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Assessment of water-retaining capacity of wheat seedlings
after exposure to laser radiation

The article presented the results of assessing the effect of hydration and water-holding capacity of soft wheat
seedlings after preliminary treatment of seeds with a laser with a wavelength of 632,8 nm. The processing timer
anged from 15 seconds to 15 minutes. The watering of raw seedlings during drying and air-dry weight was
higher than the control values. Thus, the water content of 3-week-old wheat seedlings in all experimental vari-
ants exceeded the control by 12.5-45.2 %. The weight of the experimental seedlings after 2 hours of drying
exceeded the control value by 23.5-159.4 %, after 4 hours — by 5.6-74.5 %. The dry weight of the seedlings
turned out to be 6.7-44.4 % higher than the control in the experimental variants. The water-holding capacity of
wheat seedlings according to the experimental variants turned out to be approximately at the control level or
higher than the control values. These parameters indicated a positive effect of laser processing of a certain
duration on the increase in drought resistance. The best indicators of seedling water content and water-holding
capacity were noted for pre-sowing treatments with laserir radiation — 1 minute, 2 minutes, 2 minutes 30 sec-
onds, 4 minutes, 10 minutes.
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Introduction

Water is an internal environment where all the processes of vital activity take place actively; it is a
transport link between various structures of a living organism.

The territory of Kazakhstan differs in the amount of precipitation, and most of it is in the arid climate
zone [1]. The climate of Central Kazakhstan (Karaganda region) is characterized by sharp continental, arid in
the summer months and a small amount of precipitation from 180 to 310 mm [2]. The greatest harm is caused
by drought in the spring and summer, during which there is an active growth of crops and the formation of
generative organs [3].

In natural conditions, a favorable combination of soil-climatic and agrometeorological factors is ex-
tremely rarely achieved throughout the growing season. Often crop failures in the Central and the Northern
Kazakhstan are caused by frequent droughts in the first half of summer [4], which determines the need to find
ways to increase drought tolerance of agricultural plants.

The resistance of plants to drought is determined by a number of factors, the most important of which is
the water regime of plants [5-7], that is, the ability of the plant’s aboveground organs to retain water. As noted
by a number of authors [8-12], the rate of water return is often used as an indicator of drought tolerance of
plants; therefore, plants with high water retention capacity are highly resistant to adverse environmental con-
ditions. Therefore, when establishing the resistance of plants to drought, this indicator is used as a diagnostic
sign.

The aim of research is to study the dynamics of changes in water content and water holding capacity of
wheat seedlings irradiated with different doses of coherent laser radiation.

Methodology

The object of the study was soft wheat seeds (Triticale aestivum L.) of “Karaganda-29” variety, obtained
in 2018 from the Karaganda Research Institute of Plant Growing and Breeding of the Ministry of Agriculture
of the Republic of Kazakhstan. Seed samples were irradiated with a helium-neon laser; a wavelength of 650
nm was used, the irradiation time varied from 15 seconds to 15 minutes. The control was seeds that were not
exposed to laser irradiation.

All irradiated seed samples were planted in boxes with standard soil for growing seedlings. Each version
of the experiment was in 6 replicates, in each repetition — 50 pieces of seeds. After 3 weeks of cultivation in
closed ground, plant seedlings were dug up, washed from the ground and weighed on wet weight.
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The water content of plants was estimated by the ratio of the wet and dry weight of the seedlings. Water
retention capacity was determined after 2 and 4 hours of wilting (in % of fresh weight) according to the method
of M.D. Kushnirenko [13] and Yu.V. Makarova [14].

In the final phase, the plants were placed in filter bags and dried in weights to constant weight at 100 °C.
Mass fraction of moisture (%) was calculated by the formula:

100 % — 4,
where, A is the mass of absolutely dry matter, %.
A=(m-m1)x100 % / my,
where, m is the mass of the seedling drying, g; ms is the mass of the seedling after drying, g; m; is the mass if
fresh seedling weight, g.
The water-holding ability of seedlings (%) was estimated by the formula:
B:—CED*loo%,
where E is the absolute water content; C is the raw mass of seedlings before drying; D is the dry mass of
seedlings.
Statistical processing of the results was carried out according to the method of N.L. Udolskaya [15].

Results and discussion

The results of the experiments showed that the content of free water and the water-holding ability of
wheat seedlings differed in the experiment variants (Table 1).

Table 1

Indicators of the water-holding ability of wheat seedlings after laser irradiation of various durations

Experience options Wetweight, g Weightdaft_er 2 hours of| Weight aﬂgr 4 hours Air-dry yveight

rying, g of drying, g of seedlings, ¢
Control 0.239+0.001 0.170+0.001 0.110+0.001 0.045+0.001
15 seconds 0.290+0.002 0.190+0.002 0.135+0.002 0.060+0.002
30 seconds 0.299+0.002 0.207+0.003 0.132+0.002 0.055+0.002
1 minute 0.322+0.003 0.252+0.002 0.168+0.002 0.067+0.002
1 min 30 sec 0.243+0.002 0.157+0.001 0.118+0.002 0.048+0.002
2 minutes 0.333+0.001 0.270+0.001 0.192+0.002 0.064+0.001
2 min 30 sec 0.306+0.002 0.225+0.002 0.165+0.002 0.058+0.002
3 minutes 0.340+0.003 0.251+0.002 0.182+0.002 0.064+0.002
3 min 30 sec 0.269+0.002 0.174+0.001 0.116+0.002 0.050+0.001
4 minutes 0.272+0.001 0.206+0.002 0.152+0.001 0.056+0.002
4 min 30 sec 0.369+0.003 0.271+0.001 0.186+0.002 0.067+0.002
5 minutes 0.309+0.003 0.219+0.001 0.151+0.002 0.059+0.002
10 minutes 0.33940.001 0.241+0.001 0.176+0.002 0.065+0.001
15 minutes 0.347+0.002 0.237+0.001 0.165+0.001 0.060+0.002

An analysis of the results shows that the wet weight of 3-week-old wheat seedlings was higher in all
variants of experiments with laser irradiation, exceeding the control values by at least 12.5 % (3 minutes 30
seconds) and a maximum of 45.2 % (15 minutes) (Fig. 1). Similar results were obtained when drying after 2
(with the exception of the experiment with a processing time of 1 minute 30 seconds) and 4 hours. After
2 hours, the weight of the seedlings exceeded the control values by 0.04-0.1 g, that is, from 23.5 to 159.4 %.
The maximum excess values are noted in the processing options 1 minute, 2 minutes, 4 minutes 30 seconds,
10 minutes.

After drying for 4 hours, all experimental options exceeded the control, showed from 0.06 to 0.082 g, or
5.6 to 74.5 %. At this stage of the experiment, the maximum showed the weight of the seedlings marked for
variants with a processing time of 1 minute, 2 minutes, 3 minutes, 4 minutes, 4 minutes 30 seconds, 5 and 10
minutes.

The dry weight of plants in all cases exceeded the control; the difference was 0.003-0.02 g or 6.7-44.4 %
(Fig. 2). That is, we can observe an increase in plant water content after laser treatment, which is a sign of an
increase in the ability of plants to tolerate drought [16, 17].
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Figure 1. Indicators of fresh weight of seedlings and data of excess over control for experimental options
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Figure 2. Indicators of the weight of seedlings during drying and dry weight according to the options of experience
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We have determined the water holding capacity of seedlings. Significant differences were expressed in
terms of hydration (water content) of seedlings before drying in the range of 43 and 58 %. A more significant
decrease in humidity was observed during irradiation in the indicated interval: 3 min 30 seconds. In this irra-
diation interval, the water holding capacity decreased by 3 % (from 33 % to 30 %) compared with the control.
The second peak of the water holding capacity of the seeds was observed in the intervals of 2, 3, 4 minutes. At
these doses of laser radiation, the values increased by 10-18 % (from 30 to 40-48 %) (Table 2).

Compared with the control, the water-holding ability increased by 10-15 % in samples that were under
the influence of laser radiation for 2, 3, and 4 minutes. The indicated irradiation time intervals are the most
optimal for water retention in wheat seedlings.

However, laser radiation of seeds not all variants of the experiment led to an increase in water retention
capacity. So, samples those were irradiated for 15, 30 and 210 seconds showed values below the control. For
example, wheat seedlings in the control variant had indicators of water holding capacity of 33 %, and in some
variants this value slightly decreased by 2-3 % (Fig. 3).
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Table 2

Water content and water holding capacity of wheat seedlings at different laser irradiation times

. . Water content, % Waterholding
Experience Options In 2 hours | In 4hours | Dry seedlings capacity, %

Control 71 46 18 33
15 seconds 66 47 21 32
30 seconds 69 44 18 31
1 minute 78 52 21 40
1 min 30 sec 65 49 20 36
2 minutes 81 58 19 48
2 min 30 sec 74 54 19 43
3 minutes 74 54 19 43
3 min 30 sec 65 43 19 30
4 minutes 76 56 21 44
4 min 30 sec 73 50 18 39
5 minutes 71 49 19 37
10 minutes 71 52 19 41
15 minutes 68 48 17 37
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Figure 3. Indicators of the water-holding ability of wheat seedlings
according to the experimental variants after laser irradiation

In general, the results show that most variants of pre-sowing treatment of seeds with a coherent laser lead
to an increase in the water content of seedlings and an increase in water retention capacity.

Conclusion

Processing of seeds of agricultural plants leads to an increase in germination and activates the growth of
seedlings. We carried out pre-sowing treatment of seeds with a laser with a wavelength of 650 nm and the
duration of 15 seconds to 15 minutes. The irrigation of 3-week-old seedlings obtained in closed ground in all
experimental variants using laser treatment turned out to be higher than the control values. The excess over
control was 12.5-45.2 %. The loss of moisture during drying took place approximately the same in all variants
of the experiment. The weight of the seedlings after 2 and 4 hours of drying exceeded the control by 23.5—
159.4 % and 5.6-74.5 %, respectively.

The dry weight of the seedlings turned out to be 6.7-44.4 % higher than the control in the experimental
variants.

The water-holding ability of wheat seedlings according to the experimental variants turned out to be
approximately at the control level or higher than the control values. The best indicators of seedling water
content and water-holding ability were noted for pre-sowing treatments with laser irradiation — 1 minute,
2 minutes, 2 minutes 30 seconds, 4 minutes, 10 minutes.
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Jlazep coyJieciH KOJIIaHFAHHAH KeiliH Ouaai 1aKkblJIbl 6CKIHAEPiHiH
CyIbl YCTANl TYPY Ka0ijieTin Oaranay

Maxanazia TOTKBIH Y3BIHIBIFEI 632,8 HM JTa3epMeH alJblH aa eHJIENTeH )KyMcaK Oumail oCKiHIepiHiH Cyabl
ycTan Typy KabineTi MeH CyJIaHABIpYyFa ocep eTyiH Oarajnay KenrtipinreH. OHaey yakpITol 15 cexyHarad 15 mu-
HYTKa JIeWiHT1 apaybIKThl KaMTHABL KenTipy Ke3iHae bUFan eCKiHAEP/IiH CyIaHybl MEH OJIap/IbIH ayaaarbl Kyp-
FaK Maccajapbl OaKpUIay YITICIMEH CalbICTBIPFaH/a )KoFapbIpak 6osiibl. COHbIMEH, OUIaliabIH 3 anTaibIK ec-
KiHJIepiHiH CyJIaHybl OakblIayMeH caybicThipranaa 12,5-45,2 %-ra aprTol. Toxxipuberik MaccanapablH 2 caraT
KeNTipUIreHHeH KeiiHri MoHaepi GakputaymeH canbicThipranaa 23,5-159,4 %-ra, an 4 caraTran Keifin 5,6—
74,5 %-ra xorapsl Oomabl. Toxipubeneri ecKiHIEpIiH KYpFaK Maccalapbl OaKbUIayMeH CalbICThIpFana 6,7—
44,4 %-ra aptThl. bugait eckiHIepAiH CyAbI YcTal Typy KadineTi 0akpllayMeH TEH JKOHE KOFapbl MOHEPTe e
6omapl. Bepinren kepcerkimrep Genrii Oip Y3aKTHIKTa Jla3ep CoyJeCiMEH ajJblH alla OHACY IIOJre TYPaKThI-
JIBIK KOPCETKIMTEPiH apTTHIPHII, OH ocep Oepei. OCcKiHAepAiH CyIaHysl MEH CYIbl YCTAl TYpyFa KaOineTTimi-
TiHIH eH )aKChl KOPCETKILITEepi J1a3ep cayiIeciMeH aTKbUIaHFaH MbIHA HycKanapaa: | MUHYT, 2 MUHYT, 2 MUHYT
30 cexyHn, 4 MunyT, 10 MUHYTTa GalKaIgbl.

Kinm ce30ep: TYKbIM MaTepHallbl, ©CKiHAep, OUnaii, cyaaHy, CyIsl YCTal Typy Kabineti, 1a3ep coylieci, Taxi-
pube HyCKaIapsbl.
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OueHka BoaOyAep:KUBAKOIIEN CITOCOOHOCTH MPOPOCTKOB MIIEHUIIbI
nocJjie NpUMeHeHUs JIa3ePHOro 00 1yYeHus

B cratbe npuBeieHb! OIIEHKH BIVSTHUSL OBOJJHEHHOCTH 1 BOJIOYIEPKHUBAOMIEH CIIOCOOHOCTH IIPOPOCTKOB MIIe-
HUIBI MATKOI IOCNe npeaBapUTeIbHON 00paboTKU CeMSH J1a3epoM ¢ JUIMHOH BOJHEI 632,8 HM. [ITUTenbHOCTD
00paboTku cocTapisia oT 15 cex 10 15 MuH. OBOIHEHHOCTH CHIPBIX MIPOPOCTKOB B IPOLIECCE BBHICYIIMBAHUS U
Ha BO3/YIIHO-CYyXOH Bec OKa3alach BbIIIE KOHTPOJIBHBIX 3HaueHHH. Tak, OBOAHEHHOCTh 3-HEJIEIbHBIX MPO-
POCTKOB ILICHHUIIBI II0 BCEM BapHaHTaM OIIbITA IIPEBbICHIIAa KOHTPOIb Ha 12,5-45,2 %. Bec onmbITHBIX IPOPOCT-
KOB IIOCJIe 2-X 9 BBICYIIMBAHUS NPEBBINAN 3Ha4eHHUsT KOHTpois Ha 23,5-159,4 %, mocie 4-x 4 — Ha 5,6—
74,5 %. Cyxoii Bec IpOPOCTKOB OKa3aJICsS B ONBITHBIX BapHaHTaX BBIIIE KOHTPOJS Ha 6,7-44,4 %. Bonoynep-
JKUBAIOIIasl CIIOCOOHOCTH IPOPOCTKOB IIIEHUIIB! 110 BApHAHTaM OIIBITa OKa3alach MPUMEPHO Ha YpOBHE KOH-
TPOJISL WJIM BEIIIE KOHTPOJIBHBIX 3HAUCHUH. JlaHHBIC TIOKAa3aTeNl CBUACTENBCTBYIOT O ITOJIOXKATEIEHOM BIHSI-
HHH JTa3epHOI 00paboTKM ONpeIeNIeHHOH JUTMTEIFHOCTH Ha MOBBIIICHNE TTI0Ka3aTeNell yCTOMINBOCTH K 3acyXe.
Jlydmmue nmokasaTenu OBOJHEHHOCTU IPOPOCTKOB U BOAOYIEP>KUBAIOIIEH CIIOCOOHOCTH OTMEUEHBI IIPU BapH-
aHTax MPEANOCceBHOI 00pabOTKHU a3epHBIM 00ayueHneM — 1 MuH, 2 MuH, 2 MuH 30 cek, 4 muH, 10 MuH.

Kniouesvie criosa: ceMeHHON MaTepHall, IPOPOCTKH, MIIEHHUIA, OBOJHEHHOCTH, BOJIOYIEPKUBAIOIIas CII0CO0-
HOCTb, JTa3epHOe 00TydeHHe, BAPHAHTHI OITBITA.
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