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ABSTRACT

The purpose of this study is to prevent the uplift of salt and sand in the areas exposed after the desiccation of the Aral
Sea and to improve ecological conditions in the region. Research conducted in the Aral Sea zone has shown that,
among desert plants, black saxaul (Haloxylon aphyllum) demonstrates superior effectiveness on saline soils due to its
ability to strengthen the soil layer with its roots during survival and growth, as well as its capacity to block shifting
sands. However, since the germination period of this plant species coincides with the sharp reduction of soil moisture
in the newly exposed areas of the dried Aral Sea, the efficiency of germination under conventional sowing methods
has decreased. Hence, experimental treatment aimed at accelerating germination during the period of normal soil
moisture (February to March) was conducted using He—Ne (A = 632.8 nm) and diode (A = 532 nm) lasers. For laser-
based ecological biotechnology treatment of black saxaul, exposure durations of 3s, 65,9 s, 15 s, 30 s, and 45 s were
selected. According to the results of the experiment, the 3 x 30 algorithm produced the most effective outcomes com-
pared to the other algorithms. Under the 3 x 30 algorithm using the He—Ne laser, germination compared to the control
increased from 42.22% to 72.22%; the number of seedlings that emerged within the first 10 hours increased from 0 to
15; the total number of germinated seeds increased from 38 to 65; and the energy retention period increased from 7
to 17 days. Under the 3 x 30 algorithm using the diode laser, germination increased from 42.22% to 90%; the number
of seedlings emerged within the first 10 hours increased from 0 to 31; the total number of germinated seeds increased
from 38 to 81; and the energy retention period increased from 7 to 25 days. Two years of field trials confirmed en-
hanced establishment, with laser-treated seeds germinating within 10 days compared to no germination in controls.

Keywords: He-Ne laser, diode laser light, seed quality, germination capacity.

INTRODUCTION percentage by 25%, shoot length by 4.68 cm, and
root length by 0.64 cm. In contrast, the green la-
A comparative study was conducted to exam-  ser initially resulted in a 6.25% lower germina-

ine the effects of laser irradiation on treated and ~ tion percentage compared to untreated seeds.
control seeds. The red laser increased germination However, at later stages, the green laser caused
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an increase in shoot length by 9.67 cm and in root
length by 5.39 c¢m relative to the untreated seeds
(Samiya et al., 2020).

Laser-beam stimulation influenced the re-
duction of the mean germination time of Scor-
zonera hispanica L. seeds, as expressed by the
Pieper coefficient. However, in most cases, no
statistically significant differences were ob-
served. Following laser treatment, the average
germination time of Scorzonera hispanica L.
seeds in batches 1-3 was shortened by 0.11—
0.35 days (Krawiec et al., 2015).

The hypocotyls of irradiated seeds were gen-
erally longer than those of the untreated samples,
increasing by 14% after only 30 seconds of expo-
sure. When the exposure duration was extended to
1 minute, hypocotyl length increased by 20.9%,
and by 22.5% at 2 minutes. Under a 2-minute ex-
posure, the mean hypocotyl length reached 116.9
mm. When exposure times exceeded 2 minutes,
the stimulatory effect on hypocotyl elongation
declined, with increases of only 19.8% and 5.9%
observed at 5-minute and 10-minute exposures,
respectively. Improvements in root length were
also recorded in both mung bean (Vigna radiata)
and common bean (Phaseolus vulgaris) seedlings
as a result of He—Ne laser irradiation (Janayon
and Guerrero, 2019a).

No significant differences in germination
index were observed among the irradiated sam-
ples. The highest growth index (up to 83-97%
according to DOG 11) was recorded when seeds
were both irradiated and treated with the vac-
cine, with the best results observed after laser
treatment. Slightly lower indices were observed
under the combination of irradiation and vac-
cine treatment (53—76% according to DOG 11).
The lowest germination index was recorded in
seeds subjected only to irradiation (Klimek-
Kopyra et al., 2020).

After laser treatment, the seeds were trans-
planted into the field at a depth of 4-5 cm, with
a plant spacing of 30 cm in length and 60 cm
in width. Irrigation was applied based on 80
mm of evaporation according to class A and
was scheduled every five days during the crop
growth period. During the growing season,
weeds were manually removed, and insect con-
trol was carried out using diazinon pesticide
(1.5 kg/ha), applied 20 and 35 days after sow-
ing (Hasan et al., 2020).

The seeds were irradiated with a He—Ne laser
at a wavelength of 632.4 nm. Two doses of laser
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irradiation, based on surface power density, were
applied: 6 and 8 mW-cm 2. Seeds were exposed
1, 3, and 5 times, with each exposure lasting ap-
proximately 0.1 seconds. Treatment of seeds with
laser irradiation led to increases in germination
capacity, root length, and seedling dry weight, as
well as improvements in field emergence and par-
tial enhancement of overall root yield. Germina-
tion capacity increased by 1.5-13.2% compared
to the control, depending on the applied irradia-
tion dose (Krawiec et al., 2016).

The stimulation induced by laser irradiation
in seeds varies depending on the species and
physiological state of the seed. Therefore, the
optimal dose must be determined for each type.
In this study, a 2-minute exposure to the He—
Ne laser appeared to enhance cell activity, as
indicated by lipid content, leaf area, leaf num-
ber, the fresh weight of new leaves, and the dry
weight of leaves under water stress conditions.
The increased fresh and dry weight observed in
plants grown from He—Ne laser-treated seeds
may also be related to enhanced photosynthetic
pigments. Red and white light treatments, com-
pared to other spectral combinations, increased
chlorophyll a + b content and growth rate (Mah-
mood et al., 2021).

In some cases, the mean germination time of
a single seed exposed to laser irradiation could be
accelerated by more than 37 hours compared to
the control (Hasan et al., 2021).

Short-wavelength (<350 nm) ultraviolet (UV)
radiation has both direct and indirect negative ef-
fects on plant pathogens. Direct effects may be
associated with DNA damage, protein polymer-
ization, enzyme inactivation, and increased per-
meability of cell membranes (Vanhaelewyn et al.,
2020). Data on the effect of different types and
durations of laser irradiation on root length indi-
cate that the longest roots (15.91 cm) were pro-
duced when shoots were exposed to green laser
light for 10 minutes. Shorter roots, reaching up to
3.12 cm, were also observed under other condi-
tions (Abou-Dahab et al., 2019).

Currently, one of the methods to achieve high
productivity is the use of various types of laser
irradiation. According to studies conducted by re-
searchers, exposure of wheat seeds to argon laser
light (514 nm) increased shoot length. For a la-
ser power of 20 mW, the highest values observed
were 3.5 cm and 3.75 cm at 15 and 30 days after
sowing, respectively. Similarly, the maximum
shoot length for a 40 mW laser was observed 30
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days after sowing (3.87 cm per plant). It should
be noted that when seeds were exposed to 10 mW
for 0.5 and 1 hour, shoot length decreased after 15
and 30 days (AlSalhi et al., 2019).

The data indicate that pre-treatment with ra-
diation significantly increased germination per-
centage compared to the control. Seeds irradiated
with the He—Ne laser germinated faster than the
control. Higher doses of He—Ne laser irradiation
(120, 300, and 600 seconds) increased the num-
ber of germinated seeds more than lower-dose
treatments (Ali Al-Jehani et al., 2016).

In another study, seeds were biostimulated
with a He—Ne laser (632 nm, 10 mW). For each
species, three replicates of 50 seeds each were
considered, and five exposure treatments (30 s,
60s,90s, 120 s, 150 s) along with a control were
conducted. The results indicated that the highest
germination percentage (96%) was obtained with
90 s and 150 s exposures; in contrast, the con-
trol seeds showed a lower germination rate (16%)
(Costilla-Hermosillo et al., 2019).

Using laser technology, it is possible to estab-
lish salt- and drought-tolerant protective planta-
tions and to form plant cover on the dried areas
of the Aral Sea, thereby mitigating the ecologi-
cal situation. Haloxylon aphyllum contributes
to soil stabilization, carbon sequestration, sup-
ports desert biodiversity, and provides forage in
arid ecosystems. We hypothesize that laser pre-
treatment will enhance germination speed and
seedling vigor, enabling earlier establishment
during the brief period of adequate soil moisture
(February—March). Hence, this study aims to in-
vestigate a comprehensive comparative study on
application of He—Ne and diode Lasers for ac-
celeration seeds’ germinative capacity and seed-
lings growth of saxaul (Haloxylon aphyllum) in
dried zones of Aral Sea.

MATERIALS AND METHODS

Sampling technique

After studying the plants being cultivated on
the areas formed by the drying of the Aral Sea,
black saxaul (Haloxylon aphyllum), a halophytic
species tolerant to saline soils, was selected for
ecological laser biotechnology treatment. Seeds
of black saxaul were collected from the Forestry
Research territory in Moynaq District, Republic
of Karakalpakstan, and transported to the Forestry

Research Institute for laboratory testing. Seed vi-
ability was determined in accordance with GOST
13056.1-75 requirements.

According to the methodology of GOST
13056.1-67 “Sampling of seeds from trees and
shrubs”, seeds stored in bags were manually se-
lected to obtain samples. For each batch, the se-
lected seeds were placed separately on a smooth
surface and carefully compared for contamina-
tion, odor, color, luster, and other characteristics
to ensure uniformity. If no significant differences
were observed, the portions were combined to
create the main sample.

Samples were initially divided using the cross-
sectioning method (Figure 1). Seeds were then
poured onto a smooth surface, thoroughly mixed,
leveled to a thickness of up to 3 cm in a square
shape, and diagonally divided into four triangles.
Two opposite triangles were removed, and the re-
maining two were combined. The process was re-
peated until the number of seeds required to obtain
the average sample of the set was reached.

Seed processing

In accordance with GOST 13056.6-97, the
seeds of black saxaul (Haloxylon aphyllum) se-
lected for sampling were soaked in water at 18—
20 °C for 24 hours prior to sowing (Figures 1 and
2). After the soaking period, the seeds were rinsed
with water on a metal mesh for 10—15 seconds.

Laser treatment

For the experiment with black saxaul (Halox-
ylon aphyllum), He—Ne laser (A = 632.8 nm) and
diode laser (A = 532 nm) devices were selected.
For the ecological laser biotechnology treatment
of black saxaul (Haloxylon aphyllum), exposure
durations of 35, 65,95, 15 s, 30 s, and 45 s were
chosen as the experimental algorithm (Table 1).
Exposure times were selected based on prelimi-
nary tests showing detectable physiological re-
sponses between 3—45 s, with intervals chosen to
capture nonlinear dose—response trends.

Seeds prepared under laboratory conditions,
in collaboration with specialists from the lon-
Plasma and Laser Technologies Institute named
after U. A. Arifov, were irradiated using laser
devices. Experiments were conducted using
He—Ne and diode lasers equipment. An experi-
mental scheme was developed based on the se-
lected algorithms (Figure 3).
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Figure 1. Seed selection process for
experimental plants according to the methodology

Figure 2. Soaking process of seeds selected
for the sample

During the preparation of laser devices for
the experiment, parameters such as laser beam
distance, point of incidence, and exposure dura-
tion were carefully considered (Table 1). A series
of investigations was conducted under laboratory
conditions to ensure uniform and effective irradi-
ation of seeds and to confirm that the laser beam
reached all seeds consistently for testing purposes.

During the irradiation process, to ensure
uniform power distribution, the laser beam inci-
dence height on the seeds was set at 30 cm. The
laser device was positioned 1 meter away from
the seeds, and optical lenses were used to focus
the beam, thereby determining the optimal point
of incidence.

To determine the power and uniformity of the
laser beams, the Nova II device was used, which
allowed measurement of the evenly distributed
power within the beam incidence area. For treat-
ment of black saxaul (Haloxylon aphyllum) with
He—Ne and diode lasers, the optimal spot (beam)
diameter was set at d = 2 cm, with the laser power
distributed equally over this spot (continuous-
wave mode). The corresponding laser power was
27.9 mW for the He—Ne laser and 28.2 mW for
the diode laser (Figures 4 and 5).

The beam incidence points of both laser de-
vices were studied, and the experimental seeds
were precisely positioned at these points. Ac-
cording to the experiment, it was determined
that 30 seeds of black saxaul (Haloxylon aphyl-
lum) could be placed at each laser beam inci-
dence point.

Prior to selecting the parameters presented
in Table 1, experiments were carried out on Hal-
oxylon aphyllum to determine the minimum and
maximum exposure times for laser irradiation,
using time intervals from 1 second up to 1 minute.
Analysis of the results showed noticeable chang-
es at exposure durations of 3 sec, 6 sec, 9 sec, 15
sec, 30 sec, and 45 sec.

To ensure complete coverage of Haloxylon
aphyllum seeds during irradiation with He—Ne
and diode lasers, the seeds were placed on filter
paper during the laser treatment process.

Seed bed

LaserRadiation

Power Supply

Electrical Shutter Tim e controller

Optical Ruler

Figure 3. Experimental setup
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Figure 4. Beam incidence point of the He—Ne laser
(A =632.8 nm)

Water bath processing

In accordance with GOST 13056.6-75, the
seeds were soaked using a “water bath” appara-
tus. Haloxylon aphyllum seeds were soaked for
24 hours in water at 20 °C, as specified in the pro-
tocol. After soaking, the seeds were rinsed on a
metal mesh for 15 seconds.

To prepare the water bath for the experiment,
the water level was set 2—3 cm below the filter pa-
per on which the seeds were placed, ensuring prop-
er moisture supply. Distilled water, free of mineral
content, was used to fill the water bath. This was
necessary because using regular tap water could
lead to the accumulation of rust in the apparatus.

Filter paper was cut into circular shapes re-
sembling a glass lid. Before placing the seeds,
cotton gauze and absorbent material were fully
moistened to saturation (Figure 6a). 30 seeds,
positioned to correspond with the uniform power

Figure 5. Beam incidence point of the diode laser
(A =532 nm)

distribution point of the laser devices, were placed
in the water bath for each algorithm and control
treatment in three replicates (Figure 6b).

Phenology

Pieper coefficient calculation

Seedling energy (typically expressed by the
germination rate of seeds) was measured 4 days
after sowing seeds on the drying paper, while
germination capacity was assessed 8 days later
[ISTA 2004]. Daily counting of normally germi-
nating seeds allowed determination of the mean
germination time using the Pieper coefficient [W]
and germination rate based on the Maguire coef-
ficient [E] (Krawiec et al., 2015).

The mean germination time was estimated
from the following equation:

W =2(d x pd)/k (days) ()

Table 1. Selected algorithm for laser treatment of Haloxylon aphyllum seeds

Laser type Exposure time (s) Exposure distance (cm) Replicates Laser power
3 30 3
6 30 3
T : 275 mw
30 30 3
45 30 3
3 30 3
6 30 3
i 9 30 3
D'gg; La;er e " 3 28.2 mW
30 30 3
45 30 3
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a)

Figure 6. Placement of Haloxylon aphyllum seeds in the water bath apparatus to determine seed viability

where: W — Piper’s coefficient, d — day of seeds
germination, pd — number of normally
germinating seeds given in day, £ — to-
tal number of the normally germinating
seeds.

The speed of germination was calculated ac-
cording to the following Maguire equation:
k k

E:_1+k_2+_” (2)
I8 L, t

n

where: £ — Maguire coefficient, £ — number of
normally seeds germinating in the sub-
sequent observation days, ¢ — number of
days from the day of sowing.

The phenology of plants was assessed using
the traditional method of visual observations,
which involves recording the timing of seasonal
events. A comprehensive evaluation of plant spe-
cies included: drought tolerance, growth rate as-
sessment, adaptation to saline soils, disease resis-
tance, and tolerance to high temperatures.

Dormancy in plants is a physiological state
characterized by a sharp reduction in growth rate
and metabolic activity. It has evolved as an ad-
aptation that allows plants to survive under unfa-
vorable environmental conditions during certain
stages of their life cycle or seasons of the year
(Mazurov, 1958).

Prior to sowing, laser treatment increased
several parameters, including germination en-
ergy (a period over which seeds retained vi-
ability under stress), germination capacity, ger-
mination rate (final germination percentage),
hypocotyl and root length, as well as the fresh
and dry weight of seedlings. Laser stimulation
was most effective for low-quality seeds, which
initially had a germination capacity of 50.8%.
Irradiation of seeds in this group also enhanced
both seedling emergence and emergence rate
(Krawiec et al., 2015).
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Before sowing desert plants on areas formed
by the drying of the Aral Sea, seed collection from
the local population was carried out with the par-
ticipation of scientists from the Forest Research
Institute. The viability of desert plant seeds, in-
cluding black saxaul (Haloxylon aphyllum), was
tested under laboratory conditions.

According to the laboratory analysis conduct-
ed on January 27, 2023, the germination capacity
of black saxaul seeds intended for planting in the
Aral Sea region was 68.25%.

Thirty seeds were placed at the uniformly dis-
tributed beam point of the laser devices and irra-
diated in three replicates. Using the conventional
method, the viability of Haloxylon aphyllum
seeds became apparent 48 hours after analysis of
the tested seeds.

RESULTS AND DISCUSSION

Haloxylon aphyllum seeds, irradiated with
He—Ne and diode lasers began to germinate with-
in 10 hours. During the laboratory experiments
conducted according to the selected algorithms (3
s, 65s,9s,15s, 30 s, 45 s), the seeds irradiated
for 30 seconds showed the highest effectiveness
(Figures 7 and 8).

According to the Pieper coefficient, seedling
energy (typically expressed by the germination
rate of seeds) was measured 4 days after sow-
ing seeds on the drying paper, while germination
capacity was assessed 8 days later. However,
the Haloxylon aphyllum seeds set for the ex-
periment began to germinate within the first 10
hours, during which no changes were observed
in the control seeds. Therefore, seedlings that
emerged during the first 10 hours were subjected
to phenological observation to determine the
germination rate.

Figure 8b shows the seeds that were counted
on a separate white sheet to determine the number
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Figure 7. Haloxylon aphyllum seeds irradiated with He—Ne laser (A = 632.8 nm)

of seedlings that emerged during the first 10 hours
after the experiment began. For comparison, un-
der conventional germination experiments, Hal-
oxylon aphyllum seeds typically emerged over a
48-hour period. This indicates that laser-treated
seeds exhibited a shortened germination time of
38 hours under laboratory conditions.

From an agro-physical perspective, laser
stimulation enables seeds to absorb and store
light energy, convert it into chemical energy, and
subsequently utilize it during germination, as well
as for the growth and development of the plants
(Gladiszewska, 2011).

When seeds were treated with laser radiation
3 times for 3 seconds, positive effects were ob-
served in Haloxylon aphyllum compared to the
control. In the 3x3 algorithm, for the He—Ne la-
ser device, seed viability compared to the control
was 42.22% < 66.6%, the number of seedlings
emerged within the first 10 hours was 0 < 17, the
total number of germinated seeds was 38 < 60,
and the energy retention period was 7 < 17 days.

For the diode laser device, seed viability com-
pared to the control was 42.22% < 78%, the num-
ber of seedlings emerged within the first 10 hours
was 0 < 20, the total number of germinated seeds

was 38 < 60, and the energy retention period was
7 <20 days (Table 2).

However, the Haloxylon aphyllum seedlings
that germinated under laboratory conditions ap-
peared very weak and fragile

The main aim of our study was to cultivate
this plant in February and March when the soil
moisture content was at a normal level, thereby
enabling the plant to survive until the rainy days
of autumn by utilizing the moisture accumulated
in its tissues as a reserve.

Even if the growth rate differs compared to
the control, weak seedlings have a low chance
of survival under the high temperatures of desert
areas. Our goal is to ensure that seeds stimulated
with laser radiation, when sown, perform effecti-
vely under adverse weather conditions, including
drought and high temperatures, outperforming
naturally grown seedlings and those cultivated
using traditional sowing methods.

Germination tests of Scorzonera seeds under
laboratory conditions showed that the germina-
tion capacity of the control seeds ranged from
50.8% to 93.0% (Krawiec et al., 2015).

In the 3 x 6 algorithm, the germination ef-
ficiency of the experiment using the He-Ne

Figure 8. Haloxylon aphyllum seeds irradiated with diode laser (A = 532 nm) (a, b — laser irradiated, ¢ — control)
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Table 2. The result of seeds exposed to laser light according to the 3 x 3 algorithm

Number | The number The Ener The legth of the
Exposure] of seeds |of sprouts that| number of |Germination 9y suprout steam (cm) _—
Laser . . Exposure| Laser ) retention Germination
Ne| Repeatability| time A placed germinated | normally rate . o
type distance | power | " ) period rate %
(sec) in the in the grown (hours) (day) M+m % |P%
lexperiment] first 10 hours | seeds Y
1 30 0 10 6.1£0.26| 100 (4.3 33%
1 | Control 2 0 - - 30 0 15 48 7 5.9+0.22|97.66 3.7 50%
3 30 0 13 5.8+0.24|94.84 4.2 43%
Total 90 0 38 42,22%
He-Ne 1 30 6 16 6.2+0.17| 100 (2.8 53%
laser 279 o
2 632.8 2 3 30 mVt 30 5 19 12 17 [5.940.23|94.98 (3.9 63%
nm 3 30 6 22 5.5+0.19/89.13 3.4 73%
Total 90 17 60 66,6%
. 1 30 6 25 6.4+0.16| 100 (2.5 83%
Diode 28.2
3 | laser 2 3 30 y 30 6 23 12 20 |5.9+0.20|94.06 |3.4 76%
mVt
532 nm
3 30 10 23 5.6+0.20/90.81 (3.5 76%
Total 90 22 71 78.0%

laser device relative to the control was 42.22%
< 71.11%; the number of seedlings germinated in
the first 10 hours was 0 < 21, the total number
of germinated seeds was 38 < 64, and the energy
retention period was 7 < 17 days.

For the diode laser device, the germination
efficiency relative to the control was 42.22% <
77.77%; the number of seedlings germinated in
the first 10 hours was 0 < 24, the total number
of germinated seeds was 38 < 70, and the energy
retention period was 7 < 20 days (Table 3).

Based on the experiments conducted by the
aforementioned researchers, it can be observed
that the efficiency of seeds treated using laser bio-
technology can increase up to 93%.

Laboratory tests conducted by the Forestry
Research Institute on Haloxylon aphyllum seeds,
which are traditionally sown in areas formed by
the drying of the Aral Sea, showed a germination
efficiency of 68.25%.

When seeds were treated with laser radiation
for 6 seconds, three times, the highest germina-
tion efficiency of 77.77% was observed using the
diode laser device.

Notably, with the He-Ne laser device under
the 3 x 3 algorithm, the germination efficien-
cy of the treated seeds was 66.6%, which in-
creased to 71.11% under the 3 x 9 algorithm.
According to observations, the results showed
a progressive increase.

However, for the diode laser, the germi-
nation efficiency under the 3 x 3 algorithm
reached 78.0%, while under the 3 x 9 algorithm
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it slightly decreased to 77.77%, showing a mi-
nor reduction in performance.

Under the 3 x 9 algorithm, for the He-Ne la-
ser device, the experiment showed that compared
to the control, germination efficiency increased
from 42.22% to 75.55%. The number of seedlings
emerged within the first 10 hours increased from
0 to 19, the total number of germinated seeds in-
creased from 38 to 68, and the energy retention
period increased from 7 to 17 days.

For the diode laser device, compared to the
control, germination efficiency increased from
42.22% to 68%. The number of seedlings emerged
within the first 10 hours increased from 0 to 21,
the total number of germinated seeds increased
from 38 to 62, and the energy retention period in-
creased from 7 to 20 days (Table 4).

According to the results of the 3 x 9 algorithm
experiments with He-Ne and diode laser devices,
statistical analysis of growth parameters showed
that the He-Ne laser had an advantage. The total
number of germinated plants reached 75.55%.

When treating plants with laser radiation, the
wavelength and light intensity are considered the
main factors affecting growth. Exposing a plant
to laser light relies on the plant cells’ and tissues’
ability to absorb, store, and utilize the photons
from the laser. The enhancement of biochemical
processes and seed physiology varies depending
on the plant species, seed type, and environmen-
tal conditions (Cwintal and Sowa, 2010).

The results of the study conducted using the
3 x 9 algorithm correspond to the previously
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Table 3. The result of seeds exposed to laser light according to the 3 x 6 algorithm

Number | The number The Ener The length of the sprout
L of seeds |of sprouts that| number of | Germination 9y steam (cm) N
aser ... |Exposure|Exposure| Laser R retention Germination
[No Repeatability |, A placed germinated | normally rate . o
type time (sec)| distance | power X . period rate %
in the in the grown (hours) (day) M+m % P%
experiment| first 10 hours | seeds Y
1 30 0 10 6.1¢0.26| 100 | 4.3 33%
1 | Control 2 0 - - 30 0 15 48 7 5.9+0.22| 97.66 | 3.7 50%
3 30 0 13 5.840.24| 94.84 | 4.2 43%
Total 90 0 38 42.22%
He-Ne 1 30 7 19 6.2+0.21| 100 | 3.3 63%
laser 27.9
2 632.8 2 6 30 mvt 30 7 19 12 17 6.3+0.27 | 102.56 | 4.2 63%
nm 3 30 7 26 5.70.24 | 93.20 | 4.2 86%
Total 90 21 64 71.11%
1 30 8 25 6.3£0.16| 100 3.0 83%
Diode 28.2
3 | laser 2 6 30 y 30 10 20 12 20 6.1£0.23| 101.31 | 4.0 66%
mVt
532 nm
3 30 6 25 6.0+0.23| 93.78 | 4.4 83%
Total 90 24 70 77.77%
Table 4. The result of seeds exposed to laser light according to the 3 x 9 algorithm
The The The length of the
Number
number of | number - Energy | sprout steam (cm)
of seeds Germination : -
Laser ... |Exposure|Exposure| Laser sprouts that of retention Germination|
Ne| Repeatability |,; A placed ) rate . o
type time (sec)| distance |[power| " germinated [ normally period rate %
in the ) (hours) M+m % | P%
experimen in the grown (day)
P tIﬁrst 10 hours| seeds
1 30 10 6.1£0.26( 100 | 4.3 33%
1 | Control 2 0 - - 30 0 15 48 7 |5.9+0.22/ 97.66 | 3.7 50%
3 30 0 13 5.84£0.24( 94.84 | 4.2 43%
Total 90 0 38 42.22%
He-Ne 1 30 7 23 6.2+0.19) 100 | 3.1 76%
laser 279 o
2 632.8 2 9 30 mVt 30 5 21 12 17 |6.4£0.30{102.89| 4.3 70%
nm 3 30 7 24 5.8+0.24| 94.46 | 4.2 80%
Total 90 68 75.55%
. 1 30 20 6.3£0.20 100 | 3.1 66%
Diode 28.2
3 | laser 2 9 30 ’ 30 20 12 20 |6.1+£0.25/ 91.78 | 4.2 66%
mVit
532 nm
3 30 22 6.0+£0.24{ 93.33 | 4.0 73%
Total 90 62 68%

presented data. That is, during the experiment,
increasing the exposure time of the laser showed
results in the 3 x 3, 3 x 15, and 3 % 30 algorithms
for seeds stimulated with the diode laser 532
nm, which repeated the trend of germination and
growth. However, in the 3 x 9 algorithm, germi-
nation reached a lower level of only 68%. This
indicator may be associated with the imbalance of
the cells and tissues responsible for absorbing en-
ergy in the seeds selected for the 3 x 9 algorithm.

In the 3 x 15 algorithm, for the He-Ne laser
device, the experiment’s germination compared
to the control was 42.22 < 66.6%; the number of

seedlings germinated within the first 10 hours
was 0<18; the total number of germinated
seeds was 38 < 60, and the energy retention pe-
riod was 7 < 17 days.

For the diode laser device, the experiment’s
germination compared to the control was
42.22 < 66.6%; the number of seedlings germi-
nated within the first 10 hours was 0 < 28; the
total number of germinated seeds was 38 < 73,
and the energy retention period was 7 <20
days (Table 5).

Based on the reviewed literature during
the scientific research, studies conducted using
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Table 5. The result of seeds exposed to laser light according to the 3 x 15 algorithm

The The length of the
Number | The number
number . _.. | Energy | sprout steam (cm)
Exposure| of seeds | of sprouts that Germination| : o
Laser - . Exposure|Laser ) of retention Germination|
Noj Repeatability| time A placed germinated rate . o
type distance |power| ) normally period rate %
(sec) in the in the grown (hours) (day) M+m % | P%
experiment] first 10 hours Y
seeds
1 30 0 10 6.1+0.26| 100 | 4.3 33%
1 | Control 2 0 30 0 15 48 7 5.9+0.2297.66 | 3.7 50%
3 30 0 13 5.840.24(94.84 | 4.2 43%
Total 90 0 38 42.22%
He-Ne 1 30 6 20 6.4+0.18| 100 | 2.9 53%
laser 27.9 o
2 6328 2 15 30 mvt 30 6 22 12 17  |6.2+£0.25/98.07 | 3.9 63%
nm 3 30 6 26 5.8+0.22{90.55 | 3.9 73%
Total 90 18 60 66.6%
. 1 30 10 25 6.1+0.26| 100 | 4.2 83%
Diode 28.2
3 | laser 2 15 30 ’ 30 9 23 12 20 [6.0+0.20(97.83| 3.3 76%
mVt
532 nm
3 30 9 25 6.1+0.22(99.08 | 3.5 83%
Total 90 28 73 81.1%

laser irradiation emphasized the effectiveness
of the He-Ne laser device with a wavelength of
632.8 nm.

Based on the results of the laser irradiation
experiment conducted on Haloxylon aphyllum,
the findings above are contradicted. According
to tests carried out using a diode laser, increas-
ing the exposure time positively affected the
germination parameters of Haloxylon aphyllum.
In the 3 x 15 algorithm, increasing the exposure
by 6 seconds compared to the 3 x 9 algorithm
led to an increase in the total number of germi-
nated seedlings from 68% to 81.1%, achieving a
13.1% improvement in efficiency.

This suggests that the efficiency of experi-
ments conducted using laser devices depends on
the type of laser, its frequency, intensity, and the
physiological characteristics of the plant.

The study conducted using the diode laser
532 nm showed that although there were changes
in the plant’s growth parameters across the 3 x 3,
3%x6,3x9,3x%x15,3x%30,and 3 x 45 algorithms,
the survival duration without a nutrient medium
and the germination period remained almost the
same across all algorithms.

In the 3 x 30 algorithm, the results for seed
germination were as follows: He-Ne laser: Ger-
mination increased from 42.22% (control) to
72.22%, the number of seedlings emerging in
the first 10 hours increased from O to 15, the total
number of germinated seeds increased from 38 to
65, and the energy retention period was 7—17 days.
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diode laser: Germination increased from 42.22%
(control) to 90%, the number of seedlings emerg-
ing in the first 10 hours increased from 0 to 31,
the total number of germinated seeds increased
from 38 to 81, and the energy retention period
was 7-25 days (Table 6).

The hypocotyls of laser-irradiated seeds were
generally longer than those of untreated sam-
ples. After 30 s of exposure, hypocotyl length
increased by 14%. Extending the exposure to
1 minute led to a 20.9 % increase, and 2 minutes
resulted in a 22.5% increase, with the average
hypocotyl length reaching 116.9 mm. Exposures
longer than 2 minutes reduced the effect on hy-
pocotyl elongation: 5 minutes gave only a 19.8%
increase, and 10 minutes only 5.9%. Additionally,
He-Ne laser irradiation improved root length in
mung bean (Vigna radiata) seedlings (Janayon
and Guerrero, 2019b).

According to the results of experiments with
Haloxylon aphyllum using laser devices, the 3 X
30 algorithm — that is, exposing seeds three times
for 30 seconds each — produced the highest per-
formance compared to the 3 x 3,3 x 6,3 x 9,3 x
15, and 3 x 45 algorithms.

Based on these findings, for crops like mung
bean and common bean, laser irradiation is applied
in minutes, whereas for Haloxylon aphyllum, sec-
onds are sufficient. This suggests that the larger the
seed size and the thicker its seed coat, the longer
and more repeated the laser exposure should be
when conducting experiments with laser devices.



Journal of Ecological Engineering 2026, 27(7), 55-72

Table 6. The result of seeds exposed to laser light according to the 3 x 30 algorithm

The The The length of the
Number
number of | number . _.. | Energy | sprout steam (cm)
Exposure of seeds Germination| : L
Laser ... | Exposure | . Laser sprouts that of retention Germination
Ne Repeatability| distance placed ) rate . o
type time (sec) (o) power| T o germinated |normally (hours) period o o rate %
experiment N the grown (day) | Mzm % |P%
P first 10 hours| seeds
1 30 0 10 6.1+0.26| 100 |4.3 33%
1 | Control 2 0 30 0 15 48 7 5.9+0.22(97.66 | 3.7 50%
3 30 0 13 5.840.24(94.84 |4.2 43%
Total 90 0 38 42.22%
He-Ne 1 30 5 25 5.9+0.19( 100 |3.2 83%
laser 27,9 o
2 632.8 2 30 30 mvt 30 5 20 12 17 [6.3+0.27|98.07 (4.3 66%
nm 3 30 5 20 6.0+0.26(90.55 4.3 66%
Total 90 15 65 72.22%
. 1 30 10 27 7.4+0.29| 100 |3.9 90%
Diode 282
3 | laser 2 30 30 ’ 30 9 26 12 25 |7.0£0.17{95.94|2.5 86%
mVt
532 nm
3 30 12 28 7.0+0.16{94.93 2.3 93%
Total 90 31 81 90%

In the 3 x 45 algorithm, according to the He-
Ne laser device, the germination of the experi-
ment relative to the control was 42.22 < 67%, the
number of seedlings that sprouted in the first 10
hours was 0 < 19, the total number of germinated
seeds was 38 < 61, and the energy retention peri-
od was 7 < 11 days. According to the diode laser
device, the germination of the experiment relative
to the control was 42.22 < 78.8%, the number of
seedlings that sprouted in the first 10 hours was 0
< 20, the total number of germinated seeds was
38 <71, and the energy retention period was 7 <
17 days (Table 7).

The average root length of untreated seeds
is 81.9 mm, which increases to 90.8 mm (10.8%
growth) and 105.5 mm (28.8% growth) in the
1 minute and 2 minute treatment intervals, re-
spectively. As with hypocotyl length, if the
treatment duration exceeds 2 minutes, root
length decreases. For 5 minute and 10 minute
treatments, the increase in length is 21.8% and
8.2%, respectively.

Based on the data presented by the research-
ers above, it has been noted that increasing the
exposure time on the plant seed can lead to a
decrease in its growth parameters. Importantly,
when applying laser light to plants, each plant
species requires a specific approach that consid-
ers its growth environment. For example, in stud-
ies conducted by Rayno Vic B. and his research
team, when experiments were performed on le-
guminous plants such as mung bean and common

bean, extending the stimulation time beyond 2
minutes caused an adverse reaction in the plants.

Considering that Haloxylon aphyllum be-
longs to desert plant species, its vegetation pe-
riod coincides with the hot season of the year,
in June and July. However, when using laser
treatment, increasing the exposure time by 15
seconds from the 3 x 30 algorithm to the 3 x
45 algorithm was enough to worsen the plant’s
growth parameters. From this, it can be conclud-
ed that for productive plants, the ability to ab-
sorb energy from sunlight during the vegetation
period differs among perennial species.

According to the results of the experiment,
when treating Haloxylon aphyllum seeds with a
laser, using the diode laser device with the 35,9 s,
and 15 s algorithms, it can be observed that the ef-
ficiency increases slightly. When treated with the
diode 30 s algorithm, the experiment achieved the
most effective results (Figure 9). When treated
with the diode 45 s algorithm, a decrease in ex-
perimental indicators was observed.

Observed effects of diode laser treatment
on Haloxylon aphyllum seeds, showing positive
changes for 3 s, 9 s, and 15 s algorithms, with
optimal results at the 30 s algorithm (Figure 10).

In comparison, treatment with the He-Ne la-
ser deviceat3s,9s,15s,30s, and 45 s showed
lower indicators relative to the diode laser. This
can be observed in Tables 6, 7 and analytical
graphs presented in Figures 10 and 11. The su-
perior performance of the diode laser may be
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Table 7. The result of seeds exposed to laser light according to the 3 x 45 algorithm

The IThe length of the sprout
number The steam (cm)
Number
of sprouts | number . .. | Energy
Exposure of seeds Germination| : L
Laser ... | Exposure | . Laser that of retention| ength Germination
Ne Repeatability/ ,: distance placed ) rate ) o
type time (sec) (o) power | oo germinated|normally (hours) period | (M) = o o rate %
oxperiment in the grown (day) | width % P%
first 10 seeds (m)
hours
1 30 0 10 6,1£0,26| 100 | 4,3 33%
1 |Control 2 0 - - 30 0 15 48 7 [5,9+0,22| 97,66 | 3,7 50%
3 30 0 13 5,8+0,24| 94,84 | 4,2 43%
Total 90 0 38 42,22%
He-Ne 1 30 6 17 6,0+0,23 100 | 3,8 67%
laser 27,9 o
2 632.8 2 45 30 mvt 30 7 19 12 11 16,2+0,21| 102,63 | 3,3 53%
nm 3 30 6 22 6,0£0,17| 99,17 | 2,9 63%
Total 90 19 61 67%
. 1 30 7 25 6,2+0,21| 100 | 3,4 83%
Diode 282
3 | laser 2 45 30 ’ 30 7 24 12 17  |5,8+0,22| 93,24 | 3,8 80%
mVt
532 nm
3 30 6 23 6,0+0,23| 97,30 | 3,8 76%
Total 90 20 71 78,8%
30,0
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5 > QM\ =4 He-Ne laser 632.8 nm
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Figure 9. The number of seedlings emerged within the first 10 hours
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Figure 10. Energy retention period in the experimental Haloxylon aphyllum plants

attributed to better absorption by chlorophyll enhancing photosynthetic priming, metabolic
b and photoreceptors such as phytochromes, activation and photomorphogenic responses.
which peak in the green—red region, potentially ~ In contrast, He—Ne laser may be less efficiently
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Figure 11. The maximum number of germinated seedlings

absorbed by desert plant photoreceptors adapt-
ed to high-light environments. In addition, laser
biostimulation likely involves photobiomodu-
lation pathways, including ROS-mediated sig-
naling, phytochrome activation, and upregu-
lation of germination-related enzymes (e.g.,
a-amylase). This metabolic priming accelerates
water uptake, reserves mobilization, and cell
division. A schematic diagram of the proposed
mechanism (laser photobiostimulation path-
way) is shown in Figure 12. This schematic
illustrates the mechanistic pathway by which
512 nm (green) diode laser irradiation enhanc-
es germination and salt tolerance in Haloxylon
aphyllum seeds. The pathway demonstrates how
precise photonic energy is converted into bio-
chemical signals that overcome dormancy and
prime stress-resilient growth.

When treated with the diode (X = 532 nm)
laser using the 45 s algorithm, stress conditions
were observed in the plant, and the indicators of
laser energy absorption decreased.

Based on the laboratory experiment, for Hal-
oxylon aphyllum, the most optimal laser treat-
ment algorithm was selected as irradiation with
the diode laser at a height of 30 cm for 30 sec-
onds, repeated 3 times. Field experiments were
conducted in areas formed by the drying of the
Aral Sea, under the jurisdiction of the Moynaq
Forest Enterprise in Moynaq District, Republic
of Karakalpakstan.

Field research results: Aral Sea

The selected land area is 0.05 hectares. Ac-
cording to the norm, the number of seeds of the
first variety is 67 kg/ha, the number of seeds
of the second variety is 83 kg/ha, and the third

variety is 100 kg/ha. At least 70% of the seeds
must be grown in laboratory conditions. Ac-
cording to the conducted laboratory tests, the
average is 83.33%. For the experiment, 900
grams of Haloxylon seeds were planted on a
field area of 0.05 hectares.

According to the established planting proce-
dure, in the field area with sandy soil, Haloxylon
aphyllum seeds should be stratified under sand
for 3—4 days or soaked in water for 1 day. In the
course of laser seeding, the seeds were planted at
a distance of 60 cm and at a depth of 1.5-2.0 cm.
Wet soil was pulled over the planted seeds. plant-
ing of roots was carried out on 15.03.2023. Dur-
ing the field trial, the average temperature was
20 °C and air humidity 28%.

Implementation of field experiments Dospe-
khov’s method based on the method of checker-
board was planted. Equal distribution of the fer-
tile part of the soil for experimental and control
seeds was taken into account (Figure 13).

Based on the analysis of the reviewed litera-
ture, it can be stated that Haloxylon seeds sown
by the traditional method begin to germinate
within a period of 1 to 2 months. In contrast,
seeds treated according to the most optimal al-
gorithm — irradiation with the diode laser from a
height of 30 cm for 30 seconds, repeated 3 times
—began to germinate within 10 days. During this
period, germination was not observed in the con-
trol seeds (Figure 14).

The period for sowing Haloxylon plants in
the dried bed of the Aral Sea lasts from the be-
ginning of February to the middle of March. By
the end of March and the beginning of April, the
plants enter the vegetative stage with the devel-
opment of generative buds (Shamsutdinova and
Shamsutdinov, 2022).
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Under the soil conditions of the Aral region,
for the growth of Haloxylon seedlings, the granu-
lometric composition of the soil should be suitable
to a depth of at least 100 cm. Salt concentration

on the soil surface does not negatively affect the
growth of living trees, but if the salt layer is lo-
cated at a depth of 80—100 cm, it is known to have
an adverse effect (Kusainova et al., 2023).
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control seeds

control seeds
control seeds

control seeds

Figure 13. Planting scheme by Dospekhov’s method

Since the vegetative period of Haloxylon
aphyllum occurs during the hot summer season,
phenological observations were planned for the
autumn to study the germination capacity and
survival characteristics of the seeds. By that time,
no germination was observed in the seeds plant-
ed for control. According to the phenological

observations conducted, the average number of
seeds that germinated per meter distance was
278. The average number of germinated seeds
per plot was 1.668. During its season, 1.439 seeds
survived under hot and arid conditions. Thus, it
was determined that 86.27% of the seeds planted
during their season retained their viability, while
13.73% perished (Table 8).

The growth parameters of the Black Saxaul
(Haloxylon aphyllum) plant, which was grown in
the experimental field 2 years after planting on
March 15, 2025, and processed using a 3 x 30
algorithm using a diode laser laser device, were
measured. Samples were taken from the plant
body to determine any changes that may occur in
the plant body as a result of laser irradiation.

The hypocotyl length of the control plant
was 90 cm, while that of the experimental plant
was 210 cm. Accelerated germination allows
saxaul seedlings to establish root systems before
soil moisture declines sharply in late spring, crit-
ical for survival in the Aral Sea region. The root
length of the control plant was 40 cm, compared
to 120 cm in the experimental plant (Figure 15).
In addition, Figure 16 highlights the nutritional
capacity (calorific value) of Haloxylon aphyllum
was tested under laboratory conditions and re-
sult showed that calorific value for laser treated
group was higher than the control (2085 and
1491 kcal/kg).

Figure 14. Germinated Haloxylon aphyllum seeds (within 10 days) irradiated
with a Diode laser 532 nm germinated

69



Journal of Ecological Engineering 2026, 27(7), 55-72

Table 8. Field results of seeds exposed to laser light according to the 3 x 30 algorithm.

Average The Length of sprout stem (cm) The number of shoots
The 9 average 9 P (pieces)
number of
number ) . _.. | number of
Laser | Planting of seediings [Germination seedlings
Experiment|Repeatability| - germinated time
power time  |sprouts|. 0.6x6m| (per day) that o o o o
in1 |nao. p y survived | M#m % P% Mzm % P%
experimentall
meter ot the summer
P seasons

1 2 3 4 5 6 7 8 9 10 11 12 13 14

1 0 0 0 0 0 0 0 0 0 0

2 0 0 0 0 0 0 0 0 0 0

3 0 0 0 0 0 0 0 0 0 0

Control 15.03.2023

4 0 0 0 0 0 0 0 0 0 0

5 0 0 0 0 0 0 0 0 0 0

6 0 0 0 0 0 0 0 0 0 0
1 203 1218 10 1003  [6.0+0.10, 100 1.7 6.0£0.10 | 175 | 3.0
2 258 1548 10 1258  [6.1+0.26) 100 43 6.1£0.26 | 200 | 3.9
Diode laser! 3 28.2 304 1820 10 1603  [6.0+0.23] 100 3.8 6.0£0.23 | 267 | 3.0

o [15.03.2023

532 nm 4 mvt 343 | 2058 10 1749 6.2¢021] 100 | 34 |62¢021 | 275 | 35
5 314 1884 10 1689  [5.9+0.19 100 3.2 5.9+0.19 | 119 | 3.2
6 247 1482 10 1332  [5.9+0.22 97.66 3.7 5.9+0.22 | 237 | 2.9

Figure 15. The process of obtaining phylogenetic measurements from 2-year-old seedlings
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Figure 16. Comparison of calorific values of Haloxylon aphyllum grown in field experiments
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CONCLUSIONS

When conducting experiments with laser
devices, it should be taken into account that the
larger the seed size and the thicker the seed coat,
the longer the irradiation time and the greater the
number of repetitions required.

According to the data cited by scientists, in-
creasing the exposure time of the seed to laser
irradiation can lead to a decrease in the seed’s
growth parameters. It is noteworthy that for each
plant species, a specific approach must be applied,
taking into account the growth environment of se-
lected species.

The effectiveness of experiments conducted
using laser devices depends on the type, frequency,
and intensity of the lasers, as well as the physiol-
ogy of the plant. For perennial plants, the capacity
to absorb solar energy during the vegetation period
varies among species compared to annual crops.

When conducting experiments with laser de-
vices, identifying a uniform power distribution
point is crucial, which in turn affects the efficien-
cy and reliability of the research results.

According to the analysis of the literature stud-
ied during the scientific research, in experiments
with laser devices, He-Ne laser devices are mainly
distinguished by their efficiency. However, in this
experiment, the main indicators were shown by the
diode laser device, which showed its efficiency in
the tested plant. It was found that the efficiency
of the diode laser device was higher in terms of
the hypocotyl length of the plant 40 < 120 cm, in
terms of the full length of the plant 90 <210 cm,
and in terms of the nutritional (calorific) value
1491 <2085 (kcal/kg).
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