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ABSTRACT
 

A soil characterization survey of Abu Raya was conClcted with a 

sampling density of 1 profile per 20 feddans. The survey shows the 

soil to be mstly in the Vertisols order with sone soils in the Vertic 

subgroup of the Entisols order. The difference between them was pri

marily the presence or absence of slickensides. Three soil series 

were identified, two of which were subdivided into sal1ine, sodic and 

gypsiferous phases depending on the sodium adsorption ratio and the 

presence of gypsum in lower, horizons. The soils as a whole show 

substantial salinity and sodicity, both tending to increase with 

depth.
 

The text includes maps of soil showing salinity and SAR, plus tables 

of chemical and physical properties.
 

56 Pages, 4 Tables, 6 Figures
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I. Introduction 

The Abu Raya pilot area is ne of the three areas selected for con

ducting the Water Use and Management studies in the Nile Valley and 
Delta. It lies in the north central part of the Nile Delta in Kafr 

El-Sheikh Governorate and consists of about 2000 feddanG. The soils 

are typical of the Lower Delta soils. 

The area iras surveyed in detail at a scale of 1:2500. The morphologi
cal features of the profile were carefully described using the system 

outlined in the USDA Soil Sur/ey Manual (1951). Because of the fine 

texture and the high content of montmorillonite in the clay, most of 

the soils are classified as Vertisols and the remainder as Entisols. 

II. PIXVslographic Features of the Area 

1. Location 

The study area covers about 2000 feddans lying between the 
Hamoul-Riyadh road on the north and Helal canal on the south and 

between Drain No. 7 on the east and El-Raghama Drain on the west. 
The Dakalt canal crosses the area from south to north, dividing 

the area into two nearly equal parts. The Abu Raya village lies 
in the middle of the eastern half. 

2. Topography 

The land surface is flat and very gently sloping toward the north, 

and the area in general lies at the 2 m contour above sea level. 

3. Geomorphology 

Soils of the Abu Raya area were formed from Holocene alluvial 
deposits. These deposits consist essentially of dark greyish 

brown suspended matter consisting of biotite and other iicaceous 

minerals. The alluvium is of considerable thickness as a con

sequence of the river overflowing its banks and depositing its 

load over thousands of years. The thickness of the deposits 
varies according to locality as well as to the irregularities of 

the surface on which they were originally laid down, and also to 
changes over time in the path of the river. The thickness of the 

Nile deposits ranges from 6 to 7 meters in Aswan-Qena to about 11 
meters in the northern Delta. The average thickness in the Delta 

is about 10 meters.
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The mineralogical composition of' the Nile deposits throughout its 
entire thickness is comparable to the materials currently carried 
in suspension by the river, the deeper layers may contain slightly 
larger amounts of ferric oxide, alumina and calcium carbonate but 
smaller amounts of magnesium carbonate arid organic matter (Ball, 
1952).
 

III, Materials and Methods 

1. Field Survey 

The soil survey of Abu Raya was carried out using a cadastral map 
of scale 1:2500. A total of 101 soil profiles (pits) were exa
mined in the area, averaging one profile per 20 feddans or 12 pro
files -:rone square kilometer.
 

The profile characteristics were &oscribed in accordance with the
 
USDA Soil Survey Manual (1951). These characteristics included: 
soil depth, sequence and thickness c1' horizons or layers, color, 
texture, structure, consistency, porosity, lime and/or gypsum 
accumulations, nodules or concretions, root distribution, effer
vescence with HCl, water table depth, etc. Water table depths are
 
those observed at the time of the survey and they vary throughout 
the year as irrigation management practices change from crop to 
crop. The land surface features, namely topography, relief, crops 
and salinity or alkalinity symptoms were also described. 

Soil samples were collected, from each profile, in layers till the 
depth of the groundwater table. A total of 287 soil samples and 9 
representative groundwater table samples were collected for 
laboratory analysis.
 

The soil boundaries were drawn using both the morphological dif
ferences observed during the soil profile examination and sub
ie-'ent laboratory analyses. 

2. Soil Analyses
 

The soil samples were air-dried, crushed and passed through a 2-mrm 
screen for analysis. 

Electrical conductivity, soluble cations (Ca, Mg, Na, and K) and 
anions (HCO3 and Cl) were determined in the saturation extract, 
using the analytical procedures mentioned in the USDA Handbook 
(1954).
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Particle size distribution, calcium carbonate content, ;ation 
exchange capacity (CEC) and exchangeable sodium percentage (ESP) 
were determined an selected samples representing different iden
tified soils in the area using procedures outlined in USDA 
Handbook No. 60 (1954).
 

The pH, electrical oonductivity, and soluble cations (Ca, Mg, Na, 
and K) and anions (HC) 3 and Cl) were determined in the saturation 
extract and in the groundwater samples. Sulphate contents in 
groundwater samples were estimated by subtracting the sum of the 
anions (HCO 3 anid Cl) from the sum of' the cations (Ca, Mg, Na, and 
K). The total soluble salts in the groundwater was calculated by 
summing the equivalent weights of the cations and anions. 

The soil and water analyses are given in Tables A-l, A-2, and A-3. 

3. Criteria for Soil Classification 

The soils of the study area were classified according to the USDA 
Soil Taxonomy System (1975). Members of only two orders were 
identified in the area. These are Entisols and Vertisols. 

The following is a key to the higher category classification of 
the orders identified in the area. 

a) Order: Vertisols
 

Vertisols derive their name from the Latin word Verto which 
means "to turn" or "to invert". These soils are characterized 
by the tendency to show deep vertical cracking in which soil 
particles fall in the cracks and cause substantial soil move
ment, i.e. inverting. Vertisols are defined as soils that 
have 35 percent or more clay in all horizons to a depth of 
50 cm or more. They are also characterized by having, at cer
tain periods of the year, cracks that are open to the surface 
or to the base of a plow layer or surface crust; these 
cracks are at least 1 cm wide at a depth of 50 cm unless the 
soil is irrigated. One or more of the following might be 
presented:
 

- Gilgali; 
- Slickensides at some depth between 25 cm and 1 m that are 

close enough to intersect or;
 
- Wedge shaped structural aggregates at some depth between 



25 cm and 1 m, whose long axes are tilted 100 to 60* from 
the horizontal. 

Suborder: Torrerts: It includes Vertisols that, unless irri
gated, have in most years cracks that either remain open 
throughout the year or are closed for less than 60 consecutive 
days at a period when the soil temperature at a depth of 50 cm 
is continuously hioier than 8'C; 

Subgroup: Typic Torrerts: These are Torrerts that:
 

i. Have a mist color value of 4 or more in the surface hori
zon in mre than half of each pedon, or if the upper hori
zon that has a color value (moist) less than 4, is less 
than 30 cm thick, and 

ii. Do not have prismatic or blocky structure accompanied by 
clay skin on pod faces. These faces have a color value 
lower than that in the matrix within 1 m of the soil sur
face. 

b) Order: Entisols
 

This includes soils that do not have any diacgiostic horizons 
other than ochric or an anthropic epipedon and do mt have any 
of the following: 

- A mollic epipedon; 
- A salic horizon whose upper boundary is within 75 cm of the 

surface; or 
- A calcic or petrocalcic, a gypsjc or petrogypsic or duri

pan if the upper boundary of any of them is within 1 m of 
the surface, unless it is a buried horizon;
 

Suborder: Fluvents: It comprises Entisols that do not have a 
lithic or paralithic contact within 25 cm of the soil surface 
and that have an organic carbon content that decreases irregu
larly with depth or remains above a level of 0.2% to a depth 
of 1.25 m and decreases regularly if texture is homogeneous;
 

Great Gro'4p: Torrifluvents: Fluvents that have a torric mis

ture regime unless irrigated and are alkaline or calcareous 
and salty in some places; 



Subgroup: Vertic Torrifluvents: Tht.9e are ribrrifluverts that 
have cracks at certain periods in mst years that are 1 cm or 
wider at a depth of 50 cm, that are at least 30 cm long in 
some parts, and that extend upward to the soil surface or to 
the base of an Ap horizon. Unless the soils Q.re irrigated, 
the cracks remain open in most years for more than 240 days 
cumulative, and are not closed for as many as 60 consecutive 
days at any season of the year. 

c) Lower Category Classification:
 

Family Level: The basic factors of soil classification at the 
family level are soil texture of the control section, minera
logy, soil depth and temperature regime. Since the soils of 
the area are Enerally similar in these characteristics, Crly 
three families were identified under the two orders. 

Series level: The subsoil texture was used as criteria of 
soil classification at the series level. Two series were iden
tified under the Typic Torrerts subgroups of order Vertisols; 
namely Abu Raya clay and Sadek clay. On the other hand, Crly 
one series was identified under the Vertic Torrifluvents, 
namely, Hammad clay. 

Phase 	Level: The soil series were differentiated into phases 

according to the following criteria: 

i) 	 Saline phase:- Including soils that have an electrical 
conductivity of the saturation extract of more than 8.0 
mmhos/cm with or without one or more of the following: (a) 
an ESP value higher than 15%, (b) gypsum accumulation in
 
the subsoil, (c)water table within 1.0 m of the surface.
 

ii) 	 Sodic phase:- Including soils that have an ESP of more 
than 15 with or without me or both of the following: (a) 
gypsum accumulation in the subsoil, (b) water table 
within 1.0 m of the surface.
 

iii) 	 Gypsiferous phase:- Including soils that have gypsum ac
cumulation of more than 1% in the subsoil with or without
 

a water table within l.' m from the surface. 

iv) 	Higler water table phase:- Including soils in which the 

water table exists within 1.0 m from the surface. 
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IV. Classification of Soils in Abu Raya Area 

The soils of the area are in the Nile Delta arid are of recent alluvial 
origin. Therefore, they do not show appreciable development of 
diagnostic horizons. Howev p bcause of its location near the lower
 
end of the Delta, alluvium in Abu Raya area has more clay than the 
upper valley soils. 

The high clay content and its dominantly montmorillonitic nature cause 
the soils to swell upon wetting, and to develop wide, deep cracks upon 
drjing. In many parts, the soil is characterized by the presence of 
the shiny, polished and grooved surfaces, known as slickensides, vfiich 
are produced by the slidings of a soil nss apart as a result of the 
swelling and shrinkage of the soil. The soils of the area include 
members of only two orders, namely Vertisols and Entisols. Represen
tative soil profiles are described in Appendix Table A-4. 

1. Order: Vertisols
 

Soils of the Vertisols order cover the part of themajor study 
area. 
Two soil series of Vertisols were mapped in the area, namely
 
Abu Raya Clay and Sadek Clay. The descriptions of those two soil 
series are given below: 

a) Abu Raya Clay Series 

Classification 

Family: Clayey, montmorillonitic, slightly calcareous, deep, 
level, hyperthermic
 

Subgroup: Typic Torrerts 

Order: Vertisols 

Description: This series covers the major part of the study 
area (Figure A-i). The nonal phase of the series is dark
colored (very dark greyish brown) and heavy textured througl
out the control section. 

The influence of the dominantly montmorilloitic nature of the 
clay fraction on the soil characteristics is quite evident. 
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The soil is very hard when dry, very sticky when wet and very 
plastic when mist. 

The soil water holding capacity is very high and its per
meability is low. The soil swells upon wetting and develops 

deep wide cracks upon drying. There are no distinctive hori
zons in the soil profile other than the presence of the 

slickensides in the subsoil. The presence of wide deep cracks 

and slickensides is characteristic of Vertisols. 

The soil salinity of the surface soil was generally low as 
characterized by the conductivity of the saturation extract. 
It rarely exceeded 4 mnhos/cm and was well below 8 rrhos/cm in 

all samples. The lime content was less than 3% and the pil of 

the saturation extract generally between 7.8 and 8.4. The 
exchangeable sodium percentage (ESP) was well below 15 in the 
surface soil.
 

The high cation exchange capacities are typical of Vertisols 

which are characteristically high in montmorillonite clay. 

The gypsiferous phase of the series covers a much smaller 
area than the normal phase and differs from it only in having 
crystalline gypsum accumulation in the subsoil. The gypsum 
content of the subsoil varies from less than 1% to slightly 
more than 2.5%.
 

The high water table phase: This phase covers the area repre

sented by profiles 27, 31, 62 and 71. It differs from the 

normal phase only in that it had a water table at a depth of 
less than 1 m at the time of sampling and by the presence of 
gypsum accumulation in the subsoil within the zone of water 
table fluctuation. 

The sodic phjase: This phase covers crly a small part of the 

study area. and is represented by profiles 13, 18, 19, 20 and 
51. It differs from the normal phase of Abu Raya Series in 
havd-n an ESP in the surface higher than 15. 

b) Sadek Cay Series 

Classification 

Family: Fine loamy, mixed, slightly cacareous, deep, level, 

hyperthermic.
 



Subgroup: Typic Ibrrerts 

Order: Vertisols 

Description: The Sadek clay series covers Cnly a small part 

of the study area (Figure A-i). It is represented by profiles 

32, 33, 38, 43 and 44. 

1Me major difference that distinguishes the Sadek series from 

the Abu Raya cne is the presence of a fine loamy layer inme
diately below the clay-textured surface horizon or the plow 
layer. Thus, the soil does not develop the wide and deep 
cracks characteristic of the Abu Raya Series. However, the 
deeper part of the control section has a clay texture similar 
to, or heavier than, that of the surface layer. 

The soil is dark-colored (dark to very dark grey) and has a 
sticky consistency when wet, plastic when moist and hard when 
dry. Permeability to water is low. 

2. Order: Entisols 

Soils ca" the Entisols order cover cnly a small part of the survey 
area. Only one soil series of Entisols was mapped in the area, 
namely Hammd clay. The following is a description of that soil 
series:
 

a) Hammad Clay Series 

Classification: 

Family: Clayey, mntmorillonitic, slightly calcareous, deep, 
level, hperthermic 

Subgroup: Vertic Torrifluvents 

Order: Entisols 

Description: The Hammad clay series is the second most domi
nant soil In the area. It differs from Abu Raya series only 
in the absence of slickensides. The normal phase of this soil 
series has a deep, uniform profile with no clear diagnostic 
horizons other than occasional stratification. 



It is dark-colored (dark brown to very dark greyish brown) and 

has a clay to heavy clay teAture (clay content ranges from 42% 
to 72%), blocky btructure, and a low to very low permeability. 

The soil salinity of the normal phase is low, the conductivity 
of the saturation extract Laing less than 4 rnhos/cm in most 
samples and slightly more than 7 mhos/cm in crily one sample. 
The soil salinity in general increases slightly at the lower 
depths of the soil profile. 

The Gypsiferous Phase: The gypsiferous phase of the Hamad 
series covers only an area represented by profiles 63 and 82. 
It differs from the normal phase cnly in the presence of gyp
sum accumulation in the subsoil. 

The Saline Phase: The area is typically represented by profi
les 35 and 66 and has surface soil salinity greater than 8 
rmhos/cm. It is, for this reason, separated from the normal 
phase of the Hammad series and classified as a saline phase of 

this series. 

A barren part of the Abu Raya area, represented by profile 85,
 
is characterized by the presence of a salic horizon. The 
electrical conductivity of the saturation extract is 86.5 
mmhos/cm at the surface soil and decreases to 51.0 nlmhos/cm at 
the lower depths. This soil is classified as typic salorthids 
(order Aridisols), but because of its small areal extent, it 
is mapped in association with the saline phase of Hammiad clay 
soil series. 
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SUMMARY
 

Tiree soil series in the study area were described. They tend to be 
generally similar In major characteristics such as soil depth, tex
ture, color, calcium carbonate content, cation exchange capacity and 
water holding capacity. Differences within series (phases) were based 
on salinity, sodicity, water table depth and the presence of gypsum 
accumulations in the subsoil. 

The extent, location and distribution of the soils identified are 
shown in Figure A-1. This map was reproduced from the base soil sur
vey map - scale 1:10,000. Interpretive maps of selected soils and 
soil related characteristics for salinity, sodium adsorption ratio and 
depth to water table are shown in Figures A-2 through A-6. 
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Profile Depth Clay Silt P SandM C ,%nd' TSS Ca0 3No. CM % I % % ; 

1 0-25 45.o 32.0 20.5 0.5 0.3 1.8 
25-60 56.7 22.8 18.7 0.2 0.2 1.2 
60-100 59.9 25.6 13.1 0.13 0.5 1.2 

2 0-20 69.1 15.5 14.4 0.2 0.3 0.7
 
20-50 63.1 17.2 17.4 0.5 0.4 
 1.8
 
50-150 72.0 18.0 7.3 1.1 0.9 
 0.7
 

4 0-20 56.5 20.4 20.9 0.5 0.2 1.4 
20-70 64.7 15.0 18.7 0.6 0.5 1.6
 
70-150 60.0 14.5 22.8 0.5 0.3 1.9 

8 0-20 60.5 16.5 20.4 0.5 0.2 1.9 
20-70 61.3 13.9 21.5 0.3 0.2 1.9
 
70-150 40.6 10.4 47.8 0.2 0.3 0.8
 

9 0-20 66.4 11.7 18.7 0.5 0.1 2.4 
20-60 66.6 9.3 22.0 0.4 0.4 1.4 
60-150 48.6 11.6 37.0 0.4 0.3 1.3 

10 0-25 56.7 16.1 26.4 0.2 0.1 0.6
25-80 50.1 20.1 28.5 0.6 0.2 0.5 
80-100 33.2 25.4 37.3 0.8 0.2 3.1 

20 0-30 60.0 8,6 27.8 0.4 0.2 1.9 
30-80 47.6 24.3 26.7 0.3 0.3 0.7 

30 0-50 61.2 13.6 22.0 0.3 0.2 2.6 
80-100 53.1 19.8 24.5 0.3 0.5 
 2.3
 

33 0-30 47.5 32.5 27.4 0.1 0.2 2.1
30-80 27.0 33.7 38.4 0.1 0.2 0.5 
80-140 49.0 21.8 28.2 0.2 0.3 0.4 

35 0-25 58.0 12.0 27.1 0.7 0.5 1.3
 
25-55 35.4 15.4 45.3 0.1 0.5 0.9
 
55-80 44.5 30.5 20.5 0.9 0.9 
 1.0
 

* P sand - fine sand; C sand - coarse sand, MS - total soluble solids 

Table A-1. Particle Size Distribution of Selected Soil Profiles,
 
Abu Raya Area 



Profile 
NO. 

Depth 
cm 

Clay Silt 
% 

F Sand C Sand 
Z 

TSS CaCO3 

37 0-15 45.9 18.8 31.6 0.4 0.3 3.0 
15-50 42.7 25.6 28.3 0.3 0.3 2.8 
50-150 46.8 19.2 32.8 0.2 0.6 0.4 

40 0-20 47.7 17.4 31.9 0.3 0.3 2.4 
20-70 40.0 29.5 26.3 0.2 0.5 1.1 
70-150 40.0 49.5 5.4 1.14 1.4 0.3 

43 0-20 44.1 21.5 32.6 0.5 0.4 0.9 
20-60 34.9 24.3 40.2 0.2 0.5 0.1 
60-150 50.5 26.1 21.8 0.5 0.9 0.3 

0-20 41.3 19.9 18.2 0.3 0.3 0.9 
20-70 34.4 20.7 43.2 0.1 0.2 1.5 
70-150 47.4 33.1 16.8 0.2 0.4 1.3 

51 0-25 52.5 21.0 22.7 0.7 0.3 2.8 
25-60 40.8 27.8 29.3 1.1 0.3 0.5 
60-150 41.5 31.4 21.9 0.2 0.4 1.2 

54 0-20 45.8 19.5 32.7 0.1 0.4 1.6 
20-65 44.6 29.3 24.1 0.5 0.3 1.3 
65-150 49.2 22.7 27.1 0.1 0.4 0.5 

58 0-25 53.4 7.1 37.7 0.1 0.5 1.5 
25-65 42.4 21.8 35.3 0.1 0.3 0.3 
65-1o0 40.4 20.9 36.6 0.7 0.4 1.2 

72 0-30 51.0 27.1 20.7 1.0 4.0 0.2 
30-65 51.6 24.7 22.9 1.5 3.5 0.3 
65-150 51.7 23.9 22.4 1.9 3.1 0.1 

75 0-30 54.9 20.0 24.1 1.0 4.4 0.1 
70-150 52.2 21.1 24.5 2.1 4.2 0.2 

T7 0-30 51.5 24.6 22.3 1.5 4.5 0.2 
30-80 55.8 22.9 20.2 0.9 3.8 0.3 
80-150 49.6 28.7 20.5 0.8 2.7 0.5 

Table A-i Continued 



Prorile Depth Clay Silt F Sand C Sand TSS CaCO3
 
No. w % % % 

82 0-20 54.9 15.6 28.3 1.3 4.0 0.1
 
20-60 47.1 20.0 22.2 0.1 4.5 0.1
 
60-110 20.7 12.7 66.5 0.1 0.3 0.1
 

110-125 29.5 19.8 50.4 0.2 1.9 0.1
 
125-150 48.6 27.4 22.2 1.8 3.4 0.1
 

84 0-20 54.5 29.1 24.9 1.3 4.5 0.2
 
20-100 60.5 21.3 16.2 0.5 3.4 0.5
 
100-150 60.9 18.7 18.8 1.1 3.9 0.6
 

87 0-30 50.1 20.7 28.5 0.6 4.0 0.1
 
30-90 42.7 25.4 31.3 0.5 3.1 0.,1
 

Table A-I. Continued
 



Profile Depth 010 S1 Et1 SA T CEC E oyptm
No. CM Moe % 

1 0-25 7.8 75.5 5.6 21.9 21.8 26.0 0.5 3.6 20.0 5.6 44.5 9.5 
25-60 7.8 84.0 3.8 7.3 7.4 23.0 0.3 3.0 29.0 8.5 49.5 12.9 
60-100 7.9 97.5 5.3 8.3 16.9 34.0 0.5 2.2 54.0 9.8 51.0 15.4 

2 0-20 7.7 62.0 5.9 22.9 20.8 16.0 0.3 1.5 56.0 3,4 4.0 9.1 
20-50 7.8 75 6.3 17.7 21.1 35.0 0.3 1.5 63.0 7.9 48.0 13.7 
50-150 7.7 74 11.7 46.8 36.6 61.0 0.3 1.5 129.0 9.4 50.0 17.4 0.6 

3 0-20 8.0 81.5 1.9 5.2 3.5 10.0 0.2 2.5 13.0 4.8 0.0 
20-60 7.9 90 3.5 5.7 5.0 25.0 0.1 2.5 30.0 5.2 
60-130 8.0 102 2.4 3.6 2.2 17.5 0.1 2.5 12.0 10.3 

4 0-20 7.7 77.5 4.1 10.4 14.8 19.0 0.3 .1.0 30.0 5.4 45.0 12.2 

20-70 7.6 98 7.8 6.8 15.4 63.0 0.3 :L.5 86.0 18.9 59.0 28.4 
70-150 8.1 90 5.7 12.0 13.3 44.5 0.3 1.5 42.0 12.5 44.5 22.4 

5 0-20 7.8 75.5 2.5 7.3 5.3 13.0 0.3 3.0 15.0 5.2
 
20-70 7.8 84 3.0 9.9 8.6 13.0 0.3 2.5 24.0 4.3
 
70-150 7.8 98 6.9 11.5 12.8 56.0 0.3 2.0 64.0 16.1 

pH o the saturatcon paste

0 Saturation percentae
 

t Of the saturation extract
 

Table A-2. Chemical Characteristics of Soil Profiles Sampled in Abu Raya Area.
 



ProfileNO. Depthm jI SP ac 
om 

C-
c 

- lt- n 
k 

me saturatgcn Extract 
N K 03 

f .l 
C SAR MCESP Gyp"3

% 

7 0-20 
20-60 
60-120 

7.8 
8.2 
8.0 

89 
86 

102 

1.7 
1.6 
1.9 

3.1 
1.0 
1.6 

3.2 
0.9 
0.9 

10 
14 
15 

0.2 
0.1 
0.1 

3.7 
3.6 
3.7 

5.0 
4.o 
6.0 

5.6 
8.1 

12.8 

8 0-20 
20-70 
70-150 

7.9 
8.0 
7.8 

90 
107 
114 

2.0 
2.6 
3.8 

2.6 
i.6 
2.1 

2.3 
1.4 
1.8 

15 
25 
34 

0.2 
0.2 
0.2 

3.4 
3.1 
2.4 

7.0 
13.0 
25.0 

9.6 
20.8 
24.3 

43.0 
51.0 
54.5 

11.6 
22.1 
33.2 

9 0-2020-60 
60-150 

8.28.3 
8.2 

113
98 

114 

1.45.9 
4.8 

4.2
19.7 
6.2 

3.6
16.2 
7.3 

6.3
33 
44 

0.3
0.3 
0.3 

2.2
2.5 
1.8 

5.0
11.0 
32.0 

3.2
7.8 

16.9 

56.0
41.0 
45.0 

6.6
15.6 
17.6 

1.9 

10 0-25 
25-80 
80-100 

8.4 
7.8 
8.4 

98 
114 

53 

2.8 
2.1 
3.3 

6.2 
3.6 
3.1 

3.4 
5.5 
2.7 

17.5 
13.2 
27.8 

0.4 
0.2 
0.2 

1.6 
2.0 
3.0 

22.0 
14.0 
24.0 

7.6 
6.2 

16.2 

44.0 
52.0 
48.0 

9.2 
13.2 
26.0 

11 0-20 8.1 88 2.5 8.3 .2 110.0 0.3 3.0 10.0 3.5 
20-70 
70-150 

8.4 
8.1 

90 
100 

1.7 
7.8 

3.1 
12.5 

2.7 
10.8 

14.5 
56.5 

0.2 
0.3 

3.0 
2.0 

11.0 
70.0 

8.5
16.6 

Table A-2 Continued 



MUMrM/met28
Praftlle Ipth ;H SP E ca 1Kfl CM SP OypaiUR 
140. cm =3 _ 

12 0-15 8.2 91 3.5 10.4 5.6 19.0 0.4 2.0 22.0 6.7
 
15-70 8.2 96 3.7 7.3 11.2 18.5 0.2 1.5 36.0 6:1
 
70-130 8.0 70 8.8 9.4 13.9 68.5 0.3 2.0 86.0 2.1
 

13 0-30 8.0 90 9.9 13.5 36.9 60.0 0.5 3.5 100.0 11.9 24.0 4.0 
30-65 8.1j 97 7.9 9.4 20.2 52.5 0.4 2.5 90.0 13.6 

14 0-20 8.3 102 2.5 7.3 8.2 11.0 0.3 3.0 17.0 4.0
 
20-60 8.1 106 4.1 7.3 4.9 32.0 0.3 2.5 24.0 10.3
 

15 0-30 8.2 95 5.2 6.3 2.0 47.5 0.2 2.5 46.0 23.3 6.0
 
30-70 8.3 92 4.8 4.2 6.0 40.0 0.2 2.0 37.0 17.7
70-150 8.1 96 2.8 9.4 5.7 16.0 0.3 2.5 18.0 5.8 

16 0-30 7.7 109 3.4 3.1 6.5 28.0 0.2 3.2 15.0 12.7 10.0 
30-80 7.6 108 8.2 20.8 19.0 1 60.0 0.3 2.1 46.0 13.5 
80-150 7.8 109 3.2 7.3 6.8 19.0 0.2 2.4 23.0 7.2 0.6 

Table A-2. Continued 



PItIi the Saturticn Extract c-I I-
NO. cm Milsh 

cm 1 

17 0-20 
20-70 
70-150 

7.8 
8.2 
8.2 

88 
102 
106 

4.7 
8.1 
2.3 

7.3 
12.5 
5.7 

6.3 
16.6 
4.0 

36.0 
60.0 
16.0 

0.2 
0.2 
0.3 

1.5 
1.5 
4.0 

44.o 
78.0 
13.0 

13.8 
15.7 
7.3 

7.3 

0.4 

18 0-30 
30-80 

8.1 
8.1 

104 
112 

3.4 
7.2 

5.2 
11.5 

2.6 
8.9 

29.0 
56.0 

0.2 
0.2 

3.0 
2.0 

28.0 
67.0 

14.7 
17.5 

18.0 

19 0-20
20-70
70-150 

8.0
7.9
7.9 

112
115
112 

1.9
1.7
3.1 

2.1
5.2
3.1 

1.8
2.6
1.3 

17.0
10.0
30.0 

0.1
0.2
0.2 

3.8
3.6
3.4 

10.0
8.4

20.0 
12.2

5.1
14.3 

27.0 4.0 

20 0-30 
30-80 
80-100 

8.0 
7.8 
7.8 

116 
i26 
114 

4.1 
5.3 
7.2 

5.3 
4.7 
4.6 

5.4 
4.1 
7.3 

45.0 
45.0 
67.0 

0.2 
0.2 
o.4 

3.5 
2.4 
4.0 

34.0 
50.0 
58.0 

13.4 
21.6 
27.5 

52.0 
44.0 

19.6 
27.6 

4.5 

21 0-30 
30-70 

7.4 
7.6 

106 
115 

6.0 
3.4 

5.2 
6.8 

7.4 
7.2 

47.0 
17.0 

0.4 
0.3 

2.3 
2.7 

47.0 
16.0 

18.7 
5.9 

7.2 

Table A-2. Continued 



29~M-itdlo Sit the -SatutionExtract ml 

Prorile 
NO. 

Depth 
aR 

pH SP n 
t jI 

Ca 1r Na I K HMO3 Cl SAR aE EP Gypam 

22 0-20 
20-70 

7.8 
8.0 

117 
106 

4.6 
7.1 

6.2 
22.9 

5.4 
20.8 

38.0 
48.0 

0.4 
0.6 

2.2 
2.7 

35.0 
53.0 

15.7 
10.3 

9.0 
0.3 

23 0-20 
20-80 

7.7 
7.5 

104 
103 

4.5 
5.5 

8.3 
14.6 

7.2 
8.7 

33.0 
35.0 

0.3 
0.5 

2.4 
2.2 

24.0 
31.0 

11.9 
10.3 

8.0 

24 0-20 
20-50 

8.2 
8.0 

108 
115 

6.6 
4.3 

6.6 
6,2 

9.4 
5.4 

57.0 
38.0 

0.4 
0.3 

2.5 
2.7 

42.0 
34.0 

20.1 
15.7 

14.0 

25 0-30 
30-60 

7.9 
7.9 

102 
112 

3.6 
5.4 

8.4 
6.2 

5.2 
4.5 

30.0 
46.0 

0.3 
0.2 

3.6 
3.0 

25.0 
43.0 

11.5 
19.9 

60-120 7.7 103 5.7 6.3 2.1 54.0 0.2 3.5 49.0 26.5 

26 0-20 
20-70 

7.8 
8.3 

100 
98 

3.2 
8.1 

13.5 
30.6 

9.8 
21.9 

14.0 
52.0 

0.3 
0.4 

3.2 
2.0 

16.0 
34.0 

4.1 
10.2 

27 0-20 
20-50 
50-80 

7.6 
7.5 
7.7 

92 
105 
115 

3.4 
7.5 
6.7 

8.9 
26.0 
6.8 

14.5 
16.7 
10.7 

16.0 
54.0 
56.0 

0.3 
0.4 
0.3 

3.0 
2.4 
1.8 

18.0 
42.0 
58.0 

4.7 
11.7 
18.9 

1.5 

Table A-2 Continued 



Comodtn theuSatmt4 ret .ma c 
Praftle 

No. 
Depth 

cmos 
R SP Ca a K = ESP Oyp 

5 

28 0-15 8.0 104 2.2 5.3 8.3 8.0 0.4 2.6 9.0 3.1 
15-80 8.3 114 1.9 4.7 2.1 12.0 0.2 3.2 5.0 6.5 
70-150 8.4 111 1.9 1.0 1.4 17.5 0.1 2.0 11.0 16.0 

29 0-25 7.7 91 3.5 7.6 13.1 18.0 0.6 2.5 12.0 5.6 

25-80 7.8 107 4.8 9.4 17.6 28.3 0.5 1.0 14.0 7.7 

30 0-50 7.4 99 24 3.7 4.1 16.0 0.2 3.5 18.0 8.1 48.0 13.4 
80-100 7.4 84 8.1 26.0 26.5 52.0 0.4 1.6 43.0 10.3 45.5 19.5 

31 0-20
20-45 

7.8
7.8 

86
86 

4.7
4.1 

14.6
8.3 

13.6
13.0 

28.0
22.3 

0.6
0.2 

1.5
2.0 

30.0
29.0 

7.5
6.8 

45-80 7.8 82 9.0 9.4 16.4 75.7 0.3 1.0 90.0 21.1 1.6 

33 0-30 7.9 73 4.0 9.9 11.5 22.0 0.4 2.0 36.0 6.7 41.0 14.1 
30-80 8.0 55 3.6 2.6 4.2 31.8 0.i 1.0 26.0 17.2 33.0 21.5 
80-140 8.3 112 2.7 1.0 0.9 26.8 0.1 1.0 18.0 27.2 43.5 39.0 

Table A-2 Continued 



No. 

34 

am 

0-2020-50 

50-90 

7.87.9 

7.9 

86
100 

100 

7.0
7.1 

8.0 

Compoition or th &-tum-tlon Exrect me, /1 

20.8 31.6 36.0 0.5 1.5 280 
19.8 39.9 37.3 0.6 1.5 30.0 

18.7 37.6 58.5 0.6 1.0 48.0 

-

7.0 
6.8 

11.0 

It _ho__ 

35 0-25 
25-55 
55-80 

7.6 
7.7 
7.6 

89 
92 
94 

9.3 
8.4 
9.4 

29.8 
24.9 
28.1 

36.0 
34.2 
31.1 

41.5 
52.2 
69.5 

1.2 
0.7 
0.8 

2.2 
1.5 
1.4 

52.0 
50.0 
75 0 

7.? 
9.6 

12.8 

42.5 
40.0 
41.0 

14.0 
19.5 
25.0 1.5 

36 

37 

38 

0-20 
20-60 
60-100 

0-15 
15-50 
50-150 

0-30 
30-50 
5-150 

8.0 
8.4 
8.5 

7.9 
8.0 
7.8 

8.1 
8.1 
8.2 

100 
107 

81 

85 
89 
78 

88 
55 
85 

1.2 
1.9 
1.1 

2.9 
4.6 
8.1 

3.6 
4.9 
4.4 

I 2.1 
1.1 
1.1 

5.2 
6.2 

16.7 

12.5 
6.3 
4.2 

2.8 
1.9 
C.9 

10.3 
16.6 
17.8 

7.9 
15.1 
8.5 

7.0 
16.0 
9.5 

16.0 
33.8 
53.0 

15.5 
30.0 
32.0 

0.3 
0.2 
0.1 

0.3 
0.4 
0.5 

0.4 
0.2 
0.2 

2.0 
1.2 
2.0 

1.5 
1.0 
2.8 

3.0 
2.9 
2.5 

5.0 
9.0 
3.0 

15.0 
23.0 
35.0 

21.0 
27.0 
25.0 

4.5 
13.3 

9.7 

5.7 141.0 
10.0 38.0 
12.8 41.0 

4.9 
9.2 

12.7 

12.1 
17.3 
26.1 

Table A-2 Continued 



Profile 
No. 

iepth 
,, 

pH SP I 
X j 

C~m1 

Ition or the Saturatln Extract 
CaL mg Na K [X 3 

g/1 
Cl SAR 

I 

CC 

--

ESP Gypew 
I 

39 0-25 7.9 88 7.7 20.1 18.6 35.0 0.5 1.6 33.0 8.0 
25-80 8.2 107 8.4 12.3 15.0 59.0 0.4 1.5 61.0 15.8 0.4 

40 0-20 
20-70 
70-150 

8.1 
8.0 
7.9 

100 3.4 
92 8.7 
811 19.2 

10.4 
27.1 
33.3 

10.5 
32.1 
50.2 

18.5 
55.5 
150.0 

0.3 
0.8 
0.6 

1.7 
2.1 
1.5 

20.0 
45.0 

157.0 

5.7 
10.2 
23.2 

44.5 
41.0 
39.5 

8.9 
18.2 
22.2 

2.5 
1.1 

41 0-20 
20-60 
60-120 

8.2 
7.8 
7.9 

125 
96 
93 

5.8 
4.9 
8.1 

5.2 
15.6 
18.7 

5.5 
24.5 
35.4 

50.0 
20.0 
52.0 

0.2 
0.8 
0.7 

1.6 
2.6 
2.0 

49.0 
1.0 
25.0 

21.6 
4.5 

10.0 
0.25 

42 0-20 
20-70 

7.9 
8.0 

94 
93 

2.5 
6.3 

8.3 
18.7 

6.3 
30.8 

11.0 
31.0 

0.4 
0.4 

2.8 
2.6 

7.0 
21.0 

4.1 
6.2 

43 0-20 
20-60 
60-150 

7.7 
7.7 
7.9 

67.0 
55.0 
93.5 

6.0 
7.8 

10.2 

17.7 
15.6 
7.3 

16.3 
19.4 
14.1 

29.0 
54.0 
94.0 

0.4 
0.3 
0.4 

2.6 
2.0 
1.8 

55.0 
85.0 

101.0 

7.0 
12.9 
28.7 

34.0 
29.5 
46.0 

15.0 
20.3 
26.7 

Table A.-2 Continued 



PmofilsNo. Depth 
__cm._ 

;H SP E ca x H003 C1 SAR CEO ESP Gyps= 

0-20 7.7 81.0 2.2 4.2 6.4 10.0 0.4 3.0 9.0 4.3 46.0 10.0 
W:'-70 8.0 50 1.9 5.7 1.1 12.0 0.2 2.8 10.0 6.5 42.5 14.3 
70-150 7.8 82 5.2 18.7 15.2 31.0 0.5 2.2 6.0 7.5 46.0 13.2 0.5 

45 0-20 7.9 95.0 6.6 12.5 13.4 36.1' 0.5 3.0 47.0 8.5 
20-50 7.9 86.5 12.0 24.9 41.9 92.0 0.9 2.0 64.0 15.6 
50-150 7.8 95.0 7.5 14.6 18.4 55.0 0.6 2.0 51.0 13.5 2.7 

46 0-20 7.6 94 2.1 5.2 7.4 9.5 0.4 3.4 7.0 3.8 
20-60 7.6 85 6.9 30.3 25.0 36.0 0.7 3.2 21.0 10.7 2.2 
60-90 7.7 85.9 8.4 16.7 23.5 58.0 0.7 2.0 36.0 13.0 

47 0-20 8.0 90 3.0 6.2 7.3 18.0 0.5 3.4 14.0 6.9 
20-60 8.1 100 4.0 5.7 15.6 241.0 0.4 2.6 15.0 7.4 
60-110 7.9 81 6.3 7.3 8.3 55.0 0.6 2.6 38.0 19.8 0.2 

110-150 8.0 60 5.5 6.2 10.3 47.0 0.5 2.2 40.1 16.4 

48 0-25 7.9 90 1.6 6.3 4.4 7.0 0.2 1.6 5.0 3.0 
25-60 8.0 100 2.0 4.2 7.5 10.5 0.2 1.6 3.0 4.3 
60-120 7.8 85 4.6 12.5 13.7 25.0 0.5 1.8 8.0 7.7 0.5 

Table A-2 Continued 



I mtma the. Sat umlcn StAR 

NO. 
?Mtn@ Doms a 

801=4 
ca 4 N 3 c S C EP Oy" 

% 

49 0-30 
30-70 
70-150 

8.0 
7.5 
7.8 

100 
80 

123 

2.9 
9.0 
3.7 

4.2 
22.9 

1.3 

10.4 
20.8 
2.6 

17.0 
60.0 
32.0 

0.2 
0.4 
0.2 

1.9 
1.4 
2.4 

10.0 
20.0 
10.0 

6.3 
12.8 
22.9 

1.8 

50 0-20 
65-120 

120-150 

7.8 
7.8 
7.9 

98.0 
98.5 
80.0 

1.0 
2.6 
4.9 

2.1 
2.1 
3.1 

2.8 
3.7 
4.6 

4.5 
20.0 
44.0 

0.3 
0.4 
0.4 

3.2 
2.6 
2.4 

20.0 
13.0 
37.0 

2.9 
11.7 
22.3 

51 0-25 
25-60 
60-150 

8.0 
8.1 
8.2 

125 
116 
119 

1.9 
3.2 
4.3 

1.6 
1.5 
1.7 

3.3 
1.9 
2.7 

13.5 
29.0 
39.0 

0.3 
0.4 
0.4 

3.5 
3.4 
2.6 

14.0 
15.0 
28.0 

8.6 
22.2 
26.3 

48 .0 
50.0 

22.0 
21.6 

52 0-20 
20-65 

7.6 103.5 
7.8 114.0 

2.4 
4.3 

3.1 
4.7 

11.0 
11.9 

10.0 
29.0 

0.4 
0.6 

3.6 
2.6 

9.0 
21.0 

3.8 
10.4 

65-150 7.8 92.0 6.3 7.3 9.7 50.0 0.6 2.0 39.0 17.2 

53 0-25 7.8 119.5 1.9 2.6 6.1 11.0 0.3 2.8 5.0 5.3 2.5 
25-75 
75-120 

8.0 
7.9 

125.0 
100.0 

1.5 
1.8 

1.6 
1.0 

1.8 
2.8 

11.0 
13.0 

0.3 
0.3 

3.6 
2.6 

6.0 
9.0 

8.4 
9.3 
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Profile 
No. 

Depth 
cm 

;Hr G 
Iuhoa 

ca 
USorn cc 
mg 

the Sturation Etrsct 
Na K HMI3 

mg'/ 
Cl SAR C ESP Gyps=. 

55 0-25 7.6 88.5 4.8 21.9 29.6 12.0 0.8 1.8 4.0 2.4 
25-80 7.7 81.5 5.7 21.9 31.5 17.0 1.2 1.6 6.0 3.3 0.7 
80-150 8.0 104.5 2.9 2.1 2.0 28.2 0.4 3.0 4.0 19.7 

56 0-20 
20-60 

7.7 
7.7 

96.0 
90.0 

3.4 
7.1 

6.8 
21.9 

12.2 
35.4 

15.0 
36.0 

0.6 
1.1 

3.4 
1.6 

11.0 
17.0 

4.9 
6.7 

60-120 8.0 112.5 5.2 2.1 7.1 44.0 0.5 2.2 39.0 20.5 

57 0-20 7.61 81 4.4 21.9 22.8 16.0 0.7 2.8 7.0 3.4 
20-70 7.6 105 2.5 6.3 6.4 13.0 1.7 3.0 14.0 5.2 2.3 
70-150 7.9 132 7.5 26.0 27.4 34.0 1.4 1.3 28.0 6.6 

58 0-25 
25-65 
65-100 

7.9 
8.1 
8.0 

110 
115 
108 

7.8 
4.1 
5.6 

7.3 
8.3 
8.3 

14.1 
12.1 
14.0 

58.0 
21.0 
33.0 

1.4 
1.7 
1.9 

1.6 
2.1 
1.9 

53.0 
19.0 
29.0 

17.7 
6.6 
9.9 

44.5 
37.5 
39.0 

12.5 
16.5 
23.0 

59 0-25 7.7 106 6.6 20.8 19.9 4.0 1.1 1.5 8.0 8.9 
25-70 7.6 100 4.5 3.1 3.7 40.0 0.3 2.7 13.0 21.7 
70-120 7.8 93 1.5 2.1 3.7 8.5 0.3 2.7 5.0 5.0 
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oeltn of the Saturation Extract en_/ 
Proile Depth 1I S D Ca mg Na K H003 C1 SAR - EP Oypemi 

No. cm nvtma 

60 0-15 7.8 104 2.2 2.1 3.7 16.0 0.6 2.5 11.0 9.4 15.0 
15-40 7.7 113 2.5 3.1 1.8 20.4 0.6 3.0 14.0 13.0 
40-11( 

110-15C 
7.8 
7.9 

86 
95 

15.0 
16.8 

27.1 
12.5 

44.8 
34.1 

85.5 
121.0 

3.0 
3.0 

1.5 
1.7 

92.0 
146.0 

14.3 
25.0 

1.0 

61 0-25 7.7 105 2.3 4.2 5.5 11.0 0.6 2.1 10.0 5.0 
25-80 7.7 102 4.3 5.7 8.8 29.0 0.8 2.0 24.4 10.7 
80-15( 7.4 87 15.6 26.0 36.1 119.0 2.0 1.6 100.0 21.4 1.0 

62 0-30 7.6 89 5.3 19.2 33.8 19.0 1.0 1.5 17.5 3.7 
90-15{ 7.4 86 12.2 26.6 31.2 98.0 1.5 2.4 80.0 18.2 1.3 

63 0-30 7.7 90 3.2 8.1 13.3 13.0 0.6 3.5 10.0 4.0 
30-90 7.7 91 6.9 25.0 32.3 37.0 0.5 2.4 15.5 6.9 2.7 
90-14( 7.7 83 7.9 19.2 25.6 53.1 1.0 2.0 15.0 11.2 

64 0-35 8.1 94 1.5 4.2 3.6 7.0 0.3 2.0 8.0 3.6 
35-65 8.0 104 1.7 2.1 3.7 10.0 0.3 2.1 9.0 5.9 
65-10o 8.3 106 2.9 2.1 3.3 20.8 0.4 1.5 20.0 12.8 
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PmFleNO. Deptham pH SP mmbmm 
Profilte 
C 

o 
e 

the tSattmi on tmct 
H0 

ma/I 
cC3. SAR C ESP Gyspenu 

65 0-20 
20-60 
60-90 

-.0 
8.0 
7.9 

90 
101 
105 

1.8 
4.1 
5.8 

5.2 
0.4 

15.6 

5.5 
15.8 
15.4 

7.6 
17.0 
37.0 

0.3 
0.5 
1.0 

2.2 
1.5 
1,5 

11.0 
28.0 
47.0 

3.2 
4.7 
9.4 

66 0-35 
35-10c 

100-15C 

7.8 
8.0 
7.8 

86 
86 
83 

11.2 
1o.9 
12.9 

26.0 
M6.0 
27.1 

43.9 
34.1 
28.3 

74.0 
85.0 

125.0 

0.6 
1.2 
1.7 

1.2 
1.2 
1.5 

84.o 
70.0 
83.0 

12.5 
15.5 
23.8 

1.5 

67 0-20 
20-80 
80-151 

7.8 
7.8 
7.7 

89 
105 
99 

2.9 
4.1 

10.8 

5.2 
6.8 

28.0 

4.5 
9.7 

25.2 

10.5 
30.0 
83.0 

0.3 
0.4 
0.6 

2.8 
1.8 
1.6 

11.0 
35.0 
84.0 

4.8 
10.5 
15.8 

68 0-35 7.8 73 3.4 7.8 8.7 18.0 0.3 3.0 20.0 6.3 
35-90 
90-"r-

8.0 
7.8 

96 
95 

1.4 
4.3 

3.6 
18.7 

4.1 
9.4 

7.0 
24.0 

0.2 
0.4 

2.0 
1.8 

4.o 
6.0 

3.5 
6.4 

69 0-25 
25-60 
60-1 

7.9 
8.1 
7.9 

104 
102 
105 

3.7 
2.5 
3.7 

5.2 
4.2 
6.8 

9.5 
7.5 
7.8 

23.0 
15.0 
24.5 

0.3 
0.2 
0.6 

1.6 
1.8 
1.8 

15.0 
10.0 
16.0 

8.5 
6.2 
9.1 

L6.0 
48.0 
46.9 

11.3 
19.7 
20.0 
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Prdof-e 
No. 

DepthIrK 
am 

S PC 
nm j 

Ca Iga mN K H003t cl SAR EC ErP Gyp@=m
I $ 

___ m I__ 1__ 1_ 

70 0-30 7.9 89 3.1 8.3 6.3 20.5 0.6 3.0 15.0 7.6 
30-70 7.8 98 8.8 27.6 26.3 74.5 0.8 2.5 37.0 14.3 
70-120 7.9 88 11.0 26.6 30.7 109.0 0.6 2.5 55.0 20.4 0.5 

71 0-20 7.9 90 5.4 17.7 11.4 35.5 0.6 3.0 42.0 9.3 
20-45 7.9 101 8.4 33.3 26.9 63.0 0.6 2.0 53.0 11.5 
45-150 7.8 103 12.5 37.5 25.6 113.0 1.3 1.5 95.0 20.1 1.8 

72 0-20 
20-60 

7.6 
8.0 

90 
104 

2.2 
5.8 

8.3 
24.0 

5.3 
10.0 

11.9 
36.8 

0.3 
0.7 

3.0 
2.0 

6.0 
6.0 

4.6 
8.9 

60-150 7.9 81 6.7 22.9 23.7 50.8 0.5 2.0 6.0 1U.5 1.9 

73 0-35 
35-90 

8.0 
8.0 

101 
107 

1.7 
4.0 

5.2 
lO.4 

4.0 
5.2 

10.4 
30.5 

0.4 
0.5 

3.0 
2.5 

5.0 
16.0 

4.8 
10.9 

52.5 
52.5 

8.9 
13.5 

90-150 7.9 90 5.9 20.8 15.1 53.0 0.6 2.0 10.0 12.5 52.5 17.5 

74 0-20 7.9 97 1.8 4.7 4.5 11.4 0.3 3.0 4.0 5.3 
20-60 8.2 100 5.2 24.0 11.9 30.5 0.4 2.0 6.0 7.2 
60-15o 8.0 85 6.8 26.0 15.7 50.8 0.5 2.0 4.0 11.1 1.4 
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Pru.1.e 
No. 

Depth 
,, 

i1lN. S M 
u.e 

GO m K HO3 cI so CRC ESP Oypsu
5 

75 0-30 
30-100 

100-150 

7.9 
8.0 
8.1 

97 
88 
55 

1.8 
2.2 
2.1 

6.3 
5.2 
4.7 

3.4 
4.5 
3.6 

9.4 
14.6 
13.8 

0.3 
0.2 
0.7 

3.0 
3.0 
3.0 

8.0 
7.0 
5.0 

4.3 
6.6 
6.8 

50.0 
42.0 
27.0 

7.1 
15.8 
32.5 

76 0-25 
25-60 
60-150 

8.3 
8.1 
8.0 

86 
80 
91 

4.0 
9.0 
6.3 

10.4 
26.0 
26.0 

9.0 
16.7 
12.8 

22.0 
71.5 
35.8 

o.6 
0.4 
0.7 

3.0 
2.0 
2.0 

22.0 
22.0 
14.0 

7.1 
15.5 
8.1 1.1 

77 0-25 
25-65 
65-110 

7.9 
8.1 
8.1 

94 
105 

99 

3.2 
5.1 
5.7 

10.4 
8.9 
7.8 

6.1 
7.6 
5.8 

18.8 
41.5 
50.0 

0.3 
0.3 
0.3 

3.0 
2.5 
3.0 

18.0 
35.0 
4.0 

6.5 
14.5 
19.2 

78 0-30 
30-70 
70-110 

8.1 
7.9 
8.0 

95 
95 
85 

3.3 
6.0 
1.8 

8.9 
14.5 
6.3 

5.7 
o.6 
4.4 

21.3 
40.8 
7.3 

0.4 
0.4 
0.3 

2.5 
2.0 
3.0 

20.0 
3.0 
5.0 

17.9 
11.5 
3.2 1.1 

79 0-25 
25-70 
70-150 

8.0 
7.9 
7.9 

89 
87 
93 

3.0 
5.1 
4.9 

8.9 
28.1 
18.3 

5.7 
5.8 
9.8 

17.7 
25.0 
27.5 

0.6 
0.8 
0.9 

3.5 
2.5 
2.0 

13.0 
12.0 
16.0 

6.6 
6.1 
7.2 

1.0 

Table A-2 Continued 



Profile 
No. 

Depth 
Cm 

pH SP I 
nm joe 

I 

, 

sitionV"
Ca the Saturation Extract neq/lNa K 03 Cl1 SAR CEC ES? Gypsum 

s 

80 0-30 
30-70 
70-100 

100-150 

8.1 
8.0 
7.9 
7.8 

78 
98 
78 
63 

2.1 
5.0 
8.3 

10.5 

5.2 
15.6 
29.2 
24.5 

4.5 
111. 
12.1 
14.3 

13.5 
30.3 
54.0 
87.0 

0.3 
0.3 
0.4 
0.2 

3.0 
2.5 
2.0 
1.5 

8.0 
17.0 
38.0 
83.0 

6.1 
8.3 

11.9 
19.7 

81 0-30 
30-90 
90-150 

7.9 
7.9 
7.7 

104 
98 

103 

5.5 
8.0 

25.7 

11.5 
13.0 
66.7 

7.9 
11.3 
57.6 

43.0 
66.5 
207.5 

0.8 
1.7 
4.7 

3.0 
2.0 
1.5 

40.0 
64.0 

263.0 

13.8 
19.1 
26.3 

44.5 
46.0 
46.0 

13.5 
16.3 
30.0 

82 0-25 
25-70 
70-90 

8.0 
8.0 
7.7 

94 
88 
64 

3.9 
5.5 
9.0 

12.5 
15.6 
36.9 

8.9 
10.6 
24.3 

22.0 
37.3 
59.5 

0.3 
0.6 
0.4 

3.0 
2.0 
2.0 

22.0 
32.0 
5.0 

6.7 
10.3 
10.8 

48.0 
39.0 
-

10.2 
15.0 
- 2.1 

83 0-35 
35-120 
120-150 

8.0 
8.1 
7.9 

95 
113 
102 

2.2 
3.8 
11.3 

5.6 
5.1 

20.7 

5.4 
3.1 

12.2 

12.4 
31.5 
97.5 

0.2 
0.2 
1.2 

3.5 
3.0 
1.5 

10 
30 
80 

5.3 
15.6 
24.0 

84 0-20 
20-70 

7.9 
8.1 

102 
103 

2.5 
2.4 

6.1 
4.0 

10.3 
12.4 

12.5 
12.6 

0.4 
0.1 

3.0 
3.0 

10 
6 

4.4 
4.4 
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Profile 

No. 
Depth 

cm 
S S E 

Nice,cm 
ca 

1tmcf 
I m 

the Satumtln Extract 
Na I X 1( 3 C1 ESP Gypemm 

85 
2M-6 
60-150 

75714 7 
7.66 
7.5 86 

.86.5 2543 
44.0 93.0
51.0 122.3 

1414.1 
164.3 

765.0 
315.0 
372.5 

2.0 
0.2 
0.2 

1.5 
1.0 
1.0 

1238 
510 
622 

4 
21$.9 
31.1 

0 
11.0 
41.0 

19.0 
20.0 
20.0 

0.6 

86 0-40 
40-150 

8.0 
7.9 

89 
89 

3.7 
12.9 

7.1 
32.9 

8.9 
26.1 

22.0 
106.0 

0.2 
0.4 

2.5 
1.0 

22 
82 

7.8 
19.7 

87 0-35
35-80 
80-130 

8.2
8.2 
8.3 

91
110 

50 

2.7
3.7 
3.2 

5.1
2.5 
5.1 

7.3
9.9 
3.6 

15.4
25.0 
24.5 

0.4
0.1 
0.1 

3.0
2.5 
2.0 

10
10 
12 

6.2
10.0 
11.8 

88 0-30 
30-75 
75-150 

7.9 
8.0 
8.1 

78 
82 
90 

4.8 
3.3 
4.0 

4.6 
11.1 
6.1 

13.7 
3.5 
4.9 

32.9 
21.8 
34.3 

0.5 
0.5 
0.3 

3.0 
2.5 
2.5 

30 
18 
22 

10.9 
8.1 

14.6 

89 0-20 
20-90 
90-130 

8.2 
8.1 
8.2 

100 
11.0 

50 

1.. 
3.3 

14.7 

5.1 
6.1 

18.1 

4.0 
4.9 
4.7 

11.0 
24.4 
35.3 

0.6 
0.4 
0.7 

2.5 
1.0 
1.5 

8.0 
20.0 
30.0 

5.2 
10.4 
14.0 

Table A-2 Continued 



Profile Depth pHi SP Ec Ca iti Mg Vic"e ,aturstoNa K Extract-14H3 .e/I C1 SAR CC ESP Gyps= 

No. aU an _3 % 

90 0-25 
25-30 
80-130 

8.2 
8.4 
8.4 

88 
110 
100 

3,3 
2.9 
2.6 

9.1 
4.6 
2.5 

6.4 
3.2 
2.1 

20.1 
23.4 
23.4 

0.3 
0.2 
0.2 

2.0 
2.0 
2.0 

14.0 
9.0 

10.0 

7.2 
11.8 
15.4 

91 0-30 
30-120 

120-150 

8.2 
8.3 
8.1 

94 
96 
85 

2.9 
5.7 

10.8 

5.6 
11.1 
27.8 

6.4 
9.0 

17.9 

15.8 
40.3 
87.0 

0.3 
1.9 
0.4 

3.0 
2.0 
1.5 

10.0 
17.0 
45.0 

5.6 
12.7 
18.2 

92 0-25 
25-70 
70-150 

8.4 
8.6 
8.9 

100 
116 
190 

2.3 
3.5 
2.3 

2.5 
2.0 
2.0 

1.6 
1.7 
1.7 

15.1 
34.3 
20.8 

0.1 
0.1 
0.1 

3.5' 
2.0" 
4.0* 

15.0 
9.0 
5.0 

13.3 
26.0 
15.3 

93 0-20 
20-100 

100-130 

8.4 
8.5 
8.6 

96 
109 

46 

2.3 
2.8 
5.2 

2.5 
2.5 
5.1 

4.8 
2.2 
1.3 

17.0 
25.0 
47.8 

0.1 
0.2 
0.2 

3.5* 
3.0' 
3.0* 

6.0 
14.0 
28.0 

8.9 
16.3 
26.7 

50.0 
51.0 
26.0 

11.0 
17.b 
20.0 

94 0-35 
35-100 

8.1 
8.2 

88 
85 

6.8 
6.5 

7.1 
11.6 

285.4 
14.9 

39.0 
45.0 

0.4 
0.2 

2.5 
2.0 

34.0 
30.0 

9.1 
12.4 

42.0 
41.5 

7.5 
11.0 

' Traces at' O3 

Cu3 Ta1A0 - Co/t 
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Pr 
No. 

le Dpth 
ama 

H SP S -AM Csym ESP 

95 0-25 
25-80 
80-150 

8.3 
8.2 
8.1 

8n 
80 
86 

1 2.2 
4.9 
6.8 

4.6 
5.1 
8.1 

5.4 
15.0 
10.2 

13.0 
33.0 
50.0 

0.2 
0.2 
0.6 

3.0 
2.0 
1.5 

10.0 
32.0 
50.0 

5.8 
10.4 
16.5 

96 30-80 
80-150 

8.1 
8.0 

75 
81 

7.1 
10.4 

13.6 
17.2 

18.4 
16.2 

51.0 
76.3 

0.3 
0.3 

2.0 
2.0 

42.0 
78.0 

12.8 
18.7 

97 0-25 
25-70 
70-150 

8.0 
7.8 
8.0 

75 
86 
84 

7.9 
12.7 
9.3 

25.3 
24.3 
19.2 

17.6 
25.9 
16.4 

44.0 
106.0 
65.0 

0.4 
0.4 
0.2 

2.5 
1.5 
1.0 

47.0 
104.0 
72.0 

9.5 
21.2 
3.9 J

98 0-20 
20-80 
80-150 

8.0 
8.0 
7.8 

87 
82 
77 

8.0 
12.5 
14.7 

20.2 
30.3 
40.4 

25.5 
28.6 
38.6 

47.8 
93.5 

100.0 

0.5 
0.4 
0.4 

3.0 
3.0 
2.0 

54.o 
85.0 

104.0 

10.0 
17.2 
15.9 1.4 

99 0-25 
25-90 
90-150 

8.1 
8.1 
8.0 

76 
77 
78 

6.9 
6.9 
8.9 

16.2 
15.2 
17.2 

13.0 
13.1 
15.7 

52.0 
52.0 
76.5 

0.4 
0.2 
0.2 

1.5 
1.0 
1.0 

42.0 
51.0 
68.0 

13.6 
13.8 
18.9 

39.0 
39.0 
38.0 

13.0 
15.0 
19.0 
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No. cm IM*MO
PrrI8 qthFMV ErU INa K s1 H 3 Cl SAR C-~ Ev Oypsm 
cm 

100 0-30 8.2 81 4.6 8.1 10.2 30.8 0.2 3.0 28.0 10.2
30-75 8.3 100 4.8 7.1 4.3 41.5 0.5 2.5 35.0 17.4
75-100 8.4 104 5.7 6.1 4.4 51.0 0.2 2.5 42.0 22.3 

101 0-20 8.3 78 4.0 10.6 9.9 22.0 0.1 2.0 22.0 6.9
20-80 8.2 74 5.0 12.1 9.4 31.5 0.1 2.0 34.0 9.680-130 8.0 87 10.0 14.2 13.2 93.5 0.2 1.5 91.0 25.3 

Table A-2 Continued
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ProleNo. Wter-tableDepth, on pH 
P n Iqknat 250 mq Anions 

cr - jj 

aitionn /1 
tionsCa4+ Mg Na4+-

-

K SAR 

7 120 7.4 2330 2.2 7.0 16.0 12.6 2.8 6.2 26.5 0.1 12.5 
19 110 7.5 1470 1.4 5.0 10.0 7.4 3.7 5.3 13.3 0.1 6.3 
26 70 7.7 7000 6.3 4.5 42.0 63.0 18.5 23.9 66.7 0.4 14.5 
35 80 7.3 16200 15.9 5.0 169.0 95.8 46.3 71.4 151.3 0.8 19.7 
38 100 7.6 11500 10.8 13.0 89.0 81.5 20.4 37.4 125.0 0.8 23.3 
77 110 7.7 11900 11.8 10.0 138.0 48.9 16.2 42.4 137.5 0.8 25.4 
82 100 7.6 16600 15.4 9.5 182.0 87.1 57.4 65.4 155.0 0.8 19.8 
87 120 7.8 7620 7.2 14.0 54.0 48.7 7.0 14.5 95.0 0.3 29.6 
94 100 7.2 8280 8.3 8.5 80.0 45.6 13.9 28.9 91.0 0.3 19.7 

Table A-3. Analysis of the Groundwater in the Abu Raya Area. 
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Table A-4. 	 Morphological Descriptions and Associated Site 
Charateristics of Selected Soil Profiles 
Representative of the Major Soil Series 
Which Occur.
 

Profile No.: 10 Date: 6/11/78 Parent material: Alluvium 

Series: Hammad clay - normal phase 

Location: Abu Raya 	 Salts: -

Land form: Floodplain 	 Water table: 100 cm 

Slope: Level 	 Vegetation: Maize
 

Depth a: 	 DESCRIPTION
 

0-25 	 Very dark greyish brown (10 YR 3/2) twist,
 
clay, moderate medium subangular blocky, 
firm, sticky, plastic, many fine and 
medium pores, many fine roots, weak effer
vescence, diffuse boundary.
 

25-80 	 Dark grey (10 YR 4/1) moist, few diffuse 
dark greenish grey (5 GY 4/1) mottles, 
clay, moderate medium subangular blocky, 
many fine and medium pores, common fine 
roots, weak effervescence, diffuse boun
dary. 

80-100 	 Dark brown (10 YR 3/3) mist, clay loam, 
moderate fine granular, many fine and 
medium pores, weak effervescence.
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Table A-4 (Cont.) 

Profile No.: 20 Date: 8/11/78 Parent material: Alluvium 

Series: Abu Raya clay - sodic phase 

Location: Abu Raya Salts: Few salt efflore
scence 

Land form: Floodplain Water table: 110 cm 

Slope: Level Vegetation: Fallow after 
cotton 

Depth an: 	 DESCRIPTION 

Cracks of 3-5 cm wide and 	20-50 cm deep 

0-30 	 Very dark greyish brown (10 YR 3/2) moist, 
clay, weak subangular blocky, firm, 
sticky, plastic, many fine and medium 
pores, many fine roots, weak effer
vescence, diffuse boundary.
 

30-80 	 Very dark greyish brown (10 YR 3/2) moist, 
clay, moderate medium angular blocky,
slickensides, friable, sticky, plastic, 
many fLre and edium pores, few fine 
roots, weak effervescence, diffuse boun
dary. 

80-110 	 Very dark greyish (10 YR 3/2) moist, few 
clear dark greenish grey (5 GY 4/1)
mottles, clay, strong angular blocky, 
friable, sticky, plastic, meny fine pores,
weak effervescence. 
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Table A-4 (Cont.) 

Profile No.: 40 Date: 21/11/78 	 Parent material: Alluvium 

Series: Abu Raya clay - gypsiferous jiase 

Location: Abu Raya 	 Salts: Some salt efflore
scence
 

Land form: Floodplain 	 Water table: Below 150 cm 

Slope: Level 	 Vegetation: Fallow after 
rice 

Depth an: 	 DESCRIPTION 

0-20 	 Very dark greyish brown (10 YR 3/2) moist, 
clay, weak subangular blocky, firm, 
sticky, plastic, many fine roots, weak 
effervescence, diffuse boundary. 

20-70 	 Dark brown (10 YF 3/3) moist, clay, 
moderate edium subangular blocky, firm, 
sticky, plastic, rany gypsum concretions 
and crystals, few fine roots, weak effer
vescence, diffuse boundary. 

70-150 	 Very dark greyish brown (10 YR 3/2) moist, 
clay, strong fine angular blocky, slicken
sides, friable, sticky, plastic, many gyp
sum concretions and veins, weak efferves
cence. 
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Table A-4 (Cont.) 

Profile No.: 44 

Series: 3adek clay
 

Location: Abu Raya 

Land form: Old river 

Slope: Level 

Depth am: 

0-20 

20-70 

70-150 


Date: 10/11/78 Parent mteri'al: Alluvium 

Salts: 

levees Water table: Below 150 cm 

Vegetation: Wheat
 

DESCRIPTION 

Very dark greyish brown (10 YR 3/2) moist, 
clay, weak subangular blocky, firm, 
sticky, plastic, many fine and medium 
pores, mann, fine and medium roots, weak 
effervescence, diffuse boundary.
 

Very dark greyish brown (10 YR 3/2) mist, 
clay loam, nderate medium subangular 
blocky, friable, common fine pores, common 
lime concretions, few fine roots, weak 
effervescence, diffuse boundary. 

Very dark greyish brown (10 YR 3/2) moist, 
clay, strong fine angular blocky, slicken
sides, friable, sticky, plastic, common 
fine pores, many gypsum veins, weak effer
vescence.
 



-4/ 

Table A-4 (Cont.) 

Profile No.: 58 

Series: Hamnad clay -

Location: Abu Raya 


Land form: Floodplain 

Slope: Level 

Depth cm: 

0-20 

20-65 

65-110 

Date: 11/1/79 Parent material: Alluvium 

normal phase 

Salts: Some salt efflore
scence 

Water table: 110 cm 

Vegetation: Berseem
 

DESCRIPTION 

Very dark greyish brown (10 YR 3/2) moist, 
clay, massive, firm, sticky, plastic, many
fine and medium pores, many fine and 
medium roots, weak effervescence, clear 
boundary. 

Brown (10 YR 4/3) moist, common diffuse 
dark bluish grey (5 B 4/1) mottles, clay, 
many medium subangular blocky, firm, 
sticky, plastic, common fine pores, few 
fine roots, weak effervescence, diffuse 
boundary.
 

Dark brown (10 YR 4/3) moist, clay strong 
fine angular blocky, firm, sticky,
plastic, many fine pores, weak effer
vescence.
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Table A-4 (Cont.) 

Profile No.: 63 

Series: Hammad clay -

Location: Abu Raya 

Land form: Floodplain 

Slope: Level 

Depth an: 

0-30 

30-90 

90-140 

Date: 21/11/78 Parent material: Alluvium 

gypsiferous plase 

Salts: Few salt efflore
scence
 

Water table: 140 cm 

Vegetation: Fallow after 
rice
 

DESCRIPTION 

Brown (10 YR 4/3) moist, common diffuse 
dark greenish grey (5 BG 4/1) mottles, 
clay, weak subangular blocky, firm, 
sticky, plastic, many fine and medium 
pores, many fine roots, weak effer
vescence, diffuse boundary. 

Dark greyish brown (10 YR 4/2) moist, 
clay, moderate medium subangular blocky, 
firm, sticky, plastic, cormon fine and 
medium pores, many gypsum crystals and 
veins, few fine roots, weak effervescence, 
diffuse boundary. 

Dark greyish brown (10 YR 4/2) moist, 
clay, moderate medium subangular blocky, 
friable, sticky, plastic. comin fine 
pores, weak effenrescence. 
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Table A-4 (Cont.) 

Profile No.: 71 Date: 22/11/78 Parent material: Alluvium 

Series: Abu Raya clay - high water table, gypsiferous phase 

Location: Abu Raya 	 Salts: Few salt efflore
scence
 

Land form: Floodplain 	 Water table: 85 cm 

Slope: Level 
 Vegetation: 	 Fallow after
 
cotton
 

Depth an: 	 DESCRIPTION 

0-20 	 Very dark grey (10 YR 3/1) moist, clay, 
weak subangular blocky, firm, sticky, 
plastic, many fine and medium pores, many 
fine roots, 	weak effervescence, diffuse
 
boundary.
 

20-45 	 Very dark greyish brown (10 YR 3/2) mist, 
clay, moderate fine and medium angular 
blocky, weak slickensides, friable, 
sticky, plastic, common fine and medium 
pores, few fine roots, weak effervescence, 
diffuse boundary. 

45-85 	 Brown (10 YR 4/3) mist, few diffuse dark 
bluish grey (5 B 4/1.) mttles, clay, mode
rate medium angular blocky, friable, 
sticky, plastic, common fine and medium 
pores, many gypsum crystals and veins, 
weak effervescence.
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Table A-4 (Cnt.) 

Profile No.: 81 Date: 23/11/78 Parent mterial: Alluvium 

Series: Abu Raya clay - normal phase 

Location: Abu Raya 	 Salts: Scme salt efflore
scence
 

Land fcin: Floodplain 	 Water table: 100 am 

Slope: Level Vegetation: 	 Fallow after 
rice 

Depth an: 	 DESCRIPTION 

0-30 	 Very dark grey (10 YR 3/1) moist, clay, 
weak 3ubangular blocky, firm, sticky,
plastic, Cnion fine and medium pores, few 
soft lim concretions, many fine and 
medium roots, weak effervescence, diffuse
 
boundary.
 

30-90 	 Very dark greyish brown (10 YR 3/2) moist, 
clay, strong angular blocky, slickensides, 
friable, sticky, plastic, nany fine pores,
few fine roots, weak effervescence, dif
fuse boundary. 

90-100 	 Very dark greyish (10 YR 3/2) moist, clay, 
strong fine angular blocky, friable, 
slickensides, sticky, plastic, many fine 
pores, common gypsum veins and oncre
tions, weak effervescence. 



Table A-4 (Cont.) /,51 

Profile No.: 82 Date: 23/11/78 Parent material: Alluvium 

Series: Abu Raya clay - normal phase 

Location: Abu Raya Salts: Few salt efflore
scerice 

Land form: Floodplain Water table: 110 ca 

Slope: Level Vegetation: Fallow after 
rice 

Depth an: DESCRIPTION 

0-25 Very dark grey (10 YR 3/1) moist, clay, 
weak subangular blocky, firm, sticky,
plastic, many fine pores, few soft lime 
concretions, many fine and medium roots, 
moderate effervescence, diffuse boundary. 

25-70 Very dark grevish brown (10 YR 3/2) moist, 
clay, moderate medium subangular blocky,
firm, sticky, plastic, common fine pores, 
few soft lime concretions, few fine roots, 
weak effervescence, diffuse boundary. 

70-90 Dark brown (10 YR 3/3) moist, clay, 
strong, fine angular blocky, friable, 
sticky, plastic, common fine pores, many 
gypsum veins and crystals, weak effer
vescence, diffuse boundary. 

90-110 Brown (10 YR 4/3) moist, loam massive, 
friable, many fine pores, weak effer
vescence. 
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Table A-4 (Cont.) 

Profile No.: 85 

Series: Hammad clay -

Location: Abu Raya 

Land form: Floodplain 

Slope: Level 

Depth an: 

0-25 

25-60 

60-150 


Date: 23/11/78 Parent material: Alluvium 

saline pase 

Salts: Brown salt crust 

Water table: Below 150 cm 

Vegetation: Barren land 

DESCRIPTION 

Very dark greyish brown (10 YR 3/2) moist, 
clay, structureless massive, firm, sticky, 
plastic, common fine pores, weak efferves
cence, diffuse boundary. 

Very dark greyish brown (10 YR 3/2) moist, 
clay, weak Qubangular blocky, firm, 
sticky, plastic, common fine pores, common 
gypsum veins, weak effervescence, diffuse 
boundary. 

Very dark greyish brown (10 YR 3/2) moist, 
clay, weak subangular blocky, friable,
 
sticky, plastic, common fine pores, weak 
effervescence.
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Table A-4 (Cont.) 

Profile No.: 99 Date: 25/11/78 Parent material: Alluvium 

Series: Abu Raya clay - normal phase 

Location: Abu Raya Salts: Few salt efflore
scence 

Land form: Floodplain 	 Water table: Below 150 cm 

Slope: Flat 	 Vegetation: Maize
 

Depth an: 	 DESCRIPTION
 

0-25 	 Very dark greyish brown (10 YR 3/2) moist, 
clay, weak subangular blocky, firm, 
sticky, plastic, many fine and medium 
pores, many fine and medium roots, weak 
effervescence, diffuse boundary.
 

25-90 	 Very dark greyish brown (10 YR 3/2) mist, 
clay, moderate medium angular blocky, 
slickensides, firm, sticky, plastic, 
many fine pores, few fine roots, weak 
effervescence, diffuse boundL y. 

90-150 	 Very dark greyish brown (10 YR 3/2) moist, 
clay, strong fine angular blocky, friable, 
sticky, plastic, common fine pores, weak 
effervescence.
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AMERICAN EQUIVALENTS OF EGYPTIAN ARABIC
 
TERMS AND MEASURES COMMONLY USED
 

IN IRRIGATION WORK
 

LANDARA 
I acre4,f 

IN §Q XTER 
6.856 

IN ACE 
1.000.963 

FlE12QNS IN HECT ARES 
0.405 

1 edden 4,200.833 1.038 1.000 0.420 
1 hectare (ha) 10,000.000 2.471 2.380 1.000 
I sq. kilometer 100 x 10 247.105 23.348 100.000 
1sq. mile 259 x 10' 640.000 616.400 259.000 

WATER MEASUREMENTS FEDDAN-CM ACRE-FEET ACRE-INCHES 
I billion m' 23,809,000.000 810,710.000 
1,000 m a 23.809 0.811 9.728 
1,000 m a/Feddan 23.809 0.781 9.372 

(= 238 mm rainfall) 
420 m /FRdan 10.00 0.328 3.936 

(= 100 mm rainfall) 
OTHER CONVERSION METRIC U.S. 
I ardab = 198 titers 5.62 bushels 
I arda/frdan 5.41 bushels/acre 
I k/fedd= 2.12 lb/acre 
I donkey load 100 kg 
1 camel load 250 kg-

1donkey load of manure = 0.1 m" 
1 camel load of manure = 0.25 m' 

EGYPTIAN UNITS OF FIELD CROPS 
CROP EG. UNIT IN KG IN LBS IN BUSHELS 

Lentils 4 160.0 352.42 5.87 
Clover aLdjld 157.0 345.81 5.76 
Broadbeans ardeb 155.0 341.41 6.10 
Weat Hde2 150.0 330.40 5.51 
Maize, Sorghum ardeb 140.0 308.37 5.51 
Barley O 264.32I20.0 5.51 
Cottonseed adeb 120.0 264.32 8.26 
Sesame ardb 120.0 264.32 
Groundnut ardeb 75.0 165.20 7.51 
Rice d 945.0 2081.50 46.26 
Chick-peas fdib 150.0 330.40 
Lupine adeb 150.0 330.40 
Linseed fdeb 122.0 268.72 
Fenugreek xdeb 155.0 341.41 
Cotton (unginned) metri qinta 157.5 346.92 
Cotton (lint or ginned) metric qintar 50.0 110.13 

EGYPTIAN FARMING AND IRRIGATION TERM§ 
fiM = branch 
marwa, = small distributer, irrigation ditch 
mzmof = field drain 
mesgw = small canal feeding from 10 to 40 farms 

= cf. English *karat", A land measure of 1/24 feddan. 175.03 m 
= village 

2 
= 1/24th of a qrat, 7.29 m 
= animal powered water wheel 

ad = drain (vb.), or drainage. See also masraf, (n.) 
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EGYPT WATER USE AND MANAGEMENT PROJ ECT
 

PROJ ECT TECHNICAL REPORTS
 

NO. 	 TITLE 

PTR#I 	 Problem Identification Report 
for Mansuriya Study Area, 
10/77 to 10/78. 

PTR#2 	 Preliminary Soil Survey Report 

for the Beni Magdul and 

EI-Hammami Areas. 


PTR#3 	 Preliminary Evaluation of 
Mansurlya Canal System, 
Giza Governorate, Egypt. 

PTR#4 	 On-farm Irrigation Practices In 
Mansuriya District, Egypt. 

PTR#5 	 Economic Costs of Water Shortage 
Along Branch Canals. 

PTR#6 	 Problem Identification Report For 
Kafr El-Sheikh Study Area. 

PTR#7 	 A Procedure for Evaluating the 
Cost of Lifting Water for Irrigation 
in Egypt. 

PTR#8 	 Farm Record Summary and Analysis 
for Study Cases at Abu Raya and 
Mansuriya Sites, 1976/1979. 

PTR#9 	 Irrigation & Production 
of Rice In Abu Raya, 
Kafr EI-Sheikh Governorate. 

PTR# 10 	 Soil Fertility Survey In 
Kafr El-Sheikh, El Mansurlya 
and EI-Minya Sites. 

PTR# 11 	 Kafr Ei-Sheikh Farm Management 
Survey Crop Enterprise Budgets 
and Profitability Analysis. 

PTR#12 	 Use of Feasibility Studies 
and Evaluation of Irrigation Projects: 
Procedures for Analysing Alternative 
Water Distribution System 
In Egypt. 

AUTHOR 

Egyptian and American 
Field Teams. 

A. D. Dotzenko, 
M. Zanati, A. A. Abdel
 
Wahed, & A. M. Keleg.
 

American and 
Egyptian Field Teams. 

M. EI-Kady, W.Clyma 
& M. Abu-Zeid 

A. El Shinnawl 
M. Skold & M. Nasr 

Egyptian and American 
Field Teams. 

H. Wahby, G. Quenemoen 
& M. Helal 

F. Abdel Al & M. Skold 

Kafr El-Sheikh Team 
as Compiled by T. W. Ley 
& R. L. Tinsley 

M. Zanati, P. N. Soitanpour,
A.T.A. Mostafa, & A. Keleg. 

M. Haider & 
F. Abdel Al 

R. 3. McConnen, 
F. Abdel Al, 
M. Skold, G. 	Ayad & 
E. Sorial 
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ITLE 

PTR#i3 	 The Role of Rural Sociologists 

In an Interdisciplinary, 

Action-Oriented Project:
 
An Egyptian Case Study.
 

PTR#I4 	 Administering an Interdisciplinary
Project.- Some Fundamental Assumptions 
Upon Which 	to Build. 

PTR#15 	 Village Bank Loans to Egyptian

Farmers. 


PTR#16A 	 Irrigation System Improvement 

By Simulation and Optimization: 

1. Theory. 

PTR#16B 	 Irrigation System Improvement

By Simulation and Optimization: 

1. Application. 

PTR#17 	 Optimal Design of Border Irrigation

System 


PTR#I8 	 Population Growth and Development 

In Egypt- Farmers' and Rural 

Development Officials' 

Perspectives. 

PTR#19 	 Rural Development and Effective 

Extension Strategies: Farmers' and 

Officials' Views. 


PTR#?0 	 The Rotation Water Distribution 
System vs. The Continual Flow 
Water Distribution System. 

PTR#21 	 EI-Hammami Pipeline Design. 

PTR#22 	 The Hydraulic Design of Mema 10, 
An Egyptian Irrigation Canal. 

PTR#23 	 Farm Record Summary and Analysis
for Study Cases at Abyuha, 
Mansurlya and Abu Raya Sites, 
79/80. 

PTR#24 	 Agricultural Pests and Their 
Control: General Concepts. 

PTR#25 	 Problem Identification Report 
for El-MInya 

AUTHOR 

J. Layton and 
M. Sallam 

3. B. Mayfield & 
M. Naguib 

G. Ayad, M. Skold, 
& M. Quenemoen. 

3. Mohan Reddy & 
W. Clyma 

3. Mohan Reddy & 
W. Clyma 

3. Mohan Reddy & 
W. Clyma 

M. Sallam, 
E.C. Knop, & 
S.A. Knop 

M. S. Sallam, 
E. C. Knop, & 
S. A. Knop 

M. EI-Kady, 
3. Wolfe, & 
H. Wahby 

Fort Collins Staff
 
Team
 

W.O. Ree, 
M. EI-Kady, 
3. Wolfe, & 
W. Fahim 

F. Abdel Al, 
& M. Skold 

E. Attalla 

R. Brooks 
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TITLE AUTHOR 

PTR#26 

PTR#27 

Social Dimensions of Egyptian
Irrigation Patterns. 

Alternative Approaches in Extension 
and Rural Development Work: 
An Analysis of Differing Perspective 
In Egypt. 

E.C. Knop, 
M. Sallam, S.A. Knop 
& M. El-Kady 

M. Sallam & 
E. C. Knop 

PTR#28 Economic Evaluation of Wheat 
Trials at Abyuha, EI-Minya 
Governorate 79/80-80/81. 

N. K. Farag, 
E. Sorial, & 
M. Awad 

PTR#29 Irrigation Practices Reported
by EWUP Farm Record Keepers. 

F. Abdel Al, 
M. Skold & 
D. Martella 

PTR#30 The Role of Farm Records In 
the EWUP Project. 

F. Abdel Al 
& D. Martella. 

PTR 3I Analysis of Farm Management
Data From Abyuha Project Site. 

E. Sorial, M. Skold, 
R. Rehnberg & F. Abdel Al 

PTR#32 

PTR#33 

Accessibility of EWUP Pilot Sites. 

Soil Survey Report for Abyuha Area 
Minya Governorate. 

A. El-Kayal, 
S. Saleh, A. Bayoumi 
& R. L. Tinsley 

A. A. Selim, M. A. El-Nahal, 
& M. H. Assal 

PTR#34 Soil Survey Report for Abu Raya
Area, Kafr El-Sheikh Governorate 

A. A. Selim, M. A. El-Nahal, 
M. A. Assal & F. Hawela. 

PTR#35 Farm Irrigation System Design, 
Kafr EI-Sheikh, EgypL 

Kafr El-Shelkh Team as 
compiled by T. W. Ley 

PTR#36 Discharge and Mechanical 
Efficiency of Egyptian
Water-Lifting Wheels. 

R. Slack, 
H. Wahby, 
W. Clyma, & D. K. Sunada 

PTR#37 Allocative Efficiency and 
Equity of Alternative Methods 
of Charging for Irrigation 
Water: A Case Study in 
Egypt. 

R. Bowen and 
R. A. Young 

PTR#38 Precision Land Leveling On Abu Raya
Farms, Kafr El-Sheikh Governorate, 
Egypt. 

EWUP Kafr El-Sheikh 
Team, as compiled by 
T. W. Ley 

PTR#39* On-Farm Irrigation Practices for Winter 
Crops at Abu Raya. 

A. F. Metawle, N. L. Adams, 
& T. A. Tawfic 
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NO. TITLE AUTHOR 

PTR#40 A Procedure For Evaluation 
Crop Growth Environments For 
Optimal Drain Design. 

D. S. Durnford, E. V. 
Richardson & T. H. Podmore 

PTR#41 The Influence of Farm Irrigation
System Design and Precision Land 
Leveling on Irrigation Efficiency and 
Irrigation Water Management. 

T. W. Ley, M. EI-Kady 
K. Litwiller, E. Hanson 
W. S. Braunworth, 
A. El-Falaky & E. Wafik 

PTR#42 M Renovation Report. N. Illsley & A. Bayoumi 

PTR#43 P'anning Irrigation Improvements 
in Egypt: The Impact of Policies 
and Prices on Farm Income and 
Resource Use. 

M. Haider & M. Skold 

PTR#44* Conjunctive Water Use - The State 
of the Art and Potential for Egypt. 

V. H. Scott & A. EI-Falaky 

PTR#45* Irrigation Practices of EWUP Study 
Abyuha and Abu Raya Sites for 
1979-1980, 1980-1981, 1981-1982. 

F. Abdel Al, D. Martella, 
& R. L. Tinsley 

PTR#46 Hydraulic Design of a Canal System
For Gravity Irrigation. 

T. K. Gates, W. 0. Ree 
M. Helal & A. Nasr 

PTR#47 Water Budgets for Irrigated Regions 
in Egypt 

M. Helal, A Nasr, 
M. Ibrahim, T. K. Gates,
W. 0. Ree & M. Semalka 

PTR#48* A Method for Evaluating and Revising 
Irrigation Rotations. 

R. L. Tinsley, A. Ismail 
& M. EI-Kady 

PTR#49* Farming System of Egypt- With Special 
Reference to EWUP Project Sites. 

G. Fawzy, M. Skold & 
F. Abdel Al. 

PTR#50 Farming System Economic Analysis 
of EWUP Study Cases. 

F. Abdel Al, D. Martella, 
& D. W. Lybecker 

PTR#51 Structural Specifications and 
Construction of a Canal System for 
Gravity Irrigation. 

W. R. Gwlnn, T. K. Gates, 
A. Raouf, E. Waf1k & 
E. Nielsen 

PTR#52* Status of Zinc in the Soils of Project 
Sites. 

M. Abdel Naim 

PTR#53* Crop Management Studies by EWUP. M. Abdel Naim 

PTR#54* Criteria for Determining Desirable 
Irrigation Frequencies and Requirements 
and Comparisons with Conventional 
Frequencies and Amounts Measured in 
EWUP. 

M. EI-Kady, 3. Wolfe & 
M. Semaika 
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NO. TITLE AUTHOR 

PTR#55* Design and Evaluation of Water Delivery 
System Improvement Alternatives. 

T. K. Gates, J. Andrew, 
J. Ruff, D. Martella, 
J. Layton, M. Helal & 
A. Nasr. 

PTR#56 Egyptian Canal Lining Techniques and 
Economic Analysis 

M. EI-Kady, H. Wahby, 
3. Andrew 

PTR#57 Infiltration Studies on Egyptian 
Vertisols. 

K. Litwiller, R. L. Tinsley 
H. Deweeb, & T. W. Ley 

PTR#58* Cotton Field Trials, Summer, 1980 
Abu Raya. 

Kafr EI-Sheikh Team as 
compiled by M. Awad & 
A. EI-Kayal 

PTR#59* Management Plan for a Distributary 
Canal System 

A. Saber, E. Wafik, 
T. K. Gates, & 3. Layton 

PTR#60 Hydraulic Conductivity and Vertical 
Leakage in the Clay-Silt Layer of the 
Nile Alluvium in Egypt. 

3. W. Warner, T. K. Gates, 
W. Fahim, M. Ibrahim, 
M. Awad, & T. W. Ley. 

PTR#61 The Relation Between Irrigation Water 
Management and High Water Tables in 
Egypt. 

K. Litwiller, M. EI-Kady 
T. K. Gates & E. Hanson 

PTR#62* Water Quality of Irrigation Canals, 
Drains and Groundwater in Mansuriya, 
Kafr EI-Sheikh and EI-Mnya Project 
Sites. 

A. EI-Falaky & V. H. Scott 

PTR#63 Watercourse Improvement Evaluation 
(Mesga #26 and Mjq, #10) 

R. McConnen, E. Sorial, 
G. Fawzy 

PTR#64* Influence of Soil Properties on Irrigation 
Management in Egypt. 

A.T.A. Moustafa & 
R. L. Tinsley 

PTR#65 Experiences in Developing Water Users' 
Associations. 

3. Layton and Sociology 
Team 

PTR#66* The Irrigation Advisory Service: A 
Proposed Organization for Improving 
On-Farm Irrigation Management in 
Egypt. 

3. Layton and Sociology 
Team 

PTR#67* Sociological Evaluation of the On-Farm 
Irrigation Practices Introduced in Kafr 
EI-Sheikh. 

J. Layton, A. EI-Attar 
H. Hussein, S. Kamal & 
A. EI-Masry 

PTR#68* Developing Local Farmer Organizations:
A Theoretical Procedure. 

3. B. Mayfield & M. Naguib 

PTR#69* The Administrative and Social 
Environmentof the Farmers in an 
Egyptian Village. 

3. B. Mayfield & M. Nagulb 
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NO. TITLE AU'HOBR 

PTR#70 Factors Affecting the Ability of Farmers 
to Effectively Irrigate: A Case Study 
of the Manshiya , Kafr EI-Sheikh. 

M. Naguib & J. Layton 

PTR#71* Impact of Turnout Size and Condition 
on Water Management on Farms. 

E. Hanson, M. EI-Kady & 
K. Litwiller 

PTR#72* Baseline Data for Improvement of a 
Distrxbutary Canal System. 

K. Ezz El-Din, K. Litwiller, 
& Kafr EI-Sheikh Team 

PTR#73 Considerations of Various Soil 
Properties For The Irrigation 
Management of Vertisols 

C. W. Honeycutt & 
R. D.Hell 

PTR#74* 

PTR#75 

Farmers's Irrigation Practices in 
El-Hammaml Sands 

Abyuha Farm Record Summary 

1979-1983 

T. A. Tawfic, & 
R. J. Tinsley 

EWUP Field Team 

PTR#76 Kafr El Sheikh Farm Record Summary EWUP Field Team 

PTR#77* El Hammami Farm Record Summary & 
Analysis 

M. Haider & 
M. Skold 

PTR#78 Beni Magdul Farm Record Summary EWUP Field Team 

PTR#79 Analysis of Low Lift Irrigation 
Pumping 

H. R. Horsey, E. V. 
Richardson 
M. Skold & D. K. Sunada 
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EGYPT WATER USE AND MANAGEMENT PROJECT 
MANUALS 

NO. TITLE AUTHOR 

MAN.#l Trapezoidal Flumes for the 
Egypt Water Use Project. 

By: A. R. Robinson. 

MAN.#2 Programs for the HP Computer 
Model 9825 for EWUP Operations. 

By: M. Helal, 
D. Sunada, 
J. Loftis, 
M. Quenemoen, 
W. Ree, R. McConnen, 
R. King, A. Nazr 
and R. Stalford. 

MAN.#5 Precison Land Leveling Data T. W. Ley 
Analysis Program for HP9825 Desktop
Calculator 

MAN.48 Thirty Steps to Precision Land Leveling A. Bayoumi, S. Boctor & 
N. Dimick 

MAN.#9 Alphabetical List of Some Crops and 
Plants with Their English, Egyptian, 

G. Ayad 

Botanical & Arabic Names and 
Vocabulary of Agricultural and other 
Terms Commonly Used. 

MAN.#10 EWUP F?rm Record System Farouk Abdel Al, David 
R. Martella, and Gamal Ayad 

TO ACQUIRE REPORTS LISTED IN THE ATTACHED
 
PLEASE WRITE TO:
 

EGYPT WATER USE AND MANAGEMENT PROJECT
 
COLORADO STATE UNIVERSITY
 

ENGINEERING RESEARCH CENTER
 
FORT COLLINS, COLORADO 80523
 

Reports available at nominal cost, plus postage and handling.
 

*In Progress 


