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Influence of the sodium humate of production of JSC «Shubarkol komir»
on the accumulation of crude and dry mass of sprouts at cultivation
on various substrates in the conditions of hydroponics

Method of hydroponic growing of the plants is currently the most widely implemented for a year-round pro-
duction of vegetative biomass. It has a number of advantages over traditional methods of growing, especially
within the regulation of physiological processes depending on the final quality of the product. This article is
devoted to the study of the accumulation of crude and dry bio mass of plants grown in the hydroponics condi-
tions. As the nutrient medium available composition of the macronutrients of Murashige-and Skoog medium
(MS) is used. As the activator and regulator of physiological processes sodium humate production of JSC
«Shubarkol komir» was used. The results of growing lettuce, cucumbers, tomatoes, as well‘as the influence of
various substrates on the accumulation of dry and crude bio mass in plants.are studied. The results of experi-
ments indicated a positive effect of sodium humate on the accumulation of dry and-crude weight of plants in
hydroponics conditions. Also there was a close relationship between the type of substrate and the accumula-
tion of raw and crude mass of plants.

Keywords: hydroponics, substrates, MS nutrient medium, crude and dry mass, humate, perlite, basalt wool,
burner.

Introduction

The use of hydroponic systems for green crops has recently become very widespread [1, 2]. At the same
time, many researchers recognized that plants grown in this way have a number of advantages over plants
obtained by traditional soil methods. So, T.V. Sedykh, S.V. Pogrebnyak showed that the harvest of cucum-
bers obtained by the method of small hydroponics is much higher than the harvest obtained by growing cu-
cumbers in standard greenhouse complexes [3].

The advantage of hydroponics ds. that the plant can be grown on different types of substrates, which in
turn affects not only their growth rates, but also the final harvest. So, M. Seregin revealed that the harvest of
plants grown on the substrate expanded clay was significantly higher than the harvest of plants grown on co-
conut fibers [4].

However, the choice and use of the substrate should be based solely on varietal and species preferences
grown plants. Bykova’s studies have shown that due to the use of vermiculite influenced on nutrient solution,
changing its composition and sometimes increasing pH until 11. This was due to the high ion exchange ca-
pacity of the substrate [5], which could lead to increased osmotic pressure of medium and plant death.
Yu.K. Zemskova with co-authors in studies of salad cultures found that the optimal acidity of the nutrient
medium could vary in the range of 2.8-6.1 [6].

The main factor for the successful cultivation of plants in hydroponics is the composition of medium.
During optimization of medium composition for the cultivation of tomato revealed that decreased in the con-
centration of nitrogen, phosphorus and potassium did not lead to a decreasing intensity of the growth and
plant development [1].

At the same time, minor changes in the balance of micro- and macro elements could lead to changes in
growth processes, in particular, to the accumulation of crude and dry bio mass. So, comparative study of
B.R. Kuluev with two nutrient solutions (1 % solution of Hogland-Arnon (further HA) medium) showed that
the crude mass of the roots was bigger when on MS in 1.8 times. Also, the leaves of plants growing on the
MS medium were dark-green, and plants growing on the HA medium were light-green [7].

The ratio of elements in nutrient solutions also has a significant effect. Thus, one of the most important
ratios is the content of calcium and potassium ions in the solution. Studies of L.S. Kubareva showed influ-
ences of ratio calcium and potassium on harvest of tomato. So, increasing in the ratio 3:1 or a decreasing to
0.3 led to decreasing of harvest on 12—-18 % [8].
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Growth promoters are playing an important role in development of seedlings and growing of the plants.
Recently, wide using stimulators are humates. They gave multiplicative effects. So, M.Yu. Ishmuratova and
D.Yu. Sirman studied influence of humates on seed germination of the flower crops, when increased this pa-
rameter on 15-20 % [9]. In this case, the maximum effect is achieved with a minimum seed treatment time.
The same effect humates rendered in the hydroponic system [10].

As a result of all the above, the aim of our study was to study the effect of sodium humate on the
growth performance of the main salad and vegetable crops in hydroponic conditions.

Methodology

Researches were performed at the laboratory of biotechnology and molecular genetics of
Ye.A. Buketov Karaganda State University.

The object of the study was the nutrient media of different composition, prepared on the basis of stand-
ard biotechnological MS-media with the addition nutrients for hydroponic systems (Table 1).

Tablel
The composition of nutrients used in the solution
The mineral substance | Content in the solution, g/l
KNO; 0.8
CaCl,-2H,0 0.22
KH,PO, 0.17
MnSO,-4H,0 0.11
NaMoO, 0.025

For the production of an alternative nutrition medium was used the solution of mineral concentrate pro-
duced by «General Hydroponics» (France, series Floragro) in a concentration of 2 ml/I.

We planted some seeds of salad and vegetable crops: arugula sort «Gourmet», arugula sort «Sicily»,
tomato sort «Novichok», cucumber sort «Hermany.

Pre-sowing treatment of seeds was carried out by soaking during one day at temperature +24 °C.

In researches several types of substrates are used: perlite, mineral wool for hydroponic systems, burner
(product of self-combustion of oxidized coal of JSC «Shubarkol komir». So, 15 different combinations of
substrate and nutrient medium were studied (Table 2).

Table 2
Variations of a combination of substrates and nutrient media
No. variant Substrate Nutrition medium No. variant Substrate Nutrition medium
1 +
1 variation Pearlite 2 MS HSI{{I\EATE AO 9 variation | Mineral wool| Floragro + HUMATE
2 variation Pearlite v, MS I Mineral wool Distillate water
(control)
3 variation Pearlite 2 MS 11 variation Burner 2, MS + HUMATE
4 variation Pearlite Floragro + HUMATE | 12 variation Burner > MS
5 variation . .. ..
Pearlite Distillate water 13 variation Burner 2 MS
(control)
6 variation Mineral wool > MS+HUMATE 14 variation Burner Floragro + HUMATE
7 variation Mineral wool 2 MS 13 variation Burner Distillate water
(control)
8 variation Mineral wool 15 MS

After the soaking seeds were planted in trays filled with substrate. The effectiveness of the influence of
nutrition medium was determined by the following indicators: A)accumulation of crude mass;
B) accumulation of dry mass.

Results of experiments are calculated by comparison of using table of N. Plohinskii. Statistical pro-
cessing of the results was performed using the Microsoft Excel 2007 application package.
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Results and their discussion

The primary analysis of crude and dry mass showed the relationship between the type of substrate and
the mass of crude mass, especially for plants grown on the substrate — perlite.
So, largest mass of arugula sort «Gourmet» was recorded on the substrate perlite in variant 5 (Table 3).

Table 3
Crude and dry bio mass of arugula sort «Gourmet»
No. Cmde Dry % of dry| No. Crude Dry % of dry| No. Crude Dry % of dry
variant weight (g.)| mass (g) mass |variant weight (g.)| mass (g) mass |variant weight (g.) | mass (g) mass
(M£m) | (M£m) M#m) | M+m) (M#m) | (M£m)
0.31 0.022 0.12 0.013 0.32 0.029
Ul w004 20003 | 710 | 8 | s001 |=z0001 | 08 | TN i906 0002 | 200
0.46 0.037 0.18 0.041 0.27 0.024
2 +0.11 +0.001 8.04 7 +0.04 +0.001 22.78 12 +0.02 +0.001 8.89
0.33 0.028 0.25 0.040 0.39 0.039
3| 005 [ 0002 | 3% | 8 | 006 |=x0.004 | 1000 131 01| z0001 | 1000
0.35 0.026 0.31 0.030 0.41 0.044
4 4004 | 20001 | P | | z001 | =0.001 | 1000 | 1 100040 $0.002 | 1073
0.56 0.039 0.16 0.023 0.31 0.033
S| 008 | 0002 | % | 10| o8 | x0.003 | M35 003 | £0003 | 109

This result was higher on 44.6 % comparing to control data.-The highest dry biomass was noted for
plants grown on the substrate in variant 14 — burner and nutrient solutions. Plants, grown on this variant of
nutrient solutions, are characterized by high dry bio mass. The reliability of the results of experimental vari-
ants varied from 0.05 till 0.001.

Comparison of the results of the accumulation of crude weight of plants arugula sort «Sicily» revealed
that the greatest accumulation of bio mass was observedion the substrate perlite in variant 4 (Table 4).

Table 4
Crude and dry bio mass of arugula sort «Sicily»
No. Cmde Dry % of dry| No. Crude Dry % of dry| No. Crude Dry % of dry
variant weight (g.)| mass (g) mass |variant weight (g.) | mass (g) mass |variant weight (g.)| mass (g) mass
Mzm) | M*m) (M+m) | (M£m) (M#m) | (M=m)
0.42 0.035 0.28 0.011 0.44 0.043
Pl 2006 | 20003 | 71000000 001 | 20003 | 3P | M| Lo006 | 20003 | 206
0.48 0.036 0.23 0.040 0.37 0.037
2 | 1008 | 20003 | 3%l T | 006 | 20003 | Y30 1201 L0090 | <0002 | 3%
0.38 0.029 0.23 0.044=+0. 0.52 0.043
31 2002 | x0002 | B 8 | w01 | 002 | B B | 1004 | 20002]| 1000
0.56 0.041 0.42 0.045=+0. 0.46 0.045
Yl w004 | 20003 | TP | % | w005 | ooz | M2 M 504 | 20001 | 1073
0:54 0.037 0.24 0.029+0. 0.29 0.039
> | 4006 .| 20002 | 6% | 19 so0a | 003 | 2O | | Lo01 | 0003 | 106

The analysis of dry bio mass showed that the highest results were recorded on the basalt wool in variant
9 and on burner in variant 14. It is noted that the accumulation of dry bio mass for arugula «Sicily» was
higher than for sort «Gourmet». So, for arugula sort «Gourmet» was only 3 variant of dry bio mass over
0.040 grams. For arugula sort «Sicily» weight of dry bio mass over 0.040 grams was recorded in 7 variants.

The analysis of the absolute data of dry bio mass showed that the highest results were recorded on bas-
alt wool in variant 9 and on burner substrate in variant 14.

On the substrate perlite there were no significant differences between the 4th and 5th variants. In variant
1 there was a significant variation of crude bio mass in relation to the control at the level of p <0.01. The
greatest reliability (p < 0.001) was observed between the 3rd and 5th variants. On the substrate basalt wool,
the significant difference between variant 9 and control was p < 0.001.
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The maximum bio mass of tomato plants sort «Novichok» on the substrate perlite was recorded for var-
iant 4. It was more on 84.4 % than the maximum crude bio mass received on basalt wool (variant 6), and on
73.1 % more than the maximum bio mass on substrate burner (variant 15). Also on the substrate perlite rela-
tive difference between variant 4 and control variant was 73.1 %. Data of crude bio mass on basalt wool
(variant 6) exceeded control variant on 40 %. The maximum of dry bio mass was fixed in control variant
(Table 5).

Table 5
Crude and dry bio mass of tomato sort «Novichok»
No. (?rude Dry % of dry| No. Crude Dry % of dry| No. Cmde Dry % of dry
variant weight (g.)| mass (g) mass |variant weight (g.)| mass (g) mass |variant weight (g.)| mass (g) mass
Mzm) | M*m) (M£+m) | M=m) (M#+m) |[<{(M=m)
083 | 0.070 077 | 0.06] 046 | 0,045
Dol 005 [x0002 | 8% | © | w005 |=0001| 792 | M| 004 | <0006 °78
067 | 0053 059 | 0.058 0687 | 0,050
21 008 0003 | 7V | 7T | 1008 | 0003 | 783 | 2| L008 | +0.004 | 58
043 | 0031 074 | 0.063 073 | 0061
300 4006 | 0003 | 72V | % | o011 | <0003 | 81 | B |/ o004 | 20002 | 83
142 | 0112 047 | 0053 071 | 0.066
ol 007 20004 | 78 2 | 1006 | <0002 | VM4 Lg07 | 40003 | 230
082 | 0061 055 | 0045 082 | 0065
51 1004 | =0003 | 7* | 10 004 | x0002 | 3 | Bl 000 | 0006 | 73

Variant of nutrition media 4 recorded the highest dry bio mass among all studied variants; the best re-
sult for dry mass was shown substrate basal wool (variant 9).

Analysis of the reliability of tomato bio mass on different media revealed that on the substrate burner
only one variant (variant 11) there was a significant deviation in comparison with control (variation 10).

For substrate basalt wool all variations had significant differences of crude weight comparison with
control (variant 7 — p < 0,05; variants 6, 8, 9 p <0.001).

On perlite substrate in 3 experimental variants weight of crude bio mass had a significant difference
p <0.001 in comparison with control (variant 5). At the same time, in variants 2 and 3 plant bio mass were
significantly lower than for control data;but bio mass in variant 4 was significantly higher than in control.

The result of the reliability of indicators differences of crude weight showed the highest values of this

parameter in different media. So, on substrate perlite (variant 4) and basalt wool (variant 6) significant dif-
ferences were p < 0.001; variation between variants 4 and 15 was at the level of p < 0.01.

Comparison of the results of the accumulation of crude mass of cucumber sort «Herman» on different
substrates revealed that the greatest weight had plants obtained on the substrate perlite variant 4 (Table 6).

Table 6
Crude and dry bio mass of cucumber sort «Hermany
No. Cmde Dry % of dry| No. Crude Dry % of dry| No. Crude Dry % of dry
variant weight(g,) mass (g) mass |variant weight (g.)| mass (g) mass |variant weight (g.) | mass (g) mass
(M+m) | (M+m) (M+m) | (M+m) v (M+m) | (M+m)
131 | 0362 474 | 0404 42 | 0314
LT 2043 | 2003 | 8% | O | 2049 |x0023| 32 | | o1 | x002 | 78
3.85 | 0327 3.4 | 0197 3.9 | 0279
200 012 | x004 | 3T | 006 | 0005 | &7 | 12| so03s | x003 | 7P
393 | 0335 370 | 0252 50 | 0282
30 007 | 002 | 32 | ¥ | Loe1 |z0003| &8 | B o027 | w001 | >4
755 | 0.590 201 | 0272 41 0338
ol 1026 | 2004 | UL 2 0 Loaa w0022 U | M| L33 | 2003 | 3%
607 | 0415 243 | 0.176 48 | 0234
Sl o1 | 003 | O L 10 003 Lxo0001 | 24| B 1026 | 2001 | 22
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On a substrate of basalt wool, the highest weight of plants was observed for variant 6. The bio mass of
this variant was lower than for similar data on substrate perlite (variant 4).

The maximum bio mass of plants was fixed on Firestone medium in variant 13. The crude bio mass of
this variant was on 33.8 % lower than the crude bio mass on perlite substrate (variant 4).

The highest rate of dry bio mass was in variation 4 on the perlite substrate. At the same time, it was
found that the highest % of dry bio mass observed in variant 9 on basalt wool.

For cucumber sort «Herman» on the substrate perlite all four variants shew significantly different with
control indicators (p < 0.001). At the same time, variants 1, 2 and 3 on substrate perlite had results signifi-
cantly lower than the control data, and in variant 4 the results were significantly higher than in control.

On substrate basalt wool, all four variants also had significant differences for crude bio mass compared
with control. However, on this substrate all experimental variants had shown parameters significantly-higher
than in the control variant. The results obtained in variant 6 with maximum crude bio mass were recorded on
this substrate, that were significantly lower (p < 0.001), in relation to the results obtained in variant 4 on the
perlite substrate.

Comparing the results of accumulation crude bio mass, we can conclude that the biggest influence on
this criterion had mineral medium Floragro with addition humate (Shubarkol komir). Additional of humates
activate growth of metabolic processes that can be explain with increasing of concentration‘of sodium ions
and increasing of nutrition of vegetative cells.

The overall effect of sodium humate on the accumulation of crude bio mass is noted. The best results of
bio mass were in variants with sodium humate. In seven cases from eight indicators of crude biomass was
significantly higher than in control variant.

Analysis of the results of accumulation of dry weight showed that in eight variants from twelve the
maximum data were observed on mineral media Floragro with the addition of humate. Thus, the vast majori-
ty of greatest dry bio mass was observed in variant containing humate.

As was earlier mentioned, the indicator of dry bio mass was not a criterion that characterizes the influ-
ence of factor on the development of plants in the initial stages. It can be concluded that sodium humate is an
effective stimulant of absorption of the main mineral components.

The comparison of the results of accumulation of dry bio mass on different substrates revealed that the
arugula sort «Hermanny, tomato sort «Novichok» and cucumber sort «German» had the greatest accumula-
tion of dry weight on the substrate — basalt wool. The arugula sort «Sicily» had the highest dry bio mass on
the substrate basalt wool.
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M.K. A6apemeBa, E.H. Maptsinosa, I'.T. Anemycun

I'uapononuka xaraaibIHAA TYPJ cy0cTpaTTapaa ecipy Kesinae ecKiHaepain
LIMKI K9He KYPFaK MaccachbIHbIH KuHAJTYbIHA «lllybapkenKemip» AK
OHIPICIHIH HATPUII TYMATBIHBIH dCepi

Kasipri yakpITTa ociMIikTepai ocipymaiH THIPOIOHABI dIiCi 6CIMAIK IMUKI3aTHIH KbUT OONBI aTyIblH €H KeH
SHT'I31ITeH Tocini 6ousn TabbuTanbl. Byt omic eciMIikTepl ecipy il JoCTYpIi oicTepiHe KaTBICTHI OipKaTap
apTHIKIIBUIBIKTApFa M€, ocipece OHIMHIH COHFHI CallachlHa dcep eTeTiH (PU3MOJIOTHSUIIBIK IIPOLECTEPAl peTTey
mieHOepinae KeH KoNAaHbuiaasl. Makaia rHIpONOHUKa d/1iCiMEH OCipiireH eciMIiKTepAe KYpFakK jKoHe ITUKi
MAacCaHbIH JKHHAKTalyblH 3epTreyre apHanraH. Kopekrik opra perinne Mypacura-Ckyra KOPEeKTiK
OpPTachIHBIH ~KypaMmblHa KIPETiH MakKpOdJIEMEHTTep/AiH KEH KOJDKETIMAI Kypambl  KOJIAHBLIIBI.
Ou3MONOTHAJIBIK YaepicTepaiH akTuBaTophl xoHe perreriun peringe «lllybapkenKemip» AK enmipicinig
HaTpuil TyMarel KospaHeuinpel. Canar, Kusp, KbI3aHAaK ecipy 3epTTeyNIepiHIH HOTIDKeNepli, COHmai-ak
eciMIIKTepJie KypFaK >KoHe INWKI MacCaHBIH >KMHAKTally IIPOIeCiHEe opTypili cyOcTpaTTapiblH . acepi
KenTipiireH. 3epTTey HOTIKENepi THAPOIOHMKA OKarJalblHOa OCIMIIKTEpIIH KYpFaK OKoHe | IIWKi
MacCachIHBIH )KUHAKTATy MpoLecTepiHe HAaTpHil TyMaThIHBIH OH dcepiH kepcerTi. Conali-ak 3eprrey 0apbr-
CbIH/Ia CyOCTpaT Typi MeH eciMAiKTepae LIMKI XOHE KYpFaK MAacCaHbIH >KHHAKTalIybl apaChIHIAFbL THIFbI3
GaitmanbIC aTam OTLN].

Kinm ce30ep: runpomnonuka, cyocrparrap, MC KOpeKTiK OpTachl, KK K9HE KYPFaK Macca; rymaT, IepJiuT,
6a3aJIbTTHl MaKTa.

J.1O. Cupmamn, I'.b. Koxanosa, A.H. [Totexuna, C.Y. TrneykeHosa,
M.K. A6xapemeBa, E.H. Maptsinosa, I'.T. AstbMycun

Bumsinne rymara Hatpus npoussoiacrsa AO «lllydapkoasKomup»
HA HAKOILJICHUE CBIPOI U CYX0il MacChl MPOPOCTKOB IPH BbIPALIUBAHUH
HA Pa3sJIMYHBIX Cy0CTpaTax B YCJOBHAX T'HAPONOHUKH

I'mpponoHHBI MeTON BBIpAIMBAHKS PACTEHHI B HACTOSIIEE BpeMs SBISICTCS HamOolee IMIMPOKO BHeEIpsie-
MBIM CHOCOOOM KPYTJIOTOJMYHOTO IOJIyYEHHS PACTHUTENHHOTO CHIPbs. J[aHHBI METOX MMEET psiji MpeuMy-
IIEeCTB IO OTHOLIEHHIO K TPAUIIOHHBIM METOAaM BBIPAIMBAHUS PAaCTEHUH, 0COOCHHO B paMKaX, PEeTYIISIAN
(hM3HONIOrHYECKHUX TIPOLIECCOB BIMAIONIMX Ha KOHEYHOE KayecTBO MPoayKTa. Hacrosiias cTaThs NOCBsIIEeHa
UCCIIeIOBAaHUIO HAKOIUIEHUSI CYXOM M ChIPOM MacChl B PACTEHHSAX, BBIPAIIEHHBIX METOAOM THIPONOHUKH. B
KauecTBE NMUTATENbHOI cpebl ObUT HCHONB30BaH ITHPOKO JOCTYMHBIH COCTaB MaKPO3JIEMEHTOB, BXOISIINX B
cocraB nuTatenabHOU cpeapl Mypacure-Ckyra (MC). B kauecTBe akTHBaTOpa M peryisitopa ¢punonorude-
CKHMX MPOIECCOB HCIOAB30BaiIcH Tymar Hatpus npousBoactsa AO «llly6apkxomsKomupy. IlpuBeneHst pe-
3yJIBTATHl MCCIICIOBAaHUH BRIPAIMBAHMS CalaTa, OTYpPIOB, HIOMHIOP, a TAKXKe BIMSHHE Pa3IMIHBIX CyOCTpa-
TOB Ha IPOLECC HAKOIUICHHS CyXOi U CBHIPOH MacChl B PaCTEHHSX. Pe3ynbTaThl HCCIETOBAHMUS CBUACTEIBCT-
BYIOT O HOJIOXXHUTEIIFHOM BO3AEHCTBHY T'yMaTa HATPHs Ha MPOIECCH HAKOIUICHUS CyXO# M CBHIPOH Macchl pac-
TEHUH B YCIOBHSAX THIPONOHHUKH. Takke MpH HMCCIENOBaHUM ObLIa OTMEYEHA TECHas CBSI3b MEXIY THIIOM
cyOcTpara 1 HaKOTUIEHHNEM CBIPOHM U CYyXOH Macchl y PacTeHU.

Kniouesvie crosa: ruaponoHrka, cyocrparsl, nutatenabHas cpeaa MC, chipast u cyxasi Macca, rymar, epiunT,
0a3ajbTOBAs BaTa.
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