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Abstract: Soil is considered a highly complex ecosystem, providing food and maintaining crop
and animal productivities. Soil variability can affect plant production. Accordingly, this study
aimed to compare soil chemical characteristics from two different locations in the same region of
western Portugal (Lourinha), intended for potato production. Soil was collected and analyzed for
soil chemical properties (pH, electric conductivity, organic matter, and mineral element content).
Through a principal components analysis (PCA), it was possible to identify that the interrelations
among the mineral elements were explained in the projections of components one and two for both
fields. Regarding Field A, Ca, K, Fe, P, S, Mg, As, Pb, and Zn are more correlated with each other
than the other mineral element (Cd). On the other hand, in Field B, all the mineral elements correlate
differently compared to Field A (except Cd), and show that K, As, Mg, Ca, Zn, Fe, and Pb are the
most correlated with each other. Additionally, Fe and S are more correlated in Field A; however,
in Field B, Fe and Zn are the ones that are more correlated with each other. Additionally, although
both soils have the same pH (slightly basic soil—ideal for agriculture), they show a significantly
different content of organic matter and conductivity, where Field B presents higher contents of both
parameters. The obtained data are discussed, concluding that the soils, despite being geographically
close, have different relationships between elements and different contents of organic matter and
electrical conductivity, which may lead to differences in potato production.

Keywords: agricultural soils; principal component analysis; soil analyses; soil characterization

1. Introduction

In plants, soil is the primary source of their production, and it has been recognized that
its physical conditions can affect crop production [1]. Soil is considered not only a highly
complex ecosystem, but also a valuable resource, providing food and maintaining crop and
animal productivities. Additionally, in soil, nutrient contents are a fertility indicator [2],
and their variability can affect plant production, namely in the potato [3]. Potato is the third
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most important non-grain food crop worldwide [4], playing a huge part in the human diet
by supplying different minerals required by the human body [5]. However, considering
that in the potato plant the mineral element uptake occurs primarily through soil solution,
if soils where crops are cultivated were to have a low fertility, it could contribute to a low
mineral plant content due to the poor uptake and translocation of some mineral elements
to the edible parts [5]. Potato production is dependent of certain nutrients from the soil,
namely N, P, K, Ca, Mg, S, Fe, and Zn [6]. In addition, according to [7], the organic matter of
soil is significantly related to crop nutrient composition, indicating that more organic matter
can lead to a higher nutrient content in the crop. Additionally, soil pH can affect plant
growth and influence several soil chemical, physical, and biological properties, namely
nutrient absorption [8]. As such, organic matter and the pH of soil are widely used as
indicators in monitoring fields used for crop production [9]. Electrical conductivity (EC),
according to [10], can be used as a precision farming diagnostic tool, and is considered
an integrated measure of several soil properties (namely salinity, clay, and water content)
being (as organic matter and pH) related to crop productivity. For instance, sandy fields
have a low electrical conductivity, silts have intermediate EC, and clays have high EC [11].
Nevertheless, it is important to understand soil chemical composition and its variations to
managing soil utilization, since there is a greater demand for details about the distribution
of soil properties [12]. Additionally, different geological location of soils and different
topography makes it difficult to establish a relationship, due to the influence of topography
on the movement of soil material, making this relationship site-specific [12]. In this context,
this study aimed to compare soil chemical properties (pH, electrical conductivity, organic
matter, and mineral element content relationship) from two different locations in the same
region of Portugal (Lourinha) intended for potato production.

2. Materials and Methods
2.1. Experimental Fields

This study focused on two experimental fields located in the same region of west-
ern Portugal (Lourinha) (GPS coordinates: 39°16'38,816"” N; 9°15'9128"” W (Field A) and
39°16'12,576" N; 9°14'14,492” W (Field B)), intended for potato (Solanum tuberosum L.)
production. The locations of both fields are shown in Figure 1.

Figure 1. Geographic location of the two fields (Field A and Field B) (images obtained through
Google Earth). Indication (in blue) of the limits of soil sample collection in the fields. (Note: when the
soil samples were taken, there was no type of plantation in the two fields. The images shown are for
geographic location only—they do not correspond to the date of collection of soil samples).
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2.2. Mineral Content, pH, Organic Matter, and Electrical Conductivity in Soils

In the experimental fields (intended for potato production), 9 soil samples of each field
(100 g, picked up at 30 cm depth) were collected in a hexagonal grid, for physical and chem-
ical analyses. Soil samples were sieved (using a 2.0 mm nylon sieve) to remove stones and
other debris before analysis. Mineral content in soils was determined, following [13], using
an XRF analyzer (model XL3t 950 He GOLDD+) under helium atmosphere before the imple-
mentation of potato culture. Additionally, pH and electrical conductivity were measured
following [14] in the decanted supernatant of a mixture (ratio 1:2.5 g ;1 mL ™ ater milli-q)
for 1 h with tiring (25 °C for 30 min) in a thermal bath. Organic matter analysis was carried
out following [15].

2.3. Statistical Analysis

Data normality and homogeneity of variance were carried out. The principal compo-
nent analysis was performed on the correlation matrix and the first two components were
retained and rotated using varimax rotation.

Additionally, data were statistically analyzed using a One-Way ANOVA to assess
differences among the different fields, followed by a Tukey’s test for mean comparison. A
95% confidence level was adopted for all tests.

3. Results

Regarding the macro- and microelements of soil samples of both fields (Figures 2 and 3),
through a principal component analysis (PCA) it was possible to identify that for both
fields, the interrelations among mineral elements were explained in the projections of
components one and two (F1 and F2). In Field A (Figure 2), Ca, K, Fe, P, S, Mg, As, Pb, and
Zn were more correlated with each other than the other mineral element (Cd). Additionally,
considering the factorial plane F1/F2, there was a cluster in the positive F1, presenting
the most variables that were closely related (Ca, K, P, Fe, S, Mg, and As). Regarding Zn, it
was found close to the origin according to F1 (but not close to the origin according to F2),
verifying that its variability was better explained by F2 than F1. Additionally, Cd presented
an antagonistic behavior with all other mineral elements analyzed confirmed through a
Pearson correlation test (data not shown). Additionally, Fe and S were the pair that were
the most related to each other (showing a correlation matrix of 0.934 (data not shown)),
followed by the pair S and As with a correlation matrix of 0.866 (data not shown).

Considering Field B (Figure 3), except for the Cd trend, all other mineral elements
correlated differently compared with Field A, and showed that K, As, Mg, Ca, Zn, Fe, and
Pb were the most correlated with each other. Yet, considering the factorial plane F1/F2,
there was two clusters in positive F1, one with K, Mg, and As, and another with Zn, Fe, and
Pb, indicating that these mineral elements (in each cluster) were closely related. Regarding
Cd, it presented an antagonistic behavior with several other mineral elements analyzed
(with the exception of P and S), confirmed through a Pearson correlation test (data not
shown).Additionally, regarding D, it also presented an antagonistic behavior with all other
mineral elements (apart from Cd), presenting negative values in relation to other minerals
(except Cd) through the Pearson correlation test (data not shown). Additionally, Fe and
Zn were the pair that were most related to each other (showing a correlation matrix of
0.914—data not shown), followed by the pair As and Mg with a correlation matrix of
0.882 (data not shown).
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Figure 2. Projection of the factorial plane created with F1 (71.4% variance) and F2 (11.2% variance)
axes of the macro and microelements of soil samples (n = 9) of Field A. (Observation: Eigenvalues are
greater than 1 only in F1 and F2).
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Figure 3. Projection of the factorial plane created with F1 (60.7% variance) and F2 (25.0% variance)
axes of the macro and microelements of soil samples (n = 9) of Field B. (Observation: Eigenvalues are
greater than 1 only in F1 and F2).

In fact, Field B showed higher values in both parameters compared with Field A.

In both fields, the pH was the same, with an average of 7.4 (pH of 7.4 &+ 0.03 for
Field A and 7.4 + 0.05 for Field B). However, regarding organic matter and the electrical
conductivity of the soil (Figure 4), there were significant differences between the two fields.
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Figure 4. (A,B) Organic matter content (%) (A) and soil electrical conductivity (uS cm 1) (B) of soil of
both fields (Field A and Field B). Different letters after (a, b) express significant differences between
Field A and Field B in condutivity.

4. Discussion

Soil is a primary aspect of crop production and a source of minerals, which accumulate
in the edible parts [1,5]. As such, soil chemical characteristics from two different locations
in the same region were compared. Regarding the mineral content, when comparing both
fields—Field A (Figure 2) and Field B (Figure 3)—it was possible to identify that, despite
Cd, all the remaining mineral elements that were analyzed correlated differently. These
different correlations between minerals found in soil in the same region were probably
due to a soil nutrient content variability [3] that can occur presumably due to the influence
of topography in the movement of soil materials [12]. In fact, Field A presented a higher
percentage in slope class of 0-5%, corresponding to low surface drainage (data not shown),
and Field B in the slope class of 5-30%, corresponding to moderate surface drainage (data
not shown). Nevertheless, the different correlations between the mineral elements were
probably due to the different topography of the fields and location in different geological
substrate according to the Geological Map of Portugal.: Field A is located in sheet 30A
(Lourinha) [16] and Field B in sheet 30B (Bombarral) [17]. Regarding Field A, it is on J*Ca
unit (Castelhanos marls and sandstones—Kimmeridgian) being predominantly composed
of fine to coarse quartz sandstones with frequent calcareous clays [16]. Field B is on
J3C (Abadia beds—Kimmeridgian) being constituted by marls and thin intercalations of
marly limestones, with ferruginous and limonitic concretions [17]. Additionally, for potato
production, this crop prefers a fertile soil with higher organic matter [3]. Nevertheless, it
is interesting to see that in Field A, S had a higher correlation matrix with other mineral
elements (namely Fe and As) and in Field B, Fe had a higher correlation matrix with Zn,
followed by Mg and As. Regarding both fields, this elements showed a higher correlation
with As (contaminating mineral element), yet the contents obtained were below the critical
limits for pH > 7.0 [18]. Considering the pH of both soils (7.4) being slightly alkaline, it was
within the ideal range for agriculture (6.5-7.5) [19]. In fact, despite potatoes being tolerant
regarding pH, this range is optimal for nutrient availability to plants [20]. According to a
study carried out by [10], it was reported that well-drained soils (summit soils) had a lower
electrical conductivity compared to the poorly drained soils (with lower slopes). However,
our data disagree with the ones reported by [10], and it is important to mention that
electrical conductivity is influenced by a combination of physical and chemical properties
(namely soluble salts, clay content, soil water content, and organic matter) [21]. In addition,
it is also important to say that Field B had a higher chance of soil salinization because
the accumulation of salt (in irrigated agricultural soils) can lead to the loss of stands,
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reducing plant growth and yield [21]. Thus, in potato production, it is important to choose
salt-tolerant varieties [22].

5. Conclusions

Through the comparison of the soils of two fields intended for potato production in the
same region of Portugal, it was possible to verify that, despite being geographically close,
they showed different relationships between mineral elements, organic matter content,
and soil electrical conductivity. Additionally, despite Field A showing a lower organic
matter content and the different correlations between mineral elements compared to Field
B, due to the lower electrical conductivity, it presented as a field with greater potential
for potato production. However, it needs to be fertilized with organic matter. Regarding
Field B, it also could be used for potato production; however, it needs a variety of potatoes
with greater tolerance to salt, considering the high electrical conductivity presented in the
soil. In conclusion, both fields may present differences in potato production due to the
differences verified in this study. Additionally, if the correction of organic matter is not
carried out in Field A, apparently, Field B (despite a greater organic matter), due to its
greater electrical conductivity, could lead to a greater loss of productivity.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/IOCAG2022-12184/s1.

Author Contributions: Conceptualization, F.C.L.; methodology, F.C.L.; software, A.R.F.C.; formal
analysis, ARFC., A.CM,, C.CP,LCL. and D.D,; resources, MM.S., M.S., FEH.R,, M.EP, PL,,J.CR,,
PS.C., LPP. and J.N.S.; writing—original draft preparation, A.R.E.C. and EC.L.; writing—review and
editing, A.R.F.C. and F.C.L.; supervision, F.C.L.; project administration, F.C.L.; funding acquisition,
F.C.L. All authors have read and agreed to the published version of the manuscript.

Funding: This work received funding from PDR2020-101-030719 and Fundagao para a Ciéncia e
a Tecnologia, I.P. (FCT), Portugal, through the research units UIDP/04035/2020 (GeoBioTec) and
UIDB/00239/2020 (CEF).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Acknowledgments: The authors are grateful to Louricoop—Cooperativa de Apoio e Servigos do
Concelho da Lourinha—CRL—Portugal for technical assistance in the fields production.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

Benjamin, J.G.; Nielsen, D.C.; Vigil, M.F. Quantifying effects of soil conditions on plant growth and crop production. Geoderma
2003, 116, 137-148. [CrossRef]

Yang, T.; Siddique, K.H.; Liu, K. Cropping systems in agriculture and their impact on soil health—A review. GECCO 2020, 23,
e01118. [CrossRef]

Khan, H.; Acharya, B.; Farooque, A.A.; Abbas, F.; Zaman, Q.U.; Esau, T. Soil and crop variability induced management zones to
optimize potato tuber yield. Appl. Eng. Agric. 2020, 36, 499-510. [CrossRef]

CIP—International Potato Center. Potato Facts and Figures. Available online: https://cipotato.org/crops/potato/potato-facts-
and-figures/ (accessed on 20 November 2021).

Subramanian, N.K.; White, P.J.; Broadley, M.R.; Ramsay, G. The three-dimensional distribution of minerals in potato tubers. Ann.
Bot. 2011, 107, 681-691. [CrossRef] [PubMed]

Vander, P.Z. Soil Fertility Requirements for Potato Production; CIP: Lima, Peru, 1981.

Wood, S.A,; Tirfessa, D.; Baudron, F. Soil organic matter underlies crop nutritional quality and productivity in smallholder
agriculture. Agric. Ecosyst. Environ. 2018, 266, 100-108. [CrossRef]

Minasny, B.; Hong, S.Y.; Hartemink, A.E.; Kim, Y.H.; Kang, S.S. Soil pH increase under paddy in South Korea between 2000 and
2012. Agric. Ecosyst. Environ. 2016, 221, 205-213. [CrossRef]

Chen, S.; Lin, B; Li, Y;; Zhou, S. Spatial and temporal changes of soil properties and soil fertility evaluation in a large grain-
production area of subtropical plain, China. Geoderma 2020, 357, 113937. [CrossRef]


https://www.mdpi.com/article/10.3390/IOCAG2022-12184/s1
https://www.mdpi.com/article/10.3390/IOCAG2022-12184/s1
http://doi.org/10.1016/S0016-7061(03)00098-3
http://doi.org/10.1016/j.gecco.2020.e01118
http://doi.org/10.13031/aea.13949
https://cipotato.org/crops/potato/potato-facts-and-figures/
https://cipotato.org/crops/potato/potato-facts-and-figures/
http://doi.org/10.1093/aob/mcr009
http://www.ncbi.nlm.nih.gov/pubmed/21289026
http://doi.org/10.1016/j.agee.2018.07.025
http://doi.org/10.1016/j.agee.2016.01.042
http://doi.org/10.1016/j.geoderma.2019.113937

Chem. Proc. 2022, 10, 53 70f7

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Clay, D.E.; Chang, ].; Malo, D.D.; Carlson, C.G.; Reese, C.; Clay, S.A.; Ellsbury, M.; Berg, B. Factors influencing spatial variability
of soil apparent electrical conductivity. Commun. Soil Sci. Plant Anal. 2001, 32, 2993-3008. [CrossRef]

Cambouris, A.N.; Nolin, M.C.; Zebarth, B.J.; Laverdiere, M.R. Soil management zones delineated by electrical conductivity to
characterize spatial and temporal variations in potato yield and in soil properties. Am. J. Pot Res 2006, 83, 381-395. [CrossRef]
Hattar, B.I.; Taimeh, A.Y.; Ziadat, EM. Variation in soil chemical properties along toposequences in an arid region of the Levant.
Catena 2010, 83, 34—-45. [CrossRef]

Pelica, J.; Barbosa, S.; Reboredo, F,; Lidon, E; Pessoa, F; Calvao, T. The paradigm of high concentration of metals of natural
or anthropogenic origin in soils-the case of Neves-Corvo mine area (southern Portugal). |. Geochem. Explor. 2018, 186, 12-23.
[CrossRef]

Pessoa, M.E,; Scotti-Campos, P; Pais, I.; Feteiro, A.; Canuto, D.; Sim&es, M.; Pelica, J.; Pataco, I.; Ribeiro, V.; Reboredo, FH.; et al.
Nutritional profile of the Portuguese cabbage (Brassica oleracea L var. costata) and its relationship with the elemental soil analysis.
Emir. . Food Agric. 2016, 28, 381-388. [CrossRef]

Pessoa, C.C.; Lidon, F.C.; Coelho, A.R.E,; Caleiro, ].C.; Marques, A.C.; Luis, I.C.; Kullberg, J.C.; Legoinha, P.; Brito, M.G;
Ramalho, J.C.; et al. Calcium biofortification of Rocha pears, tissues accumulation and physicochemical implications in fresh and
heat-treated fruits. Sci. Hortic. 2021, 277, 109834. [CrossRef]

Manupella, G.; Antunes, M.T.; Pais, J.; Ramalho, M.M.; Rey, J. Noticia Explicativa da Folha 30-A Lourinhd; Departamento de
Geologia—Instituto Geoldgico e Mineiro: Lisboa, Portugal, 1999.

Zbyszewski, G.; Ferreira, O.V,; Manupella, G.; Assuncao, G.T. Carta Geologica de Portugal na escala 1/50,000—Noticia Explicativa da
Folha 30-B Bombarral; Ministério da Economia, Secretaria de Estado da Industria-Direc¢ao-Geral de Minas e Servigos Geologicos—
Servigos Geoldgicos de Portugal: Lisboa, Portugal, 1966.

Decreto-Lei n° 118/2006 de 21 de Junho-O Decreto-Lei n.o 446/91, de 22 de Novembro, Estabelece o Regime Juridico da Utilizacao
Agricola das Lamas de Depuracao e Demais Legislagao Regulamentar, Transpondo para a Ordem Juridica Nacional a Directiva
n.o 1186/278/CE, do Conselho, de 12 de Junho, Relativa a Protecgdo do Ambiente e em Especial dos Solos na Utilizagao Agricola
das Lamas. Available online: https://dre.pt/dre/detalhe/decreto-lei/118-2006-37103 (accessed on 19 November 2021).

IPNI. Soil pH and the Availability of Plant Nutrients. Plant Nutrition TODAY. International Plant Nutrition Institute. Fall 2010,
No. 2. Available online: www.ipni.net (accessed on 20 November 2021).

Muthoni, J. Soil fertility situation in potato producing Kenyan highlands Case of KALRO-Tigoni. Int. ]. Hortic. Sci. 2016, 6, 1-11.
[CrossRef]

Corwin, D.L.; Lesch, S.M. Apparent soil electrical conductivity measurements in agriculture. Comput. Electron. Agric. 2005, 46,
11-43. [CrossRef]

Jaarsma, R.; De Boer, A.H. Salinity tolerance of two potato cultivars (Solanum tuberosum) correlates with differences in vacuolar
transport activity. Front. Plant Sci. 2018, 9, 737. [CrossRef] [PubMed]


http://doi.org/10.1081/CSS-120001102
http://doi.org/10.1007/BF02872015
http://doi.org/10.1016/j.catena.2010.07.002
http://doi.org/10.1016/j.gexplo.2017.11.021
http://doi.org/10.9755/ejfa.2016-04-338
http://doi.org/10.1016/j.scienta.2020.109834
https://dre.pt/dre/detalhe/decreto-lei/118-2006-37103
www.ipni.net
http://doi.org/10.5376/ijh.2016.06.0025
http://doi.org/10.1016/j.compag.2004.10.005
http://doi.org/10.3389/fpls.2018.00737
http://www.ncbi.nlm.nih.gov/pubmed/29922314

	Introduction 
	Materials and Methods 
	Experimental Fields 
	Mineral Content, pH, Organic Matter, and Electrical Conductivity in Soils 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

