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ABSTRACT

Twenty six soil profiles represent the different soils of North
Nile Delta were chosen for this study. The dommonant soil were
nonsaline soils followed by saline, moderately and strongly saline
according to Soil Survey Staff, (1993). Data obtained indicated that
soils of the studied area had no diagnostic horizon or pedogenic
process except the slickenside feature. Wherease, soil had not calcic
or gypsic or salic horigons, due to their low contentt of both calaum
carbonate, gypsum and solube salts, respectively. Therefore they
were classified as Entisol and Vertisol soil orders according to Soil
Survey Staff System, (1998). Therefore the dommonant soil taxa
was Typic Haplotorrerts which was occurred in the most studied
area followed by Typic Torrifluvents and Vertic Torrifluvents, then
the Typic Torripsamments According to Sys and Verhey’s method
of land evaluation (1978), all soils of the studied area could be
classified as suitable for agriculture (S) including the classes:
moderately suitable highly and marginal suitable. The dommont
soils were moderately suitable (S,), wherease, both highly suitable
(S1) and marginally suitable (S3) were as a minor areas according to
Sys and Verhey (1979). The limitation factors for agirctulture wewe
soil texture, soil salinity and soil depth.
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INTRODUCTION

The objective of Soil Taxonomy is to have hierarchies of classes that
permit us to understand, as fully as existing knowledge permits, the
relationships between soils and also factors responsible for their character, Soil
Taxonomy (1975).

Erain (1981) and Omar (1999) classified some soils of North Delta to
fluvents, psamments and Haplotorrerts.

Sys (1979a) stated that land evaluation is a concept describes the
interpretation process of the principle inventories belong to soil characteristics,
vegetation cover, environmental conditions, climatic status and many other
aspects related to the land to identify the best land use. He added that the
objective of land evaluation is to select the optimum land use for each defined
land unit, taking both physical and socio —economic considerations. Nasr El-
Din (2001) classified the soils of Kafr-El-Sheik into three capability classes;
excellent (1), good (1) and fair (I11) and showed that most of the studied soils
are on class (I1).

With the principle of land evaluation, the suitability for a given land
utilization type in a particular area is based on a limiting factor. Current
suitability means the present condition of soil in a certain area with minor
improvement, while “potential suitability” refers to soil conditions after using
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major improvements. Then matching is simply the process in which the land
quality is compared to the land utilization type (LUT) requirements expressed
in terms of ratings.

Omar, (1999) evaluated soils of North Delta as suitable soils (S)
including highly suitable (S;) moderately suitable (S;) and marginally suitable

(S3).

The present work aims to classify the soils of North Delta according to
the USDA Soil Survey Staff System (1998) in addition to their evaluation for
agriculture use on basis of Sys and Verhey’s method

MATERIAL AND METHODS

Twenty six soil profiles representing the different soils of north Nile
Delta (map 1) were described in the field and sampled according to Soil Survey
Staff System, (1993). The studied area is located between Rosetta branch in the
west and Dometta branch in the east and north of Monofia Governorate.
Collected soil samples were analyzed for particle size distribution, soil pH,
soluble ions, calcium carbonate and gypsum contents and electrical
conductivity (ECe) according to Page (1982). Soil Taxonomy was performed
according to the Soil Survey Staff System, (1998). Land evaluation was done
following the Sys and Verhey method (1978). The limitation factors were
topography (t), soil texture (s1), calcium carbonate (s;) and gypsum contents
(s3), soil depth (s4) and soil salinity and alkalinity (n). Suitability indices were
calculated as (Ci). The soil was classified in orders suitable (S) when Ci was >
25 and non suitable when Ci < 25. The order (S) was classified into three
classes according the values of Ci between 25 to 100. high suitable (S;) when
Ci > 75, moderately suitable (S;), when Ci =50-75 , and marginally suitable (S3)
when Ci =25-50

RESULTS AND DISCUSSION

Soil Taxonomy is considered as a key to know both the physical and
chemical characteristics of the studied soil. The studied area have four
geomorphic features; Alluvial plain, Fluvio marine plain, Costal plain and
Levee, (map 1). The studied soil profiles Nos. 2, 3, 4, 6, 9, 12, 15, 16, 18, 20,
and 21 were non saline according to Soil Survey Staff, (1993). The saline soils
were occured in the studied soils Nos. 1, 8, 10, and 17. Wherease, the
moderately saline were in the studied soils Nos. 25 and 26. The strongly saline
was in the subsurface horizon of the studied soil No. 14, Table No.3. According
to Soil Survey Staff, (1998), the studied soils of North Nile Delta were
classified as Vertisol and Entisol orders. There were no genetic horizons due to
the absence of the soil geneses processes except the slickensides process, which
need a short time to be performed (Wilding, 1995).

The absence of genetic horizons such as salic, gypsic and calcic horizons in
the studied North Delta soil was observed through field description, physical
and chemical analysis. ECe values were lower than 30 dS/m, gypsic contents
lower than 5% and CaCOg3 lower than 15% as shown in (tables 1,2 and 3
respectively). The absence of genetic soil horizons indicates that the studied
soils were undeveloped soils. This undevelopment of soils was related to the
flood process of the Nile river and the yearly deposition system which did not
stop except after the construction of High Dam. Therefore, this studied soils
were classified to undeveloped soil orders of Entisols and suborder
Haplotorrerts of the Vertisols order, which are called as baby soils due to their
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undevelopment. Most of the studied soils were classified into Typic
Haplotorrerts constituted 82.4% of the whole studied area. These soils have a
wide cracks more than 5cm in width and up to 50 cm depth from the soil
surface, clay content in clayey soil texture, ranged from 42.0% to 59.4% at Css
horizon, soil profile No. 26 table (2) and have slickensides more than 25cm, as
shown in tables 1 and 2. Their mineralogical composion is dominated by
montmorllonite mineral according to Omar (1999). Therefore its family taxa
level is Clayey; montmorillonitic; thermic Typic Haplotorrerts, and represented
by soil profiles Nos. 1,4,5,6,7,8,9,13,14,17,18,19,20,22,23,24 25 and 26 table

(4) and map (2). The order of Entisols constitute 17.6% the studied area and

included both suborder levels of fluvents and psamments table (4), as

following:

1- Coarse loamy; montmorillonitic; Typic Torriorthents, soils represented
by the studied soil profiles Nos. 2 and 15. They are dominated by loamy
to sandy loam soil texture.

2- Fine loamy; montmorillonitic; thermic Typic Torritorrert, soils
represented by the studied soil profiles Nos. 3, 11, and 21. They are
dominated by clay loam soil texture.

3- Clayey; montmorllonitic; thermic; Vertic Torriflvents. They have clayey
soil texture, cracks on the soil surface and few slickensides not qualified
to be Vertisols. They were represented by the studied soil profiles
Nos.10 and 16, tables (4) and map (2); the soil taxonomy of the studied
area.

4- Sandy slicious, thermic, Typic Torripsamments. It had sandy texture,
represented by the studied soil profile No. 12

Land evaluation of the studied area:

Using Sys and Verhey’s method of land evaluation (1978), all the studied
area of North Nile Delta was classified as suitable order (S) for agricultural use,
and included the following classes:

1- Highly suitable (S;); without limitation factors for agriculture and constitute
35.1% of the studied area as shown in table 5 and map (3); the land
evaluation map of the studied area and represented by the studied soil
profiles Nos. 2, 3,10,16,18,20,21,and 23.

2- Moderately suitable (S;); with some limitation factors for agriculture
constituted 57.3% of the studied area. The limitation factors were soil
texture, relatively high content of salts and calcium carbonate contents.
Therefore, the subclass of this class were s;: soil texture, s,: soil salinity and
Ss: calcium carbonate contents, and represented by the studied soil profiles
Nos. 1,4,5,6,7,8,9, 11, 12, 14, 15, 17, 19, 22 and 24.

3- Moderately suitable (S3); had some moderate limitation factors and /or one
severe limitation that does not exclude the use of the land for agriculture.
The limitation factor was soil texture in part of area, soil salinity and ss: soil
depth. These soils included 7.6% of the all studied area, and represented by
the studied soil profiles Nos. 25 and 26.

Both the moderate limitation factors and severe limitation factors can be
improved, therefore all the studied area of North Delta could be improved to
highly suitable soils in the future.
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No. | Horizon | Depth Color Texture | Structure Common features Boundry| Soil Taxonomy
A 0-20 | 10YR3/4 Clay wg Soft lime, mottles gs Typic
1 Cs 20-50 | 10YR3/2 Clay wg stong slickensides gs Haplotorrerts
Css, | 50-100 | 10YR3/2 Clay abl stong slickensides gs
C 100-150| 10YR3/2 Clay f sub few shells
A 0-25 | 10YR3/2 Clay wg - gs Typic
’ Cy 25-60 | 10YR3/2 |[Sandy loam| massive - gs Torrifluvents
C, 60-110 | 10YR3/2 |Sandy loam| massive - gs
C; |110-150| 10YR4/3 | loamy massive - gs
A 0-25 | 10YR3/2 Clay wifsub - gw Typic
3 C: 25-55 | 10YR4/3 | loamy massive - gs Torrifluvents
C, 35-85 | 10YR3/3 | Clay loam | massive - gs
Cs 85-120 Clay loam | massive -
A 0-25 | 10YR3/2 Clay wfsub soft lime segregation gs Typic
4 Css 25-60 | 10YR3/2 Clay wfsub stong slickensides gs Haplotorrerts
Css, |60-100 | 10YR3/2 Clay wifsub stong slickensides gs
C 100-150| 10YR3/2 Clay wifsub soft lime segregation
A 0-20 | 10YR3/2 Clay wfg soft lime segregation gs Typic
5 Css 20-45 | 10YR3/2 Clay wfsub strong slickensides gs Haplotorrerts
Cc 45-100 | 10YR3/2 Clay wfsub soft lime segregation gs
C, |100-150| 10YR3/2 Clay wfsub soft lime segregation
A 0-20 | 10YR3/2 Clay g gs Typic
6 Css 20-55 | 10YR3/2 Clay mfsub stong slickensides gs Haplotorrerts
Css, |55-110 | 10YR3/2 Clay m msub strong slickensides gs
C 110-150| 10YR3/2 Clay wfsub | few manganize nodules
A 0-20 | 10YR3/2 Clay wg soft lime segregation gs Typic
7 Css 20-60 | 10YR3/2 Clay mmsub strong slickensides gs Haplotorrerts
Css, | 60-110 | 10YR3/2 Clay mmab strong slickensides gs
C 110-150| 10YR3/2 Clay wifsub
A 0-25 | 10YR3/2 Clay wg few lime segregation gs Typic
8 Css | 25-100 | 10YR3/2 Clay mfsub strong slickensides gs Haplotorrerts
C 100-150| 10YR3/2 Clay mfsub few soft lime
A 0-25 | 10YR3/2 | Clay loam | massive few soft lime gw Typic
9 Css 25-60 | 10YR3/2 | Clay loam | mmab strong slickensides gs Haplotorrerts
Css, | 60-100 | 10YR3/2 Clay wfsub strong slickensides
A 0-25 | 10YR3/2 Clay massive wide cracks gw Vertic
10 Cy 25-70 | 10YR3/2 Clay wifsub strong slickensides gw Torrifluvents
C, 70-150 | 10YR3/2 Clay massive few soft lime
A 0-25 | 10YR3/2 |Loamy sand| massive wide cracks gw Typic
11 C 25-100 | 10YR3/2 |Sandy loam| massive strong slickensides gw Torrifluvents
C, [100-150| 10YR3/2 |Loamy sand| massive diffuse mottles
A 0-25 | 10YR3/2 |Loamy sand| massive wide cracks gw Typic
12 C 25-50 | 10YR3/2 Loamy sand| massive strong slickensides gw Torrifluvents
C, 50-65 | 10YR3/2 |Loamy sand| massive few soft lime
A 0-25 | 10YR3/2 Clay fg few hard lime gs Typic
13 Css 25-60 | 10YR3/2 Clay mmsub strong slickensides gs Haplotorrerts
Css, | 60-110 | 10YR3/2 Clay mfsub strong slickensides
A 0-25 | 10YR3/2 Clay fg wide cracks gs
14 Cs 25-60 | 10YR3/2 Clay wifsub strong slickensides gs Typic
Css2 | 60-110 | 10YR3/2 Clay mmsub strong slickensides gs Haplotorrerts
C 110-135| 10YR3/2 Clay massive few line concretion gs
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Tablel. Cont Field descri

ption of the studied soils.

No. | Horizon | Depth color Texture | Structure Common features Boundry| Soil Taxonomy
A 0-25 | 10YR3/2 |Sandy loam| massive |few hard lime concretion| gw
C 25-60 | 10YR3/2 [Sandy loam| massive |few hard lime concretion| gw Typic
15 C, 60-100 | 10YR3/2 |Sandy loam| massive |[few hard lime concretion| gs Torrifluvents
C; |100-150| 10YR3/2 |Sandy loam| massive |few hard lime concretion
A 0-25 | 10YR3/2 Clay massive soft lime segregation gs Vertic
16 C 25-110 | 10YR3/2 Clay wifsub soft lime segregation gs torrifluvent
C, |110-150| 10YR3/2 Clay massive diffuse mottles gs
A 0-25 | 10YR3/2 Clay fg wide cracks gw
Css 25-60 | 10YR3/2 Clay wifsub strong slickensides gs Typic
17 Css, | 60-100 | 10YR3/2 Clay m mang strong slickensides gs Haplotorrerts
C 100-150| 10YR3/2 Clay massive strong slickensides gs
A 0-25 | 10YR3/2 Clay massive Wide cracks gs
Css 25-55 | 10YR3/2 Clay wifsub strong slickensides gs Typic
18 Css; | 55-90 | 10YR3/2 Clay mmsub strong slickensides gs Haplotorrerts
C 90-120 | 10YR3/2 Clay mmsub few lime segregation gs
A 0-25 | 10YR3/2 Clay fg Wide cracks gs
Css 25-60 | 10YR3/2 Clay wifsub strong slickensides gs Typic
19 Css, |60-100 | 10YR3/2 Clay mmsub strong slickensides gs Haplotorrerts
C 100-140| 10YR3/2 Clay massive strong slickensides gs
A 0-25 | 10YR3/2 Clay massive Wide cracks gw
Css 25-60 | 10YR3/2 Clay mf sub strong slickensides gs Typic
20 Css, | 60-100 | 10YR3/2 Clay mmsub strong slickensides gs Haplotorrerts
C 100-150| 10YR3/2 Clay massive strong slickensides gs
A 0-30 | 10YR3/2 | Clay loam fg few lime segregation gs
o 30-70 | 10YR3/2 | Clay loam | mmsub few lime segregation gs Typic
21 C, 70-120 | 10YR3/2 | Clay loam | massive few lime concration gs Torrifluvents
C; |120-150| 10YR3/2 Clay massive few lime concration gs
A 0-25 | 10YR3/2 Clay massive wide cracks gw
Css 25-60 | 10YR3/2 Clay wifsub strong slickensides gs Typic
22 Css, | 60-100 | 10YR3/2 Clay mmsub strong slickensides gs Haplotorrerts
C 100-150| 10YR3/2 Clay wfs few soft lime gs
A 0-25 | 10YR3/2 Clay massive wide cracks gw
Css 25-60 | 10YR3/2 Clay wifsub strong slickensides gs Typic
23 Css | 60-100 | 10YR3/2 Clay mmsub strong slickensides gs Haplotorrerts
C 100-150| 10YR3/2 Clay massive few soft lime gs
A 0-25 | 10YR3/2 Clay massive wide cracks gw
Css 25-60 | 10YR3/2 Clay wifsub strong slickensides gs Typic
24 Css, | 60-100 | 10YR3/2 Clay mmsub strong slickensides gs Haplotorrerts
C 100-150| 10YR3/2 Clay massive difuse mottles gs
A 0-20 | 10YR3/2 Clay Massive wide cracks gs Typic
25 Css 20-65 | 10YR3/2 Clay wm sub strong slickensides gs Haplotorrerts
Css, | 65-130 | 10YR3/2 Clay mm sub strong slickensides
A 0-20 | 10YR3/2 Clay Massive wide cracks gw Typic
26 Css 20-60 | 10YR3/2 Clay f sub strong slickensides gw Haplotorrerts
Css, | 60-130 | 10YR3/2 Clay mm sub strong slickensides

gs = gradual smooth

gw = gradual wave, wg = weak grain, ab angular blocky, fsb = fine
subangular blocky, m = moderate, m = medium.
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Table 2. Particle size distribution, CaCO3 and Gypsum content
Particle size distribution Soil texture
Profilel Depth | Coarse Find Silt Clay CaCO; Gypsum
No. cm Sand Sand % % % %
% %
0-25 3.55 19.28 33.02 44.15 2.63 15 clay
) 25-60 2.26 11.09 29.93 56.72 2.15 1.6 clay
60-110 1.18 16.42 30.35 52.05 0.50 1.8 clay
110-135| 0.36 15.37 36.17 48.10 1.26 2.0 clay
0-25 0.97 41.48 15.28 42.27 0.81 - clay
) 25-65 1.35 51.03 31.20 16.42 1.01 - Sandy Loam
65-100 2.05 49.21 35.04 13.70 0.64 - Loam
100-150| 3.95 41.85 39.65 14.55 1.01 - Loam
0-25 1.17 28.71 16.02 54.10 4.20 - clay
2 25-60 0.99 33.24 27.07 38.70 2.94 - Clay Loam
60-110 4.93 37.50 31.72 25.85 1.43 - Loam
110-150| 0.44 40.29 29.82 29.45 1.68 - Clay Loam
0-25 1.10 26.18 30.72 42.00 1.62 - clay
. 25-60 3.99 28.14 23.52 44.35 1.01 - clay
60-100 2.39 17.66 27.25 52.70 0.34 - clay
100-150 | 1.90 12.17 28.12 57.81 0.40 - clay
0-25 05 29.00 17.00 53.28 1.62 - clay
5 25-55 1.13 21.17 29.50 48.20 2.10 - clay
55-90 1.78 25.97 24.93 47.32 1.26 - clay
90-120 2.18 18.87 32.85 46.10 0.12 1.5 clay
0-25 3.12 23.23 31.68 41.97 157 - clay
6 25-60 1.20 24.38 30.35 44.07 0.12 - clay
60-100 1.19 20.79 21.80 56.22 0.42 - clay
100-140| 321 19.09 19.08 58.62 0.40 - clay
0-25 12.22 21.18 22.63 43.97 2.94 - clay
. 25-60 4.00 18.30 28.73 48.97 1.37 - clay
60-100 401 16.88 23.29 55.82 1.01 - clay
100-150 | 8.19 12.46 21.48 57.87 0.25 - clay
0-30 3.80 26.30 23.58 46.32 0.89 1.3 clay
o 30-70 1.91 17.89 22.48 57.72 1.01 1.4 clay
70-120 1.03 25.67 24.30 49.00 0.50 1.7 clay
120-150| 0.63 28.95 18.75 51.67 0.25 0.1 clay
0-25 242 26.63 27.68 43.27 1.85 - clay
9 25-60 213 22.95 29.52 45.40 1.01 - clay
60-100 5.24 13.69 25.82 55.25 1.01 - clay
0-25 488 21.12 28.38 45.62 0.28 15 clay
10 25-70 250 27.15 23.05 47.30 0.28 1.7 clay
70-95 0.37 32.96 31.25 35.42 0.36 1.9 Clay Loam
0-25 72.00 7.90 11.30 8.80 0.25 - Loamy Sand
11 25-50 46.50 13.35 22.00 18.15 0.17 - Sandy Loam
50-60 62.15 8.65 14.48 14.72 0.12 - Sandy Loam
0-25 74.68 7.02 8.73 957 0.40 - Loamy Sand
12 25-50 76.07 451 10.92 8.50 0.36 - Loamy Sand
50-65 73.75 9.75 3.88 12.62 0.48 - Loamy Sand
0-25 1.25 32.70 32.05 42.75 2.22 0.5 clay
13 | 2560 1.49 30.81 23.50 44.20 1.69 0.4 clay
60-110 0.80 23.55 35.08 40.57 1.86 0.7 clay
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Table 2. Cont. Particle size distribution, CaCO3 and Gypsum content

Particle size distribution Soil texture
Profilel Depth | Coarse Find . CaCO; Gypsum
No. cm Sand Sand S(Q)t C!;Ly % %
% %
0-25 2.20 9.48 33.97 54.35 4.25 0.1 clay
14 25-60 0.85 9.23 37.12 52.80 1.82 0.2 clay
60-110 1.35 24.45 27.13 47.07 6.30 0.3 clay
110-135| 1.30 4.85 35.58 58.27 3.32 0.3 clay
0-25 27.45 42.70 11.15 18.70 1.49 - Sandy Loam
15 25-65 57.83 13.87 11.25 17.05 1.82 - Sandy Loam
65-100 | 54.87 15.28 9.75 20.10 1.21 - Sandy Loam
100-150| 45.95 21.38 11.55 21.12 3.03 - Sandy Loam
0-25 2.15 17.38 37.80 42.67 2.10 - clay
16 25-60 1.65 8.95 39.70 49.70 2.38 - clay
60-110 1.20 14.28 39.50 45.02 1.13 - clay
110-150 2.80 6.77 38.93 51.50 0.76 - clay
0-25 1.80 27.53 23.40 47.17 1.62 15 clay
17 25-60 1.40 23.31 23.77 51.52 2.22 2.5 clay
60-100 1.48 10.40 37.17 50.95 1.26 15 clay
100-150| 0.73 21.32 34.38 43.97 1.28 15 clay
0-25 2.25 21.45 33.15 43.10 1.09 - clay
18 25-55 1.98 19.50 37.35 41.17 2.27 - clay
55-90 4.25 12.25 33.65 49.85 1.62 - clay
90-120 2.54 10.19 34.27 53.00 0.84 - clay
0-25 3.35 23.65 27.53 45.47 3.44 15 clay
19 25-60 3.37 18.41 35.12 43.10 2.27 1.7 clay
60-100 4.40 15.33 37.27 43.00 2.22 - clay
100-140 7.50 17.25 33.43 41.82 1.94 - clay
0-25 6.35 30.45 31.98 31.22 141 - clay
20 25-60 2.70 28.98 29.87 39.45 1.82 - clay
60-100 2.65 23.40 37.25 36.70 1.82 - clay
100-150| 3.45 26.13 26.65 43.77 1.05 - clay
0-30 1.15 38.93 21.82 38.10 2.30 - Clay Loam
21 30-70 1.32 40.13 30.50 28.05 2.77 - Clay Loam
70-120 0.60 33.10 35.50 30.80 2.10 - Clay Loam
120-150 2.00 17.55 36.58 43.87 1.17 - clay
0-25 1.50 19.10 37.90 41.45 3.15 15 clay
29 25-60 2.00 24.13 31.82 42.05 1.66 1.1 clay
60-110 | 12.00 16.08 28.37 43.55 1.82 1.1 clay
110-150 2.50 27.76 28.87 40.87 1.33 1.2 clay
0-25 4.07 27.16 32.57 36.20 0.42 - Clay Loam
23 25-50 2.85 20.80 34.25 42.10 0.62 - clay
50-100 1.45 19.15 30.25 49.15 0.17 - clay
100-150 1.40 18.03 38.60 41.97 1.09 - clay
0-25 1.05 25.23 40.75 32.97 1.82 15 Clay Loam
24 25-60 2.07 17.01 39.57 41.35 1.60 - clay
60-100 1.39 12.19 32.18 53.52 0.59 - clay
100-150 1.03 14.75 31.20 53.02 0.42 - clay
0-25 2.40 20.80 31.30 45.50 2.10 2.5 clay
25 | 25-65 1.60 19.30 31.80 47.30 2.60 3.1 clay
65-125 0.80 17.40 36.90 44.90 1.90 3.1 clay
0-20 1.80 15.81 27.10 55.20 0.70 2.5 clay
26 20-60 1.20 14.10 25.30 59.40 0.70 2.3 clay
60-120 1.10 17.90 24.50 56.50 0.10 1.7 clay
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Table 3. Some chemical properties of the studied soil profiles

Profile | Depth pH | EC Soluble anions and cations (meg/L)** SAR
No | (cm) ds/m |66, THCO,] CI | SO, [ Ca~ [Mg™| Na” | K"

0-20 788 | 552 | -- | 250 [2200| 11.70 | 15.99 | 13.96 | 28.00 | 0.25 | 7.24

1 20-50 760 | 697 | - | 230 |33.00| 11.60 | 16.59 | 12.86 | 27.00 | 0.25 | 7.03

50-100 | 7.70 | 7.04 | - | 230 |37.50| 26.45 | 1439 | 16.11 | 3550 | 0.25 | 9.08

100-150 | 819 | 8.25 | -- | 3.00 |50.00| 38.63 | 13.59 | 12.21 | 65.50 | 0.33 | 18.25

0-25 773 | 111 | - | 250 | 350 | 6.53 | 7.69 | 2.28 | 240 | 016 | 1.07

) 25-60 763 | 123 | - | 350 | 500 | 537 | 7.14 | 1.78 | 490 | 0.05 | 2.32

60-110 | 7.85 | 1.54 | -- | 1.00 | 750 | 768 | 834 | 221 | 550 | 0.13 | 2.39

110-130 | 7.8 | 154 | -- | 250 | 750 | 7.6 | 879 | 291 | 530 | 0.16 | 2.19

0-25 839 | 076 | -- | 300 | 500 | 015 | 235 | 1.65 | 4.10 | 0.05 | 2.05

25-55 826 | 075 | — | 200 | 600 | 045 | 439 | 121 | 280 | 005 | 1.67

3 55-85 828 | 086 | -- | 200 | 400 | 285 | 588 | 0.72 | 220 | 0.05 | 1.21

85-120 | 815 | 123 | - | 2.00 | 800 | 330 | 6.86 | 334 | 300 | 010 | 132

0-25 790 | 103 | - | 350 | 250 | 533 | 549 | 301 | 270 | 013 | 1.31

25-60 789 | 144 | - | 300 | 400 | 827 | 6.04 | 393 | 520 | 0.10 | 2.33

. 60-100 | 815 | 1.60 | -- | 3.00 | 400 | 10.13 | 348 | 3.02 | 1050 | 0.13 | 2.83

100-150 | 820 | 203 | -~ | 350 | 750 | 9.86 | 3.29 | 3.01 | 14.40 | 0.16 | 8.09

0-20 797 | 231 | - | 250 | 900 | 1311 | 7.69 | 1.76 | 15.00 | 0.16 | 6.91

20-45 839 | 228 | - | 350 [12.00| 9.98 | 3.92 | 551 | 15.00 | 0.05 | 6.91

5 45100 | 9.00 | 252 | - | 4.00 [10.00| 11.47 | 2.94 | 0.83 | 21.60 | 0.10 | 15.77

100-150 | 9.10 | 551 | -- | 410 | 7.00 | 1420 | 219 | 0.96 | 22.10 | 0.05 | 17.54

0-20 781 | 125 | - | 330 | 500 | 505 | 549 | 3.96 | 400 | 010 | 184

20-55 830 | 096 | -- | 300 | 350 | 410 | 3.29 | 3.01 | 420 | 0.10 | 2.36

6 55-110 | 891 | 091 | - | 200 | 6.00 | 142 | 3.92 | 0.80 | 460 | 0.0 | 2.99

110-150 | 870 | 093 | -- | 250 | 350 | 417 | 412 | 2.00 | 4.00 | 0.05 | 2.28

0-20 778 | 102 | - | 400 | 350 | 340 | 549 | 301 | 230 | 010 | 1.11

7 20-60 875 | 314 | -~ | 350 |12.00| 20.05 | 3.29 | 3.01 | 29.00 | 0.25 | 16.29

60-110 | 870 | 2.06 | - | 350 |1250| 1470 | 1.09 | 1.01 | 2850 | 0.10 | 22.67

110-120 | 7.68 | 1.03 | -- | 200 | 6.00 | 212 | 392 | 0.80 | 530 | 0.10 | 344

0-25 760 | 595 | - | 250 |2750| 34.31 | 12.69 | 15.06 | 36.20 | 0.36 | 9.70

8 25-60 770 | 563 | - | 240 |26.00| 28.78 | 14.24 | 15.09 | 27.80 | 0.05 | 7.26

60-110 | 829 | 637 | - | 3.00 |3800| 1312 | 490 | 830 | 40.80 | 0.12 | 15.88

110-150 | 7.70 | 277 | - | 230 |19.00| 890 | 439 | 6.1 | 19.40 | 0.30 | 847

0-25 826 | 125 | — | 250 | 6.00 | 465 | 616 | 334 | 350 | 0.15 | 1.60

9 25-60 865 | 085 | -- | 200 | 3.00| 453 | 488 | 2.60 | 2.00 | 0.05 | 1.03

60-100 | 9.02 | 087 | - | 200 | 400 | 313 | 392 | 256 | 260 | 005 | 1.44

0-25 760 | 528 | - | 250 |24.00| 2750 | 15.49 | 12.91 | 25.50 | 0.10 | 6.76

10 25-40 780 | 698 | - | 250 |32.00| 1595 | 13.84 | 12.46 | 24.00 | 0.15 | 6.61

40-50 821 | 846 | -- | 350 |53.00| 27.75 | 16.59 | 10.91 | 56.50 | 0.25 | 16.34

0-25 788 | 330 | - | 350 |2000| 1231 | 879 | 581 | 19.50 | 1.71 | 7.22

1 25-50 820 | 1.98 | - | 300 | 9.00 | 10.79 | 659 | 3.91 | 10.80 | 1.49 | 471

50-60 812 | 250 | -- | 3.00 [12.00| 1365 | 549 | 10.26 | 11.50 | 1.40 | 4.09

0-25 869 | 163 | — | 350 | 750 | 657 | 659 | 233 | 820 | 045 | 3.88

12 25-50 868 | 125 | — | 300 | 500 | 669 | 329 | 321 | 7.8 | 039 | 433

50-65 832 | 156 | - | 250 [10.00| 3.70 | 4.94 | 241 | 880 | 0.05 | 458

0-25 78 | 372 | - | 250 [2250| 14.07 | 549 | 658 | 26.75 | 0.25 | 10.87

13 25-60 76 | 362 | - | 250 |2500| 1230 | 879 | 6.96 | 23.80 | 0.25 | 8.46

60-110 | 850 | 536 | -- | 350 |3500| 1897 | 9.89 | 533 | 42.00 | 0.25 | 15.22

0-25 807 | 411 | - | 350 |26.00| 14.17 | 879 | 5.38 | 28.00 | 050 | 10.52

14 25-60 829 | 435 | - | 350 |3400| 7.15 | 439 | 4.01 | 36.00 | 025 | 17.56

60-110 | 857 | 490 | - | 370 |4350| 7.00 | 439 | 6.11 | 42.00 | 0.90 | 18.68

110-135 | 950 | 17.37 | -- | 4.00 |94.00| 59.97 | 1549 | 14.98 | 1255 | 2.00 | 32.18
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Table 3. Cont. Some chemical properties of the studied soil profiles

Profile | Depth | pH |EC Soluble anions and cations (meg/L)** SAR
No | (cm) ds/mco, [HCO,] CI' [ SO, | Ca”” |[Mg™ | Na* | K'
025 | 769 |255| -- | 400 | 950 | 13.70 | 1099 | 7.96 | 8.00 |0.25| 259
15 2565 | 801 |1.03| - | 300 | 350 | 555 | 219 | 253 | 7.20 | 0.13| 468
65-100 | 8.14 [1.21| - | 300 | 350 | 680 | 329 | 301 | 6.80 |0.20| 3.82
100-150 | 753 |412| - | 4.00 | 400 | 37.95 | 25.77 | 15.03 | 5.00 |0.65| 1.11
025 | 797 |1.30| - | 300 | 400 | 695 | 329 | 406 | 650 |0.10| 3.39
16 2560 | 818 |1.24| - | 250 | 350 | 720 | 219 | 516 | 565 |[0.20| 294
60-110 | 8.19 [2.21| - | 250 | 6.00 | 1450 | 439 | 11.36 | 7.00 | 0.25| 2.49
110-150 | 821 [140| - | 300 | 450 | 740 | 439 | 401 | 620 |0.30]| 3.02
0-25 | 760 |673| -- | 250 |3237| 31.37 | 18.79 | 18.53 | 29.80 | 0.25 | 6.90
17 2560 | 7.80 |6.90| -- | 3.00 |3350| 2378 | 1659 | 14.96 | 28.60 | 0.13 | 7.20
60-100 | 7.70 [6.38| -- | 3.00 [32.00| 3028 | 15.80 | 14.12 | 35.20 | 0.16 | 9.09
100-150 | 841 |6.80| -- | 4.00 |34.00| 2263 | 7.90 | 7.53 | 45.00 | 0.20 | 16.19
025 | 820 |1.04| - | 400 | 400 | 285 | 566 | 234 | 280 |0.05| 1.40
2555 | 809 |1.08| -- | 350 | 250 | 533 | 549 | 291 | 280 |0.13| 1.36
18 55-90 | 850 [0.97| -- | 400 | 3.00 | 348 | 456 | 1.87 | 400 |0.05| 2.23
90-120 | 840 |0.88| -- | 6.00 | 250 | 095 | 3.84 | 141 | 410 |0.10]| 253
025 | 765 |674| -- | 550 |4050| 21.87 | 23.69 | 18.06 | 26.00 | 0.12 | 5.69
19 2560 | 750 |7.16| -- | 3.00 |59.00| 10.78 | 19.38 | 18.07 | 35.00 | 0.33 | 8.08
60-100 | 9.35 [0.95| -- | 450 | 300 | 265 | 164 | 046 | 750 |0.05]| 7.28
100-140 | 835 |1.10| - | 400 | 400 | 345 | 274 | 146 | 7.20 |0.05| 497
025 | 7.90 |1.99| - | 300 | 650 | 11.18 | 7.99 | 4.86 | 7.50 |0.33| 2.96
2560 | 816 |086| -- | 3.00 | 350 | 255 | 274 | 146 | 4.80 |0.05| 3.31
20 60-100 | 8.15 [0.86| -- | 3.00 | 400 | 1.84 | 219 | 125 | 530 |0.10| 4.04
100-15 | 849 |094| -- | 400 | 300 | 400 | 219 | 096 | 7.80 | 0.05]| 6.19
030 | 797 |.079| - | 350 | 350 | 115 | 494 | 136 | 1.80 |0.05| 1.01
21 30-70 | 7.98 [0.78| -- | 300 | 250 | 273 | 349 | 184 | 280 |010| 172
70-120 | 821 087| - | 400 | 300 | 260 | 339 | 311 | 3.00 |0.10| 1.66
120-150 | 821 |0.83| -- | 3.00 | 400 | 190 | 329 | 091 | 460 |0.10| 3.17
025 | 797 [339] - | 250 | 700 | 2492 | 9.89 | 953 | 12,50 | 2.50 | 4.01
- 2560 | 850 [312] - | 4.00 |10.00| 19.39 | 348 | 229 | 27.50 | 0.12| 16.18
60-110 | 890 [3.85| -- | 4.00 |16.00| 2030 | 329 | 3.01 | 33.75|0.25| 18.96
110-150 | 7.60 |2.80| - | 250 |1050| 1579 | 2.74 | 0.93 | 25.00 | 0.12 | 18.46
025 | 7.73 |206| - | 400 | 800 | 896 | 879 | 3.81 | 820 |0.160| 3.27
- 2550 | 800 |1.87| -- | 350 | 9.00 | 660 | 494 | 3.46 | 10.60 | 0.10| 5.17
50-100 | 8.10 [2.40| - | 400 |[1200| 882 | 6.86 | 6.11 | 11.80 | 0.05| 4.63
100-150 | 810 |2.10| -- | 4.00 |1400| 357 | 6.86 | 4.46 | 10.20 | 0.05| 4.29
025 | 7.71 |7.05| - | 350 |34.00| 2574 | 14.83 | 8.79 | 39.50 | 0.12| 9.00
o 2560 | 810 |233| -- | 450 [10.10| 977 | 6.88 | 429 | 13.00 | 0.10| 550
60-100 | 8.10 [2.06| -- | 3.00 | 800 | 1048 | 592 | 451 | 11.00 | 0.05| 4.82
100-150 | 810 |137| -~ | 300 | 800 | 429 | 392 | 1.74 | 850 |1.13| 505
0-25 | 820 |983| -- | 370 |3800| 47.90 | 22.12 | 18.48 | 48.80 | 0.20 | 10.83
25 2565 | 815 (1045 - | 3.70 |46.00| 46.88 | 21.11 | 28.97 | 46.20 | 0.30 | 9.23
65-125 | 850 [18.39| -- | 4.00 |49.00| 73.15 | 27.68 | 18.07 | 80.00 | 0.40 | 16.73
0-20 | 820 (1380 -- | 3.75 |5250| 67.10 | 32.83 | 32.12 | 67.00 | 0.40 | 11.76
26 2060 | 823 |960| -- | 250 |41.00| 67.72 | 30.81 | 11.61 | 6850 | 0.30 | 14.87
60-120 | 8.22 |9.88| -- | 4.25 |51.00| 60.37 | 31.31 | 11.61 | 72.40 | 0.30 | 15.63

* pH in the saturated soil paste.
**Soluble anions and cations in the saturation extract.
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Table 4. Soil Taxonomy of the studied soils
Profile No. Soil Taxonomy
1 Clayey; montmorllonitic; thermic ;Typic Haplotorrerts
2 Carse lomy; mixed; thermic ; Typic Torrifluvents
3 Fine lomy ; montmorllonitic ; thermic ; Typic Torrifluvents
4 Clayey ; montmorllonitic ; thermic ; Typic Haplotorrerts
5 Clayey; montmorllonitic ; thermic ; Typic Haplotorrerts
6 Clayey; montmorllonitic ; thermic ; Typic Haplotorrerts
7 Clayey; montmorllonitic ; thermic ; Typic Haplotorrerts
8 Clayey; montmorllonitic ; thermic ; Typic Haplotorrerts.
9 Clayey; montmorllonitic ; thermic ; Typic Haplotorrerts
10 Clayey; montmorllonitic ; thermic ; Typic Torrifluvents.
11 Coarse loamy; mixed ; thermic ; Typic Torrifluvents.
12 Sandy; siliceous ;thermic Typic Torripsamments.
13 Clayey; montmorllonitic ; thermic ; Typic Haplotorrerts.
14 Clayey; montmorllonitic ; thermic ; Typic Haplotorrerts.
15 Coarse loamy; mixed ; thermic ; Typic Torrifluvents.
16 Clayey; montmorillonitic ; thermic ;Vertic Torrifluvents.
17 Clayey; montmorillonitic ; thermic ; Typic Haplotorrerts.
18 Clayey; montmorillonitic ; thermic ; Typic Haplotorrerts.
19 Clayey; montmorillonitic ; thermic ; Typic Haplotorrerts.
20 Clayey; montmorillonitic ; thermic ; Typic Haplotorrerts.
21 Clayey; montmorillonitic ; thermic ; Typic Torrifluvents.
22 Clayey; montmorillonitic ; thermic ; Typic Haplotorrerts.
23 Clayey; montmorllonitic ; thermic ; Typic Haplotorrerts.
24 Clayey; montmorillonitic ; thermic ; Typic Haplotorrerts.
25 Clayey; montmorillonitic ; thermic ; Typic Haplotorrerts.
26 Clayey; montmorillonitic ; thermic ; Typic Typic Haplotorrerts.
Table 5. Intensity of limitation factors according to Sys and Verhey (1978)
Profile | Texture | Salinity | CaCO3 | Gypsum | Depth [Topography| Ci |Soil order
No (s1) (n) (s3) (s3) (s4) (3]
1 85 87 92 100 100 100 68 S,
2 98 90 85 100 100 100 75 Si
3 110 90 90 100 100 100 90 Si
4 85 90 90 100 100 100 69 S,
5 85 90 93 100 100 100 71 S,
6 85 90 90 100 100 100 69 S,
7 85 90 90 100 100 100 69 S,
8 85 90 97 100 100 100 66 S,
9 85 100 81 100 90 100 62 S,
10 87 138 85 100 90 100 93 Si
11 91 100 85 100 60 100 43 S,
12 53 143 85 100 75 100 47 S,
13 85 100 95 100 100 100 81 Si
14 85 76 95 100 100 100 61 S,
15 75 100 95 100 100 100 71 S,
16 85 100 95 100 100 100 80 Si
17 85 87 95 100 100 100 70 S,
18 85 100 93 100 100 100 79 Si
19 85 925 95 100 100 100 74 S,
20 85 100 95 100 100 100 81 Si
21 98 100 95 100 60 100 93 Si
22 85 87.9 95 100 100 100 70 S,
23 90 100 86 100 100 100 77 Si
24 90 92.1 89 100 100 100 73 S,
25 85 57.7 95 100 100 100 45 S3
26 85 65 85 100 100 100 45 Ss
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Map 1
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Map 2
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Map 3
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