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Estimation of a laser biostimulation dose
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Abstract. The method for a quantitative determination of
the laser irradiation dose supplied to the seed surface during the
advance laser biostimulation of seeds prior to sowing is presented.
Two, the most common laser irradiation geometries are discussed:
the first, when seeds move with a constant speed, and the other
where seeds freely fall down with acceleration characteristic for
the gravity over illuminated area. Simple equations for calculating
a laser irradiation dose are presented.

K ey w ords: biostimulation, seeds, laser irradiation dose

The advance laser biostimulation of agricultural seeds
prior to sowing is a focal point of interest due to the reported
acceleration of seed germination and the positive effect on
plant yield (Aladjadjiyan, 2010; Dziwulska et al., 2009;
Hernandez et al., 2009, 2010; Podlesny 2007; Sujak et al.,
2009). The laser biostimulation method uses the physical
phenomenon consisting of the ability to absorb and store
light energy by plant cells and tissues. Seeds have the same
ability as they absorb light energy, transform it into chemical
energy, store it and use it in growth, later. The supply of
energy increases the potential power of seeds positively,
influencing the intensity of the physiological processes
which take place in seeds during germinating. The process
gathered quite important interest and different seeds has
been biostimulated and investigated up to now (Chen ef al.,
2005; Cwintal et al., 2010; Perveen et al., 2010; Podlesny
and Podlesna, 2004; Rybinski and Garczynski, 2004).

Apart discussion how important is the influence of laser
biostimulation, it seems to be essential in such studies to
know what is an energy dose transferred to a statistical seed.
Surprisingly, most of the works is based on, so called, the multi-
plication of a basic dose. Unfortunately, even if an experi-
mental set-up, including a technical specification of a laser
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used is described in detail, the exact basic dose remains
unknown. It is therefore crucial to find a method that allows
to express real irradiation dose in more scientific way than
the above mentioned ‘multiplications’. As more as in other
scientific areas such procedure is well known. A method for
determining dosage (per a unit of surface area) is often
applied in nuclear and solid state physics, characterizing, for
example, the process of ion implantation by applying the
dose as the number of ions per m?.

The aim of the present work is to propose a method to
determine the laser irradiation dose supplied to the seed
surface during the advance laser biostimulation of seeds
prior to sowing.

The most commonly used methods for a laser biostimu-
lation of seeds are based on similar idea. Seeds move over an
area illuminated by a divergent laser beam. In some set-ups
seeds move with a constant speed, in others just freely fall
down with acceleration characteristic for the gravity. Figure 1

Fig. 1. Set-ups and geometries for a pre-sowing laser treatment of
seeds: 1 — divergent laser beam geometry used when a constant
seeds speed is chosen, 2 — divergent laser beam geometry used
when seeds freely fall down with acceleration characteristic for the
gravity, 3 —angle gauge, 4 — illuminated area where seeds are bio-
stimulated with a laser beam, & —angle of inclination of the trough.
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shows schematically such two usually applied systems. In
both geometries the movement of seeds is caused by a vibra-
ting trough. As one can see on Fig. 1 a constant speed can be
fixed by setting an angle of inclination of the trough. In the
set-up a vibrating trough can be used also to dose a limited
number of seeds being irradiated in a chosen time interval —
however, the next stage of the process in this case is inde-
pendent on set-up parameters as seeds just fall down over
irradiated area. In both systems seeds move along the dia-
meter of the irradiated area (to provide for all seeds as simi-
lar irradiation conditions as possible) and therefore the den-
sity of differential energy, dE, obtained by the seeds in time
dt can be expressed by the following formula:

dE = P(x)dt, (1)

where P(x) is the density distribution of the laser radiation
power in irradiation area. Since the seed movement occurs

d.
with speed v(x)= ;);, Eq. (1) can be written in the following

form:
ﬂ s (2)
v(x)
where: dx is an increment of route, and v(x) is a speed of seed
transfer across irradiation area.

The surface density of energy, £, supplied is expressed
as follows:

dE = P(x)

X,
E=[Pe) 2 am), G)

X0 v(x)
where: x( and x; are coordinates representing the beginning
and the end of the route of the moving seed through the area
under laser irradiation.

Usually, when a divergent laser beam is used the light in-
tensity can be described by a Gaussian distribution. Figure 2
shows an exemplary laser light intensity distribution for
systems presented in Fig. 1. If the method of a constant
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Fig. 2. Distribution of the surface power density of laser radiation
fitted with a Gaussian function (6=1.56 1 072 m, Xmean=4.77 107 m,
Prax=16.5107 W m?).
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velocity of seeds under irradiation is applied calculations of
adose becomes very simple. The surface density of energy, £,
is expressed then as follows:

Yk dx 1%
E= [P(x)—=— [P(x)dx. @)
X0 v v X0
As P(x) is a Gaussian distribution we can write:
N2 -
E=~""0 Py Im™?), (5)

where: P, is the maximum value of power density, and o is
the standard deviation characteristic for a given distribution
of power density.

When seeds cross the irradiated area freely falling down
calculating a dose becomes more complicated. Taking into
account that seeds move with a constant acceleration, g, and

2x .
that v = gt as well as that 1 = _|—, one can write:
g
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Unfortunately the integral in this equation cannot be
expressed as any elementary function. Therefore, the deter-
mination of a dose requires either some effort to calculate
this integral (that is still possible) or an acceptance of some
simplifications. In principle, we can base on the iteration
method, and then:

X
E= xfOP(x) )
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where: P; and x; correspond to momentary power density
values and a position of a seed, respectively; Ax means the
increment of a distance.

There is however a possibility to calculate a laser irra-
diation dose approximating the above integral by a simple
combination of linear equations and a Gaussian distribution.
The surface density of energy, E, can be then expressed as
follows:

JT _ _
E= (apmax(aoxmax+bxmax+ca+d) Fam™2),
g
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where: a=-810.0m™, 5=176.2m™, c=98.8 m™!, d=10.9
and x;,,x corresponds to a distance of a maximum of the laser
intensity from a chute. This approximation allows to calcu-
late a dose of a laser irradiation with an error smaller than 5%
for most reasonable set-up conditions: for the distance Xy,
€ <0.2; 0.2>m and x,,,, = 20, that in fact fully covers experi-

mental requirements.



ESTIMATION OF A LASER BIOSTIMULATION DOSE

A laser biostimulation of seeds performed for a constant
seed velocity allows a simple and a precise determination of
the irradiation dose (Eq. (5)). When the other method is used
it seems to be useful to base on Eq. (8). This later equation
allows to determine a dose with accuracy better than 95%.
A question arise, however, whether such accuracy could be
considered as acceptable. First of all one should take into
account that a surface of seeds differs considerably (even up
to 100% for some spaces). When the energy dose is calcula-
ted to the unit of seed surface area, the influence of the sta-
tistical scatter of the seed surface area mentioned above is in-
significant and such procedure is recommended in this work.
However, biostimulated seeds are not uniform ‘shields’.
Seeds are individual organisms with a complicated and hetero-
gencous composition. Therefore, estimating dosage expres-
sing it as units of energy per seed seems to be worth of consi-
deration. In such a case 5% error of a dose estimation be-
comes also unimportant as the accuracy depends mainly on
the seed surface distribution. The answer for the question in
which way a dose should be defined depends on researchers
dealing with the problem and is out of scope of this work.
However, in both cases the presented calculations can be
useful for a quantitative determination of an applied laser
irradiation dose.

CONCLUSIONS

1. Determination of a laser irradiation dose as the
multiplication of any basic dose that is quantitatively un-
known should not be used when a presowing laser bio-
stimulation is applied and studied.

2. When the constant seed speed geometry of a laser
biostimulation is chosen the irradiation dose can be easily
and quantitatively given by Eq. (§) in (J m'z) units.

3. When seeds freely fall down with acceleration cha-
racteristic for the gravity, it is not possible to represent the
exact irradiation dose as any elementary function. It remains
however still possible to calculate a dose with accuracy bet-
ter than 95% by the use of empirical Eq. (8) in (J m’z) units.

4. It seems to be necessary to decide whether a laser dose
should be expressed in (J seed'l) units. In such case values
obtained from Eqgs (5) and (8) can be simply multiplied by
the seed surface.
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