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Abstract

A laboratory experiment has been performed to determine the effect of soil pollution
with the herbicides: Harpun 500 SC, Faworyt 300 SL, Akord 180 OF and Mocarz 75 WG
on the course of ammonification. The soil material for the experiment consisted of loamy
sand of pH 6.5.

The experiment comprised five replications. Soil samples in particular objects were
polluted with the herbicides at rates corresponding to the dose recommended by the ma-
nufacturer: 0 – control, 1 – a dose recommended by the producer, and the rates 50-, 100-,
150- and 200-fold higher than the recommended dose. Next, nitrogen was introduced to
soil in the form of L-aspartic acid, DL-alanine, L-arginine and urea in the amounts of 0
and 300 mg N kg-1 soil. Having been thoroughly mixed with the additional substances, the
soil was brought to moisture equal 60% capillary water capacity and incubated for 12, 24,
36 and 48 hours at 25oC.

The study has demonstrated that the course of ammonification depended on the type
and rate of a herbicide added to soil, type of an organic compound undergoing ammonifi-
cation and duration of the trial. L-arginine was ammonified most rapidly, while ammonifi-
cation of L-aspartic acid lasted the longest. Among the tested herbicides, the strongest in-
hibitory effect on ammonification process was produced by Mocarz 75 WG, which continued
to exert negative influence on mineralisation of organic substances for 36 hours. The other
preparations did not have such a considerable effect on the quantities of ammonified ni-
trogen.
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WP£YW HERBICYDÓW NA PRZEBIEG PROCESU AMONIFIKACJI W GLEBIE

Abstrakt

W doœwiadczeniu laboratoryjnym okreœlono wp³yw zanieczyszczenia gleby herbicydami:
Harpun 500 SC, Faworyt 300 SL, Akord 180 OF i Mocarz 75 WG na przebieg procesu amo-
nifikacji. Materia³em glebowym u¿ytym w badaniach by³ piasek gliniasty o pH 6,5.

Doœwiadczenie przeprowadzono w piêciu powtórzeniach. Próbki glebowe w odpowied-
nich obiektach zanieczyszczono herbicydami w dawkach wyra¿onych jako wielokrotnoœæ
dawki zalecanej przez producenta: 0 – kontrola, 1 – dawka zalecana przez producenta, daw-
ki 50-, 100-, 150- i 200-krotnie wiêksza od zalecanej przez producenta. Nastêpnie do gleby
wprowadzono azot w postaci kwasu L-asparaginowego, DL-alaniny, L-argininy i mocznika
w iloœci 0 i 300 mg N⋅kg-1 gleby. Po dok³adnym wymieszaniu glebê doprowadzono do wil-
gotnoœci 60% kapilarnej pojemnoœci wodnej i w takim stanie inkubowano próbki glebowe
przez 12, 24, 36 i 48 h w temp. 25oC.

Wykazano, ¿e przebieg procesu amonifikacji determinowany by³ rodzajem i dawk¹ her-
bicydu, rodzajem amonifikowanego zwi¹zku organicznego i czasem trwania doœwiadczenia.
Najszybciej amonifikacji ulega³a L-arginina, natomiast najwolniej kwas L-asparaginowy. Naj-
wiêkszy inhibicyjny wp³yw na proces amonifikacji spoœród wszystkich testowanych œrod-
ków chwastobójczych wywiera³ Mocarz 75 WG. Jego negatywne oddzia³ywanie na minera-
lizacjê zwi¹zków organicznych utrzymywa³o siê przez 36 h. Pozosta³e preparaty nie
wp³ywa³y tak jednoznacznie na iloœæ zamonifikowanego azotu.

S³owa kluczowe: zanieczyszczenie gleby, herbicydy, amonifikacja, aminokwasy.

INTRODUCTION

In farming, herbicides are used to control weeds and improve the quali-
ty of agricultural produce. However, these preparations can also limit the
uptake of nitrogen by crops and microorganisms, as well as modify mineral-
isation of organic compounds present in soil (KARA et al. 2004). Transforma-
tion of these compounds could serve as a principal index when evaluating
changes triggered by various xenobiotics, including plant protection chemi-
cals (KOSTOV, CLEEMPUT 2001, PIETRIL, BROOKES 2008). The process of minerali-
sation of organic nitrogen forms is highly sensitive to soil pollution with
biocides, which can therefore partly or completely contribute to the inhibi-
tion of ammonification. The effect produced by these substances depends
mainly on applied doses and biodegradability of a given chemical (MARTENS,
BREMNER 1994).

Mineralisation of organic compounds is one of the basic processes which
condition the amounts of nitrogen easily available to plants and soil micro-
organisms (BONDE et al. 2001, CASTALDI et al. 2009, KUCHARSKI et al. 2004,
QIAN, CAI 2007, WYSZKOWSKA et al. 2006). The rate of this process is depend-
ent on the soil reaction (pH), temperature, soil moisture, content of organic
substances and soil biological activity (BOTTOMLEY et al. 2004, BRIERLEY et al.
2001, KRAVE et al. 2002, KUCHARSKI 1997, SIERRA 2006, ZHU, CARREIRO 1999).
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Nitrogen occurring in soil in the organic form is broken down to ammonia
or NH4

+ ions (BARABASZ et al. 2002). The decomposition of organic forms
of nitrogen such as proteins, amides and amino acids is run by various mi-
croorganisms (BARABASZ et al. 2002, KOSTOV, CLEEMPUT 2001, LINA, BROOKES

1999), which are all highly sensitive to effects produced by plant protection
chemicals (KUCHARSKI, WYSZKOWSKA 2008). During mineralisation, organic com-
pounds can be decomposed by bacteria and fungi (BARABASZ et al. 2002, LINA,
BROOKES 1999).

The objective of the present study has been to determine the effect
of soil pollution with the newest generation herbicides, such as Harpun
500 SL, Faworyt 300 SL, Akord 180 OF and Mocarz 75 WG, on the course
of ammonification.

MATERIAL AND METHODS

A laboratory experiment was established on soil material collected from
the arable-humus soil horizon. Under natural conditions, this was proper
brown soil classified as loamy sand according to its granulometric composi-
tion. The soil properties are presented in Table 1.

For the purpose of the experiment, 100 cm3 beakers were filled with
50 g air dried soil mass, sieved through a 1 mm mesh sieve. All the experi-
mental objects had five replicates. Soil samples were polluted with the her-
bicides Harpun 500 SL, Faworyt 300 SL, Akord 180 OF and Mocarz 75 WG
(factor I) in rates corresponding to multiples of the dose recommended by
the manufacturer: 0 – control, 1 – recommended dose, 50- 100-, 150- and
200-fold higher than the recommended dose (factor II).

The active substances in the herbicides were: isoproturon – a compound
belonging to the class of urea derivatives (500 g dm-3) in Harpun 500 SC,
chlopyralid – a compound in the form of monoethanolamine salt (300 g dm-3)
in Faworyt 300 SL, fenmedifan, desmedifan – compounds belonging to phe-
nyl carbaminians (each in the amount of 60 g dm-3) and ethofumesate –
a ompound belonging to benzofuran derivatives in Akord 180 OF and trito-
sulfuron – a compound belonging to sulfonylurea derivatives (25%) and di-
camba – a benzoic acid derivative (50%) in Mocarz 75 WG.

Once the herbicides had been applied, nitrogen was introduced to soil in
the form of the following organic compounds (factor III): L-aspartic acid,
DL-alanine, L-arginine and urea, in the amounts of 0 and 300 mg N kg-1

soil (factor IV). Whole portions of soil were thoroughly mixed and brought
to the soil moisture level corresponding to 60% capillary water capacity. Soil
samples were incubated in a thermostat at temperature of 25oC for 12, 24,
36 and 48 hours (factor V).
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The concentration of mineral nitrogen forms was determined using an
Orion 720A ionometer. Aqueous solution of 0.03 mol acetic acid was used for
extraction of N-NH4

+ and N-NO3
-. The extractor to soil ratio was 10 : 1. Lev-

els of ions were measured using ion-selective electrodes. NH4
+ ions were

determined with an ammonium electrode (type 9300BNWP) whereas NO3
-

ions were determined with a nitrate electrode (type 9300BN). The intensity
of ammonification was determined at appropriate hours according to the con-
centrations of N-NH4

+ and N-NO3
- ions from the formula (WYSZKOWSKA 2002):

N = ⎟
⎠
⎞⎜

⎝
⎛ −

D
NN 01

 ⋅ 100%

where:
N – % ammonified nitrogen;
N1 – content of N-NH4

+ and N-NO3
- in the analysed object, in mg;

N0 – content of N-NH4
+ and N-NO3

- in the control object, in mg;
D – rate of nitrogen N kg-1 soil.
The results were verified statistically using Duncan's multiple range test.

All statistical computations were run with the software Statistica (Statsoft,
Inc. 2006).

RESULTS AND DISCUSSION

The rate of ammonifcation of L-aspartic acid, DL-alanine, L-arginine and
urea in the control samples was varied (Tables 2-5). After 48 hrs of soil
incubation, urea was nearly completely ammonified, compared to the suc-
cessful ammonification of 87% L-arinine, 47% DL-alanine and 42% L-aspar-
tic acid. The compounds which proved to be the most easily ammonified
(L-arginine and urea) were ammonified at 26 and 25%, respectively, after
12 hours of incubation. Conversion of nitrogen organic compounds depended
on the type of a herbicide and its dose, type of ammonified organic com-
pound and duration of soil incubation (Tables 2-5).
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The course of ammonification process was modified by the herbicide Har-
pun 500 SC (Table 2). It had a negative effect on the transformation of urea.
For 36 hrs it intensified transformations of L-arginine and, when applied
at the lowest doses (technological and 50-fold higher), it continued to do so for
48 hrs. However, it had a variable influence on the ammonification of
L-alanine. After 24 hrs of incubation, the soil containing this herbicide and
DL-alanine was determined to possess more ammonia nitrogen than after
36 hrs, although at the end of the incubation (48 hrs) the ammonification
of this compound accelerated again. Excessive quantities of Harpun 500 SC
(applied at the rates 100- and 200-fold higher than recommended) depressed
the rate of the ammonification of L-aspartic acid.

The rate of the ammonification process as shaped by Faworyt 300 SL
varied between the dates of analyses (Table 3). The transformations of
L-asparic acid were initially inactivated by this herbicide, although after 36
and 48 hrs of incubation, Harpun was found to be stimulating the ammonifi-
cation of this compound. The positive influence of this herbicide on decom-
position of DL-alanine at 12 and 24 hrs disappeared at 36 h to reappear at
48 h. Faworyt 300 SL retarded the ammonification of L-arginine at 12 h,
but accelerated it at 24 h and 36 h. When applied at the highest doses (over
100-fold higher than the recommended dose), this herbicide halted hydroly-
sis of urea for 36 hours, and when introduced to soil at the doses 150- and
200-fold higher than recommended, it had a negative effect on this process
throughout the whole incubation period (48 h).

Another tested herbicide, Akrod 180 OF, had a weaker effect on ammo-
nification (Table 4). It only had an inhibitory influence on the transforma-
tion of urea in soil and stimulated transformations of L-aspertic acid. When
applied at the technological rate and 50-fold higher than recommended,
it intensified decomposition of DL-alanine, while producing only a light ef-
fect on the ammonification of L-arginine. The rate of ammonification was
changeable during the incubation. At 12 h it retarded the transformation
of L-aspartic acid, DL-alanine and urea, but already at 24 h it stimulated
the decomposition of all the organic compounds except DL-alanine. It con-
tinued to exert the negative influence on DL-alanine until 36 h of incuba-
tion. At that time it also negatively affected the transformations of L-arga-
nine and urea, but had a positive effect on the ammonification of L-aspartic
acid. After 48 hours, it reduced only the hydrolysis of urea, while stimulat-
ing the transformation of all the remaining organic compounds.

The herbicide Mocarz 75 WG also had a significant effect on ammonifi-
cation (Table 5). In the soil containing the highest rate of this chemical,
it was found out that ammonification was depressed by 51% for L-aspartic
acid, 22% for DL-alanine, 18% for urea and 13% for L-arganine. This prepa-
ration inhibited transformations of all the tested organic compounds for 36
hours. After 48 hours, it ceased to have a negative influence on the ammon-
ification of urea and had a much weaker adverse effect on decomposition
of L-arginine. However, it continued to significantly inhibit the ammonifica-
tion of L-aspartic acid and DL-alanine.
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Owing to ammonification, nitrogen present in organic compounds
is transformed to forms easily available to plants. Amino acids, which are
a valuable source of organic nitrogen, can enhance the intensification of ni-
trogen ammonification (WYSZKOWSKA 2002). The literature (JONES et al. 2005,
WYSZKOWSKA et al. 2006) suggests that mineralisation of amino acids in soil
can occur very rapidly and be completed in the course of just a few hours.
The authors' own studies have shown that introduction of herbicides to soil
can retard the rate of ammonification. Nonetheless, urea and L-arginine
were the two organic substances whose ammonification was the fastest.

Chemical pollutants entering soil destabilize ammonification, which has
microbiological and biochemical consequences for soil environment (KUCHAR-
SKI, WYSZKOWSKA 2008, WYSZKOWSKA et al. 2007).

The rate of ammonification is determined by several factors, but partic-
ularly by a type of organic compound, including amino acids. L-arganine,
which belongs to alkaline amino acids, was most rapidly ammonified, whereas
L-aspartic acid, which is an acidic amino acid, underwent ammonification
most slowly. The chemical properties of L-aspartic acid may have led to
acidification of soil and lower soil pH, which resulted in a slower rate of its
mineralisation (MARTENS, BREMNER 1994, WYSZKOWSKA et al. 2006, WYSZKOWSKA

ET al. 2007). Changing the conditions within soil environment, such as de-
pressed soil reaction, is not indifferent to soil microorganisms, especially
to ammonifying bacteria (BARABASZ et al. 2002).

CONCLUSIONS

1. All the tested herbicides had a significant effect on the course
of ammonification.

2. The rate of ammonification depended on the type and dose of a herbi-
cide, type of ammonified organic compound and time of incubation.

3. Among the tested organic compounds, i.e. L-aspartic acid, DL-alanine,
L-arginine and urea, ammonification of urea and L-arginine was the fastest.

4. The strongest inhibitor of ammonification proved to be the herbicide
Mocarz 75 WG, which for 36 hours retarded the transformation of all the
tested organic nitrogen compounds, while the other preparations did not
have such am unambiguous influence on ammonification.
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