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A B S T R A C T

Background: The aim of this study was to determine the influence of physico-chemical factors on soil organic
matter by comparing two types of soil improver: one produced from olive mill waste cake residues (CRPM) and
the other from manure (CF). This was achieved using Full Factorial Design, the main objective of which is to
measure precisely the impact of each factor on a given response, to analyze the interactions between the various
factors and to identify the optimum conditions for achieving a specific objective or improving the performance of
a process.
Methods: Four independent factors were studied: pH, electrical conductivity, humidity and carbon/nitrogen (C/
N) ratio. Using design, based on their significance, coefficient of determination, analysis of variance and Pareto
charts, the interactions between these variables were assessed to identify those with the most positive impact on
soil fertility.
Results: The results show that, for CRPM compost, the most positive interaction is between pH and ratio C/N. For
manure, the interaction between pH and moisture has the greatest beneficial effect. These findings underline the
importance of controlling all three factors − pH, moisture and ratio C/N to optimize soil fertility.
Conclusions: The analysis confirmed the reliability of the models used, with p-values below 0.05 and coefficients
of determination (R2 and adjusted R2) close to 1, indicating the robustness of the models. Pareto diagrams were
used to precisely identify the most relevant interactions for improving soil amendment management.

1. Introduction

The preservation and management of soils are of paramount
importance to contemporary societies, as soils represent a natural
resource that is both fragile and non-renewable on a human timescale
(Meraj et al., 2021; Rubio et al., 2024). Given the increasing pressures
from human activities, there is a critical need for rigorous scientific
understanding of soil quality. This requires a thorough clarification of
the concept of soil quality to identify reliable and relevant indicators for
its assessment (Sánchez-Ortiz et al., 2020; Raymond et al., 2020).

Historically, soil quality has been primarily linked to fertility,
defined as the ability of soil to provide a favorable environment for
biomass growth, particularly plants (Alkharabsheh et al., 2021; Maurya
et al., 2020). However, various anthropogenic factors, such as excessive
waste disposal and intensive use of chemical fertilizers, can severely
degrade soil structure and function. Therefore, it is essential to adopt
sustainable alternatives that not only maintain but also enhance soil
fertility while preserving its ecological balance (Asghar et al., 2022; Zilio
et al., 2022).

Among these alternatives, the use of organic amendments offers

* Corresponding author.
E-mail address: imane.mehdaoui@usmba.ac.ma (I. Mehdaoui).

HOSTED BY Contents lists available at ScienceDirect

Journal of King Saud University - Science

journal homepage: www.sciencedirect.com

https://doi.org/10.1016/j.jksus.2024.103471
Received 1 June 2024; Received in revised form 5 September 2024; Accepted 26 September 2024

Journal of King Saud University - Science 36 (2024) 103471 

Available online 30 September 2024 
1018-3647/© 2024 Published by Elsevier B.V. on behalf of King Saud University. This is an open access article under the CC BY-NC-ND license 
( http://creativecommons.org/licenses/by-nc-nd/4.0/ ). 

mailto:imane.mehdaoui@usmba.ac.ma
www.sciencedirect.com/science/journal/10183647
https://www.sciencedirect.com
https://doi.org/10.1016/j.jksus.2024.103471
https://doi.org/10.1016/j.jksus.2024.103471
https://doi.org/10.1016/j.jksus.2024.103471
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jksus.2024.103471&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


numerous potential benefits, including preserving soil organic matter,
maintaining adequate water retention, optimal structure, appropriate
pH, and balanced concentrations of essential nutrients in forms that are
readily available to plants (Furey and Tilman. 2021; Singh et al., 2020).
Recent studies highlight the positive effects of organic amendments on
soil quality, leading to higher and better-quality agricultural yields.

In this context, the aim of this study is to deepen our understanding
of the effects and interactions of organic amendments on soil quality by
analyzing two specific types of compost: one made from olive mill waste
pulp and the other from manure. Through a rigorous statistical
approach, we examine the influence of four independent variables: pH,
moisture, electrical conductivity, and carbon/nitrogen (C/N) ratio on
soil organic matter content, a key factor of fertility.

The overall objective of this study is twofold: first, to identify the
most significant interactions among these variables to optimize the
management of organic amendments; and second, to provide practical
recommendations for enhancing soil fertility while minimizing negative
environmental impacts. By contributing to a better understanding of the
complex mechanisms governing soil quality, this research aims to sup-
port more sustainable and resilient agricultural practices in response to
current ecological challenges.

2. Materials and methods

2.1. Soil provisioning and characterization

Arid soil of the. the soil was provided by the Ain B’tit region in El-
Hajeb. It was characterized by physico-chemical analyses using mea-
surements of pH, electrical conductivity (EC), humidity (%H), dry
matter (%DM), kjeldhal nitrogen (%NTK), organic matter (%OM), total
organic carbon (TOC) and ratio C/N according to AFNOR standards, and
by Horiba Jobin-Yvon Activa model inductively coupled plasma atomic
emission spectrometry (ICP-AES) to identify its mineral load in fertil-
izing elements.

Samples were taken randomly by zigzagging across the field (ISO-
18400-102-2017).

2.2. Organic amendment

The study utilized two types of organic amendments: the first was a
compost made from residues obtained after extracting residual oil from
olive mill waste cake (CRPM), formulated through a mixing plan that
included 56.7 % organic and green household waste, 21.7 % olive mill
waste cake residues, and 21.7 % poultry droppings (Mehdaoui et al.,
2023). The second amendment was manure (CF), which served as a
control. Both amendments were characterized using the same physico-
chemical analyses as those conducted for the soil.

2.3. Full factorial design

In this work, a full factorial design was used to investigate the effect-
interaction of four parameters pH (A), %H (B), C/N (C) and CE(D), on
the organic matter content of a compost based on olive mill waste cake
residues (CRPM), and a manure (CF). This was described by some form
of mathematical equation so that predictions of both models can be
made empirically. In addition, the full factorial design was established
using Design-Expert software and taking into consideration that there is
no secondary constraint on the proportion of components (Oliveira
et al., 2018). Eight experiments for each amendment were suggested
and conducted in random order to account for any randomized hidden
effects (Tables S1 and S2). The boundaries of the mixture components
and the geometric location of the experimental points in the mixing
design are shown in Tables 1 and 2. Once the modeling is complete, the
final stage of the study is optimization, which involves finding the
various important interactions between the different factors that have a
positive or negative effect on the response. The results are illustrated in

Figs. 1 and 2.
In our case, the numerical optimization method was applied using

the desirability function (D). This choice is taken into consideration in
view of the possibility of modifying the weight and importance for both
mixture components, and responses (Candioti et al., 2014).

2.4. Modelling and analysis of the statistical properties of the full factorial
design

The full factorial design was established using the optimal criterion,
and was used to describe the relationship of the responses of interest in
terms of the interactions between the selected factors, according to the
criteria specified in Tables 1 and 2. The various interactions were
detected using Pareto diagrams and interaction figures. The quality of
the CRPM and Manure models was tested using analysis of variance
(ANOVA) with Fischer test (F-value) and probability value (p-value),
and the significance of lack of fit. However, the predictive quality of the
models was checked using the multilinear regression coefficients (R2),
the predicted coefficient (R2predicted) and the adjusted coefficient
(R2adjusted). In addition, the plot of normal and predicted residual values
against normal values was used to assess the distribution and normality
of the residuals.

2.5. Organic matter content

To calculate the organic matter content of soil, several methods exist,
but one of the most commonly used is the Loss on Ignition (LOI) method
(LOI Standard, 2024). This method is based on the mass loss of a soil
sample after combustion, attributed to the organic matter. The steps to
determine the organic matter content using this method are as follows:
First, a representative soil sample (approximately 5–10 g) is collected
and dried in an oven at 105 ◦C for 24 h to remove any free water present
in the soil; then, the dried sample is weighed to obtain the initial weight
(Wsec). Next, the dried sample is placed in a muffle furnace and heated
at a temperature of 400–550 ◦C for 4–6 h, burning the organic matter,
which evaporates as carbon dioxide. After combustion, the sample is
allowed to cool in a desiccator to prevent any moisture absorption, and
then it is weighed again to obtain the final weight (Wcomb). The weight
loss of the sample corresponds to the amount of organic matter that has
been burned, and the organic matter content is calculated as follows:

Organic Matter(%) =
Wsec − Wcomb

Wsec
*100

Table 1
Factors of the full factorial design and its limits for the CRPM.

Factors Name Unity Type Coded Low Coded High

A pH − EI +0 ↔ 0,1 6 ↔ 8,5
B (H) % EI +0 ↔ 0,1 12 ↔ 37
C (C/N) − EI +0 ↔ 0,1 0 ↔ 13
D (CE) mS/cm EI +0 ↔ 0,1 0,6 ↔ 600

Table 2
Factors of the full factorial design and its limits for the manure.

Factors Name Unity Type Coded
Low

Coded
High

A pH − EI +0 ↔ 0,1 6 ↔ 8,5
B Humidity (H) % EI +0 ↔ 0,1 12 ↔ 37
C Ratio C/N (C/N) − EI +0 ↔ 0,1 0 ↔ 13
D Electrical Conductivity

(CE)
mS/
cm

EI +0 ↔ 0,1 0,6 ↔ 900

H: Humidity.
C/N: Ratio C/N.
CE: Electrical Conductivity.
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Fig. 1. Pareto diagram for the CRPM.

Fig. 2. Different interactions for CRPM.
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Where:

• Wsec = Weight of the dried sample (at 105 ◦C).
• Wcomb = Weight of the sample after combustion (at 400–550 ◦C).

3. Results

3.1. Physicochemical characterization of amendments

The physico-chemical characterization of the soil improvers, the
content of fertilizing elements and heavy metals is presented in Table 3.

The results obtained suggest that the compost’s composition in terms
of mineral elements and ratios C/N complies with the standard (NFU44-
051), which aims to ensure that organic soil improvers (such as com-
posts) are safe for the environment and human and animal health, while
being effective in improving soil structure and fertility. However, in
terms of fertilizing elements, the compost is endowed with high doses of
magnesium, potassium, calcium, iron, phosphorus and sodium. On the
other hand, for manure, certain elements are not consistent with the
standard, such as p H (8.57) and organic matter (74.68 %).

3.2. Physicochemical characterization of the soil before amendment

The physicochemical characterization of the soil before amendment,
the content of fertilizing elements and heavy metals are presented in
Tables 4 and 5 respectively.

The soil studied is neutral, rich in calcium, which explains the
absence of brown, yellowish patches on the leaves of the plants. Its
salinity is optimum for salinity-sensitive crops, its pH is neutral, and it
has a low organic matter content, indicating its low fertility.

3.3. Compost model based on olive mill waste cake residues (CRPM)

3.3.1. Pareto chart and interactions
The Pareto diagram and the various interactions obtained using the

CRPM are shown in Figs. 1 and 2.
The Pareto diagram shows that humidity and electrical conductivity

have a positive effect on the soil organic matter content under study, as
does the interaction between pH and ratio C/N. Whereas the pH-
humidity interaction has a negative effect. The interaction diagrams
for all the factors studied agree with the results of the Pareto diagram.

The final equation of the CRPM model is presented in equation (1).

%OM = + 18.62+2.60B+1.83D − 1.51AB+1.48AC (1)

Concerning the validity of the model, the distribution of points in the
model is correct, reflected in the distribution of points around the
straight line in the normal plot (Fig. 3(a)) because it is homogeneous and
the actual values are distributed uniformly from the diagonal in the
predicted plot compared to the actual values (Fig. 3(b)).

The relationship between the selected factors (pH, %H, CE and C/N)
was established via the 3D and 2D response surface plots (Fig. 3). In fact,
the organic matter content may vary according to the type of soil
improver used. In our case, the optimum organic matter content was
24.27 % in the region of 8.5, 37 %, 13 and 600 mS/cm for variables A, B,
C and D respectively.

According to the ANOVA results, the p-value of the model is 0.0176,
i.e. significant. The predicted R2 of 0.7345 and the adjusted R2 (0.9129),
with an R2 coefficient of 0.9627, indicate a good fit of the model to the
experimental data. Furthermore, the P-values of the interaction values
between the factors show that they have a statistically significant effect,
since the value is less than 0.05. Moreover, these interactions show
positive effects for the model by significant coefficients; 18.15 for AB
and 17.55 for AC. Parameter B recorded the highest coefficient, at 54.03,
followed by parameter D at 26.68.

3.4. Manure model

3.4.1. Pareto diagram and interactions
The Pareto diagram and the various interactions obtained using

manure as a soil improver are shown in Figs. 4 and 5.
The Pareto diagram reveals that pH has a positive effect on response,

as does pH-humidity interaction. Whereas humidity, electrical conduc-
tivity and the pH-CE interaction have a negative effect. These results
corroborate those found by the interaction diagrams between all
variables.

The experimental values of the mixing design of the Manure exper-
iments presented in Table 2 were used to adjust his model. Indeed, the
ANOVA of the Manure model presented in the table shows that the
Manure regression is highly significant, with an F-value of 450.76 and a
P-value of 0.0360.

Furthermore, the R2 coefficient of the predicted model is 0.9996,
confirming the correlation and good fit between experimental and
calculated data. This is also evidenced by the difference between the
adjusted R2 (0.9974) and the predicted R2 (0.9763), which is reasonable
given that it is less than 0.2.

The ANOVA analysis for the interaction terms shows that variables C
and D are not significant because the p-values are equal to 0.5972 and
0.1638 respectively (greater than 0.05). On the other hand, all the others
are statically significant, with p-values of 0.0247 and 0.0429 for A and B
respectively.

In addition, the p-values of the interactions between p H and hu-
midity (0.0185) and the interaction between p H and electrical con-
ductivity (0.0255) are also less than 0.05, proving that they are
statistically significant.

Consequently, only the effects of significant terms were considered in
equation (2) in terms of factors determining soil organic matter content
to predict the Manure model

%OM= +15.04+0.9650A − 0.5550B − 0.0275C − 0.1425D+1.29AB
− 0.9375AD

(2)

Table 3
Physicochemical characterization of the two amendments (CRPM and Manure).

Parametres CRPM Manure NFU44-051 Standard (limit
values) (Norme-NFU.44-051.)

H % 38 20 40 % < H<65 %
pH 7,42 8,57 5 < pH<8
% KTN 1,53 2,97 −

OM (%) 42,89 74,68 40 < OM<70
RatioC/N 16,37 12,7 10 < C/N<15
Polyphenols 0,0837 0 −

Mineral elements and
fertilizers (mg/L)

  

P 4,1783 2,39 −

K 15,940 85,460 −

Mg 3,622 3,16 −

Ca 18,868 6,71 −

Fe 3,162 − −

Na 14,571 10,485 −

Se <0.01 − 12
Other mineral elements
(mg/L)

  

As <0.01 − 18
Al 1,744 1,11 −

Cd − 0,085 3
Ni <0.01 − 2
Cr <0.01 0,34 12

EC (μS\cm): Electrical conductivity.
H %: Humidity.
OM %: Organic Matter.
KTN %: kjeldhal Total Nitrogen.
C/N: Carbon- Nitrogen Ratio.
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According to the equation, interactions between AB parameters have a
positive effect, while those between AD have a negative effect on organic
matter, with negative coefficients of 1.29 and − 0.9375, respectively.

In the same vein, the normal residue plot shown in Fig. 1(a) indicates
that the distribution of residue points correctly follows the straight line,
meaning that the distribution is homogeneous (Fig. 6).

Table 4
Physicochemical characterization of soil before amendment.

Parameters pH EC
(μS\cm)

H
(%)

DM
(%)

OM
(%)

MM
(%)

TOC
(%)

KTN
(%)

C/N

Values 8,71 644 14.04 85.96 17.81 82.19 10.33 0 0

Table 5
Soil fertilizer content of soil before amendment.

Elements Al Ca Cu Fe K Mg Mn Na P Zn

Concentration (mg/L) 1.7719 36.211 0.0878 6.3947 2.9159 3.6216 <0.01 14.641 0.2425 0.0374

EC (μS\cm): Electrical conductivity.
H %: Humidity.
DM %: Dry Matter.
MM %: Mineral Matter.
OM %: Organic Matter.
TOC%: Total Organic Carbon
KTN %: kjeldhal Total Nitrogen.
C/N: Carbon- Nitrogen Ratio.

Fig. 3. (a) Normal plot. (b) Predict versus actual plot. (c) Contour plot and (d) 3D surface plot of the effect and interaction of CRPM.
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Furthermore, the significance of the experimental values was veri-
fied by plotting the predicted versus actual graph presented in Fig. 6(b),
which shows that all the values were distributed closely around the di-
agonal line, confirming the accuracy and validity of the predicted
model.

The 2D and 3D response surface curves illustrate the effect of the
chosen parameters on the response. The results show that the percentage
of organic matter reached its maximum (17.81) in the zone containing
8.5 pH, 37 % humidity, 0 ratio C/N and 0.6 m S/cm electrical
conductivity.

4. Discussion

The statistical tools employed in the full factorial design have
revealed that certain factors significantly impact the organic matter
content of the soil in the Ain B’tit region when using compost derived
from olive mill waste cake residues. Specifically, soil moisture, electrical
conductivity, and the interaction between pH and the ratio C/N have
been shown to positively influence the organic matter content. This
suggests that appropriate levels of moisture and conductivity, as well as
a balanced carbon-to-nitrogen ratio, enhance soil enrichment. However,
the interaction between pH and moisture has exhibited a negative effect,
indicating that certain combinations of these variables may limit the

compost’s effectiveness. These findings underscore the importance of
understanding and optimizing these factors and their interactions to
maximize the benefits of compost in improving soil quality. Careful
management of moisture, electrical conductivity, and pH, along with a
thorough analysis of their combined effects, is essential to achieve the
best results in terms of soil organic matter content.

4.1. Positive influence of factors and interactions

4.1.1. Humidity
Humidity is a critical factor in soil fertility, influencing various as-

pects that determine a soil’s ability to support plant growth. Water is
essential for photosynthesis, nutrient transport, and cell hydration, and
soil humidity determines water availability for plants; while dry or arid
conditions can impede growth, well-moistened soil promotes develop-
ment. Additionally, water facilitates the solubilization of nutrients such
as nitrogen, phosphorus, and potassium, allowing plant roots to absorb
these essential elements. Soil microorganisms, including bacteria and
fungi, rely on appropriate humidity for their metabolic activity, and
extreme dryness or wetness can disrupt their functions, affecting soil
fertility. The balance of moisture also impacts soil structure, where
optimal humidity maintains an aerated structure conducive to air and
root circulation, whereas excessive moisture can cause compaction and

Fig. 4. Pareto diagram for manure.

Fig. 5. Different interactions for manure.
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insufficient moisture can lead to cracking and structural degradation.
High humidity can result in soil erosion, which depletes essential nu-
trients and reduces fertility. Conversely, insufficient humidity can lead
to salt accumulation due to evaporation, negatively impacting soil
fertility by impairing the plants’ ability to absorb water and nutrients.
Thus, managing soil humidity is crucial for maintaining optimal soil
conditions and ensuring healthy plant growth.

In summary, soil humidity, is a key factor in fertility, as it affects
water availability, nutrient solubility, microbial activity, soil structure,
erosion and salinity. An appropriate humidity, balance is essential to
support plant growth and maintain soil fertility (Ahmed and Al-Mutairi,
2022; Purwanto and Alam, 2020).

4.1.2. Electrical conductivity
Electrical conductivity (EC) is a crucial indicator of soil fertility as it

reflects soil salinity, which impacts plant growth in various ways. EC
measures the soil’s ability to conduct electricity, influenced by ions such
as sodium (Na+), potassium (K+), calcium (Ca2+), magnesium (Mg2+),
chloride (Cl-), sulfate (SO4

2-), and bicarbonate (HCO3
–). Higher ion con-

centrations result in increased EC, indicating soil salinity. High EC, often
due to excessive salinity, can be detrimental to plants by causing root
damage, disrupting nutrient absorption, and inducing water stress due
to osmotic pressure. Additionally, high EC can affect nutrient avail-
ability, as excessive ions may compete with essential nutrients like ni-
trogen, phosphorus, potassium, and calcium. Therefore, EC is commonly
used to gauge soil fertility, with normal levels indicating adequate
nutrient concentration and low salinity, whereas high EC suggests
salinity issues that need to be managed to enhance soil fertility.

To maintain or improve soil fertility, it is important to monitor
electrical conductivity and take steps to manage salinity if it is too high.
This can include proper irrigation, selection of salt-tolerant plants, soil
amendment to reduce salinity and other appropriate management
practices. Judicious salinity management helps to maintain an optimal
growing environment for plants, thus promoting soil fertility (Boudjabi
and Chenchouni, 2022; Javed et al., 2022).

4.1.3. pH- ratio C/N interaction
The interaction between soil pH and the carbon-to-nitrogen (C/N)

ratio significantly impacts soil fertility. Soil pH affects the availability of
nutrients like nitrogen and phosphorus by influencing the soil’s ability
to release these elements to plants. Similarly, the ratio C/N plays a role
in nitrogen availability by affecting the decomposition of organic mat-
ter, which provides nitrogen. Additionally, the ratio C/N affects mi-
crobial activity, as a balanced ratio promotes efficient decomposition
and nutrient release. Soil pH also influences microbial community
composition, which can further affect the decomposition process and
nutrient availability.

In summary, the interaction between soil pH and ratio C/N is crucial
to understanding soil fertility. An appropriate pH and balanced ratio C/
N promote adequate nutrient availability and efficient microbial activ-
ity, which is essential for plant growth. It is important to adjust these
factors to the specific needs of the crops you wish to grow to optimize
soil fertility (Xu et al., 2020; Xu et al., 2021; Zhou et al., 2020).

Fig. 6. (a) Normal plot. (b) Predict versus actual plot. (c) Contour plot and (d) 3D surface plot of the effect and interaction of CRPM.
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4.2. Negative influence of factors and interactions

4.2.1. pH-humidity interaction
The interaction between soil pH and soil humidity can significantly

impact soil fertility, with effects varying based on soil type, crops grown,
and farming practices. Negative consequences of this interaction include
soil acidification, where excessive humidity in acidic soils can worsen
acidity, reducing the availability of essential nutrients like calcium,
magnesium, and phosphorus, and impairing soil fertility. Acidic, moist
soils can also lead to increased solubility of heavy metals such as lead,
cadmium, and aluminum, which can be toxic to plants. Additionally,
nutrient leaching can occur in highly acidic and moist conditions,
causing the loss of vital nutrients like nitrogen, potassium, and calcium,
and potentially altering soil structure and increasing erosion risk. On the
positive side, increased humidity can sometimes reduce undesirable
elements like ferrous iron and manganese, improving soil quality for
certain crops. Furthermore, consistent humidity can help maintain a
stable soil pH, which benefits plants that require a steady pH for optimal
growth.

Indeed, statistical studies have been carried out on soil quality in the
Araban plain, Turkey, using Principal Component Analysis (PCA), Hi-
erarchical Analytical Process (HAP) and Expert Opinion (EO) to identify
the most effective method for assessing soil quality and recommending
protective practices.

In summary, the interaction between soil pH and soil humidity can
have complex effects on soil fertility. It is essential to take these factors
into account during farm management to ensure that the soil remains
fertile and that crops develop optimally. It is also recommended to carry
out regular soil tests to monitor pH and other soil characteristics, and
adjust management practices accordingly (Silveira and Kohmann, 2020;
Nguemezi et al., 2020).

Notwithstanding, for Manure, the plan obtained showed that its use
has a positive effect on pH, pH-humidity interaction; thus it noted
negative effects on the response studied for the electrical conductivity
factor and pH-CE interaction.

4.2.2. pH
Soil pH, a measure of acidity or alkalinity, has a significant impact on

soil fertility. Proper soil pH is essential for plant growth and nutrient
availability. In general, a neutral soil pH (pH 7) is considered ideal for
most crops, although slight variations are tolerated depending on spe-
cific plant needs.

Soil pH can positively affect fertility in several ways. It influences the
solubility of essential plant nutrients such as nitrogen, phosphorus, and
potassium, making them more available to plants at a neutral pH, which
promotes their growth. Additionally, soil microorganisms like bacteria
and fungi, which are crucial for breaking down organic matter and
transforming nutrients, generally function optimally at near-neutral pH.
This right pH level stimulates microbial activity, aiding in the decom-
position of organic matter and the release of nutrients. Proper pH also
ensures that plant roots can effectively absorb nutrients; an inadequate
pH can hinder nutrient uptake, particularly of trace elements like iron,
manganese, and zinc, leading to deficiencies. Furthermore, appropriate
pH levels help prevent the increased solubility of heavy metals, which
can be toxic to plants and negatively impact their growth.

To optimize soil fertility, it is important to monitor pH and adjust if
necessary. Soil amendment with substances such as lime can be used to
raise the pH (correct acidity), while the addition of organic matter can
help lower the pH (correct alkalinity) in soils that are too basic.
Adjusting soil pH to the specific needs of your crops will enhance their
growth and yield (Butterly et al., 2022).

4.2.3. pH-humidity interaction
The interaction between soil pH and soil humidity can positively

affect soil fertility in dry conditions, though this depends on various
factors. Proper soil humidity helps maintain pH at an optimal level for

plant growth, ensuring that the chemical reactions necessary for
nutrient availability are not impaired. Effective soil management is
crucial to maintaining this optimal pH-humidity interaction. This can
involve adding organic matter to enhance water retention and pH
regulation, as well as using soil amendments to adjust soil pH as needed.

It’s important to note that soil pH and humidity requirements vary
from crop to crop. A soil analysis can help determine the specific re-
quirements for a given crop. In general, maintaining an appropriate soil
pH and adequate humidity can contribute significantly to improving dry
soil fertility and plant growth (Hag Husein et al., 2021; Birhane and
Mehari, 2021).

4.2.4. Electrical conductivity
Electrical conductivity can negatively impact soil fertility and

organic matter content, depending on various factors. It measures the
soil’s ability to conduct electrical current, primarily due to dissolved
ions in the soil water. High electrical conductivity often indicates
excessive soil salinity, with elevated concentrations of soluble ions like
sodium, chloride, sulfate, and carbonate. This excess salinity can disrupt
plants’ water balance and nutrient absorption, leading to osmotic stress
that affects growth and fertility. Additionally, high electrical conduc-
tivity can reduce the availability of essential nutrients such as nitrogen,
phosphorus, and potassium, as excess ions compete with nutrient ions
for uptake by plant roots. Excessive salinity can also deteriorate soil
structure by causing soil particles to aggregate, which reduces soil
porosity and water retention capacity, making it less suitable for plant
growth. Moreover, high electrical conductivity can affect soil organic
matter by impacting microorganisms responsible for its decomposition,
slowing down this process and reducing the soil’s organic matter
content.

In summary, high electrical conductivity due to excessive salinity can
have negative effects on soil fertility by disrupting nutrient uptake by
plants, degrading soil structure, and reducing organic matter content. It
is important to monitor and manage the electrical conductivity of the
soil to maintain its fertility and health. Appropriate management prac-
tices, such as adequate irrigation, drainage, reducing salt inputs, and
adding organic matter, can help minimise the negative effects of elec-
trical conductivity on the soil (Rayne and Aula, 2020).

4.2.5. pH-CE interaction
The interaction between soil pH and electrical conductivity can

significantly influence soil fertility. Inadequate soil pH can reduce the
availability of essential nutrients such as nitrogen, phosphorus, and
potassium, with excessively acidic soils potentially making aluminium
toxic to plants. Similarly, high electrical conductivity, often due to
increased salinity, can affect nutrient availability by causing competi-
tion with saline ions. This elevated conductivity can also lead to ion
toxicity, where an accumulation of saline ions like sodium and chlorine
interferes with plants’ ability to absorb water and nutrients, further
impacting their growth and soil fertility.

To maintain soil fertility, it is essential to monitor and adjust pH and
electrical conductivity according to the specific needs of the crops
grown. This may involve adding organic matter to correct pH or
implementing management practices to reduce soil salinity. Regular soil
tests are useful for assessing these parameters and taking corrective
action if necessary to optimize soil fertility (Khadem et al., 2021).

5. Conclusion

This study has provided valuable insights into the complex in-
teractions affecting the organic matter content of arid Moroccan soils
through the evaluation of two different organic amendments: CRPM
(compost derived from olive mill waste cake residues) and manure. The
findings reveal that each type of amendment interacts differently with
soil properties, a variation that can be attributed to their distinct initial
characteristics and their behavior when integrated into the soil.
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For the CRPM amendment, the analysis identified a positive inter-
action between soil pH and the carbon–nitrogen (C/N) ratio. This sug-
gests that an optimal balance between these two factors can significantly
enhance the retention and effectiveness of organic matter in the soil.
Specifically, maintaining a favorable pH and ratio C/N can improve the
decomposition process and nutrient availability, thereby boosting soil
fertility and supporting plant growth. This interaction highlights the
importance of carefully managing these parameters to maximize the
benefits of CRPM in improving soil quality.

On the other hand, manure exhibited a different set of interactions.
The study found that the most beneficial effect on soil organic matter
content resulted from the interaction between pH and soil moisture. This
indicates that adjusting both pH and moisture levels can create a more
favorable environment for the organic matter in manure to contribute
effectively to soil fertility. Proper management of these factors is crucial
for optimizing the impact of manure and ensuring that its nutrients are
utilized efficiently by plants.

The results emphasize that while controlling optimal doses of the
studied variables is important for stimulating soil fertility, their in-
teractions can produce varying and sometimes opposing effects. This
underscores the necessity of developing comprehensive factorial models
that encompass all relevant interactions. By doing so, researchers and
practitioners can identify the most effective combinations of variables
for enhancing soil fertility and achieving desired agricultural outcomes.

In practical terms, the insights gained from this study are critical for
improving agricultural practices in arid regions like Morocco, where soil
fertility is a key determinant of agricultural productivity. By leveraging
the knowledge of how different amendments and their interactions
affect soil quality, farmers can implement more targeted and effective
soil management strategies. These improvements not only have the
potential to enhance agricultural yields but also to stimulate the coun-
try’s economy by increasing the productivity and sustainability of its
agricultural sector. Therefore, further research should continue to refine
these models and explore additional variables and interactions to sup-
port sustainable agriculture and economic development in arid
environments.
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