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Summary The effects of exogenous polyamines were investigated in Hordeum vulgare L. Bülbül-89 exposed 
to drought stress about mitotic activity, chromosome behaviors, cell cycle, and total protein content. In this study, 
drought stress had a reducing effect on the mitotic index and caused chromosomal abnormalities. All of the 
polyamines applied under drought stress had reducing effects on them. Due to the cell cycle analysis, although 
the Spd application increased in the S phase compared to the control group, other polyamine groups had reducing 
effect. As a result of drought application alone, the G1 and G2 stages increased numerically compared to the 
control group, while after the PEG+polyamine applications, the G1 stage decreased compared to its control. In 
PEG application alone, a 2-fold increase in total protein amount compared to the control group was observed, 
while PEG+polyamine applications showed a remarkable increase compared to its control. Consequently, the 
application of polyamines at the appropriate time and dose can greatly alleviate the negative effects of drought 
stress on plant growth and development.

Keywords Chromosomal aberration, Cell cycle, Cytotoxicity, Drought, Mitotic activity, Polyamine, Total 
protein content.

Drought stress is one of the most common environ-
mental stress that adversely affects plant growth and 
development. Drought is expected that will cause more 
than 50% of the arable lands to be damaged by 2050 and 
cause the growth and development of plants to decrease 
significantly (Food and Agriculture Organization of the 
United Nations 2017). Minimizing food loss and waste 
and making the most of resources underpinning the food 
system is important to have a sustainable feeding world 
that may have a population projected to reach almost 10 
billion in 2050 (Food and Agriculture Organization of 
the United Nations 2019).

The response of plants to stress differs depending on 
the intensity and duration of the stress they are exposed 
to. Drought stress causes damages at the cellular, tissue, 
and organ level by preventing the plants from getting 
water, while it is seen that the plants have developed 
various defense mechanisms against the situation (Pin-
heiro et al. 2004). Some of these mechanisms can be 
listed as closing stomata (Hsiao and Acevedo 1974), 
synthesizing new proteins, and aggregating osmolites 
by reducing photosynthesis and respiration (Bray 1993). 
However, it is known that drought stress negatively af-
fects plant growth and development by blocking cell 
division (Schuppler et al. 1998), cell cycle (Setter and 

Flannigan 2001, Jang et al. 2005), physiological pa-
rameters (Makbul et al. 2011, Kasim et al. 2013, Al-
lahverdiyev et al. 2015, Zhang et al. 2019), chlorophyll 
contents, total protein and proline content (Chutia and 
Borah 2012, Mahlagha et al. 2013). The most effective 
way to decrease the detrimental effects of drought stress 
on plant breeding is to produce plant varieties resistant 
to these stress factors. Researchers have used various 
plant hormones, growth regulators, vitamins and some 
plant extract to diminish or eradicate harmful effects of 
drought stress on cell division (Aydin et al. 2016), physi-
ological (Li et al. 2014), biochemical (Jancewicz et al. 
2016, Sadiq et al. 2017, Noman et al. 2018) and chloro-
phyll content (Mustafavi et al. 2016).

Polyamines are low molecular weight aliphatic amines 
found in plants, animals, and microorganisms. Poly-
amines can alleviate cell damage under stress conditions 
by loading positively when interacting with proteins, 
nucleic acids, membrane phospholipids, and cell wall 
components (Alcázar et al. 2010). Increasing evidence 
indicates that polyamines do not only play a role in 
the physiological process and development of the plant 
(Paschalidis and Roubelakis-Angelakis 2005) but also 
play an important role in modulating defense mecha-
nisms against environmental stresses (Kasukabe et al. 
2004, Wang et al. 2016). It is known that endogenous 
polyamines are involved in various development pro-
cesses such as translation in eukaryotic cells and con-
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tinuity of life in plant embryos (Takahashi and Kakehi 
2010), cell signal, membrane stabilization (Tabor and 
Tabor 1984), gene expression modulation (Igarashi and 
Kashiwagi 2000), cell death and apoptosis (Thomas 
and Thomas 2001, Seiler and Raul 2005, Rangan et al. 
2014), cell division, morphogenesis, secondary metabo-
lism, aging (Bouchereau et al. 1999, Jiang and Jiang 
2004, Kuehn and Phillips 2005, Davies 2010).

Polyamines can be defined as substances that are add-
ed externally to the cell or are in the cell’s own structure, 
respond to abiotic stress as plant growth and develop-
ment regulator (Paschalidis and Roubelakis-Angelakis 
2005, Alcázar et al. 2006, Tomosugi et al. 2006, Kusano 
et al. 2007, Liu et al. 2016). It is known that polyamines, 
which are applied externally under abiotic stress con-
ditions, decrease chromosomal aberration (Tabur and 
Demir 2010a), increase morphological properties (Jance-
wicz et al. 2016), germination percentage and physiolog-
ical parameters increase (Çavuşoğlu et al. 2007), thereby 
healing the negative effect caused by stress.

The aim of this study was to investigate the effects 
of drought stresses induced by polyethylene glycol on 
mitotic activity, chromosome behaviors, cell cycle, and 
total protein content in root meristems of H. vulgare cv. 
Bülbül-89.

Materials and methods

Plant material
In this study, Hordeum vulgare cv. Bülbül-89 seeds 

were used. The barley seeds were subjected to surface 
sterilization before being used. For this, seeds were kept 
in 1% sodium hypochlorite for 10 min, then washed with 
distilled water five times and dried on filter paper at 
room temperature.

Cytogenetical analyses
The Spm, Spd, Put and Cad used in the experiment 

were obtained from Fluka and Sigma-Aldrich, and Poly-
ethyleneglycol was supplied from Merck. The barley 
seeds were sterilized and soaked in constant volumes 
of distilled water (control, C) and polyamines (10 µM) 
for 24 h at 20± 1°C. The 24% PEG concentration de-
termined as a result of preliminary studies was used 
for drought stress. At the end of this pretreatment ses-
sion, the seeds from every application were arranged 
in 10 cm Petri dishes covered with two sheets of filter 
paper moistened with 7 mL of distilled water and PEG 
concentration. When the root tips were 0.5–1 cm long, 
they were cut off, pretreated with a saturated solution of 
paradichlorobenzene for 4 h at 20°C, fixed with Carnoy’s 
fluid I (absolute ethanol : glacial acetic acid, 3 : 1, v/v) 
for 24 h, and stored in 70% alcohol at 4°C until used. 
Then, the root tips were hydrolyzed in 1 M HCl at 60°C 
for 18 min, stained with Feulgen for 1 h, and squashed in 
45% acetic acid (Sharma and Gupta 1982). After 24 h, 

microscopic slides were made permanent by mounting 
in balsam. The mitotic phases and mitotic aberrations 
were photographed with a digital camera (Olympus 
C-5060) mounted on an Olympus CX41 microscope. To 
determine the mitotic index, approximately 3,000 cells 
were counted per control group and each concentration 
of the polyamine groups. Chromosomal aberrations were 
calculated for each concentration as the percentage of 
300 dividing cells counted.

Flow cytometric analyses
For cell cycle analysis, plant tissues from 1.5–2 cm 

long root tips were placed in a 10 mm plastic petri dish 
on ice. Root tips were cut into pieces in 5 mL of OTTO 
1 (100 mM citric acid, 0.5% Tween 20 pH 2–3) solution. 
The homogeneous mixture obtained was filtered through 
33 µm nylon mesh. 10 mL OTTO 2 (400 mM Na2HPO4 
pH 8–9) was added to the mixture obtained and ana-
lyzed by flow cytometry. To compare the changes oc-
curring in the cell cycle phases, nucleus isolation was 
performed from at least three plants belonging to each 
group (Otto 1990, Dolozel and Bartos 2005). As a result 
of the analysis performed in CyFlow Space flow cytom-
eter (Sysmex Partec), with the help of Flowing Software, 
G0–G1, S, G2 phases were equally read in each suspen-
sion and the results were compared.

Total protein content analyses
To determine the protein amount, approximately 

300 mg of leaf samples from seedlings grown for 21 days 
were homogenized with 4 mL 50 mM potassium phos-
phate solution (pH: 7.0) containing 2 mM Na-EDTA and 
1% PVP. Subsequently, the samples were centrifuged 
at 10,000 rpm at 4°C for 10 min and the supernatants 
obtained were used for protein analysis (Ozden et al. 
2009). Foliar protein content was determined by taking 
readings at 595 nm in the spectrophotometer using the 
Bio-Rad extraction kit according to Bradford (1976) 
method.

Results

Effects of exogenous polyamines on mitotic activity and 
chromosome aberrations

The mitotic index of H. vulgare cv. Bülbül-89 seeds in 
the control group were determined as 8.80%. It was de-
termined that all of the polyamines applied exogenously 
to the non-stress conditions had an inhibitory effect on 
the mitotic index. After examining the preparations the 
most inhibitory effect on the mitotic index was achieved 
by exogenous application of Spd in control group cells.

The application of 24% PEG 6000 also showed an 
inhibitory effect on the mitotic index. It was determined 
that the concentration of drought alone decreased the 
mitotic index value by 40% compared to the control (dis-
tilled water) group. Application of exogenous Cad and 
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Put caused a statistically significant decrease in the mi-
totic index compared to the 24% PEG 6000 concentra-
tion. While the application of Spd and Spm was success-
ful in improving the negative effect caused by drought 
stress in the mitotic index, it was the Spm application 
that provides the most successful (Table 1).

As a result of the investigations on the determination 
of the chromosome abnormality percentages, although 
no chromosome abnormality was found in the barley 
seeds germinated in distilled water, abnormalities of 
7.29% was observed with the application of 24% PEG 
6000. Although chromosome abnormalities were not 

Table 1. Mitotic index and chromosome aberration values of barley seeds germinated at distilled water and 24% PEG 6000 concentration after 
pre-application of polyamines (10 µM).

PEG 6000 Polyamines (10 µM) Mitotic Index (%) Chromosome aberrance (%)

0 C (Distilled water) *8.80±0.29i 0±0a

0 Cad 8.10±0.10g 9.47±0.71e

0 Spd 6.94±0.06e 7.33±0.43d

0 Put 7.23±0.12f 4.53±0.32b

0 Spm 8.52±0.28h 9.85±0.28e

24% Control 5.12±0.13c 7.29±0.10d

24% Cad 4.13±0.05a 6.90±0.30d

24% Spd 6.16±0.12d 6.25±0.18c

24% Put 4.43±0.09b 5.73±0.20c

24% Spm 7.16±0.11ef 6.20±0.22c

The pretreatment process of seeds was performed by soaking 24 h in constant volumes of distilled water (control) or polyamines. * Shows 
values with the insignificant difference (p≤0.05) for each column shown with the same letters

Fig. 1. Chromosome aberrances in mitotic phases in root meristem cells of barley seeds germinated in distilled water and PEG 
6000 (24%) concentrations after pretreatment with polyamines (10 µM). (a, b) irregular prophase, (c, d) uncoiling chro-
mosomes, (e) fragment, (f, g) sticky chromosome, (h) lagging chromosome in metaphase, (i, j) star metaphase, (k) bridge 
in anaphase, (l) lagging chromosome in anaphase, (m) alignment anaphase, (n) bridge in telophase, (o) fault polarization 
in telophase, (p) lagging chromosome in telophase. Scale bar=10 µm.
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observed in the control groups, all of the additionally 
applied polyamines caused chromosome aberrations. 
In the control groups, it was determined that after 
polyamine pre-applications alone, Spm had the highest 
chromosome abnormalities percentage with a rate of 
9.85%, while Put had the least rate of 4.53%. However, 
all polyamines applied externally in stressful conditions 
have been successful in overcoming the negative impact 
of drought stress on chromosomal aberrations (Table 1).

Various types of chromosome abnormalities such 
as irregular prophase, lagging chromosome, uncoil-
ing chromosomes at metaphase, alignment anaphase, 
multipolar anaphase and false polarization in telophase, 
bridge in telophase were detected in all exogenously ap-
plied polyamines (Fig. 1). As a result of 24% PEG 6000 
application, it was determined that the most common 
chromosome abnormalities are uncoiling chromosomes, 
star metaphase, bridge in anaphase, false polarization 
in anaphase. The least common abnormality was deter-
mined to be multipolar anaphase.

Effects of exogenous polyamines on cell cycle progres-
sion

Measurements seeds germinated in distilled water 
environment revealed that there was 14.98% in the 
G1 stage, 55.68% in the S stage, and 29.34% cells in 

the G2 stage of the cell cycle. While an increase in G1 
percentages was determined in all concentrations after 
polyamine applications to the control group, the high-
est increase occurred as a result of Put application with 
an increase of more than 100%. When looking at the 
change of polyamines application to the control group 
in cells in the S phase of the cell cycle, all of the applied 
polyamines caused a decrease except for Spd applica-
tion. The Spm application, which showed a 40% reduc-
tion, was the most inhibitory polyamine type in the S 
phase. In the changes in the G2 phases of the cell cycle, 
the cells decreased as a result of Spd and Put application, 
while it increased after Cad and Spm application (Fig. 
2.).

As a result of stress applied to the control group, 
drought stress caused an increase in the G1 phase cells, 
and this situation an effect preventing cell division. 
Furthermore, drought stress decreased the cell density 
in the S phase and increased it in the G2 phase. All of 
the polyamines applied in the presence of drought 
stress increased cell division as a result of a decrease 
in cells in the G1 phase of the cell cycle. In the stressful 
environment, Spd and Spm pretreatment decreased the 
number of cells accumulated in the S phase compared 
to its control group. On the other hand, Cad and Put 
pre-treatments increased the number of cells entering 

Fig. 2. Cell cycle distribution of barley seeds germinated in distilled water (C=Control) and PEG 6000 (24%) concentrations 
after pretreatment with polyamines (10 µM). Horizontal and vertical axes indicate relative nuclear DNA content and 
number of events (cells), respectively.

Table 2. Cell cycle change table showing the effect of exogenous polyamines (10 µM) on barley seeds germinated in the control group and 24% 
PEG 6000 environment.

PEG 6000 Polyamines (10 µM) G0/G1 (%) S (%) G2/M (%)

0 C (Distilled water) *14.98±4.07a 55.68±7.76d 29.34±0.52ab

0 Cad 23.28±0.85b 42.59±2.77bcd 34.13±0.59abcd

0 Spd 19.94±1.99ab 56.13±1.88d 23.93±0.59a

0 Put 32.39±1.93c 42.73±9.86bcd 24.88±2.37a

0 Spm 23.3±4.08b 31.88±6.72ab 44.82±2.55cde

24% Control 22.25±0.72b 29.12±3.45ab 48.63±0.72de

24% Cad 19.24±3.26b 48.84±16.48cd 31.92±2.32abc

24% Spd 19.67±3.24ab 24.92±3.01a 55.41±2.05e

24% Put 20.13±1.55b 37.58±1.31abc 42.29±3.33bcde

24% Spm 18.13±2.36ab 25.15±9.76a 56.72±2.14e

The pretreatment process of seeds was performed by soaking 24 h in constant volumes of distilled water (control) or polyamines. * Shows 
values with the insignificant difference (p≤0.05) for each column shown with the same letters



2022 Effect of Exogenous Polyamines under Drought 11

the mitotic division in the S phase, while the highest in-
crease was achieved by the Cad application with 48%. In 
the G2 phase where the amount of DNA doubled in the 
cell cycle, unlike the S phase the reducing effect of Cad 
and Put was observed, while an increase was found as a 
result of the Spm and Spd application (Table 2).

Effects of Exogenous Polyamines on Total Protein 
Content

Total protein content was examined in H. vulgare 
cv. Bülbül-89, it was found that there was 0.42 mg mL-1 
protein in the control group. All polyamines applied to 
the seeds in non-stress conditions had an increase in 
total protein levels. Cadaverine that was measured at 
0.83 mg mL-1 protein level, provided the highest increase 
in the amount of total protein approximately 100%. 
When the amount of protein level after the drought 
stress application was examined it was found to be the 
level of 1.32 mg mL-1, with a 2 times increase compared 
to the control group. Polyamines applied in the presence 
of drought stress increased in all concentrations com-
pared to only the 24% PEG 6000 applied group as in the 
control group. The highest increase in protein amount 
under drought stress occurred after Spd application with 
the level of 1.67 mg mL-1 (Table 3).

Discussion

While the mitotic index value of barley seeds in the 
control group was 8.80%, all the applied growth regu-
lators failed to reach this value reached by the control 
seeds (Table 2). In other words, all of the polyamine ap-
plications had an inhibitory effect on the mitotic index. 
Researchers have not reached a common idea about the 
effects of polyamines on the cell cycle. While some 
researchers suggest that cell division is a result of the 
increase in polyamine synthesis (Smith and Best 1977, 
Costa et al. 1983), other researchers mention that ex-
ternal polyamine application has an inhibitory effect on 
cell division (De Agazio et al. 1992, 1995). Similarly, 
İsmailoğlu et al. (2004) reported that polyamines inhibit 

root growth by causing mitotic irregularities in root tip 
cells and a decrease in the mitotic index of diploid, tet-
raploid, and hexaploid wheat. It has been known that 
drought stress has an inhibitory effect on the mitotic 
index as in other abiotic stresses. Schuppler et al. (1998), 
stated that mitotic index decreased in the wheat plant 
as a result of drought stress, while Heckenberger et al. 
(1998), found that drought stress had the same effect in 
Ricinus communis species. Aydin et al. (2016) stated 
that mitotic index decreased as a result of drought stress 
in their study on rice plants, and they mitigated the nega-
tive effect caused by stress with the 1 mM Put they ap-
plied. Based on previous studies, as a result of our study, 
it has been proven once again that drought stress alone 
and polyamine applications under stress-free conditions 
cause a decrease in the mitotic index. In the presence 
of drought stress Cad and Put application could not 
improve the negative effect of drought stress on the mi-
totic index and caused a decrease of approximately 20%. 
On the other hand, Spd and Spm application showed a 
healing effect on mitotic index under stress, while Spm 
provided the highest increase in this area with 40%. 
However, no information has been found on the effects 
of polyamines on mitotic activity under drought condi-
tions. Therefore, this study we conducted has revealed 
for the first time the effects of polyamines on the mitotic 
index in barley root tips under drought stress.

As a result of the cytological analysis, although 
chromosome abnormalities were not observed in bar-
ley seeds germinated in distilled water, chromosome 
abnormalities were generally found in various types 
and percentages in polyamine pre-treated seeds. Some 
growth regulators are known to cause mitotic irregulari-
ties, cell damage, and chromosomal abnormalities even 
under stress-free conditions (Tabur and Demir 2009, 
2010a, b). On the other hand, although the effects of PAs 
on chromosome behavior are not known enough, Ünal 
et al. (2008) reported in their study on barley seeds that 
the Put pre-application caused mitotic abnormalities. In 
addition, Tabur and Demir (2010b), stated in their study 
that exogenous polyamines applications inhibit cell 

Table 3. Total protein content change table showing the effect of exogenous polyamines (10 µM) on barley seeds germinated in control group 
and 24% PEG 6000 environment.

PEG 6000 Polyamines (10 µM) Total Protein Content (mg mL-1)

0 C (Distilled water) *0.42±0.05a

0 Cad 0.83±0.31a

0 Spd 0.75±0.16a

0 Put 0.55±0.10a

0 Spm 0.49±0.02a

24% Control 1.32±0.08b

24% Cad 1.51±0.10b

24% Spd 1.67±0.06b

24% Put 1.44±0.03b

24% Spm 1.41±0.01b

The pretreatment process of seeds was performed by soaking 24 h in constant volumes of distilled water (control) or polyamines. * Shows 
values with the insignificant difference (p≤0.05) for each column shown with the same letters



12 S. Özmen et al. Cytologia 87(1)

division in barley root meristems, causing a decrease 
in mitotic index and significantly increasing chromo-
some abnormalities. As a result of our study, it has been 
proven once again that exogenous growth regulator 
applications can be useless or even harmful under nor-
mal conditions where there is no stress of chromosome 
abnormalities. Drought stress has led to the observation 
of chromosomal abnormalities that do not occur under 
stress-free conditions. However, while all of the exog-
enously applied polyamines show healing effects on the 
percentage of chromosome abnormalities under stress, 
the polyamine application with the least abnormalities 
was put. In general, correct separation of chromosomes 
in mitosis requires the attachment of sister kinetochores 
to microtubules originating from opposite poles. Be-
cause kinetochore binding is a stochastic function, it 
is prone to error and can cause incorrect orientations 
in chromosomes (Rieder and Salmon 1998). Observed 
aberrations in this study such as irregular prophase and 
anaphase, star metaphase, false polarization, alignment 
anaphase, bridge formation, and multipolar anaphase 
may be largely due to the stated reasons or spindle 
distortion and these types of abnormalities generally 
constitute a significant part of chromosomal abnormali-
ties. Metaphase cells that are not coiled can result from 
the irregular contractions of chromosomes. It has also 
been reported that anaphase bridges occur as a result of 
inversions (Tabur and Demir 2010b). In this study, it is 
thought that both polyamine application alone and the 
applied drought stress triggered the stimulation/inhibi-
tion of enzymes and proteins required for normal cell 
division and caused all these abnormalities by disrupting 
the spindle mechanism.

Stress negatively affects plant growth and develop-
ment, and also plants growing under stressful conditions 
become morphologically smaller than plants grown 
under unstressful conditions. Although there are many 
reasons for this size reduction, it is usually associated 
with a reduction in cell number (Razem et al. 2006). 
This reduction in cell number is due to inhibition of 
cyclin-dependent kinases that cause the cell cycle to 
remain constant at the G1/S and G2/M checkpoints, 
due to prolongation of the S phase process, or too late 
entry into the M phase (Kitsios and Doonan 2011). In 
addition, as a result of biotic and abiotic stress, various 
signal stimulation occurs in the accumulation of kinase 
accumulation, ROS formation, and the accumulation of 
antimitogenic hormones such as ABA and JA. These 
signal molecules stimulate the cell cycle checkpoints and 
as a result, disrupt the transition from the G1 phase to the 
S phase during the cell cycle and negatively affect the 
DNA replication by slowing down or delaying the transi-
tion to the mitosis phase (Reichheld et al. 1999, Kadota 
et al. 2005).

The decrease in mitotic activity is understood by the 
low percentage of G2–M phase and the high percentage 

of G0–G1 phase. All of the polyamines applied to the 
control group (distilled water) had a negative effect in 
terms of cell division by increasing the number of cells 
in the G0/G1 phase. After the application of drought 
stress, there was an increase in the G0–G1 phase of the 
cell cycle, as in the application of exogenous polyamines 
to the stress-free environment. All of the polyamines 
applied exogenously under drought stress improved the 
negative impact of the stress on this phase. While there 
was a decrease in the cells in the G2–M phase after the 
Spd and Put application to the barley seeds germinated 
in distilled water, there was an increase after the Cad 
and Spm application. The application of drought stress 
was determined to have an increase of approximately 
60% in the G2/M phase compared to the control group. 
Considering the G2/M phase, Cad and Put, which are 
among the polyamines applied under drought stress, 
showed an inhibitory effect, while Spd and Spm showed 
an enhancing effect. Similar results were obtained in 
this study in parallel with the studies in which Setter and 
Flannangon (2001) reported an increase in G1 and G2 
phases in corn, Schuppler et al. (1998) in wheat, due to 
drought stress. All of the polyamines applied in the pres-
ence of drought stress caused a decrease in the G0/G1 
phase, thereby alleviating the inhibitory effect caused by 
stress on cell division, and it was determined that Spm 
showed the best effect. In addition, when we examine 
the G2/M phase in stressful environmental conditions, it 
has been found that again Spm has an increasing effect 
on this phase. There is no relevant literature data relating 
to the effects of exogenous polyamines on the cell cycle 
in drought stress conditions. The results obtained from 
the study showed that the polyamines given externally 
under stress conditions, especially Spm, have an incen-
tive effect on the cell cycle.

Genes induced in drought stress conditions both 
protect cells through the production of metabolic pro-
teins in the absence of water and also play a role in the 
regulation of signal transduction genes in the drought 
stress response. While the products of these genes are 
divided into two groups, the first group includes proteins 
such as water channel proteins, enzymes involved in 
the biosynthesis of osmotic protectors (sugars, proline, 
glycine-betaine), LEA proteins, chaperones, proteases, 
detoxification enzymes. The second group includes pro-
teins such as protein kinases, transcription factors, and 
phospholipase C, which are involved in the expression of 
genes involved in the response to stress and signal trans-
duction (Shinozaki and Yamaguchi-Shinozaki 1997).

When the total amount of protein was examined as 
a result of the study, it was determined that the poly-
amines applied under non-stressed conditions had an 
increasing effect on the total protein amount compared 
to the control group. As a result of the application of 
drought stress, there was a 2 times increase in the total 
amount of protein compared to the control group. In ad-
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dition, while the total amount of protein measured as a 
result of exogenous polyamine additions increased even 
more compared to controls applied stress alone, Spd was 
the rate that provided the highest increase with 25%. 
As a result of the investigations, studies are stating that 
drought stress shows different results on total protein 
amount. According to these studies, drought stress has 
a decreasing effect on the total protein amount in cotton 
(Parida et al. 2007), tomato (Mahlagha et al. 2013), and 
wheat (Akhzari and Pessarakli 2016), while determined 
that drought stress does not have any effect on the total 
protein amount in the garlic (Egert and Tevini 2002). 
However, there are also studies where drought stress in-
creases the total protein amount as in our study. Dwivedi 
et al. (1996) in peanuts, Beltrano et al. (1999) in wheat, 
Chutia and Borah (2012) in rice, and Çevik (2015) in 
chickpea stated that drought stress increased the total 
amount of protein. Studies on the total protein amount of 
polyamines given exogenous under drought stress are al-
most nonexistent. Talaat and Shawky (2016), stated that 
exogenous Spm given from outside under drought stress 
increases the total protein amount in the corn plant. 
Based on the studies conducted, it is understood that 
although the effect of drought stress on the total protein 
amount cannot be determined exactly, it differs accord-
ing to the plant species applied, the protein-derived parts 
of the plant, the severity duration of the drought. Conse-
quently, barley leaves created a stress response mecha-
nism by increasing the total amount of protein against 
drought stress. However, all of the polyamines added ex-
ogenously have contributed to the plant’s survival under 
stress and to reduce the effect of stress by increasing the 
proteins involved in the stress response mechanism.

Aresult of this study indicated that comparing the 
interactions of polyamines about mitotic activity, chro-
mosome behavior, cell cycle, and total protein content 
under normal and drought stress conditions in barley 
seeds. Both drought stress and polyamines alone caused 
the reduction of mitotic index in barley root tip cells and 
significantly increased chromosome aberrations, total 
protein content. Exogenous polyamines treatment had an 
enhancer effect in all parameters studied under drought 
stress. Among the polyamines exogenously applied un-
der stress, Spm has been the most effective polyamine 
on mitotic index and cell cycle, Put chromosome abnor-
malities, and Spd total protein amounts. Therefore, it is 
thought that pretreatment of polyamines at the appropri-
ate time and dose can greatly alleviate the negative ef-
fects of drought stress on plant growth and development. 
Consequently, the results obtained from this study will 
form the basis for similar studies in the future.
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