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Abstract. The paper presents the results of field and laboragxperiments in studying the effectiveness
of zeolite of the Yushanskoye deposit based inlthy@novsk region being a fertilizer of maize onigra
when applied both in pure form and in combinatiathwnineral fertilizers. A positive effect of zetion

the agrophysical, biological and agrochemical prige of medium-loamy leached chernozem and, as a
result, yield and environmental safety of maizeirgtaas been established. Its increase ranged fr8® O
t/ha (500 kg/ha of zeolite) to 2.43 and made uR.i6 t’ha when used together with mineral fertikze
when applying 500 kg/ha zeolite to the soil togethih nitrogen fertilizer (urea) at the rate of B@ per
hectare for 3 years on average the maize graird yeceeded the option with mineral fertilizers
(N60H60R60) by 0.27 t/ha. Zeolite contributed to enenvironmentally friendly products.

1 Introduction

Zeolites are the rocks extremely widespread orglblee
and represented mainly by minerals of the zeoliteig,
specifically, clinoptilolite, mordenite, phillipst
chabazite and montmorillonite, cristobalite, ca&lcit
glauconite, etc. are always present in them. Zeolire
characterized by a rigid crystalline structure, athis
built of four-, five-, six-membered rings and eveiore
complex ones built by silicon-oxygen tetrahedra. &s
result of this structure, a system of channels aawties
is formed in the intracrystalline space of zeolitest are

plants often lack movable silicon compounds duéh&®o
slow transition of its crystalline forms to orthib€ic acid

and the constant uncompensated alienation of the
element subtraction with crops. The lack of avadab
silicon can be compensated by silicon-containing
fertilizers, which are currently used only abro&SA,
Japan, Brazil, Mexico, China, etc.). At the sanmaeti
siliceous rocks differing by a high silicon conténtan
amorphous (accessible) form and having a pronounced
positive effect on soil properties can be usedes$tof
them [7]. The foregoing determines the purpose wf o
research, specifically, to study the -effectivenexs

connected with each other and with the environment.zeolite in the maize fertilizer system on chernogesh

Exchange cations of calcium,
magnesium, barium, strontium, lithium, and zeolite
water molecules are located in this system. Duthitg
zeolites have unique properties. Specifically, they as
follows: high absorption selectivity and the alilito

separate ions and molecules of various substanges b

size, that is, to work as a molecular “sieve”. Thetal

sodium, potassium,

the Middle Volga.

Herewith, the following tasks were set:

« to identify the effect of zeolite on the propertfs
leached chernozem (agrophysical, biological,
agrochemical);

« to establish the dependence of the yield of maize
grain on the use of zeolite in its fertilizer systboth in

porosity reaches 20-53 %, the exchange capacity ispure form or together with mineral, including nigem,
0.5-1.5 gE/kg. The latter causes high adsorptioth an fertilizers:

cation-exchange properties, the ability of selectiv
absorption of substances [1].

Another unique feature of zeolites is that theyohgl
to high-siliceous rocks. Thus, the content of Si®
zeolites of the Mainsky deposit of the Ulyanovsgioa

« to give an environmental and economic assessment
of the technology of cultivating maize using zeolits a
fertilizer.

is on average 56.60 %, including an amorphous one2 Conditions, objects and research

being 26.71 %. Silicon is a macroelement necesary
plants in the same way as nitrogen,
potassium, and its removal with crops often excebds
combined NPK-compounds.
Russian and foreign authors indicate the positdle of
silicon in plant life [2—6]. Despite the fact thidie total
silicon content in soils is high (from 20-35 to 45-%),

i Corresponding author: hairtdinova.natalia@yandex.ru

phosphorus,

Numerous studies of climatic

methods

The formation of crop yields occurs in specificl smd
conditions and when conducting field
experiments aimed to study the effectiveness of any
agrotechnical methods, it is important to take thatn
account.
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The Middle Volga belongs to the forest-steppe zone, that occurred in the soil medium when zeolite bisth
characterized by instability of all climatic indicas pure form and in combination with mineral fertilize
throughout the vyear, which is reflected in sharp was introduced into it. The doses of zeolite irs thase
fluctuations in the temperature regime and distrdyuof were equal to 500 and 2000 kg/ha.
precipitation, especially during the growing season
During research (2016, 2017, 2018), a rather coxple
interweaving of climatic conditions was observediriyl
the periods of maize _vegetation. Nevertheless, i_tmsp The agrophysical state of the soil used for thavjnoof
the frequent changes in weather events, they weite q  cyltivated plants is extremely important from the
favorable for the growth of this crop, especially2016,  perspective of providing them, first of all, wittptimal
which ensured a high level of its productivity. water and air regimes in accordance with the

The soil of the experimental field where the study requirements for the soil environment. The physitate
was conducted is represented by medium-power andof the soil, in addition, determines the directiohsoil
medium-loamy leached chernozem with the following microorganisms activity. Therefore, it determinde t
agrochemical parameters: humus content of 4.5 %Kwe transformation of nutrients from inaccessible fortos
humus content), available phosphorus is 180 mg/kggccessible compounds as well.

(high availability), exchange potassium is 145 rgg/k It should be noted that maize is a crop demanding
(high availability), phla is 5.4 units (weak acid soil sejl physical condition, which is connected withe th
reaction). Boiling caused by hydrochloric acid msgat  formation and structure of the root system. In finst

the depth equal to 84 cm. weeks of life, it forms the first layer of primargots, as

The objects of study were: it develops, the second layer of the root systefmichv

« leached chernozem medium-power medium loamy; extends both laterally and to the depth of 30-35amd

+ zeolite of the Yushan deposit of the Ulyanovsk then penetrates to the depth of 60 cm or more.€fbe,
region with the following content: Si056.60 %  for the formation of such a branched system ofitieas
(including the amorphous substance 26.71 %)OAl  (feeding) roots, it iS necessary to create appateri
6.15 %; FeOs3 2,34 %;Ca0 13.31 %; MgO 1.90 %; conditions up to the depth of at least 30 cm. Atldliof
K20 1.25 %; NaO 0.11 %P,050.23 %, TiQ 0.30 %; an arable layer with the density of not more than

* maize grain, hybrid Voronezh Orzhitsa 237 MV; 0.9-1.1 g/crhis optimal for maize.

e azophoska with a nitrogen, phosphorus and  The figure below shows the physical condition & th
potassium content of 16 % (NPK) and urea with gigo arable layer (0-30 cm) of leached chernozem when
content of 46 %. zeolite and mineral fertilizers are added to it.

The experimental scheme included 8 options: g0 3,5
1. Control (without fertilizers); 2. Zeolite 500 kw;

3 Zeolite 2000 kg/ha; 4. N60OP60K60 (NPK) 5. Zeolite
500 kg/ha + NPK; 6. Zeolite 2000 kg/ha + NPK; 8. 60 |
Zeolite 2000 kg/ha + N60. The need for introduaimga 0 4
into the experimental scheme is due to the fact tha -2
nitrogen in the zeolite cannot be restrained, whiah 40 1
become a yield-limiting factor in case of poor huemu 30 |
content of the soil, while the demand for nitrogen L
maize is high (removal of nitrogen by grain is 26-K8)). |

The experiments were carried out in strict accocdan 10 - - 05
with the methodological requirements: the areahsf t
accounting plot was 60 3%n their location was
randomized, the repetition was fourfold. Harvestivas
carried out on the entire plot. Zeolite and ferélis were mmm Agronomically valuable aggregates, %
applied manually under pre-sowing cultivation. Soid _m— Density, glcrd
plant samples (maize grain) were analysed in an
accredited laboratory of the Federal State Budgetar
Institution SAS Ulyanovskaya in accordance with the

3.1 Agrophysical state

70
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relevant State Standard. These data showed that adding the arable layéreof t
The research results were statistically processed b Soil did not meet the requirements of the cultidateop.
an analysis-of-variance method. Specifically, the content of agronomically valuable

aggregates 10-0.25 mm in size was below the optimal

. ] values, for maize it should be in the range of 58%
3 Results and discussion [7]. The aggregating ability of the soil was reddieand
the structural coefficient was 1.29, while at l€a& was
considered optimal. When zeolite was introducea int
the soil, the indicators of the agrophysical stafe
leached chernozem sharply changed. These changes
were as follows: the number of agronomically valeab
aggregates increased to 71 and 76 %, the densttyeof

It was indicated above that highly siliceous rocks
including zeolites can have a strong effect onstiage of
the soil especially when applied in large dosesis It
possible due to their physicochemical and struttura
features and properties. Below are the resulthahges
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arable layer acquired optimal values for the catidd microorganisms are capable of using humic substance

crop (0.9-1.1 g/cAy. as a food source, it can be assumed that zeolite
The structure-forming ability of zeolite was contributes to the preservation of humus in soil.
evidenced by the structural coefficient, which v2a36 A change in the number of the main physiological

when applied at the rate of 500 kg/ha and 3.1heatdte groups of microorganisms accordingly affected tog s

of 2000 kg/ha. Polysilicic acids, as well as humadds enzyme complex (Table 2).

with a sufficient presence of calcium ions stickil so When pure zeolite was introduced into the soil, it
particles into aggregates [8, 9]. The positive cffef remained at the control level, while when combingith
zeolite on the agrophysical soil state was maisthin nitrogen at the rate of 60 kg of the active sulxstaper
even in case of being combined with mineral fexits. hectare, protease activity was increased by 6 %tjase

The latter, when applied to the soil in its purenfpdid by 10 % and phosphatase by 13 %. Against this
not have a significant effect on the structuratestand background, peroxidase activity decreased, which
density of leached chernozem. indicated in the chernozems the predominance of the
processes of humic substances synthesis over their
mineralization strengthened when zeolite is intomtl

3.2 State of soil microfiora into the soil, in the chernozems.

The physical state of the soil has a strong inftgean Table 2. Enzymatic activity of leached chernozem depending
the activity of soil microflora, which reacts most on the use of zeolite as maize fertilizer
sensitively and quickly to any interventions in thail _ _ _
environment both natural and man-made. The reséilts | OPtion | _Hydrolase activity Oxidor eductase
determining the number of ecological and physialabi o B c | € % g I=
groups of microorganisms in the soil below (Tabjenl S ol 8, Sg B8S=| §o e
3 experimental variants (as the most effective ating 53| B gg o5 § 5 = =] g
to studies of the previous year) showed that thaber £73 8’% £g | 88383 | 873
of ammonifiers (MPA) and cellulose-decomposing gwa % o f%f" E E_S gg s>
(AGK) microorganisms when zeolite was added to the $2 S3 ¢ | S8 B g S 3
soil of 500 kg/ha was preserved, and their slight o 5 Q | 5o 5~ O
activation was observed with the joint use of tbekr e g-
with urea by 14 and 4 %, respectively. Control | 8.66| 6.45 2.61 8.20 3.95 13.09
. . . . Zeolite, | 8.89 | 6.48| 2.66 8.31 3.79 14.88

Table 1. Number of functional groups of microorganismsin |0 kg/ha

the arable layer of leached chernozem under cropaize Zeolite, | 9.21| 7.11] 2.96 849 389 1416
Option CFU/1 g abs.-dry soil 500 kg/ha

MPA, | AGK | ESBI | AMEN| AMUR |NATx + N60

x107 | x10*| x10* x106 x 10° 10°
Control| 29.46 7.13 1.48 12.74 89.18 34/16
Zeolite,| 30.92 | 7.17 1.58 12.89 99.30 30/51

500 The agrochemical state of the soil is characterifiest

3.3 Agrochemical condition

kg/ha . . . )
- of all, by the content of basic nutrients in anessible
Zeolit 33.68| 7.38 1.52 13.1 98.45 35,01 !
00 form (N-NH4, N-NO3, P205, K20), as well as
kg/ha indicators of acid-base properties (pH of aqueows a
Nao salt extracts, hydrolytic acidity, the amount ofatbed

bases, absorption capacity). Table 3 shows the atata
The number of non-symbiotic nitrogen fixers (ESBI) the content of mineral forms of nitrogen, available

increased by 7 %. It is important to note thatihenber ~ compounds of phosphorus and potassium according to

of autochthonous bacteria (NAT) in the soil decegdlsy ~ the options of experience.

11 %. Taking into account that autochthonous

Table 3. Effect of zeolite and mineral fertilizers on thgr@chemical properties of leached chernozem (aedi@ghe vegetation of
maize, 2018), mg/kg

Option (N-NH4)+(N-NO3) P20s K20
Content Deviation from control, + Content Deviation Content Deviation
Zeolite, 500 kg/ha 7.8 — 148 - 119 -
Zeolite, 500 kg/ha 8.4 +0.6 153 +5 129 +10
Zeolite, 2000 kg/ha 8.4 +0.6 158 +10 131 +12
NeoPso Keo (NPK) 11.3 +3.5 180 +32 149 +30
Zeolite, 500 kg/ha + NPK 11.5 +3.7 181 +33 153 +34
Zeolite, 20000 kg/ha + NPK| 11.7 +3.9 183 +35 158 9+3
Zeolite, 500 kg/ha + & 11.8 +4.0 150 +2 121 +2
Zeolite, 2000 kg/ha + & 11.9 +4.1 158 +10 127 +8
LSDos 0.4 5 8
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The data in the table indicate that, despite theelements in an accessible form but also silicon are

increased consumption of elements for the formaticen
sufficiently high crop yield, when using zeolite ihe
fertilizer system, a more favorable diet of plamias

released [10]. The latter is especially importaat f
maize, which is a siliceous crop. In leached cheeno
of the experimental field, there is a deficit oftuad

maintained throughout the growing season. Thus, thesilicon (less than 20 mg/kg of soil).

content of mineral nitrogen in the soil solutiorcaing
to the experimental variants exceeded the contnekso
by 0.6-4.0 mg/kg, available phosphorus by 2—35 mg/k
potassium by 2—39 mg/kg.

Moreover, the introduction of zeolite in the puoerfi
provided an increase in the availability of 0.Gagen of
mineral, up to 5 and 10 mg/ha of available phosphioo

3.4 Productivity and environmental assessment

of grain

There is no doubt that the yield and quality ofpsran

any climatic conditions is determined by the lewél

their nutrition. As the research outcomes showsal use

plants and up to 10 and 12 mg/kg of potassium. Theof zeolite as a fertilizer in maize contributed &

latter, undoubtedly, is due to the activation of thtal
activity of microorganisms. It is in particular,ethresult
of the lithotrophic microorganisms (microscopic din
bacteria) activity, the processes of acidolysikalgkis,
complexolysis and biodegradation of aluminosilisate
(andalusite, beryl, muscovite, nepheline, orthexlard

others). As a result, not only potassium and other

significant improvement in the nutritional regimd o
leached chernozem, increasing the content of vital
elements in the soil solution in the form of avbléa
compounds. The latter provided a very significant
increase in the yield of maize (Table 4).

Table 4. The effect of zeolite and mineral fertilizers dwe tyield of maize grain (2016-2018)

Option Years, t/ha
2016 2017 2018 Average Deviation from control,
t/ha %
Control 6.21 5.59 5.87 5.89 — -
Zeolite 500kg/ha 7.36 6.51 6.58 6.82 +0.93 16
Zeolite 2000kg/ha 7.88 6.73 7.15 7.25 +1.36 23
NeoPsoK 0 (NPK) 8.36 7.27 7.58 7.74 +1.85 31
Zeolite 500kg/ha+ NPK 8.99 7.89 8.07 8.32 +2.43/0.58* 41/7
Zeolite 2000kg/ha+ NPK 9.35 8.14 8.47 8.65 +2.76/0.91 47/12
Zeolite 500kg/ha+ Nso 8.64 7.42 7.97 8.01 +2.12/0.27* 36/3
Zeolite 2000kg/ha+ Nso 9.07 7.72 8.27 8.35 +2.46/0.61* 42/8
LSDos 0,42 0,27 0,31

* |n the numerator it is in relation to the continlthe denominator to the NPK variant

According to the table, maize can form grain
productivity at the level of 5-6 t/ha and more untfe
conditions of the forest-steppe of the Middle Volga
region on chernozem soils with a sufficiently high

with nitrogen at the rate of 60 kg per hectare was
inferior, but superior to the option using full renal
fertilizer (N60P60K60) and the average excess was
0.27 t/ha. The latter indicates that when cultivgti

supply of mobile forms of phosphorus and potassium. maize on leached chernozems with a high conceorrati

The introduction of zeolite as fertilizer into themil
allowed a very significant increase in crop prodlt,
specifically, on average over 3 years from 0.93 t/h
(zeolite dose of 500 kg/ha) to 1.36 t/ha (zeolibsed of
2000 kg/ha).

of available phosphorus and potassium compounds, a
favorable soil solution medium (slightly acidic acidse

to neutral), using zeolite as a fertilizer can dizge with

the use of phosphoric and potassium fertilizers.
However, average doses of nitrogen (at least 6Pedg

Maize is an intensive crop and is capable of hectare) are necessary.

forming grain productivity under favorable condit®of
more than 10 t/ha, which requires soil provisiothvall
the nutrients in an accessible form. And
surprising that the use of complex mineral fertitiz

it is not

3.5 Environmental Grain Assessment

There is no need to prove that the production of

(azophoska) with at the rate of 60 kg of nitrogen, environmentally friendly agricultural products i a
phosphorus, potassium per hectare was accompapied bimportant problem of our time. It is very importatat

an increase in yield of 1.85 t/ha, that is, it @ased by

consider this when using fertilizers, which may tedm

31 %. An even higher increase in yield was observedioxic substances in the form of impurities. So,rnamn

when combining the use of mineral fertilizers with
zeolite, which ranged from 2.12 to 2.76 t/ha. At #fame
time, the proportion of zeolite was at the leveDd?7 to
0.91 t/ha.

It is very important to note that the maize yield
during all three years of research on applyingidah
the proportion of 500 kg/ha to the soil togethethwirea

in the amount of up to 50-170 kg/ha and fluorinetap
1.5 g/kg may be present in phosphorus fertilizarg.[
Zeolite in this regard is environmentally friendly
material, moreover, due to its crystal-structuesdtéires
(mentioned above), it can contribute to the proiduachf
environmentally safer products. The results of our
studies have confirmed this statement (Table 5).
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Specifically, when zeolite was introduced into gwil,

there was a significant decrease in the productibn
heavy metals and it is as follows: zinc by 4-17 %, control it was 56

agronomically valuable aggregates increased tondl a
76 % (zeolite doses of 500 and 2000 kg/ha), wheaeas
%, the density of the arableelay

copper by 28-30 %, lead by 15-32 %, nickel by 6 % acquired optimal values for maize (1.14 and 1.10n).
cadmium by 33-44 %. This is especially true for The positive effect of zeolite on the agrophysical

cadmium, the most toxic element that has mutagamic
carcinogenic properties and is genetically dangertu
addition, it is the most mobile out of all heavy tale
and available at any pH of the soil solution. Iis ttase,

its content in the grain of maize grown on the oant

properties of the soil was maintained when combined
with the use of mineral fertilizers.

2. The use of zeolite as a fertilizer for the
improvement of soil agrophysical state was accornggan
by an increase in the activity of soil microorgamss

version approaches the LOC, and when zeolite isSpecifically, the increse was as follows: the numbie
introduced into the soil, the cadmium input to the ammonifiers increased by 14 % (the dose of 500&8g/h

product is greately reduced. The latter is assediatith
the transition of heavy metals in the presenceilimics
acids into sparingly soluble silicates accordingthe
following scheme:
2Zre* +SiO*=Zn,Si0,
2Pb+HSiOs*=PbSiQ +4H" [4].

Table5. Content of heavy metals in maize grain, mg/kg

Option Zn |Cu | Pb | Ni | Cd
Control (without fertilizer) 10.84.3] 0.411.49/0.09
Zeolite 500kg/ha 10.4| 3.1| 0.351.40/0.06
Zeolite 2000kg/ha 9.0| 3.0| 0.281.40|0.05
NesoPsoK o (NPK) 10.9 4.2| 0.391.52|0.12

Zeolite 500kg/ha+ NPK 10.5| 3.2 | 0.371.43|0.08
Zeolite 2000kg/ha+ NPK 9.1| 3.0| 0.301.37|0.06

Zeolite 500kg/ha+ Nso 9.1| 3.0| 0.341.33/0.06
Zeolite 2000kg/ha+ Nso 8.8| 2.9 0.291.29|0.05
LSDos 0.3] 0.3| 0.0%0.10/0.01
Products LOC 50.080.0] 0.5] 5.0/ 0.1

The economic efficiency of maize -cultivation
technologies using zeolite and mineral fertilizevas
carried out at prices that were set in 2018: the gace
of maize grain was 9,000 rubles per ton, the cbsrea

was 21.000 rubles per ton, azophoska 7.000 ruldes p

ton, zeolite 6.000 rubles per ton

Maize is a high-yielding crop. In our experiments

without the use of fertilizers, the grain yield thve control
ranged from 5.59 to 6.21 t/ha (an average of 3t&9.t
This yield ensured the profitability level of 192. %he
use of zeolite as a fertilizer at the rate of 5k (2nd
option) increased it to 212 %. Higher yield (243 ¥gs
provided only by the option of introducing zeolitéo the
soil at the rate of 500 kg/ha together with ure®QN
However, the level of profitability of grain prodian at
the same time decreased by almost 2 times due taigh
costs of transportation and introduction of theedrél hus,
from an economic point of view, the most effectige of
zeolite in the cultivation of maize is at the raaé
500 kg/ha in conjunction with urea at the rate 6fkg
nitrogen per hectare, which provides additional2dns
of grain per hectare.

4 Conclusion

1. Zeolite of the Yushanskoye deposit of the Ulyasho
region, when introduced into the soil, had a sigaift

positive effect on the agrophysical state of ledche
chernozem. The effect wass as follows: the numlber o

cellulose-decomposing microorganisms by 4 %, non-
symbiotic nitrogen fixers by 11 %. Changes in the
abundance of the corresponding physiological graips
microorganisms in the soil influenced the enzyme
complex in the following way: it remained at a coht
level when zeolite was used in its pure form, arbmv
combined with nitrogen fertilizer, it was 6 % prase,

10 % cellulose-degrading, 13 % phosphatase activity
Polyphenol oxidase activity also increased, while
peroxidase activity decreased, which indicated the
predominance in the chernozems of humic substances
synthesis over their mineralization and strengtigrof
these processes when zeolite was introduced iatsdih

3. The use of zeolite in maize cultivation techiggio
was accompanied by a significant improvement in the
nutritional regime of leached chernozem. Despite th
enhanced nutrition of plants with elements for thep
formation throughout the growing season, the cdrén
mineral nitrogen in the arable layer (N-NH4+N-NO3)
when adding zeolite in the pure form at the rate of
500 kg/ha was 0.6 mg/kg higher, available phosphatu
5 mg/kg and potassium at 10 mg/kg, at the rate of
2000 kg/ha, respectively, at 0.6, 10 and 12 mgfkepdo.

4. Introduction of zeolite as a fertilizer into tleil
had a very significant effect on the maize graildi Its
increase was 0.93 t/ha (zeolite dose 500 kg/ha) and
1.36 t/ha (dose 2000 kg/ha) when used in pure fand,
243 and 2.76 t/ha when combined with mineral
fertilizers. The maize grain yield when applyinglie
at the rate of 500 kg/ha to the soil together withogen
fertilizer (urea) at the rate of 60 kg per hectases not
inferior, moreover, on average for 3 years it egdegeby
0.27 t/hha the option with using mineral fertilizers
N60P60K60. Zeolite contributed to more environmiinta
friendly products.

5. When cultivating maize on chernozems with high
availability of phosphorus and potassium compouitds,
was most cost-effective and expedient to use zealit
the rate of 500 kg/ha together with nitrogen femtit
with the nitrogen rate of 60 kg per hectare.
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