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Abstract. Farming systems strongly affect soil humus. Ins titudy some humus
characteristics were used to compare the humustiguand quality under two different
farming systems. The field experiment was estadtisin 1990 on an Orthic Luvisols in
Slovakia. A higher content of organic carbor)(@ topsoil (13.1 g-k§) was recorded in
soil under ecological farming where only organicnon@s were applied rather than in
topsoil from integrated farming (12.5 g-Rgwhere both organic and inorganic fertilisers
were applied. The quality of humus (HA : FA ratws similar in soils under both farming
systems. Humic acids (HA) were isolated and andlyaeelemental composition, UV-VIS
spectra and thermal properties. HA extracted fraih gnder ecological farming, as
compared with HA from soil under integrated systerare characterised by a lower value
of the H : C ratio and by a higher degree of irdemxidation. It shows that HA from
ecological farming have higher aromaticity, hunafion degree and therefore are of a
higher quality than HA from integrated farming. Agler aromaticity of humic acids from
soil under ecological farming was confirmed by lowalues of absorbance ratios,AA,4
and A,s) compared with the other HAs analyzed. The degffealiphaticity determined
thermogravimetrically was lower in HA from ecologiicfarming, as compared with the
integrated one, and it confirmed the results otspkand elemental analyses referring to a
higher humic acids quality in ecological farming.
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INTRODUCTION

It is well known that different farming systemslirdnce not only the crop yield but
also many soil characteristics as well as humugecdrjGonet 1989]. For that reason

Corresponding author — Adres do korespondencji:amaNszombathovéa, Department of Geology
and Pedology of Slovak Agricultural University, T Hlinku 2, 949 76 Nitra, Slovakia,
e-mail: nora.szombathova@uniag.sk



38 N. Szombathov4, B.¢bska, M. Lacko-BartoSova, A. Zaujec, S.S. Gonet

farmers can regulate, through a reasonably cha@semirfg system, some soil properties
and organic matter dynamics. Lacko-BartoSova €tlaR9a, b], Zaujec and TobiaSova
[1998] stated that the soil under ecological fagréiystem was characterised by higher
humus and water-stable aggregates contents andrhighues of bulk density and base
saturation in comparison with the soil under ingggd farming system. The same
experimental plots were used for studies of thegnand mineral inputs and outputs
[Ciglar et al. 1995]. The results obtained showt ttiee integrated system is more
energy-consuming, by an average of 23%, as compaitkdthe ecological system.
When the biomass production was analysed, ecologyséem showed higher biomass
productivity (5.5%) and a better energy performaimceomparison with the integrated
system. Szombathova [1999] investigated organibasasusceptibility to oxidation by
KMnO, on the same experimental plots and stated thadpsoil from the ecological
area there was recorded a higher content of easitljsed organic carbon (1.35 g-3g
than in topsoil from the integrated one (0.92 ghHkgkubat and Lipavsky [1999]
compared the organic carbon content)(i@ soil under different variants of fertilisation
after 40 years of farming. In this experiment, t8¢ content in soils: without
fertilisation, with mineral fertilisation, with oemic fertilisers and with combined
organic-mineral fertilisation was 12.1, 12.6, 14rfi 14.7 g-kg, respectively.

The influence of different farming practices canpoeperly investigated in cropping
systems under continuous long-term management tomsli In such systems, the
carbon content, microbial biomass and its activityneralization and immobilisation
processes, and humification rate are likely to ppreaching steady-state needed to
sustain productivity. The principal aim of this dyuwas to compare the influence of
two different farming systems on the quantity aekbsted qualitative parameters of soil
humus after nine years of farming.

MATERIAL AND METHODS

Soil samples were collected from an area of thee&eb Experimental Station of
the Slovak Agricultural University in Nitra, locateat Dolna Malanta, where integrated
and ecological farming systems were establishatiérfall of 1990. Parent material is
proluvial sediment mixed with loess and the maiihtgpe is Orthic Luvisols [Hanes et
al. 1993]. The A horizon (0.0-0.32 m) has a fine to medium crumtnicstire, firm
consistence, loamy texture, without carbonated) witlear boundary to;80.33-0.65
m), which has a subangular blocky structure, fimnsistence, clay-loamy texture and
gradual boundary to£ (0.66-0.85 m).

In ecological system IOFAM regulations [Basic starts 1998] and standards for
ecological agriculture [Principles of ecologicalriaglture 1995] valid in the Slovak
Republic were accepted. In both farming systemsrabprocesses are supported by
crop rotation with intercrops, integrated crop itign and fertilisation, regulated and
non-chemical plant protection. Farmyard manure (FYlds incorporated with medium
depth ploughing twice during rotation in the amoah#0 t-h&. The dose of FYM in
ecological system is calculated using the balanethod based on the macronutrients
and plant needs to obtain the yield of 7 t.bé&cereals, as well as in integrated system,
where manure and also inorganic fertilisers weeslu$he application rate of inorganic
fertilisers was calculated both based on the mémnoent contents in soil and plant
needs.
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The crop rotations:

A) Integrated system: alfalfa, maize (+FYM 40 thamaize for silage, winter
wheat, sugar beet (+FYM 40 t:Ha spring barley (intercrop), common pea,
winter wheat.

B) Ecological system: bean + alfalfa, alfalfa, wintvheat (intercrop), maize for
silage (+FYM 40 t-hd), winter rape (intercrop), common pea (intercrapjize
for silage (+FYM 40 t-hd), winter wheat. Together with 37.5% of leguminous
crops in rotation the N nutrition was secured.

Detailed information regarding this experiment waresented in earlier papers
Lacko-BartoSova et al. [1999a, b]. Soil samplesenasllected from topsoil (0-0.3 m)
under each farming system. To avoid natural vditghaf soil, for humus extraction
and its analysis the average samples obtained kiyngnll000 g of soil material from
each of the four replication plots (each plot wst) were used:

— Sample No 1 — ecological farming system, onlynfgard manure (FYM) was

used,

— Sample No 2 — integrated farming system, whetk B¥M and mineral fertilisers
were used,

— Sample No 3 - control soil, sampled before sthttie experiment in 1990 [Hanes
et al. 1993].

Soil samples were analysed for:

— organic carbon content{JG by Tyurin method [Orlov and Grishina 1981],

— fractional composition of humus — by Tyurin mathia Ponomareva-Plotnikova
modification [Orlov and Grishina 1981]. Carbon afrhic acids (HA) and fulvic
acids (FA) fractions were determined.

Humic acids (HA) were isolated using the Orlov neettiOrlov and Grishina 1981]

and analysed for:

1) elemental composition (CHN 2400 Perkin Elmer Ksar). The oxygen content
was estimated from the difference (100% — %C — %%WN) in relation to the
ash-less sample weight. Based on the elemental asitigm, the values of atomic
ratios (H: C, O : C, N : C, O : H) were calculatesiwell as the internal oxidation
degree referring to the formulay = (20 + 3N - H):C where C, H, O, N —
represent the contents of carbon, hydrogen, oxymeth nitrogen in atomic
percentage [Zdanov 1965];

2) absorption spectra in UV-VIS range (Perkin ElmdK-VIS Lambda 20
Spectrometer). VIS spectra were performed for 0.02%hic acids solutions in
0.1M NaOH and UV-spectra were determined afterfdilk dilution. Based on
the determined absorbance values at wavelengthng80Assg), 465nm (Ags),
and 665 nm (Ags), the following factors were calculated; A~ absorbances ratio
at 280 and 465 nm, /A — absorbances ratio at 280 and 665 nmg A
absorbances ratio at 465 and 665 nm [Chen et &V, Kumada 1987, Gonet and
Wegner 1994];

3) thermal analysis (Derivatograph C, MOM Hungawyhen 40 mg of HA samples
were mixed with AJO; (1:9) and heated in the air atmosphere at the sp&ed
3.3°C-mint. From the results of thermal analyses the follgwindices were
calculated:

Agricultura 3(2) 2004



40 N. Szombathov4, B.¢bska, M. Lacko-BartoSova, A. Zaujec, S.S. Gonet

— weight loss of samples related to the effectsisteged on DTA curve:
endothermic  (endo), 1exothermic (exol), ® exothermic (ex02) and'3
exothermic (exo3),

— maximum temperatures of the effects registereD DA curve,

— area under DTA curve,

— parameter ‘Z’ expressing the ratio of weight lagslow temperature range
(endo + exol) to weight loss in high temperatureggea(exo2 and exo3). The
value Z is proportional to ‘aliphaticity’ of humarcids [Gonet 1989].

The analysis of € content, C in humic and fulvic acids fractionsereéntal
composition and absorbance parameters were mabdeem analytical replications.

RESULTS AND DISCUSSION

The results of organic carbon content)(@ soil are shown in Table 1. The highest
Cr contents were found in topsoils. Under ecologfeaining system € content was
13.1 g-kg, under integrated = 12.5 g-kg. During 9 years of different farming the
organic carbon content increased in soils unden farming systems (under ecological
by 1.2 g-kg, under integrated by 0.6 g-Rg

Table 1. Organic carbon contentJ@ soil and values of HA : FA ratio in humus
Tabela 1. Zawart@ wegla organicznego (£ w glebie i wartéci stosunku HA : FA w préchnicy

. Horizon Cr .
Sample — Probka Poziom g-kg' HA : FA
No 1 — ecological system Qt l?é nglgsno
Nr 1 — syst kologi ) -

r system ekologiczny c 19 nd 1o
No 2 — integrated system BAt 123 ng'ss;]o
Nr 2 — system zintegrowan : -

4 9 y C 18 nd — no
No 3 — control sample Qt lég ng'ggno
Nr 3 — prébka kontrol ) -

r prébka kontrolna c 15 nd - 1o
LSDo.05— N|R0|05 for — dla:

A horizon — poziomu A 0.56 ns —ni
Bt horizon — poziomu Bt 0.62 nd — no
C horizon — poziomu C ns — ni nd —no

nd — no — not determined — nie oznaczono
ns — ni — non-significant difference —rica nieistotna

There were no significant differences between tlduas of humus quality
parameter HA : FA (the ratio of humic acids carboriulvic acids carbon) determined
in soils under the two farming systems examinedIlga).

Elemental composition (in atomic percentage) antliesm of element ratios for
extracted humic acids are shown in Table 2. Huraidsafrom fertilised soils (samples
No 1 and No 2) as compared with humic acids fromtrob soil (sample No 3) were
characterised by a higher content of hydrogen.omsequence, HA from control soll
had the lowest value of the H : C ratio and thehégy degree of internal oxidation
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degree @ parameter). The data show that humic acids in gnder both farming
systems have a lower aromaticity and humificati@grde than HA in control soil
[Gonet and Wegner 1994].

Table 2. Elemental composition of humic acids ismafrom topsoils under ecological
(No 1), integrated (No 2) farming systems and adrgample (No 3)

Tabela 2. Sktad pierwiastkowy kwaséw huminowych zelowanych z warstwy powierzchnio-
wej gleby o ekologicznym (Nr 1) i zintegrowanym (R) systemie gospodarowania
oraz obiektu kontrolnego (Nr 3)

C H N O
Sample — Prébka in atomic percentage O:C H:C N:C O:H w
w % atomowych
No 1 35.0 42.4 29 19.7 0.56 1.21 0.083 0.46 0.16
No 2 34.7 44.1 29 18.3 0.53 1.27 0.083 0.41 0.03
No 3 355 41.8 2.8 19.9 0.56 1.18 0.079 0.48 0.18

LSDgos— NIRyos NS — ni 1.22 ns —ni 0.53 ns—ni 0024 ns—-ni-ns 0.018

ns — ni — non-significant difference —rica nieistotna

Humic acids extracted from soil under ecologicairfimg compared with HA from
the integrated one had lower values of the H :t®@.rdhe decrease in H : C is probably
due to a disappearance of aliphatic chains by ficdd and/or chemical oxidation and
relative increase in aromatic groups. An increasedtent of aromatic parts of
macromolecules is connected with a higher stabilitturity and quality of humic
acids. A higher oxygen content, which indicates laétvon towards oxidation, was
supported by an increase in O : C ratio in HA fregological farming. The ratios
obtained were supported by calculated degree @frriat oxidation @ parameter),
which was 5 times higher in HA isolated from ecatadjfarming (Table 2).

Absorbance ratios (%, Axs and Aye) confirmed a higher degree of nucleus
condensation and aromaticity of humic acids isdlateom soil under ecological
farming (Table 3).

Table 3. Absorbance ratios of humic acids isolatean topsoils under ecological (No 1),
integrated (No 2) farming systems and control saniidb 3)

Tabela 3. Wartéri stosunkéw absorbancji kwaséw huminowych wyizadaych z warstwy
powierzchniowej gleby o ekologicznym (Nr 1) i zigtewanym (Nr 2) systemie gospo-
darowania oraz obiektu kontrolnego (Nr 3)

Sample — Probka P Az A
Nol-Nrl 25.0 5.34 4.68
No 2 —Nr 2 26.9 5.53 4.86
No 3—-Nr3 26.9 5.54 4.86
LSDo.05— NIRy,05 1.04 0.162 0.124

Generally, for humic acids extracted from soils dbhsorbance values are interpreted
according to the following principles:.& — express participation of humic structures
characteristic for precursors of humic substandegs — express participation of
‘young’ humic acids in the initial stage of humdifon, Ases— express participation of
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‘mature’ humic acids characteristic for a well-héied and stable soil organic matter.
The lower values of absorbance ratios of HA fromlegical farming indicate that they
contain much ‘matured’ substances of a higher huatibn degree (related toed)
than the substances which are in the initial stefggecomposition (related to,4and
Aueg). The value of Agis connected with molecular weigh of humic substani€hen
et al. 1977, Kumada 1987, Gonet and Wegner 199%heelly, the values of 4 are
inversely proportional to the average molecularghei

Differential thermal analysis is also useful fos@ssing the ‘degree of humification’
of organic matter in soil. The shapes of DTA and@®durves of humic acids samples
isolated from ecological and integrated farmingevsubstantially different (Fig. 1).

Ecological system Integrated system
System ekologiczny System zintegrowany
0.2- 0.2-
o DTG =

DTG

T T
0.0 700.0 °C 0.0 ' 7000 °C

Fig. 1. Thermograms of humic acids isolated fropstils of ecological (No 1) and integrated
farming systems (No 2)

Rys. 1. Termogramy kwaséw huminowych wyizolowanyctvarstwy powierzchniowej gleby
o ekologicznym (Nr 1) i zintegrowanym (Nr 2) systergospodarowania

Endothermic effects, which refer to dehydrationreveimilar to each other in both
HA samples. Distinctive differences were found fexothermic effects. The
thermogram of HA from integrated farming was moygidal for humic acids and
contained one endothermic and two exothermic peBks. shape of DTA and DTG
curves of HA isolated from ecological farming istrigpical for humic acids as three
exothermic peaks were recorded. THé ekothermic effect, with maximum at low
temperature 286°C, was caused by oxidation of sinfphctional groups and by
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cleavage of aliphatic structures. Less distincttlesomic peak 2 (taking 23.1% of the
total area) can be attributed to the boundary of &md high temperature effect (the
maximum temperature effect was 370°C). This peak lsa due to the presence of
substances having characteristic both — aromaiic adiphatic structures. Flaig et al.

[1975] report that at the temperature range of 245°C there occurs a cleavage of
phenolic hydroxyls and aromatic ethers. The tenipezarange, where decomposition
of condense aromatic rings predominates, is abb08QG Stevenson [1982] claims that
the peak with maximum temperature of 370°C cansused by a break-up of aromatic
structures. The third weak exothermic peak, whasa avas 25.5% of the total, had
maximum temperature at 445°C (Table 4). This pekdarly corresponds to the

cleavage of aromatic structures of humic acidseiucl

Table 4. Parameters of thermal decomposition afibwacids samples isolated from topsoils of
ecological (No 1) and integrated (No 2) farmingteyss and control sample (No 3)

Tabela 4. Parametry termicznego rozktadu kwaséw imenvych wyizolowanych z warstwy
powierzchniowej gleby o ekologicznym (Nr 1) i zigtewanym (Nr 2) systemie gospo-
darowania oraz obiektu kontrolnego (Nr 3)

Maximum temperature of effects Area under DTA effects, % of total area

recorded on DTA-curves, °C Powierzchnie efektow rejestrowanych
Sample Maksymalna temperatura efektéw  pod krzywy DTA, % powierzchni z
Prébka rejestrowanych na krzywej DTA catkowitej
endo exol exo2 exo3 endo exol exo2 exo3
Nol1l-Nrl 81 286 370 445 4.0 47.4 23.1 25.5 1.36
No 2 —Nr2 83 281 - 432 45 52.1 - 43.4 1.77
No 3 —-Nr3 87 299 - 480-530 3.3 43.2 - 53.5 0.93

The degree of aliphaticity ‘Z” calculated for HA Nb extracted from soil under
integrated system was 1.77. If the second exotlepmak of HA No 1 isolated from
soil under ecological farming was classified as -temperature, the ‘Z' parameter
would be too high (3.52) and HA No 1 would be dfésd as highly aliphatic.
According to Flaig [1975] and Stevenson [1982], feak with maximal temperature
effect of 370° C was considered corresponding éodleavage of aromatic functional
groups, therefore for the purpose of calculatitwe, following equation was used: Z =
(endo + exol) : (exo2 + exo3) and the obtainedrpatar Z = 1.36. A lower degree of
aliphaticity of HA from ecological farming obtainethermogravimetrically was in
harmony with the results of spectral and elememtalyses (Tables 2 and 3) and refers
to a higher ‘maturity’, nucleous condensation ahérefore, a higher quality of humic
acids isolated from ecological farming. The lowestlue of parameter ‘Z' (and
simultaneously the lowest value of the H : C rdtmm elemental composition) was
determined for HA from the control soil.

CONCLUSIONS
Both ecological and integrated farming systemsltésuincreased organic carbon

content in soil, but the quality of humus (exprelsas humic to fulvic acids ratio) shows
no significant differences between the two systems.
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The elemental composition suggests that humic atidsoil under ecological
farming have higher aromaticity and humificatiorgaee than humic acids in soil under
integrated farming, which was confirmed by lowesatbance ratios of humic acids
from ecological system, as compared with the dfluenic acids.

The degree of aliphaticity estimated thermograviioelly was lower in humic acids
from ecological farming than in humic acids frone tintegrated one, which confirmed
the results of spectral and elemental analyseswdrich shows a higher stability and
quality of humic acids isolated from ecologicalnféng system.
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CHARAKTERYSTYKA KWASOW HUMINOWYCH WYIZOLOWANYCH
Z GLEBY O ROZNYCH SYSTEMACH GOSPODAROWANIA

Streszczenie Sposob zagospodarowania wptywa istotnie nacikasci prochnicy gleb.
W pracy okrélono wiaciwosci substancji humusowych pochade z gleby o dwu syste-
mach gospodarowania. Bmiadczenie polowe zatono na Stowacji w 1990 r. na glebie
ptowej (Orthic Luvisols). Wyszy zawartdcia wegla organicznego ( w warstwie po-
wierzchniowej charakteryzowataesyleba, na ktérej stosowano ekologiczny system go-
spodarowania (13,1 g-Ryz wykorzystaniem tylko nawozéw organicznych wdena-
niu z nawdeniem zintegrowanym — organiczno-mineralnym (12}&j8. Jakd¢ préch-
nicy (stosunek kwaséw huminowych do fulwowych — HAA) byla zblizona w obu
systemach gospodarowania. Dla wyseparowanych kwasdninowych przeprowadzono
analizy: sktadu pierwiastkowego, wtawosci termicznego rozktadu oraz wykonano
widma w zakresie UV-VIS. Kwasy huminowe ekstrahowargleby, na ktérej stosowano
ekologiczny system gospodarowania, w poréwnaniwasimi huminowymi gleby o zin-
tegrowanym systemie zagospodarowania, charakteatymsi nizsz wartdscia stosunku

H : C i wyzszym stopniem utlenienia wewtnznego. Kwasy huminowe pochegde z gle-
by systemu ekologicznego charakteryzsje wyzszy aromatycznécia, wigkszym sto-
pniem humifikacji oraz lepagakascia w poréwnaniu z kwasami huminowymi gleby o zin-
tegrowanym systemie gospodarowania. G:sggj aromatycznici kwaséw huminowych
gleby wytkowanej w systemie ekologicznyséwiadcz réwniez otrzymane dla tych kwa-
séw niskie wartéci stosunkOw absorbanciji §A Ay | Ase) W poréwnaniu z pozostatymi
analizowanymi kwasami huminowymi. Otrzymany na padge analizy termograwi-
metrycznej niski stopie alifatycznéci kwaséw huminowych gleby o ekologicznym
gospodarowaniu w poréwnaniu z systemem zintegromahpreluje z otrzymanymi
wynikami spektrometrycznymi i analizktadu pierwiastkowego, a tym samym wskazuje
na wysol jakos¢ kwaséw huminowych.

Stowa kluczowe rolnictwo ekologiczne, rolnictwo zintegrowane,éphnica, kwasy
huminowe
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