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Study the germination of seeds of Sudanese grass (Sorghum x drummondii)
treated by ethylene glycol and propylene glycol cryoprotectants

The present study was conducted at an objective study of the seeds of Sudanese grass for cryopreservation
and viability of seeds. Laboratory studies were carried out on 4 varieties of Sudanese grass: Nika, Tigali,
Novosibirskaya 84, and Alina. The results showed that cryopreservation had a positive effect on germination
rates. Thus, in the Tugay variety, the best germination rates of 99 % were observed in the variant with
cryopreservation with defrosting of seeds in a water bath. A positive effect was also noted for the variety
Novosibirskaya 84, where cryopreservation during defrosting of seeds at room temperature increased
germination by 7 % and amounted to 89 %. For varieties Nika and Alina, cryopreservation had the opposite
effect, the indicators decreased by 27 %, by 10 %, respectively, compared with control. Under conditions of
seed defrosting at room temperature, cryopreservation with ethylene glycol and propylene glycol had a
positive effect on the germination of seeds for all varieties, with the exception of the Alina variety, where its
germination did not differ significantly from the control. Cryopreservation using ethylene glycol under
conditions of seed defrosting at room temperature showed that for the Tugay variety the recommended
concentration of the cryoprotectant is 5 % and 10 %. The germination rate was 98 %, and the germination
energy was 99 % and 96 %, respectively. Ethylene glycol concentration of 20 % significantly reduced the
germination rate and amounted to 47 %. For the Nika variety, we recommend using a concentration of 15 %;
but the concentration of 10 %, the germination rate is lower and amounts to 58 %. Almost 100 % germination
were observed in the Novosibirskaya 84 variety at concentrations of 5 % and 20 %. Thus, the recommended
method for thawing Sudan grass seeds after cryopreservation using ethylene glycol and propylene glycol
cryoprotectants is thawing at room temperature. These results can be used to create a cryo collection of Sudan
grass seeds.

Keywords: Sudanese grass, seeds, cryoprotectant, plants, ethyleneglycol, propyleneglykol, germination, lig-
uid nitrogen, cryopreservation.

Introduction

Analyzing the climate of Central Kazakhstan, its main features are its sharp continental; deficit of pre-
cipitation. Winter is moderately severe with little snow, summer is warm and hot. The cultivation of heat-
loving crops is impossible due to lack of moisture. Rains with a small amount of precipitation in summer
slightly moisten the soil, so the duration of the dry period increases significantly [1].

One of the promising drought-resistant crops that are suitable for growing in the arid conditions of Ka-
zakhstan in the Karaganda region is Sudanese grass (Sorghum x drummondii).

Sudanese grass is an unpretentious and plastic crop with high heat resistance, which in difficult condi-
tions is capable of forming 2-3 mowing of green mass. A distinctive feature of this crop is its exceptionally
high drought resistance; it uses well precipitation in the second half of summer and forms a large above-
ground mass. Along with this, the culture is distinguished by its high after math ability, good shoot-forming
ability, abundant bushiness and rapidity of regrowth. Drought resistance is ensured by a powerful root sys-
tem that allows using water from deep soil layers [1, 2].

With the introduction of Sudanese grass in culture, one of the important aspects is the preservation of
valuable varietal seed material. Seeds are the most optimal form of genetic material storage, as samples re-
quire little space and remain viable for a long period. There are several methods for storing plant seed. One
of the most inexpensive and effective methods is cryopreservation [3].

The conservation of plant genetic resources is fundamental for the development of agriculture [4]. The
pre-planting seeds treatment of agricultural plants with cryoprotectants is accompanied by the improvement
of seeds planting characteristics and increasing the crop capacity of treated cultures [5].

Ethylene glycol was found to be a key compound for the successful cryopreservation of shoot tips, in
light of its low toxicity as compared to other cryoprotective compounds [4].
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Our study was aimed to optimization of cryopreservation conditions using ethylene glycol and propyl-
ene glycol cryoprotectants.

Experimental

The objects of the study were Sudanese grass (Sorghum x drummondii) seed material, varieties Nika,
Tugay, Novosibirskaya-84, Alina (Fig.) and plants sprouts. Seeds were provided by LLP “Scientific and pro-
duction center of grain farming named after A.l. Baraev” (Shortandy, Kazakhstan).

| — Tugai; I — Nika; 11l — Novosibirskaya 84; IV — Alina
Figure. Seeds of Sudanese grass

Cryopreservation was carried out by immersing the seeds in plastic cryovials (Deltalab) into Dewar
flasks SDS-20 CryoMash with liquid nitrogen (-196 °C). Cryofreezing was carried out in two ways: a) the
seeds were immediately immersed in liquid nitrogen without any preparation; b) before immersion in liquid
nitrogen, the seeds were treated for 10 min with cryprotectiveethylene glycol and propylene glycol solutions
[3, 6, 7].

The prospective types of cryoprotectants were used ethylene glycol and propylene glycol due to the fact
that it has high cooling activity [8-10]. Defrosting of seeds were conducted two ways: i) at room temperature
ii) in a water bath. To prevent recrystallization of intracellular and extracellular ice in seeds, defrosting was
carried out in a water bath at a temperature of +40 °C until complete defrosting up to 15 min [3].

Efficiency of cryopreservation of Sudan grass was determined based on the analysis of seed germina-
tion and germination energy [6]. After thawing, the seeds were placed for germination in Petri dishes (diame-
ter 90 mm) of 40 pieces, 4 replications. The germination was carried out in a Binder climatic Chamber at a
temperature of +24 °C with constant illumination. Germination was assessed on the 10"day, germination
energy on the 5" day. Seeds without treatment served as control 1, cryopreservation of seeds without
cryoprotectant. Defrosting at room temperature served was as control 2, cryopreservation of seeds without
cryoprotectant. Defrosting in a water bath served as control 3 (Table 1).

Table 1
Abbreviations
Character Abbreviation
Seeds without treatment control 1
Cryopreservation of seeds without cryoprotectant. Defrosting at room temperature control 2
Cryopreservation of seeds without cryoprotectant. Defrosting in a water bath control 3

Statistical processing of the results of the experiment was carried out according to the Student-Fisher
method. Statistical the significance of discrepancies between the values was assessed using Student's t-test.
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Differences were considered significant at p < 0.05. In the work, 4 concentrations of the cryoprotectants from
510 20 % were used.

Results and Discussion

Analyzing the germination rates for varieties among the control, in the Tugay variety the best
germination rates of 99 % were observed in the variant with cryopreservation with defrosting of seeds in a
water bath (Table 2).

For the Novosibirskaya 84 variety, cryopreservation during seed defrosting at room temperature
increased the germination rate by 7 % and amounted to 89 %. For varieties Nika and Alina, cryopreservation
significantly reduced germination and germination energy by 27 % and 10 %, respectively, compared to
control 2.

Table 2
Germination and germination energy of seed in control variants
Variety Germination, % Energy O.f seed
germination, %
Tugai control 1 90+0 95 +5.77
Nika control 1 7750+ 5 87.50 = 9.57
Novosibirskaya 84 control 1 82.50+5 90 +11.55
Alina control 1 52.50 + 25 70 +18.26
Tugai control 2 90.50+1.29 88.75+2.99
Nika control 2 49.75+1.71 48.25+3.30
Novosibirskaya 84 control 2 89.75+1.71 96.50+3.11
Alina control 2 42.50+£9.57 454+5.77
Tugai control 3 99.75+0.50 99.50+1
Nika control 3 76.50+3.87 80.75+2.99
Novosibirskaya 84 control 3 80+2.16 80+3.56
Alina control 3 47.50+£9.57 47.50+5

In general, the germination of Sudanese grass in the control is adequate. The next step was to study the
germination using ethylene glycol cryoprotectant under defrosting conditions at room temperature.

Cryopreservation using ethylene glycol under conditions of seed defrosting at room temperature
showed that for the Tugay variety the recommended concentration of the cryoprotectant is 5 % and 10 %.
The germination rate was 98 %, and the germination energy was 99 % and 96 %, respectively. Ethylene
glycol concentration of 20 % significantly reduced the germination rate and amounted to 47 %. For the Nika
variety, we recommend using a concentration of 15 %; at a concentration of 10 %, the germination rate is
lower and amounts to 58 %. Almost 100 % germination in the Novosibirskaya 84 variety at concentrations of
5 % and 20 %.

The use of a cryoprotector significantly accelerated the energy of seed germination, with the exception
of the Alina variety, where germination was better in the control and amounted to 70 %, while with the use
of a cryoprotector 40 %, 50 % (Table 3).

Table 3

Germination and energy germination of seed treated by ethylene glycol (EG)
and defrosting at room temperature

Variety Germination, % Energy O.f seed
germination, %
1 2 3
Tugai EG 5 % room t. 98 + 1.83* 99,75 + 0,50
Tugai EG 10 % room t. 98.50 + 1.91* 96,50 + 3,42
Tugai EG 15 % room t. 90.25 + 4.92 97,50 + 2,08
Tugai EG 20 % room t. 4750+ 17.08* 99 + 0,82
Nika EG 5 % room t. 79 +3.92 97,25+ 2,22
Nika EG 10 % room t. 58.50 £ 5.97 99,25 + 0,96
Nika EG 15 % room t. 90.75 + 0.96* 95,75 + 3,50
Nika EG 20 % room t. 81 +2.58 97 + 2,58
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Continuation of Table 3

1 2 3
Novosibirskaya 84 EG 5 % room t. 98 +2.16* 99,75+ 0,50
Novosibirskaya 84 EG 10 % room t. 90.50 + 2.52 98,50+ 1,91
Novosibirskaya 84 EG 15 % room t. 96.75 + 2.75* 9950+1
Novosibirskaya 84 EG 20 % room t. 99.75 + 0.50* 98,50+ 1,29
AlinaEG 5 % room t. 40.25+0.73 40,75+0,99
AlinaEG 10 % room t. 50+1.05 40,75+0,55
AlinaEG 15 % room t. 50.50+0.75 60,75+1,71
AlinaEG 20 % room t. 40.75+0.55 50,75+0,55
*Significance of differences P < 0.05 compared with control 1.

The results showed that cryopreservation with cryoprotectant ethylene glycol during slow thawing at
concentrations of 5%, 10 % in the Tugay variety, 15 % in the Nika variety, 5%, 15 %, 20 % in the
Novosibirskaya 84 variety significantly exceeded the control values of 1, while at a concentration of 20 % in
the Tugay variety, cryopreservation significantly reduced the control indicators.

Next, we studied the germination of seeds using an ethylene glycol solution and the rapid thawing of
seeds after cryopreservation. The results show that seed germination has decreased compared to control 1
and the room temperature thaw test (Table 4). Compared with the control, the germination of seeds in the
Nika variety decreased by 40 %, in the Novosibirskaya 84 variety by 35 %, in the Alina variety by 32 %, in
the Tugai variety by 20 %.

Table 4

Germination and Energy of seed germination treated by ethylene glycol (EG)
and defrosting in a water bath

Variety Germination, % Eer:ir]?za?;ffiz
Tugai EG 5 % water bath 82.50 + 17.08 87.50 = 15
Tugai EG 10 % water bath 85+17.32 87.50 + 12.58
Tugai EG 15 % water bath 70 +8.16* 72.50 + 5*
Tugai EG 20 % water bath 8250+5 95+ 10
Nika EG 5 % water bath 47.50 + 9.57* 52.50 + 9.57*
Nika EG 10 % water bath 40 + 23.09 50 + 18.26
Nika EG 15 % water bath 37.50 +22.17 50 + 23.09
Nika EG 20 % water bath 62.50 + 22.17 67.50 + 18.08
Novosibirskaya 84 EG 5 % water bath 47.50 + 26.30 55+17.32
Novosibirskaya 84 EG 10 % water bath 70 + 28.28 75+ 17.32
Novosibirskaya 84 EG 15 % water bath 77.50 = 9.57 80 +8.16
Novosibirskaya 84 EG 20 % water bath 77.50 +17.08 82.50 + 20.62
Alina EG 5 % water bath 20.75+0.99 30.25+0.73
AlinaEG 10 % water bath 50.75+1.26 60.50+0.33
AlinaEG 15 % water bath 50.25+0.87 50.50=+1
AlinaEG 20 % water bath 30.75+0.73 40.50+0.58

*Significance of differences P < 0.05 compared with control 1.

Cryopreservation of EG during rapid thawing significantly exceeded the control values in the Tugay
variety at a concentration of 15 % and decreased in the Nika variety at a concentration of 5 %.

The study of the effect of propylene glycol on seed germination showed an increase in seed germination
compared to control 1, with the exception of the Alina variety, where germination decreased by 12-22 % at
concentrations of 5 %, 10 %, 20 %. Otherwise, the increase in germination in the Tugai variety is on average
7 %, while at a concentration of 15 %, germination decreased by 21 %.

In varieties Nika and Novosibirskaya 84, a positive effect of cryopreservation was observed in all
concentrations. Germination energy in all variants of the experiment is high (Table 5).
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Germination and Energy of seed germination treated by propylene glycol (PG)

and defrosting at room temperature

Variety Germination, % Energy O.f seed
germination, %
Tugai PG 5 % room t. 98.50 £ 1.91* 96.25 +3.30
Tugai PG 10 % room t. 96.75 £ 2.75* 98.50+1.91
Tugai PG 15 % room t. 69.75 + 4.65* 97.75+£1.71
Tugai PG 20 % room t. 97.75 + 2.06* 99+ 2
Nika PG 5 % room t. 90.25 + 1.26* 98 + 1.63
Nika PG 10 % room t. 97 + 2.58* 96.25 + 3.50
Nika PG 15 % room t. 89.50 + 4.80 97.75+1.71
Nika PG 20 % room t. 97.75+1.71* 98.75+ 1.50
Novosibirskaya 84 PG 5 % room t. 96.25 + 3.50 98.25+1.71
Novosibirskaya 84 PG 10 % room t. 98.25+ 1.71* 99 +1.15
Novosibirskaya 84 PG 15 % room t. 99.25 + 0.96* 99.50 + 0.58
Novosibirskaya 84 PG 20 % room t. 97.50 &+ 2.08* 98.25+1.26
Alina PG 5 % room t. 40.75+0.55 60+0.82
Alina PG 10 % room t. 30.25+0.29 60+0.47
Alina PG 15 % room t. 50.50+0.58 60+0.47
Alina PG 20 % room t. 40.75+0.96 50.75+0.55
*Significance of differences P < 0.05 compared with control 1.

Table 5

According to the results of table 4, the values are significantly higher than control 1 in the Tugai and
Nika varieties at concentrations of 5 %, 10 %, 15 %, in the Novosibirskaya 84 variety at a concentration of
10 %, 15 %, 20 %.

In the next experiment, we observed a decrease in germination to 25 % for the Tugai variety, up to
35 % for the Nika variety, and up to 22 % for the Alina variety. Thus, the cryoprotectant propylene glycol,
when defrosted in a water bath, reduces the germination of seeds of the studied varieties (Table 6).

Table 6
Germination and Energy of seed germination treated by propylene glycol (PG)

and defrosting in a water bath

Variety Germination, % Energy O.f seed
germination, %
Tugai PG 5 % water bath 72.50 + 12,58 80+8.16
Tugai PG 10 % water bath 77.50 £9.57 82.50 +12.58
Tugai PG 15 % water bath 67.50 + 15 72.50 +18.93
Tugai PG 20 % water bath 65+ 17.32 70+ 14.14
NikaPG 5 % water bath 35+17.32 45+17.32
NikaPG 10 % water bath 52.50 + 12.58 57.50 + 12.58
NikaPG 15 % water bath 42,50 + 15 47.50 £9.57*
NikaPG 20 % water bath 50 + 8.16* 55+ 5.77*
Novosibirskaya 84 PG 5 % water bath 50 +21.60 55+ 19.15
Novosibirskaya 84 PG 10 % water bath 62.50 + 17.08 65+ 12.91
Novosibirskaya 84 PG 15 % water bath 57.50 + 15 67.50 = 15
Novosibirskaya 84 PG 20 % water bath 70 +21.60 75+ 17.32
AlinaPG 5 % water bath 50+0.82 50.50+0.75
AlinaPG 10 % water bath 30.75+0.99 40.25+0.87
AlinaPG 15 % water bath 40.25+1.72 40.75+1.36
AlinaPG 20 % water bath 40.50+0.75 50+1.41
*Significance of differences P < 0.05 compared with control 1.

According to the results of the table, the performance of the Nika variety was significantly exceeded at

a propylene glycol concentration of 20 %.
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Conclusion

As a result of the study, the germination of seeds of Sudanese grass of 4 varieties was studied using
cryoprotectants ethylene glycol and propylene glycol by cryopreservation. Seeds were thawed in two ways:
at room temperature and in a water bath.

Under conditions of seed defrosting at room temperature, cryopreservation with ethylene glycol and
propylene glycol had a positive effect on the germination of seeds of all varieties, with the exception of the
Alina variety, where its germination did not differ significantly from the control.

Cryopreservation using ethylene glycol under conditions of seed defrosting at room temperature
showed that for the Tugay variety the recommended concentration of the cryoprotectant is 5 % and 10 %.
The germination rate was 98 %, and the germination energy was 99 % and 96 %, respectively. Ethylene gly-
col concentration of 20 % significantly reduced the germination rate and amounted to 47 %. For the Nika
variety, we recommend using a concentration of 15 %; at a concentration of 10 %, the germination rate is
lower and amounts to 58 %. Almost 100 % germination observed in the Novosibirskaya 84 at concentrations
of 5% and 20 %.

The use of a cryoprotector significantly accelerated the energy of seed germination, with the exception
of the Alina variety, where the germination rate was better in the control and amounted to 70 %, while with
the use of a cryoprotector it was 40 %, 50 %.

Defrosting in a water bath significantly reduces the germination of seeds compared to control 1. When
using the cryoprotectant ethylene glycol and rapid thawing of seeds after cryopreservation, the germination
of seeds in the Nika variety decreased by 40 %, and in the Novosibirskaya 84 variety by 35 %, in the Alina
variety by 32 %, in the Tugai variety by 20 %.

When defrosted in a water bath, cryoprotectant propylene glycol reduces the germination of seeds of the
studied varieties. Thus, the Tugai variety has up to 25 %, the Nika variety has up to 35 %, and the Alina va-
riety has up to 22 %.

Thus, the recommended method for thawing Sudan grass seeds after cryopreservation using ethylene
glycol and propylene glycol cryoprotectants is thawing at room temperature.
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A H. Manuesa, M.M. CunanTbeeBa

ITWIEHTJIMKOJb KJHE MPONUWIEHIJINKOJ/Ib KPUONIPOTEKTOPJIAPBIH KOJIJIAHY
Ke3iHge cyaaH meoiniH (Sorghum X drummondii) TYKbIMBIHBIH OHYIH 3€pTTEYy

3eprTey CyAaH MIeN TYKBIMIApBIHBIH OHTIIITIriHE KPHUOKOHCEpBAlMsUIay oCepiH aHBIKTAayFa apHaIFaH.
3epTxXaHalbIK 3€pTTeyiep cydaH IeOiHiH 4 copThl apackiHAa kyprisinmi. Omap «Huxka», «Tyrai»,
«HoBocubupckas  84», «AmnmHa»  coprrapel.  HoTmwkenmep  «AymHa»  COPTBIH  KOCIAraHIa,
KPHOKOHCEPBAIMsIAY IbIH HOTHXKeNepi OapibIK copTTap OOMbIHIIA TYKBIMIAPHIHBIH 6HYIHE OH dcep €TKeHiH
KepceTTi. Al «AJIIHA» COPTHIHBIH OHTIIITIr OakplIayaaH adTapiublkrail epekmeneaOeni. ConsimeH, «Tyraii»
COPTHIHJIA TYKBIMIAP/B! Cy MOHIIACKIH/IA JKiOITY apKBUIBI KPHOKOHCEpBalMsUIaHFaH HycKana 99% eH >kakchl
OHy KepceTkimrepi Oaiikannsl. benme TemmeparypachlHoa TYKBIMAApAbI epiTy KesiHnme eHrimTiri 7 %-ra
aptein, 89 % kyparan «HoBocuOupckas 84» copTeiHma na oH ocep Oaiikammbl. «Hwuka» MeH «AnmHa»
COpTTapblHa KPHOKOHCEpBalUs Kepi acep eTTi, KepceTKimTepi 6akpuiayMeH calbICThIpranaa 27 %-ra jxoHe
10 %-ra Temenneni. benMe TemmeparypachblHIAa TYKBIMIOApIbl €piTy SKarmaifblHAA OSTHICHTIHKOIb MEH
MPOIMICHIINKOIBMEH KPUOKOHCEPBAIUANAy «AIMHA» COPTHIH KOCHaraHAa, 0apibIK cOpTTapia TYKbIMHBIH
eHYiHE OH acep eTTi, Oipak «ANMHAHBIHY 6HYl OakplIayAaH alTapibiKTail epekmencHoeni. COHBIMEH Katap
OenMe TeMmeparypachlHOa TYKBIMAApIBl KiOITy >KaFgaiblHOA OSTHJICHIVIMKONBAI KOJAaHA OTBIPHII
KprokoHcepBamusnay «Tyrai» copTeiHa KPHONPOTEKTOPABIH YCHIHBUIATHIH KOHIEHTpAusch! 5% xone 10%
eKeHIH KepceTTi. OHy kpuimamMabeFbl 98 %, an eHy SHepruschl colikeciHme 99% xone 96% Oomnusl.
OruneHrMKoIbIIH 20% KOHIEHTPAIUACH OHY JKbULIAMIBIFBIH eoyip ToMeHaerin, 47 % xypansl. «Huka»
COpPTHI YIiH 15 % KOHIEHTpalMsHBI KOJIAaHy YCHIHBUIFaH, O0ipak KoHIeHTpanuscel 10 %, eHy KbIIIaMIBIFbI
TeMeH xaHe 58 % kypaiiabl. «HoBocuOupckas 84» copThiHbIH 5 % xone 20 % xoHueHtpanusiceiaga 100 %-
Fa KyblK eHyi Oaikammsl. OcbITaiiliia, STHICHTINKOND JKOHE INPOMMICHIVIMKONb KPHONPOTEKTOPIAPHIH
KOJIZJaHa OTBHIPHIN, KPUOKOHCEpBALMsUIAyIaH KeWiH cylnaH IMeOiHiH TYKBIMBIH €pIiTYHAiH YCBIHBUIFaH oici
OenMe TemImeparypachlHOa €piTy Oombinm TaObpUTafbl. By HoTmkenep cynaH MeOiHIH TYKbIMAAPHIHBIH
KPHOTEH/IIK KOJUICKIMSICHIH jKacay YIIiH IMaiilaiaHbUTybl MyMKIiH.

Kinm ce30ep: cynan 11e0bi, 6CIMIIKTEp, STHICHIIIUKOJb, IPOMIICHIIUKOIb, CYHBIKA30T, KPUOKOHCEPBAITHSL.

A H. Manuea, M.M. CunantbeBa

H3ydeHue BCX0KeCTH CeMsIH CyaHCKol TpaBbl (Sorghum x drummondii)
MPH UCMOJIH30BAHUN KPHONMPOTEKTOPOB ITHJICHIJTHKOJISI M MPOMUJIEHTJINKOJIS

Hacrosiiee uccieoBaHue MOCBSINEHO H3Y4YEHUIO BIUSHUS KPHOKOHCEPBAIlMM HAa BCXOXKECTb CEMSH
cynaHckoil TpaBbl. JlabopaTopHbIe HCClIeOBaHHUS MPOBOAMIMCH Ha 4 coprax cynaHcKoil Tpasbl: «Hukay,
«Tyrait», «HoBocubupckas 84», «AnmHa». Pe3ynpraTsl moka3alii, 4YTO KPHOKOHCEPBALHUS ITOJOKUTEIHHO
MOBJIMSIIA HA BCXOXKECTh CEMSH BCEX COPTOB, 3a MCKIIOUEHHEM COpTa «AIHMHA», Ie €€ BCXO0XKECTh 3HAaUH-
TENBHO HE OTIHMYanach OT KOHTpons. Tak, y copra «Tyrai» Hamaydmme mokasarenu BcxoxkecTd 99 % Ha-
Orofjanych B BapHaHTe ¢ KPMOKOHCEPBAIMeH ¢ pa3MOpaKMBaHUEM CEeMsH Ha BOASHOH Oane. [lomoxxurens-
HbIH 2 dexT oTMedeH u a1 copra «HoBocubupcekas 84, rie KpHOKOHCEpBaLKs IPH Pa3MOPO3Ke CEMSIH TIPH
KOMHATHOH TeMIieparype yBeJluuuia BCXoxecTb Ha 7 % u coctaBuia 89 %. Y coproB «Huka» u «AnuHay
KPHUOKOHCEpBalys Aana o0patHblii 23 dekT, mokaszarenu cHu3mINCh Ha 27 1 10 % COOTBETCTBEHHO IO CpaB-
HEHMIO C KOHTPOJBHOU Ipynnoi. B ycnoBusix pazMOpo3KH CEMsIH NPH KOMHATHOW TeMIEpaType KPpUOKOH-
CepBaIys STWICHIIIMKOJIEM W MPOIIICHIINKOIEM OKa3ajla IMOJ0KUTEIFHOE BINSHIE Ha IPOPACTAaHHE CEMSH
y BCEX COPTOB, 3a HUCKIIOYEHHEM COpTa «AJMHAY», T/Ie €ro MPOpacTaHue CYIIeCTBEHHO He OTIMYAIoCh OT B
KOHTPOJBHOH rpynme. KprokoHcepBanust ¢ HCHOIB30BaHAEM TIIICHITIIKOIS B YCIOBHAX Pa3MOPO3KH CEMSH
IpU KOMHATHOM TeMIiepaType Imokasana, 94To s copta «Tyrai» pekoMeHayeMmas KOHIIEHTPAIHs KPHOIPO-
TekTopa cocraBiseT 5 u 10 %. CkopocTs mpopactanusi cocTaBisiia 98 %, a sueprus npopactanus — 99 u
96 % cootBercTBeHHO. KoHueHTpamms stmneHrmukonst 20 % 3HaYUTEeIBHO CHIDKala CKOPOCTh MPOpPACTaHUsI
u cocraBnsia 47 %. [l copra «Hukay pekoMeHIyeM HCIOIb30BaTh KOHLEHTpauuio 15 %; HO KOHIEHTpa-
st 10 %, ckopocTh npopactanus Hke 1 coctaBisieT 58 %. [Toutn 100 % BcxokecTh HabmoAaNach y copta
«HoBocubupckast 84» B koHmeHtpamusax 5 u 20 %. Takum 0Opa3oM, peKOMEHIyeMBIi CIIOCO0 OTTauBaHUS
CeMSIH CYHaHCKOH TpaBhl MOCIIE KPHOKOHCEPBAIUK C HCIIOIB30BAaHUEM KPUOMPOTEKTOPOB STHICHIIIMKOINS H
MPOIJICHTINKONS SBISIETCS OTTAaUBAHUEM IIPU KOMHATHOH TeMmeparype. OTH pe3yibTaThl MOTYT OBITH HC-
MOJTb30BaHbI VIS CO3IAHMS KPHOTEHHON KOJUTEKIIMU CEeMSTH CyJaHCKOI TpaBhI.

Kniouesvle cnosa. cymaHckas TpaBa, PAcTEHHMs, OTHICHINNKOJb, NPOMWICHITIMKONb, JKUIKHI a30T,
KPHUOKOHCEPBALIHUSL.
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