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ABSTRACT
The results of experiments on the effect of the coherent light emitted by lasers on plant
material show that properly selected laser stimulation parameters, such as: wavelength,
power, time and type of exposure, allow to obtain a greater growth of plant biomass,
changes in the content of elements in the biomass and increasing plant resistance to
unfavorable environmental conditions. The aim of this study was to determine the effect of laser stimulation on selected plant species (Iris pseudoacorus L., Lemna minor
L.) to increase their resistance to low temperatures and the ability to adapt to an environment polluted by mining activities (Phelum pratense L.). Plants from experimental
groups (Iris pseudoacorus L., Phelum pratense L., Lemna minor L.) were stimulated
with coherent light with specific characteristics. To irradiate plants from experimental
groups different algorithms of stimulation parameters, differentiating the method and
time of exposure were used. Plants group without the stimulation, were the reference
group. The article discusses the results of preliminary experiments carried out on a
laboratory scale and pot experiments.
Keywords: laser stimulation, biostimulation, plants resistance, stress factors, ecological valence.

INTRODUCTION
Visible light is responsible for the stimulation
of important physiological and biochemical processes and biophysical phenomena such as: photosynthesis, phototropism, photomorhogenesis,
which are based on a series of photo-biological
reactions induced by quantas energy of electromagnetic radiation in the visible range 380–780
nm. The results of scientific research [Inyushin
et al. 1981, Suppan 1997, Kopcewicz, Lewak
2007] on the laser stimulation of biological material confirm a significant effect of radiation on
bioenergetic processes of cells. Depending on
the irradiation parameters: the amount of energy
supplied, the method of exposure and the type of
biological material, you can get different effects
of exposure: a phototermel effect, a photochemi-
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cal effect, photoionization or effect of biostimulation. The effect of stimulation is the effect of
laser irradiation, accompanied by a local increase
of temperature (0.5-1 °C), and the changes on the
cellular level does not respond to the stress. Laser
radiation is absorbed by the biologically active
compounds or cellular organelles, and can lead
to changes in the metabolism of the cells, rather
than to its destruction [Inyushin 1977, Bryszewska 1997, Dobrowolski 1999, Drozd, Szajsner
2001, Drozd et al. 2003, Popp 2006, Szajsner et
al. 2008]. Scientific research [Inyushin 1977] also
showed that the effect of stimulation is closely
related to the properties of coherent light, such
as coherence and polarization, which allow better penetration of the radiation into the tissue
and cause photochemical reactions through resonant absorption and provide energy charge cor-
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responding to a specific wavelength. Incoherent
light does not show comparable to laser effects on
bioenergetic processes [Karlander 1968, Friedman, Lubart 1993, Cenian et al. 2005, Liedtke,
Popp 2006].
The practical use of the effect of laser stimulation of biological material were used, among
other things in medicine [Inyushin et al. 1981,
Dobrowolski 1993, Sieroń, Cieślar 1994, Dobrowolski, Różanowski 1995, Fiedor 1995]. It was
found the impact of coherent light on bone marrow cells and blood and the activity of some enzymes. These studies have been used in the elimination of cancer cells, stimulation of the bone
marrow and tissue regeneration.
There are also known studies [Gosh, Bupp
1992, Wilczek et al. 2006, Aladjadjiyan 2007,
Wilczek, Ćwintal 2009, Ćwintal 2010] relating to
stimulation crops before their sowing, in order to
improve their germination, growth and yield, as
well as alternative preparations of seed dressing
against fungal diseases. An interesting direction
of the use of laser stimulation is to use this technology in the practice of environmental engineering, primarily to increase the efficiency and effectiveness of biological reclamation of bio- and
phytoremediation, enhance biological wastewater
treatment, accelerate the growth of energy crops
and increase the resistance of plants growing on
soils contaminated with heavy metals and saline soils [Śliwka 2007, Śliwka, Jakubiak 2009,
Śliwka, Jakubiak 2010, Dobrowolski et al. 2012,
Jakubiak 2012]. Research on the proecological
use of laser stimulation has already proposed in
the 70’s of last century by Dobrowolski.
The objective of these experiments was to
determine the effect of the laser simulation of selected plant species for their ability to adapt to
unfavorable environmental conditions, such as
climate and pollution.

METHODS
Selected plant species were chosen as an experimental material: duckweed (Lemna minor L.)
and yellow iris (Iris pseudoacorus L.) used in the
wastewater treatment plant and species of grass
Phleum pratense L. recommended for use in the
reclamation treatments: fallow, contaminated
land, landfills of waste and ash [Góral 2001].
In the following experiments was used a coherent light source:

•• a laser diode emitting light with a wavelength
corresponding to red color (660 nm) with a
power of 20 mW,
•• a laser diode emitting light with a wavelength
corresponding to blue color (473 nm) with a
power of 20 mW,
•• an argon laser emitting light with a wavelength
corresponding to celadon color (514 nm) with
a power of 21 mW,
•• impulse medical laser emitting light with a
wavelength corresponding to red color (670
nm) with a power of 20 mW.
The article discusses two preliminary experiments.
Experiment I (2005–2007) was conducted in
the field conditions. In this experiment were used
duckweed (Lemna minor L.) and the yellow iris
(Iris pseudoacorus L.) as experimental material.
In the case of duckweed were irradiated
whole plants. In each experimental group were
90 plants. After this, plants were placed in three
ponds with the same volume (160 dm3) filled with
wastewater from a municipal sewage treatment
Kraków Płaszów, diluted (1:1) with a marked
chemical composition [Śliwka 2007]. Irradiated
rhizomes of yellow iris (about the same weight:
400 g) were also placed in each of the ponds.
The rhizomes of yellow iris and duckweed
(whole plants) were irradiated using an argon laser (514 nm) and laser diode (660 nm). For irradiation was used parameters of stimulation,
which have been selected under laboratory conditions (wavelength, exposure time and method
of exposure), in terms of the expected stimulation
effect: increased biomass growth, the resistance
of plants [Śliwka 2007].
For duckweed were used the following parameters: wavelength 514 nm exposure time 3
times 3 seconds and a wavelength of 660 nm at
the time of exposure 3 times 3 seconds. For yellow iris were selected the following parameters:
wavelength 514 nm exposure time 3 times 30 seconds and a wavelength of 660 nm at the time of
exposure 3 times 30 seconds. In order to compare
the results prepared unexposed control groups of
plants. Plants were irradiated with perpendicular
light beam from a distance of 20 cm.
Experiment II was conducted in laboratory
conditions.
Timothy grass (Phleum pratense L.) was
sown in Petri dishes on the soil collected from
the heaps area of KWK Jankowice (0–20 cm
depth), contaminated with Cd (38 mg·kg-1
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d.m.) [Rozporządzenie... 2002] according to the
scheme: 30 seeds × 3 repetitions for each of the
irradiation algorithm. In the case of timothy grass
as an optimal (to increase the capacity of germination, germination rate) on the basis of preliminary
experiments were chosen following parameters:
wavelength of 473 nm for the second time 3×1
and the wavelength of 670 nm for 3×9 seconds of
exposure time. Additionally, three control groups
of unexposed plant (30 seeds) as control groups
were prepared. Observations continued for 14
days. Plants were irradiated with perpendicular
light beam from a distance of 20 cm.
Following parameters were measured: biomass growth and plant condition at the end of
each of the three growing seasons (2005–2007)
for duckweed (Lemna minor) and for yellow iris
(Iris pseudoacorus) and ability to germinate, germination rate by Pieper method, growth of roots
and shoots of Phleum pratense.
The programs: Statistica 7.1 and MS Excel
were used for statistical evaluation of the results.
The Student t-test and ANOVA ranks KruskalWallis were used to assess the statistical significance of the results and also used in the analysis
of the test of normality the Shapiro-Wilk.
Discussed below relate to the results of preliminary observations and will be prerequisite for
the continuation of these studies.

RESULTS AND DISCUSSION
Results of experiments and preliminary observations confirm the significant impact of the
coherent light on biological material. It was
found, among other things, a positive and statistically significant effect of laser stimulation on the
growth of plant biomass and increasing ecological valence unfavorable environmental factors.

Pot experiments on duckweed (Lemna minor)
showed a significant effect of laser stimulation on
the growth of biomass. As the most optimal algorithm of irradiation (wavelength: 660 nm and
exposure time: 3 times 3 seconds), at the end of
the first growing season 300% greater increase
of biomass in compared to the control group
of unirradiated plants was obtained a [Śliwka
2010, Śliwka 2011, Śliwka 2012]. Similar effects
were noted in case of Salix viminalis [Jakubiak,
Gdowska 2013].
It is worth noting that the effect of stimulation was maintained during the following observations in the next growing seasons, which indicates its durability. These conclusions apply only
to plant reproducing vegetatively, and the effect
of stimulation can carry on the progeny plants. In
the case of plants which reproduce generatively, a
similar relationship was not found.
Duckweed (Lamna minor) exposed to laser diode 660 nm were characterized by a higher resistance to temperature drop, also exhibited a higher
viability (in winter) in subsequent years of observation (preliminary observations) (Figure 1).
Significant differences in the condition of individual plants of the experimental groups were
found (Figure 2).
Experiments concerning the influence of
coherent light on the growth of yellow iris (Iris
pseudoacorus) showed significant differences in
the increase of the biomass of leaves for groups
irradiated with argon laser (514 nm) with an exposure time 3 times 30 seconds. These groups of
plants were characterized as more abundant and
flowered earlier (by observation). For the group
irradiated with diode laser (660 mn) re-growth of
leaves after collecting the biomass at the end of
the vegetation season was found (end of October).
The results of laboratory experiments on the
influence of coherent light on seed germination

Figure 1. Comparison of plants condition from each experimental groups of duckweed (Lemna minor) after
ponds frozen a) control group, b) plants irradiated with laser diode (660 nm), irradiation time: 3 times 3 seconds,
c) plants irradiated with argon laser (514 nm), irradiation time: 3 times 3 seconds
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Figure 2. Comparison of plants condition from each experimental groups of duckweed (Lemna minor) a) control
group, b) plants irradiated with laser diode (660 nm), irradiation time: 3 times 3 seconds, c) plants irradiated with
argon laser (514 nm), irradiation time: 3 times 3 seconds

of Phelum pratense and plants growth in soil
contaminated with Cd. Cadmium significantly
impairs metabolic processes in plants (photosynthesis, transpiration, metabolism of nitrogen
compounds, changes in the permeability of cell
membranes and DNA structures).
Differences were found in the germination of
plant and the condition of plants from each experimental group. The average length of coleoptile,
after 14 days of growth, was 3.4 cm for the plants
in the control group, 3.2 cm for the plant irradiated with laser diode (473 nm) and 3.7 cm for plant
irradiated with impulse laser (670 nm) (Figure 3).
On the other hand average root length, measured after 14 days of growth, was 2.1 cm for the
plants in the control group, 1.6 cm for the plant
irradiated with laser diode (473 nm) and 1.8 cm
for plant irradiated with impulse laser (670 nm)
(Figure 4).
Assessment of growth of coleoptile and roots
in the experimental groups of Phelum pratense
requires repeating with regard to extending the

irradiation time to increase the differences in
growth of experimental plants.
The germination capacity, calculated after 10
days of duration of the experiment, indicated a
beneficial effect the red laser diode (670 nm) for
germination capacity (Figure 5), as well as shorten the time of germination (calculated by Pieper)
as a result of irradiation of the material with blue
laser diode (473 nm) (Figure 6).
The results of preliminary observations
showed the impact of coherent light on the germination of plants: increase of germination and
shortening of time of germination, which may
be crucial for efficiency of soil reclamation. The
described experiment requires a continuation,
which will allow to confirm the assumed thesis.
Positive effects of laser light stimulation on
the morphological and physiological features at
the molecular level of other species (kidney bean,
cabbage, grass pea, soybean, spring durum wheat,
sugar beet) were also observed [Kacharava et
al. 2009, Khalifa, El Ghandoor 2011, Prośba-

Figure 3. Comparison of growth of coleoptile [cm]
Phelum pratense in experimental groups: 1 – control
group, 2 – plants irradiated with laser diode (473 nm),
3 – plants irradiated with impuls laser (670 nm) (on the
graph was marked bars bugs with the standard error)

Figure 4. Comparison of growth of roots [cm] Phelum
pratense in experimental groups: 1 – control group, 2 –
plants irradiated with laser diode (473 nm), 3 – plants
irradiated with impuls laser (670 nm) (on the graph
was marked bars bugs with the standard error)
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Figure 5. Comparison of ability of germination of
Phelum pratense in experimental groups: 1 – control
group, 2 – plants irradiated with laser diode (473 nm),
3 – plants irradiated with impuls laser (670 nm) (on the
graph was marked bars bugs with the standard error)

Figure 6. Comparison of germination rate of Phelum
pratense in experimental groups: 1 – control group, 2 –
plants irradiated with laser diode (473 nm), 3 – plants
irradiated with impuls laser (670 nm) (on the graph
was marked bars bugs with the standard error)

Białczyk et al. 2013, Ritambhara, Girjesh 2013,
Zare et al. 2014]. Irradiation of sugar beet seeds
resulted in significantly bigger length of the hypocotyl and root of seedlings, in a higher dry matter, chlorophylls and carotenoids content in leaves
and roots during vegetation than in non-stimulated seeds, as well as favourably modified the chlorophyll a to b ratio. It also significantly increased
yield and the saccharose content, and reduced
sodium and potassium content [Prośba-Białczyk
et al. 2013]. Changes of the antioxidants content
in leaves of kidney bean, cabbage and beet was
observed as well [Kacharava et al. 2009]. Biostimulation may be used for enhancing productivity of the Lathyrus sativus L. plants [Ritambhara,
Girjesh 2013]. Pre-sowing laser biostimulation of
seeds caused increase crops of maize by 10–20%,
spring wheat by 20–30%, spring barley by 2025% and sugar beets by 10–35% [Koper 1994].
The additional effects are stronger plant seedlings, higher resistance to cold, shortening the
vegetation period of corn by about 10 days, earlier plant maturation, the better plants quality and
possible diminishing of nitrogen fertilizers application without essential crops decrease, as well
as changes in protein banding patterns and large
subunit of Rubis CO [Koper 1994, Khalifa, El
Ghandoor 2011]. Laser irradiation of spring durum wheat (Triticum turgidum L.) under salinity
stress induced considerable biological changes in
plant metabolism e.g. significantly increases free
proline accumulation in leaves and salt tolerance
[Zare et al. 2014], and may induce an increase of
plants resistance to environmental pollutions and
unfavorable environmental factors, possibility of
higher efficient of sewage treatment and soil reclamation processes and increase of bioremedia-

tion abilities as well [Jakubiak, Gdowska 2013].
The results of the discussed experiments allow
to conclude that it is possible to increase plant
resistance to unfavorable environmental conditions e.g. a low temperature. Irradiation of plants
with a coherent light source may significantly
extended the growing season of plants (like
Lemna minor, Iris pseudoacorus) used in hydrobotanical treatment plants [Śliwka 2005, Śliwka,
Jakubiak 2007].
The observed effect of laser stimulation on
the ability of germination and germinate rate of
Phelum pratense, may contribute to an increase
of biomass growth, and thus, the efficiency of
biological remediation of soils contaminated
with heavy metals, by increasing the resistance of
plants to pollutants that cause phototoxic effects.
Researches carried out by Dobrowolski et
al. [1995] and Zielinska-Loek [2003], related to
the assessment of the impact of coherent light on
different species of willows (Salix viminalis, Salix acutifolia and Salix varieties Rapp), showed a
significant effect of stimulation on accelerate the
growth and increase of plants resistance cultivated
on lands belonging to ZGH – Mining and Metallurgical Factory “Bolesław” in Bukowno, Cement
Plant “Chełm” and in the areas of express roads.
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CONCLUSION
The implementation of laser stimulation
of plants used in phytoremediation technologies (reclamation, wastewater treatment plants),
should significantly contribute to increasing the
efficiency of biological reclamation and revitalization of degraded areas.
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