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Application of Some Physical Seed Treatment Methods
to Increase Germination of the Genus Catalpa Scop.

To increase the production volume of planting material for ornamental plants in the conditions of Central Ka-
zakhstan, the selection of pre-sowing treatment methods for seed material becomes relevant. The use of safe
and effective germination activators accelerates the biological processes of plant growth. The aim of the re-
search was to study the impact of physical methods on the germination of Catalpa speciosa seeds as relative-
ly safe methods of seed material activation. The seed treatment was carried out in three ways: the effect of la-
ser irradiation, magnetic fields for 24, 72 hours, and twenty-four-hour aeration. A different response of seed-
lings to physical factors of influence was noted. The effect of the magnetic field allowed to increase germina-
tion by an average of 10 % compared to the control group. The impact of laser irradiation for 1-4 minutes on
the growth of Catalpa speciosa seedlings was less significant. Aeration had a positive effect on the energy of
seed germination. Thus, to increase the germination of seedlings during early sowings of Catalpa speciosa
seeds, it is promising to use the influence of the magnetic field and aeration.
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Introduction

In urban environments, landscaping with decorative plant species plays a vital role. The continental
climate of Central Kazakhstan, marked by arid conditions and scarce precipitation, poses challenges for veg-
etation. In this context, pre-sowing seed preparation becomes crucial for enhancing germination and sprout-
ing rates. While various seed preparation methods for sowing are known, not all have been thoroughly re-
searched or come with application guidelines. It is recognized that different growth stimulation methods are
employed to boost seed germination. Such treatments include physical, chemical, and thermal methods,
among others, which are instrumental in facilitating rapid seed germination [1].

Employing physical methods for pre-sowing seed treatment offers numerous benefits over traditional
chemical methods, chiefly because it avoids contaminating soil and groundwater with chemicals. Treating
seeds with a magnetic field enhances plant resilience to both biotic and abiotic stresses by stimulating the
antioxidant defense mechanism [2-3]. When employing aeration (barbotage), a notably positive impact on
uniform seed germination is observed, particularly beneficial in arid planting conditions [4]. An enhance-
ment in the energy of seed germination is also observed [5].

The primary objective of this scientific research is to identify physical methods that guarantee high
germination rates, enhanced vitality, and improved sprouting of seed material. To address this challenge, pre-
sowing treatment of the seed material was employed.

Materials and Methods

The subjects of the research are the seeds of Catalpa speciosa. C. speciosa is a deciduous broadleaf tree
that can reach up to 10 meters in height, known for its high decorative value, resistance to cold winter, and
adaptability to various soil conditions [6].

Experiments were carried out to examine the influence of physical factors on the seed germination pro-
cess of the species in question. Specifically, the research focused on how magnetic fields affect the germina-
tion rate of C. speciosa seeds. The seeds, contained within plastic tubes, were positioned in a setup fitted
with magnets for durations of 24 and 72 hours (Fig. 1B). In this setup, the seed material was subjected to the
influence of both single and double constant magnetic fields.

One of the experiments involved irradiating the seed material with a helium-neon laser at a wavelength
of 632.8 nm with an intensity of 5 mW/cm? for durations of 30 seconds, 1, 2, and 4 minutes.
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A

Experiment variants: A — seed aeration; B — setup for seed treatment with a magnetic field
Figure 1. The methods of pre-sowing treating Catalpa speciosa seeds

An experiment was conducted using seed aeration. This method involves enriching the seeds with air in
an aquatic environment. The seeds were aerated in special fabric bags placed in a measuring plastic cylinder
with a volume of 1000 ml, equipped with a compressor (Fig. 1A). The seed aeration in fabric bags was car-
ried out for 24 hours.

The seeds were sown after the pre-sowing treatment had been conducted. The germination of the seed
material was carried out in Petri dishes, placed on two layers of filter paper that had been pre-moistened with
distilled water under laboratory conditions. The experiments were conducted in a climatic chamber at a tem-
perature of +24 °C with four repetitions. Seeds for the study were selected randomly, excluding only those
that were damaged, discolored, or empty. Watering was carried out three times a week.

The analysis of germination parameters and the energy of seed germination were carried out in accord-
ance with generally accepted methodological recommendations [7-8]. Observation of the growth and devel-
opment phases of the seedlings was carried out over 14-18 days. Statistical analysis of the results was con-
ducted according to the methodology of N.L. Udolskaya [9].

Results and Discussion

The analysis of the research results on the impact of magnetic fields on the germination of C. speciosa
seed material showed that seeds exposed to a double magnetic field for 24 hours, as well as a single field for
72 hours, demonstrated improved germination, reaching 100.0+0 %. The control group of seeds showed a
germination rate of 85.0+5.77 %. The germination rates of seeds exposed to magnetic fields, on average,
exceed the control values by 15 %. Seeds treated with a single magnetic field for 24 hours showed the lowest
level of germination — 85.0+=11.06 %, and the germination energy was 80.0+13.33 % (Table 1).

Table 1
The influence of magnetic fields on the viability of Catalpa speciosa seeds
Indicators Control group Single field Double field
24 hours 72 hours 24 hours 72 hours
Germination, % 85.04+5.77 85.0+11.06 100.0+0* 100.0+0* 90.0+6,67
Germination energy, % 55.0+5.77 80.0+13.33* 95.0+5.77* 95.0+5.77* 80.0+9,43*
Note. * reliability of differences between the variants of the experiment at P < 0.05.

As a result of analyzing the presented data, it was found that seeds exposed to a magnetic field retain
their viability, and an increase in germination rates is observed compared to the control group.

After analyzing the germination dynamics of the seed material of the studied species, it was revealed
that in the control group, seeds begin to germinate on the fourth day after sowing, with a germination rate of
10.0+£6.67 %. Seeds exposed to a single magnetic field for 72 hours show germination on the fourth day. On
the fifth day of germination, the beginning of seed sprouting is observed in all groups treated with a magnetic
field. It is particularly noteworthy that seeds treated with both single and double magnetic fields for 24 hours
demonstrate a high level of germination — 55.0+5.77 %. On the sixth day, seeds exposed to both single and
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double magnetic fields for 72 hours exhibit a significant increase in simultaneous germination, reaching an
average of 80 % germination. This rate is characteristic of the following experimental variants: a single
magnetic field for 24 and 72 hours, as well as a double magnetic field for 24 hours. The germination rate of
the seed material in the control group is 35.0£11.06 %. On the tenth day, the lowest level of germination is
observed in seeds exposed to a single magnetic field for 24 hours — 85.0+11.06 % (Table 2).

Table 2
The germination dynamics of Catalpa speciosa seeds following exposure to a magnetic field

Days to _ . Germination, % _
germination | Control group Single field Double field

24 hours 72 hours 24 hours 72 hours
1 _ _ _ _ _
2 _ _ _ _ _
3 _ _ _ _ _
4 10.0+6.67 — 5.0+5.77 - -
5 15.0+£5.77 55.0+5.77 15.0+£5.77 55.0+£577 10.0+6.67
6 35.0+1106 80.0+1333 80.04+9.43 80.0+3.33 70.04+6.67
7 55.0+5.77 80.0+13.33 95.0+5.77 95.0+5.77 80.0+9.43
8 65.0+11.06 80.0+1333 95.0+5.77 95.04£5.77 90.046.67
9 80.0+9.43 85.0+11.06 100.0+0 95.04£5.77 90.046.67
10 85.0+£5.77 85.0+11.06 100.0+0 100.0+0 90.0+667

Upon analyzing the impact of magnetic fields on the germination of C. speciosa seed material, it was
found that the viability of the seeds exceeds the corresponding indicators of the control group. In terms of
ontogenesis phases, a slight delay in germination of 1-2 days was observed. The methodology demonstrates
an improvement in seed germination indicators, expressed in increased germination rates, which is explained
by the positive effect on the processes of germination and seedling development.

Research on the impact of aeration on seed germination and energy was conducted. Aeration is the pro-
cess of seeds absorbing water saturated with air (oxygen). Positive dynamics in the seed germination process
were observed. After conducting aeration, seed germination reached a level of 90.0+6.67 %, exceeding the
control values by 35 % (Table 3).

Table 3
Germination indicators of Catalpa speciosa seeds after aeration

Experimental condition

Germination, %

Germination energy, %

Control group

85.0+5.77

55.0+5.77

Aeration

90.0+6.67

90.0+6.67*

Note: * reliability of differences between the variants of the experiment at P <0.05.

Analyzing the germination process of the seeds of the species in question, it was found that germination
begins on the fifth day. A significant level of simultaneous seed sprouting was observed after
aeration (Table 4).

Table 4
The germination dynamics of Catalpa speciosa seed material following aeration

Days to germination Aeration Control group

1 _ _

2 _ _

3 _ _

4 - 10.0+6.67
5 55.045.77 15.0+5.77
6 70.0+6.67 35.0+1106
7 90.0+6.67 55.0+5.77
8 90.0+6.67 65.0+11.06
9 90.0+6.67 80.0+9.43
10 90.0+6.67 85.0+5.77
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As a result of aeration, inhibitors are lost, and seed swelling is accelerated; this seed treatment method
is effective in arid conditions [10]. To speed up the development phases of the seedling and seed germina-
tion, seed aeration is recommended.

During laboratory studies, the method of laser irradiation on seed germination and the dynamics of
subsequent seedling development stages were analyzed. C. speciosa seeds were exposed to a He-Ne laser for
a time interval ranging from 30 seconds to 4 minutes. The obtained germination results were compared with
a control group of seedlings. Upon completion of the observation period for seed germination and seedling
development, laser treatment demonstrated that the optimal exposure time to achieve maximum seed
germination is 30 seconds. In this experimental variant, germination was 100 %, which exceeds control
values by 15 %, and the energy of germination increased by 38.3 % (Table 5).

Table 5
The influence of laser irradiation on the germination indicators of Catalpa speciosa
Indicators Control group 30 sec 1 min 2 min 4 min
Germination, % 85.045.77 100.0+0 80.0+0 80.0+0 73.348.16
Germination energy, % 55.045.77 93.348.16 80.0+0 80.020 66.67+16.33

As a result of comparing different experimental variants of laser irradiation, it was found that optimal
germination indicators are observed with shorter durations of exposure. For instance, in the experiment with
seed irradiation by laser for 1 and 2 minutes, germination was 80.0+0 %, whereas in the variant with
4 minutes of irradiation, the germination rate decreased to 73.3+8.16 %. After conducting a comparative
analysis of the germination dynamics of C. speciosa seed material in different experimental variants, it was
revealed that seed germination, subjected to laser treatment in all duration variants, begins on the sixth
day (Table 6).

Table 6
The germination dynamics of Catalpa speciosa seed material following laser irradiation
Days to germination Germmauor_], % - -
Control group 30 sec 1 min 2 min 4 min
1 — — — — —
2 — — — — —
3 — — — — —
4 10.0+6.67 - - - -
5 15.0+5.77 - - - -
6 35.0+11.06 80.0+14.14 66.7+8.16 53.3+21.60 60.0+14.14
7 55.0+5.77 93.348.16 80.0+0 80.0+0 66.67+16.33
8 65.0+11.06 93.348.16 80.0+0 80.0+0 66.67+16.33
9 80.0+9.43 93.348.16 80.0+0 80.0+0 66.67+16.33
10 85.0+5.77 100.0+0 80.0+0 80.0+0 66.67+16.33

Thus, the irradiation of C. speciosa seeds with a He-Ne laser confirms the preservation of their viability,
and the seedling successfully passes through all stages of development. The optimal duration of laser
irradiation, at which the best germination rates are achieved, is 30 seconds. The irradiation method using a
He-Ne laser proves to be effective with a short exposure time for the species under study.

After conducting a comparative analysis of physical methods of influence on the viability of
C. speciosa seed material, it was determined that to achieve maximum germination rates, it is recommended
to use the magnetic field method and aeration, as well as laser irradiation with a short duration of
exposure (Fig. 2).
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He-Ne laser irradiation (30 sec)

Single magnetic field (72 hours),
double magnetic field (24 hours)

Control group
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Figure 2. Germination and energy of seed germination of Catalpa speciosa seed material
treated with physical methods

In analyzing the optimal germination indicators of the seeds of the studied species subjected to various
variations of physical factors, it was found that maximum germination is observed in the experimental
variant with a double magnetic field for 24 hours, as well as with a single field for 72 hours. Seeds in these
variants exhibited higher germination rates. In the control group and in the experiment with seed irradiation
by a He-Ne laser, seed germination was noted on the fourth day, while in the experiment with the influence
of a double magnetic field, germination occurred on the fifth day (Fig. 3).

100

== Control group

—o—5ingle magnetic field (72 hours)
Aeration

—a— He-Me laser irradiation (30 sec)

Figure 3. Dynamics of seed germination in different experimental variants of Catalpa speciosa

Conclusions

In a number of scientific publications, positive results of physical methods of influence on the germina-
tion of seed material and the development of seedlings have been noted.

During the conducted studies, an increase in germination rates was observed in experimental variants
with aeration and the influence of magnetic fields. On average, the germination level increased by 5 % com-
pared to control values. Prolonged irradiation of seeds with a He-Ne laser beam (1-4 min) had a negative
impact on seed germination. Germination rates in these cases were below control values, however, a positive
result was noted with laser irradiation for 30 seconds (15 % higher than control values). Thus, the influence
of magnetic fields, the aeration method, and irradiation of seeds with a He-Ne laser beam for 30 seconds can
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be recommended for practical application. However, the mechanism of perception of magnetic fields and
laser beams by plants and their reactions to them remains insufficiently studied. Additional research is re-
quired to expand knowledge on the molecular mechanisms responsible for accelerating seed germination and
increasing seedling viability.
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A.K. AATBIMOB

Catalpa Scop. TYKbIMBIHBIH 6HYiH apTTBIPY YIIiH TYKbIMJIAPIbI
OHeYIiH KelOip GpusnKaNbIK dicTEPiH KOJAAHY

Opransik KazakcraH >karmaifblHIA OCEMIIK O©CIMAIKTEPIiH KOIIeT MaTepHaliblH OHAIPY KeJeMiH YIFaiTy
YIIiH TYKbIM MaTepHalbiH ceOy aJIbIHAaFbl OHACY OMICTepiH TaHIay e3ekTi. Kayimci3 koHe THIMII eHy
OeTceHAipTiTepiH MalianaHy OCIMAIKTEpIiH OHMOJIOTHSIIBIK 6Cy MpOIECTEpiH KedenmeTeni. 3epTTeydiH
MakKcaThl — KOIIET MaTepHalblH OeNCeHAIPYIiH CaNBICTRIPMANbl TYpAe Kayircis omicrepi perinme Catalpa
Speciosa TYKBIMBIHBIH OHYiHE (U3HKAIBIK oiCTEpAiH dcepiH 3eprrey. TYKbIMIapasl eHIEY YUI KOJIMEH
KYprisingmi, aram aitcak: 24, 72 carar imIHIeri MarHUT epicTepi MEH Ja3epiiK COyJeNeHYIiH acepi, ToyIiK
6oiibl adparus. GU3KMKaIBIK acep eTy (akTopiapbiHa OCKIHACPIIH 9pTYpIi peakuuschl Oaikanabl. MarHUTTIK
epicTiH opekeTi Oakpuiay TOOBIMEH calbICTBIpFaHAa eHyadi oprta ecernmneH 10%-Fa apTThIpyFa MYMKIHIIK
Oepami. 1-4 muuyT imiHzme masepiik coyinenenyniH Catalpa speciosa kemerrepinid ecyiHe ocepi OHIIa
MaHpI3bl GonMabl. Aspalids TYKBIMHBIH ©HY SHeprusichiHa oH ocep erti. Ockiiaiiina, Catalpa speciosa
TYKBIMBIH epTe ce0y Ke3iHe KOIIeTTep IiH OHTIMTIriH apTTHIPY YIIiH MarHUT ©pici MEH a’palisHBIH dCEpiH
HaiijagaHy HepCreKTUBANbI OOJIBIT TaObLIA IbL.

Kinm ce30ep: 3epTxaHallblK ©HY, OHJICY dJICTepi, ery aAbiHaarsl oHey, Catalpa speciosa, Tyksimzaap.

A K. AATBIMOB

IIpumeHeHne HEKOTOPHIX PU3HYECKHUX METOA0B 00PA0OTKH CeMSH
1719 mMoBBIIEHUsI BexoxkecTn poaa Catalpa Scop.

Jns yBennueHus oO0BEMOB NMPOU3BOJCTBA I10CAJOYHOIO MarepHala JEKOPATHBHBIX PACTCHUH B YCIOBHAX
LentpanbHoro Ka3axcraHa akTyaJbHBIM CTaHOBUTCSI BEIOOP METOJOB NPEAIOCEBHON 00pabOTKH CEMEHHOTO
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Matepuana. Mcrnonp3oBanue 6e30nacHbIX U 3)(GEKTUBHBIX aKTUBATOPOB MIPOPACTAHUS YCKOpseT OHoslornye-
CKMe TIpolecchl pocTa pacTeHuid. L{enbio uccienoBaHmil ObIIO U3yYeHHE BIMSHUA (U3MYECKUX METOJOB Ha
npopactanue cemsH Catalpa speciosa kak OTHOCHTENbHO Ge30MacHbBIX CIIOCOGOB aKTHBALMK CEMEHHOTO Ma-
Tepuana. O6paboTKa CeMsH IPOBOIMIACH TPEMsl CIIOCOOaMU: BO3JICHCTBUE JIa3ePHOTO OOIydeHNs, MarHUT-
HBIX HONEH B TeueHue 24, 72 4 u kpyriocyrouHas adpauus. OTMedeHa pa3auyHas peakiys IPOPOCTKOB Ha
¢usmyeckre GakTopsl Bo3eHCTBUS. JIeiCTBHE MArHUTHOTO IIOJIS TI03BOJIMJIO YBEINYUTH BCXOXKECTh B CPeJi-
HeM Ha 10 % 1o cpaBHEHHUIO C KOHTPOJIBHOH Tpynmoil. Biusaue nmasepHoro obirydeHus B TedeHue 1—4 MuH
Ha pocT mpopocTkoB Catalpa speciosa 6su10 MeHee 3HAYMTENBHBIM. AJpaLHsl MOJOKHUTEIBHO BN Ha
SHEPrHI0 MPopacTaHus ceMsH. TakuMm oOpa3oM, IJIsl MOBBIIIEHHS BCXOXKECTU MPOPOCTKOB IPH PAaHHUX IOCe-
Bax cemstH Catalpa speciosa mepcreKTHBHO HCIIOIB30BaTh BO3ACHCTBHE MATHUTHOTO TIOJS U adPaLiyH.

Kntoueevie cnosa: mabopatopHasi BCXO0XKECTh, METOIbI 00pabOTKH, MpearnoceBHas oOpaborka, Catalpa
speciosa, cemeHa.
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