ISSN 1392-3196 Zemdirbyste-Agriculture

Vol. 103, No. 4 (2016) 355

ISSN 1392-3196 / e-ISSN 2335-8947

Zemdirbyste-Agriculture, vol. 103, No. 4 (2016), p. 355-362

DOI 10.13080/z-a.2016.103.045

The influence of composts on yield and chemical elements
of winter wheat and spring barley

Gediminas STAUGAITIS!, leva NARUTYTE!, Jonas ARBACAUSKAS!',
Zigmas VAISVILA', Kestutis RAINYS2 Romas MAZEIKA', Aist¢ MASEVICIENE!,
Lina ZICKIENE!, Donatas SUMSKIS!

'Agrochemical Research Laboratory, Lithuanian Research Centre for Agriculture and Forestry
Savanoriy 287, Kaunas, Lithuania
E-mail: agrolab@agrolab.lt

2Elmininkai Experimental Station, Lithuanian Research Centre for Agriculture and Forestry
Elmininkai, Anyksciai distr., Lithuania

Abstract

In 2013-2014, research was carried out on a Bathihypogleyi-Haplic Luvisol (LVh-gld-w) soil with predominant
sandy loam and pH, ., 4.9-5.2 with a view to finding out how composts produced from sewage sludge, green
waste and biogas production waste influenced grain and straw yields of winter wheat grown in the first year after
compost incorporation and spring barley grown in the second year after incorporation as well as the concentrations
of nitrogen, potassium and heavy metals in grain and straw. The field experiment was conducted in the fields
of Elmininkai Experimental Station (Anyksciai distr., Eastern Lithuania) of the Lithuanian Research Centre for
Agriculture and Forestry. The investigations proved that the composts incorporated without mineral fertilizer did
not increase grain and straw of winter wheat grown in the first year after incorporation. During the second year, the
composts increased the spring barley grain yield as follows: biogas — by 72.9%, green waste — 68.6%, cattle manure
—58.9% and sewage sludge — 45.2%. The application of composts on the background of mineral fertilizers did not
significantly increase winter wheat and spring barley grain and straw yields compared with mineral fertilizers. The
concentration of chemical elements in plants depended on the compost degradation process in soil. During the first
year after incorporation of composts, nitrogen (N) concentration in winter wheat grain was increased by biogas,
and during the second year — by sewage sludge and green waste composts in spring barley grain. Potassium (K)
concentration in winter wheat and spring barley straw was increased by cattle manure, biogas and sewage sludge
composts. During the first year, all composts increased phosphorus (P) concentration in winter wheat straw. The
concentrations of heavy metals (Cd, Ni, Pb, Zn, Mn and Cu) in grain and straw were close to the background levels.
The composts used in the study increased the content of nickel in winter wheat and spring barley grain and straw

somewhat more significantly.
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Introduction

Each year the flows of biodegradable waste from
agriculture, food industry, sludge purification installations
and municipal green waste management units, etc. are
increasing (Larney et al., 2008). One of the most popular
ways of utilizing biodegradable waste is composting
and using composts for plant fertilization (Uriah, Shehu,
2014). However, the value of composts produced from
different kinds of biodegradable waste varies greatly
(Fuchs et al., 2008; Carvalho, Marchi, 2015).

When technogenic waste such as sewage sludge,
ash, mixed biodegradable municipal waste and residues
from biogas production are used in compost production,
soil and plants are often contaminated with heavy metals
(Zn, Mn, Cu, Ni, Cd and Cr), which can pass to the
food chain (Greger et al., 2007; Uriah, Shehu, 2014;
Carvalho, Marchi, 2015). Quite often such composts
include persistent organic pollutants: polycyclic aromatic
hydrocarbons, di(ethylhexyl) phthalates, polychlorinated
biphenyls, etc., which have a toxic effect on plants and

are accumulated in soil (Paradelo et al., 2008). The
least toxic are composts produced from plant material,
however, their fertilizing value is not great (Paradelo
etal., 2008; Tooba et al., 2014; Staugaitis et al., 2015 a).
Long-term experience indicates that solid manure
composts are among the most valuable; however, their
high rate incorporation is associated with nitrogen
pollution (Moral et al., 2009).

The experiments conducted with sewage sludge
containing considerable levels of nitrogen, phosphorus
and potassium suggest it has a more negative than
positive effect, which is associated with the accumulation
of heavy metals in plant produce and soil (Natal-da-
Luz et al., 2009). The experiments conducted on leaf
lettuce indicated that the composts produced from mixed
municipal waste and sewage sludge increased the content
of nickel (Ni) and lead (Pb) in plants, and the composts
of mixed municipal waste increased copper (Cu) content
as well (Staugaitis et al., 2015 a). In fact, Ni content in
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sewage sludge and mixed municipal waste composts is
4 times higher compared with green waste composts,
Pb content is 4 and 8 times higher, respectively, and Cu
content — 8 and 14 times higher (Staugaitis et al., 2015 a).
It was established that fertilization of crops with sewage
sludge compost results in plants absorbing zinc (Zn) and
accumulating it in their tissues more than Cu, as Zn is
more mobile and it is more difficult for plants to regulate
the access of this element (Zheljazkov, Warman, 2004).
Cadmium (Cd) is particularly harmful. Its concentration
in the cereals grown in unpolluted areas does not exceed
0.1 mg kg! as a rule and in the case of pollution it can
reach 0.2 mg kg' and more. Contamination with Cd is
often increased while using sewage sludge for fertilisation
and the availability of this element to a plant is greater at
lower soil pH values (Kirkham, 2006). Pb concentration
in wheat ranges within 0.001-0.7 as a rule and in barley
it is 0.001-0.2 mg kg'. The absorption of heavy metals
in a plant is influenced by the content of other chemical
elements in soil, their solubility and the relationship
between them, e.g., calcium (Ca) deficiency increases
Cd content and it is reduced by Cu and Zn (McLaughlin
etal., 1999).

If we bring in higher content of nitrogen,
phosphorus, potassium and organic matter with composts
to improve soil properties (Staugaitis et al., 2015 b), at
the same time we bring in heavy metals that are long-
lasting pollutants and they cannot be removed from soil
naturally (Navas, Lindhotfer, 2005).

The aim of our research was to establish how
the composts produced from sewage sludge, green waste
and biogas residues influence grain and straw yields of
winter wheat and spring barley and the concentrations
of nitrogen, phosphorus, potassium and heavy metals in
them.

Materials and methods

Site description and experimental design. The
field experiment was conducted in 2013-2014 in the
fields of Elmininkai Experimental Station (Anyksciai
distr., Eastern Lithuania, 55°55'58.30" N, 25°16'67.79"
E) of the Lithuanian Research Centre for Agriculture and
Forestry. The following experimental design was used:
1) without fertilizers, 2) cattle manure compost, 3) green
waste compost, 4) biogas production waste compost,
5) sewage sludge compost, 6) fertilization with mineral
fertilizer (winter wheat — N, P_K_  spring barley —

90~ 60" 90 . P
N_P, K ), 7) cattle manure compost + mineral fertilizer,

8)60g?geriowaste compost + mineral fertilizer, 9) biogas
production waste compost + mineral fertilizer and
10) sewage sludge compost + mineral fertilizer.
Description of composts used: cattle manure
compost — compost of animal solid manure with straw;
green waste compost — urban green waste compost
produced from cut grass, tree leaves and a small portion
of shredded branches; biogas production waste compost —
biogas residue compost produced from processing spent
grain under anaerobic conditions; sewage sludge compost
— sewage sludge from Vilnius municipality mixed with
straw (15% by volume). The composts were incorporated
into soil once — in August 2012. After the incorporation
of fertilizers in the experiment, winter wheat cv. ‘Ada’
and after that spring barley cv. ‘Luoké’ were grown.
Straw was removed from the field. The rates of composts
were calculated based on the maximal permitted nitrogen
rate of 170 kg hal, as it was indicated in the EC Directive

91/676/EEC. Chemical composition of the composts and
the amounts of nutrients and heavy metals incorporated
together with them during the experiments are presented
in Tables 1 and 2.

The mineral fertilizers used were ammonium
nitrate, granular superphosphate and potassium
chloride. Winter wheat was fertilized with phosphorus
and potassium fertilizers in autumn before sowing and
nitrogen was applied in spring when vegetation resumed
(beginning of April). Spring barley was fertilized with
mineral fertilizers in spring before sowing. Winter wheat
was sown on 18 September 2012 and harvested on
2 August 2013, spring barley — on 3 May and 15 August
2014, respectively.

Herbicides Accurate® (a.i. metsulfuron methyl
200 gkg!, rate 0.020 kg ha') and Grodyl® (a.i.
amidosulfuron 100 g kg', 0.025 kg ha') as well as
fungicide Prosaro® (a.i. prothioconazole 125 g 17,
tebuconazole 125 g I, 1 1 ha') were applied on winter
wheat. Herbicide Sekator® (a.i. amidosulfuron 100 g
I, iodosulfuron-methyl-sodium 25 g I'', 150 ml ha')
and fungicide Falkon® Forte (a.i. spiroxamine 224 g 1!,
tebuconazole 148 g 1!, triadimenol 53 g I, 0.8 | ha')
were applied on spring barley.

Four replications of each treatment were used;
the total size of the experimental plot was 72 m? (12 x
6 m), harvested area — 22 m? (10 x 2.2 m). The plots were
arranged in four replication blocks.

Soil, composts and plant sampling and
analytical methods. Soil samples for determination of
agrochemical parameters were collected from 0-20 cm
soil layer of the first and third replication plots before
winter wheat sowing and incorporation of fertilizers.
Compost samples for quality analyses were taken in
two replications, each of which consisted of 20 discrete
subsamples. During harvesting the grain yield collected
from each experimental plot was weighed separately and
the same day grain moisture content was determined.
Grain samples for determination of chemical composition
were collected from the first and third replications of
treatments Nos. 1-5, for a large number of samples.
Grain yield was expressed in moisture of 15% and straw
yield — by the content of dry matter.

Soil pH, ., was determined in 1 N KCI extract
using potentiometric method, plant available phosphorus
and potassium content — according to Egner-Riehm-
Domingo (A-L) method, organic carbon content — by
dry combustion method. Dry matter in composts was
determined in accordance with standard LST EN
13040:2008, organic matter — according to LST EN
13039:2012, total nitrogen — according to EN 13342:2000
using a nitrogen distiller, total phosphorus — according to
standard LST EN 13650:2006, LST EN ISO 11885:2009
using a flame photometer and total potassium — according
to LSTEN 13650:2006 and LST ISO 9964-3:1998. Heavy
metals in soil were determined in aqua regia, according
to standards ISO 11466:1995, ISO 11047:1998 and ISO
22036:2008, in composts — LST EN 13650:2006, LST
EN ISO 15586:2004 and LST EN ISO 11885:20009.

To determine the chemical composition of
winter wheat and spring barley grain and straw the
following procedure was used: ground plant mass was
combusted in a muffle furnace at 550°C for 12 hours.
Nitrogen concentration was determined using Kjeldahl
method, potassium — by flame photometer. Phosphorus
and heavy metals were analysed according to standard
LST EN 15621:2012.
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Weather conditions. Meteorological conditions
during the experimental period were assessed according
to the data from Elmininkai Meteorological Station.
To describe natural irrigation conditions during plant
vegetation periods Selianinov’s hydrothermal coefficient
(HTC) was used, calculated according to the formula:
HTC = H / (0.1*XT), where H represents precipitation
during the analysed period, mm; and XT stands for the
sum of average daily temperatures higher than 10°C
during the same period decreased 10 times (compared
to evaporation rate — defines evaporation conditions).
Vegetation periods according to HTC are divided into:
HTC > 1.6 — irrigation is excessive, HTC = 1.0 ... 1.5
— optimal irrigation, HTC = 0.9 ... 0.8 — weak drought,
HTC = 0.7 ... 0.6 — moderate drought (arid), HTC = 0.5
... 0.4 — heavy drought, HTC < 0.4 — very heavy drought
(Dirse, Taparauskieng, 2010).

In September 2012, the mean daily temperatures
were close to the multiannual average and the monthly

HTC
6.00

2013

rainfall was 6.4 mm lower than the multiannual average.
The winter crop sown germinated well, branched and its
vegetation continued until the first frosts at the beginning
of December. During December—March slightly negative
temperatures prevailed, the monthly rainfall ranged
within 22.7-49.5 mm, therefore, the winter crop survived
well and its vegetation restarted at the beginning of April.
In 2013 during the plant vegetation period (May—July)
the sum of active temperatures was 1747.1°C, rainfall
amounted to 269.9 mm. May was full of contrasts: the
first ten day period was droughty (HTC = 0) and during
the second one excessive humidity was recorded (HTC
= 5.70), however, it did not have any marked effect
on winter wheat. June was rather humid (HTC = 1.46)
and July was not humid enough (HTC = 0.94) (Fig.),
nevertheless, these summer months were favourable for
winter wheat growth and grain development.

In the beginning of May 2014, there was
extensive rainfall after spring barley sowing, therefore,
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Figure. Hydrothermal coefficient (HTC) during plant vegetation period (Elmininkai Meteorological Station, 2013—

2014)

the plants germinated well; however, during the third ten
day period in May and the first ten day period in June
the mean daily temperature was 5.4°C and 2.5°C higher
compared with the multiannual average, but the rainfall
was very low, thus the barley tillering was poor. During
the period from the beginning of May to the middle of
August, when the crop was harvested, the sum of active
temperatures amounted to 1869.8°C and the rainfall was
233.1 mm. Therefore, during June—August period the
weather was favourable for spring barley growth and
grain development.

Soil. The experiment was conducted on
Bathihypogleyi-Haplic Luvisol (LVh-gld-w), soil texture
— sandy loam with sandy clay loam in deeper layers, soil
pH,, —4.9-5.2, organic carbon content — 1.04-1.57 %,
plant available phosphorus (P,0,) — 193-237 mg kg and
potassium (K,0) content —137-192 mg kg™'. Heavy metal
concentration was as follows: cadmium (Cd) — 0.057—
0.096 mg kg, lead (Pb) — 6.87-8.90 mg kg™!, nickel (Ni)
—9.67-13.1 mg kg'!, copper (Cu) — 3.93-6.43 mg kg,
zinc (Zn) — 22.0-30 mg kg!' and manganese (Mn) — 46—
73 mg kg

Statistical analysis. Winter wheat and spring
barley yield data was processed using the analysis
of variance ANOVA. Statistical significance of the
experimental data was assessed using Duncan’s test;
significant differences were established between the data
lettered a, b, c, d, e, f at 5% probability level (P < 0.05)
(Tarakanovas, Raudonius, 2003). Compost and yield

chemical composition data was presented as arithmetical
means with standard deviations using software
MS Excel 2007.

Results and discussion

Chemical composition of composts of different
origin. Composts used in the experiment varied in their
quality (Table 1). The richest in nitrogen and phosphorus
was biogas production waste compost followed by cattle
manure compost; however, the latter also contained high
amounts of potassium accounting for approximately 10
times higher content compared with green waste and
sewage sludge composts, and nearly 5 times higher content
compared with biogas production waste compost. Cattle
manure and biogas production waste composts had high
amounts of organic matter, the content of which exceeded
80%, but very low amounts of dry matter — 15.1-24.5%.
Green waste compost had the lowest content of nitrogen,
phosphorus and organic matter.

The lowest amounts of heavy metals were
established in cattle manure and green waste composts
(Table 1). In comparison, biogas production waste
compost had Cd, Ni, Zn and Cu amounts which were
1.5-2.5 times higher. Meanwhile, sewage sludge
compost had much higher heavy metal content compared
with other composts, especially those of Cd, Ni, Pb and
Cu. Two of the elements — Cd and Cu — even exceeded
the recommended permissible concentration for class I



358

The influence of composts on yield and chemical elements of winter wheat and spring barley

Table 1. Chemical composition of composts used in the experiment

Cattle manure Green waste

Biogas production Sewage sludge

Indicators
compost compost waste compost compost
Dry matter % 15.1 £3.6* 56.5+1.2 245+3.1 56.8+0.7
pHino 84+04 7.7+0.1 8.1+0.2 7.1+0.1
of dry matter
Total nitrogen (N) % 25+04 1.3+0.1 42+0.5 1.9+0.3
Total phosphorus (P) % 0.85+1.2 0.1+0.1 1.9+0.0 0.7+0.1
Total potassium (K) % 2.74+£1.2 0.3+0.1 0.6+0.1 0.3+0.0
Organic matter % 80.0+6.5 23.3+0.6 84.8+24 347+1.5
Cd mg kg! 0.1+0.1 0.1+£0.0 03+0.0 09+0.1
Ni mg kg! 24+15 55+04 13.6£0.2 15.8+2.7
Pb mg kg! 3.6+1.6 13.1£0.6 2500 248+5.4
Zn mg kg'! 138.7+102.2 91.9+14.4 238.3+10.0 367.5+68.6
Cu mg kg'! 252+39 18.1£3.0 40.3+0.4 94.0 + 14.1
Mn mg kg'! 328.0+0.0 223.0+19.8 225.0+90.5 411.0 £ 128.7

* — means =+ standard deviation

composts in Lithuania, which accounts for <0.7 and
<70 mg kg'! (Staugaitis et al., 2015 b).

A total of 170 kg ha' of N were applied
with all types of composts, therefore, the amounts of
composts applied varied as follows: green waste compost
—23.7tha!, sewage sludge compost — 15.5 t ha'!, biogas
production waste compost — 16.5 t ha! and cattle manure
compost — 44.5 t ha'l. These composts brought in
different amounts of the most important macroelements
and heavy metals (Table 2). Phosphorus (P,0,) amount

brought in with green waste compost was 43 kg ha’!,
whereas 2.7—4.0 times higher amounts were brought in
with other composts. High amounts of potassium (K,0)
were brought in with cattle manure compost — actually
221 kg ha'!, whereas 31-53 kg ha! with other composts.
Sewage sludge compost brought in exceptionally high
amounts of heavy metals and the differences from other
types of composts ranged from several to several tens of
times lower.

Table 2. Amounts of organic matter, phosphorus, potassium and heavy metals incorporated in soil together with

composts
Composts
Indicators Unit cattle manure green waste biogas production sewage sludge
compost compost waste compost compost

Organic matter tha' 5.37 3.11 3.44 3.06
PO, kg ha! 131 43 175 137

) 221 53 31 31

Cd gha'! 0.4 1.6 1.0 7.9

Ni 10 73 55 139

Pb 19 175 10 218
Zn 493 1230 963 3233

Cu 207 242 163 827
Mn 2109 2986 910 3616

Influence of composts on yield of winter
wheat and spring barley. The influence of different
composts on the grain and straw yield of winter wheat
and spring barley varied (Table 3). During the first year
after compost incorporation winter wheat was cultivated.
Grain and straw yield did not increase statistically
significantly in the treatments not fertilized with mineral
fertilizers; however, during the second year all composts
applied increased spring barley yield.

As a result of compost effect, barley grain yield
increased as follows: affected by biogas production
waste — 72.9%, green waste — 68.6%, cattle manure —
58.9% and sewage sludge — 45.2%; straw yield increased
by 39.9, 36.8, 36.3 and 52.3 %, respectively. Mineral
fertilizers increased the winter wheat yield by 29.5%
and that of spring barley next year — by 47.8% compared
with without fertilizers application. The application of
composts against the background of mineral fertilizers
did not statistically significantly increase winter wheat
and spring barley yields with the only exception of cattle
manure compost incorporated for winter wheat, when
grain yield increase achieved was 18.3% higher compared
with mere mineral fertilizer application.

The experimental results indicated that the
influence of composts was not significant against the
background of mineral fertilizers, and without mineral
fertilizers the effect was manifested only on the barley
cultivated during the second year, which was especially
prominent with biogas production waste and green waste
composts applications. This is somewhat contradictory
to the data by other researches suggesting that compost
effect on plant productivity is higher compared with
mineral fertilizers (Bulluck et al., 2002) or, that plant
productivity does not differ significantly between
compost of mineral fertilizer applications (Eghball,
Power, 1999). However, the experimental results
achieved prove the provision that combined use of both
composts and mineral fertilizers increases their overall
efficiency, which in its turn increases crop productivity
(Keeling et al., 2003).

Chemical composition of plant yield.
Concentrations of total nitrogen, phosphorus and
potassium in the grain and straw of winter wheat and
spring barley are indicated in Table 4, where compost
influence was investigated against the background
without mineral fertilizers, i.e. plots of treatments 1-5.
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Table 3. Winter wheat and spring barley yield (t ha) as affected by different kinds of composts
. Grain yield Straw yield
Fertilization - - - -
winter wheat spring barley winter wheat spring barley
Without fertilizers 339a 299 a 2.28 ab 1.93a
Cattle manure compost 3.64a 4.75 bede 2.25ab 2.63b
Green waste compost 3.67a 5.04 cde 2.64b 2.64b
Biogas production waste compost 345a 517 ¢ 2.50 ab 2.70 bc
Sewage sludge compost 351a 434D 1.99 a 2.94 bed
Mineral fertilizer 493 b 4.42 be 336cd 3.27 cdef
Cattle manure compost + mineral fertilizer 5.83d 5.01 cde 3.77d 3.77f
Green waste compost + mineral fertilizer 5.05 bed 4.90 bede 344 cd 3.11 bed
Biogas production waste compost + mineral fertilizer 4.96 b 4.90 bede 3.38cd 2.93 bed
Sewage sludge compost + mineral fertilizer 4.90 b 4.45 be 3.38 cd 3.33 dfe

Note. The difference between the values with the same letter was not statistically significant between the various fertilization at

p <0.05 according to Duncan’s test.

Table 4. Nitrogen (N), phosphorus (P) and potassium (K) concentrations (%) in winter wheat and spring barley grain

and straw
N P K N P K
Fertilization of dry matter
winter wheat wpring barley

Grain
Without fertilizers 2.11+0.03 042+0.01 036+0.01 2.08+0.03 0.50+0.02 0.55+0.00
Cattle manure compost 2.11+0.01 044+0.04 040+0.06 2.11+0.08 0.52+0.02 0.54 £ 0.01
Green waste compost 2.16+£0.08 043+0.01 0.39+0.01 2.24+0.11 0.53 £0.00 0.58 £0.01
Biogas production waste compost  2.21 £0.04 046+0.04 039+0.02 2.09+0.01 0.52+0.02 0.55+0.01
Sewage sludge compost 2.18+£0.09 044+0.02 0.39+0.02 235+0.12 0.52+0.01 0.57 £ 0.03

Straw
Without fertilizers 0.39+0.04 0.13£0.00 0.51+0.01 0.74+0.03 0.09+0.04 0.51+0.01
Cattle manure compost 048+0.10 0.17+0.03 0.63+0.00 0.94+0.07 0.15+0.06 0.83+0.18
Green waste compost 0.37+0.09 0.15+0.01 0.53+0.07 0.78+0.12  0.11+£0.00 0.55+0.06
Biogas production waste compost  0.40£0.04 0.16+0.01 0.64+£0.01 0.83+0.04 0.12+0.03 0.62 +0.01
Sewage sludge compost 042+0.10 0.17+0.01 0.65+0.01 0.63+0.02 0.11+0.01 0.62 +0.03

Comparison with the untreated treatment (0.11% higher in the case of biogas production waste,

revealed that the nitrogen concentration in winter wheat
grain was increased marginally (0.10%) by fertilization
with biogas production waste compost, but there was no
regular compost influence on nitrogen variation in straw
established. Meanwhile, nitrogen concentration increase
in spring barley grain was more prominent: fertilization
with sewage sludge and green waste composts resulted in
0.27% and 0.16% increase.

Nitrogen concentration in the straw of barley
fertilized with cattle manure compost was 0.20%
higher; however, it decreased by 0.11% when fertilized
with sewage sludge compost. It indicates that nitrogen
concentration variations in plants are more prominent
during the second year after fertilization. Nitrogen
concentration in plants varied due to unequal amounts
of organic matter incorporated with composts and its
different mineralization.

Types of compost did not have any significant
influence on phosphorus concentration in the grain of
winter wheat and spring barley. Such influence was not
established in spring barley straw either. Phosphorus
concentrations in winter wheat straw ranged within a
short interval 0.02—0.04%.

In the experiment, potassium concentration in
winter wheat grain ranged within a short interval 0.03—
0.04%, whereas in straw potassium content ranged from
0.12% to 0.14% due to cattle manure, biogas production
waste and sewage sludge composts influence. During the
second experimental year while cultivating spring barley,
potassium concentration in grain was 0.03% higher, when
fertilizing with green waste compost, and in straw it was

sewage sludge and especially cattle manure compost
fertilization, where potassium concentration increased
by 0.32%. This was influenced by the actual amount of
221 kg ha' K,O brought in the soil together with this
compost. The fluctuations of potassium content in straw
were much higher compared with grain due to compost
fertilization.

Content of heavy metals in grain and straw.
The influence of different composts on the content of
heavy metals in winter wheat and spring barley grain is
presented in Tables 5 and 6.

Cu, Zn and Mn play an important role as
microelements in plant nutrition, however, higher
concentrations of these chemical elements accumulated
in soil can have a negative impact on plants. The optimal
Cu concentration in the dry matter of the above-ground
part of winter wheat at stages BBCH 30-31 is 7-15, and
that for spring barley is 6-12 mg kg' (Bergmann, 1986).
Later this content decreases and at stages BBCH 4245
it is 3.5-8.8 and 3.7-13.0 mg kg!, respectively (Breuer
etal.,2003). Its content in the grain cultivated in Lithuania
is approximately 4.09 mg kg! on average (Lubyté et al.,
2001). In our experiments, Cu concentration in winter
wheat grain ranged from 3.53 to 4.18 mg kg, and in
straw it was 1.89-2.29 mg kg'!; in spring barley it was
4.10-5.65 and 1.81-2.07 mg kg'!, respectively.

Somewhat higher Cu concentrations were
established in winter wheat and spring barley grain
only after fertilizing them with green waste compost.
Meanwhile, other types of composts did not have any
influence on Cu concentrations both in winter wheat
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Table 5. Concentrations of heavy metals in winter wheat grain and straw as affected by the application of different

kinds of composts

N Cu Zn Mn Pb Cd Ni
Fertilization
mg kg! of dry matter

Grain
Without fertilizers 3.53+£0.52 22.82+0.03 49.89+0.21 0.056+0.030 0.045+0.003 0.359 +0.091
Green waste compost 4.18+0.36 23.55+0.92 51.05+4.53 0.055+0.030 0.051+0.007 0.414 +0.095
Biogas production waste compost  3.55+0.06 22.03+0.25 43.49+1.94 0.049+0.004 0.044 +0.006 0.470+0.028
Sewage sludge compost 3.73+£047 23.10+£0.71 46.09+3.31 0.071£0.018 0.046+0.010 0.402 +0.002

Straw
Without fertilizers 222+0.03 528+028 22.88+8.17 0.045+£0.006 0.048+0.012 0.420+0.147
Green waste compost 229+1.15 523+1.00 23.35+8.41 0.043+£0.002 0.050+0.011 0.802+0.119
Biogas production waste compost  1.89+0.52 525+0.21  30.12+6.15  0.047 £0.000 0.041 +0.001 0.598 £ 0.190
Sewage sludge compost 1.90+£0.53 6.63+£0.83 28.54+1.44  0.041 £0.009 0.050+0.004 0.770 £0.156

Table 6. Concentrations of heavy metals in spring barley grain and straw as affected by the application of different

kinds of composts

Fertilizati Cu Zn Mn Pb Cd Ni
eritization mg kg'! of dry matter
Grain
Without fertilizers 4.10+0.20 24.55+1.20 14.15+7.32 0.030+0.001 0.016+0.002 0.928 +0.123
Green waste compost 5.65+1.03 2525+233 20.27+0.45 0.032+0.003 0.020+0.000 0.960 +0.039
Biogas production waste compost 426 £0.46 23.40+£0.42 16.50+4.24 0.027+0.001 0.016+0.000 1.248 +0.230
Sewage sludge compost 476+0.15 24.55+332 11.95+2.73 0.033+0.004 0.015+0.002 1.286+0.375
Straw
Without fertilizers 1.81+0.22 6.83+0.37 14.40+7.96 0.062+0.010 0.052+0.000 0.188+0.013
Green waste compost 1.88+£0.64 6.28+0.26 19.97+0.50 0.066+0.016 0.055+0.014 0.214+0.003
Biogas production waste compost  2.07+0.28 7.32+1.03 16.25+4.21 0.073+£0.005 0.044 +0.004 0.221 +£0.017
Sewage sludge compost 1.93£0.15 6.69+0.08 16.35+£3.75 0.081+£0.040 0.057+0.030 0.206 +0.048

and spring barley. According to different authors, the
maximum Cu concentration in grain while fertilizing it
with sewage sludge compost ranged from 11 to 23 mg
kg! (Hassan et al., 2013).

The optimal Zn concentration in the above-
ground mass of many cereals is 25-70 mg kg! in the
beginning of growth (Bergmann, 1986), and at stages
BBCH42-45itis 17-24 and 14-60 mgkg! in winter wheat
and spring barley, respectively (Breuer et al., 2003). Its
content in the grain cultivated in Lithuania is 19 £5.2 mg
kg! on average (Lubyté et al., 2001). In the experiments,
Zn concentration in winter wheat grain and straw ranged
within the limits — 22.03-23.55 and 5.23-6.63 mg kg,
respectively, and that in spring barley grain and straw
was 23.40-25.25 and 6.28-7.32 mg kg, respectively.
We did not observe regular influence of composts on Zn
concentration in the grain of winter wheat and spring
barley. During the experiment, Zn concentrations in the
cereals did not reach the ones achieved by the majority
of researchers, and the maximum Zn concentrations
observed in wheat grain by certain researchers were
indicated to reach 133 mg kg! (Hassan et al., 2013).

The optimal Mn concentration in the above-
ground mass of many cereals is 30-100 mg kg! (Bergmann,
1986). It was established that the average content of
Mn in the grain cultivated in Lithuania is 16.1 mg kg
(Lubyté etal., 2001). In the experiment, Mn concentration
in winter wheat grain and straw ranged from 43.49 to
51.05 mg kg! and from 22.88 to 30.12mgkg™, respectively,
and that in spring barley grain and straw was 11.95-20.27
and 14.40-19.97 mg kg'. The composts used did not
increase Mn concentration in plants; however, in grain it
decreased, when fertilizing wheat with biogas production
waste compost. Although the least content of Mn was
incorporated with this compost, compared with other
composts, other factors could have had influence such as
the interaction between chemical elements, as the highest

nitrogen concentration was established in grain as well.
The Mn concentration in winter wheat grain determined
in the experiment was marginally higher compared with
those indicated by many other researchers, namely 18—
50 mg kg! (Karatas et al., 2006; Bermudez et al., 2011).

The increase of Pb, Ca and Ni concentrations
in plant produce is undesirable (Lubyté et al., 2001), and
in spring barley grain it should not exceed the maximum
permissible concentration of 0.1 mg kg' and winter
wheat 0.2 mg kg! in the case of Cd and 0.2 mg kg of
Pb according to European Commission Regulations Nos.
1881/2006  (http://eur-lex.europa.eu/eli/reg/2006/1881/
0j) and  629/2008  (http://eur-lex.europa.eu/eli/
reg/2008/629/0j).

Pb concentration in winter wheat grain was
established to be higher and varied more substantially
compared with spring barley. In winter wheat grain it
ranged from 0.049 to 0.071 mg kg!, and in spring barley
it was 0.027-0.033 mg kg'. The analysed composts did
not increase Pb concentrations either in straw or grain of
both crops. The concentration determined was marginal
compared with the permissible 0.2 mg kg! limit or the one
indicated by other authors and related with environmental
pollution — 8-22 mg kg (Jamali et al., 2009).

Cd concentration in winter wheat grain and
straw was similar and ranged between 0.041-0.051 mg
kg!, and in spring barley grain it was lower — 0.015—
0.020 mg kg'. In both crops, irrespective of the compost
type applied, Cd concentration was mainly within the
margin of error and was low compared with the ones
established by other authors for grain (0.8—1.18 mg kg™),
when wheat was fertilized with sewage sludge compost
(Karak, Bhattacharyya, 2010; Hassan et al., 2013).

Ni concentration in winter wheat and spring
barley varied within a broad range: 0.359-1.289 mg kg
in grain and 0.188-0.802 mg kg in straw. A higher Ni
concentration in winter wheat grain was obtained while
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fertilizing with biogas production waste, and in straw —
by green waste and sewage sludge composts, whereas in
spring barley grain — by biogas production waste compost,
and in straw — by green waste and biogas production waste
composts. This indicates that the Ni amount of 55-139
g ha'! incorporated in soil with composts had influence
on its concentration in the crop for two years after the
incorporation. Ni increases obtained in the crops were
not high compared with other researchers’ data, where
the established Ni concentration in wheat grain amounted
to 4.1-9.9 mg kg! (Hassan et al., 2013).

Conclusions

1. The richest in nitrogen (N) and phosphorus (P)
was biogas production waste compost followed by cattle
manure compost; however, the latter also contained high
amounts of potassium (K) accounting for approximately
10 times higher content compared with green waste and
sewage sludge composts, and nearly 5 times higher content
compared with biogas production waste compost. Cattle
manure and biogas production waste composts had high
amounts of organic matter, the content of which exceeded
80 %, but very low amounts of dry matter — 15.1-24.5%.
Green waste compost had the lowest content of N, P and
organic matter. The lowest amounts of heavy metals were
established in cattle manure and green waste composts.
In comparison, biogas production waste compost had Cd,
Ni, Zn and Cu amounts which were 1.5-2.5 times higher.
Meanwhile, sewage sludge compost had much higher
heavy metal content compared with other composts,
especially those of Cd, Ni, Pb and Cu.

2. The composts incorporated without mineral
fertilizer did not increase the yield of winter wheat in the
first year after incorporation. During the second year, the
composts increased the spring barley crop as follows:
biogas production waste — by 72.9%, green waste —
68.6%, cattle manure — 58.9% and sewage sludge —
45.2%; straw yield increased by 39.9, 36.8, 36.3 and 52.3
%, respectively. The application of composts against the
background of mineral fertilizers, which was N, P K o
for winter wheat and N P, K for spring barley, did not
significantly increase winter wheat and spring barley
grain and straw yields compared with mineral fertilizers.

3. The concentration of chemical elements in
grain and straw depended on the compost degradation
process in soil. During the first year, N concentration in
winter wheat grain was increased by biogas production
waste compost, and during the second year — by sewage
sludge and green waste composts in spring barley grain. K
concentration in winter wheat and spring barley straw was
increased by cattle manure, biogas production waste and
sewage sludge composts, and N concentration in spring
barley straw was increased by cattle manure compost.
During the first year all composts increased P concentration
in winter wheat straw; however, during the second year
such tendency was not observed in spring barley straw.
Heavy metal (Cd, Ni, Pb, Zn, Mn and Cu) concentrations
in plants were close to the background levels.

4. Heavy metal (Cd, Ni, Pb, Zn, Mn and Cu)
concentrations in grain and straw were close to the
background levels. The composts used in winter wheat
and spring barley increased the content of Ni somewhat
more significantly, especially in spring barley grain when
biogas production waste and sewage sludge composts
fertilization increased the content of this element by 0.32
and 0.36 mg kg™
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Komposty jtaka Zieminiy kvie¢iy bei vasariniy mieziy derliui

ir cheminiu elementy Kiekiui

G. Staugaitis!, I. Narutyté!, J. Arbacauskas!', Z. Vaisvila', K. Rainys?, R. Mazeika',

A. Masevidiené!, L. Zickiené!, D. Sumskis!
2 b

'Lietuvos agrariniy ir mi$ky moksly centro Agrocheminiy tyrimy laboratorija
?Lietuvos agrariniy ir misky moksly centro Elmininky bandymy stotis

Santrauka

2013-2014 m. giliau gl¢jiSkame paprastajame iSplautZemyje, kuriame vyravo smélingas priemolis, o pH, ., 4,9
5,2, buvo atlikti tyrimai siekiant i$siaiSkinti, kaip i§ nuoteky dumblo Zaliyjy ir biodujy gamybos atlieky pagaminti
kompostai turi jtakos pirmaisiais metais po jy jterpimo auginamy zieminiy kvie€iy ir antraisiais — vasariniy
mieziy griudy ir Siaudy derliui, jame esanciy azoto, fosforo, kalio bei sunkiyjy metaly koncentracijoms. Lauko
eksperimentai vykdyti Lietuvos agrariniy ir miSky mokslo centro Elmininky bandymuy stoties (Anyksciy r.,
Ryty Lietuva) laukuose. Tyrimai parod¢, kad be mineraliniy traSy jterpti kompostai pirmaisiais metais auginty
zieminiy kvieciy gridy ir Siaudy derliaus nedidino. Antraisiais tyrimy metais vasariniy mieziy griidy derliy biodujy
gamybos atlieky kompostas didino 72,9 %, zaliyjy atlieky — 68,6 %, galvijy méslo — 58,9 %, nuoteky dumblo —
45,2 %. Mineraliniy trasy fone naudoti kompostai zieminiy kvieciy ir vasariniy mieziy griudy ir Siaudy derliaus,
lyginant su mineralinémis trgSomis, esmingai nedidino. Cheminiy elementy koncentracija augaluose priklausé nuo
komposty irimo proceso dirvozemyje. Pirmaisiais metais po komposty jterpimo zieminiy kvieciy griiduose azoto
(N) koncentracija didino biodujy gamybos atlieky, antraisiais — vasariniy mieziy griiduose — nuoteky dumblo ir
zaliyjy atlieky kompostai. Zieminiy kvie€iy ir vasariniy mieziy Siauduose kalio (K) koncentracijg didino galvijy
méslo, biodujy gamybos atlieky ir nuoteky dumblo kompostai. Pirmaisiais metais visi kompostai didino fosforo (P)
koncentracijg zieminiy kvieciy Siauduose. Sunkiyjy metaly (Cd, Ni, Pb, Zn, Mn ir Cu) koncentracijos augaluose
buvo artimos foniniams lygiams. Naudoti kompostai zieminiuose kvie¢iuose ir vasariniuose mieziuose kiek labiau
padidino nikelio kiekj.

ReikSminiai zodziai: griidai, kompostai, sunkieji metalai, Siaudai, vasariniai mieziai, zieminiai kvieciai.
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