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STRUCTURE OF HUMIC ACIDS AS INFLUENCED
BY PLOUGH TILLAGE AND MINIMUM

VPLYV ORBY A MINIMALIZACIE NA STRUKTURU HUMINOVYCH KYSELIN

Lubica POSPISILOVA, Jifi JANDAK, Tomas ZIVNA

Mendel University in Brno, Czech Republic

Obijective of this study was to show the effect of different soil tillage systems on humic substances content and quality. Furthermore,
chemical composition and structural differences in humic acids molecules in selected tillage systems were assessed. Long-term
experiments were carried out on Luvi-haplic Chernozem (locality Uncovice, Olomouc region) during the period 2008 — 2011. Two types of
tillage systems were studied: first, plough till 0.35 - 0.40 m; second, minimum tillage till 0.15 m. Humic acids were isolated from the plough
and minimum tillage horizons (0 - 0.30 m) according to the international standard method and characterized by elemental composition
and *C NMR spectroscopy. The results showed differences in quality of humic substances and higher content of fulvic acids in fractional
composition under minimum tillage system (3.5 g/kg). Analysis of chemical composition and structure of humic acids indicated higher
relative intensity of aliphatic groups signal in HA molecule due to minimum tillage (at 106 — 15 ppm about 50). On the other hand,
humic acids isolated from ploughed soil were more aromatic. *C NMR spectroscopy could be a useful tool to assess changes in structural

composition of humic acids isolated from the different eco-systems.

Keywords: humic acids, *C NMR and UV-VIS spectroscopy, soil tillage systems

Soil forming factors such as vegetation, topography, parent
material, climatic conditions and time are the main factors which
governed the process of pedogenesis and soil productivity
of undisturbed soils. In agro-ecosystems, the maintenance
of humus content is a major problem to a prevence of soil
degradation. Therefore, anthropogenic influence (tillage
systems, fertilization, crop rotation, permanent grassland)
suggested the important discussion about an efficient indicator
sets to inform us about soil quality/health. Soil organic matter
is considered to be an essential factor directly influencing soil

quality/health (Barancikova et al., 1997, 2002; Pospisilova et al.,
2011). Humic acids (HA), as the main component of stable soil
organic matter, significantly affected soil structure, aggregates
stability, water regime, sorption capacity, biological activity,
and others. Therefore, content and quality of HA is often used as
one of the important parameters to assess soil quality/health.
Humic acids are not easily decomposed by soil microorganisms
and consist of hydrophenols, hydrobenzoic acids and other
aromatic structures with linked peptides, amino acids, fatty
acids, polysaccharides, etc. (Stevenson, 1982, 1994, 1999;, Hayes
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and Malcolm, 2001). Malcolm (1990) in HA molecule identified
presence of aliphatic and methoxylic groups in the region 50 -
60 ppm using *C NMR spectroscopy. The last were defined as
plant biopolymers (lignin). Preston (1991, 1996) in HA molecule
characterized at about 30 ppm the presence of - O-alkyl groups
and - CH, - alkyl groups. Hatcher (1981) and Beyer et al. (1993)
evaluated the HA influence on soil structure, aggregates stability
and nutrition regime using *C NMR spectroscopy. They showed
that the prevalence of aliphatic groups at about 43 — 15 ppm
were responsible for aggregates stability. On the other hand,
the aromatic groups at about 157 — 143 ppm directly influence
the nutrition soil regime. Hatcher (1981) and Barancikova (1997,
2002) also determined quantitative composition of carboxylic,
carbonyl, methoxyl and phenol-hydroxyl groups in HA
molecule using NMR analysis. Hatcher et al. (1981) suggested
calculation of aromaticity index (a) from *C NMR spectra as a
ratio between aromatic and aliphatic groups in HA molecule.
Humic acids structure and quality is highly affected by the type
of management and land use. Gerzabek et al. (2006), Gonet et
al. (2009) and Pospisilova et al. (2011) showed that those humic
acids aromaticity varied in arable soil and soils under permanent
grassland. Higher aromaticity, given by the intensive agriculture
and different intensity of biochemical decomposition processes
and microbial activity was marked in arable soils.

Several authors reported about soil tillage minimization
and conservation tillage systems which are introduced under
an economic pressure in the less favourable soils (Horacek and
Liebhard, 2004;, Svobodova et al., 2010). Besides the Czech
Republic, no tillage system is being spread in Austria and it has
been stated that the costs reduction amounts to 20 - 45 % and
offers many benefits to soil and water conservation (Liebhard,
1997, Chatterjee and Lal, 2009). However, some other specialists
described certain risk of a long-term continuous ploughless
system (Dwyer, 2000; Jandék et al., 2008). Carter (1994) showed
that despite its economic benefits, the adaption of reduced
tillage for corn has been limited due to accompanying excessive
soil moisture regime and soil compaction. Under minimum
tillage, soil organic matter is accumulated in the surface layer
and soil potential for carbon sequestering and stratigraphy
of organic carbon in profile are not well understood (Blanco-
Canqui and Lal, 2008).

The aim of work was to determine quantity and quality of
humic substances in Luvi-haplic Chernozem under different
tillage systems and to study differences in HA quantity, structure
and activity.

Material and methods

Long-term field experiments were established in 2008 on Luvi-
haplic Chernozem in the locality of Uncovice, Olomouc region
[lat.49°37.217";1on.17°08.759 1. This region is warm and marked
according to Quitt (1971) as T2 (warm, dry). Average rainfall
ranges from 585 mm to 612 mm. Soil parent material was loess.
Crop rotation was as follows: 2007 - rape, 2008 — winter wheat,
2009 - silage corn, 2010 - winter wheat, 2011 - spring barley.
Soil type was classified as Luvi-haplic Chernozem according
to IUSS Working Group WRB (World Reference Base, 2007).
Soil samples were taken from the depth 0 — 0.3 m, dried at
laboratory temperature and sieved by mesh 2 mm. Soil reaction
and conductivity were determined by potentiometric method
(PospiSilové et al., 2011). Active soil reaction was weakly
acid (pH/H,O = 6.5). Potentional soil reaction was neutral
(pH KCl = 7). Conductivity was low less than 1 mS/cm. Texture
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was determined by the pipette method (Pospisilova et al,
2011). Soil was loamy textured with content of particles less
than 0.01Tmm at about 41 % according to Novak classification.
Soil was loamy textured with content of particles less than
0.00Tmm at about 41 %. Cation exchange capacity (CEC)
was determined by the Mehlich Il (Pospidilova et al., 2011).
On an average, CEC was 22 cmol kg and the base saturation
percentage reached 90%. Total organic carbon content (TOC)
was estimated by oxidimetric titration method (Nelson and
Sommers, 1982). Humic substances content was determined
by short fractionation method according to Kononova - and
Belcikova (1963) in the mixture of 0.1M pyrophosphate sodium
and 0.1 M NaOH. Obtained results of TOC and humic substances
content during experiments (2008 - 2011) were statistically
evaluated using one way — ANOVA analysis. Isolation of
humic acids samples was made according to the international
standard method IHSS (http://www.humicsubstances.org).
13C NMR spectroscopy was performed by spectrometer Varian
INOVA 600 (frequency 150,830 MHz). For experiments, 100 mg
of isolated HA samples were dissolved in 2.5 ml of 0.5 M NaOH
in deuterated water. After 24 hour of intensive stirring, 0.5 ml of
HA sample was put in 5 mm NMR cell. All 3C NMR experiments
were run at 23 °Con a Varian Unity-Inova 600 MHz spectrometer
using basic one-pulse experiment with the following set of the
acquisition parameters: spectrometer frequency 242.803 MHz;
relaxation delay 1 s, acquisition time 1.6 s; excitation pulse
flip angle 45°, spectral width 50000 Hz and a continuous
broadband decoupling of the protons. Prior Fourier transform,
accumulated data were fitted with exponential function (line
broadening 10 Hz). Subdivision of the spectrum was made
by the commonly used scheme by Malcolm (1990). Aromatic
carbon (C_ %) is represented in the d 106 — 157 ppm spectral
region. Aliphatic carbon (Caliph %) is represented in the § 15 —
106 ppm spectral region. Studied integral regions and carbon
types are given in Tab. 1. The degree of aromaticity of HA (o)
was calculated by the procedure of Hatcher et al. (1981). Elliott
Soil Humic Acids Standard 1S102H was purchased from IHSS
(http://www.humicsubstances.org). Distribution of main
signals for Elliott HA standard is given at www.lHSSwebmaster.

Results and discussion

Dynamics of total organic carbon content, humic substances,
humic acids and fulvicacids content for both studied treatments
(P =plough till 0.35 - 0.40 m; MT = minimum tillage - loosening
till 0.15 m) is presented in Fig. 1. The results obtained during
the period 2008 - 2011 showed that tillage system influenced
mainly the content of fulvicacids in studied soil type. Statistically
significant differences between plough and minimum tillage
treatments are in Tab. 2. Absorbance of HS in UV-VIS spectral
region showed the higher content of fulvic acids in treatment
with MT. As you can see in Fig. 2 - Absorbance of HS, the
maximum of HS absorbance was at about 445 — 465 nm, which
corresponded with high content of FA in fractional composition
of HS. Total organic carbon and humic acids content were
not altered by tillage system and no statistically significant
differences between treatments were found. Similar data were
published by Deen et al. (2003) and Wander and Traina (1996).
They showed that farming system did not significantly alter
total organic carbon content associated with selected particle-
size fraction. However, organic carbon isolated from fine clay
fraction from aggregated soil was significantly greater. For
impact assessment of management practice on soil organic
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Table 1 Studied integral regions and carbon types (*NMR spectroscopy)
No. of spectral region (1) Spectral region in ppm (2) Types of carbon (3)
1 230-184 carbonyl in keto- and aldehyde (4)
2 184 - 157 carboxyl in acids or esthers (5)
3 157 -143 aromatic C-O (6)
4 143 - 106 aromatic and olephinic, C-C, C-H (7)
5 106 - 87 anomers (8)
6 87-43 sp3 carbon, C-O, C-N (9)
7 43-15 sp3 carbon, C-C (10)
Tabulka 1 Sledované integralne oblasti a typy uhlika (">*NMR spektroskopia)
(1) ¢islo spektralneho regionu, (2) spektralny regién, (3) typ uhlika
Table 2 Statistically different content of fulvic acids (one way Anova analysis)
Variants (1) Number (2) Sum (3) Average (4) Spread (5)
FA (P) 4 9.8 245 0.11
FA (MT) 4 13.7 3425 0.08917
Source of variation (6) s.S d.f. MS F-ratio P F crit
Between groups (7) 1.90125 1 1.90125 19.0921 0.00472 5.98738
Within groups (8) 0.5975 6 0.09958
Total (corrected) (9) 2.49875 7

Tabulka 2

FA - fulvic acids, P — plough, MT — minimum tillage
FA - fulvokyseliny, P - orba, MT — minimalizacia
Statisticky rozdielne obsahy fulvokyselin (Anova jednofaktorova

)

(1) varianty, (2) pocet, (3) suma, (4) priemer, (5) rozptyl, (6) zdroj variability, (7) medzi skupinami, (8) vnutri skupin, (9) spolu (upravené)

Table 3 Elemental composition (atomic %) and atomic ratios of basic elements in humic acids
HA samples (1) % C % H % N % O C/N H/C o/C O/H
HA - Luvi-haplic Chernozem (P) 38.00 36.00 3.00 23.00 12.70 0.95 0.60 0.64
HA - Luvi-haplic Chernozem (MT) 39.00 38.50 3.50 19.00 11.10 1.00 0.49 0.49
Elliott soil HA standard (1S102H) (4) 44.00 33.70 2.70 19.60 1.31 0.77 0.46 0.58

Tabulka 3

HA - humic acids, P - plough, MT - minimum tillage
HA - huminové kyseliny, P — orba, MT — minimalizécia

Prvkové zloZenie (atémové %) a atbmové pomery prvkov huminovych kyselin

(1) HA vzorky

UV-VIS spectra of HS in Luvi-haplic Chernozem (2)
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Figure 2
Figure 1 TOCand fractional composition of HS in Luvi-haplic Chernozem Obrazok 2
P — plough, MT — minimum tillage, TOC — total organic carbon, HS — humic
substances, HA — humic acids, FA — fulvic acids)
Obrazok 1 Frakéné zlozenie humusovych latok v luvickej cernozemi

P — orba, MT — minimalizcia TOC — celkovy organicky uhlik, HS — humusové
létky, HA — huminové kyseliny, FA — fulvokyseliny
(1) frakcné zlozenie HS v cernozemi vplyvom orby (P) a minimalizécie (MT)

Absorbance of HS in Luvi-haplic Chernozem in UV-VIS spectral region
P — plough, MT — minimum tillage

Absorbancia HL v luvickej cernozemi v UV-VIS oblasti spektra

P — orba, MT — minimalizicia)

(1) absorhancia, (2) UV-VIS spectrum HS v luvickej cernozemi
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Table 4

Relative integral intensity and integral areas in humic acids molecule
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HA samples (1) Integral areas (2)

15-43 ppm 43 -106 ppm 106 - 157 ppm 157 - 230 ppm
HA-Luvi-haplic Chernozem (P) 20 26 38 16
HA-Luvi-haplic Chernozem (MT) 23 27 37 16

HA - humic acids, P — plough, MT — minimum tillage

Tabulka 4 Relativna integralna intenzita a integralne oblasti huminovych kyselin izolovanych z luvickej c¢ernozeme

(1) HA vzorky, (2) integralne oblasti

HA - huminové kyseliny, P — orba, MT — minimalizacia

Table 5 Aromaticity (a) and carbon distribution in humic acids molecule
HA samples (1) rom C sp*C o
106 - 157 ppm 106 - 15 ppm 87 -15 ppm in %
HA-Luvi-haplic Chernozem (P) 38 46 34 47.50
HA-Luvi-haplic Chernozem (MT) 37 50 35 43.50
HA - humic acids, P — plough, MT - minimum tillage, C, - aromatic carbon, C . - aliphatic carbon, sp® C - carbon in sp® bounds,
o — aromaticity index
HA - huminové kyseliny, P — orba, MT - minimalizacia
Tabulka 5 Aromaticita (a) a distribucia uhliku v molekule huminovych kyselin

(1) HA vzorky

matter, they recommended determination of organic carbon
content in different particle-size fractions. Amelug et al. (2008)
studied the rate of organic carbon accumulation in different
physical fractions and aggregates stability. They have found out
that silt and clay fractions (<53 pm) could bind larger amount
of organic carbon and stability of aggregates was higher.
John et al. (2003) showed that free particular organic matter
(density <1.6 g cm?) and particular organic matter occluded in
aggregates (density <1.6 g cm™ and density from 1.6 g cm? to
2.0 g cm?®) was strongly affected by tillage. They also stressed
the high importance of physical stabilization of organic carbon
by protection in micro-aggregates and clay colloids. Besides
physical stabilization, physic-chemical and biochemical
stabilization of humic substances in soil is very important.
Both are due to protection and interaction of organic carbon
with inorganic matrix, condensation, reactions, polymerization
and cross-linking of recalcitrant organic molecule. The last
is connected with chemical properties and their activity
which play an important role in these processes. However, no
standard method exists to isolate soil nano-particles or nano-
size structures for studying humic substances properties in
these fractions.

The effect of cultivation on to humic acids chemical
composition and structure is evident from *C NMR analysis -
see Tab. 3, 4 and 5. Humic acids isolated from minimum tillage
treatments contained higher amount of carbon, nitrogen and
hydrogen. The participation of young humic cids and fulvic
acids in the surface layer (Ap horizon) is clear. Atomic ratios
allow us to predict the degree of aromaticity (H/C) and maturity
(O/C, O/H) of humic acids. The highest H/C ratio indicated the
lower aromaticity in HA sample isolated from minimum tillage
treatments because of higher content of hydrogen. We can
conclude that HA isolated from plough soil were more aromatic
because of lower H/C ratio and lower hydrogen content. O/C
and O/H ratios confirmed that HA isolated plough soils were
more mature and stable. The results of *C NMR analysis were
assessed according to Beyer et al. (1993) by calculating of
aliphatic and aromatic carbon content and aromaticity indices.
The prevalence of aliphatic groups (at about 43 - 15 ppm),
which are responsible for aggregability, was determined in
HA of minimum tillage aggregability. The groups presented in
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the aromatic region (at about 157-143 ppm) were responsible
for nutrition regime, and higher amount was determined in
HA of plough soil. Aromaticity degree (a) calculated from the
results of 3C NMR spectroscopy indicated higher aromaticity
in HA isolated from plough soil (P) - see Tab. 5. We can
conclude that humic acids isolated from ploughed soil (P) are
better stabilized and formed more stable aggregates. Humic
acids isolated from minimum tillage system (MT) were more
aliphatic and contained less aromatic groups. In spite of their
greater aggregability, they had lower resistance to oxidation
and decomposition. Long-term minimization (or no tillage
system) on Chernozems is therefore connected with decrease
of HA stability and resistance to oxidation. These negative
anthropogenic changes on Chernozems could be intensified by
inappropriate crop systems, lack of organic input, inappropriate
mineral fertilization and soil compaction. Different HA stability
in different eco-systems (arable soils, soils under permanent
grassland, forest soils) was published by Gonet et al. (2009).
They compared quantity and quality of humic acids in different
eco-systems and stressed that HA isolated from arable soils
contained more aromatic groups compare with others
ecosystems. Also Debska et al. (2009) showed that stability
of HA is affected by the amount of post harvest residues and
management in studied ecosystem. The obtained results
showed that disturbance of soil organic matter stability leads
to decreased soil fertility with all negative consequences in
carbon sequestration processes and ecosystem stability and
stressed a certain risk of a long-term continuous ploughless
system on Chernozems.

Conclusions

Total organic carbon content and humic acids content were
not altered by tillage practices. Tillage system mainly affected
chemical properties, activity and structure of humic acids.
Higher quality and stability was in ploughed Chernozem
with appropriate fertilizing and crop system, compared
with minimum tillage system. Minimum tillage system
caused statistically significant increase of fulvic acids. Long-
term continuous ploughless system could have negative
consequences and caused disturbance of soil quality and
fertility in Chernozems.
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Suhrn

Cielom studie bolo poukdzat na vplyv réznych systémov orby
na obsah a kvalitu huminovych latok. Na dévazok bolo hodno-
tené aj chemické zlozenie a strukturne odlisnosti v molekulach
huminovych kyselin vo vybranych spésoboch orby. Dlhodobé
experimenty boli vykondvané na luvickej c¢ernozemi (lokalita
Uncovice, Olomoucky region) v obdobi rokov 2008 - 2011. Boli
skimané dva typy systémov orby: prvy s hibkou orby 0,35 -
0,40 m; druhy, s minimalizaciou do hibky 0,15 m. Huminové
kyseliny boli izolované z horizontov (0 - 0,3 m) $tandardnou,
medzindrodne uzndvanou metédou, a charakterizované podla
prvkového zlozenia a '3C NMR spektroskopiou. Vysledky ukazali
rozdiely v kvalite huminovych latok a zvy3eny obsah fulvickych
kyselin podla frak¢ného zloZenia vplyvom minimalizacie
(3,5 g/kg). Analyza chemického zloZenia a Struktiry humino-
vych kyselin poukazuje na vy3siu relativnu intenzitu alifatickych
skupin v HA molekuldch vplyvom minimalizicie. Na druhej
strane, huminové kyseliny izolované zo zoranej pédy boli aro-
matickejsie. *C NMR spektroskopia méze byt vhodnym nastro-
jom pre zhodnotenie zmien v struktdrnom zlozeni huminovych
kyselin izolovanych z r6znych ekosystémov.

Kltacové slova: huminové kyseliny, *C NMR a UV-VIS spektro-
skopia, systémy orby
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