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Abstract: Content of macro- and microelements in plant and soil was studied after biochar, compost, digestate, lignite, and
lignohumate application. Pot experiments were carried out in Phytotron CLF Plant Master (Wertingen, Germany). As tested plant
lettuce (Lactucasativa) was used. Elemental composition was determined by AAS and XRF spectroscopy. Macronutrients content
(Ca, Mg, K, and P) was determined by Mehlich III. Total content of carbon and nitrogen were determined by LECO TruSpec CN
analyser. Results showed that different exogenous organic amendments statistically significantly influenced macro and
micronutrients content in soil and plant. Satisfactory C/N ratio for soil microorganisms was measured only after compost and
digestate application. As concerns hazardous elements, no legislation limits were overstepped after application of the tested organic
amendments. Bioavailability and their uptake by plants followed the order: Cd > Mn > Zn > Fe.
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1. Introduction leaching through reducing deep seepage by water

. o . uptake, and by stimulation of microbial activity [4, 5].
Today exogenous organic material is widely used in . .
. i - ) . ] ] Total content of micro and macro elements in
agriculture with the aim of improving soil quality, . . .
) . . different agricultural amendments should strictly
plant nutrients regime, and plant production. Most oo o ) ]
. ) . . . follow legislation limits, because soil pollution
studies dealing with anthropogenic soil amendments . .
. . continues to be a serious problem today. On the other
are aimed at their safety, trace elements content, and ) ) ) )
) o . ) hand, increased production of organic agricultural and
bioavailability of toxic elements. Many various forms . .
) ) . urban wastes brings about an urgent need for finding a
of microelements are presented in the soil . o ) ]
) .. . . strategy for their application in agriculture as either
environment and their impact on the soil and plant is ) o ) o
) . . . o . soil amendments or fertilizers. Biochar is biomass that
primarily given by their speciation, mobility, .
) o o has been partially combusted (low temperature
bioavailability, and toxicity [1-3]. Plants represent a . . .
) . pyrolysis at 340-520 °C). As a carbon rich material
part of ecosystem through which toxic elements can ) ) o ]
. . . with a slow degradation rate it is often used as soil
get into the food chain. Plants may directly and ) ] ] o
o . . amendment in agriculture, and for soil remediation. It
indirectly increase elements mobility through the ] . ] ]
. . is considered to be more stable than soil humic
formation of preferential pathways along roots or by . . .
. substances and its application in depleted soils leads
complexation processes. They can also retard metal ] ] ) ]
to increasing the carbon storage, sorption capacity and

water storage [6, 7]. The influence of charcoal

Corresponding author: Lubica Pospisilovd, assoc.
professor, research fields: quality of agricultural soils and soil )
organic matter chemistry. Spokas et al. [8]. They came to the conclusion that

application on soil productivity was reviewed by



154 Effect of Exogenous Organic Matter Application on Soil and Plant
Elemental Composition in Pot Experiments

application of charcoal can influence the agronomic
crop yield both positively and negatively but the
inconsistent results could have been caused by
different biochar types used in original studies.
Compost is an organic fertilizer made of all kind of
organic residues, waste biomass, and a portion of soil.
After the controlled composting processes it is worthy
organic material rich in nutrients and microelements
[9]. Digestate represents a residue after anaerobic
fermentation process in biogas stations. Its
composition is mainly given by primary products and
by digestion processes. It contains high amount of
N-NH," usually. According to the definition it is
closer to the mineral fertilizers (C/N ratio is lower
than 10:1), as quoted by Ciganek et al. [10]. Lignite
represents a young brown coal, with a low degree of
coalification. It has been used as a low range fuel for
decades. Today is interesting its mnon-energetic
exploitation in Nano-technology, land remediation,
and in agriculture. Lignite can serve as a source of
organic carbon and can positively influence not only
transport of nutrients but also their bioavailability. Its
application

in agriculture is governed by the

legislation setting limits of hazardous elements
content. The interaction of metal cations and metal
binding capacity of humic acids isolated from
different coals, leonardite and soils was studied by
Novak et al. [11] and Madronova et al. [12]. They
came to the conclusion that the highest metal binding
capacity was in soil HA, followed by lignite HA.
Lignohumate is a waste from paper industry (=
commercially a lignin sulphate product), rich in humic
substances and micronutrients. Havel et al. [13]
studied lignohumates chemical composition using LDI
TOF mass spectrometry. They came to the conclusion
that lignohumates consist of low molecular weight
fulvic acids and high molecular weight humic acids,
similar to lignite humates. They have also the growth
stimulation effect for a wide range of plants.

The aim of our work was to determine total content

of macro and micronutrients in plants and soils after

application of selected exogenous organic materials
(biochar, compost, digestate, lignite, and lignohumte)
in pot experiments. Furthermore we studied the effect
of applied organic materials on C/N ratio which directly
influenced biological and chemical soil properties.

2. Material and Methods

Haplic Cambisol (locality Vatin, Czech Republic)
was chosen for pot experiments, because some field
experiments with exogenous organic matter
application taken place on the same soil type as well.
The locality is a part of School Enterprise, Faculty of
AgriSciences, Mendel University in Brno [14]. Pot
experiments were carried out in Phytotron CLF
PlantMaster (Wertingen, Germany). Regime is 20 °C
for day, 18 °C for night, air moisture 65%, duration of
sunshine is 12 h, and intensity of lighting is 300 uM
m™ s-'. Five different exogenic organic materials were
applied (biochar, compost, digestate, lignite, and
lignohumate) into Haplic Cambisol which itself serve
as a control substrate. Experiments were done
triplicate and the ratio of amendments and soil was
1:20, except lignohumate, where the ratio was 1:40 to
avoid high soil salinity. As tested plant we used
lettuce (Lactucasativa).

Basic characteristics of amendments and Haplic
Cambisolare were shown in Table 1 and 2. Limits of
toxic elements content and hygienic parameters in
applied amendments were not overstepped and followed
the legislation settings Act No 13/1994, 341/2008, and
CSN 46 5735 for agricultural lands. Biochar was
obtained from the local producer (Pharmix Company,
Czech Republic). Compost was prepared from grass,
leafs and a portion of soil in the Research Institute of
Agricultural Techniques in Prague. Digestate was
obtained reached from a private biogas station in
NovéMeéstonaMoravé (Czech Republic). South
Moravian lignite was obtained from the mine Mikul¢ice
(Wien Basin, Czech Republic). Lignohumates were
obtained from the private producer (Amagro Company,
Czech Republic). After preparing the mixture of soil
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Table 1 Basic characteristic of studied exogenous organic amendments.

Biochar Digestate Compost Lignite Lignohumate Haplic Cambisol
Dry weight (%) ND 7.50 25.00 ND 50.00 ND
Ciotal (%) 48.62 2.20 12.00 44.90 38.50 1.43
Niotal (%0) 1.72 0.44 1.20 0.55 0.40 0.20
C/N 28.27 5.11 10.00 81.64 96.25 7.13
Ca (mg/kg) TA 1.30 28.10 2.76 527.00 868.00
K (mg/kg) TA 5.00 21.20 0.11 726.00 321.40
pH 8.50 7.84 7.50 7.04 9.45 5.10
Mg (mg/kg) TA 0.90 TA 0.43 127.10 208.60
P (mg/kg) TA 0.80 6.00 ND TA 55.50
(Where: TOC = total organic carbon, ND = not determined, TA = trace amount).
Table 2 Selected physical and chemical properties of Haplic Cambisol.
Soil type pH/H,0 pH/KCI CEC (mmol/kg) &a)y content fn‘igfc‘:ﬁ;‘“ty (Co/i‘)gbonates
1* 2 3 4 5 6 8
Haplic Cambisol 5.1 4.7 14.2 22 0.2 0

* (1) Soil type, (2) active soil reaction, (3) exchangeable soil reaction, (4) cation exchange capacity, (5) clay particles content, (6)

conductivity, (7) total carbon content, (8) carbonates.

and exogenous organic materials we followed in pot
experiments the lettuce growing under controlled
conditions. Plants were regularly watered and after
approximately one month harvested (Fig. 1). At least,
after harvesting elemental composition of soil and
plants residues was determined. We used microwave
decomposition after extraction in concentrated nitric
acid (Ethos 1 microwave system, Milestone, Sorisole,
Italy) by AAS spectrometer ContrAA 700 (Analytic
Jena, Jena, Germany). Furthermore a portable XRF
analyser ThermoScentigicNitron XL3 Goldd+ (50kV
and 200 pA x-ray tube with an Aga node Large-area
Silicon Drift Detector) was applied. Four filters
provide an optimized excitation from potassium (Z =
19) to uranium (Z = 92). The XL3 analyser does not
require any specific calibration. All analyses were
performed in the Mining mode, which is based on the
Fundamental Parameter (FP) algorithm. Samples were
always fully cupped to ensure, infinitely thick sample
condition. Every sample was analysed three times for
30 s per main, high and low filters and 120 s per light
filter. then
Commonly used standard methods for chemical soil

Measured values were averaged.

properties determination were used PospiSilova and

Vicek [15]. Soil reaction and conductivity were
measured using HANNA Combi pH & EC. Available
nutrients content was determined by Mehlich III
method. Total carbon and nitrogen content were
determined by elemental analyser LECOTruSpec CN
(LECO Corporation Michigan). One way ANOVA
analysis and Scheffé’s multiple range test were used

for statistical data processing.

3. Results and Discussion

Haplic Cambisolis sandy loam textured, with
acidity of pH 5.1 and potential soil acidity of pH 4.7,
and middle range cation exchange capacity of about
142 mEq kg™ (Table 2). Total carbon content is about
1.43%, which means low humus content. Quality of
humic substances is low, with prevalence of fulvic
acids. Therefore organic amendments are necessary to
apply for improving soil chemical properties and
fertility. Detailed
composition of the studied soil was published by

chemical and mineralogical
Pospisilova et al. [16].

Results of the most important macronutrients
content in soil after exogenous organic amendments

application are shown in Fig. 2. Haplic Cambisol on
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Fig. 1 Experimental vessel in air-conditioned box (Phytotron CLF Plant Master, Wertingen, Germany).
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Fig.2 Average macroelements content after exogenous organic amendments application.

control variant (without amendments) has satisfactory
content of phosphorus (55.5 mg/kg), potassium (321.4
mg/kg), magnesium (208.6 mg/kg), and very low
calcium content (868 mg/kg)—see Table 1 and Fig. 2.
After compost, biochar, and lignohumate application
content of phosphorus increased (> 73 mg/kg).
Decreasing of phosphorus (less than 50 mg/kg) was
obtained after lignite and digestate application. This
could be explained by very low content of phosphorus
in both mentioned amendments (trace amounts—see
Table 1). Extremely high content of potassium was
detected after allamendments application (> 341

mg/kg). Especially after lignohumate potassium salt
application content of potassium was five times higher
to compare with control. From this reason we were
also forced to apply ten times lower concentration of
lignohumate potassium salt (= to avoid soil salinity in
pot experiment). Calcium content increased after
biochar, lignite and compost application. Low amount
of calcium was found after lignohumate and digestate
application (Fig. 2). Content of magnesium was the
highest after biochar, lignite, and compost application.
Average values of magnesium varied from 208 mg/kg
(control) to 339 mg/kg (lignite) (Fig. 2). Total
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nitrogen content in mineral soil reached 0.20%. Ratio
C/N was less than 10:1, which means an optimal ratio
for soil microorganisms. Optimal C/N ratio was also
found after digestate and compost application. On the
other hand, very high C/N ratio was measured after
biochar, lignite, and lignohumate application—see
Table 1.

Micronutrients content determined by AAS method
in soil after finishing the pot experiments is given in
Fig. 3. XRF spectroscopy was mainly used for
detailed characterization of soil elemental composition
and following elements were determined—Si, Fe, Al,
K, Ca, Mg, Ti, S, Mn, P, Ba, Zr, Sr, Rb, Pb and As.
We can conclude, that after exogenous organic
amendments application no legislation limits for
hazardous elements content in soils and plants were
overstepped. Micronutrients content in soil after
exogenous organic amendments application was
significantly higher to compare with control. Similar
situation was detected in plants residues (leaves and
roots). Average content of Fe, Mn, Zn, and Cd in soil
and plant residues is shown in Figs. 4-7. High affinity
of lettuce to cadmium uptake is well known and
lettuce is often used in cadmium contamination
studies [17, 18]. In our experiments cadmium content

in lettuce was ten times higher than in the

corresponding soil substrate (Fig. 7) and generally
elements uptake by lettuce followed the order: Cd >
Mn > Zn > Fe. One way ANOVA analysis and
Scheffé’s multiple range test showed statistically
significant differences in Fe, Mn, Zn and Cd content
between studied variants and also between control and
all studied variants with exogenous organic
amendments (biochar, compost, digestate, lignite, and
lignohumate) (Table 3). Evaluation of toxic elements
accumulation in plants and soil is important from
point of view increasing risk elements in the
and water contamination.

agricultural products

Microelements contained in different types of
exogenous organic amendments are much more

available for plants than those from a parent rock.

4. Conclusions

Different exogenous organic amendments directly
affected macro and micronutrients content in soil and
plants during the pot experiment. Satisfactory C/N
ratio was found only after compost and digestate
application. No legislation limits for the content of
hazardous metal were overstepped and hazardous
elements mobility and their uptake by plants followed
the order: Cd > Mn > Zn > Fe. High affinity of lettuce

to cadmium uptake was confirmed.
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Fig.3 Average microelements content after exogenous organic amendments application.
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Fig. 4 Average content of Fe in soil and plant after exogenous organic amendments application.
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Fig. 5 Average content of Mn in soil and plant after exogenous organic amendments application.
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Fig. 6 Average content of Zn in soil and plant after exogenous organic amendments application.
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Fig.7 Average content of Cd in soil and plant after exogenous organic amendments application.

Table 3 Statistically significant differences in elemental composition.

Mean metal element contents (mg g ') in dry biomass

Of the harvested lettuce plants

Contentofelements in mg kg

Variant Fe Mn

lignite 2,631 a 337a
digestat 1,458 a 305a
compost 2,581 a 138 a
lignohumate 1,918 a 298 a
biochar 1,121 a 185a
control 2,756 a 157 a

Zn Cd

45 a 1.576 ab
49 ab 1.809 b
42 a 0.461 a
52 ab 2.058 b
92b 0.888 ab
40 a 0.918 ab

(Different letters within a single column indicate differences for the corresponding element (Scheffé’s multiple range test, for P <
0.05); a represents the lowest mean.
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