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Abstract- Organic matter uneven-age layland soils
are investigated by method of IR-Fourier
spectroscopy of the mixed exemplars. Exemplars
of the arable horizon, selected on depths of 0-
5cm, 5-10cm, 10-15cm, 15-20cm  were
investigated. For correction of quartz and clay
minerals absorption bands in ranges of native
exemplars as background we used the mineral
phase received by combustion of organic matter
of 30% H,O, soils. Feature of the studied
exemplars uneven-age layland soils is existence of
reference absorption bands aliphatic acids ethers,
which are the stablest and constant base units of
organic matter. Use of this approach allowed to
estimate specter absorption changes of the
functional humic substances groups and fragments
in fiber exemplars of uneven-age layland soils,
bound to secondary accumulation of detritus

(rough) humus in upper arable horizons under the

influence of secondary vegetation.
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Introduction

44688

The Soil Organic Matter (SOM) represents
composite system which can be defined as a set of
the high-molecular compounds differing on
molecular masses and chemical inhomogeneity
[1]. Difficulties of its studying are bound to
presence of organic matter (OM) in the free form,
as well as bound to mineral part of the soil.
Traditional approaches to SOM research are based
on destruction of these connections with the help
of various chemical extraction [2,3] methods and
studying of the received preparations with
application of the methods developed for natural
and simulated organic compounds analysis. Along
with labor input and procedure duration an
essential flaw of chemical methods is change of
the initial nature of the humic substances (HS)
[3,4]. In the existing literature various approaches
to the soft selection of humic substances are
offered. Among them the most widespread are the
soft basic hydrolysis of OM copper oxide in the
nitric environment [5], selection by means of soft
"cation exchanger - alkaline" serial extractions
procedures [6], extraction by dimethylsulfoxide
[7], dipolar aprotic solvents, etc. Common fault of

the offered soft extraction methods is
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considerably smaller completeness of HS
extraction in comparison with rigid extraction that
cannot but nfluence qualitative structure of the
received preparations. Complexity of SOM
research demands a combination along with the
methods based on HS preparations studying of
the non-destructive methods application focused
on studymg of natrve HS as a part of soil material

The method of IR-Fourier spectroscopy is
one of the most mformative and fast methods of
natural objects qualitative and quantitative
structure study. The majority of soil works, bound
to research, as  methods of IR-Fourier
spectrometry are devoted to sharmg method of
diffuse reflection mfrared spectroscopy and
method of least squares. models. necessary for
construction, and the quantitative determunation of
varwous soil properties [8-16]. However at all
advantages of IR-Founer spectrometry, ifs
application to soils has an essential shortcoming -
iumposmg of potent absorption bands of nuneral
part on rather soft stnips of HS functional groups
that considerably reduces method informational
content.

The work purpose 15 the structure analysis
of HS layland soils by means of native exemplars
IR-spectroscopy, using as background mineral
soil material after removal of OM rigid processmg
by hydrogen dioxude.

1. Objects and methods

Objects of research - the conjugate sites of
uneven-age deposits (2 years and 70-75 wvears)
located in Predvolzhye of the Republic of
Tatarstan (Russia). Lavland sites are dated to one
relief element - to low-slopmng slope of southeast
exposition Soils - light gray forest (Luvisols).
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The wvoung depost 15 in incipient state of
overgrowing by weed vegetation The deposit of
T0-75-vear age 15 presented by a stable muxed-
herbs-cereal meadow phytocenosis. Exemplars
from the old arable horzon were selected
layerwise (each 5cm) on depth to 20cm by the
express drill from 7 tapping pomts dated for 7
chisters of the hexagonal systematic lattices put
separately on each layland site. For the soils OM
characteristic we defined the content of organic
carbon and common nitrogen [17].

For IR-Fourier spectrometry we used the
mixed fiber exemplars from the old arable
honzons prepared for two fypes of deposifs
separately. Exemplars after screeming of roots
were pounded and passed through a bolter of 0.1
mm

IR spectrums of HS were recerved by
method of the broken total mternal reflection on
Perkin-Flmer
MIRacleTM prefix in the range 4000-660 e’

For comection of quartz and clay minerals
absorption bands as background we used a
muneral phase of the exemplars which are selected
on depths of 0-3cm. 5-10cm 10-15cm 15-20cm
which was received by combustion of OM soils of
30% H:0: according to the techmique [18.19].
This technique allows to delete organic
components from a surface of clay munerals for
85-05% [20-22]. After oxudation decomposition
of SOM for removal of the hydrogen peroxide
rest, the soil was washed out by the 3rd nultiply
distilled water at centrifugation The soil shot
without OM. after an exsiccation was pounded
and passed through bolter of 0.lmm diameter.
This procedure allowed to receive HS IR

spectrometer  with  PIKE
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spectrums with an automatic deduction of its
background nuneral phase. Interpretation of IR-
ranges was carried out on the basis of works [23].

2. Besults and discussion
The characteristic of OM of the old arable

layland soil horizons mvestigated is presented in
table 1.

Table 1. The content of organic carbon, common nitrogen and relation C/N in exemplars of the layland soils

Depth of Deposit of 70-75 vears Deposit of 2 years
sampling. cm | Total C, % Total N, C/N Total C. % Total N, % C/N
Yo
0-5 242 0.26 0.5 0.86 0.14 6.1
5-10 0.92 0.17 53 0.75 0.11 6.6
10-15 0.69 0.16 43 0.63 0.12 5.1
15-20 0.66 0.16 41 0.58 0.10 5.6

In high layers the content of orgamc
carbon and common mitrogen is higher, than in
lower, especially 1t 15 characteristic for deposit of
70-75 wyears age. Relation C/N i high lavers is
also sigmificantly higher. For the 75th vear old
depostt relation C/N 1 a layer of 0-5cm 15 2.3
times higher, than in a layer of 15-20cm; that if is
possible to comnect with accumulation of detritus
(rough) hunms fraction. Results show that i the
top 0-20 cm layer of earth under secondary
vegetation there 1s a considerable, but nomniform
on depth, accumulation of humus which differs on
the qualitative structure.

In figure 1 IR spectrums of natrve HS of
the studied sodl

exemplars are presented.
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Frequencies of absorption are presented in table 2.
On IR spectrums of the studied soil exemplars
two absorption bands - wide m the field of
stretching vibrations OM groups -(~3400cm™)
(1620=20cu™)  are  observed.
Existence of these absorption frequencies can be
bound to the water adsorbed on surface of clay
minerals. Presence of water-absorbing combined
water does not allow to identify some areas of
fluctuation common to NH. OH, C=C comnection
groups, and also stretclung vibrations of benzene

ring.

and narrow
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Fig. 1 IR spectrums on depths (1 — 0-5cm. 2 — 5-10 cm 3 - 10-15 cm. 4 — 15-20 cm) the
layland so1ls (I — 70-75 years, II — 2 years).

In the layland sod (70-75 vears) from
surface and up to depth of 15cm the mcrease m
absorption intensity in area near 3000cm™
comrespondmg to stretching vibrations of CH; and
CH;s of groups is observed. The increase in their
mtensity with depth can be bound to increase m
cham length of saturated hydrocarbons. Values of
frequencies, the reference for symmetric and
asymmetric stretching vibration of methyl groups
(vp:CH;, v.CH;) and methvlene groups (v,.CH

22831

and v.CH,) up to the depth of 10cm remain rather
constant. In top 10cm laver of old laysoils
existence of an absorption band close to 730cm’
(wagging vibrations oCH;) sigmfies the
existence of directly related mumber of groups-
CH, - with amount of carbon atoms more than
four.

The combined absorption band caused by
bending wibrations of groups CH: (6CH:) and
CH; (5,CH;) in area of 1460-145lcm? and
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bending vibrations &:CHin ne ranes 1414-
1378cm” is also observed up to the depth of
10cm Change of symmetric vibrations CHs
groups frequency to 1414cm™ in a layer of 0-5cm
of layland soil 15 possibly connected with

accession of methyl group to atom of nitrogen
(CH;-N) rather than to carbon atom In the
underlying horizons of layland soils (10-15cm)
only absorption bands of stretching and bending
vibrations of the methylene groups are observed.

Table 2. Frequencies of HS layland soils absorption

Dgpmﬂj, Wave numbers, cm™ (Group and fluctuations)
Sotls deposits of 70-75 years old
i 2060(vexCHz), 2024(ve:CHa), 2874(v:CH3), 2860(v:CHa). 1732(vC=0), 1451(6CH2.6:CHs),

0-5 1414(5,,CH;), 1339(vC-IN), 1262(vC(=0)-0), 1160(vO-C-C), 1081(v51-0-51), 1020(v51-0-
S1). 875(v0-0). 840{trisubstituted). 73 1{tnsubstituted). 703{pCH,)
2052(vCHz), 2924(v,.CH,). 2876(v.CH;), 2853(v.CH;). 1723(vC=0), 1460(5CH,.4,,CH;),

5-10 1378(4:CH;s). 1267(vC(=0)-0), 1156(v0-C-C), 1080{v51-0-51), 1023(v51-0-51), 889(five-
substituted), 873(v0-0), 730pCH;)

10=15 | 2925(vaexCHz), 2855(v;CHz), 1732(vC=0), 1455(5CHa), 1263(vC(=0)-0). 1160(vO-C-C).
1018(v51-0-51). 777(disubstituted). 700(disubstituted)

15-20 | 1720(vC=0). 12539(wC(=0)-0). 1163(vO-C-C). 1009(v51-0-51)

Soils deposits of 2 years age

0—5 2027 (ve:CHz), 2856(v:CHa), 1731(vC=0), 1450(8CH,), 1263(vC(=0)-0), 1177(v0-C-C),
1076(v5i-0-51), 1020(v5i-0-51), 875(v0-0). 733(pCH;). 683(monosubstitited)

5_10 | 2925(v,CHy). 2854(v:.CH;). 1735(vC=0). 1456(5CH,). 1264(vC(=0)-0). 1162(vO-C-C).
1018(v5i-0-51), 913(6CH=CH,), 74%pCH,), 682(monosubstituted)

10—15 | 2926(v,CH,). 2854(v.CH,). 1732(vC=0). 1441(5CH,). 1264(vC(=0)-0). 1160(vO-C-C).
1072(v51-0-51). 1009(v51-0-51), 788(disubstituted), 760(pCH;). 684(disubstituted)

15-20 | 2924(vy.CHy), 2853(v,CH;), 1732(vC=0), 1457(8CH,). 1264(vC(=0)-0), 1160{vO-C-C).
1013(v51-0-51). 790(disubstituted). 766(oCH,), 691(disubstituted)

Note: p— wagging vibrations, v — stretching vibrations, § — bending vibrations.

Value of frequencies about 1339 cm” is
observed only at a depth 5cm under the layland
sotls (70-75 wears) that if 1s possible due to
stretchung vibrations of C — N arvlamines.

In area the 875-873cm™  stretching
vibrations of peroxide group (0-0O) of aliphatic
compounds i structure of HS are observed. The
peroxidne group is found only in top 10cm of a
70-75 year old deposits layer and mn 5cm of a 2-
vear depostt layer that can be connected with

spontaneous  oxidation of orgamic  and

2002

organometallic arr oxygen compounds i the top
horizons of soils.

In 2-vear-old layland soils quantity of
absorption bands decreases. From the surface and
up to the depth of 20cm in area near 3000cm™
only absorption bands of the methylene groups are
observed (v,,CH,. v.CH,. G&CH;) with rather
constant frequencies. Absorption bands the metyl
groups were not revealed. Existence m exemplars
from depth of 0-5cm and 5-10cm of absorption
bands close to 730cm™ (wagging vibrations of
CH:) also signifies about existence of a mumber of
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directly related groups - CMN:-with amount of
carbon atoms more than four. In exemplars at
depth of 10-20cm the absorption band of
wagging vibrations of the methylene groups is
displaced fowards larger frequencies that can be
bound to decrease of related methyvlene groups
mumber with each other.

Feature of all studied exemplars of
uneven-age layland soils 1s presence of the
common frequencies on any depth The reference
are found for absorption band of carbonyl group
(C=0) stretchung wvibrations in area of 1310-
1250cm™ that corresponds to stretching vibrations
C (= 0) - O in area of 1180-1130cm™
comresponding to stretching vibrations of O-C-C
group. Probably it is ether aliphatic acids as
absorption reference for aromatic compounds are
absent. It confirms that these groups are the
stablest and constant base units of the studied
soils HS, wlich mmeralization resulting from
agnicultural use 1s not exposed.

In uneven-age lavland soils frequencies in
areas of 1100-1000cm™ which can be carried to
stretching vwvibrations are observed S1-0-51
However m the top horizons absorption bands are
narrow and also differ in form and mntensity from
absorption bands of clay minerals. Possibly, their
existence 1s bound fo strefching wibrations of Si-
0-5i in the form of a cycle-(RySi0)s (~1080cm™)
and cyclo-(RySi0): (~1020em™), where R is
aliphatic group. In underlying thickness of
1018cm™ and 1009cm™ frequencies are caused by
stretching wibrations of clay munerals siicrum
oxigen groups. Frequencies emergence of the
reference fo clay munerals 15 possibly bound to
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decrease in maintenance of OM m the underlying
horzons.

In the 2-year layland soil of intensive
strips nomuniform series of the silicium oxigen
stretching vibrations in area of 1100-1000cm?,
which laverwise do not differ on mtensity and
wave mumbers come to lght It probably s
connected with layland soil horizon age at which
secondary accummlation of lwnms 15 not
considerable, and changes m SOM ranges have to
be shown very poorly.

Summary

The layland soils of 2 years and 70-75
vears age are feature of the studied exemplar
absorption bands existence for the reference ether
aliphatic acids which are the stablest and constant
base units of SOM.

The peroxidne group is found only in top
10cm of a 70-75 vear old deposits layer and m
Scm of a 2-year depost laver that can be
comnected with spontaneous oxidation of orgamc
and organometallic air oxygen compounds in the
top horizons of soils.

In the 2-year layland soil of intensive
strips nonuniform series of the silicium oxigen
stretchung  vibrations, which layerwise do not
differ on mitensity and wave numbers come to
light It probably is connected with layvland soil
horizon age at which secondary accunmlation of
hunms is not considerable, and changes m SOM
ranges have fo be shown very poorly.

Conclusion
The conducted researches show that
studying of OM layland soils by means of IR-
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Fourier native exemplars spectroscopy, using as
background the nuneral soil material recerved
after deep removal of SOM by processmng with
30% hydrogen peroxide 15 more informative, than
traditional methods. Use of thus approach allowed
to see changes of the functional groups and
fragments of HS absorption spectrum bound to
secondary accumulation of detritus (rough) lImmus
m an upper horizons under the mnfluence of

secondary vegetation
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