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Abstract
Purpose Study the effect of both silt and clay fractions on stabilizing organic carbon and total nitrogen in soils of some old 
cultivated fruit orchards in Sohag, Egypt.
Methods Eleven surface soil samples (0–15 cm) were collected. Silt (63–2 μm) and clay (< 2 μm) fractions were separated 
from soils and analyzed for cation exchange capacity (CEC), organic carbon (OC), total nitrogen (TN), specific surface area 
(SSA), X-ray diffraction (XRD) and Fourier Transform Infrared (FTIR) spectroscopic analysis were determined using the 
standard analysis methods.
Results The silt and clay were responsible for 77.49 to 93.34% of soil CEC. The SSA of clay was twice the silt, and the 
phyllosilicates (%) average was 29.83% and 62.70% in silt and clay. Other minerals, such as quartz, feldspar, and carbonate 
minerals, were detected in these fractions. The phyllosilicate species of clay were smectite-illite mixed layers (44.4–88.9%), 
Smectite (1.0–6.4% except one sample recorded 45.7%), Kaolinite (3.7–10.5%) and kaolinite/smectite mixed layers (2.0–
8.2%). The average OC-silt and clay were 6.79 and 8.96 g OC  kg−1 soil (38.01 and 50.28% of soil OC). On average, the total 
nitrogen (TN) in silt and clay particles was 0.817 and 1.156 g N  kg−1 soil (35.88 and 50.66% of soil TN). The OC and N 
content significantly and positively correlated with CEC, SSA, and phyllosilicates in the fine fractions.
Conclusion Results showed that the soil's capacity to sequester OC and N is affected significantly by its fine particles' con-
tent, characteristics, and mineralogy.
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1 Introduction

Climate, relief, land use, and human activities are some of 
the variables influencing soil organic matter (SOM) content. 
Soil fertility is significantly affected by the chemical, physi-
cal, and biological properties of the organic matter in the 
soil. Organic matter (OM) can increase soil permeability, 
erosion resistance, and water-holding capacity and regulate 
heat release and absorption in soil. Moreover, SOM pro-
vides plants with nutrients and improves soil fertility (Guo 

et al. 2020). The cation exchange capacity (CEC) of soil 
organic matter varies between 150 and 300 cmol (+)  kg−1, 
and its specific surface area is high (up to 800–900  m2  g−1). 
Thus, the soil organic matter is responsible for a large part 
of soil surface CEC. Kumar et al. (2004) noticed a decrease 
in the CEC of soil fractions after removing the SOM with 
 H2O2. The high specific surface and CEC of soil organic 
matter encourage the adsorption of plant macro- and micro-
nutrients, organic substances like pesticides, and heavy 
metal cations (Sparks 2003; Johnston et al. 2009). Moreo-
ver, significant amounts of carbon are also present in soil 
organic matter, which serves as a source of energy for soil 
micro- and macroflora. Soil organic matter contributes sig-
nificantly to the physiological functions of soil and soil col-
loid activity (Gurmu 2019). Increasing soil organic matter 
and organic carbon improves soil properties and quality as 
well as enhances the long-term sustainability of agriculture 
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and crop production (Blanco-Canqui et al. 2013; Prout et al. 
2021; Guillaume et al. 2022).

Soil organic carbon (SOC) is the main component of soil 
organic matter. Since it is generally difficult to directly detect 
soil organic matter (SOM), soil organic carbon is used as a 
measure. So, it can be considered that SOC represents the 
amount of SOM. The total nitrogen content is one of the 
soil fertility indicators. Plants need nitrogen in large quanti-
ties, so nitrogen (N) is considered a limiting factor for plant 
growth. Mainly, nitrogen is derived from soil organic matter 
and the atmosphere (78% N), as this nutrient does not occur 
naturally in minerals or rocks (Poirier et al. 2020). Soil sup-
plies plants with 50% to 80% of their requirements of N 
(Kundu and Ladha 1995). The majority of soil N is added 
through the addition of inorganic fertilizers and organic 
amendments (manure, green manure, and crop residues) to 
the soil, besides other sources such as precipitation, biologi-
cal fixation, and gas adsorption (Wibowo and Kasno 2021).

Organic matter stabilization by the soil matrix is a func-
tion of the mineral fraction's chemical nature and its sur-
faces' capability to adsorb organic materials (Baldock and 
Skjemstad 2000). Clay minerals are significant components 
in sediments and soils, and they are frequently coated with 
natural organic matter to form organic–clay complexes in 
sedimentary and agricultural soil environments (Pan et al. 
2010; Singh et al. 2018). The mechanisms of soil organic 
carbon (SOC) stabilization have received more attention 
because of their relationship with the global carbon cycle 
(Das et al. 2022). The SOC stabilization through the inter-
action with soil minerals slows the SOC breakdown, mini-
mizes greenhouse gases  (CO2 and  CH4) emission from soils 
into the atmosphere and carbon sequestration in soil sys-
tems (Udom et al. 2015; Dhaliwal et al. 2020; Kleber et al. 
2005). The specific surface area (SSA) of soil is the total 
surface area that can be found in a unit mass of soil, and 
it is closely related to other physical and chemical proper-
ties, such as cation exchange capacity, clay content, min-
eralogical composition, OM content, and porosity (Heister 
2014). Due to the varied specific surface areas (SSAs) and 
surface charges of the various minerals in soils, the inter-
action between fine mineral particles and OM is probably 
influenced by the mineralogy of the soil (Churchman et al. 
2020). Among the properties of soil, Wiesmeier et al. (2019) 
found that higher content of fine fractions (silt + clay) with a 
higher specific surface area might have favored SOC sorp-
tion to the soil mineral matrix. Hu et al. (2021) found that 
the soils dominated by 1:1 clay minerals (Kaolinite) showed 
reduced sequestration of organic carbon compared to soils 
dominated by 2:1 clay minerals (illite, montmorillonite, ver-
miculite). According to land use, Hassink and Whitmore 
(1997) found that the organic carbon content in forest and 
grassland soils was higher than in arable soils. Several ways 
exist for organic matter adsorption onto mineral phases 

(Roychand et al. 2010) such as: (1) Organic cations may 
replace exchangeable cations on the surface of clay miner-
als, (2) Hydrogen bonding between polar functional groups 
on organic hydrophobic substances and mineral surfaces, 
(3)Intercalation of organic molecules between the layers of 
expanded clays such as montmorillonite. Also, polyvalent 
cations like  Ca+2 are thought to act as bridges between nega-
tively charged organic groups and negatively charged clay 
surfaces (Rowley et al. 2021; Das et al. 2022).

Furthermore, the saturated clay minerals with multivalent 
cations tend to stay flocculated, decreasing the mineraliza-
tion of organic carbon adsorbed on their surfaces or escap-
ing as globules between clay matrix packets. The organic 
compounds are enclosed in intergranular mesopores of clay 
particles and thus protect against the biological attack of 
decomposer organisms (Bock and Mayer 2000; Feng et al. 
2013; Schlüter et al. 2022). Under very acidic conditions, 
Fe and Al oxides can stabilize SOM significantly (Heck-
man et al. 2018; Wei et al. 2021), and the sorptive capacity 
of these oxides is significantly reduced in near-neutral soil 
environments. Also, Fe and Al may form stable complexes 
with the dissolved organic matter in the acidic soils (Taka-
hashi and Dahlgren 2016; Heckman et al. 2018).

Healthy soil is fundamental for producing crops used for 
feeding humans and livestock. SOC is a primary attribute 
in soil health assessment and generally correlates positively 
with crop yield. The accumulation of SOM through the asso-
ciation with mineral surfaces and the occlusion within soil 
particles produces organo-mineral complexes (OMC). The 
formation of OMC is commonly defined as SOC bound to 
fine fractions (silt and clay). Keeping this in view, this study 
was conducted to investigate the effect of characteristics and 
mineralogy of soil fine fractions on SOC storage in some 
soils located in the Nile floodplain. Although many stud-
ies have been done on the Nile's soils and sediments (for 
example, Faragallah and Essa 2006; Abu Seif and El-Shater 
2010; Abu Seif 2015; El-Shater et al. 2020; Abu Seif et al. 
2022), the point of SOC stabilization in these soils did not 
get its due attention. So, the main objectives of this study 
were: 1- characterization of silt and clay-sized fractions in 
soils collected from some old cultivated fruit orchards in the 
Nile floodplain, Sohag Governorate, Egypt; 2- determining 
the mineralogy of these two fractions and 3- investigating 
the role of these fractions in the stabilizing of organic C and 
total N in these soils.

2  Materials and Methods

2.1  Study area

The studied area included the soils of old fruit orchards located 
in the Nile floodplain, Sohag Governorate, Egypt. According 
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to US Soil Taxonomy (Soil Survey Staff 1996), these soils 
belong to the Entisols soil orders. They are usually sand, silt, 
and clay mixtures, different types of loams (Ghazala et al. 
2018). Sohag Governorate extends between longitudes 31° 
15' and 32° 15' E and latitudes 26° 00' and 27° 00' N (Supple-
mentary material Fig. S1). The northern boundary of Sohag 
is Assiut governorate, and the southern boundary is Qena 
governorate, while it is surrounded from the east and west 
by the two Eocene limestone plateaus of western and eastern 
deserts with variable highs. The alluvial cultivated areas in 
Sohag governorate extend along the sides of the Nile stream. 
Climatologically, Sohag Governorate belongs to Egypt's arid 
belt (Omran 2008), where the summer is long, arid, and hot, 
the winter is short and warm, and the rainfall is rare. Generally, 
the hot season in Sohag lasts for five months, approximately 
from May to September; the average daily maximum tem-
perature is above 35 °C. July is the hottest month of the year, 
with an average maximum of 39 °C and minimum of 26 °C. 
However, the winter season is about three months, starting 
from December to February, with a daily high temperature of 
an average of less than 25 °C. In Sohag, the coldest month is 
January, with an average high of 21° and low of 8 °C (https://
weatherspark.com/).

2.2  Soil sampling and preparation

Eleven surface (0–15 cm) soil samples were collected from 
some fruit orchards located in the Nile floodplain of five dis-
tricts (Al Balyana, Girga, Al Minshah, Akhmim, and Tima) 
in Sohag governorate (Supplementary material Table S1). The 
location map of Sohag governorate was produced using Arc-
GIS 10.4.1 software (ESRI 2016) showing the soil samples 
locations and including geographic (latitude/longitude) grids, 
scale bar, north arrow, and map key (Supplementary material 
Fig. S1). All these selected orchards were cultivated with dif-
ferent types of fruit trees, such as guava, mango, and citrus for 
(15–20) years except for those of Al Balyana and Girga were 
cultivated with banana trees. The irrigation water source for 
these orchards was the Nile River water. The collected soil 
samples were air dried at room temperature, all visible gravels, 
plant materials, leaves, and roots were removed, and then the 
soil samples were crushed using a wooden roller. Then, the 
soil samples were sieved through a 2 mm sieve. The sieved soil 
samples were mixed homogenously and stored for different 
analyses. All the analyses of this study were done in the Labo-
ratories of Soil and Water and Geology Departments, Faculties 
of Agriculture and Science, Sohag University, Sohag, Egypt.

2.3  Determination of physiochemical properties 
(pH,  ECe, %CaCO3, texture, CEC, % OC and % TN) 
of bulk soil samples

Soil pH was measured in a soil-to-water (1:2.5) suspension 
using a pH meter with a glass electrode. The electrical con-
ductivity of soil samples  (ECe) was recorded in the soil paste 
extract with the conductivity meter (Jackson 1973). The cal-
cimeter method was used to estimate the total calcium car-
bonate content (%  CaCO3) in soil samples (Nelson 1982). 
The pipette method was used to determine the particle-size 
distribution of soil samples as described by Rowell (1994). 
The percentages of sand, silt, and clay fractions were cal-
culated and plotted on the soil texture triangle diagram to 
determine the texture grades of these samples (Supplemen-
tary material Fig. S2).

The cation exchange capacity (CEC) of soil samples was 
measured using sodium acetate solution (1 M, pH = 8.2) for 
the saturation step and ammonium acetate solution (1 M, 
pH = 7) for the replacement step, then the replaced sodium 
ions were determined by using a flame photometer (Baruah 
and Barthakur 1997). Organic carbon (OC) (%) in soil sam-
ples was determined using the dichromate oxidation method, 
according to Nelson and Sommers (1996). Total nitrogen 
(TN) (%) was measured in soil samples using the micro-
kjeldahl method (Jackson 1973).

2.4  Mineralogical analysis of soil fine fractions (silt 
and clay)

One hundred grams of each soil sample were treated with 
 H2O2 to remove the organic matter (Moore and Reynolds 
1997), and the dithionite citrate-sodium bicarbonate method 
(Kunze and Dixon 1994) was used for removing of free iron 
oxides. Then the soil suspensions were dispersed using Na-
hexametaphosphate and a vortex mixer for 15 min (Gee and 
Bauder 1994). The sand fraction was separated from soil 
suspensions through a 63-μm sieve, and then each suspen-
sion was transferred into a sedimentation cylinder (1L) and 
stirred carefully using a plunger to achieve complete mixing. 
The silt (63–2 μm) and clay (< 2 μm) factions were collected 
by siphoning from the suspension at the appropriate depth 
and time based on Stoke's law at room temperature and then 
centrifuged (Rowell 1994). The bulk samples of both silt 
and clay fractions were air-dried, ground in an agate mortar, 
and then investigated using X-ray diffraction (XRD). Origin 
(2018) software was used for drawing the XRD charts of the 
bulk samples of both silt and clay fractions (Figs. 1 and 2). 
The peak intensities of XRD were used for semi-quantitative 
estimation of these fractions' mineralogical composition (%) 
(Fig. 3).

Clay was orientated using the glass slide procedure to 
estimate the clay mineral species of clay fraction (Moore and 
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Reynolds 1997). Samples of the clay fraction were saturated 
with K and Mg and then subjected to heating at a tempera-
ture of 550 °C (for the K slides), and ethylene glycolation 

(for the Mg slides) processes (Al-Farraj 2008) and then were 
examined using X-ray diffraction (XRD). Philips X-ray dif-
fraction equipment model PW/1710 with monochromatic, 

Fig. 1  Representative X-ray 
diffractograms showing the bulk 
mineralogy of silt fractions in 
the studied soil samples (from 
sample 1 to sample 11)

Fig. 2  Representative X-ray 
diffractograms showing the bulk 
mineralogy of clay fractions in 
the studied soil samples (from 
sample 1 to sample 11)
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Cu k -a (k = 1.54 Å) radiation at 40 kV, 35 mA was used 
for all XRD investigations. The XRD data were processed 
numerically using the curve decomposition techniques 
described in Lanson (1997) for identification of the minerals 
species of clay fraction samples. This decomposition method 
involves fitting a computed curve to the recorded X-ray pat-
tern corresponding to the sum of Gaussian or Lorentzian 
curves. The user decides initially how many curves (each 
curve corresponds to a clay mineral population) the pro-
gram will have to cope with, and what are the approximate 
position, intensity, and width at half heights (WHH) of each 
curve. After selecting the initial parameters, the program fits 
the proposed curves with the measured pattern and exactly 
gives the values of position, intensity, and WHH. Every dif-
fractogram was decomposed following the methods summa-
rized by Moore and Reynolds (1997) and Barré et al. (2007) 
to estimate the illite and smectite proportions in each phase 
and determine each component's relative proportions using 
peak areas obtained by decomposition methods. The area 

of every curve is proportional to the intensity multiplied by 
WHH. The curve's relative peak area is determined by divid-
ing the peak area by the total of all the peak areas.

2.5  Separation of Fine fractions (Silt and Clay) 
for analysis

Fine fractions (silt and clay) were separated from bulk soil 
samples by mechanical dispersion in distilled water and 
sedimentation without chemical pretreatments. 500 ml of 
distilled water was added to 100 g of air-dried soil sample 
and left overnight. Then the suspensions were mixed with 
a vortex mixer for 15 min. The soil suspension was quan-
titively transferred through a sieve (63 μm) into a 1 L sedi-
mentation cylinder to separate the sand particles above the 
sieve. Then the silt (63–2 μm) and clay (< 2 μm) fractions 
were separated from the cylinders following Stoke's law as 
the procedure mentioned above (Jackson 1979). Siphonation 
and centrifugation were repeated until enough silt and clay 
fractions were obtained.

2.6  Analysis of the separated fine fractions (silt 
and clay)

The separated fine fractions (silt and clay) were analyzed for 
different characteristics as follows:

2.6.1  Organic carbon (OC) and total nitrogen (TN) contents

Organic carbon (OC) (%) and total nitrogen (TN) (%) in 
each of the separated fine fractions (silt and clay) were deter-
mined using the dichromate oxidation method (Nelson and 
Sommers 1996) and micro-kjeldahl method (Jackson 1973), 
respectively.

2.6.2  Cation exchange capacity (CEC) of fine fractions (silt 
and clay)

The cation exchange capacity (CEC) of the separated fine 
fractions (silt and clay) was measured using the previously 
mentioned Baruah and Barthakur (1997) method.

2.6.3  The specific surface area (SSA) of fine fractions (silt 
and clay)

The specific surface area (SSA) of separated silt and clay 
fractions was determined from  N2 gas adsorption–desorption 
isotherms at -196 ̊C using BELSORP max ׀׀ equipment, 
Japan. The samples were initially outgassed at 105 °C for 
12 h under vacuum  (10–4 Torr). BET surface area  (SBET) was 
calculated by Brunauer -Emmett-Teller (BET) equation 
(Brunauer et al. 1938). Also, the total pore volume was 
obtained using a single point method at p/po = 0.993, and the 

a

b

Fig. 3  The bulk mineralogy of silt (a) and clay (b) fractions in the 
studied soil samples (from sample 1 to sample 11) (M = mean, 
SE = standard error of mean, SD = standard deviation)
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mean pore volume was estimated using Barret-Joyner-
Halenda (BJH) method.

2.6.4  Fourier Transform Infrared (FTIR) spectroscopic 
analysis

Fourier Transform Infrared (FTIR) spectroscopic analysis 
of the separated silt and clay fractions was collected with a 
Bruker Alpha Platinum-ATR FTIR spectrometer using KBr 
pellets in the 4000—400  cm−1 wave number region with 
a resolution of 4  cm−1. FTIR charts were drawn by using 
Origin (2018) software (Fig. 4).

2.7  Statistical analysis

The descriptive statistical analysis parameters (Mean, Stand-
ard error of mean (SE), Standard deviation (SD), Coefficient 
of variance (CV), Skewness, and Kurtosis) of data were done 
using SPSS version 22.0 software (IBM Corp. Released 
2013). Also, the Pearson correlation coefficient analysis in 
SPSS version 22.0 software was used to do a bivariate cor-
relation analysis between fine fractions (silt and clay) char-
acteristics. The linear regression techniques in SAS software 
(SAS ver. 9.0, SAS Institute 2002) were used to analyze 
(1) the relationships between organic C content and total 
N content versus the fine fractions content (silt + clay %) in 
bulk soil, (2) the relationships between organic C and total 
N associated with silt fraction versus the silt content (%) in 
bulk soil, and (3) the relationships between C and N associ-
ated with clay fraction versus clay content (%) in bulk soil.

3  Results

3.1  The physiochemical properties of bulk soil 
samples

3.1.1  Soil pH

The pH values indicate that the studied soils are slightly 
alkaline, with an average pH value fluctuating around 8 
(Table 1). Generally, the pH values do not vary significantly 
throughout the studied soils, with some exceptions, such 
as those of Tima and Al Minshah districts (samples 6, 11) 
which exceed 8 (Table 1).

3.1.2  Soil electrical conductivity  (ECe)

Electrical conductivity  (ECe) values of the studied soil sam-
ples ranged between 0.90 and 2.71 dS  m−1, with an average 
value of 1.59 dS  m−1 (Table 1).

3.1.3  Total calcium carbonate content (%  CaCO3) of soil 
samples

The total calcium carbonate percentage of the studied soils 
varied from 3.06 to 7.62% (Table 1).

3.1.4  Soil texture

The data presented in Table 1 show that the clay (aver-
age, 41.61%) and silt (average, 38.69%) fractions are the 
major part of the studied soils with subordinate amounts of 
sand (average, 19.71%). Based on the soil texture triangle 
(Supplementary material Fig. S2), it is clear that the tex-
ture grades of the studied soil samples were classified into 
sandy clay loam, silty clay, silty clay loam, clay loam, and 
clay grades.

3.1.5  Soil CEC

The CEC values of the studied bulk soil samples ranged 
from 31.26 to 56.83 cmol( +)  kg−1 with an average of 43.02 
cmol( +)  kg−1 (Table 1).

3.1.6  Soil organic carbon (OC) and total nitrogen (TN) 
contents

As shown in Table 1, the bulk soil OC contents ranged from 
14.02 to 20.39 g OC  Kg−1 soil with an average of 17.76 g 
OC  kg−1. However, the total N content in bulk soil samples 
ranged from 1.649 to 2.604 g N  kg−1 soil with an average of 
2.280 g N  kg−1 soil (Table 1).

3.2  X‑ray diffraction (XRD) analysis of fine fractions

3.2.1  Bulk mineralogy of silt and clay fractions

The XRD patterns of the silt fractions of the studied soils 
show that the mineral content of these fractions is almost 
the same for all the studied soil samples. From XRD pat-
terns, the silt fractions of these soils are mainly composed 
of feldspars (37.2–50.3%, with an average of 43.64%) and 
phyllosilicates (24.1 to 35.0%, with an average of 29.83%) 
with remarkable amounts of quartz (15.2–20.8%, with an 
average of 18.43%) and calcite (6.5–12.1% with an aver-
age of 8.12%) (Figs. 1, 3). The bulk mineralogy of clay 
fractions, according to their XRD patterns, is composed 
of 53.0–67.6% phyllosilicates with an average of 62.7%, 
feldspars (18.6–34.6% with an average value of 24.04%), in 
addition to small amounts of quartz and calcite (Figs. 2, 3).
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Fig. 4  FTIR spectra of silt (a) 
and clay (b) fractions in the 
studied soil samples (from 
sample 1 to sample 11)

a

b
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3.2.2  Clay mineral species of clay fractions

Qualitative analysis of the clay mineral species of clay frac‑
tions The X-ray diffractograms of the analyzed soils' clay 
fractions reveal that the clay minerals differ remarkably 
from one soil to another (Table 2). Regarding the qualita-
tive identification methods suggested by Brindley (1981), 
Velde (1995), Moore and Reynolds (1997), and Hillier 
(2003) and the curve decomposition procedure of Lanson 
(1997) and mentioned in El-Shater (2013), the minerals 
reflections behavior under conditions (air-dried, ethylene 
glycolation and heating to 550 °C) defined a group of clay 
minerals included by Smectite (Ca- montmorillonite), rich-
smectite (smectite/illite mixed-layers) (S/I sm), rich-illite 
(illite/smectite mixed-layers) (S/I il), poorly crystallized illite 
(PCI), well-crystallized illite (WCI), kaolinite, and kaolinite/
smectite (K/S) mixed layers.

Quantitive analysis of the clay mineral species of clay frac‑
tions The rich-smectite (smectite /illite mixed-layers) (S/
Ism)) was the major clay mineral. It varied from 41.00 to 
88.90% in the clay fractions of the investigated soils except 
one sample from Girga district (sample 4) recorded 1.20% 
S/Ism in its clay fraction. As for rich-illite (illite/smectite 
mixed-layers) (S/Iil), it was found only in the orchard soils 
of the southern districts (Al Balyana, samples1, and 2 and 

Girga, samples 3 and 4), with values ranging between 9.20 
and 43.20%. On the other hand, the Smectite (Ca- montmo-
rillonite) showed a different behavior; where it was recorded 
in high values only in the orchard soils of the Girga dis-
trict, sample 4 (45.70%). It completely disappeared from the 
orchard soils of Al Balyana (sample 1), Girga (sample 5), 
Al Minshah (sample 7), and Tima (samples 10 and 11), and 
it appeared again in small quantities (1.00—6.40%) in each 
of Al Balyana (sample 2) and Girga (sample 3), Al Min-
shah( sample 6) and Akhmim (samples 8, 9) districts. The 
poorly crystallized illite (PCI) was recorded in all the studied 
soils with a minor amount (2.10–10.70%) except for those 
of Girga, Akhmim, and Tima (sample 11). The well-crys-
tallized illite (WCI) was traced in Tima district (sample 10) 
only. The kaolinite and kaolinite/smectite (K/S) are found in 
small amounts (3.70–10.50% and 2.00–8.20%, respectively) 
in all the studied soils.

3.3  Organic carbon (OC) content of fine fractions

The organic carbon (OC) content data of the separated silt 
and clay fractions are presented in Table 3. The concentra-
tion of OC associated with fine fractions ranged from 13.37 
to 22.98 g C  kg−1 fraction for silt and from 18.39 to 30.92 g 
C  kg−1 fraction for clay with the averaged values 17.82 and 
22.45 g C  kg−1 fraction, respectively (Table 3). The OC 

Table 1  The physiochemical properties of bulk soil samples

* ECe = the electrical conductivity of soil paste extract, *CEC = cation exchange capacity
* OC = organic carbon, *TN = total nitrogen, *SE = standard error of mean
* SD = standard deviation, *CV = coefficient of variance (CV = standard deviation × 100/ mean)

Sample No pH
(1:2.5)

*ECe
(dS  m−1)

Total
CaCO3

Sand Silt Clay Soil texture grade *Soil CEC
(cmol( +) 
 Kg−1soil)

*Soil OC
(g  kg−1 soil)

*Soil TN
(g  kg−1 soil)

(%)

1 7.86 1.08 5.36 10.47 40.64 48.87 silty clay 43.00 19.11 2.474
2 7.80 1.04 5.08 5.38 39.00 55.61 clay 52.61 20.39 2.604
3 7.97 2.71 7.62 7.13 21.09 71.81 clay 56.83 18.26 2.517
4 7.82 1.04 4.47 10.82 51.71 37.49 silty clay loam 42.17 17.41 2.387
5 7.73 1.23 5.38 27.72 38.24 34.03 clay loam 43.74 16.56 1.953
6 8.17 2.36 4.63 8.59 37.67 53.72 clay 50.43 17.84 2.213
7 7.67 0.90 6.42 10.40 49.22 40.41 silty clay 39.91 19.11 2.474
8 7.78 2.51 6.26 11.90 46.21 41.93 silty clay 38.48 19.54 2.300
9 7.68 1.84 5.37 13.21 56.75 30.05 silty clay loam 42.52 18.69 2.561
10 7.92 1.08 3.06 56.48 21.49 22.07 sandy clay loam 31.26 14.02 1.649
11 8.20 1.72 3.81 54.71 23.52 21.73 sandy clay loam 32.22 14.44 1.953
Mean 7.87 1.59 5.22 19.71 38.69 41.61 - 43.02 17.76 2.280
*SE 0.05 0.20 0.38 5.63 3.70 4.57 - 2.38 0.61 0.093
*SD 0.18 0.67 1.26 18.66 12.26 15.15 - 7.90 2.04 0.307
*CV 2.28 42.16 24.15 94.68 31.70 36.40 - 18.37 11.46 13.47
Skewness 0.90 0.67 0.18 1.58 -0.29 0.53 - 0.23 -0.89 -1.00
Kurtosis -0.12 -1.28 0.35 1.04 -1.03 0.08 - -0.35 -0.06 0.06
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concentration (g OC  kg−1 fraction) in each fraction (silt or 
clay) was multiplied by this fraction's corresponding dry 
mass to calculate the expression of g OC  kg−1 soil for each 
fraction (Matus et al. 2016) (Table 3). The OC concentration 
associated with fine fractions on a bulk soil basis ranged 
from 3.17 to 10.20 g OC  kg−1 soil for silt and from 5.53 to 
13.80 g OC  kg−1 soil for clay fraction with averaged values 
6.79, 8.96 g OC  kg−1 soil, respectively. As regards the pro-
portion of OC in fine fractions relative to OC in bulk soils, 
results in Table 3 showed that 17.37- 54.57% of bulk soil 
OC content was associated with silt fraction with an average 
of 38.01%, while the OC-associated with clay fraction was 
29.57–75.58% of bulk soils OC with an average of 50.28%.

3.4  Total nitrogen (TN) content of fine fractions

Results in Table 3 illustrate the total nitrogen content of the 
separated fine fractions (silt and clay). The concentration of 
total N associated with silt and clay fractions ranged from 
1.649 to 3.038 g N  kg−1 fraction and from 2.278 to 4.340 g 
N  kg−1 fraction with an average of 2.156 and 2.914 g N 
 kg−1 fraction, respectively. On bulk soil basis, the total N 

associated with silt fraction ranged from 0.398 to 1.293 g N 
 kg−1 soil with an average of 0.817 g N  kg−1 soil; however, 
the total N associated with clay fraction ranged from 0.685 
to 1.776 g N  kg−1 soil with an average of 1.156 g N  kg−1 
soil. On average, 35.88 and 50.66% of total nitrogen in bulk 
soil are associated with silt and clay fractions, respectively 
(Table 3).

3.5  Cation Exchange Capacity (CEC) of fine fractions

Results in Table 4 illustrated that the CEC values of silt 
fractions irregularly fluctuated from 26.35 to 46.61 cmol( +) 
 kg−1 with an average of 34.58 cmol( +)  kg−1 fraction. The 
clay fractions recorded CEC values varied from 51.48 to 
72.52 cmol( +)  kg−1 fraction, averaging 61.59 cmol( +)  kg−1 
fraction. Results in Table 4 showed that the fine fractions 
(silt and clay) made the largest contributions to the soil 
CEC and were collectively responsible for 77.49 to 93.34% 
of the total soil CEC (calculated depending on every frac-
tion's CEC and its percentage in the bulk soil samples) with 
an average of 87.82%. Separately, the contribution of silt 
fraction alone to the total soil CEC ranged from 12.29 to 

Table 2  The clay mineral 
species (%) of the clay fractions 
in the studied soil samples

* I/S sm = rich-smectite (smectite /illite mixed-layers) mineral
* I/S il = rich-illite (illite/ smectite mixed-layers) mineral, *PCI = poorly crystallized illite
* WCI = well crystallized illite. *SE = standard error of mean, *SD = standard deviation
* CV = coefficient of variance (CV = standard deviation × 100/ mean)
* nd = Not detected (due to the absence of some minerals from the samples, which are symbolized by 
dashes)

Sample No Phyllosilicates species (%) of clay fractions

Smectite
(SM)

Mixed-layers
(smectite/ illite)

Illite Kaolinite
(K)

Mixed-
layers 
(kaolinite/ 
smectite)
(K/S)

*S/I sm
*I/S il *PCI *WCI

1 - 41.00 39.90 3.50 - 9.20 6.40
2 4.50 53.40 26.10 2.10 - 10.50 3.40
3 6.40 71.00 9.20 - - 5.80 7.60
4 45.70 1.20 43.20 - - 4.10 5.80
5 - 87.90 - 1.60 - 7.10 3.40
6 2.10 79.90 - 6.20 - 6.50 5.30
7 - 77.90 - 7.80 - 6.10 8.20
8 1.00 74.80 - 10.40 - 8.00 5.80
9 4.40 88.00 - - - 3.70 3.90
10 - 88.90 - - 2.20 4.60 4.30
11 - 83.40 - 5.10 - 9.50 2.00
Mean *nd 67.95 nd nd nd 6.83 5.10
*SE nd 8.07 nd nd nd 0.68 0.57
*SD nd 26.78 nd nd nd 2.27 1.90
*CV nd 39.41 nd nd nd 33.27 37.22
Skewness nd -1.83 nd nd nd 0.21 0.12
Kurtosis nd 3.33 nd nd nd -1.11 -0.69
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40.33%, with an average of 30.66%. At the same time, the 
corresponding values of the clay fraction ranged between 
47.57 and 78.34%, with an average of 57.16% (Table 4).

3.6  The specific surface area (SBET), total pore 
volume, and mean pore diameter of fine 
fractions

Data of the specific surface area  (SBET), total pore volume 
(TPV), and mean pore diameter (MPD) of both silt and 
clay fractions of the studied soils are shown in Table 4. It is 
easily noticeable that silt fraction attains the lower surface 
area  (SBET) (22.967—49.749  m2  g−1) and total pore volume 
(TPV) (0.0590–0.0867  cm3  g−1) values. On the other hand, 
clay fractions have the highest surface area  (SBET) (59.25 
-95.72  m2  g−1) and total pore volume (TPV) (0.1056–0.1389 
 cm3  g−1) values. As for the mean pore diameter (MPD) val-
ues, they were larger in the silt fractions (6.9702–10.268 nm) 
compared to those in the clay fractions (5. 3367–7.9935 nm).

3.7  Fourier Transform Infrared (FTIR) spectroscopy 
analysis of fine fractions

Fourier Transform Infrared (FTIR) spectroscopy analysis is 
a simple and rapid technique. The IR spectrum of clay min-
erals is sensitive to their chemical characteristics and com-
position, isomorphic substitutions, and structural variations. 
So, FTIR spectroscopy is the tool that provides background 
about the composition and structure of clay minerals, as well 
as their interactions with organic or inorganic compounds 
(Johnston 2010; Komadel 2003; Madejova 2003). The IR 
spectra of all silt and clay samples are nearly the same, with 
slight differences between the IR spectra of each of these two 
fractions (Fig. 4 and Table 5). From the IR spectra of these 
two fractions (silt and clay), it can be easy to track the clay 
mineral groups (smectite, kaolinite, and illite) and non-clay 
minerals (feldspars, quartz, and calcite) identified by XRD 
analysis, in addition to the presence of organic functional 
groups, as the following:

Table 5  Main bands of FTIR spectrum of silt and clay fractions in the studied soil samples

Sample No Band  (cm−1)
Silt (63–2 μm)

1 (3696, 3620, 3423, 2924, 2854, 1640, 1546, 1408, 1380, 1031, 914, 786, 756, 693, 691, 533, 467)
2 (3696, 3621, 3424, 2929, 1638, 1418, 1384, 1031, 914, 794, 779, 534, 467)
3 (3697, 3621, 3425, 2929, 2855, 1639, 1444, 1032, 914, 876, 792, 764,693, 632, 534, 467)
4 (3696, 3621, 3425, 2966, 2926 2856, 1639 1427, 1384, 1031, 914, 780, 535, 467)
5 (3697, 3621, 3423, 2924, 1631, 1448, 1426, 1387, 1032, 917, 799, 777, 748, 694, 691, 533, 468)
6 (3697, 3621, 3423, 2933, 1640, 1433, 1031, 914, 875, 781, 535, 467)
7 (3697, 3621, 3427, 2922, 1645, 1630, 1423, 1032, 913, 786, 761, 740, 694, 690, 663, 637, 536,467, 436)
8 (3696, 3620, 3425, 2927, 1639, 1411, 1384, 1030, 914, 780, 535, 467)
9 (3696, 3620, 3425, 2925, 2854, 1640, 1440, 1385, 1098, 1030, 912, 876, 793, 765, 693, 690, 537, 466, 433)
10 (3696, 3620, 3422, 2925, 2855, 1798, 1640, 1430, 1386, 1031, 914, 875, 785, 693, 535, 467)
11 (3697, 3621, 3422, 2959, 2925, 2856, 1639, 1432, 1387, 1032, 914, 875, 784, 693, 534, 467)
Clay (< 2 μm)
1 (3697, 3621, 3427, 2966, 2809, 1780, 1742, 1644, 1566, 1532, 1465, 1434, 1406, 1378, 1342, 1031, 

913,799, 780, 750, 692, 659, 534, 467)
2 (3697, 3621, 3423, 2932, 2857, 1640, 1385, 1031, 913, 797, 753, 693, 535, 467,432)
3 (3697, 3621, 3423, 2928, 2854, 1724, 1639, 1449, 1386, 1032, 913, 875,795 756, 695,533,467,430)
4 (3697, 3621, 3426, 2936, 2857, 1642, 1427, 1387, 1032, 913, 797, 753, 695, 534, 467)
5 (3697, 3621, 3424, 2925, 2854, 1640, 1438, 1384, 1032, 913, 797, 753, 695, 534, 467)
6 (3697, 3621, 3423, 2512, 1800,1642, 1447, 1031, 913, 875, 797, 753, 694, 534, 467, 432)
7 (3697, 3622, 3425, 2927, 2855, 1640, 1429, 1385, 1032, 913, 797, 753, 694, 534, 467, 433)
8 (3697, 3622, 3425, 1640, 1407, 1385, 1032, 913,797 782, 753, 694, 534, 467, 430)
9 (3697, 3621, 3426, 2965, 2925, 2856, 1640, 1435, 1387, 1032, 913, 876, 797, 782, 754, 694, 534, 467, 433)
10 (3696, 3621, 3423, 2927, 2855, 1797, 1640, 1448, 1031, 913, 875, 797, 754, 694, 533, 467)
11 (3696, 3621, 3423, 2927, 2855, 2516, 1798, 1640, 1440, 1031, 913, 875, 797, 754, 694, 533, 467)
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3.7.1  FTIR spectra bands related to clay minerals presence

Results of IR spectra of the investigated silt and clay frac-
tions were illustrated in Fig. 4 and Table 5. The bands at 3615 
to 3622  cm−1 and 911 to 918  cm−1 represent the dioctahedral 
smectites (Tomić et al. 2011) which come from stretching (ν) 
and deformation (δ) vibrations, respectively, of hydroxyls in 
the [Al-Al–OH] structure (Frost et al. 2002). According to 
Khang et al. (2016), Smectite (montmorillonite) minerals' 
IR spectra are identified in the studied fractions by a double 
absorption peak around 3620  cm−1 and 3400  cm−1, a strong 
peak at 1032  cm−1 (Fig. 4 and Table 5). The bands at 3621, 
3421, 912, 799, and 750  cm−1 were assigned to the illite 
mineral (Owino 2016). In the IR spectra, the structure of 
pure Kaolinite exhibits four well-defined (-OH) bands, three 
of them (3652, 3671, and 3694  cm−1) describe the stretching 
vibrations of surface hydroxyl groups, whereas the fourth 
(3620  cm−1) is associated with the vibrations of inner OH 
groups (Djomgoue and Njopwouo 2013; Gates et al. 2017; 
Ritz et al. 2011), the studied silt and clay fractions samples 
showed bands at 3620 and 3697  cm−1. Al-O–H in Kaolin-
ite appears at bands 3694–3697 and 3625–3617  cm−1, and 
H–O-H of Kaolinite or montmorillonite appears at bands 
3423  cm−1 (Lugwisha 2011). In the studied fractions, mont-
morillonite appears at band 3423  cm−1 (El-Habaak et al. 
2018).The shoulder at 3695   cm−1 and the weak band at 
694  cm−1 in the samples propose that kaolinite is present 
(Lugwisha 2011). The absorption bands between 3420 and 
3445  cm−1 may be assigned to the OH vibrational mode of 
the hydroxyl molecule in most of natural hydrous silicates 
(Saikia and Parthasarathy 2010).

3.7.2  FTIR spectra bands related to non‑clay minerals 
presence

The non-clay minerals in the investigated silt and clay frac-
tions were recorded in the FTIR spectra (Fig. 4 and Table 5). 
The bands at 799–795  cm−1 and 777–779  cm−1, 754 and 
690–695  cm−1 are characteristic of quartz (Russell 1987; 
Saikia and Parthasarathy 2010; Sathya et al. 2012). Carbon-
ate minerals represented by calcite appeared at the bands 
1427 to 1433 (Kim et al. 2021) and 875 to 870  cm−1 (Bosch 
Reig et al. 2002; Ravisankar et al. 2010). Feldspar appeared 
at the bands 1090, 1030, 1032, 533, and 466  cm−1 (Jozani-
kohan and Abarghooei 2022). The bands between 1620 and 
1642  cm−1 are attributed to H–O-H (water) bending vibra-
tions (Saikia and Parthasarathy 2010; Sergeeva et al. 2019).
The band centered at 1636  cm−1 was due to the deformation 
mode of physically adsorbed water molecules. This band 
was wide; therefore, it most likely overlapped bands at 1680 
and 1650  cm−1, corresponding to water deformation modes 
consistent with the interlayer cations and water in their 
hydration sphere, respectively (Frost et al. 2002).

3.7.3  FTIR spectra bands related to organic matter 
presence

It was noted that some bands do not belong to any of the 
clay- or non-clay minerals, which may be due to the pres-
ence of organic matter (Fig. 4 and Table 5). The bands at 
2970, 2941  cm−1, and 2885  cm−1 ascribed to the Methyl 
C-H stretch. Ali et al. (2018) indicated that the peaks at 
2935 and 2893  cm−1 belong to the O–H and C-H stretch-
ing vibrations of carboxylic acid, alcohol, or alkene groups. 
The centred bands at 2925, and 2854  cm−1, correspond to 
asymmetric stretching vibrations of  CH3 and  CH2 groups, 
respectively (Kartheek and David 2018). The C = O group 
showed absorption bands at 2511–2516  cm−1 (Pereira et al. 
2017). Based on Piqueras et al. (2020), the C = O stretch 
vibration of acetyl or carboxylic acid (COOH) groups is 
thought to provide distinct broadband in the IR spectra at 
1700–1736  cm−1. A peak around 1745  cm−1 and bands at 
1790–1775  cm−1 defines the carbonyl (C = O) group stretch-
ing (Samargandi et al. 2014; Volkov et al. 2021). Onyiriuka 
(1996) and Mohd-Rus et al. (2009) showed that the peaks 
at 1720–1740  cm−1 are assumed to be formed by aliphatic 
aldehydes. Ali et al. (2018) found that a very definite peak 
at 1662  cm−1, which then shifted to 1639  cm−1, indicated 
the C = O or C = C stretching vibration of acid derivatives 
presence. Also, the carboxylic (-COOH) group gives a peak 
at 1633  cm−1. Regarding the typical spectra charts, the peaks 
at 1640–1690   cm−1 may be formed by C = O stretching 
(Piqueras et al. 2020). Furthermore, bending that appears 
at 1643 and 1639  cm−1 is related to the stretching of C = O 
groups (Syu and Prendergast 1997; Huang et al. 2018). 
Bands at 1532 and 1566   cm−1 related to COO- stretch-
ing (Rumpel et al. 2001), Peaks at 1485–1445  cm−1 refer 
to Methylene C-H (Coates 2000; Nandiyanto et al. 2019). 
Peaks at 1378  cm−1 defined the  CH3 group (symmetrical 
deformation) (Pereira 2017). The aliphatic C-H stretching 
peaks at 1380–1387  cm−1 (Samargandi et al. 2014). While 
peaks at 1390–1380  cm−1 represent a symmetric stretch car-
boxylate (Volkov et al. 2021).

4  Discussion

Soil physiochemical properties are interrelated and affected 
by land use and management activities. Based on soil physi-
ochemical properties determination, the results indicated 
that the studied soils were slightly alkaline, which may be 
related to less leaching of basic cations from these soils 
(Selmy et al. 2022). According to  ECe values and Richards 
(1954) criteria, the very slight or slight salinity in all the 
investigated soil samples may be due to the quality of Nile 
irrigation water, which can remove the soluble salts from the 
root zone in the Nile Valley soils, and the sufficient natural 
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drainage of these soils. Similar results were reported by 
Ragheb et al. (2017) and Abuzaid (2018). The total cal-
cium carbonate (%) results did not show strong differences 
among the studied soils. That could be because  CaCO3 is 
less mobile compared to other salts, i.e., it only moves as 
Ca  (HCO3)2 solution salts to be precipitated again when the 
water has evaporated. These results agreed with the findings 
of Sulieman et al. (2016) in the River Nile terrace soils, 
Assiut Governorate, Egypt. According to Hazelton and Mur-
phy (2016), the examined soil samples had a high cation 
exchange capacity (CEC), which may be due to their fine 
texture, high content of fine particles (% silt + % clay), and 
organic matter. Similar results were obtained by Abuzaid 
(2018) and Abowaly et al. (2023).

Soil organic carbon content (% OC) of the investigated 
soil samples is moderate to high (Hazelton and Murphy 
2016), which could be attributed to the agricultural practices, 
the long age of cultivation, and the presence of clay particles 
which form a resistant clay-humus complex (Selmy et al. 
2022). A positive and significant  (R2 = 0.8500**) linear rela-
tionship between OC content (g OC  kg−1 soil) in the studied 
bulk soil samples and fine particles (silt + clay) percentage 
in these samples was recorded. The total nitrogen content 
(% TN) of the examined soil samples correlated with their 
organic matter content and agriculture activities. According 
to the regression equations and  R2 values (Table 6), there 
was a positive and significant  (R2 = 0.7816**) linear rela-
tionship between soil total N content (g N  kg−1 soil) and 
the fine particles (silt + clay) percentage in soil samples. 
These results agree with the finding reported by Spohn and 
Stendahl (2022) about the organic C and N contents in fine-
textured soils compared with coarse-textured soils.

Fine fractions characteristics may have an important 
effect on the soil's physicochemical reactions and properties. 
The CEC values of the fine fractions (silt and clay) increased 
with particle size decrease. According to the results of cation 
exchange capacity (CEC), it is evident that the fine fractions, 

especially clay, have the major portion in soil CEC, which 
may be related to the high phyllosilicates content of clay 
factions compared to silt ones. Phyllosilicate minerals are 
characterized by their platy structure. They are composed of 
two types of horizontal sheets; one is dominated by silicon 
(silica tetrahedral sheet) and the other by aluminum and/or 
magnesium (alumina octahedral sheet). In the tetrahedral 
sheets, the  Si4+ ions can be substituted by  Al3+ ions; in the 
octahedral sheets, the  Al3+ can be substituted by  Mg2+. This 
process is called "isomorphic substitution," which results in 
net permanent negative charges in the clay layer. These nega-
tive charges may be compensated by the adsorption of posi-
tive cations on phyllosilicate layer surfaces, thus increasing 
the CEC. Similar results were obtained by Van Der Kellen 
et al. (2022). Moreover, the high SSA values of clay frac-
tions in comparison with silt fractions could also be attrib-
uted to their higher content of phyllosilicates. These results 
are in agreement with Castellano et al. (2015) and Schweizer 
et al. (2021).

Based on the results of Pearson correlation coefficient 
(Table 7), this study showed that the CEC of the assessed 
fine fractions positively significantly correlated with SSA 
and phyllosilicates content (r = 0.823** and 0.851**, respec-
tively) (Singh et al. 2018; Xue et al. 2022) and negatively 
significant correlated with non-phyllosilicate minerals 
(feldspars, calcite, and quartz) content of the fine fractions 
(r = -0.761**, -0.512* and -0.890**, respectively). A highly 
significant positive correlation was observed between 
the fine fraction's SSA values and phyllosilicates content 
(r = 0.856**), while the SSA negatively significantly corre-
lated with feldspars, calcite, and quartz contents of the fine 
fraction (r = -0.788**, -0.510* and -0.875**, respectively). 
These findings matched with the results of Das et al. (2022) 
and Yin et al. (2023).

Fine fractions-associated OC is considered one of the 
stable carbon pools in the soil. Results indicated that the 
organic carbon content in clay fractions of all studied soils 

Table 6  The linear regression 
relationships

OC-silt and Total N-silt = organic C and total N associated with silt fraction
OC-clay and Total N-clay = organic C and total N associated with clay fraction
R2 = Coefficient of determination., SE = standard error of the estimate
**  The p values of slope were highly significant (p < 0.001)

Bulk soil

OC content (g  kg−1) in bulk soil = 0.1005(silt + clay %) + 9.688  (R2 = 0.8500**, SE =  ± 0.831)
Total N content (g  kg−1) in bulk soil = 0.0145(silt + clay %) + 1.1125  (R2 = 0.7816**, SE =  ± 0.151)
Silt (63–2 μm) fraction
OC-silt (g  kg−1 soil) = 0.1544 (silt % in bulk soil) + 0.8223  (R2 = 0.8169**, SE =  ± 0.945)
Total N-silt (g  kg−1 soil) = 0.0178 (silt % in bulk soil) + 0.1286  (R2 = 0.7974**, SE =  ± 0.116)
Clay (< 2 μm) fraction
OC-clay (g  kg−1 soil) = 0.1547 (clay % in bulk soil) + 2.5238  (R2 = 0.8830**, SE =  ± 0.899)
Total N-clay (g  kg−1 soil) = 0.019 (clay % in bulk soil) + 0.3671  (R2 = 0.8295**, SE =  ± 0.137)



2539Journal of Soil Science and Plant Nutrition (2023) 23:2525–2544 

1 3

is greater than in the silt fractions. A similar trend was 
observed by Covaleda et al. (2007), who reported that 60, 
30, and 1% of the total soil organic carbon in Acrisols was 
associated with clay, silt, and sand fractions, respectively. 
Regarding the linear relationships, there was a positive and 
significant  (R2 = 0.8169**) linear relationship between OC 
associated with silt fraction (g OC  kg−1 soil) and the silt 
fraction percentage in bulk soil. Also, there was a positive 
and significant  (R2 = 0.8830**) linear relationship between 
OC associated with clay fraction (g OC  kg−1 soil) and the 
clay fraction percentage in the bulk soil. Therefore it seems 
that the soil's capacity to store or protect OC correlates with 
the amount of fine particles. Yang et al. (2016) noticed that 
70–98% of bulk soil's OC was associated with silt + clay 
size fraction.

Pearson correlation coefficient results showed that the 
organic carbon (OC) content of the fine fractions (silt and 
clay) samples had a highly significant positive correlation 
with CEC and phyllosilicates content (%) of the fine frac-
tion with r values of 0.682** and 0.543**, respectively. The 
high CEC promotes the adsorption of the organic com-
pound onto the phyllosilicate surfaces by cation bridging, 
van der Waals interactions, hydrogen bonding, and ligand 
exchange interactions and encourages the organo- mineral 
assemblages (Barré et al. 2014; Hu et al. 2021). Further-
more, there were significant negative correlations between 
the organic C content of fine fractions and the percentages of 
feldspars minerals and quartz in these fractions (r = -0.499* 
and -0.531*, respectively), which may be due to the very low 
surface charges, exchange sites and SSA of these minerals.

According to the linear regression relationships, the rela-
tionship between total N associated with each fine fraction 
(g N  kg−1 soil) and the percentage of that fraction in the 
bulk soil was positive and significant  (R2 = 0.7974** and 

0.8295** for silt and clay, respectively). These results indi-
cate that the soil N content is jointly affected by the presence 
of fine particles (Lu et al. 2023). The total N content aligned 
with the trend of organic C content in all the examined fine 
fractions. According to Pearson correlation coefficient, the 
total N content values of the fine fractions showed signifi-
cant positive correlations with CEC, SSA, phyllosilicates, 
and organic carbon contents of these fractions (r = 0.687**, 
-0.429*, 0.586**, and 0.940**, respectively), and significantly 
negative ones with the fine fractions contents of feldspars 
and quartz with r values of -0.571** and -0.544**, respec-
tively. This similarity confirms that most soil N reserves are 
organic, and the N and C cycles are coupled tightly (Lu et al. 
2021). Because no N-bearing minerals are found in soil, the 
only nitrogen source is the organic matter applied to the soil 
through cultivation activities. Stabilizing organic matter in 
soil improves the N supply for plants.

The content and composition of clay minerals in soils 
greatly affect the restriction of SOC mineralization. As 
regards the clay mineral species of clay fractions, it can be 
noticed that the rich-smectite (smectite /illite mixed-layers) 
mineral is dominant in the clay fractions of the studied soils, 
which may explain the higher OC-associated with clay frac-
tions compared to silt ones in the studied fruit orchards soils. 
The greater ability of smectites and mixed-layer illite/smec-
tite to protect organic matter (OM) may be related to the 
presence of  Ca+2, as interstratified in the structure of smec-
tite and rich-smectite (smectite /illite mixed-layers) mineral 
(S/Ism)) which encourages the binding between the nega-
tively charged surfaces of clay minerals and the negatively 
charged or polarized organic molecules via cation bridging. 
Similar results were stated by Rowley et al. (2018) and Lut-
falla et al. (2019). The high CEC of 2:1 clay minerals like 
smectite enhances the organo-mineral interaction between 

Table 7  Pearson’s correlation 
coefficient between fine 
fractions characteristics

CEC = cation exchange capacity of fraction (cmol( +)  kg−1), SSA = specific surface area  (m2  g−1)
OC and TN = organic C (g OC  kg−1fraction) and total nitrogen (g TN  kg−1fraction) contents
Phyllo. = Phyllosilicates; Feldsp. = Feldspars; Calc. = Calcite; Qua. = Quartz
ns = the correlation is not significant
*  Correlation is significant at the 0.05 level
**  Correlation is significant at the 0.01 level

CEC SSA OC TN Phyllo
(%)

Feldsp.
(%)

Calc. (%) Qua. (%)

CEC
SSA 0.823**

OC 0.682** 0.421 ns
TN 0.687** 0.429* 0.940**

Phyllo. (%) 0.851** 0.856** 0.543** 0.586**

Feldsp. (%) -0.761** -0.788** -0.499* -0.571** -0.970**

Calc. (%) -0.512* -0.510* -0.383 ns -0.294 ns -0.535* 0.412 ns
Qua. (%) -0.890** -0.875** -0.531* -0.544** -0.926** 0.817** 0.513*
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the organic C and this type of minerals and increases the 
adsorption of the organic molecules on the surfaces of these 
minerals (Matus et al. 2016; Sarkar et al. 2018). The spe-
cific surface area of smectite > illite > kaolinite (Singh et al. 
2018). Smectite and rich-smectite (smectite/illite mixed-lay-
ers) minerals could absorb more OM since they have a high 
specific surface area (Lutfalla et al. 2019; Schweizer et al. 
2019). Moreover, since the smectites are expanded minerals, 
the organic cations and molecules can be adsorbed on these 
minerals' charged external and internal surfaces (Church-
man et al. 2020). These factors can explain the assessed clay 
fractions' higher organic C and N contents. Unlike smec-
tites,  K+ ions compensate most of the negative charges of 
illite surfaces;  K+ ions are less effective as bridges between 
mineral surfaces and organic molecules because they are 
monovalent, have a lower charge: radius ratio, and have a 
lower charge (Lutfalla et al. 2019). The investigated clay 
fractions contained a significant amount of kaolinite and 
kaolinite/ smectite mixed layers minerals which encouraged 
the organic carbon association with clay particles. This is 
in line with Wang et al. (2018) who reported a direct cor-
relation between the aromaticity of humic substances and 
their adsorption affinity onto kaolin clay. The capacity of 
clay minerals to stabilize the organic C follows the order 
of Smectite > illite > kaolinite (Hu et al. 2021). Saidy et al. 
(2012) studied the effect of clay mineralogy on the miner-
alization rate of organic carbon and observed that this rate 
was lower in the presence of the illitic or smectitic clays 
than in kaolinitic clays. Ngole and Ekosse (2009) found 
similar results in Vertisols dominated by smectitic mineral 
clay compared to soils dominated by Kaolinite, feldspars, 
and quartz. El-sayed et al. (2019) found that montmorillon-
ite prefers to adsorb the aliphatic fractions of humic acid. 
Ghosh et al. (2009) also observed a tendency of peat humic 
acid's polymethylene groups to adsorb on kaolinite, whereas 
more aromatic compounds were adsorbed on montmorillon-
ite. Also, Zhang et al. (2012) suggested that on Kaolinite and 
Smectite, more humic acid was adsorbed than fulvic acid, 
but more fulvic acid than humic acid was adsorbed onto 
vermiculite. Thus, the dominant clay mineral species greatly 
affect the formation of organo-mineral complexes in the soil.

5  Conclusion

The studies on the organic carbon storage potential of Nile 
floodplain soils in Egypt are essential for obtaining base-
line information on the existing soil organic carbon (SOC) 
stocks, as these soils represent the major part of Egypt's agri-
cultural land area. The soils of old cultivated fruit orchards 
in the Nile floodplains of Sohag, Egypt were chosen for this 
study because, as would be expected, they have a signifi-
cant level of organic matter. This study assumed that the 

characteristics and mineralogy of soil fine mineral particles 
can affect the organic C and N sequestration in soil. A vari-
ation in the organic matter content in the investigated soils 
was found, and the majority of soil organic carbon (about 
89%, as mean) was associated with silt and clay-sized par-
ticles. Silt and clay fractions stored about 87% (as mean) of 
the soil's total nitrogen content. The results confirmed that 
the fine fraction content of organic C and N highly signifi-
cantly correlated with their physiochemical characteristics 
and mineralogical composition. The organic matter associa-
tion with fine particles (clay and silt) is considered one of the 
essential aspects in its physical protection against biological 
and chemical decomposition in the soil and thus improv-
ing soil health and sustainability. Therefore, considering 
the insufficient knowledge and few studies, we recommend 
doing more studies on the impact of soil fractions and soil 
clay minerals on organic carbon (OC) sequestration and the 
OC pools turnover in Nile floodplains soils of Egypt.
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