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OPTIMAL MOISTURE OF SOIL SAMPLES FOR SEED GERMINATION
AND GROWTH OF SEEDLINGS IN CLOSED CONTAINERS

Abstract. The purpose of the research is to determine optimum moisture content of soil samples in closed,
transparent containers for seed germination and seedling growth of wild-growing wormwood — artemisia effusus
(Artemisia diffusa), wild-growing type of cereal — comb-shaped wheat grass (4gropyron pectiniforme), cultured ce-
real — soft wheat (Triticum aestivum), variety Saratovskaya-29. Tested soil samples with humidity of 20%, 40% and
60%.

It is established that in a closed container (5 liters) soil moisture in the range of 40% - 60% provides the best
seed germination and the growth of seedlings of the used plant species.

In tested closed containers, soil moisture of 40% should be used, with relatively short period of plants research
(30 days). With a longer period of research, it is possible to use soil with moisture content of up to 60%, because
with time, the excess water is absorbed by growing plants.

The method of closed containers find use for studies of influence of toxic, volatile, gaseous substances on the
growth and development of plants in laboratory conditions. The results of this work will be used in modeling the
ecosystem of Central Kazakhstan in connection with environmental pollution of volatile, highly toxic components of
rocket-engine propellant, resulting from activities of Baikonur space-launch complex.
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Introduction. The issues of influence volatile, toxic substances on the growth and development of
plants and accumulation of volatile toxic substances by wild and cultivated plant species are of high
concern. For example, plants of Central Kazakhstan are under the polluting influence of unspent rocket-
engine propellant - unsymmetrical dimethyl hydrazine (UDMH) and its transformation products. UDMH
and its transformation products enters the plants and then into the body of animals and humans from soil
and through aerogenic way [1]. Volatile derivatives of UDH have been identified in various types of soil
[2]. As is known, UDH and a number of its derivatives belong to the first class of hazard (extremely
dangerous organic compound) [3].

Volatile toxic substances are chemicals that could be available in the air in a gaseous state. In this
regard, to estimate phytotoxicity of UDMH and its derivatives under laboratory conditions should be used
methods, similar to those for study of gas resistance of the plants.

It is known that (closed containers, ‘gas chambers’) are used to study gas resistance of the plants in
laboratory conditions. Plant or its parts are placed in container, gases are dispensed (for example, sulfur
dioxide, hydrogen fluoride and hydrogen chloride) and then changes in plant reactions are monitored. As
diagnostic features utilized the following parameters: change in germination and seed germination energy,
growth rate and formation of individual organs, change in the timing and duration of the developmental
and organogenesis phases, and others. In the event of activity of sublethal and lethal gas concentrations,
plant resistance can be determined by degree of leaf damage necrosis or by changes in the water regime
and photosynthesis [4-7].
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One of the first task in development of technology for evaluating the effect of volatile toxic sub-
stances on plants in closed containers is to establish optimum soil moisture, which provides the best seed
germination and development of plant seedlings.

Purpose of the article — establish the optimum moisture content of soil samples in closed container
for seed germination and growth of seedlings of wormwood and cereals.

Methods. The targets of research were wild-growing wormwood: artemisia effusus (Artemisia
diffusa), wild-growing type of cereal - comb-shaped wheat grass (Agropyron pectiniforme), cultivated type
of cereal - soft wheat (Triticum aestivum), variety Saratovskaya-29.

In work process being used ready-made soil universal, for all types of vegetable, green, flower crops
and seedlings, environmentally friendly product ‘Himself agronomist’. Production Russia, LLC
‘AgroSnabRetail’. Composition: drug turf (lime carbonate, chalk, dolomite powder) and structuring
materials, mineral fertilizers.

Content of nutrients, mg/ml: Nitrogen (NH;+NO3) 240-350

Phosphorus (P,05) 290-410
Potassium (K,0) 330-470
Acidity pH 5,4-6,6

Complete set of required of minor elements.

Ready-made universal soil was dried at room temperature for two weeks; sand was thoroughly
washed and dried. Prepared a mixture of soil and sand with weight ratio of 70% soil and 30% sand. Sand
was added to better aerate the soil. Then prepared soil samples with different humidity: 20%, 40% and
60%.

Transparent plastic bottles (commercial, household, used for drinking water) of 5.25 liters were cut
horizontally centrally, 0.5 kg prepared soil samples placed in containers. The seeds were sown, then
containers sealed with scotch tape and tightly closed with cap on top (figure).

Seed germination and seedling growth of comb-shaped wheat grass (4gropyron pectiniforme) in closed containers

Seed germination was carried out at temperature of + 20 + 23 °C.

Used known methods of seed germination [8]. Each batch of each series was carried out in three
replications, followed by statistical processing [9].

Results and discussion. Being studied seed germination of wild-growing wormwood — artemisia
effusus (4rtemisia diffusa) in closed containers with soil samples of different moisture. The seeds of
wormwood are small (2x0.8 mm), lightweight (weight of 1,000 seeds is 0.2-0.3 grams). 0.5 grams of
wormwood seeds were sown, or about 1,500 seeds in each container. The observation period was 30 days.
After 30 days, containers were opened, the best condition of seedlings was found at soil sample with 40%
of moisture, soil sample with 60% moisture was waterlogged.

Seed germination of wormwood was 1%, 1.6% and 1.7% on soil samples with moisture content of
20%, 40% and 60% respectively. Seed germination of wormwood is 1,6-1,7 times higher on soil samples
of' 40% and 60% compared to soil samples with moisture content of 20% (table 1).
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Table 1 — Seed germination of artemisia effusus (4rtemisia diffusa) in closed containers within one month.

0.5 grams of seeds or about 1,500 seeds were sown in each container. Represented data collected on 30th day of research

Soil moisture, %

Germination, %

Seedling height, cm

20 1,00,02 1,2 +0,3
40 1,6+0,03 3,240,9
60 1,7+0,03 3,1£1,0

Seeds of wormwood were collected in November 2018, the period of post-harvest ripening was
3,5 months. Such a short period of post-harvest ripening explains the low germination of wormwood

seeds.

Part of containers were opened later, only after 3 months. It has been established that condition of
container with 60% soil moisture is significantly improved. As far as water is used to increase biomass of
growing plants and its content in soil and air is reduced.

The results of research cereal seeds are presented in tables 2 and 3, respectively.

Table 2 — Seed germination and seedling growth of comb-shaped wheat grass (Agropyron pectiniforme) in closed containers.

300 seeds are sown in each container. Represented data collected on 30th day of research

Soil moisture, %

Germination, %

Seedling height, cm

20 3,640,03 1543
40 42412 1744
60 41£13 18+4

Table 3 — Growth and development of soft wheat seedlings (Triticum aestivum), variety Saratovskaya-29 in closed containers

within one month. In each container, 100 seeds are sown. Represented data collected on 30th day of research

Soil moisture, %

Germination, %

Seedling height, cm

20 19+0,8 27 +4
40 78422 3745
60 79423 3746

Research of cereal seeds germination was carried out during a month; it was established that soil
moisture of 40% is optimal for seed germination and seedling growth in closed containers. Soil samples
with moisture content of 20% had significantly lower seed germination compared to seed germination of
soil samples with moisture content of 40% and 60%. The germination of cereal seeds and seedling
development was about the same of soil samples with moisture content of 40% and 60%. (tables 2 and 3).

In closed containers, both for wormwood and for cereals, soil moisture in range of 40-60% provides
the best seed germination. Seeds of wild plant species are heterogenic and do not germinate simulta-
neously. Then, cultivated cereal, soft wheat (Triticum aestivum) variety Saratovskaya-29 is able to com-
plete seed germination on 14th day of research. Quite opposite seeds of wild-growing species of comb-
shaped wheat grass (Agropyron pectiniforme) and artemisia effusus (Artemisia diffusa) begin to germinate
on 3-4 days or later on the 14th day.

Regarding the optimal moisture content of soil samples in closed containers, for comparison, we
quote data of Pryanishnikov D. N. (1900) about optimum moisture content of open ground (soil) for seed
germination, plant growth and development. In open ground, the lower limit of optimum moisture content
is approximately estimated depending on the type of soil and plants by the following values: for grasses -
50-60%, for cereals - 45-50%, for vegetable and technical crops - 40—45% [10].

That is, there is an approximate coincidence of the optimum soil moisture for plant development both
in open ground and in closed container.

However, the results of our research have shown waterlogged general condition of closed container
with soil sample of 60% humidity. Waterlogging often leads to mold and contamination comparing with
soil samples having less moisture. It is known that the development of bacteria stops at about 25% of
environment moisture and about 15% for mold [11].
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Conclusions. In closed, transparent container (5 liters) soil moisture (soil mixed with peat and sand)
in the range of 40—-60% compared to humidity of 20% provides the best seed germination of wild species:
wormwood (Artemisia diffusa), comb-shaped wheat grass (Agropyron pectiniforme), cultivated cereal soft
wheat (Triticum aestivum) variety Saratovskaya-29.

In tested closed containers, soil moisture of 40% should be used, with relatively short research period
of plants (30 days). With a longer period of research, it is possible to use soil with moisture content of up
to 60%, because with time, the excess water is absorbed by growing plants.

The method of closed containers find use for studies of influence of toxic, volatile, gaseous sub-
stances on the growth and development of plants in laboratory conditions. The results of this work will be
used in modeling the ecosystem of Central Kazakhstan in connection with environmental pollution of
volatile, highly toxic components of rocket-engine propellant, resulting from activities of Baikonur space-
launch complex.

Funding. Source of research funding. Republican budget program 008 ‘Applied research in the
field of space activities’. Scientific and technical project: ‘Study of the nature of plant pollution by
unsymmetrical dimethyl hydrazine and toxic products of its transformation’. Republican state enterprise.
Research Center "Garysh-Ecology". Aerospace Committee of the Ministry of Defense and Aerospace
Industry of the Republic of Kazakhstan.
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Kazakcran PecryOsrkachiHbiH BisiM jxoHE FRUTBIM MUHUCTPITIT, AnMatsl, KasakcTaH,
’Kasaxcran Pecrry6iukachl KopFaHbIC jKoHE a3pOFaphilll OHEPKACiGi MHHHCTPIIIri ASpOFaphill KOMHTETI,
«Fappi-DKoJ0rus» FRUIBIMH-3ePTTEY OPTANIBIFBD PeciyOnuKablk MEMIICKETTIK KocimopHbl, Anmatel, KasakcraH,
3 AybUIIIapyamIbLIEIK GHOTEXHOIOrHSCHIHBIH ByKinpeceilik FhUIbIME-3epTTey HHCTHTYTHI, Mockey, Peceii

TYKBIMJAP/IBIH )KOHE TYKbIM OCKIHJAEPIHIH )KABBIK bIIBICTAPJIA OCYI YIIIH
TONBIPAKTAP YJII'TCIHIH OHTAWJIbI BUIF AJIABLJIBIFbI

AHHOTanus. 3epTTey MaKcaThl JKyCaHHBIH >Ka0aibl ©CeTiH TYPiHiH TYKBIMIAPHIHBIH JKOHE €KITe KOIETTePIiH
ecyi YIIiH TOMBIPAK YATICIHIH jkKa0BIK, MOJIp BIABICTAPAAFEl OHTAMIIBI BUFAIBUIBIFEIH OCNTiey OOMABI - TAPMAKTHI
xycaH (Artemisia diffusa), makpUIIbIH *)a0albl ©CETIH TYpI - €pKeK OWIaubIK (Agropyron pectiniforme), MaJIeHU-
JICHTeH JaKbLI - sxyMmcak Owmnait (Triticum aestivum), CapatoB cypsiObI-29. 20, 40 xone 60 % BUTFaIIBUIBIKTAFHI
TONBIPaK yIriiepi cerHaNAbL. JKaObIK bLABICTA (5 TUTPIIIK) TONBIPAKTHIH bUTFAIABUTBIFE 40-60 % nHTepBanga TYKbIM-
JApIBIH JKOHE €KIe KOIIeTTepAiH NaiJalaHbUIFaH OCIMIIK TYpJepiHIe JKaKChl ©CyiH KaMTaMachl3 €TETiHI aHBIK-
tasiraH. ChlHaJIFaH >KaOBIK BIIBICTap/ia ©CIMAIKTEPAIH KaThICTHIK KbicKa Ke3eHiHae 40 % TeH TonbIpak YJTiCiHiH bLI-
FAJIJIBUTBIFBIH Naiinanany KaxeT (30 toyuik). [laiinananyneiH HEFYPIIbIM y3aK Ke3eHinae 60 % neiliHri bUTFaIbUIbIK-
MEH TOMBIPAKTHI MaligaaHy MYMKIHAIr Oap, ce0edi yakbIT ©Te Kesie CYABIH apThIFhI OCII Kelle JKaTKaH OCIMIIIKIICH
urepineni. JKaObIK bIbICTap 97ici 3epTXaHAIBIK JKaFJalia eCIMIIKTepIiH ecyiHe )KoHe AaMybIHa YyJIbl, YIIAThIH, ra3
TOPI3/i 3aTTapJblH dcep eTyiH 3epTeyae KonmaHbuiagsl. OCkl )KYMBICTapIbIH HOTIKeNepi Opransik KasakcTaHHBIH
9KOXKYHeciH BallKOHBIP KOCMOJPOMBIHBIH KBI3METiHE OalIaHBICTHI KOPIIAFaH OPTAHBIH YITKBIII, XOFaphl TOKCHHIIL
paKeTabIK XKaHapMaliMeH JacTaHybIHa OalTaHBICTHI YATUICYC MaiiianaHbIIaTEIH 00Ta IbL.

Tyiiin ce3aep: kaObIK BIABICTApP, TOMBIPAKTHIH BUIFAJABUIBIFBL, TYKBIMIAPIBIH OCYi, €KIIe KOIIETTePAiH OCKiHI.
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PITI «MHCTUTYT OHOJIOTUU ¥ OMOTEXHOJIOTUH pacTeHui», Anmmarsl, KasaxcraH,
*PI'TI «HayuHo-HcCIe10BaTeNbCKHI LeHTp «Fapbi-DKkonorus», AnvaTsl, Kasaxcras,
3 ®denepanbHOE roCyIapCcTBEHHOE OI0HKETHOE HAYIHOE YUPEKICHUE,
Bcepoccuiickuii Hay9HO-HACCIICAOBATSILCKUI HHCTHTYT CENTbCKOXO03SCTBEHHOM OnotexHomoruu, Mocksa, Poccust

OIITUMAJIBHAS BJIAJKHOCTD ITIOYBBI /U151 IPOPACTAHUSA CEMSH
N POCTA CESIHHEB B 3BAMKHYTBIX EMKOCTAX

Annoranus. Lexpro uccaenoBannii CITy)KHJI0 YCTaHOBIICHUE B 3aMKHYTHIX, IPO3PAYHBIX €MKOCTSIX ONTHMAITb-
HOW BJI&YKHOCTH 00pa3I0B MOYBHI I BCXOXKECTH CEMSH M POCTa CESHIIEB AUKOPACTYIIETO BUIA ITOJIBIHU — MOJBIHB
pasBecuctas (Artemisia diffilsa), TUKOPACTYIIEro BUJA 3JlaKa - mbipesi rpeOHeBUHOTO (Agropyron pectiniforme),
OKYJIBTYPEHHOTO 371aKa - MArKas mmenuua (7riticum aestivum), copt CaparoBckas-29. Mcnonb30BaH yHUBEpCcaslb-
HBIHA, KOMMEpPUYECKHH TOPPOTPyHT.
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Y CTaHOBIIEHO, YTO B 3aMKHYTOH, MPO3pavyHOil eMKOCTH (Ha 5 JINTPOB) BIIAXKHOCTH MOYBHI B MHTepBaie 40-60 %
B CPaBHEHHMHU C BJIQXXHOCTBIO TOUBHI 20 %, oOecrieunBaeT JTy4IIyI0 BCXOXKECTh CEMSIH M POCT CesHLEB Artemisia
diffusa, Agropyron pectiniforme n Triticum aestivum, copt CapaToBckas-29.

B ncnbITaHHBIX 3aMKHYTBIX €MKOCTSIX CIEAYET UCIIOJIb30BaTh BIAKHOCTH 00pa3loB MOYBbI, paBHYIO 40 %, npu
OTHOCHTEIIBHO KOPOTKOM mepuojae uccienoBanuii pacreHuit (30 cyrok). Ilpu Gonee mMTENsHOM MEPHOAE HCCIIE-
JIOBaHUH BO3MOXHO HCIIOJIb30BAaHHE MOUYBBI C BIAXXHOCTBIO 10 60 %, O CKOJIBKO CO BPEMEHEM M3IIHIIEK BOIBI YC-
BaUBACTCA paCcTylIUMU paCTCHUAMU.

3aMKHyTaH, mpo3payHasd €MKOCTb MOXKCET CIIYKHUTb MOJCIIbIO SaMKHyTOﬁ 9KOCHUCTEMBI, TO €CTh CUCTCMBI, HC
npearnoJarapneld Kakoro-imoo oOMeHa BELIeCTBOM C BHEIIHEH Cpenod 3aMKHYTBIX eMKocTed. Takue cucremsbl
NPE/ACTABISIOT HAYYHBIH WHTEPEC M MOTYT OBITh MCIOJIB30BAaHBI Ul WCCIEJOBAHMS BIMSHUS JIETydux (Ta3o-
00pa3HbIX) COCTMHEHNUI HA PaCTCHHSI.

O06nacTb MPUMEHEHHS: METO/ 3aMKHYTHIX EMKOCTEH HaXOAUT NPUMEHEHHE B UCCIICJOBAaHUH BIIMSHUS JIETYUHX,
ra3000pa3HbIX BEIIECTB HA POCT M PAa3BUTHE PACTEHHUH B 1aOOPATOPHBIX YCIOBHAX. Pe3ynpTaTel 3TON paboTh! OymyT
WCTIONIb30BaHbI IPH MOAEINPOBAaHNH dKocucTeMbl LleHTpansHoro Ka3axcraHa B CBsI3H C 3arpsi3HEHHEM OKpY Karolien
Cpeabl IETyYNMH, BBICOKOTOKCHYHBIMA KOMITOHEHTAMH PAKETHOTO TOIIINBA, BO3HUKAIOUINMH B PE3YNbTaTe ACATEIb-
HOCTH KocMozapoma baiikonyp.

KaioueBble c10Ba: 3aMKHYTBhIE EMKOCTH, IPOPOCTAHUE CEMSIH, BIIA)KHOCTD MOYBBI.
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