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A b s t r a c t

The paper presents the results of studies on the effect of pre-sowing laser biostimulation
on the germination process of rye cv. �Dañkowskie Z³ote� and wheat cv. �Salwa� grain
harvested in 2003, 2004 and 2005. The germination capacity, germination rate and the Pieper
coefficient were determined. The research was conducted at two germination temperatures, 15°C
and 20°C. The seeds were subjected to pre-sowing biostimulation with an He-Ne laser with
a power density of P = 4 mW/cm2.
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S t r e s z c z e n i e

Przedstawiono wyniki badañ nad wp³ywem przedsiewnej stymulacji laserowej ziarniaków
¿yta odmiany �Dañkowskie Z³ote� i pszenicy odmiany �Salwa� (pochodz¹cych ze zbioru w la-
tach 2003, 2004 i 2005) na proces ich kie³kowania. Wyznaczono zdolno�æ i szybko�æ kie³kowania
oraz czas Piepera. Badania przeprowadzono w dwóch temperaturach kie³kowania: 15 i 20°C.
Nasiona by³y przedsiewnie na�wietlone �wiat³em lasera He-Ne o powierzchniowej gêsto�ci
mocy wynosz¹cej P = 4 mW/cm2.
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Introduction and aim of the study

The appropriate preparation of cereal seeds prior to sowing may ensure
a higher yield of better quality. This may be achieved, among others, by exposing
kernels to helium-neon laser light. Laser biostimulation is a physical phenomenon based
on the absorption of light energy by grains, which is then transformed into chemical
energy and used by the plant at later stages of growth. The energy supply increases
the energy potential of seeds, which in turn impacts the physiological processes in
germinating seeds, thus accelerating maturity, increasing resistance to disease as well
as raising the biological and processing quality of the yield (DZIAMBA, KOPER 1992,
LIPSKI 1996, PODLE�NY, KOPER 1996). Studies on the effects of pre-sowing laser
biostimulation on seeds have been performed throughout the world over a few dozen
years. The best effects of laser treatment on seed germination and yield were
achieved with vegetable plants, and slightly worse with cereal plants and root crops
(DANIEL 2005, DANIEL 2005, DROZD et al. 1994, G£ADYSZEWSKA 1998, G£ADYSZEWSKA et
al. 1998). It was found that exposure to laser light positively impacted germination
and growth in many varieties of cereal plants (wheat, rye, white lupine, maize), root
crops (sugar beet) and vegetables (tomatoes, cucumbers) (DZIWULSKA, KOPER 2003,
DROZD, SZAJSNER 1997, G£ADYSZEWSKA, KOPER 1997, KOPER et al. 2000, LIPSKI et al.
1996, PODLE�NY, KOPER 1996, PODLE�NY, KOPER 1997 1996, PODLE�NY, KOPER 1998,
SHEPPARD, CHUBEY 1990). The objective of this study was to verify whether pre-
sowing He-Ne laser biostimulation affected the germination kinetics of wheat and
rye grains harvested in 2003, 2004 and 2005.

Materials and methods

The experimental materials comprised seeds of wheat cv. �Salwa� and rye cv.
�Dañkowskie Z³ote�. Air-dried seeds were subjected to laser biostimulation one day
prior to sowing. One of three available technologies was applied for this purpose, i.e.
the divergent laser beam method (DYGDA£A, KOPER 1993). Figure 1 presents the
stand for pre-sowing laser biostimulation of seeds with a divergent beam.

Fig. 1. A stand for pre-sowing laser treatment of seeds: 1 � charging hopper with metering device,
2 � chute, 3 � vibrator, 4 � laser, 5 � microscope lens, 6 � seed dish
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The seeds intended for laser treatment were placed in the charging hopper �1.
Then they were moved to the chute �2 through a regulated slot. Under the
influence of a vibrating device �3 located under the chute, the seeds fell into the
seed dish �6 slowly and steadily. The seeds were subjected to a divergent laser
beam during their free fall. An He-Ne laser beam �4 with a density power of
P = 4 mW/cm2 was applied for the biostimulation.

Experimental conditions of seed germination

Each tested group was represented by 500 seeds, which were sown on
absorbent paper in Petri dishes (5 samples each of 100 seeds). Prior to sowing,
the dishes and absorbent paper were sterilized at 150°C and then cooled to
20°C. The temperature in the thermostatic oven in which the seeds germinated
was stabilized exact to ±1°C, while the humidity levels of the absorbent paper
were maintained through doses of distilled water. The experiment was conducted
at 15°C and 20°C. A seed recognized as germinated was one with a germ at
least 2 mm long. The counting was performed every few hours. Seeds obtained
during the years 2003 and 2004 were tested in 2004, while the seed material
from 2005 was tested the same year.

Results and discussion

The results of tests performed at two different germination temperatures,
T = 15°C and T = 20°C, were analyzed in accordance with the Polish Standard
PN-94/R-65950. The germination capacity Zk and the germination rate Sk as
well as the mean germination time of a single seed tp in the control group and in
the laser-stimulated group were determined for each of the tested variants. The
results are presented in Figures 2 and 3.

The analysis of the experimental results indicates that wheat seeds
harvested in 2004 and subjected to laser treatment prior to germination at
T = 15°C had the highest germination capacity (Zk = 97.8%). No significant
impact of laser treatment, temperature or year of harvest on the germination
capacity Zk was observed in the tested wheat groups.

The wheat germination rate Sk was slightly lower in the group of laser-
-exposed seeds germinating at T = 15°C. This also pertains to cereal grains from
the 2003 and 2005 harvests germinating at T = 20°C. However, a significant
effect of biostimulation on the germination rate was noted in the group of seeds
harvested in 2004 (T = 20°C). Compared to the control group, this increase was
noticeable and amounted to 19.1%. The laser treatment resulted in a slight
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decrease in the Pieper coefficient tp for wheat seeds from the 2003-2005
harvests, germinating at T = 15°C, while the mean time of single seed
germination was longer by around 2 hours at T = 20°C. In the control groups of
seeds germinating at T = 15°C the mean time of single seed germination (Pieper
coefficient tp) was shorter by about 10 hours, compared with the same groups
of seeds germinating at T = 20°C.

Rye kernels from the 2004 and 2005 harvests had the germination capacity
Zk comparable to that of wheat Zk, whereas rye seeds harvested in 2003 had
lower germination capacity, i.e. Zk = 77.2% for the control group and Zk = 78.2%
for the biostimulated group. Germination took place at T = 15°C. Laser treatment
also increased the germination rate Sk of rye grains harvested in 2003 and 2005,
germinating at T = 15°C, and decreased the germination rate Sk of kernels from

Fig. 2. Germination capacity Zk, germination rate Sk and Pieper coefficient tp (mean time of single
seed germination) of rye seeds germinating at 15°C and 20°C, harvested in 2003, 2004 and 2005
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the 2004 harvest, while at T = 20°C the germination rate decreased by 1% to
4% compared to the control in all grain groups. The mean time of single seed
germination (Pieper coefficient tp) was shorter by approximately 3 hours in all
biostimulated rye seed groups that germinated at T = 15°C and T = 20°C. Only
the kernels obtained in 2004, germinating at T = 20°C, had an insignificantly
higher Pieper coefficient than those of the control group.

Conclusions

The analysis of the obtained results enabled to formulate the following conclusions:
1. The highest germination capacity Zk = 97.8% was observed in wheat kernels

from the 2004 harvest subjected to laser biostimulation and germinating at T = 15°C.

Fig. 3. Germination capacity Zk, germination rate Sk and Pieper coefficient tp (mean time of single
seed germination) of wheat seeds germinating at 15°C and 20°C, harvested in 2003, 2004 and 2005
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2. He-Ne laser pre-sowing biostimulation with a power density of P = 4mW/cm2

resulted in an increase (by 19.1%) in the germination rate Sk of wheat seeds
harvested in 2004, germinating at T = 20°C, as compared to the control group.

3. The mean time of single seed germination (Pieper coefficient tp) in wheat
and rye from the 2003, 2004 and 2005 harvests, germinating at 15°C, was
shorter in comparison with the control group.

4. Due to the inconclusive results concerning the impact of a laser beam with
a power density of P = 4 mW/cm2 on the cereals tested in this experiment, further
research is necessary to determine the optimal does of radiation that could positively
affect the germination kinetics of the analyzed cultivars of wheat and rye.
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