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ABSTRACT. Researches were conducted with wheat (Triticum durum), barley (Hordeum vulgare) and
corn (Zea mays indentata) plants irradiated with gamma radiation at different doses. In the studies
conducted by Electron Paramagnetic Resonance spectroscopy (EPR) method, some biophysical
parameters were studied in control and ten-day-old sprouts of wheat and corn seeds irradiated with
different doses of ionizing gamma radiation, and a detailed explanation of the obtained regularities
was given. At the same time, cytogenetic analyzes were carried out with seedlings of wheat (Triticum
durum), barley (Hordeum vulgare) and corn (Zea mays indentata) plants irradiated with different
doses of ionizing gamma radiation, and chromosomal aberration was determined. The regularity
observed in the results obtained during the experiments was explained by the working mechanism
of the photorespiration process in plants belonging to the C3 type of photosynthesis. Germination
dynamics were determined in the studied plants. Prepared samples were studied on a ZEISS Axio
Imagez A2 electron microscope. Compared with control samples, the effect of different doses of
ionizing gamma radiation on the mitosis process in plant roots was studied.
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INTRODUCTION investigated [Nasibova et al., 2021]. In some mi-

Many scientific studies have been conduct-
ed on the effects of various stress factors, in-
cluding individual and combinatory stress fac-
tors, ionizing gamma radiation, salt solutions of
different concentrations [Aliyeva et al., 2023;
Nasibova et al., 2016; Amrahov et al., 2023].
A number of parameters have been studied
during the influence of these factors in wheat
(Triticum L.) and corn (Zea mays L.)plants be-
longing to the C3 and C4 types of photosynthe-
sis [Khalilov et al., 2022; Nasibova et al., 2020].
The results of the research conducted in this
field are of great importance both from a practi-
cal and theoretical point of view in medical and
biological research, agriculture, pharmacy and
other fields.

The effects of environmental pollution
factors on various plant species collected
from different areas of Azerbaijan have been

croorganisms, paramagnetic centers were stud-
ied by the EPR method during the influence of
radiation factors [Kazimli et al., 2022].

During the research conducted with higher
plants and microorganisms, it was determined
that under the influence of stress factors, na-
no-sized iron oxide particles are generated in
them as a result of biomineralization.

The obtained results were also confirmed in
experiments conducted with some animal or-
ganisms [Nasibova, 2019].

In the presented article, biophysical and ge-
netic parameters were studied in plants belong-
ing to the C3 and C4 types of photosynthesis
exposed to control and gamma radiation. The
regularities we found in the results obtained
by the EPR method were also observed in the
study of cytogenetic analyses.
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MATERIAL AND METHODS

The research materials in the studies were
wheat (Triticum L.), barley (Hordeum vulgare
L.) and corn (Zea mays L.) seeds from cereal
plants. Plant seeds were irradiated at different
doses in MRX -y 25 (source Co®) device.

After 10-day-old sprouts of control and irra-
diated seeds were dried at room temperature,
the paramagnetic centers formed in them were
studied by the EPR method. At the same time,
the EPR spectra of wheat and corn sprouts
grown in control and radioactively contaminat-
ed soils were investigated.

For the purpose of cytogenetic analysis, 100
irradiated seeds were placed in Petri dishes, 40
ml of distilled water was added to them, and
they were kept at room temperature for 20
hours to swell. After washing, they were germi-
nated in a thermostat at a temperature of 24-
25°C. At the next stage, seed sprouts were fixed
in Carnoy’s fixative (six parts of absolute ethyl
alcohol, three parts of chloroform and one part
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of acetic acid). Barley, wheat and corn sprouts
were cut to 1-1.5 mm in size and fixed.

RESULTS

When studying the effect of ionizing gam-
ma radiation on wheat and corn plants by the
EPR method, it was found that the increase in
the dose of gadium causes an increase in the
intensity of the broad EPR signal generated in
the wheat plant. No such result was obtained in
the corn plant.

While studying the effect of radioactive
pollution on wheat and corn plants, we found
that the growth and density of the 10-day-old
sprouts of the control, i.e., corn plant grown in
clean soil is significantly higher than that of the
plant grown in radioactively contaminated soil.
The results we obtained in our experiments
with wheat seeds were completely different.

Changes in the amplitudes of the recorded
EPR signals were determined depending on the
radiation dose.
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Figure 1. Growing in control and radioactively contaminated soil EPR signals of corn and wheat

seeds

It was determined that radioactive contam-
ination leads to an increase in the amplitude of
the free radical signal (g=2.0023) generated in
these plants.

The comparative analysis of the signals we
received showed that the amplitude of the EPR
signal (g=2.0023) characterizing the free radical
obtained from the plant samples grown in the
radioactive contaminated area is higher than
the amplitude of the signal obtained from the
plant samples collected from the control area.

This result can be directly used as a bioindi-
cator parameter in environmental monitoring.
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Of course, free radicals can often be used as an
indicator of the destruction of biological pro-
cesses. The next experiments were devoted to
cytogenetic analysis. Germination of control
and seeds irradiated with different doses of
gamma radiation were recorded for three days.
For further studies, 1-1.5 mm seed sprouts were
cut from the sprouts and fixed. The number of
fixed 1-1.5 mm seedlings of all three plant seeds
(barley (Hordeum vulgare L.), wheat (Triticum
L.) and corn (Zea mays L.)) is shown in table 1.
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Table 1
The number of stable roots of barley, wheat and corn
Ne | Samples | Barley (Hordeum vulgare L.) Wheat (Triticum L.) Corn (Zea mays L.)
1 Control 15 15 16
2 100 Gy 9 10 10
3 200 Gy 17 12 8
4 300 Gy 8 10 5

Then, the total number of germinated seeds in barley, wheat and corn seeds exposed to different doses of gamma
radiation for three days was recorded (Tab. 2; 3; 4).

Table 2
Ne Samples Number of The number of ger- The number of germi- Total number of ger-
seeds minated seeds with a | nated seeds with a root minated seeds
root size of 1-1.5 mm size of 0.1 - 0.8 mm
1 Control 100 15 10 25
2 100 Gy 100 17 16 33
3 200 Gy 100 10 19
4 300 Gy 100 8 6 14
Table 3
Ne | Samples Number of The number of germinat- | The number of germi- Total number of ger-
seeds ed seeds with a root size nated seeds with a root | minated seeds
of 1-1.5 mm size 0f 0.1 - 0.8 mm
1 Control 100 15 22 37
2 100 Gy 100 10 45 55
3 200 Gy 100 12 50 62
4 300 Gy 100 10 24 34
Table 4
Germination of corn seeds
(Zea mays L.)
Ne Samples Number The number of germinated The number of germi- Total number of
of seeds seeds with a root size of 1-1.5 nated seeds with a root | germinated seeds
mm size of 0.1 - 0.8 mm
1 Control 100 16 15 31
2 100 Gy 100 10 2 12
3 200 Gy 100 8 1
4 300 Gy 100 -

Diagrams of germination dynamics of control and irradiated barley (Hordeum vulgare L.), wheat (Triticum L.) and
corn (Zea mays L.) seeds were drawn (Fig. 2; 3; 4).
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Figure 2. Germination dynamics of barley seed
(Hordeum vulgare L.).
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Figure 4. Germination dynamics of corn seed
(Zea mays L.)

CONCLUSION

It is clear from Figure 3 that in C3 plants, for
example, in the studied object of barley, seeds
irradiated with gamma radiation at a dose of
100 Gy caused a significant increase in the num-
ber of germinated seeds compared to control
samples. As a result of 200 Gy and 300 Gy doses
of ionizing radiation, the number of germinated
seeds significantly decreased. In wheat objects
from C3 plants, radiation at a dose of 100 Gy
caused an increase in the germination percent-
age of wheat seeds compared to the control
samples. A dose of 200 Gy of ionizing radiation
caused further activation of germination, while
a dose of 300 Gy of radiation decreased the
percentage of seed germination. For C4 plants,
for example, in the maize study (Fig. 5), doses of
100 Gy, 200 Gy and 300 Gy caused a correspond-
ing reduction in the germination percentage of
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Figure 3. Germination dynamics of wheat
seed (Triticum durum L.).

irradiated seeds compared to the control.

The next stage of research was cytogenetic
analysis. Using cytogenetic analysis, changes in
the chromosomal apparatus, especially the for-
mation of abnormalities in the number of chro-
mosomes and restructuring of the structure,
were determined.

In the first stage, the roots of control and
irradiated seeds were stained according to the
following stage: cut roots were treated with
Carnoy’s fixative, then 1% acetocarmine dye
was added. Preparation of acetocarmine: 1-2 g
of carmine was dissolved in 100 ml of 45% ace-
tic acid (45 ml of acetic acid and 55 ml of dis-
tilled water).

Figure 5. Root staining of seed samples: barley,
wheat.

Prepared samples were studied on a ZEISS
Axio Imagez A2 electron microscope (Fig. 6).
Compared to control samples, the effect of dif-
ferent doses of ionizing gamma radiation on
the mitosis process in plant roots was studied.
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Figure 6. Magnification of meristem cells under a microscope, A - barley (Hordeum vulgare), B - wheat (Trit-

icum durum), C - corn (Zea mays indentata).

Calculation of the Mitotic Period was car-
ried out in the following manner:

Mitotic | - indicates the intensity of cell di-
vision in the growth phase (cell division). The
higher the value, the more intensive the pro-
cess of cell division and vice versa. The index
can indicate the normal course of mitosis, the
inhibition of the cell division process or, on the

contrary, the increase in the mitotic activity of
tissues. Cytogenetic analysis was performed
to calculate the mitotic period of the seeds.
Cytogenetic analysis of seeds: barley (Horde-
um vulgare), wheat (Triticum durum) and corn
(Zea mays indentata) is shown in Tables 5, 6, 7,
respectively.

Table 5
Cytogenetic analysis of barley (Hordeum vulgare L.)
Cytogenetic analysis of barley (Hordeum vulgare L.),
Chromosome number, 2n=14

Ne = ) n w n =
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1 Control 15 32 16 11 6 322 20,18%
2 100 Gy 10 39 19 13 7 266 29,32%
3 200 Gy 12 36 17 10 8 278 25,53%
4 300 Gy 10 12 6 3 1 204 10,78%

Table 6
Cytogenetic analysis of wheat (Triticum L.)
Cytogenetic analysis of wheat (Triticum L.)
Chromosome number, 2n=14
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1 Control 16 29 22 14 8 431 16,93%
2 100 Gy 10 11 7 4 393 7,12%
3 200 Gy 8 5 382 4,97%
4 300 Gy 3 2 2 298 4,02%
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Table 7
Cytogenetic analysis of corn (Zea mays L.)

Cytogenetic analysis of corn (Zea mays L.)
Chromosome number, 2n=20
Ne g & 5 g
2 ca @ c < ] ©
o @ w ES w o = E = v =
Q 5 9 £ = = 0 © [} 2
(7} ) [TY) %) [TRY) w g o Qo <
9 = O @© 29 O ®© = Y “ 5 a =
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(] Ko e} 7] o—
£ £ < ) < 5 £ =
S o o © =% 22 S S <
c 5 0 o £ S © o c
- 2 35 £ < 2 c € =
© © ] )
= S 2 "6
g = 2
1 Control 15 32 16 11 6 322 20,18%
2 100 Gy 10 39 19 13 7 266 29,32%
3 200 Gy 12 36 17 10 8 278 25,53%
4 300 Gy 10 12 6 3 1 204 10,78%
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