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Abstract
The quality of agricultural soils is a critical factor for the environmental and socio-economic
sustainability of a rural region [1]. Few studies about the quality of agricultural soils of Mozambique
could be found in literature [2-4]. Five samples soils from agricultural farms of Manica province, two
of Manica and three of Sussundenga district, were collected by random sampling (Figure 1). The
random sampling was done in a zigzag manner collecting for each soil by three times during four
years from 2021 to 2024. Five soils in each sampling time with a total of fifteen samples were
collected [5].
Twenty-seven physical-chemical parameters were analyzed for all the fifteen samples: extractable
ions (K, Mg, Ca, Fe, Mg, Zn, Cu and B), exchangeable ions (Na, K, Ca, Mg and Al), cation exchange
capacity (CEC), fertility properties of soils (total limestone, active limestone, pHH20, pHKCI,
extractable P, organic carbon, organic matter, N total, N nitrate, conductivity) and texture (sand, clay
and slit) [5].
A multivariate analysis design was used to classify the soil samples under research. Cluster analysis
(supervised hierarchical and non-supervised K means) was performed in order to evaluate the
similitude of the soil samples and the statistically significant variables that contribute to the variability
of the model. Also, a non-supervised two-step cluster and discriminant analysis were performed in
order to further explore the results of the initial cluster analysis [6,8]. In this multivariate analysis the
variables extractable B, exchangeable Al and active and total limestone were not considered for the
analysis, and not presented in Table 1, due to the fact that the values found for all the soils were
unchanged and are below the limit of detection of the analytical methodology used.
The non-standardized supervised hierarchical cluster analysis for the five samples at each sampling
time resulted in a two-cluster model and for the all the fifteen soil samples along the time a three-
cluster model. By a non-hierarchical K means cluster analysis the more stable model, for the five
samples at each sampling time, was found with the two clusters model and, for all the fifteen
samples along the time, was found for the three-cluster model. The two-step cluster analysis
confirmed these previous results. The more and the less important predictor found for each of the
five samples for the three sampling times is not the same. For all the fifteen samples the more
important predictor found with is the extractable K and the less important predictor is the N nitrate.
The discriminant analysis confirms the previous cluster models for the five samples at each sampling
time and for all the fifteen samples along the time.
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A2 to 3 clusters model seems to be the right model in order to evaluate the 5 samples for each
sampling time.

Through the time, an initially two cluster model for the first time sampling (2021/2022), evolves
for a 3 cluster model for the last sampling time (2023/2024).

Only for the first sampling time (2021/2022) the two soils of Manica district are found in a same
cluster and the three soils of Sussundenga district are found in a same different cluster.

Dencrogram using between groups.linkage method ‘Dendrogram using Ward's method

Figure 3 - Dendograms obtained in the supervised hierarchical cluster analysis of the 15 samples with the 3 sampling times using
between group-linkage and Ward's methods.

‘Table 3~ Clusters and respectively composition found in the supervised
hierarchical cluster analysis of the 15 samples with the three sampling times.
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VA different number of clusters of 5, obtained by non standardized between groups-linkage
method, and of 4, obtained by non standardized Ward's method, were found by each of the
methods.

v A4 cluster model seems to be the right model in order to evaluate the 15 samples with the 3
sampling times.

v The same clusters were found for the 3 soils of Sussundenga district for the 3 sampling times
and different clusters were found for the 2 soils of Manica district for the 3 sampling times .

v The soils of Manica that are found in a different cluster are the soils obtained in the first
sampling time (MYY1, M2Y1) and both are found in the same cluster.

K means supervised cluster analysis

Two step supervised cluster analysis
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step cluster analysis of the 15 samples with the 3 sampling

By supervised two step cluster analysis were obtained already a successful analysis with a 2
cluster model for the 5 samples for each of the 3 sampling times.

V' By supervised two step cluster analysis was obtained a successful analysis with a 4 cluster
model for all the 15 samples at the 3 sampling times.

V' By supervised K means and two step cluster analysis the variables that contribute more for the
4 cluster model are are the Percentage of sand, clay and silt; Exchangeable Ca and Mg;
Micronutrient Mn; Exchangeable Na, Ca, Mg and K and C|

Discriminant analysis with 3 clusters
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v By the analysis of the discriminant plots found by discriminant analysis with 3 clusters, and
attending to the centroids of the clusters, was obtained for the first sampling time (2021/2022)
3 well separate agglomerates and for the second (2022/2023) and third sampling times
(2023/2024) 2 agglomerates respectively are overlapping and in the otherare very close
(clusters 1 and 2).

v By the analysis of statistical texts found by discriminant analysis with 2 clusters the 5
discriminant variables, with a lower Wilk’s lambda, higher F and lowest significance value, are
common to the 3 sampling times: Extractable Mg, Extractable Ca, Exchangeable Ca,
Exchangeable Mg and CEC. Beside this 4 discriminant variables are common to the last 2
sampling times (2022/2023, 2023/2024): Exchangeable Na, Percentage of clay, sand and silt.

Discriminant analysis with 4 clusters

[Gracabiex (20, mejy |
Eoractale
[enctabe o me/s—}
[hcconiente.ma/is |
[ironurient . me/z_|
[ Micronuuiersn.ma/iz |
[btcronuient . ma/is |
[Exchangesiena. cmal- /i
Exchangoble s cmoli]
oo v
T TE—
—TE—
[ oganiccarbon) |
[ ouganicarier )}

o 2
ST o ¥ Figure 4 - Discriminant plot for 4 clusters ofthe 15 samples with the 3

T S

‘Table 6 - Average and standard deviation of the 15 soils with the 3 sampling
Soil samples observed by discriminant analysis.
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v By the discriminant plot obtained by discriminant analysis with 4 clusters, and attending to the
cluster centroid, the clusters 1, 2 and 4 are close to each other and the cluster 3 (M1Y1, M1Y3)
is isolated and far from the other three soils. The greatest dispersion of the centroid of the soils
is found for the cluster 2 with 2 sub-clusters.

By the analysis of statistical texts the first 10 discriminant variables, with a lower Wilk's lambda,
higher F and lowest significance value, are by order the Extractable Mg, Exchangeable Mg, CEC,
Percentage of clay, Micronutrient Mn, Percentage of sand, Exchangeable Ca, Extractable Ca,
Exchangeable K and Exchangeable Na beside some 4 more discriminant variables.

Attending to the average and standard deviation of each variables in the 4 clusters the
Extractable Ca have the highest average with also a higher standard deviation and the
Exchangeable Na have the lowest average with a low standard deviation.
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Extractable and Exchangeable Mg and Ca and the Cation Exchange Capacity (CEC).

M1Y3; M2Y1 and M2Y3 have the same physical-chemical characteristics. Both soils with a similar behaviour along the time are in the
same geographical area.
For the soils of Sussundenga district the multivariate analysis along the time of their physical-chemical characteristics allows to
conclude that the each of the 3 soils keep the same physical-chemical characteristics. The second and third soils in the same

geographical area have the same physical-chemical characteristics and the first soil in a different geographic area have different
physical-chemical characteristics.
The second soil of Manica in the last 2 sampling times have similar physical-chemical characteristics to the first soil of Sussedunga.

Generally at the same sampling time and along the time the main physical-chemical characteristics that define the kind of soils are the




