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a b s t r a c t

On the basis of relevant research works, the paper discuses positive effect of the utilization

of non-traditional natural resources, the so-called agronomical ores, i.e. mineral fertilizers,

in order to increase the productivity of crops and improve the physical and chemical

properties of the soil. The effectiveness of such fertilizers is their complex positive influ-

ence on the properties and modes of the soil and, in general, on a system “soil-plant”. The

paper shows the prospects of the use of zeolite-based substrates, brown coal and soil on

the growth of test crops - barley. The conclusions reached in this study should be

considered encouraging with regard to solving the problem in question.

© 2016 Agricultural University of Georgia. Production and hosting by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/

by-nc-nd/4.0/).

Introduction

Modern agriculture focuses on such important and vital

problems as necessity to increase the productivity of all agri-

cultural species without increasing application of mineral

fertilizers to the soil, to increase soil fertility and obtaining

environmentally safe agricultural production.

Worldwide agricultural practices demonstrate that among

the many agronomical factors, fertilizers are of supreme

importance in increasing the crop yield and soil fertility. It is

impossible to achieve consistently high yields of the required

quality without the use of fertilizers, without introducing

nutrients,e the basic element for growth and improvement,e

in a balanced and strictly prescribed order during the entire

vegetation period [1].

Balanced nutrients for plants with macro- and microele-

ments regulate numerous processes of their metabolism and

play a key role in formation of the yield and its quality.

At the same time, in recent years the content of mobile

forms of macro- and microelements in the soil available to

plants declined significantly, as a result of a sharp decrease in

the amount of fertilizers applied in all regions of the country;

their total content in the soil was also somewhat reduced, the

areas of arable and unsown lands with low content of mobile

forms of macro- and microelements significantly increased,

chemical composition and nutritional value of crop produc-

tion decreased. The low level of application of chemicals in
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agriculture adversely affects not only the plant yield. Reduced

humus content and soil acidification significantly activates

the processes of mobilization of soil toxicants, their penetra-

tion into plants, which ultimately negatively affects the yield

and quality of products [2].

As the experience of developed countries shows there is no

alternative to fertilizers in enhancement of the yield of agri-

cultural cultures and soil fertility. Fertilizers have multifac-

eted direct and indirect effects on soil and plants, they feed

the plants as well as mobilize soil nutrients, increase the in-

tensity of chemical and microbiological processes in the soil

and change the properties of the soil [3,4].

Extensive studies of agronomical ores are conducted in our

country [5]. Stratigraphic location of productive layers of

agronomical ores raw is established and possibility of their

utilization in agriculture is determined. It is established that

there is a plenty of agronomical ores on the territory of

Georgia and favorable conditions exist in order to produce

local mineral and organic fertilizers, enlarge and develop a

basis for their raw materials [6,7]. Among them the most

widespread are deposits of limestone, dolomite, marl, chalk,

peat, brown coal, gypsum, and also natural zeolites that are of

particular interest for their usefulness in agriculture.

The works of past years demonstrated that adding natural

zeolites of sedimentary origin into soil is widely practiced for

the purpose of growing different agricultural cultures and

enhancing their productivity [8e11].

Usually, natural zeolites are used in plant growing pro-

cesses either in natural form or in combinations with mineral

or organic fertilizers.

Natural zeolites are natural mineral fertilizers that facili-

tate significant (up to 50%) increase in the yield of agricultural

crops. They should be used in both open grounds and green-

houses.

The researchers who accumulated accumulated experi-

ence in applying natural zeolites in agriculture revealed their

following qualities [8,12]:

� Zeolite keeps humidity in the soil, retains it for a long time

and supplies plants with it gradually and continuously;

� The use of natural zeolite halts fertilizers washing out of

the soil, restores and increases capability of the soil to

improve, metabolism of plants;

� Zeolite prevents diseases of plant roots. It is a source of

microelements and heat regulator of the soil.

� The presence of zeolites in the soil reduces content of ni-

trates in fruits by 7e38%, increases yield of vegetables by

50e70% in average, increases content of sugars and

vitamin C in fruits;

� By improving the soil structure zeolites accumulate and

regulate soil nutrients. Accumulation and regulation of

nutrients is especially important for those ions that are

easily washed out - NO�
3 and NHþ

4 , or rapidly transform

themselves into inaccessible to plants forms: phosphorus,

iron, zinc, manganese, etc. Thus, the presence of zeolite

reduces the nitrogen leaching out of soil 4e5 times. As a

result, it enables plants to utilize efficiently the nutrients

and fertilizers present in the soil;

� Zeolite reduces absorption of toxic substances and radio-

nuclides by plants from the soil by sorbing radionuclides

and heavy metals presented in the soil and transferring

their mobile forms in a bound state. They are not washed

out of the soil and not absorbed by the plants;

� Zeolites promotereducing nitrification of nitrogen in the

soil and decrease the nitrate content in the crop

significantly;

� The use of zeolite-containing substrates in greenhouses

increases yield of vegetables up to 60%, raises the vitamin

content up to 70%, reduces the amount of nitrates by 60%.

Zeolite substrates are especially effective in modern sys-

tems of drip irrigation.

The present study aimed to develop an efficient substrate

not containing soil, because of worldwide trend towards the

creation of substrates for cultivation of agricultural plants

with minimum utilization of soil (transition from plant

growing to plant production). For the cultivation of various

agricultural cultures greenhouse soils (substrates) are widely

used consisting of various components, the number of which,

for the most part, does not exceed four components.

Substrates, in their turn, are divided into two groups:

substrates containing the soil and substrates that do not

contain the soil. At present the latter are preferable [9].

In the present study, brown coal from the Akhaltsikhe

(Georgia) deposits was used as a substitute for soil. The given

coal belongs to the humus-sapropelite group and to the class

of lean brown coal [13]. They are not used in practice but they

contain a large amount of organic components in the form of

humic substances. An attempt was made to use them in

combinationwith natural zeolites assuming that the presence

of these minerals in the substrate would contribute to trans-

ferring organic substances contained in the brown coal into

the matter absorbable by plants [14].

Objectives and methods

Natural zeolites of the sedimentary origin (clinoptilolite), soil,

and brown coal served as the rawmaterials for preparation of

the substrate.

Natural zeolite e clinoptilolite tuff from Tedzami deposits,

Khandaki site (Georgia). The content of the main mineral in

this rock varies within the ranges of 70e80%; calcium prevails

in the cation content (Table 1) [15].

Clinoptilolite (Cl) belongs to the group of heulandite zeo-

lites [15]. Minerals of this group are the most widespread

Table 1 e Characterization of zeolite.

IUPAC crystal chemical

formula

jCa4 (H2O)24j [Al8Si28O72]-HEU

Crystal chemical data monoclinic, Cm

a ¼ 17.718 �A, b ¼ 17.897 �A,

c ¼ 7.428 �A, ¼ 116.42�

Framework dencity 17.1 T/1000 Å3

Channels along axis [001] 10-ring 3.1 �A � 7.5 �A þ 8-ring

3.6 �A � 4.6 �A

[100] 8-ring 2.8 �A � 4.7 �A

Variable due to considerable flexibility

of framework
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