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EFFECT OF FARMYARD MANURE, SEWAGE SLUDGE
AND ELEMENTARY SULPHUR APPLICATION

ON THE CONTENT OF HEAVY METALS
IN SOIL AND WHEAT GRAIN

WP£YW NAWO¯ENIA OBORNIKIEM, OSADEM ŒCIEKOWYM
ORAZ SIARK¥ ELEMENTARN¥ NA ZAWARTOŒÆ METALI CIÊ¯KICH

W GLEBIE I ZIARNIE PSZENICY

Abstract: In a one-year pot experiment influence of fertilisation with elementary sulphur (0.42 g per pot
containing 6 kg of soil), farmyard manure and sewage sludge (both in doses of 32 g dry matter per pot) on Fe,
Cu, Zn, Mn and Cd content in soil and wheat grain was studied. The experiment comprised following
variants: 1) control (not fertilised), 2) farmyard manure, 3) sewage sludge, 4) elementary sulphur, 5) farmyard
manure and elementary sulphur, 6) sewage sludge and elementary sulphur.

Sulphur application did not lead to any statistical increase in the heavy metals content in soil, however it
resulted in a higher content of manganese and a lower content of copper in the wheat grain.

Among studied soil characteristics only Fe content was lowered after farmyard manure fertilization while
the content of Fe and Mn in grain increased. Application of sewage sludge resulted in significant increase in
Fe, Zn and Cu in both soil and grain and in decrease in Mn content in grain.

The cadmium content in soil was affected by interaction of organic fertilizers and sulphur. Sulphur alone
caused decrease in cadmium content in soil while together with organic fertilizing led to a significant increase.

Keywords: spring wheat (Triticum aestivum L.), heavy metals, elementary sulphur, farmyard manure, sewage
sludge

Iron is concentrated in chloroplasts. Its complexes participate in electron transfer in
the photosynthetic process. Thanks to ability to change the oxidation number iron takes
part in many oxidation-reduction processes. Non-heme Fe proteins are involved in the
reduction of nitrates and sulphates [1].

Zinc as a key component of many enzymes interferes in metabolism of carbo-
hydrates, proteins, auxin, RNA and phosphate [1]. In wheat zinc can alter protein com-
position and lower negative effect of high temperatures during the grain filling stage [2].
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Thanks to the ability to change the oxidation number manganese plays an important
role as a catalytic agent in many reactions. It is a specific component or can substitute
for Mg in several enzymes. It is involved in oxygen-evolving system of photosynthesis
and participates in the photosynthetic electron transport system [1].

Copper is involved in many physiological processes in plants including photo-
synthesis and respiration, carbohydrate distribution, reduction and fixation of nitrogen,
protein metabolism. It controls water relationships as well as production of nucleic acids
which reflects on reproduction ability of plants [1].

Plants supplied properly with zinc and copper show higher disease resistance, too [1].
Mn and Zn treated winter wheat plants were less attacked by Drechslera tritici-repentis

(Died.) Shoem. causing the tan spot disease [3].
Mentioned elements are essential to plants. However, as heavy metals, in excessive

amounts they can cause severe malfunctions and disturbances in many crucial processes [1].
Cadmium, on the other hand, is a typical non-essential element with negative effects on

plants. Its fundamental characteristic is a strong affinity to sulfhydryl and phosphate groups,
and ability of replacing zinc in some enzymes and consequently their inactivation [1].

Wheat does not belong among crops needing direct organic fertilising, effect differ
from case to case. Some authors inform about significant increase in yield [4, 5], protein
content and N, P, K, Fe, Zn, Mn uptake [5], whereas others observed significant yield
decrease connected with organic fertilisers application [6, 7].

Organic fertilisers are used in crop systems to replace organic matter in soil which
fell prey to mineralization. They preserve or even improve soil properties [7]. Besides,
they serve as a source of microelements. In the case of sewage sludge, quite a large
amount of different microelements and heavy metals is common which reflects in a
higher total content of these metals in soil as well as in their higher bioavailability and
consequently in an increasing content in plant tissues [4, 5, 8]. Plants supplied properly
with sulphur can easily protect themselves from excessive metals using sulphur-
-containing phytochelatins. Therefore sulphur content in soil should be maintained at
sufficient level. Especially under leaching conditions elementary sulphur is recommend-
ed as sulphur source [9]. However, it can significantly lower the soil pH value [10, 11]
and thereby increase the heavy metals availability to plants [10–12].

Material and methods

In 2005 content of five metals in spring wheat grain was studied in a pot experiment
carried out in Mitscherlich pots filled with 6 kg of sandy soil (Table 1) in the vegetation
hall at Mendel University of Agriculture and Forestry in Brno.

Table 1

Soil properties prior to the experiment

Cox

[g kg–1]
pH/CaCl2

Content of available elements [mg kg–1]

P K Ca Mg Swater-soluble Fe Zn Cu Mn Cd

0.7 7.4 112 135 1990 113 9.5 2112 9.1 4.7 204 0.21
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The experiment included the following variants: 1) control (not fertilised), 2)
farmyard manure, 3) sewage sludge, 4) elementary sulphur, 5) farmyard manure +
+ elementary sulphur, 6) sewage sludge + elementary sulphur. The cattle manure was
obtained from Agro Monet Moutnice, used sewage sludge originated from wastewater
treatment plant Brno in Modøice. Each variant was established in 4 replications. The
chemical composition of organic materials is shown in Table 2.

Table 2

Chemical composition of applied organic materials [mg kg–1 of fresh matter]

Organic
material

Dry matter N P K Ca Mg S

[g kg–1] [g kg–1 of fresh matter]

Sewage sludge 907 29.5 2.1 3.4 43.8 4.3 7.8

Farmyard manure 211 4.0 1.3 7.0 5.4 1.6 0.8

Organic
material

OM Fe Zn Mn Cu Cd
C:N

[g kg–1 of fresh matter] [mg kg–1 of fresh matter]

Sewage sludge 565.0 51800 6810 452 347 4.1 11:1

Farmyard manure 111.0 17 189 119 19 0.6 16:1

OM – organic matter.

The pH value of used soil was determined in 0.01 mol dm–3 CaCl2 solution, the P,
K, Ca and Mg contents were determined according to the Mehlich III method, and the
content of studied elements by means of AAS in a 2 mol dm–3 HNO3 extract
(soil/extract ratio was 1:10). The soil reaction was alkali, the supply of available P and
Ca was good, the supply of available K and Mg was suitable and the content of
water-soluble S was low. According to the Decree of the Ministry for the Environment
No. 13/1994 Col. [13], the copper, zinc and cadmium contents were below the limit (the
standard quotes the maximum as equal to 30 mg Cu kg–1, 50 mg Zn kg–1 and 0.4 mg
Cd kg–1 in light soils).

In late summer (24th August 2004), farmyard manure and sewage sludge were
applied in dose of 32 g dry matter per pot (the dose was derived from 10 Mg per
hectare) and elementary sulphur in a dose of 0.42 g per pot. All fertilisers were
thoroughly mixed with the soil.

In spring (30th March 2005), 30 spring wheat grains, ‘Vinjett’ variety, were sown in
each pot. One month later (29th April) the plants were thinned to 15 plants per pot.
During vegetation the pots were watered at 60 % of the maximum water capacity,
weeded and treated with the insecticide KARATE 2.5 WG and fungicide Falcon 460
EC.

The plants were harvested on 29th July in the stage of full maturity. After complete
drying, the grain was threshed on the KMP 2 spike laboratory thresher. Contents of iron,
zinc, manganese, copper and cadmium in grain (after mineralisation in HNO3) and soil
(in 2 mol dm–3 HNO3 extract) were determined by AAS method using the PHILIPS
PU 9200 X apparatus.
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Results were evaluated by multi-factor analysis of variance applying the STATISTICA
version 7.1 software; successive tests were performed with Tukey’s test of significance
of differences.

Results

Elementary sulphur application alone had no impact on the heavy metals content in
soil (in 2 mol dm–3 HNO3 extract) (Tables 3 and 4). However, the initial pH value of
used soil was relatively high, so elementary sulphur could not change it to the degree
that could increase the heavy metals availability.

Organic materials applied as fertilisers influenced statistically significant the content
of Fe, Zn and Cu (Tables 3 and 4). The highest contents of mentioned elements showed
variants fertilised with sewage sludge. That can be explained by higher contents of
studied metals in the used sewage sludge which was applied in the same dose as
farmyard manure. While in the case of Zn and Cu the lowest content was observed on
controls, the lowest content of Fe showed plots fertilised with farmyard manure.

Elementary sulphur proved to affect the content of Cu and Mn in wheat grain; it led
simultaneously to a Cu content decrease and a Mn content increase (Tables 5 and 6).

Different organic materials used for fertilisation influenced significantly content of
Fe, Zn, Cu and Mn in wheat grain. The highest Fe content in grain showed variants
fertilised with both organic materials and elementary sulphur as well as the variant
fertilised with farmyard manure alone.

In variants fertilised with sewage sludge (no matter if with or without ES application)
the significantly highest Zn content and the lowest Mn content in wheat grain were
detetermined (Tables 5 and 6). The highest Mn content, statistically different from the
Mn content in control variants, showed the variant fertilised with sewage sludge without
elementary sulphur. The Cd content in grain did not vary neither according to organic
fertilization nor sulphur addition.

Discussion

In their experiment Punia and Khaterpaul [14] found out that total copper
and manganese contents in wheat grain were lower on variants fertilised with organic
fertilisers than on variants fertilised with mineral fertilisers. In our experiment
significant differences between used organic materials were noticed. Farmyard manure
application did not influence Cu content and increased Mn content in wheat grain in
comparison with control variants. Sewage sludge application resulted in a significant
increase of Cu and decrease of Mn content.

Among variants fertilised with garbage and mushroom composts, cattle and chicken
manures and municipal sludge the latter was most effective in increasing Fe, Zn and Mn
content in wheat grain [5]. In our experiment similar results were noticed for Zn
content. There was no statistical difference between the influence of farmyard manure
and sewage sludge in the iron content in wheat grain from our experiment and in the
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case of manganese variants fertilised with farmyard manure showed even statistically
higher content in grain than variants treated with sewage sludge.

We also did not confirm results of Cui and Wang [10] and Cui et al [11, 12] who
observed significant increase in Zn availability and uptake by plants after sulphur
addition.

Our results correspond to findings of Jamil Khan et al [4], since the sewage sludge
application led to an increase of Fe, Zn, Cu and Mn content in soil, although the
difference from the control variants was in the case of manganese not statistically
significant.

Table 7

Correlation coefficients of the heavy metals content in the soil and wheat grain

Element
Grain Soil

Fe Zn Cu Mn Fe Zn Cu Mn Cd

Grain

Fe –0.23* –0.49* –0.38* 0.45* –0.05

Grain

Zn –0.30* –0.72* –0.70* –0.56* 0.22* –0.12

Cu –0.48* –0.67* –0.56* –0.59* –0.43* 0.18* –0.10

Mn –0.48* –0.53* –0.27* –0.45* –0.29* –0.28* 0.27* –0.03

Cd –0.09* –0.11* –0.11* 0.02 –0.03* –0.12* –0.02* 0.10* –0.22

Soil

Soil

Zn –0.86*

Cu –0.81* –0.89*

Mn –0.38* –0.32* –0.54*

Cd –0.41* –0.28* –0.45* 0.33

* Cases showing statistically significant ( 0.05) correlation.

Morgounov et al [15] found a strongly positive correlation between Fe and Zn in
spring wheat grain which is in contrast to our findings (r = 0.30) (Table 7). Chaudri et al
[16] observed correlation between the total soil cadmium content and the Cd content in
wheat grain. Neither this correlation was confirmed.

Conclusions

Elementary sulphur application did not influence the content of available forms
of heavy metals in soil. The highest content of Fe, Zn and Cu in soil showed variants
fertilised with sewage sludge. Different organic materials impact significantly on the Fe,
Zn, Cu and Mn content in wheat grain whereas neither organic fertilization nor sulphur
addition affected the Cd content in grain.
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WP£YW NAWO¯ENIA OBORNIKIEM, OSADEM ŒCIEKOWYM
ORAZ SIARK¥ ELEMENTARN¥ NA ZAWARTOŒÆ METALI CIÊ¯KICH

W GLEBIE I ZIARNIE PSZENICY

Abstrakt: W jednorocznym doœwiadczeniu wazonowym badano wp³yw nawo¿enia siark¹ elementarn¹ (0,42
g na wazon, zawieraj¹cy 6 kg gleby), obornikiem i osadem œciekowym (obydwa w dawkach 32 g s.m. na
wazon) na zawartoœæ Fe, Cu, Zn, Mn i Cd w glebie i ziarnie pszenicy. Doœwiadczenie obejmowa³o
nastêpuj¹ce warianty: 1) kontrola (bez nawo¿enia), 2) obornik, 3) osad œciekowy, 4) siarka elementarna,
5) obornik i siarka elementarna, 6) osad œciekowy i siarka elementarna.

Zastosowanie siarki nie doprowadzi³o do statystycznie znacz¹cego wzrostu zawartoœci metali ciê¿kich
w glebie, jednak skutkowa³o wiêksz¹ zawartoœci¹ manganu oraz mniejsz¹ zawartoœci¹ miedzi w ziarnie
pszenicy.

Spoœród badanych w³aœciwoœci gleby tylko zawartoœæ Fe obni¿y³a siê po nawo¿eniu obornikiem, podczas
gdy wzrasta³a zawartoœæ Fe i Mn w ziarnie. Stosowanie osadu œciekowego skutkowa³o znacznym wzrostem
zawartoœci Fe, Zn i Cu zarówno w glebie, jak i w ziarnie oraz zmiejszeniem zawartoœci Mn w ziarnie.

Zawartoœæ kadmu w glebie by³a uzale¿niona od interakcji nawozów organicznych i siarki. Stosowanie
samej siarki powodowa³o obni¿enie zawartoœci kadmu w glebie, podczas gdy ³¹czne jej stosowanie
z materia³ami organicznymi prowadzi³o do znacznego wzrostu zawartoœci Cd.

S³owa kluczowe: pszenica jara (Triticum aestivum L.), metale ciê¿kie, siarka elementarna, obornik, osad
œciekowy
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