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Abstract

Background. The study aimed to investigate the species-specific effects of deuteri-
um-depleted water (Larsen D100, <100 ppm D) on seed germination and early seedling
growth parameters of key agricultural crops (barley, wheat, rapeseed, and lentil) under
controlled in vitro conditions. Seeds were germinated in Petri dishes on a fabric materi-
al moistened with either distilled water (control) or Larsen D100. The experiment was
set up in a completely randomized design (CRD) with several biological replications.
After 10 days, the following key parameters were assessed: germination rate, seedling
length, and fresh biomass. Data were statistically processed using Student’s t-test or
the Mann-Whitney U-test (p<0.05). Treatment with deuterium-depleted water had a
pronounced and species-specific influence. A significant stimulatory effect was record-
ed in barley: germination increased by 20%, seedling length by 72%, and biomass by
17% compared to the control. Lentil showed a sharp increase in length (222%) and bio-
mass (64%) of seedlings, although germination rate remained unchanged. In contrast,
rapeseed exhibited inhibition of biomass accumulation (a 38% reduction), while wheat
parameters did not change. Deuterium-depleted water acts as a powerful metabolic mod-
ulator, but its effects are strictly species-specific-ranging from significant stimulation
to inhibition. The obtained data highlight the potential for its use in pre-sowing seed
treatment for crops such as barley and lentil but strongly caution against universal ap-
plication without mandatory prior species and cultivar testing. The observed effects are
associated with isotope-mediated changes in the kinetics of key enzymatic and osmotic
processes in the early stages of plant development.

Purpose. Of the study was to evaluate the effect of deuterium-depleted water
(Larsen D100) on germination efficiency (germination rate) and initial growth vig-
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or (length and fresh weight) of seedlings in four economically important species
of agricultural crops representing cereals (barley, wheat), oilseeds (rapeseed), and
legumes (lentil).

Materials and methods. Seeds of spring barley (Hordeum vulgare L.), soft
wheat (Triticum aestivum L.), rapeseed (Brassica napus L.), and lentil (Lens culi-
naris Medik) were sterilized and germinated in Petri dishes on filter paper moistened
with distilled water (control, pH=5.8, EC<5 uS/cm) or deuterium-depleted water
(Larsen D100, <100 ppm D). The experiment was set up according to a completely
randomized design (CRD) with several biological replications (Petri dishes). Ger-
mination was carried out for 10 days at a temperature of 23+1°C. Germination rate,
seedling length, and fresh weight were recorded. Statistical analysis was performed
using Statistica 10.0 software employing parametric (Student’s t-test) or non-para-
metric (Mann-Whitney U-test) methods for independent samples at a significance
level of p<0.05.

Results. The application of Larsen D100 water led to a complex, species-spe-
cific response. For barley, significant stimulation was found for all parameters.
Germination rate increased by 20%, seedling length by 72%, and fresh weight by
17%. For lentil, no effect on germination rate (~97%) was characteristic, but a sharp
increase in length (222%) and fresh weight (64%) of seedlings was observed. Data
analysis for rapeseed showed no significant effect on germination and length, but
a substantial reduction (38%) in seedling fresh weight. No statistically significant
effect on any of the measured parameters of wheat was found.

Conclusion. Deuterium-depleted water Larsen D100 is not a universal biostim-
ulant but represents a powerful species-specific modulator of germination and early
growth processes. It significantly enhances the initial growth vigor in barley and
lentil but inhibits biomass accumulation in rapeseed, while wheat demonstrates a
neutral response. This specificity underscores the critical importance of mandatory
preliminary testing on each target crop and cultivar before considering any agro-
nomic application. The detected effects are likely rooted in isotope-induced mod-
ifications of the kinetics of metabolic reactions, energy metabolism, and osmotic
processes.
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Hayunas cratbst

BJIMAHUE BOAbI C TIOHNXEHHBIM
COJIEP)KAHUEM JIEUTPUS LARSEN D100
HA INIOKA3ATEJIA ITPOPACTAHUSA CEMSAH
3JJAKOBBIX, MACJINYHBIX U BOBOBbBIX KVJIBTYP

M. A. Koswvipes, A.I. Ilonakos, M.1O. Odadawan, A.B. Onvuwesckasn,
A.A. Epowenxo, /[.H. Casenkos, H.A. Kynuxosa

Annomayus

OoocHoBaHue. VccrnenoBanne HapaBieHO Ha 3yUCHNE BUAOCTICII(HYHBIX 3¢)-
(eKToB BOIBI C IOHIKEHHBIM coziepkanueM Aelirepus (Larsen D100, <100 ppm D)
Ha [TOKa3aTesIM IPOPACTAHMS CEMSH M PAHHETO POCTa HPOPOCTKOB KITFOUYCBBIX CEIlb-
CKOXO3SIICTBEHHBIX KYJBTYD (SIUMEHS, MIIEHHIIB, parica i 4e4eBUIIbl) B KOHTPOJIU-
pyeMbIX ycHoBHsX in vitro. CeMeHa mpopanuBaiy B 4amkax [leTpy Ha TKaHHOM
marepuase, yBIaXHSHHOU JIM0O0 MCTUILIMPOBAHHOM BOJIOH (KOHTPOIIB), TMO0 BOAOM
Larsen D100. OmibIT ObLT 3aJI0)KEH B ITOJHOM paHIoMH3upoBaHHOM fu3aiine (CRD)
C HECKOJIBKFMH OMOJIOTHYeCKHME TTOBTOpHOCTIMU. Yepes 10 mHel oeHnBam cie-
JyFOIIHE KITIOYEBBIC TapaMeTPhl: BCXOKECTb, JUTMHY IIPOPOCTKA M CHIPYIO OHOMaccy.
JlaHHbBIE OBUTH CTaTUCTUYECKH 00paboTaHbI C UCTONb30BaHUEeM t-Kputepust CTbro-
nenta win U-kpureprst ManHa- Yutau (p<0,05). O0pabotka ieiirepuii-nepuinuTHon
BOJIOT OKa3bIBaJIa BEIPAXKCHHOE M BUJOCTICIIU(HIHOE BIHHUE. JIOCTOBEPHEII CTH-
MyAaupyIomuii 3G dexT ObLT 3aperuCTPUPOBAH Y SIMEHS: BCXOXKECTh YBEIMUMIACch Ha
20%, JuTHHA IPOPOCTKOB - Ha 72%, a 6romacca - Ha 17% 10 cpaBHEHHIO C KOHTPOJIEM.
YV deueBHIIbI HAOMIONATIOCH pe3Koe yBeIrUYeHue JUIMHbI (Ha 222%) u 6uomaccsl (Ha
64%) IPOPOCTKOB, XOTsI BCXOXKECTh OCTallach HeM3MeHHON. HarpoTus, y parica 66110
BBISIBIICHO MHTHOMPOBaHNe HAKOIIEHHs] OMOMAacchl (CHIKeHue Ha 38%), B TO BpeMst
Kak IapaMeTphbl MIISHULB He U3MEHUITHCH. Bozia ¢ TOHM)KEHHBIM CoJIepyKaHueM Aeii-
TEepHUsl BLICTYNAET B POJIM MOLIHOIO METa0O0JIMUECKOTO MOAYIATOPa, HO €€ A(heKThI
CTPOTO BUIOCTEM(HYHBI - OT 3HAYUTEILHON CTUMY/ISALMN 0 HHrHnOnpoBanust. [1o-
JIy9eHHbIE IaHHbIE TIOYEePKUBAIOT IIOTEHINAIEHYIO BOSMOXKHOCTB €€ FCTIOIb30BaHMS
JUISL IPEATIOCEBHON 00pabOTKHM CEeMSIH TaKUX KYJIBTYP, KaK sS’YMEHb M YCYEBHIIA, HO
HACTOSITENIBHO IPEAOCTEPEratoT OT YHUBEPCAIBLHOTO IPHIMEHEHUS 0e3 00513aTeNbHOT0
[IPeIBAPUTEILHOTO BUIOBOTO M COPTOBOTO TecTupoBanus. Habmronaembie adhexTst
CBSI3aHBI C H30TOII-ONOCPEIOBAaHHEIMH H3MEHEHHSIMI KHHETHKH KIIFOYEBBIX (DepMeH-
TATUBHBIX U OCMOTHYCCKHUX MPOLECCOB HA PAHHUX CTAAUAX PA3BUTHUA PACTCHUA.
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Lean. Llens nccnenoBanus 3aKIi04atach B OLEHKE BIUSHHS BOJBI C TIOHMKEH-
HbIM conepxanueM aeditepust (Larsen D100) Ha 3¢ (eKTUBHOCTb MpOpacTaHUs
(BCXOKECTb) M PHEPTUIO HAYAJILHOTO pocTa (IJIMHY M CBIPYIO Maccy) IpOpoCT-
KOB Y YETHIPeX YKOHOMHYECKH BaYKHBIX BHJIOB CEIbCKOXO3SHCTBEHHBIX KYIBTYDP,
MIPECTaBIIAIONINX 3JIaKH (TYMEHb, MIIEHNUIIA), MacIu4HbIe (paric) u 6000BbIe (de-
YEeBUIIA).

MarepuaJibl 1 MeToAbl. CeMeHa sipoBoro stumenst (Hordeum vulgare L.), msr-
kol renuusl (7riticum aestivum L.), panica (Brassica napus L.) n ueueBunpl (Lens
culinaris Medik) npopaiensl B yamkax ITeTpy Ha TKaHHOM MaTepuaile, yBIaKHEH-
HOW ITUCTUITUPOBAHHOW BOoW (KOHTpOJb, pH=5,8, DII<5 MxCwm/cMm) uiu Bomoi
C MOHKEHHBIM coziepxkanueM neirepus (Larsen D100, <100 ppm D). Onbit 0611
3an0xkeH 1o npuHnuny CRD ¢ HECKOIbKMMHU OMOJOIHYECKUMH IOBTOPHOCTAMU
(vamku [Terpm). [IpopamuBanue npoBoawin B TeueHue 10 pHel npu temmnepa-
Type 234+1°C. YuuTsiBamm BCXOXKECTh, AIUHY MPOPOCTKA U ChIpyIo Maccy. Cra-
TUCTHUYECKUI aHAIN3 IPOBOAMIU B IIporpaMmme Statistica 10.0 ¢ ucnonb3oBaHreM
napaMeTpuueckoro (t-kpurepuii CteionenTta) uian HenapaMmerpuueckoro (U-kpu-
Tepuii MaHHa-YUTHH) METOMOB ISl HE3aBUCUMBIX BBIOOPOK MPH YPOBHE 3HAUH-
moctu p<0,05.

Pesyabrarsl. [Ipumenenue Boast Larsen D100 npuBesno k cloxHOMY, BUIO-
criequduaHOMY OTBeETY. J{iIs SIMEHsI BBISIBIICHA TOCTOBEPHASI CTUMYIISILIHS 110 BCEM
napameTpaM. BexoxecTs yBenuuunack Ha 20%, A11MHA IPOPOCTKOB - Ha 72%, Chbl-
pas Macca - Ha 17%. J[jis ueueBUIIbI XapaKTepHO OTCYTCTBUE I (eKTa Ha BCXOKECTD
(~97%), HO pe3koe yBeaudeHue AIHHBI (Ha 222%) u cbIpoit Maccel (Ha 64%) mpo-
POCTKOB. AHAJIN3 TAHHBIX IO PAICy MOKa3aj OTCYTCTBHE JOCTOBEPHOTO ddek-
Ta Ha BCXOXKECTh U JUIMHY, HO CYIIECTBEHHOE CHIKeHue (Ha 38%) chIpoii Macchl
IpopocTKOB. CTaTUCTUYECKHU 3HAYMMOTO BIUSIHUS Ha KaKHe-TH00 U3 U3MEPSIEeMbIX
rapamMeTpOB MIIECHUIIBI HE BBISBICHO.

3akuniouenne. Bosa ¢ moHmwkeHHbIM coziepkanueM neiirepus Larsen D100 He
SBJISIETCS] YHUBEPCAIBHBIM OHOCTHMYIATOPOM, @ MPEACTABIsAET COO0H MOIIHBIH
BUAOCTIENH(DUIHBIA MOAYIATOP MPOLECCOB MPOpacTaHusl U paHHero pocra. OHa
JOCTOBEPHO YCUJIUBAET CTAPTOBYIO SHEPTHIO POCTA Y SUMEHS U YEUEBULIbI, HO UHIH-
OupyeT HakoIUIEHHE OMOMAacChl y parca, B TO BpeMsl Kak MIIEeHHUIA AEMOHCTPUPYET
HEHTpanbHBII OTBET. DTa CHEHU(PUIHOCTD OTIEPKABAET KPUTHUECKYIO BAXKHOCTh
00513aTeIbHOr0 IPEBAPUTEIHLHOIO TECTUPOBAHUS HA KXKIO0H 11€1eBOM KyIbType U
copTe Mepe]; pacCMOTPEHUEM KaKOW-JIMOO arpoHOMUYecKoi amriukainui. OOHa-
pyXeHHBIE () HEKTHI, BEPOSITHO, KOPEHSTCS B H30TOI-HHIYyIUPOBAHHBIX MOAN(DH-
KalMAX KMHETUKU METa0O0JIMYeCKUX peaKluil, SHEPreTUUeCcKoro Merabonusma u
OCMOTHYECKUX IPOLIECCOB.
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KiioueBble ci10Ba: BoJa oOeHEHHAs JedTepueM; IPOpacTaHue CEMSH; POCT
pacteHuit; n30tTonHbii 3hdext
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mesckast, A. B., Epomenko, A. A., Caenkos, /1. H., & Kynuxosa, H. A. (2025). Bnu-
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of Life Sciences and Agriculture, 17(6-2), 95-111. https://doi.org/10.12731/2658-
6649-2025-17-6-2-1538

Introduction

Sustainable agricultural development in the face of climate change and grow-
ing population pressure requires innovative approaches to increasing the produc-
tivity of staple crops [1]. Research on crop growth and adaptation has become a
fundamental factor in ensuring global food security. Since the Green Revolution,
while the world’s population has doubled, the area under grain crops has remained
virtually unchanged, while crop yields have tripled. These indicators demonstrate
the effectiveness of breeding programs, agronomic practices, and the introduction
of innovative technologies [2]. In modern conditions, there is a need to ensure
food security for a population close to 10 billion people [3] in the face of climate
change, soil degradation, and limited water resources. These challenges require
further intensification of scientific research and improvement of agricultural tech-
nologies. Seed germination is a critical stage in plant ontogenesis, determining
further development and crop formation [4]. Germination energy, germination
rate and initial growth vigor directly affect plant density, their competitiveness
against weeds and resistance to abiotic stress [5; 6].

Water plays a fundamental role in the germination process, acting not only as
a universal solvent and medium for biochemical reactions but also as an active
participant in metabolic processes [7]. In recent decades, the biological effects
of deuterium-depleted water (DDW) have been actively studied in medicine
and microbiology. Existing evidence suggests that deuterium is a natural regu-
lator of cell growth, capable of controlling the balance between mitochondrial
oxidation and reduction [8]. Natural deuterium concentrations and a stable D/H
ratio are vital conditions for maintaining normal cell growth rates and signaling,
as well as for regulating the physiological functions of living systems [9]. In
1993, Somlyai et al. [9] noted the potential effect of DDW in suppressing tu-
mor growth in xenograft-bearing mice. Since then, numerous publications have
examined the antitumor effects of DDW both in vitro and in vivo, as well as its
potential to prolong the survival of cancer patients and alleviate symptoms [10].
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However, in contrast to medical and microbiological studies, the effects of
deuterium-deficient water on higher plants, and particularly on the critical stage
of seed germination, have been extremely poorly studied. An analysis of the
existing literature reveals fragmentary and inconsistent data on the effects of
DDW on plants [13]. Existing studies often focus on a single species or a limit-
ed set of parameters, preventing generalizable conclusions. A key shortcoming
is the lack of comprehensive comparative studies within a single experimental
protocol that would encompass representatives of different botanical families
and economic groups.

Therefore, the aim of this study was to comprehensively assess the impact
of deuterium-reduced water (Larsen D100, <100 ppm D) on germination and
early growth parameters of four economically important agricultural crops: bar-
ley and wheat (cereals), rapeseed (oilseed rape), and lentils (legumes). Reduc-
ing the deuterium concentration in germination water will significantly impact
physiological processes at a critical early stage of plant ontogenesis, and this
effect will be highly species-specific, conditioned by the metabolic character-
istics of each of the studied crops.

Purpose. The aim of the study was to evaluate the effect of deuterium-re-
duced water (Larsen D100) on germination efficiency and initial growth vig-
or (length and fresh weight) of seedlings in four economically important crop
species representing cereals (barley, wheat), oilseeds (rapeseed) and legumes
(lentils).

Materials and Methods

Seeds of spring barley (Hordeum vulgare L.), common wheat (Triticum aes-
tivum L.), rapeseed (Brassica napus L.), and lentil (Lens culinaris Medik) were
visually inspected before the experiment to ensure uniformity and absence of
damage. The experiment was designed using the CRD principle. For the control
variant, 4 Petri dishes were prepared (one for each of the indicated crops), each
containing 25 seeds. For the experimental variant, 12 Petri dishes (biological
replicates) were prepared, each containing 25 seeds. Distilled water was used
as the control variant; pH = 5.8, electrical conductivity (EC) = <5 uS/cm. The
experimental variant consisted of Larsen D100 deuterium-reduced drinking
water (produced in Russia; the manufacturer’s declared deuterium content is
<100 ppm). Sterile Petri dishes (90 mm in diameter) were lined with three ster-
ile cotton pads and moistened with 10 ml of the appropriate aqueous solution.
The seeds were laid out with sterile tweezers, avoiding their contact with each
other. The closed dishes were placed in a climatic chamber at a constant tem-
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perature of 23 + 1 °C. During the 10-day germination period, the discs were
additionally moistened daily with 2 ml aliquots of the respective solutions to
maintain humidity. On the 10th day, the following parameters were recorded:
seed germination, seedling length (measured from the root collar to the tip of
the coleoptile or hypocotyl using a digital caliper), and fresh weight.

Statistical analysis was performed using Statistica 10.0 software (StatSoft,
USA). Separate analyses were performed for each plant species. The normali-
ty of distribution of quantitative parameters (seedling length and weight) was
tested using the Shapiro-Wilk test. Comparisons of quantitative parameters be-
tween the control and experimental groups were performed using the Student’s
t-test for independent samples (under the conditions of normal distribution and
homogeneity of variances) or the Mann-Whitney U-test. Data are presented as
the arithmetic mean and standard deviation (M £ SD). Differences were con-
sidered statistically significant at p < 0.05.

Results
In the course of the experiment, the effect of an aqueous solution with a
reduced deuterium content (Larsen D100) on key parameters of seed germi-
nation of four agricultural crops was assessed (Figs. 1-4; Table 1). The results
demonstrate a species-specific response to the applied treatment.
Table 1.

The effect of water with reduced deuterium content (Larsen D100)
on seed germination parameters

Germina- Seedling Seedling
Culture Groun | tion rate. % length, cm | fresh weight, | p-value | p-value
p (avera ’e)ﬂ (mean + g (mean+ |(length)| (mass)
& SD) SD)
Hordewn |-Control 64 3.6+2.0 [0.133+0.033| <0.001 | 0.004
vulgare L. (DTf(S)tO) 84 62424 |0.156+0.030
Lens | Control 96 0.9+0.5 [0.058+0.015| <0.001 | <0.001
o
RV (DngtO) 97 29415 [0.095+0.020
Brassica |_Control 92 1306 [0.016+0.009| 025 | 0.004
napus L. (DTTSB) 84 14407 [0.0100.001
Triticum | Control 56 50+1.7 [0.107+0.018| 0.51 0.20
y
e (DngtO) 69 55433 |0.098 +0.035
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Treatment with Larsen D100 water did not have a statistically significant
effect on the germination of Lens culinaris Medik seeds, which remained at an
exceptionally high level in both groups: 96% in the control and 97% in the ex-
perimental group (p = 0.74). However, a reliable stimulating effect on growth
characteristics was observed. The average length of seedlings in the experi-
mental group was more than three times higher than in the control group (2.9
cm versus 0.89 cm; p < 0.001). Similar positive dynamics were observed for
seedling biomass: their fresh weight in the experimental group was significantly
higher (0.095 g versus 0.058 g in the control; p <0.001).

In Brassica napus L. seeds, the treatment showed an inhibitory effect on
biomass accumulation. Despite a statistically insignificant difference in germi-
nation (92% in the control and 84% in the experiment; p = 0.32) and seedling
length (1.27 cm and 1.44 cm, respectively; p = 0.25-0.31), the fresh weight of
seedlings in the experimental group was significantly lower than in the control
(0.010 g versus 0.016 g; p <0.01).

In Triticum aestivum L. seedlings, no statistically significant effect of exper-
imental water was found on any of the studied parameters. Germination rates
(56% in the control and 69% in the test; p = 0.22), average length (5.0 cm and
5.5 cm), and fresh weight (0.107 g and 0.098 g) of seedlings did not differ sig-
nificantly between groups (p> 0.19 for all comparisons).

The greatest stimulating effect of treatment with Larsen D100 water was
recorded in Hordeum vulgare L. The treatment significantly increased seed
germination by 20% compared to the control (84% versus 64%; p = 0.003).
A significant increase in seedling length (6.2 cm in the experiment versus 3.6
cm in the control; p < 0.01) and their fresh weight (0.156 g versus 0.133 g; p <
0.01) was also observed.

Thus, water with a reduced deuterium content had a pronounced multidi-
rectional effect on the germination and initial growth of the studied crops: from
significant stimulation in Hordeum vulgare L. and Lens culinaris Medik to in-
hibition of biomass accumulation in Brassica napus L. The studied factor did
not have a significant effect on Triticum aestivum L.

Conclusion

The study demonstrates complex and distinctly species-specific effects of
deuterium-reduced water (Larsen D100) on the physiological processes of seed
germination and initial seedling growth. The data obtained do not support a uni-
versal stimulating effect, but rather indicate the activation of multidirectional
metabolic pathways in different species, requiring in-depth interdisciplinary anal-
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ysis. Statistical analysis of the data confirmed a significant interaction between
the factors “crop type” and “treatment type” (p < 0.001 for seedling length and
weight), highlighting the complexity and non-linearity of the observed effects.

The most significant positive dynamics were observed in Hordeum vul-
gare L. (Fig. 1), which affect both germination energy (germination) and initial
growth vigor (seedling length and weight), suggests that deuterium-deficient
water acts as a metabolic modulator. The primary hypothesis explaining this
effect is the influence of the isotopic composition of water on the kinetics of
biochemical reactions. Reducing the concentration of deuterium, which has
twice the mass of protium, increases the rate and efficiency of enzymatic pro-
cesses, particularly those associated with the hydrolysis of endosperm storage
substances in cereals.

— S
Fig. 1. Appearance of Hordeum vulgare L. seedlings 10 days after germination
in distilled water (A) and in Larsen D100 water (B, C, D)

In Lens culinaris Medik, stimulation was observed exclusively in morpho-
metric parameters, not in germination. This may indicate that the biochemical
pathways responsible for overcoming seed dormancy and initiating cell divi-
sion (which determine germination) are less sensitive to isotopic composition
than the processes of subsequent cell elongation and differentiation (which
determine growth). The effect is related to the influence on aquaporin function
and the osmotic gradient, facilitating cell hydration and subsequent elongation.
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Fig. 2. Appearance of Lens culinaris Medik sprouts 10 days after germination
in distilled water (A) and in Larsen D100 water (B, C, D)

Fig. 3. Appearance of Brassica napus L. sprouts 10 days after germination
in distilled water (A) and in Larsen D100 water (B, C, D)

The inhibitory effect on biomass accumulation in Brassica napus L. is of
particular interest. For this crop, the reduction in deuterium levels disrupted the



Siberian Journal of Life Sciences and Agriculture, Tom 17, Ne6-2, 2025 105

delicate balance of isotope effects in key metabolic cycles, such as lipid bio-
synthesis, which is crucial for oilseed crops. An alternative explanation is the
induction of mild oxidative stress, forcing the plant to expend energy resourc-
es to compensate, ultimately reducing growth productivity in the early stages.

The neutral response of Triticum aestivum L. highlights the role of the ge-
netic background and selection history of the species, which led to the fixation
of alleles that ensure high metabolic stability regardless of slight variations in
the isotopic composition of the water.

o

Fig. 4. Appearance of Triticum aestivum L. seedlings 10 days after germination
in distilled water (A) and in Larsen D100 water (B, C, D)

Sensitivity to deuterium correlates with the species’ initial metabolic activ-
ity, genome size, cell division rate, and seed biochemical composition (protein,
carbohydrate, and lipid ratios). Cereals (Hordeum vulgare L., Triticum aestivum
L.) and legumes (Lens culinaris Medik) exhibit different responses, which may
be due to differences in the mechanisms for mobilizing reserve nutrients. Evolu-
tionary adaptation of species to specific ecological niches with different isotopic
compositions of natural waters could also contribute to the observed specificity.

The results of the multivariate analysis confirmed that the effect of Larsen
D100 water treatment significantly depends on the crop species (p < 0.001 for
all main parameters). This underscores the need for a species-specific approach
when assessing such effects. However, it should be noted that statistical analy-
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sis based on individual seeds (rather than average values across replicates) can
lead to potentially false-positive results due to intra-group correlation. Future
studies plan to increase the number of biological replicates (Petri dishes) for
each condition and conduct analyses based on average values, which will en-
hance the reliability of the conclusions.

The obtained results open up prospects for developing new pre-sowing seed
treatment techniques for crops such as Hordeum vulgare L. and Lens culinaris
Medik, aimed at improving field germination and initial development. Howev-
er, the pronounced negative effect on Brassica napus L. is a serious warning
against the general use of this technology without preliminary species-specific
and varietal testing.

The main limitation of this study is the lack of direct instrumental measurements
of the final deuterium concentration in the working solutions, which prevents a de-
finitive attribution of the observed effects to this factor. Furthermore, the experiment
was conducted under controlled in vitro laboratory conditions, which can mitigate
the complex soil-microbial interactions occurring in natural agrocenoses.

To gain a deeper understanding of the mechanisms underlying the observed
effects, it is necessary to monitor deuterium content (using isotope mass spec-
trometry) not only in water but also in seedling biomass to assess its biochem-
ical composition. Gene expression associated with the metabolism of reserve
nutrients, stress response, and cell division must be assessed. Validation of the
obtained results in the field will assess not only initial growth but also final
plant productivity. Screening of different varieties within each species will be
necessary to identify the most responsive genotypes.

Thus, deuterium-reduced water represents a powerful tool for controlling the
germination process, but its use requires a highly differentiated approach and a
deep understanding of the underlying physiological mechanisms.
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