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EVALUATION OF COMPOSTING MATERIALS FOR SUSTAINABLE
AGRICULTURAL APPLICATIONS

Evlogi Markov, Nikolas Kathijotes, ElenaZlatareva, Svetla Marinova

Abstract. Natural resources are elements of the environment that humans use as a means of production in order to
achieve economic development. The aim of the study is based on the evaluation of the proposed 5 natural products
/vermiculites, glauconite, straw fly ash, wood biomass and pig manure/ in different proportions to develop various
versions of compositions for use in agricultural practice. On the basis of the chemical and agrochemical characteristics
of the starting materials, 5 compost samples were prepared from mixing the natural products in a different ratio. These
analyzes of the five starting products found, that in vermiculites, glauconite and ash from straw the total amounts of the
biogenic element nitrogen and the sum of the mineral fractions of nitrogen (ammonia and nitrate) were very small,
whereas for wood biomass and pigs manure the content of the total N is high. The content of the tested heavy metals is
much lower, than the ones defined in the legislation. An exception is made for vermiculite, where the total amounts of
chromium and nickel are above the MRLs.

The investigators found, that the pH in all the mixtures was in the alkaline region, due to the alkaline reaction of the
medium with all the starting components. The sum of the mineral fractions of nitrogen for the five mixtures ranges from
163.0 to 241.3 mg/kg. Moving forms of phosphorus and potassium show high values as a result of mixing. No increase
in heavy metal values is observed in the different mixtures and the reported values are below the MRLs. The five

composts represent a qualitative improver in their use in agricultural practice.
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INTRODUCTION

Mineralogy is a science dealing with minerals,
their crystallography, properties, classification, and
the ways of distinguishing them.

Minerals make up almost the entirely crust of
the earth. They participate in the composition of
rocks formations and mineral deposits. Natural
resources are elements of the environment that
humans use as a means of production in order to
achieve economic development.

Based on their characteristics certain products of
nature were selected and investigated in this study in
terms of their quantity and quality to offer
opportunities for their use in agricultural practice in
mixtures and at various combinations. These are
vermiculites, glauconite, fly ash from straw, wood
biomass, and pig manure. Vermiculite is a natural,
layered material with a high cation exchange capacity.
Thanks to the content of trace elements such as calcium,
magnesium, potassium, iron and silicon, vermiculite is a
naturally occurring bio stimulant for plant growth. It has
been shown to improve the structure and aeration of
heavy clay soils and water retention capacity of light
sandy soils.

Various studies demonstrate that Vermiculite
improves the physical and chemical properties of soils
thus increasing their yield (Marinova, et. al., 2012.
Mitova, I Marinova, 2012.). Glauconite is known as
having an extremely high absorption and cation-
exchange properties. This is essentially a clay mineral
with variable composition, but with a high content of
two- and trivalent Fe, Ca, Mg, K and P, which contain in
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themselves more than 20 trace elements including Cu,
Ag, Ni, Co, Mn, Zn, Mo, Sb, Cr, Be, Cd and similar
ones. Typical to all these elements is that they are very
easily found in a recoverable form which is extremely
important in agriculture for the production of natural
highly easily digestible organic-mineral fertilizers
(Yakovleva , Bakalov, 2012). Numerous studies
(Postnikov, 1990, Vasilyev, 2009) and research
experience testify that glauconite is not only a source of
macronutrients (K,O ranges from 3,7% to 4,4%, and
P,0;5 from 0.41% to 0.92%) as plant food, and above all,
a means of improving the soil structure and securing soil
moisture.

Manure is a major waste product in animal
breeding. Pig manure contains all the nutrients necessary
for proper plant growth. Inter macronutrients are
introduced into the soil that is, nitrogen, phosphorus,
potassium, together with various trace elements such as
zinc, copper, nickel, cobalt and molybdenum, enzymes,
vitamins, bio stimulants, which are not available in
mineral fertilizers and each year are depleted from the
soil. With every ton of manure added to the soil, large
quantities of organic matter is introduced as humus,
which positively influences the soil properties - water
permeability, water holding capacity, aeration, etc.

Billions of microorganisms are also imported,
which raise soil biogenicity and improve plant
nutrition (Lampkin, N., 2002, Marinova, 2013,
Sutton et al. 1999).

The combustion of straw from the field crop, the
residual product is a small amount of ash, as it can be
used as fertilizer on the fields. Plant ash contains mainly
potassium, and many other nutrients more important of
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which are phosphors (2-7%), calcium (from 13 to 30-
60%) and also a number of trace elements such as
boron, manganese and others. Plant ash has alkaline
properties, neutral soil acidity and helps the digestion of
nitrogen from humic substances. The supply of this raw
material is not a problem.

Ash is freely available in the fields, which usually
remains as waste material after harvest and, if not
removed, it remains to rot in the fields. Virtually there is
not limit of exhaustibility (Nikolova and others. 2010).

Wood biomass is composed of an organic substance
synthesized in the process of development of
microorganisms, plants and animals. In practice it is
used as raw material for bio-energy, and in the
preparation of plant compost mixtures (V. Brezin. etc.
2013).

The aim of the study is based on the evaluation
of the proposed natural (vermiculites, glauconite,
straw fly ash, wood biomass and pig manure)
products in order to develop various versions of
compositions for use in agricultural practice.

MATERIAL AND METHODS

The main task was to identify the chemical and
agrochemical characteristics of the initial natural
products, that is, vermiculites, glauconite, straw fly
ash, wood biomass and pig manure.

In order to evaluate their properties, all above
materials were analyzed for the following parameters:
pH reaction of the medium, total and moveable form of

magnesium, cation exchange capacity /ion exchange/
total forms of heavy metals, using the following
methods of analysis:

- Reaction to the middle /pH/ — BS EN 12176: 2000.

- Solids and water content — BS EN 12880: 2003.

- Total organic carbon — BS EN 13137: 2005.

- Total nitrogen — BS ISO 11261: 2002.

- Mineral nitrogen forms: ammonium /NH4 + -N/
and nitrate /NO3 - N/ N — ISO Standard 14255: 2002.

- Moving forms of phosphorus /P/ — BS ISO
11263: 2002.

- Rolling potassium /K/ — determination is carried
out according to the technique of M. Miltcheva used in
IPAZR "N. Poushkarov".

- Water-soluble amounts of sulfur /S/ as sulfate
/SO4/ — BM-1: 2007.

- Total phosphorus /P/, potassium /K/, calcium /Ca/,
Mg /Mg/, heavy metals — Cd /Cd chromium /Cr/, Nikel
/Ni/, copper /Cu/. Zink /Zn/, lead /Pb/, mercury /Hg/,
and arsenic /As/ — BS EN-13346: 2000, BM-1: 2007.

- Electrical conductivity — conductivity meter.

Development of compost variants based on the
characteristics of the starting natural product sand -
vermiculites, glauconite, fly ash from straw, biomass,
wood and pig manure.

Based on the results of the chemical and
agrochemical evaluation of the initial materials
(vermiculites, glauconite, straw fly ash from, wood
biomass and pig manure), five mixtures at different
ratios for investigations were prepared as below
(Table 1):

nitrogen, phosphorus and potassium, calcium,
Table 1. Mixture from different natural products in different ratios, kg
Mixture  Vermiculite Glauconite Straw ash Wood biomass Pig manure
L. 1 1 1 1 1
II. 1 2 1 1 2
1. 1 1 2 1 2
VI. 1 1 1 2 1
V. 1 2 2 1 3
RESULTS AND DISCUSSION woody biomass-17.79%. With the low rolling

Of all the chemical and agrochemical analyses of
the five starting natural product it is found that in
vermiculites, glauconite and ash from straw total
amounts of the nutrient element nitrogen, are very small,
while the woody biomass and pig manure content of
total N is high (Table 1). The same trend continued in
the amount of the mineral fractions of nitrogen
(ammonia and nitrate). With a maximum content of
organic carbon is swine tor- 23.79%, followed by
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phosphorus are vermiculite and glauconite. The pig
manure contains the highest content of rolling
phosphorus-250 P,Os mg/ 100g, followed by wood ash
and wood biomass. The three organic raw products
incorporating significant amounts rolling potassium,
such as in wood ash from the straw it is up to 50 grams
per kilogram dry weight. These three products can be
good soil improvers, especially for poor potassium soils.
The pH in the entire product is alkaline (from 8.0 to
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10.8).The moisture content is low, except for pig
manure. This indicates that the products are in solid state
and can be packaged and transported.

The content of examined heavy metals in
glauconite, pig manure, wood ash and wood biomass are
much lower than those specified in the legislation limits

and their introduction into the soil is no risk of
contamination with heavy metals. In Vermiculite total
quantities of chromium and nickel are above the limit
concentrations /MAC/ according the National
legislation.

Table 2. Chemical and agrochemical characterization of the natural source product

Pi
Analyses Vermiculite Glauconite S;rsa}llw IX) (1)1(1);15 man%re

pH ( H,O) 8,6 8,0 10,8 8,5 8,0
Moisture % 5,74 2,30 42,07 62,65 74,38
Organic C % 1,58 0,67 1,76 17,79 23,79
Total N % 0,005 0,024 0,109 1,001 1,746
N- NO;+N- NH, mg/kg 50,1 37,4 89,3 174,5 2344
Subs. P,Os mg/100g 0,2 1,5 194,6 116,5 250,0
Subs. K,O mg/100g 12,3 51,0 4986,0 1637 1027
Cu mg/kg 49,5 11,5 13,0 59,5 33,5
Zn mg/kg 40,0 54,0 31,5 180,0 155,0
Mn mg/kg 310,0 159,0 215,0 335,0 240,0

Cr mg/kg 1215,0 42,5 4,5 12,5 4,0

Ni mg/kg 1185,0 22,5 5,0 9,5 11,0

Co mg/kg 31,0 2,5 0,5 1,0 0,5

Pb mg/kg 5,0 17,5 5,0 31,0 17,5

Cd mg/kg 1,0 1,0 <1,0 <1,0 1,0

Table 3 presents physical and chemical exchangeable Ca. For other products exchange calcium

characteristics of the starting materials. From the data

moves in close margins- from 22.5 to 27.6 meq./100 g.

presented wood biomass has the highest amounts of The exchange magnesium is most in Vermiculite.

Table 3. Physicochemical parameters of outputs

Tg’g T’_‘[QA, E)l;Clh Exch.Ca Eli(/fh
Products A g
Meq./ 100 g
Vermiculite 101,1 - 0,0 22,5 78,6
Glauconite 27,5 - 0,0 24,0 3,5
Straw ash 29,5 - 0,0 26,7 2,8
Wood biomass 88,5 - 0,0 70,4 18,5
Pig manure 38,6 - 0,0 27,6 11,0

*TCA- Capacity of highly acidic ion exchange
*TA- Capacity of low acid ion exchange
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The higher levels of exchangeable Ca and Mg also
determine the higher sorption capacity of vermiculite
and wood biomass. Thus, submitting them as soil
improvers, they will help improve the physicochemical
properties of the soil.

Chemical and agrochemical characterization of
compost mixtures that ware derived from the
vegetation experiments.

Table 4 shows the chemical and agrochemical
characterization of the developed mixtures. This data
show that the response of the medium at all blends is in
the alkaline area, and pH in water varies in the range
from 8.0 to 8.6. This is due to the alkaline reaction
medium of all starting components.

The amounts of total nitrogen in I, I and III
mixtures appear with similar values. The fourth mixture
is found to have the highest content of total nitrogen
0.58%. The amount of mineral fractions of nitrogen for
all five mixtures range from 163.0 to 241,3 mg/kg.
Mobile forms of phosphorus and potassium show high
values as a result of mixing. Mobile potassium in the
first two mixtures is 1066 and 1278 mg/100g

respectively, and in the remaining three mixtures it was
twice as high. This is beneficial when considering plant
nutrition. The organic carbon is highest in the first
mixture, with equal participation of the individual
components.

There is no increase in the amounts of heavy metals
in all mixtures. Although in the initial material of
vermiculite higher values of chromium and nickel are
detected, as a result of dilution by mixing, the measured
values of all heavy metals decrease to non-hazardous
concentrations.

Based on the chemical characteristics of the
prepared mixtures with different percentages of the
parent components, it can be noted that the organic
carbon content is highest in mixtures I and V. The total
and mobile forms of nitrogen do not vary significantly
despite the higher participation of pig manure in a
different quantity. Mobile forms of phosphorus and
potassium are highest in the fifth mixture that contains a
larger amount of pig manure. This is due to the higher
content of nutrients in the fertilizer, which is reflected in
the admixture.

Table 4. Chemical and agrochemical characterization of the developed mixtures

Analyses Mixture I | Mixture II | Mixture Il | Mixture IV | Mixture V
pH (H,0O) 8,5 8,0 8,6 8,6 8,2
pH (KCI) 8,2 7,8 8,3 8,1 7.8
Organic C % 12,61 4,54 6,25 8,02 10,24
Total N % 0,479 0,444 0,479 0,581 0,388
N- NO;+N- NH,4 mg/kg 241,3 163,0 220,0 211,4 2229
Subs. P,Os mg/100g 185,3 211,7 2153 192,0 237,7
Subs. K,O mg/100g 1066,0 1278,0 2022,0 2201,0 2166,0
Cu mg/kg 32,0 22,0 38,0 41,5 26,5
Zn mg/kg 87,0 71,0 73,0 78,5 75,0
Mn mg/kg 270,0 202,0 278,0 318,0 308.,0
Cr mg/kg 114,0 66,0 142,0 137,0 98,0
Ni mg/kg 122,0 63,0 142,0 149,0 96,0
Co mg/kg 8,0 6,0 10,0 11,0 7,0
Pb mg/kg 12,0 4,0 5,0 2,0 9,0
Cd mg/kg 1,0 1,0 1,0 1,0 1,0

FINDINGS AND CONCLUSIONS

1. Of all the chemical and agrochemical analyzes of
the five natural products it is found that the response of
the soil medium at all tested products was alkaline. In
wood biomass and pig manure the content of total and
mineral N is high.
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Pig manure contains the highest content of mobile
phosphorus - 250 mg/100g, followed by wood ash and
wood biomass. The lowest concentration of mobile
phosphorus is found in vermiculite and glauconite. The
organic carbon in the pig manure has the highest value -
23.79%, followed by the wood biomass - 17.79%.
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The three organic feedstocks contain significant
amounts of mobile potassium, and in wood ash straw it
reaches up to 50 g/kg dry weight. These three products
can be good soil improvers, especially for poor
potassium  soils. The moisture content found
demonstrates that the products have a solid state and can
be safely packaged and carried by a truck.

The content of the studied heavy metals in
glauconitic, pig manure, wood ash and wood biomass
are much lower than those specified in legislation and
their introduction into the soil is not a risk of
contamination. An exception is vermiculite, where in the
total quantity of chromium and nickel is above the limit
concentrations /MAC/.

From the data on the physicochemical
characteristics of the starting materials it is seen that
higher amounts of exchangeable Ca and Mg appear
in wood biomass and Vermiculite. The higher
content of exchangeable Ca and exchanged Mg,
determines their higher sorption capacity. Their
application as soil improvers will help improve the
physicochemical properties of the soil.

2. Based on the characteristics of the starting
materials, V variants with different percentages of
the individual components were prepared. The
chemical characterization of the compost mixtures
found that:

- The reaction medium in any mixtures with the
participation of various natural products is in alkaline
area- pH in water varies in the range from 8.0 to 8.6.
This is due to the alkaline reaction medium of all
starting components.

- The content of total nitrogen in the I, II and III
mixtures with similar values. The fourth mixture was
distinguished with the highest content of total nitrogen
0.58%. The amount of mineral fractions of nitrogen for
all five mixtures ranged from 163.0 to 241.3 mg/kg.

- The Mobile forms of phosphorus and potassium
show high values in the result of mixing. The mobile
form of potassium in the first two mixtures is 1066 and
1278 mg/100 g respectively, and in the remaining three
compositions it was twice as high. This is favorable in
terms of the potassium plant nutrition.

- Organic carbon is highest in the first mixture, at
the same part of the individual components. An increase
in values is observed in the fifth mixture.
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- No observed increase in the amounts of heavy
metals is registered in various mixtures. The
concentration of are below the national tolerance
standards (MAC).

- All studies showed that all five mixtures
developed, represent valuable and sustainable quality
enhancers for use in agricultural practice.
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OIIEHKA HA MATEPHAJIA 3A KOMIIOCTHUPAHE 3A
YCTOHYUBO CEJICKO CTOMAHCTBO

EBnoru Mapkos, Hukonac Katumxorec, Enena 3natapesa, Csetnia MapuHoBa

Pe3tome. [IpupomHuTe pecypcu ca eleMeHTH Ha NPUPOAHATA Cpella, KOMTO Ha OIpENesieH eTal OT CTONAHCKOTO
Pa3BUTHE MOTAT Ja C€ U3MOJI3BAT KaTo CPEICTBO 33 IPOM3BOJICTBO.

LlenTa Ha pa3paboTKara € Bb3 OCHOBA Ha XapaKTEPUCTUKATA U OLIEHKATa Ha IPUPOJHU MPOIYKTH J1a ce pa3paboTsT
pa3IMYHU BapHaHTH OT CMECHU 3a W3MOJI3BAHETO MM B MPAKTUKATa- BEPMUKYIIHUT, TJIAYKOHUT, MIENeN OT ciiama, Ouomaca
OT 'bpBECHHA M CBHHCKHU TOP. Bb3 OCHOBa Ha XMMHYHATa U arpOXMMHYHA XapaKTEPUCTHKA HA M3XOJHUTE MaTepUaly
ca M3rOTBEHH 5 KOMITOCTHM OOpa3ly MOJyYeHH OT CMECBAHETO HA MPUPOAHUTE NMPOAYKTH B Pa3IMUHO CHOTHOIICHHE.
XUMHWYHUTE U arpOXHMMUYHHU aHAJIM3W HA METTE W3XOJAHH IPOJYKTa YCTAHOBSBAT, Y€ BbB BEPMHUKYIINTA, TNIAYKOHHUTA U
HernenTa OT cliaMa OOLIMTEe KOJNMYecTBa Ha OMOTCHHHS €IEMEHT a30T M CyMaTa OT MHHEpajJHUTe (pakuuH HA a30Ta
/aMOHHEB W HUTPATEH/, ca MHOT'O MAJIKH, JOKATO IIPH JbpBeCHAaTa OHoMaca U CBUHCKUS TOP ChABbpKaHUeTo Ha oOu N e
BHCOKO. ChIBPIKaHNETO HA M3CIIEABAHUTE TEXKKH METAM € MHOTO ITO-HHCKO OT ONPEAEIECHUTE B 3aKOHOJATEICTBOTO.
W3kmovyeHre NpaBH BEPMHUKYJIUTHT, KBIETO OOIIUTE KOJMYECTBA XPOM M HHKEN ca Hal MPEesHO IOIyCTUMUTE
kxoHnenTpanuu /I1JIK/.

W3cnenpanusara ycraHoBsiBaT, ye pH Ha BCHUKM CMECH € B alKajHara 00JlacT, KOETO Ce ABJDKH Ha ajKajHaTa
peakius Ha cpefara Ipu BCHYKU U3XOAHU KOMIOHeHTH. Cymara OT MUHEpalIHUTe (pakiiy Ha a30Ta 3a MEeTTe CMECH ce
JBIDKH B Tpanunute ot 163,0 o 241,3 mg/kg. [Toasmwxuaute hopmu Ha dochop 1 Kamuid TOKa3BaT BUCOKU CTOWHOCTH B
pe3yaraT oT cMecBaHeTo. He ce ycTaHOBsBa 3aBHIlIaBaHE B CTOMHOCTHTE HAa TEXKKH METAlld B Pa3IMUuHUTE CMECH U
otyerennute croiHoctn ca mnox IIJIK. Ilerre KoOMIOCTHM CMecH MpEACTaBIsABAT KauyeCTBEH MOJOOpHUTEN IpH
W3IOJI3BAHETO UM B 3€ME/IENICKATa IIPaKTHKa.

KiaouoBn AYMHU: BCPMUKYJIUT, TTIAYKOHHUT, IICTICTT OT CliaMa, 6uomaca ot JABPBECUHA U CBUHCKU TOP
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