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Abstract

The main objective of the study is to develop an environmentally friendly
technology and organize the production of biological products, as well as to conduct
laboratory and field tests to determine the effectiveness of the effect of chelate
complex biological products based on potassium humate, enriched with NPK and
Mo. A description of the technology for obtaining potassium humate is shown, as
well as physical and chemical characteristics, chemical composition and mass
fraction of humic acids in terms of dry matter. The article presents the results of field
trials on the effect of growth-stimulating organic fertilizer on hedge seedlings (elm
and spirea) on the territory of the Astana Botanical Garden (Astana). Today,
landscaping plays an important role in the development of any city. When choosing
plants for hedges, it is necessary to take into account a number of indicators, such as
unpretentiousness, stress resistance, adaptation to environmental conditions, etc. An
important element in maintaining these factors is the use of additional feeding, in the
form of biological preparations based on potassium humate. As a result of vegetation
experiments, an effective effect of modified organic biopreparations (MOB with
NPK, MOB with Mo) was established, in which a stimulating effect on the growth of
new shoots and a significant increase in the biomass of elm seedlings was observed.
Biological preparations also had a beneficial effect on spirea hedge bushes, which
manifested itself in a significant increase in plant height.

Keywords: humate; fertilizer; modified; biopreparation; hedge; soil; humic
substances.

Introduction humic acids of an aromatic

Humic substances (HS) are a
macrocomponent of the organic
matter of soil and water ecosystems,
as well as solid fossil fuels (coal, peat
shale, sapropel). Humic acids (HA)
are characterized by a general type of
composition and structure. However,
depending on the initial composition
of the coal, the method of isolation
and storage, the indicators of their
composition and structure may vary.

The physiological activity of
HA 1is largely due to the content of
quinoid  groups and  phenolic
hydroxides [1]. The presence in the
macromolecules of oxidized coals and

framework highly substituted with
functional groups, such as carboxyl,
phenolic, quinoid, carbonyl, and
others, determines their ability to
enter into an ion exchange reaction
and the possibility of using them as
active substances [2,3]. Also, humic
substances (HS), in addition to being
a source of C and N for
microorganisms and plants, play an
important role in the chemical and
physical properties of the soil, mainly
due to their high complexing ability
with respect to metal ions, which is a
consequence of the presence of
oxygen-containing functional groups



in their structure associated with their
high specific surface area [4-6]. It is
known that humic acid coals are
weakly acidic cation exchangers.
When nitrogen atoms are more prone
to donor-acceptor bonds with metal
ions than oxygen atoms are
introduced into these carbons, the
latter become more complex and
polyampholytic [7].

Methods and materials

LLP "Institute of Coal Chemistry
and Technology" together with LLP
"Research and Production Association

"KazTechCoal" developed and
introduced into  production an
innovative  technology  for  the

production of organomineral fertilizer
"Kazuglegumus" from  domestic
oxidized  brown coal (highly
concentrated liquid solution). In the
process of  preparing humic
preparations, a rotary-pulsation
apparatus is used, then an ultrasonic
reactor is used to bring the size of coal
particles (19.2 nm - 3.57 um) to a
nano- and micro-size state. In both
cases, air 1s supplied to oxidize the coal
and increase the content of humic
substances. In the process of dispersion
and ultrasonic exposure, the
temperature of the mixture reached no
more than 50-55°C, which s
acceptable for the oxidation of coal
with atmospheric oxygen and the
extraction of the formed salts of humic
and fulvic acids, as well as amino
acids. In the process of oxidation with
air, a micellar dispersed system is
formed - a solution of humic
substances with a particle size of less
than a micrometer.

Organic substances of coal,
peat and humic acids included in them
largely determine soil fertility, being
sources of physiologically active
substances. = Humates  accelerate
metabolic and biochemical processes
in the soil. They are obtained from
brown coal, soil, lignosulfonates and
peat [8].

As a feedstock for the production
of humate, oxidized brown coal from
the Sarykol deposit was used, which
was previously crushed to a particle
size of less than 0.5 mm and had the
following characteristics (wt.%): A¢
66.09; W= 5.73; V' 17.78; S# 0.71;
C421,01; H? 1,68; N 2.09; Na 0.61;
Al 0.89; K 0.58; Ca 0.31; Ti 0.22; Fe
1.11; Zr 0.08. The particle size of the
coal was: 2.95 microns - 10%, 63.8
microns - 50%, 452 microns - 90%. X-
ray phase composition of the sample
contains: halloysite (ALS1,Os(O H).),
silicon oxide (S10,), albite
Na(AlSi;0s5). The output of humic
substances from brown coal was 56%.
Next, the physicochemical properties
of the resulting fraction were studied
[9].

Humidity, ash content and
volatility of the samples were
determined on a thermogravimetric
analyzer "Thermoster Eltra" (according
to ASTM D7582-12). The mass
fraction of humic acids (in terms of dry
matter) - 56%, was determined
according to the state standard 9517-94
[10-13]. To determine the quality of
raw materials and the content of humic
substances, the following instruments
were used: IR-Fourier spectrometer
(NicoletiS  10) (USA), elemental



analyzer CHNS / O (Perkin Elmer)
(Germany), particle size analyzer
(Mastersizer 3000) (Great Britain).

The main indicators according to
international standards are the content
of substances such as carbon,
hydrogen, nitrogen, sulfur and oxygen
in the humate. The saturation of the
fraction with these components

determines the quality and value of
humic substances. The main elements
are always present, regardless of their
origin, country or continent [14].

Table 1 presents data on the
elemental composition of isolated
humic substances from oxidized brown
coal according to the method described
above using a 3% KOH solution.

Table 1 — Average content of carbon (C), hydrogen (H), nitrogen (N), sulfur

(S) and oxygen (O)
Content, % Atomic ratio Chemical
C H N S O C/H C/O C/N C/S formula

22.205 | 1.9065+ | 3.5+ | 0.6775+ | 20.4435+ | 0.979 | 0.447 | 7.411 87.49
+0,1 0,3 0,3 0,1 0,1

Atomic fraction Percentage 1?195 1;195065
1.85 1.89 0.25 0.02 12| CH C/O C/N C/S et
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The resulting humic substance was a dark brown liquid with a density of
1,0416 r/cm’, the dynamic viscosity of the resulting sample was 1,84*107 Pa*s. The
humic fraction is non-toxic, combustible, belongs to the 4th hazard class.

The particle size of HS after the rotational cavitation and ultrasonic apparatus

ranged from 19.2 nm to 3.57 um (Fig. 1).
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Figure 1 — Size distribution of HS particles

The IR spectrum (Figure 2) of the purified humate sample shows wide peaks in
the region of 3262 c¢cm™, which were attributed to the stretching vibrations of the

—OH, —COOH bonds.



11:l—_
1:l:l—-
a0
ej—-
.—-j_-

S0

Transmittance, %

50 —
40

=0

- T - T - T
4000 =500 =00 2500

- T v T T T T T
2000 1500 1200 500

warsenumbers (cm-11)

Figure 2 — IR spectrum of potassium humate

Bending vibrations of the methyl
and methylene groups at 1363 cm™ and
stretching vibrations of the C-O bond
in alcohols, phenols, and others also
confirm the presence of these
functional groups.

Peaks in the range 1000-800 cm™
are responsible for the strong stretching
of the C-O group. The peaks at 1565,
1363, and 995 cm™ were assigned to
the stretching vibrations of the —COO
and —CH, —OH, -etc. groups.
Accordingly, this indicates rich
oxygen-containing functional groups
on the potassium humate surface,
which promotes the complexation or
adsorption reaction.

An increase in the intensity of
the peak with a frequency of 1565 cm’
makes it possible to attribute this peak
to vibrations of the carboxylate ion. A
pronounced  maximum  with a
frequency of 1363 cm’, apparently,
shows C-O vibrations associated with
the potassium 1ion by ion-ion
interaction. In the region of 995 cm™ in
the spectrum of potassium humate, a
band is clearly manifested, which is
also present in the last spectrum and is

related to the bending vibrations of
alcohol hydroxyls.

For comparison, the reference
sample of humic acid isolated from
coal has the highest absorption capacity
at 3400 cm'. Weaker absorption at
2000 cm' indicates the presence of C—
H stretching. A loop with a sharp edge
in the 1577 ¢cm™ band indicates the
contribution of C =. Stretching C
(aromatic ring) and 1375 cm™ shows a
characteristic band of COO groups.
The sharp-edged loop observed at 1571
cm’ indicates the presence of N-H
(multiple transamide dimers). The
weakest peak at 1123 cm™, 1000 cm’
and 747 cm’ indicates amines (RHN?2)
of a different order. At 1123 cm™', C—
C-O stretching indicates the presence
of ester functional groups. The peak at
1000 cm™ shows the stretching of
esters (C O-C) [4]. Compared to the
reference sample, the isolated sample is
less enriched in oxygen and hydrogen,
and the presence of a large number of
groups contributes to greater reactivity.

Our data are consistent with
similar studies. For comparison, humic
acid isolated from the soil shows a



wide absorption centered in the regions
of 3360, 1406, 1233, and 1060 c¢m
[15].

Fertilizer "Kazuglegumus" is
intended for all types of crops,
processing can be carried out on any
type of soil and is recommended for
use at all stages of plant growth and
development - from pre-sowing
treatment of seeds and planting
material, root and foliar top dressing
during the growing season before and
after harvest.

The active use of humic
substances in agronomy is due to their
positive effect on the condition of the
soil, as well as on the growth and
development of plants. This is
explained by the fact that humic acid 1s
a source of macro- and microelements
entering the soil, which are necessary
for the growth and development of
plants. It was experimentally shown
that in the presence of humic
substances, the permeability of cell
membranes is  higher,  which
contributes to an increase in the supply
of nitrogen, phosphorus, potassium,
iron, and plant resistance to a wide
range of adverse factors (pesticides,
frosts, droughts, high salt content in the
soil) [16]. It has also been proven that
humic substances increase the intensity
of photosynthesis and respiration,
enhance protein and phosphorus
metabolism in plants. In this regard, the
scientists of LLP “Institute of Coal
Chemistry and Technology” obtained
modified organic  biopreparations
(MOB) based on the Kazuglegumus
organic fertilizer with the addition of
NPK components (nitrogen,
phosphorus, potassium) and
molybdenum. A study was also

conducted on the growth-stimulating
effect of humic fertilizer on elm and
spirea hedge seedlings on the territory
of the Astana Botanical Garden.
Modified fertilizer with NPK stimulate
the growth and development of organs
in plants, enhance the absorption of
nutrients, increase metabolism, reduce
stress in plants under adverse
environmental conditions. Fertilizers
for foliar and root top dressing are used
prophylactically in all phases of the
development of the plant organism (the
exclusion of flowering) and, first of all,
it is necessary to use drugs under stress.
Phosphorus contributes to the proper
formation of roots, and also increases
resistance to various diseases. With a
lack of nitrogen, the plant may stop
growing, and the number of
inflorescences will decrease. Plants
with potassium deficiency are less
resistant to drought, waterlogging, high
and low temperatures.

Modified fertilizer with Mo is
involved in the metabolism of higher
plants and microorganisms.
Molybdenum is involved in the process
of converting mineral phosphorus into
organic, prevents the occurrence of
diseases, strengthens the health of
plants, promoting development. The
element is part of the chloroplast and is
considered a fundamental factor in the
process of photosynthesis.  This
element is included in their
composition and activates enzymes
such as nitratereductase, with the
participation of which the process of
reduction of nitrates to ammonia takes
place, and also catalyzes the processes
of reduction of molecular nitrogen by
nitrogen-fixing free-living and nodule
bacteria.



In this regard, we conducted tests Irrigation of the soil with

on the open ground of the Astana preparations of Potassium Humate +
Botanical Garden to determine the NPK, Potassium Humate + Mo (2 ml
effect of chelate fertilizer complexes of the preparation per 10 1 of water)
based on potassium humate enriched was carried out on a hedge: Ulmus
with  NPK and Mo components on parvifolia (Figure 3) and Spiraea
hedge bioobjects (elm and spirea). japonica (Figure 4).

Figure 3 —Elm (Ulmus parvifolia) Figure 4 — Spirea (Spiraea japonica)

As shown in Figures 3, 4, the studied plants needed additional feeding in the
form of fertilizers. Bioobjects lacked splendor and leaf surface, and the stems were
marked by brittleness and dryness. In this regard, preparations based on potassium
humate enriched with NPK and Mo elements were selected.

Results

The study of the effect of MOB with NPK, MOB with Mo was carried out by
irrigation method, carried out every 15 days. The total period of the experiment was
45 days.

Prior to testing, the seedlings had bare branches and a low number of shoots.
Spirea bushes had a dim pigment of the leaves, and their slow growth was also
observed. According to the results of the experiment, we noted a favorable effect of
MOB on the growth and development of biological objects.

Discussion

According to the data presented in Figure 5, as well as in tables 2,3, one can
observe the favorable effect of humic fertilizer on the growth of new shoots of elm
(Ulmus parvifolia) seedlings, expressed as a percentage. High rates were noted in the
experimental groups of MOB with NPK (23.8%) and MOB with Mo 1 (31.8%).
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Figure 5 — Comparative characteristics of the effectiveness of MOB with NPK
and MOB with Mo on the growth of new shoots (Ulmus parvifolia) as a percentage
for the entire period of the experiment (45 days)

Table 2 — Data on the use of preparation MOB with NPK, MOB with Mo on
the hedge on the first experimental day (Spiraea japonica)

Group Number of bushes Maximum height, cm | Minimum height,
cm
MOB with NPK
Control 1 15 50 19
NPK 1 13 59 30
Control 2 15 50 19
NPK 2 15 45 15
Control 3 10 40 28
NPK 3 12 49 36
MOB with Mo

Control 1 15 47 29
Mo 1 11 42 30
Control 2 10 55 30
Mo 2 13 35 58
Control 3 10 40 40
Mo 3 10 35 20

Table 3 — Data on the use of drugs MOB with NPK, MOB with Mo on hedge
(Spiraea japonica) 45 experimental day

Group Number of Maximum height, cm Minimum height, cm
bushes
MOB with NPK
Control 1 | 15 | 50 | 19




NPK 1 13 59 30
Control 2 15 50 19
NPK 2 15 47 15
Control 3 10 44 30
NPK 3 12 49 36
MOB with Mo
Control 1 15 47 29
Mol 11 48 30
Control 2 10 58 30
Mo 2 13 58 37
Control 3 10 45 45
Mo 3 10 40 25

a | ﬁ b
Figure 6 — The results of the application of fertilizers on hedges (Ulmus parvifolia):
a) before the experiment; b) after the experiment

Figure 7 —The results of the use of fertilizers on hedges (Spiraea japonica): (a)
before the experiment (b) after the experiment

During the period of the experiment before and after the experiment (Figure
6.7), changes were noted that manifested themselves as a positive result. Thus, the
data obtained indicate the effectiveness and prospects of using modified organic
fertilizers based on potassium humate.

Conclusion



As a result of the studies, the
effect of the effectiveness of
preparations of MOB with NPK and
MOB with Mo on the increase in the
number of new shoots and the color
intensity of the leaves of elm seedlings
was shown. We noted the active
growth of spirea bushes, as well as the
foliage of plants acquired a bright
color, the number of flowers increased
and the stems were wiry.
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Tyitin

3epTTeyAiH HEri3ri MakcaTbl SKOJOTUSJIBIK Ta3a TEXHOJOTUSHBI J31pJey >KoHe
ouomnpenaparrap eHAIpyIl yilbiMaacTelpy, coHbiMeH Katap NPK-men xone Mo
OalBITHIIFAH KaJMl TyMmaThl HETI31HJAET1 XeNAaTThIK KeIIeHAl OuompemnapaTTapiblH
OCEpIHIH TUIMIUTITH aHBIKTAY YIIIH 3€PTXAHAJIBIK KOHE JaNaIbIK ChIHAKTApP KYPri3y.
Kanuii TyMaThlH any TEXHOJOTHUACHIHBIH CHUIATTaMachl, COHAAal-aK (U3HKaAIbIK-
XUMUSUIBIK CUTIATTaMajapbl, XUMUSUIBIK KypaMbl jkKoHE KYpFakK 3aT OOWBIHINA TYMUH
KBIITKBIIIAPBIHBIH MacCalibIK YJieci KepceTinreH. Makanaga AcrtaHa OOTaHUKAIIBIK
Oarpl  (AcTraHa K.) ayMarbIHIArbl ©OCYJl BIHTAJAHABIPATBIH  OPTaHUKAIBIK
THIHAUTKBIIITHIH KOpIIay KelleTTepiHe (Kaparaml >KoHe cIupesi) acepl OoHbIHIIA
JajanblK ChIHAKTAPJIBIH HOTIDKENIEepl KenTipiuireH. byriHme ke3 KelnreH KalaHbIH
JaMybIH/Ia KeTajJaHslpy MaHbI3Ibl pei aTKapaabl. Kopiay kemierrepine apHajaraH
OCIMJIIKTEP/l TaHAAFaHJa, KapanalbIMIbUIBIK, KYW3EIICKE TO3IMIUIIK, KOpIIaraH
opTa XKarjailiapbiHa OeiliMIeny JKoHe T.0. CHSKTBI O1pKaTap KOPCETKIMITEP/l ECKEPY
KaKeT. ATanraH QakTtopiapabl CaKTayAblH MaHBI3Ibl DJIEMEHTI pPETIHAE KaJluid
rymMaThl HETI31HJErl OuompenapaTTapAbl KOCBIMIIA a3bIKTaHIBIPYJa MaiiaiaHy
Oonbin  TaObUIaABl.  Beretamusuiblk — TOXIpuOenep  KYprizy  HOTHXKECIHJE
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moaudukanusianran ouonpenaparrapasiH (NPK-men MOB, Mo-men MOB) tuimai
ocepl aHBIKTAIBI, OH/MA JKaHA OCKIHIAEPMIH ©CyiHEe BIHTATAHABIPYIIBI OCEpl KOHE

Kaparaml  KeIeTTEPiHIH

OuomaccachlHBIH ~ alTapiblKTail  ecyl  OailKanbl.

buonpenaparrap COHbIMEH KaTap OCIMAIK OWIKTITIHIH alTapiblKTall ecyiMeH
KOpIHETIH cnupea OyTalapblHa Maiaansl acep eTTl.
Kiar ce3mep: rymar; ThIHAWTKBIIN, MOAM(UKALMIAY; KOpIIAY KOLIeTTepi;

TONBIPAK; TYMUHAIK 3aTTap.

W3YUYEHUE ®U3UKO-XUMUYECKUX CBOMCTB
MOJNOUIINPOBAHHOI'O OPTAHUYECKOI'O YAOBPEHUSA N
NCCIIEAJOBAHUA UX BJIMAHUA HA ITPOLHECCHI POCTA "
PA3BUTHSI CAXKEHIIEB )KUBOH U3 OPOIM

Kacenoesa Kanap Mypamoekoena
Kanouoam mexnuueckux nayx

TOO «HUncmumym xumuu yens u mexHoi02uuy»
2. Acmana, Kazaxcman

E-mail: zhanar k 68@mail.ru

Epmacambem Bonam Toneyxamyivi

Lloxmop xumuueckuil HayK

TOO «HAucmumym xumuu yens u mexHoa02Uun»
2. Acmana, Kazaxcman

E-mail: bake.yer@mail.ru

Kaszanxanosa Mavipa Kymmuibaesna

PhD, accoyuuposannsiii npogeccop

TOO «HUncmumym xumuu yens u mexHoi02uuy»
2. Acmana, Kazaxcman

E-mail: maira 1986@mail.ru

HUmbaesa [una Celimkanuxvizvl

Mazucmp ecmecmeerHbIX HAYK

TOO «Hucmumym xumuu yens u mexHoI02Uun»
2. Acmana, Kazaxcman

E-mail: imbaeva 0705@mail.ru

Caynebekosa Mesein Epbonkbizvl

Mazucmp ecmecmeennvix Hayk

TOO «HUncmumym xumuu yens u mexHoi02uuy
2. Acmana, Kazaxcman

E-mail: mezgil 19 09@mail.ru
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Kanenosa Acemeynv Mapamosna

Mazucmp mexnuku u mexHonio2uu

TOO «HAucmumym xumuu yensi u mexHoa02Uun»
2. Acmana, Kazaxcman

E-mail: asemgul west@mail.ru

AHHOTALIMSA
OcHOBHOW 3ajlaueil HUCCIEOBAaHUS SBJSIETCS pa3paboTKa HKOJIOTUYECKHU
YUCTOW TEXHOJOTMHM W OpraHu3alus TMOJy4YeHus OuompenapaToB, a TaKke
MpOBENCHUE  JAOOPATOPHBIX M  TMOJEBBIX  HUCIBITAHUM 1O  ONpPEIETICHUI0
3G ()EKTUBHOCTH BIUSHUS XEJNATHBIX KOMIUIEKCHBIX OWOMNpEnaparoB Ha OCHOBE
rymata Kaius, obOorameHHBIX NPK u Mo. Iloka3ano omnmcanue TEXHOJOTHH
MOJIyYeHHUsS] TrymMaTa Kaiums, a TaKkKe TMPUBEIEHb  (PU3NKO-XUMUYECKUE
XapaKTEPUCTHKH, XUMHUYECKHHA COCTAaB M MaccoBas JOJii TYMHHOBBIX KHCIIOT B
nepepacyeTe Ha CyXoe BEHIeCTBO. B craThe mpuBEAEHBI PE3yibTaThl, MPOBEICHHBIX
MOJIEBBIX HUCIBITAHUM, T1I0 BIHUSHUIO POCTOCTUMYJHMPYIOIIETO OPraHUuYECKOro
yAOOpeHHsT Ha CaXEeHIbl >KUBOW H3ropoau (BA3 M cCOUpes) Ha TEPPUTOpPUHU
AcTtaHnuHCKOr0o 00TaHMYecKoro caaa (. Acrana). Ha cerogusimnmii 1eHb 03€JICHEHUE
UrpacT HEMAJIOBAXKHYIO POJb B pa3BUTUU JIt0OOro ropojaa. Ilpu BeiOOpe pacTeHuii
JUIS. SKMBOM M3ropojd HEOOXOAMMO YUYUTHIBATH PsJl TOKazaTelei, TaKkuxX Kak
HEMPUXOTJIMBOCTh, CTPECCOYCTOMYMBOCTh, aJaNTallds K YCJIOBHUSIM OKpYKarollen
cpenbl U mp. BakHBIM 3J€MEHTOM B TOAJEPKAHUM JaHHBIX (DAKTOPOB SIBISETCS
MPUMEHEHUE JIOMOJHUTEIBLHON MOJAKOPMKH, B BHJIE OHUOIMpenaparoB Ha OCHOBE
rymara kaiaus. B pe3ynpTaTe MpOBEACHHS BETETAIMOHHBIX OMBITOB YCTAaHOBJICHO
s dexTuBHOE BimsiHUE MOoaubuimpoBanHbix ouonpenaparoB (MOb ¢ NPK, MOb ¢
Mo), npu KOTOpOM HAOIIOJAJIOCh CTUMYJIUpPYIOIIEe ACHCTBHE HAa POCT HOBBIX
moOETOB M 3HAYMTEILHOE YBEIMYCHHE OMOMACCHI CaXXEHIIEB Bs3H. biarompusiTHOE
BO3JICICTBUE OmompenapaThl TaKXe OKa3aJM HAa KYCThl >KUBOW HM3rOopoJu CIUPEH,
MPOSIBUBIITUECS B 3HAUNTEITLHOM YBEIIMUEHUH BBICOTHI PACTCHUM.
KioueBble cjioBa: rymar; yaoOpeHue; mMoauduUUpOBaHHUE; OWoMpenapar;
YKUBasi U3TOPO/Ib; IOYBOTPYHT; TYMHUHOBBIC BEIIIECTBA.

14



