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THE EFFECT OF PRE-SOWN PRIMING OF BARLEY SEEDS
IN THE SOLUTIONS OF DIFFERENT SALTS IN THE COMBINATION
WITH DIATOMITE ON ALLANTOIN CONTENT
IN ROOTS SEEDLINGS UNDER SALINE CONDITIONS

Abstract. Pre-sown priming of barley seeds in diatomite suspension in the combination with the solutions of
biological important elements strongly increased their germination under saline conditions. For maximal seed
germination and content of the potential antioxidantallantoinin seedling roots under salinity it was necessary the
priming in the presence of diatomite, KNOs and Naz2MoOs. Role of nitrate and molybdate in maximal formation of
allantoin by explained in vivo cooperations of molybdenum-containing enzymes of nitrate reductase (NR) and xanthine
dehydrogenase (XDH) in the conditions of salinization. For finding out of role of diatomit further researches are
required.

Thus, pre-sowing treatment of plant seeds in a combination of diatomite suspension with solutions of biologically
important elements dramatically increases the stability of seed germination in saline conditions. Pre-sowing seed
treatment by priming is an environmentally friendly and cheap technology of pre-sowing seed treatment for saturation
with important elements, which allows to do without fertilization on huge surface. This will provide the plants with
important elements from the germination stage to full maturity.

Key words: diatomite, barley seeds, allantoin, pre-sown priming, nitrate reductase, xanthine dehydrogenase, salt
tolerance.

The relevance of the topic. Today the application of new and unconventional methods to increase the
resistance of cultivated plants to adverse environmental conditions in agriculture is told more and more.
And first of all we are talking about diatomites-sedimentary rock consisting of shells of diatoms [1].
Diatomite is considered as a source of soluble silica, which plays an important role in the formation of soil
fertility, increasing the productivity of plants and their resistance to diseases [2,3]. However, the mechanism
of diatomites in plant resistance to adverse environmental conditions has not been sufficiently studied yet.

Plant resistance to salinization is determined by a variety of biochemical pathways that promote water
retention and / or assimilation, protect chloroplast functions, and maintain ionic homeostasis. The main
pathways include those that lead to the osmotic synthesis active metabolites, specific proteins and certain
free radical purification enzymes that control the ion flow and water and control the level of oxygen radicals.
The ability of plants to detoxify radicals under salinization is probably the most important condition for their
resistance to this stress. Many salt-tolerant species accumulate metabolites that play an important dual role
as protectors against radicals [4]. One of these metabolites are uric acid (urate) and allantoin. These
substances are formed as metabolic intermediates of purine catabolism. Our early studies have shown the
involvement of purine catabolism in plant protection from stress [5]. When oxygen radicals are neutralized,
urate is converted to allantoin, allantoin to allantoic acid.

It is well known that the key enzyme of purine catabolism is xanthine dehydrogenase (XDH), which
converts xanthine or hypoxanthine (products of adenine and guanine oxidation) into a potential antioxidant
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—uric acid. Last enzyme uricase or under strong oxidative stress (i.e., in the presence of a high concentration
of ROS in the cell) oxidizing turns into allantoin. Allantoin is also a strong antioxidant that neutralizes ROS
in the cell (in this case, it is converted to allantoic acid). Thus, these purine catabolism products are potential
antioxidants. On the other hand, as it has been established before, that tropical legumes and some other
plants use allantoin and allantoic acid (i.e. ureides) as the main transport and spare forms of nitrogen.
Recently, allantoin has been shown that activates the production of abscisic acid (ABA), thereby stimulating
the expression of stress-related genes and increasing the tolerance of plant seedlings to abiotic stress. These
studies suggest a possible link between purine catabolism and stress hormone homeostasis (ABA) and
highlight the potential importance of allantoin in these interactions [6]. Arabidopsis thaliana was used as a
model system to study the effect of salt stress on allantoin metabolism. In different concentrations of NaCl
in plant seedlings, an increased content of allantoin and a reduced allantoate were found. Treatment of
seedlings with NaCl resulted in the expression of genes involved in allantoin biosynthesis [7]. Thus,
depending on plant growth and development conditions, urate and allantoin may play an important role in
nitrogen metabolism and in stress protection. However, the effect of diatomite on purine metabolism (i.e. on
the formation of ureides) in plant cells under various environmental conditions has not been studied at all.

The value of pre-sowing seed priming. For normal growth and development of agricultural crops of
seeds, rapid germination and pecking is of great importance, therefore, pre-sowing priming of seeds is
important. Priming is an effective technology to achieve rapid and simultaneous seed development, high
growth energy, resulting in a good harvest. This is a simple and cheap method of soaking, in which the seeds
are partially moistened to the point where the metabolic processes required for germination have already
begun, but germination has not yet occurred. The seeds are dried to almost their original dry weight.

Harris and others (2007) report that pre-sowing seed priming leads to better corn formation, growth,
early flowering, increases its resistance to unfavorable environment and, accordingly, increases yield [8]. A
good yield of many crops is associated with pre-sowing seed priming, which leads to accelerated early and
more uniform growth, moreover, it is a cheap technology [9]. These positive effects are influenced by factors
such as plant species, priming environment, priming duration, temperature, storage conditions and others.

Khan and others (2009) evaluated the results of pre-sowing seed priming in a solution of different NaCl
concentrations for early growth and concluded that seed priming in NaCl is a better treatment compared to
control variants [10]. Priming improves seed germination in the field, in this respect potassium nitrate
(KNO3) is a promising substance. The time and speed of seed germination, priming in KNO3, shows better
results compared to other treatments [11]. Seeds of rape culture treated with osmopriming (in KNO3 and
NaCl) when grown in the field showed that salt priming, especially priming in KNO3, reduces germination
time and increases the length of seedlings compared to untreated seeds [12]. Seed priming in K2SO4 and
KCl shows good potency for increasing germination, hatching, growth and yield of wheat grain [13].

Materials and methods of research. For our research, we used barley ("Tselinnaya" sort) which is
more resistant to salinization in Kazakhstan. Before growing barley seeds were sterilized in 0, 5% solution
of potassium permanganate (10 minutes). To determine the germination of barley seeds, samples of
100 seeds were taken, placed in Petri dishes on wet filter paper, and left at the temperature of 20-25°C in a
thermostat for 12 hours. Sprouted seeds was daily counted and results recorded during 10 days, determined
the number of sprouted grains, which will be an indicator of the percentage of germination of the tested
seeds. All variants were carried out in 3 repetitions. Statistical processing of data groups was carried out in
the application ANOVA. The significance of the differences was estimated by p-value (p<0.05).

Method for determination of allantoin. To 100 pl plants sample (in our case roots) add 100 ul 0.5 M
NaOH and 200 pl bidistilled water and boil at 100°C for 8 minutes. Then cool to 0°C for 4-5 minutes. The
cooled mixture is added 100 ul 0.65 M hydrochloric acid and boiled again at 100°C for 4 minutes. After
cooling, 100 pul of 0.4 M phosphate (Na2HPO4-KH2PO4) buffer pH-7.0 and 100 pl of 18 mm
phenylhydrazine are added to the mixture. Further, at 0°C temperature, 500 pl of concentrated hydrochloric
acid is added to the mixture. For the development of staining, 100 pl of 50.6 mm K-FeCy (potassium
ferricyanide) is added and left at room temperature for 15 minutes. To remove possible sediment centrifuged
at room temperature 10 min at 10 000g. Measured absorption of transparent supernatant at 535 nm wave-
length spectrophotometer [7].

Research results. We studied the effect of pre-sowing priming of barley seeds in increasing concen-
trations of mM solutions of NaCl, KNO3, Na2Mo0O4, KH2PO4 and in diatomite suspension (variant 7 in
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table 1). The suspension mixture was obtained by adding diatomite in an increasing ratio of 1g, 5g, 10g,
15g, 20g, 25g / per 100 ml of H20.

Priming of seeds in these solutions was carried out for 24 hours at a temperature of 7°C in the dark.
Then the seeds extracted from the solutions were washed several times with distilled water and left at room
temperature until completely dried (another 24 hours). After drying, the seeds were grown at room
temperature on filter paper moistened with distilled paper and placed in Petri dishes. Initial untreated seeds
and seeds after priming in distilled water (variants 5 and 6) served as germination controls. On the seventh
day, the number of seedlings was counted (it should be noted that the seedlings in each variant were uneven
in length). The results of these experiments are presented in table 1.

Table 1 — Effect of pre-sowing priming of barley seeds in different concentrations of mineral salt solutions
and diatomite suspension (in g/ 100 ml) on their germination

) o Concentrations of salt solutions for priming, mM
A salt solution for priming
0 25 50 75 100 125 150
NaCl - 72% 74% 76% 76% 74% 70%
KNOs - 72% 72% 76% 76% 75% 75%
Na:MoOs4 - 72% 72% 73% 73% 69% 65%
KH2PO4 - 71% 72% 73% 73% 72% 70%
Water 71% - - - - - -
Seeds without priming (control) 64% - - - - - -
Suspension of diatomite - *1g *Sg *10g *15¢g *20 g *25¢
Germination (%) - 73% 75% 78% 78% 78% 78%

As can be seen from table 1, compared with dry barley seeds (variant 6), their pre-sowing priming in
distilled water significantly improved seed germination (variant 5). Priming seeds in solutions of these salts
further increased their germination. Maximum seed germination was observed after priming in solutions of
KNO3 and NaCl in the range of their concentration of 75-100 mM. Priming in a suspension of diatomite
containing above 10 g/100 ml H20 showed the highest germination of barley seeds. The effect of priming
in solutions of molybdenum and phosphate on seed germination was insignificant.

Further, we conducted experiments to study the effect of pre-sowing priming of seeds in solutions of
NaCl, nitrate, molybdenum, phosphate in combination with a suspension of diatomite on the growth and
development of barley seedlings and the content of allantoin in the roots of 10-day seedlings (table 2).

Table 2 — Effect of pre-sowing priming on barley seeds in diatomite suspensions (DTM) containing salts
of some biologically important elements on their germination and formation of allantoin in them

. Allantoin content
. Number of Average weight .
Pre-sowing seed L . . in the roots of 50
- Germination medium germinated seeds, (mg) of one 10- .
processing icces day seedling seedlings (mcg/g
p dry weight)
1 2 3 4 5
Water 76% 253+0,34 5.6+0,21
Seeds without 80 mM NaCl solution 49% 16520,33 6.240,31
pre-processing
80 mM NaCl solution + DTM 62% 22140,25 6.7+0,15
Water 70% 293+0,22 5.8+0,25
Water 80 mM NaCl solution 50% 178+0,44 6.8+0,31
80 mM NacCl solution + DTM 72% 27240,14 7.7+£0,18
Water 80% 298+0,15 6.9+0,35
(SSST‘;E/’[I;S‘O“ of diatomite ¢ N1 NaCl solution 62% 205+0,25 7.6£0,33
80 mM NaCl solution + DTM 77% 273+0,34 8.2+0,12
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Table 2 continuation
1 2 3 4 5

Water 76% 302+0,42 6.9+0,07

75 mM KNO;3 80 mM NaCl solution 66% 208+0,31 8.8+0,09
80 mM NaCl solution + DTM 75% 278+0,41 9.2+0,21

Water 80% 321+0,21 7.1£0,34

EESITM“SI‘ESSf DTM + 80 mM NaCl solution 68% 212+0,15 8.9+0,18
80 mM NaCl solution + DTM 80% 282+0,18 10.4+0,20

Water 79% 318+0,17 7.0+0,31

75 mM Na:MoO« 80 mM NaCl solution 57% 223+0,31 8.9+0,42
80 mM NaCl solution + DTM 80% 273+0,14 9.2+0,44

Water 80% 318+0,16 7.240,41

DTM + 75 mM Na:MoOs | 80 mM NaCl solution 72% 232+0,18 9.0+0,32
80 mM NaCl solution + DTM 79% 298+0,19 10.4+0,33

Water 75% 298+0,20 7.0+0,35

DTM + 75 mM NaxWO4 | 80 mM NaCl solution 67% 226+0,24 7.9+0,36
80 mM NaCl solution + DTM 76% 278+0,23 8.4+0,36

Water 83% 325+0,51 7.2+0,27

%Zzﬁ(}gj()ﬁ 75mM 80 mM NacCl solution 73% 2534+0,41 9.24+0,27
80 mM NaCl solution + DTM 82% 322+0,32 9.7+0,29

Water 72% 320+0,34 7.0+0,12

%Zz\l\fléNO3+ 75mM 80 mM NaCl solution 65% 280+0,36 6.7+0,18
80 mM NaCl solution + DTM 78% 312+0,12 7.240,31

Water 79% 321+0,09 6.9+0,25

75 mM KH:PO4 80 mM NaCl solution 67% 275+0,10 9.5+0,17
80 mM NaCl solution + DTM 80% 315+0,15 10.2£0,09

Water 83% 325+0,21 8.240,15
1735TM 1\2 1(\)1'5 11\\/[/1 IéN03 + 80 mM NaCl solution 73% 283+0,28 18.2+0,19
R 80 mM NaCl solution + DTM 820 1224005 26.4+0,13
Water 84% 332+0,25 7.6£0,21
ﬂg%{zgﬂ%a 0. 80 mM NaCl solution 75% 268+0,31 18.6+0,22
80 mM NacCl solution + DTM 83% 3212021 28.840.21

Water 79% 320+0,23 7.0+0,25

gg@gﬁ%} o0 80 mM NaCl solution 71% 260+0,41 9.8+0.21
80 mM NaCl solution + DTM 78% 315+0,35 11.3+0,26

* Germinated seeds were weighed together with roots and leaves.

Thus, the results of our experiments show an increase in the germination of barley seeds after priming
in aqueous solutions. A relatively high seed germination was observed after priming of the suspension of
diatomite, containing molybdate, nitrate and phosphate. Accordingly, the mass of seedlings in these variants
was greater. The maximum mass of seedlings was observed after priming in a nitrate-containing solution.
Pre-sowing priming of seeds in aqueous solutions and cultivation in media containing NaCl and diatomite

— 100 ——
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significantly increases the content of allantoin in the roots of 10-day seedlings. Pre-sowing priming of barley
seeds in diatomite suspensions containing nitrate, molybdenum and phosphate and growing them in a saline
environment with diatomite dramatically (almost 3 times) increased the formation of allantoin in the roots
of seedlings. However, pre-sowing priming of seeds in suspensions, in which tungstate was added instead
of molybdenum, did not increase the formation of allantoin in the roots of seedlings under saline conditions.
It is well known that the chemical analogue of molybdenum-tungsten is also easily embedded in the active
center of molybdenum enzymes. However, in this case, the enzymes become inactive. As a result of the
obtained results, it can be assumed that during pre-sowing priming in a solution of molybdenum and nitrate,
the ions of these salts accumulate in barley seeds. During germination, these ions are transported from the
seeds to the roots and leaves of the seedlings and activate the enzymes nitrate reductase (NR) and xanthine
dehydrogenase (XDH). Nitrate reductase (NR) as an inducible enzyme is synthesized only in the presence
of nitrate in the cell. As mentioned above, the combined actions of these enzymes lead to increased urate
biosynthesis. Urate in conditions of oxidative stress is converted into allantoin, ie during salinization, urate
molecules are oxidized by oxygen radicals to form allantoin. Since allantoin is also a strong antioxidant, we
do not exclude its oxidation by radicals to form allantoic acid.

Currently, three of the four molybdenum-containing proteins are well studied in plants: xanthine
dehydrogenase (XDH), nitrate reductase (NR), aldehyde oxidase (AO) and sulfite oxidase (SO). Nitrate
assimilation is a fundamental process in the plant Kingdom and therefore the enzyme HP, which restores
nitrate, is seen as a limiting factor in the growth, development, protein formation and final yield of plants.
AO catalyzes the conversion of abscisic aldehyde to the corresponding phytohormone abscisic acid (ABA).
It is known that adverse environmental factors cause the synthesis of phytohormone adaptation- ABA. For
example, when the leaves of mesophytic plants are subjected to drought stress, within 4 hours, the level of
ABA increases up to 50 times. Thus, ABA plays an important role in plant resistance to adverse environ-
mental factors [14].

In all molybdenum-containing enzymes of plants, the main component in the active center is the so-
called "molybdenum cofactor". The molybdenum atom binds to this cofactor i.e. the molybdenum-cofactor
complex is directly involved in the catalytic reactions of these enzymes. However, the molybdenum factor
is synthesized together with the apoenzyme molecule and it does not depend on the presence of molyb-
denum, i.e. in the absence of molybdenum, the place of this metal in the active center will be empty and the
molybdenum-free enzymes lose their activity. Therefore, the lack of molybdenum in the growth medium
leads to a decrease in the activity of these enzymes. Under in vivo conditions with a high concentration of
tungsten, a chemical analogue of molybdenum, this metal easily replaces molybdenum in the active center
and as a result these enzymes become inactive [15].

As mentioned above, adverse environmental conditions such as salinity, drought and cold cause
oxidative stress, i.e. increased formation of reactive oxygen species (ROS). Molybdenum enzymes NR and
XDH play an important role in ROS neutralization. When nitrate is reduced, NR + uses NADH as an electron
donor (after the reaction, NADH is converted to oxidized NAD+). In the enzymatic reaction, XDH uses
NAD-+ as an electron acceptor. In other words, the more nitrate is assimilated, the more NAD+ is formed
and XDH activity increases, i.e. more antioxidants are formed-uric acid and allantoin. These antioxidants,
restoring ROS, increase the resistance of plants to salinity [16]. It was convinced that fertilizing pea
seedlings with nitrate as a source of nitrogen increases their salt resistance [17]. Thus, plant molybdenum
enzymes play a key role in plant resistance to salinization. And their activity depends on the sufficiency of
molybdenum in the soil. According to the results of long-term studies of the Institute of soil science of the
Academy of Sciences of the Republic of Kazakhstan, the content of molybdenum in our soils is 3-5 times
less than the critical concentration (0.1 mg Mo/kg for temperate soils) necessary for normal growth and
development of plants. Therefore, pre-sowing saturation of plant seeds with molybdenum solution should
provide plants with this metal for the entire period of growth and development.

Thus, pre-sowing treatment of plant seeds in a combination of diatomite suspension with solutions of
biologically important elements dramatically increases the stability of seed germination in saline conditions.
Pre-sowing seed treatment by priming is an environmentally friendly and cheap technology of pre-sowing
seed treatment for saturation with important elements, which allows to do without fertilization on huge
surface. This will provide the plants with important elements from the germination stage to full maturity.
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APIAHBIH JOHIEPIH CEBEP AJIJIBIH/IA OPTYPJII TY3JAPIBIH EPITIH/ILIEPIH/IE
JAUATOMHUTTIEH BIPJIECE IIPAMUHI TEY/IH OPKEHJIEPAIH TAMBIPJIAPBIHIAFBI
AJLTAHTOMHHBIH MOJIIIEPTHE TY3JIAHY JKAFJAMBIHIA TUTT3ETIH OCEPI

AHHOTauMsl. AybUl IIapyallbUIBFbl JAKbULTAPBIHBIH KAJBIITH 6CYl MEH JaMybl YIIiH TYKBIMIApIBIH T€3 ocyi
MEH CiHIpLTy1 YJIKEeH MaHbI3Fa He, COHABIKTaH TYKbIM IIPAaMHUHTIHIH MaHbI3bI 30p. [IpaliMUHT-TYKBIMAAPAB] KbUIIAM
OoHe Oip Me3riyijie JaMbITyFa, )KaKChl OHIMIE OKENIETIH KOFaphl OCY HEPrHsChIHA KOJI JKETKi3y YLIIH THIMII TeX-
HoJIorusl. byl TYKbIMAap/ bl ©cipy YIIiH Tajan eTuUIeTiH MeTabOJHKaJIbIK IpolecTep OacTaiFaHlIa iiHapa bUIFa-
JTAaHFaH Ke3/1e OHAH JKoHE ap3aH CyJaHbIpy oaici. TyKpiMap OacTankbl KYpFaK caaMakka JIeiiH KenTipuie.

bi3 apna TykeiMaapsinbi npaiMunridii NaCl, KNO3, Na2MoO4, KH2PO4 epitiHzinepiHiH 6cy KOHIEHTpa-
LUSUIApBIHAAF] JKOHE JMaTOMHT CYCHEH3MSICBIHBIH acepi 3eprrenni (1-kecrene 7-Hycka). CyCHEH3HUSUIBIK KOCIIaHBI
JMUATOMUTTI Kocy ke3inge Ir , 5t, 10r 15 r, 20r, 25 v/ 100 M1 H20 ecy kaThIHACBIHIIA ajbIHFaH. ApIIaHBIH KYPFaK
TYKBIMJIAPBIMEH CalbICTBIPFaHIa Ta3apThUIFAH CyNAaFbl ONAapIblH aJIbIH ala MPaiMHUHTI TYKBIMHBIH OHYIH €Ioyip
JKaKCapTTHl. ATaiFaH TY3AapAbIH epiTiHAIEpiHAeTi TYKBIM MPaMUHTI OJIapIbIH OHTIIITITIH OJaH 9pi apTThIpa TYCTI.
10 r / 100 M H20 >xorapbl OOJAaTHIH AUATOMUT CyCIIEH3USCHIHAAFB! [IpaliMHUHT apria TYKeIMIApBI-HBIH €H JKOFapbl
OHTIIITITiH KopceTTi. Monmubaar xoHe Gocdar epiTiHAiIepiHae TYKBIMIAPIBIH OHTIMTITiHEe TPaiMIHT dcepi IIaMalrbl
OOJIIBL.

bizniy ToxipubenepiMiziiH HOTHXKEIepl Cy epiTiHAlIepiHAe NpaiiMUHITeH KeiiH apna TYKbIMIApbIHBIH OHYIH
kepcereni. TYKbIMIAPIBIH CAIbICTRIPMAIIBI TYPAC JKOFAPhl OHTIIITIIT MOIUOAAT, HUTPAT koHe (ocdar Gap amaro-
MUTTIH CYCHEH3USUIApbIHAAFbl OJIApAbIH NpaiiMUHrIHEH KeWiH Oaiikannel. TuiciHie, Oyl HycKajapia KenTereH
naiiram6apiap ken 6osabl. Hutpater 06ap epitinaije npaiiMUHITEH KeHiH OCKIHAEpiH eH Kol Maccachl Oaiikanabl. Cy
epiTiHaUIepiHAeri TYKpIM TpaiMuHri xoHe Kypambinaa NaCl skone aumaromuT Oap opranapaa ecipy 10 kyHuik
OCKIHEP/IiH TaMbIpJIapbIH/ia AUIAHTOWH MOJIIEPiH eaayip apTThipanbl. KypambiHia HUTpaT, MoiInOIaT sxoHe Gocdar
0ap IMaTOMUTTIH CYCIEH3HsIIAPbIHIAFBI apIia TYKbIMIAPBIHBIH Ce0Y albIHAAFbI IPARMUHTI] KOHE ONapAbl TY3IAFaH
opTaja TMaTOMUTIICH ecipy OipzaeH (3 ece aepiiik) eciHALIEpIIH TaMbIpIapblHia aJUIAHTOWHHIH TY3UIyiH apTThIPJBL.
Auaiina, MOJIMOIATTHIH OPHBIHA BOJB(PAMATThl KOCKAH CYCIICH3MsUIapIaFhl TYKBIM NPAMUHT] TY3aHy JKaf IaiblHIa
nmaitramOaprapIslH TaMbIpIapblHIa AJUIAHTOWHHIH TY3UTyiH KeTepMeni. MomubaeH-Bonb(hpaMHBIH XUMISIIBIK aHa-
Jorel MOnMuOI0(epMEeHTTEpAiH OeIICeHII OpTabIFBIHA OHAW KipeTiHi Oenrimi. Amaiima, Oy skarmaiina gepmeHTTEp
OeinceH Il eMec. AJBIHFaH IEPEKTEPIiH HOTIDKECIHIE MOIMOMAT IMEH HUTPAT ePITIHIICIHAC MPailMHUHT aIIbIHIAA OCHI
TY3AapAbIH MOHBI apiia TYKbIMBIHIA XKHHAJIAIBl ACT HMalbIMaayra 0oiaasl. OcipiireH kKe3ae 0y HOHgap TYKbIMHAH
TaMBIp JKOHE OCKiH JKallbIpaKTapblHa TachIMajlaHa[bl jkoHe HuTparpenykrasa (HP) xoHe xcaHTMHIErmaporenasa
(KAI') depmentrepin Oencenpipeni. Hurparpenykraza (HP) unayumbGenbai ¢epmeHT periHIe jkacymagarsl
HUTPATTHIH KaThICYbIMEH cuHTe3neniHenl. JKorapeina aiteuiraniaid, Oyi1 (epMeHTTepliH OipiecKkeH opeKeTTepi
YpaTThIH XOFapbl OnocuHTE3iHe oKeneni. TOTbIFy cTpecc >karqalblHAa YpaT aJUIaHTOMHIE aiHanalbl, SFHU. ypar
MOJICKYJIaChIHBIH TY3IaHybl Ke3iHIe aJJIAHTOMHHIH Maiina OOJybIMEH OTTEri paMKaJAapbl TOTHIFabl. AJUIAHTOUH
KYLITi aHTHOKCHAHT OOJFaHABIKTaH, 013 aJUIAHTOMH KBIIIKBUIBIHBIH Maiina 00IybIMEH paAuKaIapAbIH TOTHIFYBIH 12
JKOKKA LIbIFapMaiMbI3.

Apna TYKbIMIApbIHBIH €Ty aJIbIHIaFbl IPAHMHHIT THaTOMUT CYCIICH3USCHI OMOJIOTHSIIBIK MaHbBI3Ibl JJIEMEHT-
TepIiH epiTiHaiIepiMeH Oipre cOpTaHOAaHy >KargailblHAa TYKBIMHBIH ©CYiHIH TYPAaKTBUIBIFBIH KYPT apTTHIPABL.
CopTaHJaHy XoHE 9J€yeTTi aHTHOKCHIAHT — AJUIAHTOUH KYPaMbIHBIH JKOFapblIaybl JKarAaiiblHAa TYKbIMAAPABIH €H
’KOFaphl OHYI YIIIH MPOPOCTOKTap/bIH TaMbIpiapbiHAa in Vivo KypaMmbiHaa HuTparpenykrasa (HP) sxone ty3nany
xarnaiipinga kcantunaernaporenasa (KAT') monubneni Gap ¢epmeHTTEpIiH ©3apa opeKeTTecyiMeH TYCIHAipiiei.
JInaTOMHTTIH peJIiH aHBIKTAY YIIiH OaH 9pi 3ePTTEYJIep KaxKeT.

Ocpunaifiia, OHOJIOTHSIIBIK MaHbI3/IbI JIEMEHTTEP/IIH ePITIHAUIEPIMEH TMaTOMUT CYCIIEH3HUACHIH OIpIKTIpiN 6ciM-
MK TYKbIMIAphIH ce0y aiablHIa OHJICY TY3[aHy >KarmaiblHAa TYKbIMIAPIBIH OCYiHIH TYPaKThUIBIFBIH KYpPT
aprTeipassl. [IpaliMuHr oiciMeH TYKbIMIap/bl cedy ajiblHAa OHJEY MaHBI3bl AJIEMEHTTEPMEH KAaHBIKTHIPY YIIiH
TYKBIMJIapAbl ce0y anblHa OHACY/ IiH SKOJIOTHSIIBIK Ta3a jKOHE ap3aH TEXHOJIOTHICH! 00BN TaObLIaabl, Oy YIKeH
eric anaHjapblHAa THIHAWTKBIIITAPABI SHI130€CTeH aifHaNIBI eTyre MYMKIHIIK Oepexi. by eciMaikTi ecipy caTbl-
CBIHAH TOJIBIK JKETITyTe NeiiiH MaHBI3IBI AIEMEHTTEPMEH KaMTaMacChI3 eTe]li.

Tyiiin ce3mep: apna IoHAEPI, aJUIAHTOWH, ceOep aJIbIHIAFbI MPAaMUHT, HUTPATPeAyKTa3a, KCAaHTUHICTHAPO-
reHasa.
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3®@®EKT ITPEJNOCEBHOI'O IPAUMUHIA CEMSIH SUMEHS
B PACTBOPAX PA3JIMYHBIX COJIEM B KOMBUHAIIMA C IMATOMUTOM
HA COJAEPXKAHUE AJINTAHTOUHA B KOPHAX ITPOPOCTKOB B YCJIOBUAX 3ACOJIEHUA

AnHoOTanms. /[y HOpMaJILHOTO POCTA M Pa3BUTHUS CEIbCKOXO3IHCTBEHHBIX KYJIBTYp CEMSH OOJIBIIOE 3HAUCHHE
nuMeeT ObICTpOE POPACTaHUE U MIPOKIIEBBIBAHKE, IOATOMY, IPEAIIOCEBHON NPAMUHT CEMSH HMEET Ba)KHOE 3HAUCHHE.
[Mpavimuar sBiseTcs 3)(HEKTUBHONW TEXHOJIOTHEH IS MTOCTIKEHUS OBICTPOTO M OJHOBPEMEHHOTO PAa3BUTHUS CEMSH,
BBICOKOW SHEPTHU POCTa, IPUBOIICH K XOPOIIEMY YPOXKar. DTO MPOCTON M NEIMIEBBIA METOA 3aMadHBaHUs, TIPH
KOTOPOM CeMEHa YaCTHYHO YBIAXKHSAIOTCS O TOTO COCTOSHUS, KOTZIa METa0OIMYECKHE MPOIECChl, TpeOyeMble st
MIpOpacTaHus YK€ HAYHMHAIOTCS, HO MpOopacTaHue enle He mporcxoaut. CeMeHa BBICYIIMBAIOTCS MOYTH 0 IIEPBOHA-
JaIFHOTO CYXOTO Beca.

Hawmu 65010 n3ydeHo BIHSHUE IPEAIOCEBHOTO MPAWMUHTA CEMSH SYMEHS B BO3PACTAIOIINX KOHIIEHTPAIIsIX MM
pactBopoB NaCl, KNOs3, Na;MoO4, KH>PO4 u B cycnien3un nuaromuta (Bapuant 7 B Tabmuue 1). CycreH3HOHHYIO
CMECh MOJTydald NPy T00aBJICHUHU AUATOMUTA B BO3PACTAOIIEM cooTHomeHuu Ir, St, 10r, 15r, 20r, 251 / Ha 100M
H,0. Ilo cpaBHeHHMIO C CyXHUMH CEMEHaMH SYMEHS WX MNPEINOCEeBHONW MpPaHMUHI B JIUCTHILIMPOBAHHOW BOIE
3HAYUTEJBHO YIIy4Ilal BCXOXKECTh ceMsH. [IpaliMuHr ceMsiH B pacTBOpax yKa3aHHBIX COJIeH elle OoJjblie ITOBBIIIal
HX BCXOXKECTh. MakcuMalibHasi BCXOXKECTh CEMSH HaOIoJanachk mocie npaiMuara B pactBopax KNOs; u. NaCl B
Irara3oHe ux KoHneHTpamun 75-100 MM. TIpaiiMuHT B cCycnieH3un AuaToMuTa, coaepxantux soimre 10 r/100 mn H>O
MOKa3all caMyl0 BBICOKYIO BCXOJKECTh CeMSH saMeHs. DPQeKT mpaiiMuHTa B pacTBopax Monubdnata u ¢ocdara Ha
BCX0KECTh CEMSTH ObLT HE3HAYUTEITBHBIM.

Pe3ynpraThl HalIMX 3KCIIEPUMEHTOB MOKA3hIBAIOT ITOBBIIICHHE BCXOXKECTH CEMSH SIIMEHS ITOciie MpaiMUHra B
BOJHBIX pacTBopax. OTHOCHTENBEHO BBICOKAS BCXOXKECTh CEMSIH HAONI0JaNach MOCIE WX MPAMUHTa B CYCIIEH3UIX
JUATOMHTA, COIEPIKAIINX MOIHOaaT, HUTpaT U hocdar. COOTBETCTBCHHO, Macca MPOPOCTKOB B 3THX BapHaHTax ObLIa
Oonpire. MakcumanbHasi Macca NPOPOCTKOB HaOJII0/anach IMOCie NpaiMHHIa B HUTPATCOJEpIKAllleM pacTBOpE.
[TpeanoceBHO# paiiMUHT CEMSH B BOJHBIX PacTBOPax M BhIpAIlMBaHKE B cpenax, cogepkamux NaCl u quatomur,
3HAYUTEIbHO IMOBBIIIAET COJEp’KaHHE aJUTAHTOMHA B KOpHAX 10-mHEBHBIX mpopocTkax. IIpeamoceBHOM mpaliMUHT
CeMsH STUMEHS B CYCIEH3MX JMaTOMUTA, COJIEPIKAINX HUTPAT, MOJIMOIaT ¥ pocdart U BRIpAIIMBAHUE UX B 3aCOJICHHON
cpeze ¢ IMaTOMUTOM Pe3Ko (I0YTH B 3 pa3a) MOBBIIIAI0 00pa3oBaHME aJUIAHTOMHA B KOPHAX IPOPOCTKOB. O1HaKO
MIPEANIOCEBHO MPaMHUHT CEMSH B CYCIIEH3HSX, B KOTOPBIX BMECTO MOJIMO 1aTa J00aBIISIIN BOJIbL(pamMaT, He MOBBIIIATI0
o0pa3oBaHHe ANTAHTOMHA B KOPHSIX MPOPOCTKOB B YCIOBHUAX 3acoieHus. OOIMIen3BeCTHO, YTO XUMUYECKHAN aHaJIoT
MOJHO/ICHA - BOJIb(paM TaKKe JISTKO BCTPaWBACTCA B aKTUBHBIN IEHTP MOMHOH0pepMeHTOB. OHAKO B 3TOM CITydae
(hepMeHTHI CTAaHOBSATCSI HEAKTUBHBIMU. B pe3yibraTe MOTyYeHHBIX JaHHBIX MOYKHO ITOJIATaTh, YTO MPH IPEATIOCEBHOM
mpaiMUHTE B PacTBOpE MONMOIaTa W HUTPaTa MOHBI 3THX COJEH HAKAIUIMBAIOTCSA B ceMeHax samens. Ilpu mpopac-
TaHUH 3TU WOHBI TPAHCIOPTUPYIOTCS M3 CEMSH B KOPHH U JIHCThS IPOPOCTKOB M aKTHBHPYIOT (PEPMEHTHI HUTpPA-
tpenykrasy (HP) u kcantunpernaporenasy (KJI'). Hurparpeaykraza (HP) xak unnyuubenbHbli GpepMeHT cHHTE-
3UPYETCs TOJBKO B MPUCYTCTBUU HUTPATa B KiieTke. Kak ObLII0 CKa3aHO BBIIIE, COBMECTHBIC JCHCTBUS ITUX (DEPMEHTOB
MIPUBO/ISIT K TOBBIIIEHHOMY OMOCHHTE3Y ypara. Ypar B YCIOBHUSIX OKHCIMTEILHOTO CTPecca MpeBpallaeTcs B ajilaH-
TOWH, T.€. IPY 3aCOJICHUH MOJIEKYJIbl ypaTa OKUCIISIOTCS KUCIOPOAHBIMH pajiKajlaMi ¢ 00pa30BaHHEM ajUIaHTOMHA.
ITockonbKy ajuTaHTOMH TOXKE SIBJISETCS CHIBHBIM aHTHOKCHIAHTOM, MBI HE HCKIIIOYAaeM M €T0 OKHCIICHHE paJiuKajaMy
¢ 00pa3oBaHNEeM AJUTAHTOMHOBOM KHCIIOTHI.

[IpennoceBHON MpaiiMHUHT CEMSH SIMEHS B KOMOWHAITUH CYCIICH3UH JHATOMHTA C PACTBOPAMH OHOIOTHIECKU
BaYKHBIX PJIEMEHTOB PE3KO ITOBBIIIAET yCTOMYMBOCTh IPOPACTAHUS CEMSTH B YCIOBHX 3acoieHust. [ MakcH-MaIbHOM
BCX0KECTH CEMSH B YCIOBHUAX 3aCOJICHHS M TIOBHIIICHHSI COACPIKaHUS MOTEHIIMATHHOTO aHTHOKCHIAaHTA — aJUTAHTOWHA
B KOPHSIX IPOPOCTKOB OOBSCHSETCS i1 Vivo B3aNMOICHCTBHAMHI MOJHOICHCOIEepKAIINX (PePMEHTOB HUTPATPEIYKTa3hl
(HP) u xcantuanernaporenassl (K/I') B ycnoBusx 3aconmenus. J{isi BELICHEHUS POJH AUATOMHUTA TPEOYIOTCS aib-
HEHIINE UCCIIETOBAHUS.

Takum 00pa3om, npeAnoceBHas 00pabOTKa CEMSH PACTCHUH B KOMOMHAIIMU CYCIICH3UW JUATOMHUTA C PaCTBO-
pamu 6I/IOJ'IOFI/I'-ICCKI/I BaXXHBIX 3JICMCHTOB PE3KO IMOBLIIIAIOT yCTOﬁ‘IHBOCTb npopacTtaHud CEMAH B YCJIOBHUAX 3aCO-
nenusi. [IpenmoceBHast 0Opa0bOTKa CEMSH METOAOM IpalMHHIa MpPEACTaBIsIET COOOM JKOJOTMYECKHM YHCTBIH U
JIEIIEBOI TEXHOJIOTHEH MPeIoceBHONH 0O0paOOTKON CEeMsIH /sl HACHIIIEH!UsI BXKHBIMH 3JIEMEHTaMH, YTO TO3BOJISIET
obOxonutcst 0e3 BHECEHWS! yJOOpPEHMI Ha OTPOMHBIX ITOCEBHBIX IUIOIIAIAX. JTO OOECIEUUT PACTEHHS BaXXHBIMHU
3JIEMEHTaMH OT CTAIHMU NPOPACTAHUS J0 IOJHOTO CO3PEBAHUSL.

KiroueBble cjioBa: ceMeHa SYMEHS, aJUIAHTOWH, IPEATIOCEBHOM MpaiMUHT, HUTpaTpeayKTa3a, KCAHTHHICTH/I-
porenasa.
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