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SUMMARY

This study was conducted in 2023 in Kafr El-Zayat province soils, east of the Rosetta branch, Gharbia
governorate, located in the middle of the Nile Delta. This area lies between longitudes 30° 40" and 30°
50" E and latitudes 30° 44" and 30° 52" N, with an area of 49662.61 feddans.

The work aimed to get recent information about the geomorphological, pedological, and hydrological
characteristics of the soils of the study area. This included classification and land evaluation of these
soils. To achieve those aims, remote sensing imagery was analyzed, GIS programs were used, and field
surveys were conducted. Accordingly, ground control points and pertaining terrestrial data are examined
to study and assess the changes in land use/land cover between the years 2010 and 2023.

The interpretation of satellite images showed that this area has an Alluvial Plain main geomorphic unit
with eight landform units. These landform units are High Terraces (19.93% of the studied area), Medium
Terraces (30.62%), Low Terraces (21.36%), Overflow Basin (7.31%), Decantation Basin (4.41%),
Meandering belt (4.25%), Depression (4.87%), and Levee (3.30%) besides Water (3.94 %).

Twenty soil profiles were selected representing these landforms. The land and site features were
observed and registered. The soil profiles were dug and morphologically described. The samples were
collected to represent the subsequent layers in each profile for integrated physical and chemical analysis.
Also, some soil characteristics were valued using reflectance of high-spectral and spatial-resolution
images using spectroscopy techniques to develop a new complete procedure for mapping soil features.
Additionally, a spatial model is used to assess the Soil Quality Index.

The integration between RS and GIS technology was used to produce results, and figures as well as
geomorphic, land evaluation spatial model and change detection in land use/land cover maps.

The obtained results could be summarized as follows:

e The overall rate of change detection in land use/land cover across the intervals of 2010, 2015, and 2023
was elevated for urban land and diminished for agricultural and aquatic areas. Between 2010 and 2015,
the agricultural area diminished by 842.51 feddans, while the water area decreased by 2.0 feddans. The
urban area expanded by 844.5 feddans. From 2015 to 2023, the agricultural land diminished by 477.54
feddans. The urban area expanded by 477.54 feddans.

e The soil morphological description indicated that all studied soils have almost flat topography with
deep soil profiles (more than 130 cm). These soils have a brown to dark grayish-brown color. These
soils have almost clay loam to clay texture with moderate medium sub-angular blocky
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structure. They have mostly very hard (dry) and very firm (moist) consistency with very
sticky and plastic status.

All studied soils are moderately alkaline (pH < 8.5), non-saline (EC < 4 ds/m) and non-sodic (ESP <
15%). They are slightly calcareous (CaCO3 < 4%) having very slight gypsum content. Organic matter
(OM) is low and decreases with depth. Cation exchange capacity is mainly correlated with fine
fractions and O.M. contents.

These soils have a moderate content of available macronutrients (N, P, K).

The studied soils were classified according to Soil Survey Staff (2014). The dominant soil moisture
regime is Torric with a Thermic soil temperature regime. All studied soils haven’t any diagnostic sub-
surface horizons. Therefore, they classified up to sub-great group level under Entisols order mainly as
Typic Torriorthents, Vertic Torriorthents, and Typic Torripsamments.

The reflectance spectrum data taken by Vis-NIR (350-2500 nm) are used to detect soil properties
(physical, chemical, and fertility properties) compared to soil analysis methods.

Calibration processes were mainly carried out on 70% of soil samples selected by random method.
Many steps were created, and extreme and outlier values have been taken out for soil properties. Then
data are explored to reduce error before starting prediction. The histogram technique is applied to
evaluate the normality of data sets. This indicated that all parameters in this study follow to extend the
normal distribution. Finally, the calibration process is run using a Stepwise Multiple Linear Regression
(SMLR) equation between the concentration of the given constituent for soil properties and the spectral
response (reflectance, R; absorption) to build the best model.

Calibration of the best combinations provided the best predictive equations that were selected based on
the Stepwise Multiple Linear Regression SMLR equation with the highest correlation coefficient R2
values. The results showed the great potential of spectroscopy technology in the Visible and Near-
Infrared light range (Vis-NIRS) which was obtained using the ASD FieldSpec®3HR device in the
assessment of soil properties. The properties studied in this way included: soil texture (sand, silt, and
clay), chemical properties (pH, EC, CaCOs, gypsum, and ESP), and soil fertility (available N, P & K,
organic matter, and CEC).

The values of Adjusted correlation coefficients (Adj R%) were 0.719, 0.523, 0.858, 0.792. 0.858, 0.733,

0.523, 0.584, 0.701, 0.471, 0.938,0.701 and 0.885 respectively.

The results show that spectral data, especially in the Near-Infrared (NIR) and blue bands, have
promising potential for accurate prediction of key soil characteristics such as cation exchange capacity
(CEC) and potassium, which are essential properties for agricultural soil management. However, more
work is still needed to improve models for the prediction of nitrogen, phosphorus and organic matter,
especially in cases where spectral signatures overlap or are less clear.

These findings underscore the great potential for using spectral technology in precision farming
methods to improve nutrient management and soil fertility assessment.

Results and spatial land capability evaluation maps for the studied area showed that most of the studied
soils (98.57%) have a Good (C2) capability class. The remaining part (1.43%) has a Fair (C3)
capability class.

Quality indicators based on soil physical and chemical and fertility properties according to the

MEDALUS model were used to evaluate the soil quality index as follows:
1- The soil physical quality index indicators included soil texture and soil depth indicators. According to

the data used, it was found that 47.49 % of the soils of the study area have high quality, 31.25% have
moderate quality and 21.25% have low quality.
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2- Soil quality indicators included reaction, salinity, calcium carbonate, gypsum, and exchanged sodium
ratio. According to the data analyzed, 55.16% of the study area has high quality, 38.56% has
moderate quality, and 6.28% has low quality.

3- The indicators of soil fertility quality index comprised organic matter, cation exchange capacity, and
available NPK. The analysis revealed that 39.15% of the study area exhibited high quality, 49.20%
demonstrated moderate quality, and 11.63% displayed low quality.

4- The assessment of soil quality Index (ASQI) indicators included soil physical quality, soil chemical
quality, and soil fertility quality according to the data used, it was found that the high ASQI class
covers an area of 50.78 kmz, representing 24.34% of the total area. The moderate ASQI class occupies
the largest portion, covering 112.96 km? and accounting for 54.15% of the total area. The low ASQI
class represents 44.83 kmz?, accounting for 21.49% of the total area.

e Finally, a spatial model was developed to assess the overall Soil Quality Index resulting from
indicators (physical, chemical, and fertility), where the data were grouped into a raster. Each data set
was categorized into three categories (low, medium, and high scale). The data sets were then weighed
according to their influence on the overall model (more weight = more influence).
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