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ABSTRACT
Background: During the last 50 years the progress of chemical technology provoked a production revolution in agriculture. Many
chemicals are used for fertilizing crops, controlling pests and helping to develop a highly successful farm system. The long-term use
of chemicals in agricultural production resulted in a decrease in plant resistance, plant yield and soil-yielding capacity. The negative
effects of chemicals on agricultural produce and the environment are commonly known. Therefore, many scientists believe that this
century is the century of biophysical methods in agriculture. One biophysical method for plant growing stimulation is laser irradiation
of seeds before sowing. 
Methods: The subjects of this study were three genotypes of Virginia tobacco, whose seeds were irradiated with a red laser
(l=655 nm, P= 0.7 mW) with different durations (30s, 60s, 120s). The present study aimed to trace the period of seedling formation
and to establish the effect of laser irradiation on the duration of the phenological growth stages. Mathematical and statistical
processing methods are applied to the database of experimental data.
Result: It was found that pre-sowing laser irradiation of tobacco seeds with a red laser led to an acceleration of germination. The
results show that the wide application of pre-sowing laser irradiation of tobacco seeds will enable intense and more qualitative
tobacco leaf production, as well as the protection of the environment.
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INTRODUCTION
Recently the use of physical methods for plant growth
stimulation and for seed germination is getting very popular
(Govindaraj et al., 2017; Simonova et al., 2020; Botey et al.,
2022). Physical factors can be used to get positive biological
changes in crop plants without harmful ecological effects
(Ruiz-nieto et al., 2022; Zulkifli et al., 2023).

Tobacco (Nicotiana tabacum L.) is an important model
plant that is widely used to study genetic and physiological
responses in plants. It is still important for the Bulgarian
economy. Bulgaria is the only one in the European Union,
where four varieties of tobacco are grown - Oriental - variety
Basma and Kaba Kulak and large-leaved - varieties Virginia
Flue-cured and Burley- Air cured.

Traditionally, tobacco seedlings in Bulgaria are grown
in ordinary beds in polyethylene tunnels (Atanasov, 1972)
or in water beds (floating system) (Dimitrov et al., 2005).

The production of tobacco seedlings in water beds is
an alternative way of growing plants, with a number of
advantages of seedlings -evenness of seedlings, maintaining
the integrity of the root system, quick interception of the
field (Dimitrov et al., 2005), lower costs and less labor-
intensive (Yang et al., 1997), seedling without disease
(Kabranova et al., 2014). Seedling production of ordinary
beds is more labor-intensive and is influenced by climatic
conditions. In this way, seedlings of medium quality are
produced (Kabranova et al., 2014).

Shortening the days of germination in Virginia tobacco,
accelerating the growth and development of plants, the short
growing season are an advantage for Virginia tobacco
(Aladjadjian and Ylieva, 2003) investigated the effect of a
constant magnetic field with an induction of 0.15T at exposures

of 10 min, 20 min and 30 min on tobacco seeds (Nicotiana
tabacum L.) to determine the effect on seed viability. They
found that the magnetic field stimulates the development of
sprouts, leads to increased germination energy and
germination (Zhao et al., 1997) studied plant specimens,
including tobacco, irradiated with a laser. They found that
tobacco seedlings grew very quickly.

Recently, laser application in agriculture has gained
much attention since plant characteristics were improved
significantly in response of pre-sowing seed treatment
(Urva et al., 2017). Laser biostimulation of seeds has
established itself as a safe and sustainable alternative to
genetic modification or chemical use to enhance plant
germination and growth. A knowledge gap, however, exists
to define optimal laser parameters for different seeds as
inappropriate irradiation may seriously damage or destroy
germinability (Nadimi et al., 2022).
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There are a few reports in the literature on the effects
of laser on various agrobiological indicators in plants (Abbas
et al., 2017; Buschmann et al., 2000; Hassan et al., 2020a,
2020b; Hernandez-aguilar et al., 2006, 2009). Two laser
sources operating at wave lengths of 632.8 nm (He-Ne) and
488 nm (Ar+) are used in examining the effects of coherent,
low-power, continuous wave exposure on the development
of Vigna radiata L. For both laser wavelengths, an optimal
exposure time of 2 minutes is determined for enhanced
growth of mung bean seedlings (Janayon and Guerrer,
2019).

The exposure of seeds to He-Ne laser light improved
the germination rate (Podlesna et al., 2015).

The aim of the present study was to determine the effect
of irradiation of Virginia tobacco seeds with red laser on the
duration of the phenological stages of growth and to trace
the period of seedling formation.

MATERIALS AND METHODS
The study was conducted in 2021 under laboratory and field
conditions. The subject of the study were three genotypes of
Virginia tobacco - VD, OX 207 and L 6.3.3, whose seeds
were irradiated with a red laser (c= 655 nm, P = 0.7 mW) with
different durations (30 s, 60 s, 120 s) before sowing.

The field experiment was carried out in the experimental
field of the Institute of Tobacco and Tobacco Products,
Markovo, Bulgaria. The soil composition of the beds
includes: humus-2.94%, total nitrogen - 0.163%, phosphorus
- 2.61%/100 g and pH- 8.08%.

Sowing of irradiated and non-irradiated Virginia tobacco
seeds was carried out in common beds of 1 m width and
height 10-15 cm. in a dry way and the seeds were mixed
with clean baked sand in a ratio of 1:200. Immediately after
sowing, the bed was evenly covered with a nutrient mixture.

Tobacco seedlings were grown in polythene tunnels.
The frequency of watering was dependent on soil moisture
following the Instruction for growing tobacco from the
“Virginia” varietal group, www.mzh.government.bg.

The experiment was performed in groups of three
replicates.To study the effect on the duration of seed irradiation
within the duration of distribution formation, a one-way analysis
of variance was applied using the Fisher test and the LSD test
to assess differences with undescribed seeds at a statistical
significance level of 0.5. Calculation of the average value of
each of the indicators at the corresponding duration of the
interruption, the standard deviation, the standard error of
average and other statistical values.

Pearson’s correlation coefficients are calculated, which
determine the direction and strength of the relationship
between the duration of irradiation and agrobiological
indicators. Statistically proven correlations are a prerequisite
for applying regression analysis in order to present them in
analytical form. IBM SPSS Software is used for mathematical
data processing (Landau and Everitt, 2004).

RESULTS AND DISCUSSION
As a result of the one-factor analysis of variance by Fisher’s
exact test it was proved that the duration of laser irradiation
has a statistically proven positive effect on the duration of
all phases of seedling formation from sowing to “seedling
emergence age 10%” and “seedling emergence age” 50%;
“4-leaf growth stage (day) 10%” and “4-leaf growth stage
(day) 50%” ; “5-leaf growth stage (day) 10%”, “5-leaf growth
stage (day) 50%”; “Mature seedling age (day) 10%” and
“Mature seedling age (day) 50%” (Table 1). For each of
these indicators, it was found that as the effects of radiation
on tobacco seeds increased, these periods decreased
(Table 2). Shortening the days of germination in Virginia tobacco,

Table 1: Results of the study of the effect of laser irradiation on Virginia tobacco seeds on seedling formation by one-way analysis of
variance and LSD-test to assess differences at a level of statistical significance of 0.5.

Duration of Seedling Seedling 4-leaf 4-leaf 5-leaf 5-leaf Mature Mature
 laser irrad- emergence   emergence  growth  growth growth     growth seedling seedling
 iation (s) age (day), age (day),  stage (day)   stage (day)    stage (day)    stage (day) age (day)  age (day)

10% 50% 10% 50% 10%  50% 10% 50%

0 23 25 34.7 35,7 46 47,3 64 64,7
30 20.7* 22.7* 27.7* 31* 35.7* 38* 62.7* 63*
60 18.3* 20* 26* 27.7* 34* 35* 59.3* 61*
120 18* 19.3* 25.7* 26.7* 31.7* 33.3* 57* 60*
Average 20 21.8 28.5 30.3 36.8 38.4 60.8 62.2
STD. DEV. 2.985 3.049 4.583 4.372 6.250 6.156 3.388 2.443
SEM. 1.528 0.880 1.323 1.262 1.804 1.777 0.978 0.705
SS 48.667 60.917 159.000 148.250 360.333 351.583 90.917 39.000
F-Test 2.120 3.930 5.889 6.376 13.859 14.350 6.862 3.900
F-crit. 0.860 0.860 0.860 0.860 0.860 0.860 0.860 0.860
Sign. 0.122 0.054 0.020 0.016 0.002 0.001 0.013 0.055

AVERAGE- Average value; STD. DEV.- Standard deviation; SEM- Standard error of means; SS- Sum of squares; F-Test- Fisher’s exact
test; F-crit.- F critical value; Sign.- Significance value at significance level 0.5.
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accelerating the growth and development of plants is an
advantage in the cultivation of Virginia tobacco seedlings.

In non-irradiated seeds, seedling emergence age of
10% from sowing to germination is reached after 23 days
and after irradiation up to 120 seconds this period
decreases to 18 days. Early and rapid growth of tobacco
is desirable both to avoid damage from fertilizers (Clarke
and Reed, 2001) and to meet the requirements of tobacco
growers for early and high quality seedlings. After laser
irradiation, the beginning of this phase is shortened by
13%. The duration of irradiation is in a significant, negative
relationship with the onset of germination (-0.611). For
plants that are not exposed to laser, the mass germination
of seedling emergence age is observed 50% on the 25 th

day of sowing and for 30-second irradiated - a shorter
period is required- 22.7 days, at 60 -second - 20 days and
at 120-second-up to 19.3 days, or over 12% reduction of
the period. The relationship with the treatment time is
significantly negative (-0.709**).

In non-irradiated seeds, the 4-leaf growth stage (day)
10% occurs 34.7 days after germination, in irradiation of 30
sec-the phase begins 27.7 days after germination, in 60

sec-26 days and in 120 sec- 25 , 5 days after germination.
Here, a 10% reduction in the period from sowing to the
beginning of the 4-leaf growth stage (day) by more than
15% is found. Significant, negative effect of irradiation time
(-0.661*) is proved.

 The beginning of the phase “Crossbreeding” phase
4-leaf growth stage (day) 10% in non-irradiated seeds is
reached after 34.7 days and after irradiation from 27.7 days
in 30 seconds, to 26- in 60 seconds and 25.7- at 120
seconds. Here, a reduction of the period from sowing to the
beginning of the “Crossbreeding” phase is found by more
than 15%. Significant, negative effect of irradiation time
(-0.661*) is proved. In the phase of 4-leaf growth stage (day)
50% this period is shortened again by more than 15%, as in
non-irradiated seeds it lasts 35.7 days and in those subjected
to 120-second irradiation-26.7 days after germination, i.e.
decreases by 25%. The relationship between the two studied
indicators is significant, negative (-0.757**).

The onset of the “5-leaf growth stage (day) 10%” phase
in non-irradiated seeds lasts 46 days, in 30-second irradiation
- 35.7 days, in 60-second - 34 days and in 120 - 31.7 days
from germination, i.e. the period is shortened at 120 seconds

Table 2: Correlation coefficients and regression equations, representing the relationship between the duration of irradiation (x) and the
growth phases (y).

Indicators Correlation coefficients Regression equations

Seedling emergence age (day), 10% -0.611* y=-0.04x22.2
Seedling emergence age (day), 50%    -0.709** y=-0.04x24.2
4- leaf growth stage (day), 10%    -0.661* y=-0.07x31.93
4- leaf growth stage (day), 50%    -0.757** y=-0.07x34
5- leaf growth stage (day), 10%     -0.777** y=-0.1x42.3
5- leaf growth stage (day), 50%      -0.791** y=-0.11x43.9
Mature seedling age (day), 10%     -0.829** y=-0.06x63.9
Mature seedling age (day), 50%      -0.735** y=-0.03x64.2

*Statistical proof of the coefficient at level 0.05.
**Statistical proof of the coefficient at level 0.01.

Fig 1: Influence of the duration of red laser irradiation (c= 655 nm, P = 0.7 mW) on the length of the periods up to seedling
emergence age and 4-leaf growth stage.
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by 31% and the favourable effect of irradiation is proved by
the negative correlation coefficient (-0.777**).

The average duration of the period up to 5-leaf growth
stage (day) 50% is 38.4 days, as in non-irradiated seeds it
is 47.3 and in 120-second irradiation - 33.3, which is a
reduction of 29.5% at irradiation 120 seconds and 18.8%-
from the average duration of the period. The negative
relationship between the irradiation time and the period
up to this phase is proved by the value of the correlation
coefficient (-0.791**).

The beginning of the “Mature seedling age (day) 10%”
phase with non-irradiated seeds occurs on the 64 th day
after sowing, after 30 seconds of irradiation-62.7 days after
sowing, after 60 seconds-59.3 days and after 120 seconds
- 57 days after sowing. The average duration of this period
is 60.8 days, which is 5% shorter than that of non-irradiated
seeds and 11% shorter than that of 120-second irradiation
(correlation coefficient equal to -0.829**). As the duration
of laser exposure decreases, so does the period to maturity
seedling age (day) of 50% from 64.7 days in non-irradiated
to 60 days in irradiated for 120 seconds, i.e. by more than
7% (-0.735**). The results show that the growth of Virginia
tobacco seedlings is stimulated by laser radiation.

The presence of statistically proven, significant to high
correlation coefficients determines the need for regression
analysis. It provides an opportunity to present the established
relationships in an analytical form. The compiled
mathematical models are statistically significant at the level
of 0.05. The coefficients in front of the independent variable (x
-duration of irradiation) in each of them has a negative sign,
which again proves the negative relationship between
irradiation time and each of the studied agro-biological
indicators and the beneficial effect of the laser on plants in
terms of seed germination to the “Mature seedling age” phase.

Fig 1 presents the effect of the red laser irradiation
(c= 655 nm, P= 0.7 mW) on the tobacco seeds, from the
Virginia variety group, on the length of the periods up to

seedling emergence age and 4-leaf growth stage-2 is
presented the influence of the duration of red laser
irradiation (c=655 nm, P=0.7 mW) on the length of the
periods up to seedling emergence age and 4-leaf growth
stage.

Fig 2 presents the effect of the red laser irradiation
(c= 655 nm, P=0.7 mW) on the tobacco seeds, from the
Virginia variety group on the length of the periods up to 5-
leaf growth stage and mature seedling age

The constructed trend lines prove the tendencies of
shortening the duration of these periods, as a result of
increasing the time of exposure to the laser.

It was shown that the low-level laser irradiation with
He-Ne acts as a bio-stimulator and enhances seed
germination of tobacco seeds. A significant enhancement
was observed in germination time of laser-irradiated
groups than control groups. Seed germination is a complex
process regulated by external and internal signals and
controlled by plant hormones. Further studies are
necessary to understand the exact molecular mechanism
involved in the laser bio-stimulation of seed germination.

CONCLUSION
Тhe effect of irradiation of Virginia tobacco seeds with red
laser on the duration of the phenological stages of growth
is investigated for the first time. Mathematical and statistical
processing methods are applied to the database of
experimental data. The compiled mathematical models
are statistically significant at the level of 0.05. All coefficients
in front of the independent variable have a negative sign,
which proves the negative relationship between irradiation
time and each of the studied agro-biological indicators.
Thus the beneficial effect of the laser irradiation on Virginia
tobacco plants in terms of seed germination to the “Mature
seedling age” phase is proven. It was found that pre-sowing
laser irradiation of tobacco seeds with a red laser led to an

Fig 2: Influence of the duration of red laser irradiation (c= 655 nm, P = 0.7 mW) on the length of the periods up to 5-leaf growth stage
and mature seedling age.
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acceleration of germination. The results show that the wide
application of pre-sowing laser irradiation of tobacco seeds
will enable intense and more qualitative tobacco leaf
production, as well as the protection of the environment.
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