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ABSTRACT:. Due to horrific population explosion, that decreases the share of
cultivated area in Egypt, more reclamation land must be situated. The present work aims
to identify land productivity in the west part of Edfu city, Aswan Governorate using
remote sensing and geographic information systems (GIS) techniques. The soils of the
studied area belong to two land productivity classes according to the Riquier Land
Productivity Index (RLPI). These classes are grade lll (average) and grade IV (poor)
representing 71.87 and 28.13% of the total area, respectively. The same soils belong to
two land productivity classes according to the Land Productivity Spatial Model (LPSM)
namely moderate productivity and low productivity representing 77.29 and 22.71% of the
total investigated area, respectively. A significant correlation coefficient was observed
between LPSM and RLPI models. These lands have moderate to very severe limitations
that restrict their use for agriculture sector and require special conservation practices.
These soils have fair to marginal productivity and recommended for producing forage
crops and agro-forestry systems.
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INTRODUCTION Agricultural  productivity can be
The most populous world exists in measured by the Total Productivity
agricultural rural areas of developing Factor (TPF) which is a calculating
countries. Therefore, agriculture sector method that compare between

agricultural inputs and output index
(Fuglie et al., 2007). Land productivity is a
total productivity associated with various
factors such as parent material,
geomorphologic units, climatology
elements, and physio-chemical soil
characteristics, (Deng et al.,, 2011 and
Zhou et al., 2012). The land productivity
can be improved when farmers employ
adopt improved soil environmentally
friendly and management techniques.
Assessment and monitoring of land

remains the main activity to provide
people with their need of food and fibers
(Constanza et al., 1992; Pearce &
Warford, 1993 and Andzo-Bika &
Kamitewoko, 2004). The ancient
cultivated area in Egypt occupied about
4% only from the total area represented
by the Delta and Nile Valley that are the
most suitable areas for sustainable
agriculture. It is one of the oldest
cultivated areas around the world, but is

considered densely populated areas and productivity help in refining agricultural
surrounded by deserts (Zeydan, 2005). practices to maintain soil capacity for
Agricultul’e iS the most important sector food production' fiber and Commodity
in  the  sustainable  development goods (Field, 2017 and Osuji & Henri-
processes in Africa and the whole world Ukoha, 2017).

(World Bank, 2007).
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Land productivity assessment is
usually done directly or indirectly. The
direct methods could be used
experiments under certain climatic
conditions with controlled administrative
practices and conducted in the field or in
greenhouses. Indirect methods depend
on the development models to estimate
land productivity rates. A well-known

valuable and parametrical model was
proposed as evaluation method for
assessing and monitoring land
productivity according to Riquier et al.
(1970). This method provides one
valuable index called land productivity
index (LPI) that derived from saoil
properties related to vegetation.
Repetition that manages our land

resources is critical to the maintenance
of land productivity to contribute
significantly to the economy. It is also
relevant to the livelihood of rural people
(Schartzl and Anderson, 2006; FAO, 2007;
Dengiz & Saglam, 2012 and Baskan et al.,
2017).

The current research aims to assess
the land productivity of Edfu area;
Aswan, Egypt based on land resources,
soil properties using remote sensing and
geographic information system (GIS)
techniques.

MATERIALS AND METHODS
Site description

The study area covers about 702 km?
in the west part of Edfu city, Aswan
governorate between longitudes 32° 35'
39.11" and 32° 49' 45.44" E and latitudes
24° 38' 3.02" and 24° 58' 15.11" N (Fig. 1).
According to Egyptian Meteorological
Authority (2011), the climatic regime is
hot and characterized by normal winter
and very hot arid summer typically called
a desert climate. There is almost no
rainfall during the year (about 1 mm of
precipitation). The average annual
temperature is 26.8 °C in Edfu. The
studied area could be classified as
Hyperthermic temperature regime and
Torric soil moisture regime (Soil Survey
Staff, 2014).

e

32" 100TE I2T20TE

Study Area

32"30r0TE

IZF*A00TE I2"SOOTE

HAPON H00N 500N 100N
i i I i

100N

1 T
IZTI00TE A2 20TE

Legend

E Study area

Fig. (1): Location map of the studied area.
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Digital image processing

Landsat 8 satellite image for the study
area was taken during 2018 and
corrected geometrically. Shuttle Radar
Topography Mission (SRTM) images were
used as the source data for digital
elevation model of the study area (DEM).
Image was draped over DEM to get the
feel of natural three dimensions (3D) then
for identifying and delineating the
landforms of the study area the ENVI 5.1
software was implemented (ITT, 2017).
The geomorphologic, and land
productivity maps of the study area were
layout, annotated, projected and finally
produced using Arc GIS 10.2.2 software
(ESRI, 2014).

Field and

investigations

Field studies and ground proofing’s
were carried out based on the
geomorphological map of the study area.
Morphological descriptions of twenty-
three soil profiles representing different
geomorphological units were carried out
according to Burt (2014). Soil samples
were collected and laboratory analyzed
following the standard methods of Burt
(2014).

laboratory

Riquier
(RLPI)

The Riquier Land Productivity Index
(RLPI) of the various mapping units in the
study area is estimated using the model
produced by Riquier et al. (1970). Soil
depth, organic matter, texture, soluble
salt, soil reaction (pH) of the surface

Land Productivity Index

mineral reserve were used as a multiplied
to outputs of the Riquier Land
Productivity Index (RLPI) as follows:

Riguier Land Productivity Index (RLPI)
= (M/100) x (D/100) x (E/100) x (T/100) x
(S/100) x (0/100) x (C/100) x (R/100) x 100.

Where,
RLPI = Riquier Land Productivity Index
M = Moisture availability

D = Drainage
E = Depth
T = Texture

S = Soluble salt concentration

O = Organic matter

C = Cation exchange capacity

R = Mineral reserves.

Land productivity classes and matching
RLPI rates are shown in Table 1.

RESULTS AND DISCUSSION
Geomorphology of the studied
area

Geomorphologic features could be
identified throughout interpreting
satellite image and DTM which are
considered as advanced techniques. The
basic advantages of satellite image afford
the reality to the ground observation.
Satellite image interpretation and field
study indicated that, the investigated
area includes four main geomorphologic
units and two subunits (five landforms)
as the following: 1) River terraces (with
two subunits i.e. high and low River
terraces); 2) Overflow basin; 3)
Decantation basin; 4) Dry valleys. These
geomorphologic unites are presented in

. i Fig. (2) and Table (2).
layer, cation exchange capacity,
drainage, slope, moisture content, and
Table (1). Land productivity classes and the matching RLPI rates.
No. Productivity Class Symbol RLPI rates
Excellent I 65 - 100
Good Il 35-64
Average i 20-34
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Fig. (2). Geomorphological map and soil profiles locations of the studied area.

Table (2). The geomorphological unit of the studied area.

No. |Geomorphological Unit Code Area (km?)
1 |River terraces ( High and Low) RT 26.013
2 |Overflow basin OB 136.082
3 |Decantation basin DB 504.23
4  Dry valleys DV 35.289
Total 701.62
Soils properties texture varied from gravely sandy loam
The characteristics of soil profiles (GSL), sandy loam (SL), sandy clay loam
representing the studied area are (SCL) to loamy sand (LS). The soil
presented in Table (3). Data in Table (3) reaction changed from slightly to

show that, the study area is almost flat
(the slope ranged between 0.21 to 0.31%)
having deep soil profiles (>140 cm depth)
with well drainage conditions. The soil
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moderately alkaline with pH values
ranging between 7.8 to 8.8. The soil
salinity  (electric  conductivity, EC)
differed from 3.5 to 161.9 dS/m. This is
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might be due to salt accumulation in
profiles and salty groundwater. Organic
Matter content (OM) in these soils varied
from 2.2 to 5.6%, which might refer to
organic residuals and organic matter
manuring. Calcium carbonate (CaCOs,)
and gypsum contents

Table 3
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varied from 10 to 300 and from 2.3t0 68 g
kg-1, respectively (Table 3). Cation
Exchange capacity (CEC) recorded
moderate values of 8.8 to 19.8 cmol./kg
soil. These values refer to a moderate
content of clay and organic materials.
Exchangeable sodium percentage (ESP)
ranged from 14 to 25 indicating sodic
soils (> 15). The soil moisture content
flocculated from 145 to 19.4%. The
investigated area covered by different
minerals derived from basic or

calcareous rocks and Sands, sandy
materials or ironstone as shown in Table
(3).

Land productivity evaluation
Riquier Land Productivity Index
(RLPI)

Riquier et al. (1970) described land
productivity as the primary soil capability
to product amount of crops per hectare
in one year.

According to Riquier et al. (1970) and
NRCS (2007), the results of Riquier Land
Productivity Index of the investigated
area presented in Table (4) and Fig. (3)
showed two Productivity classes namely
average and poor as follows:

Table (4). Riquier Land Productivity Index grades and classes of the studied area.

No. Mapping unit Riquiler:dLezi(ngf;?g%:tivity Grade| Class | Area/km
1 Low River Terraces 10.9 v Poor 2.59
2 High River Terraces 18.219 v Poor 23.43
3 Overflow Basin 17.26 v Poor 136.08
4 Decantation Basin 23.34 Il | Average | 504.23
5 Dry Wadis 17.442 v Poor 35.29
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Fig. (3): Land productivity classes of the studied area.
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Fig. (4): Flowchart of the land Productivity spatial model.

. Average Land Productivity class
(grade IIl) covered an area of about
50422.9 hectares representing 71.87%
of the studied area. These soils are
fairly suited to general agricultural
utilization with some restricted factors
such as slopes; soil depths;
permeability; soil textures; drainage;
flood hazards; or fertility levels. All
these factors might act alone or in
combination.

2- Poor Land Productivity class (grade V)

covered an area of about 19738.49
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hectares representing 28.13% of the
studied area. These soils are
inadequate for agricultural utilization.
They are severely limited in their
agricultural potential because of
shallow soil depths; less permeable
subsoil; steeper slope; or more clayey
or gravelly surface soil textures than
Grade 3 soils. These soils have also
poor drainage; greater flood hazards;
hummocky micro-relief; salinity; or
fair to poor fertility levels. All these
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factors might act alone or in
combination

Land Productivity Spatial Model
(LPSM)

Land productivity spatial model was
examined to determine the land
productivity classes of the studied area.
Identifying land productivity is essential
to preparation a well management plan
for the use of natural resources belongs
to this promising vital region. Soil
properties were subjected to laboratory
analyses and office works then they were
weighted and ranked to identifying land
productivity. This model includes all the
effective soil properties (Fig. 4) that
required for productivity mapping
according to specific criteria (soil depth,

organic matter, texture, soluble salt, soil
reaction, cation exchange capacity,
drainage, slope, moisture content).

The produced productivity map as a
result of implementing land productivity
spatial model recognized two classes,
moderate and low productivity map as
follows:

1. Moderate productivity class
This class occupies an area of about
542.31km? that representing 77.29% of
the studied area (Fig. 5). This area suffers
from some limiting factors that impede
growing some crops. Therefore, it needs
special conservation practices. This area
can be managed with some effort to be
suitable for agricultural utilization.
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Fig. (5): Productivity map based on the spatial model
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2- Low productivity class

This class occupies an area of about
159.31km? that representing 22.71% of
the studied area (Fig. 5). This area has a
very severe limitations that restrict their
use for agriculture propose since its
agriculture productivity is low to
marginal. Therefore, this area might be

served for forage crops and agro-forestry
systems.

A significant correlation coefficient
was observed between the Land
Productivity Spatial Model (LPSM) and
Riguier Land Productivity index (RLPI).
The obtained correlation coefficient for
some soil properties of land productivity
are shown in Table (5) and Fig. (6).

Table (5). Land productivity classes and areas based on the LPSM and RLPI models.

Capability class

LPSM model areas / km? RLPI model areas / km?

Moderate

542.31

Average

Low

Poor

e | PSM

@ RLPI

2
R =0.9996

y=0.8005x+70.085

Noumer of areas

2 3

Fig. (6): Correlation between productivity areas based on the LPSM and RLPI models.

Conclusion

The studied area belongs to two land
productivity classes with Riquier Land
Productivity Index (RLPI), grade |ll
(average) and grade IV (poor)

representing 71.87 and 28.13% of the
total area respectively. Soils belong to
two land productivity classes with Land
Productivity  Spatial Model (LPSM),
moderate productivity and low
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productivity representing 77.29 and
22.71% of the total investigated area
respectively. A significant correlation
was observed between the Land
Productivity Spatial Model (LPSM) and
Riquier Land Productivity Index (RLPI).
These lands have moderate to very
severe limitations that restrict their use
for agriculture sector and require special
conservation practices. These soils have
fair to marginal productivity and
recommended for producing forage
crops and agro-forestry systems.
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Table (3). Soil properties of the studied area.

. Soil
Profile o ) - . ECe pH CEC Gypsum| OM |CaCOj; .

No. Slope %| Depth Drainage Mm;:ure Texture @sim)| (1: 2.5) | cmol./kg ESP gkg-1 % |gkg-1 Minerals reserve

1 0.23 | 150 | Welldrained | 172 | GSL | 1055 | 7.8 16 18 11 35 | 3o | Mineralsderived frr%':kzas'c or calcareous
2 0.29 | 130 | Good drained | 16.9 sL | 206 | 82 16.7 19 | 109 | 36 | 300 | Minerals derived frr%’:kzas'c or calcareous
3 0.25 150 Well drained 18.1 GSL 46.7 8 10.4 14 8.6 2.8 20 Sands, sandy materials or ironstone

4 0.27 | 150 | Well drained | 17.8 SsL 35 8.5 9.9 19 23 | 37 | 10 |Mineralsderived from sands, sandy material

or ironstone

5 0.31 140 | Good drained 14.9 GSL 6.6 8.4 13.9 21 3.9 3.5 20 Sands, sandy materials or ironstone

6 0.3 150 Well drained 19.4 GSL 16.9 8.1 12.4 17 4.8 3.6 10 Sands, sandy materials or ironstone

7 0.26 150 Well drained 19.2 GSL 13.5 8.2 16.6 17 5.1 4.5 20 Sands, sandy materials or ironstone

8 0.25 | 150 | Welldrained | 186 | GSL | 122 | 82 13.6 18 41 | 31 | 40 | Mineralsderived frr%'?kzas'c or calcareous
9 0.21 | 140 | Gooddrained | 184 | GSL | 348 | 81 11.8 21 5 33 | 3o | Mineralsderived frr%':kzas'c or calcareous
10 0.22 | 150 | Welldrained | 149 | GSL | 412 | 81 10.2 18 6.7 27 | s0 | Mineralsderived frr%’:kzas'c or calcareous
11 0.24 | 140 | Gooddrained | 153 | GLS | 67.9 8 9.7 18 | 105 | 2.3 | ao | Minerals derived frr%’:kzas'c or calcareous
12 0.28 | 150 | Welldrained | 152 | GsL | 95 8.8 11.9 19 32 | 24 | so | Minerals derived frr%'?kzas'c or calcareous
13 0.26 150 Well drained 14.6 GSL 15.1 8.1 14.1 20 16.5 5.4 20 Sands, sandy materials or ironstone
14 0.18 | 150 | Welldrained | 163 | GSL | 258 | 83 14 21 | 131 | 39 | 50 | Mineralsderived frr%’:kzas'c or calcareous
15 0.24 | 150 | Welldrained | 165 | GsL | 482 | 7.8 195 17 | 126 | 53 | 70 | Mineralsderived frr%'?kzas'c or calcareous
16 0.24 150 Well drained 16 GSL 109.3 8 115 18 68 45 20 Sands, sandy materials or ironstone
17 0.24 | 150 | Welldrained | 148 | scL | 577 | 7.8 19.8 19 | 184 | 52 | 100 | Minerals derived frr%’:kzas'c or calcareous
18 0.19 | 150 | Well drained | 145 sL | 182 | 81 12.2 20 15 36 | so | Mineralsderived frr%’:kzas'c or calcareous
19 0.21 150 Well drained 17.3 GSL 8.8 8.4 9.9 25 4.8 2.2 10 Sands, sandy materials or ironstone
20 02 | 150 | Welldrained | 176 | scL | 245 | 81 13 17 | 255 | 36 | 9o | Mineralsderived frr%':kzas'c or calcareous
21 0.12 150 Well drained 18.1 GSL | 161.9 7.9 13 19 38.7 5.6 10 Sands, sandy materials or ironstone (M3a)
22 0.14 150 Well drained 18 GLS 54.8 8.4 8.8 18 19.7 3.6 10 Sands, sandy materials or ironstone
23 0.18 150 Well drained 18.6 LS 9.9 8.5 9.9 19 6.5 2.3 10 Sands, sandy materials or ironstone

* GSL = gravely sandy loam, SL=sandy clay loam, SLL= sandy clay loam, LS=loamy sand
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