao
et al., 2023). This in turn might lead to more
thickness causing less elasticity in those tissues
(Al-Ubaidy et al., 2021) and eventually growth
abnormalities.

Table 3. The thickness of the root cortex (LM), length and width of root Epidermis (uM) of wheat
genotypes under the effect of Cd stress (mg L™)

Thickness of Length of Epidermis Width of Epidermis
Genotypes cortex (UM) Mean (um) Mean (um) Mean

Cdo Cd75 Cdo Cd75 Cdo Cd75
G-3 14.75 15.15 14.95 2.75 2.60 2.68 17.50 29.01 2.06
G-4 12.65 13.90 13.28 2.85 2.55 2.70 22.69 28.94 2.01
G-9 13.25 11.50 12.38 2.70 3.00 2.85 24.06 24.02 1.80
G-24 12.50 14.63 13.56 2.63 2.40 2.51 19.33 23.69 1.81
G-28 13.73 14.88 14.30 3.00 2.50 2.75 19.05 21.00 2.03
G-29 14.15 16.95 15.55 2.75 2.25 2.50 21.63 28.00 2.25
G-39 13.00 17.63 15.31 3.05 2.35 2.70 25.00 28.31 1.97
G-41 16.50 13.50 15.00 2.60 3.00 2.80 21.13 24.88 1.93
Al Diar 13.30 17.00 15.15 2.40 2.45 2.43 21.69 21.51 1.78
IRAQ 14.25 14.25 AR 2.75 2.45 Y. 22.93 23.75 Y.YA

Mean 13.81 14.94 2.75 2.56 215 25.31

Cd=0.87, G=1.94 _ _ G=NS Cd=0.13, G=0.13
LSD (0.05) G*Cd=2 75 Cd=0.13, G*Cd=0.42 G*CA=NS

Figure 1. Cross sections of radicals (100X) of wheat genotypes (G-3, G-9, G-24, and G-41) under the effect of Cd
stress (mg Cd L-1). (a: Epidermis, b: Cortex, c: Casparian strip, d: Phloem, e: xylem, f: vascular cylinder and g:
root hair)
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G-24,Cd0 |

Figure 2. Cross sections of radicals (100X) of wheat genotypes (G-29, G-39, IRAQ, and Al Diar) under the effect of
Cd stress (mg Cd L™). (a: Epidermis, b: Cortex, c: Casparian strip, d: Phloem and e: xylem, f: vascular cylinder
and g: root hair)

Genotypic differences did not have the same
effect on the epidermis length, as it on the
width. For example, genotype IRAQ was
superior in epidermis width (2.28 puM) followed
by G-29, G-3, G-28, and G-4, meanwhile the Al
Diar genotype had a negative effect on the trait
by showing the lowest mean of epidermis width
(1.78 puM) (Table 3 and Figure 1 and 2). This
might be due to the genetic background, and
this is consistent with the previous findings (Al-
Amiry and Al-Ubaidi, 2016). Cadmium caused
a significant reduction in the length of the root
epidermis but increased its width. Cadmium
induces the production of ROS, which in turn
destroys the cell ultrastructure and also causes
the degradation of DNA and protein (Ozyigit et
al., 2021). Genotype G-39, when treated with
75 mg Cd L™, recorded 3.05 pM, while G-29 at
the control recorded the lowest mean of this
trait (Table 3 and Figures 1 and 2). Also, leaf
structure changed according to the application
of Cd. Table 4 and Figures 3 and 4 indicated
significant effects of genotype in the length and
width of the upper ordinary epidermis cell
structure (Table 4 and Figures 3 and 4).
Genotype G-39 recorded prominent length and
width of upper ordinary epidermis cells (26.66
MM and 2.78 puM respectively) on the other
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hand, genotypes such as G-28 (L 28.03 puM) and
G-29 (W 2.05 uM) showed the lowest mean of
those parameters. However, genotype IRAQ
was superior in the width of the upper ordinary
epidermis cells (3.10 pM). On the other hand, it
has been found that Cd caused the reduction in
the thickness of the epidermis due to the
reduction in the dimensions of cells and not to
the number of layers of cells (Ozyigit et al.,
2021). This effect is due to the destruction of
the cell organelles, as well as biological
compounds such as DNA and proteins, with an
eventual reduction in the biomass and the cell
structure (Sarwar et al., 2015).
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Table 4. Length and width of Upper Ordinary Epidermis (uM) of Plumules of wheat genotypes under
the effect of Cd stress (mg L™)

Ieng_th and O.f Upper Width of upper ordinary
Genotypes ordinary epidermis Mean epidermis cells (UM) Mean
cells (uM)
Cdo Cd75 Cdo Cd75
G-3 29.01 17.50 23.25 2.75 1.85 2.30
G-4 28.94 22.69 25.81 1.5 1.60 1.55
G-9 24.02 24.06 24.04 2.01 2.25 2.13
G-24 23.69 19.33 21.51 2.48 2.03 2.25
G-28 21.00 19.05 20.03 2.51 2.44 2.48
G-29 28.00 21.63 24.81 1.66 2.44 2.05
G-39 28.31 25.00 26.66 2.94 2.63 2.78
G-41 24.88 21.13 23.00 2.08 2.19 2.14
Al Diar 21.51 21.69 21.60 2.38 2.44 2.41
IRAQ 23.75 22.93 Yy ve 3.19 3.00 \AE
Mean 25.31 21.5 2.35 2.29
LSD (0.05) | Cd=1.32 G*Cd=4.18 G=2.96 Cd=NS G*Cd=0.54 =038

-G8, Cars | cas
4

Figure 3. Cross sections of plumules (400X) of wheat genotypes (G-3, G-9, G-28, and G-39) under the
effect of Cd stress (mg Cd L™). (a: Ordinary Epidermis Cells, b: Guard Cells, c: Auxiliary Cells, d:
Stomata and e: Epidermis cell’s nucleus)
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Figure 4. Cross sections of plumules (400X) of wheat genotypes (G-4, IRAQ, and G-29) under the effect

of Cd stress (mg Cd L™). (a: Ordinary Epidermis Cells, b: Guard Cells, c: Auxiliary Cells, d: Stomata
and e: Epidermis cell’s nucleus)

The impact of cadmium on plumule
ultrastructure was noteworthy, particularly
regarding the length of upper epidermal cells in
the ordinary epidermis. Under cadmium
treatment, there was a discernible reduction in
cell length, decreasing from 25.30 uM under
control conditions to 21.50 uM when seedlings
were exposed to 75 mg Cd L™ (Table 4 and
Figures 3 and 4). Cd did not have that clear
effect in terms of the width of the upper
ordinary epidermis cells. The two-way
interaction indicated a significant effect on
either the length or width of the upper ordinary
cells of the plumules epidermis. In this context,
in the control conditions, it was observed that
G-3 exhibited elongated cells, measuring 29.01
uM. Similarly, G-29, G-39, and G-4 also
demonstrated increased cell length under
control conditions. However, the maximum
level of 75 mg Cd L™ at the same genotype (G-
3) exhibited the shortest length among the
epidermal cells. The widest cells found in
genotype IRAQ at the control (3.19 uM) did not

69

significantly vary from the same genotype when
treated with cadmium, indicating that Cd had
more effect on the length rather than the width
of epidermis cells.

Data presented in Figure 5 indicate the basic
concentration of Cd in the grain used in this
experiment. It is however clear that genotypes
included in this study were varied in their
content of Cd which were planted in the same
region (Anbar governorate-IRAQ). The basic
concentration of Cd in the genotypes did not
reach the safety threshold of Cd in wheat (0.2
mg kg™?) according to the Codex Alimentarius
Commission (Lu et al., 2021). On the other
hand, Figure 6 shows that all the wheat
genotypes at control had low Cd concentration
in the root, while the concentration became
higher after the treatment (75 mg L™). However,
some genotypes behaved differently under Cd
treatment: G-28, G-29, G-41 and IRAQ had
lower Cd concentrations in the root in
comparison with the rest of the genotypes in the
study.
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Figure 5. The Concentration of Cd in the grains of 10 wheat genotypes (MeanzSE)

U R N )

Cd Conc (mg Kg')

|

a8 Ccdo
B Cd75

T kb

G3 G4

G9 G224 G28 G229 G39 G41 Al

IRAQ

Wheat Genotypes Diyar

Figure 6. The concentration of Cd in the root of the 10 wheat genotypes under the effect of Cd (0 and
75 mg L) (Mean=SE)

The responsiveness of PSC1 to heavy
metals, notably cadmium, was demonstrated,
with cadmium being identified as the most
potent activator for this gene. PCS1 expression
was detected in wheat genotypes included in
this study relative to GAPDH. G-3 had
relatively  higher PSC1  expression in
comparison with the rest of the genotypes
(Table 5). The PCS1 gene demonstrates
heightened activity in response to heavy metals,
particularly cadmium (Feng et al., 2023; Zhang
et al., 2022). PCS1 is typically associated with
the Cd forming complexes and transferring
them to the vacuole. This strategy is used by
plants to reduce the effect of toxicity of heavy

metals and keep plants growing normally.
However, this does not eliminate Cd from the
food chain. Genotype G-3 exhibited enhanced
activity of the PCS1 gene, a correlation further
substantiated by the pronounced concentration
of cadmium (Cd) in that particular genotype.
Therefore, a genotype demonstrating heightened
activity of this gene could be a promising
candidate  serving for  phytoremediation
purposes, as opposed to utilizing it for human or
animal nutrition due to the over-accumulation
of cadmium in their tissues. Some other
genotypes included in this study especially
those accumulated Cd in their roots might be
more safe candidates to be used for nutrition.

Table 5. Relative expression of PCS1 gene in wheat genotypes after treatment with 75 mg Cd L™

Genotypes Relative Gene Expression of PCs1
G-3 39

G-4 8.46%10°

G-9 7.43*10"

G-24 9.70*10™

G-28 3.67*107%

G-29 1.11*10°3
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G-39 5.32*10°

G-41 1.11*10°8

Al Diar 6.99%10™

IRAQ 1.46*10™
Conclusion Agricultural Sciences, 19(2), 315-328.
In  conclusion, from an anatomical https://doi.org/10.32649/ajas.2021.176184

perspective, The IRAQ genotype was the most
prominent, especially in the thickness of the
root cells and the length and width of the
epidermis cells. Genotypes such as IRAQ and
G-28 and G-41 are expected to be used for
human nutrition as they accumulate a low
quantity of Cd in their tissues while G-3 is more
suitable  for  phytoremediation of Cd-
contaminated soils. Also, it can be concluded
that genotypes G-28, G-29, G-41 and IRAQ
were superior in most studied traits, while
genotypes such as G-4 and G-9 performed
negatively to the imposed stress. Genotype G-3
exhibited the high ability to express PCS1
which makes it a more important candidate to
be served in phytoremediation. Further
investigation is required to shed light on the
chemical responses of wheat to the heavy metal
stresses that have recently become widespread
in the environment.
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