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Sumario. El efecto de la exposicion de semillas de trigo (Triticum aestivum L) a la radiacion léser IR con 4 = 980 nm
en la germinacion y el crecimiento temprano se estudiaron bajo condiciones de laboratorio. Las semillas fueron expues-
tas a una de dos intensidades de la luz lser: 15 mWem™ or 30 mWem™ por diferentes periodos de tiempo: 30, 60 o 120
s. Las semillas expuestas a una intensidad de la luz laser de 15mWem™ por un tiempo de radiacién de 30 s mostraron un
incremento en el porcentaje de semillas germinadas normalmente mientras que el porcentaje de semillas germinadas
anormalmente decremento. Al mismo tiempo se presenté un efecto de estimulacion en el crecimiento del tallo y en el
crecimiento de las raices del 10% con respecto al control. Para el tratamiento antes mencionado y el control existe una
diferencia significativa de p < 0.001.

Abstract. The effect of the exposure of wheat (Triticum aestivum L) seeds to a IR laser radiation with 4 = 980nm pro-
duced by a semiconductor laser on germination and early growth had been studied under laboratory conditions. Seeds
were irradiated to one of two laser intensities 15 mWem™ or 30 mWem for different periods of time 30, 60 or 120 s.
Seeds exposed to a light intensity of 15mWem™ and an exposition time of 30 s. showed an increase on the percentage of
seeds germinated normally while the percentage of seeds germinated abnormally decreased. At the same time there is a
stimulation effect on the growth of the stem and on the growth of the root of 10% on wheat seedlings over control seed-
lings. Significant differences (p < 0.001) were observed between the control and the above treatment.

Keywords. Laser radiation. Surface irradiation efects 61.80.Ba, Aplications of Laser 42.62-b

1 Introduction’

Important features in seeds are their ability to germinate
and to grow'. The initial stages of germination and
growth of seeds determine the further development of

‘Editor’s note: Even though this paper was originally sent to
Tecnolaser 2009, it was not possible to include it in the special
number devoted to the conference (vol. 27, 1, 2010 ). lts refe-
reeing has been full responsibility of the Tecnolaser Organizing
Committee.

plants and their final yield. To improve the initial stages
of seeds different chemical and physical methods are
used. The aim of these methods is the appropriate prepa-
ration of the sowing material to improve seed sprouting,
growth and vigor®. More active and vigorous plants de-
velop better and are better suited to endure unfavorable
habitats, at the same time they are also less susceptible to
disease.

The laser radiation has been used by different re-
searches' ™ *' as a physical method to improve the ger-
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mination, the growth and the vigor of seeds. Podlesny et
al.® reported that the use of a He-Ne laser with 4 = 632.8
nm modifies the initial phases of development of white
lupine and faba bean seeds. Wilczek et al.'’ treated Tri-
folium pretense L and Medicago sativa L seeds with a
He-Ne laser with 4 = 632.8 nm. The results they ob-
tained show that the percentage of seeds germinating ab-
normally, the percentage of hard seeds and the percent-
age of seeds infected with fungal diseases decreases with
respect to control. Szyrmer et al.'' reported that the laser
treatment of Phaseolus vulgaris L seeds can modify the
course of the metabolic processes as well as their photo-
synthetic activity. Laszkiewicz et al.'> observed that
seeds treated with laser radiation have better energy and
ability to germinate. Drozd et al.”” reported that the laser
treatment of wheat seeds stimulates the early growth and
development of the coleoptiles. Dziamba et al.”’ used
laser radiation to improve and balance seedling emer-
gence of Hordeum vulgare L seeds.

In most of the reviewed articles the researchers
used He-Ne and argon lasers to treat seeds (lasers in the
visible spectrum), but not only these kind of lasers can
be used. Infrared laser can be used to produce stimula-
tion effects

Due the above the principal objective of our work is
to determine the optimal parameters of the IR laser ra-
diation with 4 = 980nm produced by a semiconductor
diode to stimulate the germination and growth of wheat
seeds (Triticum aestivum L).

3,5,16-19

2 Materials and methods

Wheat seeds (Triticum aestivum L) were supplied by the
National Institute of Forest, Agriculture and Livestock
Researches of Mexico (INIFAP). Wheat variety was
Triunfo, developed by the institute above mentioned and
the International Maize and Wheat Improvement Center
(CIMMYT).

The IR semiconductor laser was characterized before
apply laser radiation to the wheat seeds. The power of
the semiconductor laser was measured using a pyroelec-
tric power probe model RjP735 connected to an electri-
cally calibrated pyroelectric radiometer model Rs5900
from the company Laser Probe, USA. The radiation pat-
tern was measured with a photodiode system designed at
our laboratory. Due the light of the semiconductor laser
presented a gauss distribution, only the central area with
variations of power of 10% with respect to the maximum
power was considered for applications for seeds.

Six laser treatments were defined to treat the wheat
seeds. The treatments were:

e Exposition of wheat seeds to a power density of
15mWem?? for three different exposition times: 30s (T1),
60s (T2), 120s (T3).
e Exposition of wheat seeds to a power density of
30mWecm™? for three different exposition times: 30s (T4),
60s (T5), 120s (T6).
Once defined the laser treatments, groups of 400

seeds were treated with each laser treatment. Analogous
groups were used as control (non-treated seeds). Each
group of 400 seeds was divided in 16 repetitions with 25
seeds in each one. Repetitions were labeled and ran-
domly located into the germination chamber.

Table I
Influence of laser treatment on seed germination.
% of seeds
Treatments germinated germinated non-
germinated
normally abnormally
seeds
Control 83 14 3
T4 86 11 3
T5 86 10* 4
T6 87* 10* 3

* Significant differences: p <0.05. ** Significant differences: p <
0.01. *** Significant differences: p < 0.001.
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Figure 1. Stem length of wheat seedlings from seeds exposed
to a power density of 15mW cm and three different exposition
times: 30s, 60s and 120 s. The graph includes the standard
error of the mean.

Root length normalized [%)]

0 20 40 60 80 100 120

Exposition times [s]

Figure 2. Root length of wheat seedlings from seeds exposed
to a power density of 15 mW cm™ and three different exposi-
tion times: 30, 60 and 120 s. The graph includes the standard
error of the mean.

The germination and the growth tests were carried out
under laboratory conditions. The temperature of the
germination and growth tests was of 20°C and the hu-
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midity was 90%. During all the experimental period
only distilled water was used to evaluate only the effects
of laser treatments. No other substances were added to
distilled water and to seeds.

For the germination tests the number of seeds that had
germinated was counted after 4 and 10 days. After the
tenth day the percentages of seeds germinated normally
and abnormally as well as the percentage of seeds that
had not germinated at all were calculated.

The growth of wheat seedlings was evaluated in terms
of the following magnitudes: the stem length and the
root length. The growth data were normalized using the
control data.

Germination and growth data were analyzed statisti-
cally. For the germination data a Student /-test was done
to find the significant differences between each laser
treatment and control. For the growth data, they were
subjected to an analysis of variance (ANOVA) to detect
differences between mean parameters. The mean pa-
rameters later were compared using the Tukey test (mul-
tiple comparisons) to detect differences between the con-
trol and treated plants.

3 Results

Table I shows the percentage of seeds germinated nor-
mally and abnormally as well as the percentage of non-
germinated seeds after laser treatment. From this table it
is possible to observe that there are two important in-
crease on the percentage of seeds germinated normally
for treatments T1 and T2 while there are two important
decreases on the percentage of seeds germinated abnor-
mally for the same treatments. For treatments T1 and T2
the increases registered on the percentage of seeds ger-
minated normally were 8% and 7% respectively while
the decreases registered on the percentage of seeds ger-
minated abnormally were 9% and 8% respectively.
These treatments presented a statistical significant value
of p<0.001 for the percentages of seeds germinated nor-
mally and abnormally.

For the percentage of non-germinated seeds there
were not important increases or decreases on this vari-
able.

Figure 1 shows the stem length for wheat seeds
treated with a power density of 15mW cm™ and three
different exposition times: 30s (T1), 60s (T2), 120s (T3).
The control is represented with the value of 0s. An im-
portant increase on the stem length for wheat seedlings
was obtained for an exposition time of 30s (T1). The in-
crease registered had a value of 10% over the control
level. The statistical significance had a value of p <
0.001. The other treatments did not show significant dif-
ferences.

Figure 2 shows the root length for wheat seeds treated
with a power density of 15mW cm™ and three different
exposition times: 30s (T1), 60s (T2), 120s (T3). As men-
tioned above the control is represented with the value of
0Os. From this figure it is possible to observe that for this

power density the highest increase was registered for an
exposition time of 30s (T1). The increase registered
over the control level was 10%. The statistical signifi-
cance for this treatment had a value of p < 0.001. The
exposition times of 60s (T2) and 120s (T3) produced de-
creases on the root length that were not statistically sig-
nificant.

Figures 3 and 4 show the stem length and the root
length respectively for wheat seeds treated with a power
density of 30mW cm™ and three different exposition
times: 30s (T4), 60s (T5), 120s (T6). As mentioned
above the control is represented with the value of Os.
From these figures it is possible to observe that the laser
treatment of wheat seeds for this power density did not
modify significantly the growth of the stem and of the
roots.

105

100 9

Stem length normalized [%]

95

o
N~
Q
i
o
=]
Q
o]
Q
=
[=]
=]

120

Exposition times [s]

Figure 3. Stem length of wheat seedlings from seeds exposed
to a power density of 30mWcm™ and tree different exposition
times: 30, 60 and 120 s. The graph includes the standard error
of the mean.
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Figure 4. Root length of wheat seedlings from seeds exposed
to a power density of 30 mWem™ and tree different exposition
times: 30, 60 and 120 s. The graph includes the standard error
of the mean.

4 Conclusions

The laser radiation produced by a semiconductor laser,
with a wavelength of 980nm, modifies the germination
and velocity of growth of wheat seeds when they are
treated before sowing with the laser radiation.
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The power density of laser radiation and the exposi-
tion time for a definite wavelength are the important pa-
rameters that can activate or inhibit the germination and
the velocity of growth of wheat seeds. When the power
density and the exposition time to laser radiation are op-
timal it is possible to improve the initial stages of growth
of wheat seeds (germination and growth).

The laser treatments of wheat seeds T1 and T2 caused
an increase on the percentage of seeds germinated nor-
mally and a decrease on the percentages of seeds germi-
nated abnormally. At the same for the treatment T1 there
is a stimulation effect on the growth of the stem and the
root of the seedlings.
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