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ABSTRACT

Evaluate the soil organic carbon (SOC) is extremely important to estimate the risk of desertification in Mediterranean
region. Traditionally, SOC content is related to improvement of soil C storage and the associated benefits for the
ecosystem services, such as water holding capacity, nutrients release and heavy metal immobilization. However,
alternative techniques have been widely developed in order to obtain a more accurate quantification of SOC related
to soil spectroscopic parameters. This work aimed to identify quantitative relationships between the SOC content,
obtained by the Walkley-Black conventional analytical method, the “observed” color parameters of Munsell chart (hue,
value and chroma) in representative soils of the Tras-os-Montes region (NE Portugal): Leptosols, which were divided
in two sets, in soil-type I were applied three composts (A, B and C) made of in different concentrations of olive pomace
(OP), with doses of 12 ton/ha (38 g C/m?), as well as the OP itself and in the soil-type II were applied four composts of
OP (A, B, C and D) with three different dosages (10, 20 and 40 ton/ha). The results showed a strong statistical relationship
between the value (h) parameter of the Munsell chart and the SOC for both soil-types (12=0.73 and 12=0.57, respectively),
which indicates that it is a fast-to-acquire and low-cost technique reachable for SOC prediction for Leptosols.
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RESUMO

A avaliagdo do carbono organico do solo (COS) é extremamente importante para estimar o risco de desertificagao
das regides mediterranicas. Tradicionalmente, o teor de COS esta relacionado com a otimizagao do estoque de C no
solo e com o0s beneficios ecossistémicos, tais como a capacidade de retengao de agua, a libertagdo de nutrientes e a
imobiliza¢do de metais pesados. No entanto, técnicas alternativas tém sido amplamente desenvolvidas a fim de se
obter uma quantificagdo mais precisa do COS em relagao aos parametros espectroscopicos do solo. Este trabalho teve
como objetivo identificar as relagdes quantitativas entre o teor de COS, obtido pelo método analitico convencional de
Walkley-Black, e os parametros de cor “observados” da carta de Munsell (matiz, valor e croma) em solos representativos
da regido de Tras-os-Montes (NE de Portugal): Leptossolos, que foram divididos em dois conjuntos, no solo-tipo I foram
aplicados trés compostos (A, B e C) de bagaco de azeitona (BA), com doses de 12 ton/ha (38g C/m?), bem como o proprio
BA e no solo-tipo I foram aplicados quatro compostos de BA (A, B, C e D) com trés dosagens diferentes (10, 20 e 40 ton/ha).
Os resultados mostraram uma forte relagao estatistica entre o parametro de valor (h) da carta de Munsell e o COS para
ambos tipos de solo (1=0,73 e r2=0,57, respetivamente), o que indica que a cor é uma técnica alcancavel, de rapida
aquisicao e baixo custo, para a previsao do COS em Leptossolos.
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INTRODUCTION

The soil organic carbon (SOC) provides useful in-
formation about the soil quality in order to improve
yield and plants development (Sharma et al., 2019),
especially in highly degraded soil conditions, such
as in the NE Portugal, Mediterranean area, known
for its semi-arid climate, with an aridity index be-
tween 0.2 and 0.5 (Royer et al., 2021) and low car-
bon storage in soils, which is highly susceptible
to desertification process (Figueiredo, 2013a). The
exacerbated region’s topography, low vegetation
cover favored by inadequate agriculture practices
(tillage on slope, heavy machinery and absence of
sporadic plant covers) and high intensity rainfall
events (Royer et al., 2021) contributes for the loss
of fertile topsoil, making the remaining soil less
productive and more vulnerable to further erosive
events (Chen et al., 2021). In general terms, the or-
ganic C storage in the soil can positively influence
the ecosystem services, either as a soil amendment,
increasing the water-holding capacity and the ca-
tion exchange capacity and stabilizing the soil ag-
gregates (Zhu et al., 2021) or as a pollution mitiga-
tion by residues (Ribeiro et al., 2021).

The mineral material associated to soil organic
matter (SOM) is directly related to the pigments in
the soil, for example, humus contributes to black
colors presence, silica acid, kaolinite and calcium
carbonate provide whiteness; iron hydroxides and
clay contribute for the redness presence; instead,
in case of reduced or anaerobic environmental con-
ditions the color can be grey or green (Jiang ef al.,
2021). Traditionally, the soil color has been deter-
mined by the Munsell chart, it basically contains
a set of color sheets divided in hue (red, yellow,

Figura 1 - Munsell color system. Available via license: CC BY
4.0
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green, blue and purple), value (lightness - 0 = bla-
ck and 10 = white) and chroma (saturation), as it
shows in the Figure 1. The simple use of the Mun-
sell chart has guided to soil scientists in a common
procedure, highly useful in soil taxonomy.

Based on the foregoing, the colorimetric determi-
nation of SOC acknowledges more accessible in-
formation in terms of costs saving and laboratory
resources. In this case scenario, the SOC predicted
from color parameter is essential for understand-
ing the potential soil C storage (Gholizadeh et al.,
2020). Thus, the current study follows the after
objectives: (i) analyze SOC by routine method in
different soil-type, (ii) estimate Munsell color pa-
rameters in same soil-type, and (iii) develop a con-
sistent and reliable model prediction for SOC in a
specifically soil-type: leptosol.

MATERIAL AND METHODS
Study area and field trial

The chosen soil-type was Leptosol, representative
of the Tras-os-Montes region, in North East Por-
tugal, known for its high erodibility, degraded
appearances and poor SOM content (Figueiredo,
2013b). Study area included two soil-type: the first
set of samples (soil-type I) is an agricultural area
located in Gimonde and underwent through a pre-
cipitation essay in trays, with three different types
of compost of olive pomace (OP): Compost A, B e
C (Table 1) and two types of extracted OP (bio-
mass): Ext-A e Ext-B, each of the treatments added
an equivalent amount of 12 ton/ha per tray. The se-
cond set of samples (soil-type II) were collected in
an olive grove crop in organic farming, located in
Vila Flor, after 1 year the application of the same
OP composts in site (Table 1), but with different
dosages (10, 20 and 40 ton/ha), according to the De-
cree-Law 30/2022 limits for the olive crop produc-
tion (Decreto-Lei 30/2022, April 11, 2022). However,

Table 1 - Compost piles composition (m3)

Olive pomace Sheep manure Almond shell

Compost A 8 2 16
Compost B 12 3 12
Compost C 7 14 7
Compost D 8 2 16




it is worth to highlight an important factor that oc-
curs in olive grove crop: the responsible farmers
chose not to use any kind of chemical fertilizers or
agricultural inputs, so their final product, the oli-
ve oil, has an international certification of organic
agriculture and environment friendly production.

Soil sampling and sample preparation

In total, 57 soil samples were sampled, being 18
from the trays essay (Soil-type I) and 39 from the
field experiment (Soil-type II); all of them were
collected between 0-lcm, determined as topsoil.
An aliquot of three composite samples of each
treatment were sieved through a 2-mm mesh and
grinded with a mortar and pestle; then weighted
and dried in the stove for 24 hours in 105°C. Af-
ter that, the samples were weighted again and the
moisture content was measured for further correc-
tions in the organic C quantitative analyses.

Mumnsell chart color measurement

With all the samples already grinded, approxima-
tely 2g of each one was placed in white recipient
with standardized ambient lighting and humidi-
fied with a standard sprayer, and then compared
with the chart chipa in order to read out the qua-
litative color (Ramos et al., 2020). Measurements
were obtained by three different viewers, in dif-
ferent time, at the equivalent hue 10 YR; value and
chroma average were recorded on wet.

Soil organic carbon

For the total SOC, the partial oxidation method
on wet was applied using as oxidative agent po-
tassium dichromate (K,Cr,O,) in acid environment
(pH=1). The amount of SOC was calculated after
oxidation of SOM (from Cr¢* to Cr?*) by the over-
measure of the Cr¢* in excess that has not been oxi-
dized with Mohr’s salt (Fe(NH,),(SO,), 0,5M), using
the diphenylamine as an indicator (Walkley & Bla-
ck, 1934).

Data Analysis

Linear and “reciprocal-x” regression model were
used to examine the extent to which soil color var-
ied in response to SOC composition. In order to
show differences between treatments analysis of
variance (ANOVA) was performed by treatment
and dosages. Whenever significant difference was
identified, the verification was made by Tukey
HSD mean comparation test (J=0.05).

RESULTS AND DISCUSSION

The value and chroma data observed by the Mun-
sell chart covered the ranges 2.0 — 3.5 and 2.0 - 4.0
for soil-Type I and 3.8 — 4.2 and 3.4 - 4.3 for soil-
-Type 11, respectively, being the soil-Type I between
a very dark grayish brown and a dark yellowish
brown and soil-Type II mostly inside the dark
yellowish-brown range.

The SOC of both soil-types, before adding com-
post or biomass (control soil), already showed sig-
nificant different amounts of SOC (1.11+0.33 and
2.05+0.43 g C/100g, respectively for soil-Type I and
soil-Type II), as shown in Table 2. Soil-Type II, in
general, have more SOC, very likely to be from
the current organic farming management of the
olive grove, known for being chemical-free and
eco-friendly.

Particularly, for soil Type I, there is a statistically
significant difference in SOC between the con-
trol soil and all other treatments (compost and
biomass). Among the three composts, compost
B exhibits the highest incorporation of C in the
soil (2.27+0.47 g C/100g) without any statistically
significant difference from the others. Ext-A is
shown to be statistically different from Ext-B (Fi-
gure 2(a)), with Ext-B having the highest amounts
of SOC (3.09+0.33 g C/100g).

Figure 2 (b) shows how the extent Munsell ob-
served color attribute can be related to SOC on
soil-Type L. There is moderately strong linear re-
gression model that indicates the relationship for
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Table 2 - Soil Organic Carbon classification according to Munsell Value observation in humid

Soil-Type I (12 ton/ha)
Distric Leptossol

Soil-Type II (10 ton/ha)
Leptossol

Quinta do Prado
(41°20"38”N; 7°05'36" W)

Gimonde
(41°47'28”N; 6°40'54"W)

SOC ™ Munsell color @ SOC ™ Munsell color @
Soil 1.11+0.33 3.5/3 2.05+0.43 3.8/4
Compost A 1.41+0.46 3/3.5 3.01+0.59 42/3.7
Compost B 2.27+0.47 3/3.5 2.73+0.23 4/3.7
Compost C 1.93+0.28 3/4 2.63+0.35 43/4
Compost D - - 3.50+0.22 3.8/34
Olive pomace extract A 2.56+0.35 2/2 - -
Olive pomace extract B 3.09+0.33 2/3 - -
Number of samples 18 39
g of C/ 100g of soil
@Hue 10 YR in humid
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Figure 2 - Soil-Type I Organic Carbon potentially explained by (a) treatment and (b) predicted wet value Ext_A: extract A;
Ext_B: extract B; C_A: Compost A; C_B: Compost B; C_C: Compost C (a) lowercase letter inside of the plot indicate
statistical difference between each treatment/ dosage verified by Tukey HSD mean comparison test (x=0.05)
(b) p-value ANOVA < 0.01 at 99% confidence level (g of C/100g of soil)

lightness (Munsell value in humid) which allow
predicting SOC in 73.55%. Once again, the chroma
observed did not presented a linear relation to be
analyzed or even predicted.

For soil Type II, specifically, the control soil also
exhibited a lower predicted amount of SOC,
showing a significant difference from all the other
treatments. Although, Compost D had higher
amounts of SOC compared to the other treat-
ments, with significant difference. However, the
others composts did not have statistical difference
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between each other (Figure 3 (a)). Nonetheless, do-
sages comparation, showed control soil with lower
SOC with statistical difference with all the others
treatments, while the dosages 10, 20 and 40 ton/ha
did not show any significant difference. Kan-
tikowati ef al. (2019) used manure compost and
also found out the dosage 10 ton/ha to be the most
effective in productivity to be used compared to 15
ton/ha. By the other hand, Yasasin ef al. (2022) con-
ducted a study in a grapevine crop soil with poor
organic matter content (< 1%) in Turkey, and when
compared the applied dosages of OP compost (10,
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Figure 3 - Soil-Type II Organic Carbon potentially explained by (a) treatment and (b) per dosage C_A: Compost A; C_B: Compost
B; C_C: Compost C lowercase letter inside of the plot indicate statistical difference between each treatment/ dosage
verified by Tukey HSD mean comparison test (=0.05) * (g of C/100g of soil)

20 and 40 ton/ha) also found no statistically sig-
nificant differences in crop yield within 3 years
experiment. This fact suggests that the dosage of
10 ton/ha is already enough for increase the C in
the soil, which represents lower resources expen-
ses for accommodating this SOM in the same area,
enlarging thus the amount area covered for crop
production and exploring all the worthy benefits
of revalorizing the organic residues for compost
and its application.

The SOC-predicted values, in relation to the obser-
ved Munsell color, showed a negative moderately
strong relationship between the variables when
the regression model “reciprocal-x” was applied.
This relationship yielded a potential prediction of
57.14% for SOC (Figure 4).

SOC Soil-Type I + - 2.071 +20.29/Valeu (h)
f1=0.5714

SOC Soil-Type II '

2.5 2.9 33 3.7 4.1 4.5
Munsell Value (h)

Figure 4 - Soil-Type II organic carbon potentially explained
by predicted Munsell Value in humid (g of C/100g
of soil) p-value ANOVA < 0.01 at 99% confidence
level

CONCLUSION

The results provide support for the potential of uti-
lizing the Munsell chart to gather dependable soil
color information. Furthermore, it demonstrates
that a standard equation for leptosol can facilita-
te the compilation of usable data, thereby addres-
sing certain challenges associated with time and
resource constraints. SOC predictions from color
could provide a detailed evaluation of SOC over
time and space, which is key to enhance the un-
derstanding of SOC changes when external inputs
are used, such as composts, improving the lands-
capes and implementing effective management
strategies for soil C storage and optimize some of
the environmental related issues, controlling ero-
sion in mountain regions, for example and revalo-
rizing the organic waste within society.

For further research, it is suitable to include a spec-

troscopy correction for more precise correlation, as
well as nonparametric statistical approach.
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