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Relationships between soil colour and some selected properties
of eighty soil samples were investigated. The samples were col-
lected from surface and subsurface horizons and/or layers of red-
reddish coloured soils and neighbour soils located in Isparta, Turkey.
Soil samples were analyzed for lime, organic matter, free iron oxide,
soil reaction, cation exchange capacity, and particle size distribution.
In addition, colour parameters (hue, value and chroma) and redness
rating of soil samples were also determined. The dominant hues on
more stable older geomorphic surfaces and more oxidized drainage
conditions are 2.5 and 5 YR. While 7.5 YR is dominant on surfaces
related to erosion and transportation, 10 YR generally is observed
on examination of all landscape positions and all drainage condi-
tions. It was found that there were significant differences for redness
rating, free iron oxide and lime contents of soils that have different
hue. Meaningful differences were not obtained for cation exchange
capacity, organic matter, clay, silt and sand contents of soils. In
addition to these results, the significant correlation coefficients were
obtained to be 0.76 between redness rating and free iron oxide, to
be 0.68 between hue and free iron oxide, to be 0.68 between lime
and dry value.
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INTRODUCTION

Soil colour is the most obvious and easily determined soil characteristic.
Although, it has little known direct influence on the functioning of the soil, colour
is one of the most easily determined soil properties and other more important soil
characteristics can be inferred from soil colour. Therefore, soil colour is one of the
most useful attributes to characterize and differentiate soils. It occurs as a result of
pedogenic processes. It also affected by the physical, chemical and mineralogical
properties of soils. Sensing and determining of soil colour easily has increased
utility in soil studies. Some broad generalizations are also possible. Black soil
usually indicates the presence of organic matter. Red colour indicates the presence
of hematite in the free iron oxide (FIO) common in well-oxidized soils'.

There are two more common ways to determine soil color: (i) the most
convenient is measuring in the field by comparison. with a colour chart?,
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(ii) measured in the laboratory by using diffuse reflectance spectrophotometer.
Empirical colour indices that combine the three parameters are also useful’. One
of them is redness rating (RR), modified by Torrent et al?, which has been used
to obtain semi-quantitative measurements of hematite in soils.

Soil colour per se has little significance. The importance of soil colour relates
to the fact that soil properties like organic matter, iron mineralogy and moisture
content of soils are strongly related to soil colour, all of which are used to classify
and make interpretations about soils>. Iron oxides are useful field indicators of
pedogenic environments for three reasons: (i) they include several minerals,
(ii) these minerals have different colours, and (iii) the type of mineral formed is
infi.cnced by the environment. Therefore, recognizing the iron oxide mineral in
the field by its colour has a potential to yield information about pedogenesis®.

EXPERIMENTAL

The study area is located in the passage zone between the coastal belt and the
continental climate of Central Anatolia and has plateau type of Mediterranean
climate. Annual precipitation varies between 600 and 750 mm and annual mean
temperature is 10-12°C in this area’. Soil temperature regime is mesic and soil
moisture regime is xeric-ustic® °. Soil parent materials were weathering yields of
limestone in most of the study area. Soils sampled have generally formed on
Holocene and late Pleistocene deposits'.

In this study, eighty surface and subsurface soil samples taken from red-reddish
coloured soils and adjacent soils that have similar pedogenic factors (physio-
graphy, parent material, climate and vegetation) in Atabey, Aksu, Egirdir,
Sarkikaraagag and Yenisarbademli districts of Isparta province were used. The
study area soils had been under cultivation for a long term.

The moist and dry soil colours were described by using Munsell soil colour
charts? in-situ. In soil samples, free iron oxide by sodium’citrate-bicarbonate-
dithionit method, organic matter (OM) by modified Walkley-Black method'!, pH
in 1 : 1 soil-water suspension, cation exchange capacity (CEC) by ammonium
acetate method, calcium carbonate equivalent by volumetric method using
Scheibler calcimeter and particle size distributions by Bouyoucos hydrometer
method'? were determined and redness ratings (RR) were calculated by the
relationship

RR = [(10 - H)CYV
where V and C are the numerical values of Munsell value and chroma,
respectively and H is the figure preceeding YR in the Munsell hue so that H value
is 10 for 10 YR and O for 10 R*. One way ANOVA and simple correlation tests

were used for the examination of relationships between measured soil properties
and soil color'>.

RESULTS AND DISCUSSION

The soil colour and topography relations: The distributions of soils having
separate hue on four landscape positions are summarized in Fig. 1. Hues of soils
were determined to be 2.5, 5, 7.5 and 10 YR. Data indicate that there is a clear
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relation between soil hue and topography. While the 10 YR hue was observed in
similar percentages on all landscape positions, the 2.5 and 5 YR hues were not
found on poor drained-toe slope positions. Red and reddish colours were usually
described on stable well-drained surfaces. Most of the soils having 2.5 YR hue were
determined on foot-slope position (56%) and on summit position (38%). Similarly,
the percentages on foot-slope and summit positions for soils having S YR hue were
48 and 40%, respectively. This case could be attributed to higher FIO contents,
depending on advanced weathering and aerobic conditions; depending on rapid
drainage on foot-slope and summit positions. Hematite minerals that occur under
aerobic conditions create red colour in soils®. Hematite usually coexists with goetite
and the redness of a hematite containing soil increases with its hematite contents'?,
Therefore, red colour indicates the presence of hematite in the FIO common in
well-oxidized soils'.
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Fig. 1. The distributions of soils have separate hue on four landscape positions

Although the soils on more stable and older geomorphic surface have usually
2.5 and 5 YR hues, the soils on erosional slopes have usually 7.5 YR hue. The
percentage of soils that have 7.5 YR hue on back slope and shoulder positions is the
highest, 61%. The reason of this could be associated with the presence of lower iron
oxides and higher lime contents, and to be younger of soils due to erosion on these
positions, because light colours like white-yellow of lime mask the red color of iron
minerals and cause usually brownish colours.

The relationships between soil colour and selected soil properties: Means
and standard deviations obtained from one way ANOVA analysis results that
indicate the relationships between soil colour and selected soil properties by using
soil hue groups (2.5, 5, 7.5 and 10 YR) are given in Fig. 2. In addition, the results
relating to correlation coefficients determined between colour parameters and other
soil properties are summarized in Table-1.

These results indicate that the hue was not affected by difference in soil moisture,
but the values show a decrease of 0.5-2 munsell units from a dry to a moist state.
Chroma shows only a decrease of 0.5-1 munsell unit in some soils. There were
similar.correlations between colour parameters and other soil properties in both dry
and moist stage.
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Fig.2. The means and standard deviations of free iron oxide (FIO), organic matter (OM), lime,
pH, cation exchange capacity (CEC), clay, silt and sand values for different hues

TABLE-1
CORRELATIONS AMONG COLOUR PARAMETERS AND SOME SOIL PROPERTIES
Color Soil properties
components g0+ OM  Lime CEC pH Clay Silt Sand
Huei -0.68** 0.23* 0.35** 0.07 0.31**+ -0.02 0.06 -0.02

Value-dry -0.54** -0.01 0.68** -0.08 0.47%*  -0,07 0.29* -0.15
Chroma-dry 0.58** -020 -045** -0.22* -042*%* -023* -0.25* 0.30*
Value-moist ~ -0.26*  -0.05 0.60** -0.09 0.25* -0.14 0.42** -0.13
Chroma-moist  0.62** -0.30 -0.20 -0.25* -0.52** -0.19 -0.02 0.15
RR 0.76** -0.24* -0.51** -0.14 -0.53** -0.09 -0.19 0.16

tFIO = free iron oxide, OM = organic matter, CEC = cation exchange capacity, RR = redness

ratio.
{Rankedas2.5YR=1,5YR=2,75YR=3and I0 YR=4.
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Redness rating values varied between 0 and 15 and showed significant differ-
ences for different hue groups. Means and standard deviations of RR values for 5,
7.5 and 10 YR were 4.25 + 1.44, 1.65 £0.36 and 0.0 £ 0.0, respectively. The
highest RR value was found to be 11.04 £ 0.48 for 2.5 YR hue. The highest FIO
content was also determined in 2.5 YR hue. The mean FIO contents for hue groups
were 15.53,7.33, 4.66 and 4.55 g kg™, respectively. The minimum and maximum
values of FIO contents for hue groups of 2.5, 5, 7.5 and 10 YR were determined to
be 8.3-23.3,4.4-14.6, 3.3-5.9 and 2.8-15.7 g kg™', respectively. The mean values
of FIO were significantly different (p < 0.01) for 2.5, 5 and 7.5 YR hue groups, but
not different at p <0.05 level for 7.5 and 10 YR hue groups. In addition, the
significant negative correlation (r = —0.68, p < 0.01) was determined between hue
and FIO content. There also was a significant correlation relationship (r = 0.76, p <
0.01) between redness rating and FIO contents. On the other hand, the soil that
showed a colour of 10 YR 6/6 has not red and reddish colours in spite of high FIO
content (15.7 g kg"). The reason of this case could be associated with to be the
lepidocrocite form of FIO. This soil has clay texture and hydrological conditions
that cause it to be wet for a longer time within a year. It was also observed that lime
content is lower than 3.0 g kg™'. Lepidocrocites occur in the non-calcareous soils
under aerobic and anaerobic conditions. If lepidocrocite concentrations are to be
lower than 20 g kg™, the hue may be 10 YRS

The results showed that there are more significant relationships between FIO
and all color parameters except moist value (Table-1). While FIO increased, lower
hue and value were determined. The relationships determined between dry values
and FIO were more significant according to moist values.

Organic matter content increased from 2.5 to 10 YR hue (Fig. 2). Contrary to
expectation, the significant relationship was not found between especially value
and OM content. It was only found that there are significant relationships (p < 0.05)
between OM and both hue and RR (Table-1). We think that this result could be
attributed to the wideness of the studied geographic region that has very different
landscape positions and soil texture. Schulze et al.'® studied the colour-organic
matter relationships to test the hypothesis that Munsell value and OM content are
more closely related for soils occurring together in the soil landscapes than for soils
over a wide geographic region. They have also found that the relationship between
Munsell value and organic matter content was not predictable if soil texture varied
widely within the landscape.

Lime contents were found to be 4.6, 131.4,262.2and 1159 g kg‘l for2.5,5,7.5
and 10 YR hue groups, respectively (Fig. 2). Lime content increased from2.5t0 7.5
YR hue. Although mean lime content for 10 YR hue was lower than that for 7.5 YR
hue, this value was very high. Also, there are meaningful relationships between
lime and all colour components except moist chroma (Table-1). Similar relation-
ships were obtained for pH too. While 5, 7.5 and 10 YR hue groups showed similar
pH values, pH for 2.5 YR hue was found lower. This case could be attributed to
advanced weathering and leaching processes in soils, which have 2.5 YR hue. This
recognition was confirmed with high FIO and low calcium carbonate contents in
soils, which have 2.5 YR hue.

The meaningful differences for hue groups were not obtained among means of
CEC, clay, silt and sand contents (Table-1). But, there was a significant relationship
between silt fraction and moist value.



2000 Akgul etal Asian J. Chem.

Conclusion

Topography and drainage conditions affect the hue of soil. Red colour domi-
nated in the two locations: (i) soils have low lime content, (ii) older and more stable
geomorphic surfaces. Dominant hue was 7.5 YR on lime-rich and deformed
surfaces. Hue was affected by lime and especially FIO contents and type of iron
minerals. There are also meaningful relationships between FIO, lime, pH values
and colour components. The 10 YR hue was observed in different topographical
features and drainage conditions. Consequently, soil colour occurs as a result of soil
forming conditions and is affected by some physical and chemical soil properties.
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