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ABSTRACT 

An intensive field effort was undertaken to define the nature and map the 
extent of soil salinization and water table encroachment in the Serry command 
area. Recognizing that under irrigation, soil salinity-water table relationships are 
complex and dynamic systems, a methodology was established to assess relative 
levels of impact and describe the areal extent of problem areas. The methods 
consisted of three major components: (1) reconnaissance mapping using aerial 
photography and satellite imagery; (2) field investigations to observe and 
characterize soil and water table conditions; and, (3) soil salinity and water table 
map production by assimilation and integration of all data collected including 
laboratory analyses, field observations and aerial photo interpretation. 

The detailed study identified the relative severity "ind extent of soil salinity and 
water table encroachment. Results indicate that about 3 percent of the study area 
(2,903 feddans) has moderate to severe soil salinity levels in association with a 
shallow water table. About 4 percent (4,114 Feddans) has moderate to severe soil 
salinity levels with moderate water table effects, and about 15 percent (15,587 
feddans) has slight to moderate salinity levels with minimal water table influence. 

The salinity and water table maps aid in prioritizing areas of the irrigation 
system most in need of improvement and/or rehabilitation. Improvement needs may 
range from effective subsurface drainage installation and reclamation of saline 
and/or sodic soils to initiating minor changes in the irrigation system or improving 
irrigation management practices. Because water table level, irrigation management 
and salinity levels are so closely related, the best balance of each aspect should be 
considered in order to develop the most cost-effective plan. 
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1.0 INTRODUCTION 

This report is the result of activities of the Ministry of Irrigation's Regional

Irrigation Improvement Project (RIIP). 
 Presented herein are findings of an intensive 
field effort to define the nature and map the extent of soil salinization and water
table encroachment in the Serry command area. The detailed field data was also
used to evaluate the utility of two alternative methods for characterizing and 
mapping soil salinity and water table levels in the Nile Valley: electromagnetic

inductance techniques, and interpretation and classification of digital satellite
 
data. 
 The theory, results and applications of these technologies are presented in
 
two separate reports.1
 

1.1 Problem Statement 

This study was undertaken to address a major problem facing agricultural
Egypt: degradation of soils of the "old lands"-the floodplain in the Nile River Valley
and Delta, which have been irrigated since pharonic times. Irrigation methods on
these lands, which comprise over 90 percent of Egypt's agricultural area, have

changed radically in recent history. 
 Under the ancient systems, a single crop was
produced by controlling the annual flood of the Nile for basin irrigation. As the

flood receded, the captured water slowly permeated the clay soils, leaching salts
 
which may have accumutated during the previous season. 
 Under the present system
of intensive, perennial irrigation, groundwater levels in many areas no lon.,er
recede, but remain at high levels throughout the year. With inadequate subsurface 
drainage, salts are not flushed out of the soil, and in many areas have concentrated 
in the c'oot zone to levels significantly detrimental to crop production. This
situation has become a major concern of government officials and farmers who have
reported significant salinity and water table problems. To provide direction for
irrigation improvement programs, more knowledge was needed on the extent and 
severity of water table encroachment and salinization of soils. 

1Martin, T.C., T.E. Flack and B.J. Gutwein. 1987. Electromagnetic inductance formapping salinity of Nile River Valley and Delta soils: a preliminary investigation.RIIP Tech. Rep. No. 4 and Martin et al. 1988. Digital classification of thematicmapper images for assessment of soil salinity in Egypt. RIIP Tech. Rep. (in
preparation). 



1.2 Objectives 

The main goal of this study was to gain information regarding soil salinization 
and water table encroachment in the Serry command area. Specific objectives were 
to: 

map and determine the areal extent of relative classes of soil salinity and 
depth to water table in the Serry command;
 
provide baseline information for assessing the success of irrigation system
 
improvement efforts;
 
provide current major land use data and acreage; and 

S test alternatives and establish a methodology for assessment of other 
irrigation systems in the Nile River Valley and Delta. 

1.3 Physical Characteristics 

The study area is located in the Nile River Valley of Middle Egypt. It lies 
predominately within the Governorate of El Minya with a very small portion within 
the Beni Suef Governorate (Figure 1). Irrigation water is delivered to the study area 
by the Serry (-'anal and the Bilhasa Canal, a small extension of the Serry. The Serry
is a branch of the Ibrahimiya Canal which receives Nile River water from the 
diversion barrage at Asyut. The lbrahimiya Canal, about 400 km in length, is the 
largest and longest in Egypt.
 

The command area is about 5 to 
10 km in width and runs parallel to the Nile for
about 125 km. It is bounded in the south by its first sub-canal, the Hirz Canal. The 
eastern boundary is the El-Muhit el-Gharbi Drain and the western boundary is 
generally the Bahr Yousef Canal. The Ministry of Irrigation has estimated the total 
area within the command of the Serry Canal as 119,571 feddans.
 

Climate. 
 The study area lies in Middle Egypt within the Great Sahara 8elt of 
North Africa and Arabia. This belt is characterized by a warm, almost rainless,
climate with maximum duration of d2ily sunshine hours throughout the year. In the 
study area, the year is divided into two distinct seasons with short transition 
periods. The long, hot summer extends from May to October and the relatively 
short, mild winter extends from December to February. 

As reported by the Minya weather station, the mean average daily temperature 
ranges from 12.4 C in January to 28.5 C in July. The mean maximum temperature 
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ranges from 20.7 C in January to 36.7 C in J uly whereas the mean minimum ranges 
between 4.0 C in January to 20.5 C in August. Diurnal temperature averages about 
16 C with occassional frost during the winter months. 

Effective precipitation is negligible, with a mean annual rainfall of only
6.5 mm. Relative humidity ra;iges from about 37 percent in May to about 62 
percent in December. Mean evaporation ranges from 4.5 mm/day in January to 15.0 
mm/day in June. 

Geomorpho!oqy. Three major landforms occur in the Minya 
Governorate: (I) the sedimentary plateau, (2) the scarp face, and (3) the floodplain. 

The sedimentary plateau consists primarily of the Minya Formation of 
lower middle Eocene age (Said '962). It is composed of white limestone with lesser 
amounts of mar! and is underlain by shale. These deposits were laid when Egypt and 
most of North Africa were suhmerqed beneath the Near the end of thesea. 
Cretaceous Period, these deposits were uplifted and the sea retreated northward. 

Jhe scarp face represents the abrupt edge of the plateau ,nd is a result 
of both tectonic forces (uplift) and erosion by the Nile during the late Miocene. 
Mass wasting caused by fluvial undercutting has also shaped the scarp face. Ihe 
approximate height of scarp wall in the Minya area is about 160 to 200 meters. 

The Nile floodplain is a deposit of sedimentF several hundred meters 
thick that. represents over 5 million years of deposition since the cutdown of the 
vall-y. The earliest deposition began in the late Pliocene, with fine-textured 
sediments derived from the highlands of Egypt. Subsequent episodes delivered 
sediments and water from the Ethiopian highlands and central Africa. The 
floodplain is underlain by undifferentiated basement sediments consisting mostly of 
limestone and shale of Iertiary and Cretaceous age. The floodplain comprises 
nearly all of the Nile Valley and averages aLout 15,l000 meters in width at Minya. 
Paired erosional terraces are present along 11he margins of the valley. 

The aluvium may be subdivided into two members: the Nile River sands 
and the clay -silt layer. The Nile River sands cornsist mainly of interbedded layers of 
coarse and fine sand, with lesser ,mnounts of grave! near escarpme;s. Near Minya, 
the sands are about 300 meters thick. The clay -silt layer overlies most of the Nile 
River sands and is occassionally absent at the valley edges. Lenses of fine sand are 
infrequently present. The thickness of the clay -silt layer in Minya varies f: om 4 to 
14 meters. 
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2.0 BACKGROUND
 

2.1 Hlstox-cal Irrigation 

Cultivation and agricultural production in the Nile River Valley is considered to 
have begun about 6,000 B.C. (Faduka 1976). Up until about the mid-nineteenth 
century, Nile Valley cultivators enjoyed a relatively balanced system of agricultural
production with the maintenance of adequate soil and water quality. Thhi balance
 
was achieved under a system of basin irrigation which was dependent upon the
 
natural, annual flood of the Nile River. 
Although the gradual conversion to the 
system of perennial irrigation has increased total agricultural production, it has also 
resulted in an accelerated rate of soil and water quality degradation. 

Basin Irrigation System. The basin system of irrigation along the Nile River has 
been described by a number of authorities (Faduka 1976; Framji and Mahajan 1969;
Hurst 1952). Under this system, the land was divided into basins of 1,000 to 4,000
feddans or more by the construction of a longitudinal bank near and along the river,
and cross-banks to the edge of the desert. When the Nile rose in the annual flood
 
period, water was turned into these compartments through short canals with
 
regulating sluices, flooding the land to depths of one or two meters. 
 Water was held 
in the basins and allowed to saturate the soil above the groundwater table. When 
the river level had dropped sufficiently, a period of about 40 to 60 days, any surface 
water remaining in the basins was allowed to drain back to the river. 

While the basins were ponded, a portion of the suspended sediments settled out 
of the ponded water into the basin, perhaps I mm per season. This process, repeated
for thousands of years, had formed near perfectly levelled basin surfaces so that 
surface drainage was accomplished with no ponded water remaining. Traditional 
crops such as wheat, barley and lentils were then sown, usually in October and 
November. 

Some areas within the Nile flood plain were sliqhtly higher in elevation and 
could not be covered with the controlled flood water. During August these areas 
were sown with flood crops, such as millet, and were irrigated by lifting water from 
the flood canals. 

Perennial Irrigation System. The perennial system of surface irrigation was 
introduced to the Nile Delta by Egypt's ruler, Mohammed Ali, in the mid-nineteenth 
century. Deep canals were constructed to convey Nile water during low flow and 
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water was lifted to the fields by human or animal power. Perennial irrigation was 
greatly expanded with the construction of a series of barrages - low dams built
 
across the Nile which allowed upstream irrigation water diversions by gravity
 
(Strezpak et al. 
 1982). However, with increased water demands by a growing
 
agricultural economy, 
storage of Nile water became necessary to supplement the
 
perennial irrigation systems dependent only on the natural flow. 
 The first storage 
facility, the Aswan Darn, was completed in 1902 and raised in two later stages.
Several other storage facilities were constructed on the Nile tri.butaries in the Sudan 
and by the mid- 1960s, perennial irrigation had replaced much of the basin systems. 
Basin irrigation was entirely replaced by the perennial system following the
 
comD!etion of the High Aswan Dam in 
 1971. 1his facility increased the total Nile
 
River storage capacity from about /i billion cUbic meters to 
164 billion cubic
 
meters, or twice the average annual flow of the Nile.
 

_.aqraadation of Soil and Water Quality. Interive, perennial irrigation of the
 
clay soi!s of the Hile River V;lley 
 has created serilus problems of waLterflogging and 
soil salinization. Contrary to sornn observations, these problems are not entirely

attributable to the constructioi) of the Igh Aswan Dam. 
 The origins lie far back in 
Egyptian agricultural history, the cause primarily being the irrigation of very slowly 
permeab!e, arid soi!s under a regirne of r'aLurally high levels of ground water.
 
Irrigation under these condit_ ons 
requires very creful management and salinization
 
problrns have historically occurred in certairl 
:areas of Egypt, particularly in the
 
Delta rerinoi. For exarnple, between the end of the Roman 
era and the beginning of
 
the Muslim era, 
as much as 1.59 million acres of cultivable soils are thought to have
 
been lost 
to soil salinity c::aus:-d hby puor drainat- (Waterbury 1979). However, 
salinity problems have greatly accelerated wiLh the construction of water storage 
facilities, and part.icularly shice the High Darn, which allowed the complete 
conversion fromn basin to perennial irrigation systems. 

Under the basin irrigation systerm, the captured Nile flood water would slowly 
permeate the soil, dissolving ar,d !eaching out salts which may have accumulated 
during the orevious growing seasor. The groundwater table was lowered with the 
reces.ion of the annual Nile flood. A fertile silt-clay layer was deposited with the 
flood water, reducing or eliminating the need for added fertilizers. Under perennial
irrigation, cool -se-1son crops are immed"ately followed by crops.summer Irrigation 
is nearly continuous on the slowly permeabte clay soils and groundwater levels have 
risen, preventing the annual flushing of soi] salts. During the summer crop season, 
higher rates ef transpiration and increased surface evaporation have contributed to 
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the capillary rise of saline groundwater, further concentrating salts in the root 
zone. Also, without the annual silt-clay surface deposition, perennial irrigators are 
required to add fertilizers, further contributing to salt buildup in the soils. 

2.2 Groundwater Bodies 

The groundwater system within the Nile Valley is composed of two 
hydrologically linked bodies: (1) a water table formed in the clay-silt layer, and (2) 
a lower aquifer in the sand layer that Is somewhat confined by the basement 
sediments from which the valley was carved (Barber and Carr 1981). The clay-silt 
water table is recharged by infiltrations of irrigation water and canal seepage. The 
depth to the water table is somewhat shallow (0.5 to 3 meters) and fluctuates in 
response to irrigation. Evapotranspiration and vertical leakage to the sand layer are 
the major discharge pathways. 

The deeper aquifer within the sands layer is in direct linkage with the Nile 
River. Since construction of the High Aswan Dam, the Nile has become a
 
permanent groundwater sink. 
 Verticai leakage from the clay-silt aquifer is now
 
thought to be the sole source of recharge to the deep aquifer.
 

2.3 Soil and Water Factors 

The origin, occurrence and properties of Egyptian alluvial clay soils have been 
extensively described in the literature including Egypt Water Use and Management
Project (EWUP) reports (Dotzenko et al. 1979; Selim et al. 1983a, 1983b; Honeycutt
and Heil 1984; Moustafa and Tinsley 1984). According to definition by U.S. Soil 
Taxonomy, most of the soils of the Nile Valley are classified as Vertisols. These 
soils are defined as having more than 30 percent clay in all horizons, a depth at least 
50 cm, and cracks at least one cm wide at a depth of 50 cm during part of most 
years (Soil Survey Staff 1975). Soil samples taken from various locations in the Nile 
Valley indicate a clay content of 40 to 60 percent or more. The predominant clay 
mineral is montmorillonite, an expanding 2:1 lattice mineral which is largely 
responsible for the high shrink-swell potential in these suils. 

During dry periods, Vertisols develop deep cracks which have been observed on 
Egyptian soils as wide as 100 mm. 1 his substantial horizontal shrinkage can stretch 
and eventually prune roots. Under higher moisture conditions these soils swell, 
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closing cracks and often sealing the soil surface. Though Vertisols also shrink and 
swell vertically, this condition usually is not observed under cultivation. 

The high clay content and associated physical phenomena of these soils have a 
pronounced effect on soil-water relationships. When initially irrigated, water will 
rapidly enter into cracks, then move horizontally along the cracks and into soil 
peds. As the soil swells and eventually seals at the surface, infiltration is 
drastically reduced. In field depressions, ponded water may remain for many days, 
creating adverse plant growth conditions. Water movement through the soil profile
becomes very LiIow and it is possible to have several wetting fringes simultaneously 
moving through the soil during the irrigation season. In this situation, upward 
movement of capillary water would be attributed to the most recent wetting fringe, 
not from the water table. 

A restricted root zone is typically associated with Vertisols; under natural 
conditions wiLh sufficient precipiLation, these soils typically support grasslands. 
Though some roots will penetrate to greater depths, reports indicate that most roots 
(80 percent or more) are confined to the upper 4I0 cm of soil (Noustafa and Tinsley 
1984, Soil Survey Staff 1975). Under irrigation, the reasons for these shallow 
rooting depths include: mechanical impedance by the dense clay to root 
development; root pruning; and slow internal water movement and associated lack of 
aeration. 

Most of the clay surfaces are not precisely level, a compounding problem in the 
Nile Valley. As a result, irrigation water collects in depressions and can remain 
ponded on the slowly permeable soi!s. Surface outlets and drains are therefore 
required for removal of ponded, excess irrigation water from fields and 
watercourses. 

A study conducted by Litwiller et al (1984) described the relationship between 
water management and high water tables at three sites in Egypt. Their results 
indicate that deep percolation losses from marwas and fields are large due to 
current irrigation practices. These losses, in turn, contribute to elevated 
groundwater levels. increasing on-farm application efficiency was cited as a 
possible solution. However, efficiencies would need to be greater than 80 percent to 
maintain the water table at a desirable level; given the prevailing irrigation 
methods, this solution was considered infeasible. 

Naturally occurring arid introduced (fertilizer) salts in the soil will leach 
downward with sufficient quantities of water. If subsurface drainage is inadequate, 
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the water table will rise or a perched water table may develop. Continued irrigation 
and inadequate drainage does not allow removal of salts and the system ultimately 
becomes "closed." Under this condition, capillary rise becomes more significant,
 
redepositing salts within the root zone. 
 If effective subsurface drainage is provided, 
the system "opens" and salts can be leached below the root zone. Within the Serry
 
command, the most significant problems of saline soils and high water table levels
 
seem to occur under this "closed" system. 

2.4 Salt Tolerance of Crops 

Prediction of the tolerance of crops to soil salinity levels involves complex 
interactions of many environmental and edaphic factors. For example, most crops
 
are more sensitive to saline soil conditions in hot, dry climates than in moist, cool
 
climates. 
 Soil-water content is another influencing factor; as plants extract wat.er, 
the soil solution becomes more corcentrated and plants consequently suffer from
 
both salt and water stress. 
 Other important factors include soil fertility, soil
 
texture, relative humidity, and type of salt.
 

Rarely is soil salinity uniform with depth or 
in time. This is especially true in
 
irrigated areas where salinity levels vary from the soil surface to below the root
 
zone. Under high frequency irrigation regimes, soil salinity in the upper root zone 
most likely approximates the salt concentration in the irrigation water. At greater 
depths, however, salinity levels are usually higher due to leaching. Typically, plant 
growth is most influenced by the salinity level in thfe ione of greatest water uptake 
by roots. Plants tend to extract most of their water from the upper one-half of the 
root zone (Danielson 1967). It is therefore most appropriate to measure soil salinity 
in the same zone, if yield-salinity relationships are desired. 

Sensitivity to salinity varies considerably among plant species. For example, 
crops such as barley and cotton are generally more salt tolerant than broadbeans, 
maize or Egyptian berseem. Also, for a particular crop, salt tolerance may vary 
with different stages of development. Some crops, such as barley, maize and wheat, 
are more sensitive during the early seedling stage and become more tolerant during 
later stages of development. Most crops are as tolerant at germination as at later 
stages of growth and development. 

When predicting the impacts of soil salinity on crop yields, it is best tc compare 
relative rather than absolute yields. Although absolute yields allow a direct 
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assessment of economic impacts, they often reflect responses to many other factors 
such as soil, climate, irrigation method and water management. Also, the use of
 
relative yields allows a comparison of crops which have different units for
 
expressing yield. Relative yield is defined as 
the yield of a crop grown under saline 
conditions expressed as a fraction of its yield under non-saline conditions (Maas
1986). Most crops tolerate salinity up to a threshold level beyond which yields

decrease nearly linearly with increasing salinity. 
Maas and Hoffman (1977) have 
conducted an extensive literature review which has resulted in development of 
salinity-relative yield relationships for a large number of crops. Table I describes 
the relative response to salinity for crops grown in the study area. 

Table 1. Response to salinity for selected crops. 

A BCrop Threshold, Slope, ECefo Reducton in Yr, dS/n 
dS/m % per dS/m 10% 25% 50% Ratinq1 

arley 8.0 5.0 10.0 13.0 18.0erseem 1.5 15.7 3.5 5.9 10.3 MS-roadbezn 
 1.6 
 9.6 2.5 4.3 
 6.9 MS'otton 7.7 5.2 9.7 
 12.5 17.3 1aize 1.7 
 12.0 2.5 3.8 5.8 MSnion 1.2 16.0 1.9,Ppper 2.8 4.4 S1.5 14.0 2.2 3.3 5.1 
 MSugarcane 1.7 
 5.9 3.2 6.0 10.2 MSomato 2.5 
 9.9 3.5 5.l 7. MSheat 6.0 7.1 7.5 9.5 13.0 MT 

1Crop sensitivity ratings as defined by the boundaries in Figure 2. 

Of particular interest are A, the threshold values or maximum salinity levels 
allowable without yield reduction, and B, the percent yield decrease per unit 
increase in salinity. Given these two parameters, one can calculate relative yield,

Yr, for any soil salinity level, ECe.using the following equaton: 
Yr = 100 - B (ECe - A) [I]


where all salinity values are expressed as the electrical conductivity of the 
saturated soil extract in d5/m. For example, from Table 1, maize yields decrease 
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about 12 percent per unit increase in salinity above the threshold value of 1.7. For asoil salinity level (ECe) of 3.8, the relative yield would be 75 percent of the yield 
under nonsaline conditions: 

Yr = 100 - 12 (3.8 - 1.7) = 75% 
Note that Table 1 presents soil salinity values for three corresponding 

[2] 

levels ofrelative yield reduction. The crop sensitivity ratings were determined from theboundaries of the linear curves developed for the crops reported by Maas and 
Hoffman (1977) as presented in Figure 2. 
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Figure 2. 	Divisions for classifying crop tolerance to salinity (from Maas and 
Hoffman 1977). 
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2.5 Crop Response to High Water Tables 

Most agricultural plants suffer under high water table conditions. Water tables 
which rise into the root zone result in anaerobic conditions and are usually

associated with soil salinization. Root development and respiration under these
 
conditions vary depending on plant species and growth stage. 
 The response is mainly 
a function of aeration needs of the plants. When the root zone is saturated, roots
 
are destroyed if the duration of saturation continues beyond a critical period of
 
time. 
 The amount of damage is aiso denendent on water quality arid temperature 
(Danielson 1967). 

Under certain conditions a shallow water table can be useful in supplying water 
for plant use. However, relative crop yields generally decrease with rising water
 
table levels. Litwiller et al. (1984) studied these effects on a cotton crop. 
 Their
 
results inideated that a water table at 25 cm depth contributed all the estimated
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Figure 3. Reduction in cotton yield and contribution to evapotranspiration as 
related to water table depth (aiter Moustafa et. al. 1975). 
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consumptive use of cotton. This contribution steadily declined to 7 percent as the 
water table dropped to 150 cm. Though water table contributions toevapotranspiration are increased, the general trend is for yields to be reduced, asshown by Moustafa et al. (1975) in Figure 3. In this study, lysimeter experiments
conducted on Egyptian clay loam soils indicate that for saline water table depths ofless than 130 cm, significant yield decreases occurred for maize and cotton 
(Moustafa et al. 1975, 1977). 

Numerous reports from Egypt suggest that water table depth is closely relatedto salinity within some part of the root zone (Moustafa and Tinsley 1984; Litwilleret al. 1984; Durnsford et al. 1984). Under irrigation, salts generally move downwardwith irrigation water applications and upward by capillarity from the water table assoil water is removed by evapotranspiration. With inadequate subsurface drainage,the water table will also rise and recede during and after irrigations. With afluctuating water table, salts may never be entirely removed fron the soil, and mayin fact become more concentrated. This is especially detrimental to crops if thewater table encroaches substantially into the root zone, where salts are redeposited 
after recession. 

Development of high water table levels in the Serry command is thought to be aconsequence of inefficient on-farm water management and ineffective subsurface
drainage. To avoid reductions in yield, it appears that the depth to saline watertable should be maintained at depths greater than 125 to 150 cm. At this level,impacts to aeration and root development are minimal, and upward movement ofsalts would be negated during the irrigation season. Another critical water tablelevel may be at 100 cm. At this and shallower depths, the incremental decrease inroot development and plant growth becomes larger (Moustafa et al. 1975; Litwilleret al. 1984). Saturated conditions extending closer to the surface further restrict 
the root zone. 
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3.0 METHODS 

Mapping of soil salinity and water table depths was conducted in 1986 and 1987 
for all lands commanded by the Serry Canal. A stratified approach was dev--oped
that allowed for observation of soils and drainage for the entire command area but 
with more intensity in areas with salinity and/or water table problems. This was
 
accomplished by a reconnaissance survey of the study area 
that highlighted potential
problem areas by aerial photo interpretation. Following the reconnaissance
 
mapping, the entire Serry command 
area was studied in the detailLd field mapping
and sampling program with emphasis on potential problem areas identified in the
 
reconnaissance survey. 
 Other supporting data gathered in the detailed field studies 
included the quality of surface irrigation and drainage water, groundwater quality, 
and the monitoring of observation wells. 

The authors recognize that under irrigation, soil salinity-water table 
relationships are complex and dynamic systems, and that quantification of absolute
 
conditions are difficult if not impossible. 
 However, chronic salinity problems and
 
continued water table encroachment have been acknowledged for some 
time. It is
 
the intent of this study, and particularly the methodology, 
to assess relative levels 
of impact and the extent of problem areas. 

3.1 Reconnaissance Mapping 

A reconnaissance aerial photointerpretation of the entire Serry command area 
was completed prior to initiation of detailed field investigations. Under the 
reconnaissance phase, spectral signatures on the aeriai photographs were correlated 
with ground conditions of soil salinity and high water table for several areas. By
extrapolation, the entire study area was classified by photointerpretation of 
l:10,000-scale aerial photo mosaics. These delineations were later transferred to 
topographic maps for use by the field team for selection and intensity of field 
sampling under the detailed survey. Three specially designed map units were used 
for the reconnaissance mapping. These map units, which described the impacts of 
salinity and/or water in general, relative terms, were as described below.
 

Map Jnit A: 
 Soils in this map unit are the least affected by salinity and water 
table. The majority of this map unit is only slightly-or non-affected by
salinity. However, moderately-affected soils also occur within this map unit. 
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Moderately affected areas should be Identified and separated during field 
investigations and interpretation of laboratory analyses. Severely-affected
soils are in small, isolated areas, typically adjacent to canals and mesgas.
Anticipated composition of salt affecteo soils in this map unit are as follows: 

65% slightly or nonaffected 

30% moderately affected 
5% severely affected 

Field investigations will be required for segregation of larger contiguous areas 
of moderate and severely affected soils. This map unit will require the least 
intensive sampling program. 
Map Unit B: This map unit represents areas moderately--affected by soil
 
salinity and water table. 
 There is a wide range of soil and water table
 
characteristics represented by this map unit. 
 Field investigations and
 
laboratory analyses are expected to reveal sizeable areas of only

slightly-affected soiis as well as areas of severely-affected soils which are not 
separable by photo interpretation at this reconnaissance level. Anticipated
 
composition of affected soils in this map unit are as follows:
 

25% slightly affected 

50% moderately affected 

25% severely affected
This map unit will generally require more detailed field investigations and 
sampling to separate the larger areas of severely affected and slightly affected 
soils. Within this map unit, it appears that certain complex areas will require 
more detailed field study than other, less complex areas. 
Map Unit C: This map unit represents areas characterized as moderately to 
severely affected where salinity and/or water table is visibly imposing
constraints to crop productivity. Also, salt accumulations on the soil surface 
can be detected by photo interpretation and are usually obvious in the field. 
Anticipated composition of affected soils in this map unit are as follows: 

15% slightly affected 
40% moderately affected 

45% severely affectedA moderate level of detail in field investigations and sampling will be sufficient 
for contiguous areas of obvious, severely affected soils. Complex areas where
severely affected soils are intermixed with moderately and slightly affected 
soils wil! require more detailed investigations. 
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From this analysis, it was estimated that 3 percent (about. 3,200 feddans) of the 
Serry Command area had obvious slinity and water table problems, and 16 percent
(about 17,000 feddans) had some observable level of problems. The remaining 81
 
percent appeared slightly to non-affected. 
 These results provided direction for the 
detailed study, as described in the following section. 

3.2 Field Mapping and Sampling 

Field observations and sampling locations were selected according to the 
reconnaissance classification map, on-site aerial photo interpretation, and visual 
assessment on the ground. The average intensity of field stops was about one per

100 feddans. 
 A greater intensity of about one investigation per 50 feddan was 
expected for uncertain areas or delineations on the reconnaissance map indicating
potential salinity or water table problems. Intensity less than 1011 feddans per

investigation was expected for areas 
with no apparent problem. Augured ho!es were 
to a depth of I50 cm. I he excavated soil was examined at v Aryin, depth increments 
and samoles were collected for routine Iaboratory analysis. The allowable number
of laboratory analyses was predetermined by the activity budget. Therefore,
sampling depths were selected fcr each profile according to needs for adequate
charact.erization and according to the desired sampling intensity for a p.irticular 
area. Samplino depth increments were typically in the ranges of 0-60 cm, 40- 70 
cm, and 10- 150 cm. Bulk samp!es from depths 0-70 cm were also collected. 

Locations for each field observation were inked on 23 cm by 23 cm black and 
white aerial photo stereopairs. Notes were recorded on standardized soil and crop
characterization forms. An example is provided in Appendix C, Field Investigation 
Data Forms. information logged on the forms included: 

R location of stop 
crop type and condition 
soil texture by depth 
soil pH 
soil moisture status 

* depth to groundwater 

* 
EC of groundwater 

X field salinity class 
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W farmer comments 

* observations 
Observations included remarks concerning soil, drainage and other features. 

The water table level was determined by measuring to the observable depth in an 
augered hole. Electrical conductivity of groundwater was measured using a 
hand-held digital conductivity meter. 

Map unit criteria were developed for the study area and, prior to receipt of 
laboratory analyses, were mapped as tentative in the field. Four salinity classes and 
three water table classes were used to describe and categorize field observations 
(Table 2). Quantification of the classes was by convention and in accordance with 
the theoretical response of local crops to soil salinity and water table, as discussed 
in Sections 2.4 and 2.5. 

Table 2. Salinity and water table classes. 

Salinity Water TableClass EC, dS/m Class Depth, cm 

1 0-4 A > 502 4-8 B 100-1503 8-12 C (100
4 >12 

The first soil salinity class included the range of 0 to 4 dS/m. From Table 1,
there is a wide range of theoretical relative reduction in yield for the level of 4 
dS/m, but many local crops experience a reduction of 10 percent or less. The more 
tolerant crops, such as barley and cotton, experience no reduction, whereas more 
sensitive crops, such as broadbean and maize, experience a reduction of about 25 
percent. At a level of 8 dS/m, the yield reduction is about 25 percent or less for 
many crops, but is over 50 percent for the more sensitive crops. At 12 dS/m, most 
crops yield only 50 percent or less of the optimum. 

As discussed in Section 2.5, water table depths greater than 150 cm pose few
problems for most crops. For water tables at depths less than 100 cm, significant
decreases in yield and greater contribution to soil salinity occur. Between 100 and 
150 cm, water table effects are considered moderate. 
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One salinity and one water table class were assigned to each observation point 
based on field assessment and laboratory results. The points were transferred from 
individual aerial photographs to photo mosaics depicting a larger portion of the 
command area. Once all observation points and their respective salinity and water 
table ctasses were transferred, a final review was conducted. Delineations between 
classes were drawn based on aerial photo interpretation. Following the development 
and final description of map units, a land classification was then determined for 
each delineation. This final classification was determined by considering 3l dat.a
 
including aerial photo interpretation, field investigations and lahoratory data.
 

Soil characteri/ation pits were excavated to closely examine modal 
 soils from 
each land class. A detailed soil description was written using conventional terms at 
each representative location. Soil was collected from all horizons and shipped to 
Cairo for complete laboratory characterization. 

3.3 Laboratory Analyses 

Samples for both routine and soil characterization analyses were prepared and 
evaluated by the Soil and Water Use Laboratory of the National Research Center in 
Dokki, Cairo. 

'he purpose of routine analysis of field samples was to facilitate mapping of 
the relative classes of soil salinity and to characterize the alkalinity levels for the 
map cltasses. I wo parameters were measured for some 1,268 samples: pH and 
electrical conductivity. Soil pH was measured on a 1:2.5 suspension with a Beckman 
p!H meter. Elect.rical conductivity was measured using the 1:5 dilution and saturated 
paste extract methods. The electrical conductivity of the saturated paste extract 
(ECe) is the most widely recognized expression for quantitatively appraising soil 
salinity-plant growth relationships (Darab 1976; Maas and Hoffman 1977; Salinity 
Laboratory Staff 1954). However, the 1:5 dilution method could be performed at 
less cost and was preferred by the lab. The 1:5 method was considered acceptable 
for the purposes of this study since for most saline soils, the salt content, measured 
as [Ceor ECi:5 are generally similar (Darab 1976). Conversely, the 1:5 dilution 
does not approximate normal field soil--water conditions and is therefore less 
indicative of salinity or SAR levels encountered by the plant. Also, the variable 
solubility of salts can be a source of error (Darab 1976; Salinity Laboratory Staff 
1954), as can the influence of cation exchange, peptization, and hydrolysis (Rhoades 
1984). These limitations were taken into consideration. 
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To relate the salinity levels to relative yield reductions for specific local crops, 
it was necessary to express the salinity levels as ECe. Since physical properties of 
soils of the study area were generally similar, a factor was determined for 
predicting ECe from laboratory results determined by the 1:5 dilution. For this 
purpose, 48 paired samples were collected and analyzed for both ECI:s and ECe. 
As displayed in Figure 4, results indicated that EC1:s provided a reasonable 
estim3te of ECe (r2 =0.85) and that a factor of 4.3 should be applied to ECi:s values 

to predict ECe. 
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Samples were collected from each of the 30 soil characterization sites and

submitted to the laboratory for analysis. 
 The 148 samples were analyzed for the 
following parameters: texture by the pipette method; saturation percentage; pH
(1:2.5 suspension); electrical conductivity of saturation paste extract; soluble 
cations (Ca, Mg, Na, K); soluble anions (HCO3, CI); calcium carbonate percentage;
and, cation exchange capacity. Sodium adsorption ratio (SAR) was determined by
calculation. Analytical procedures used were those established by the U.S. Salinity
Laboratory (Salinity Laboratory Staff 1954) or the American Society of Agronomy 
(Black 1965). 

3.4 Observation Wells 

Shallow observation wells were established and monitored to gain knowledge of 
the levels and fluctuations of water table and salinity of groundwater. Nine wells
 
were set in the Hirz--Numania, Beni lbeid and Ei Fuqai subcommand areas (F igure

5). Three existing observation wells at the Abyuha training site in the Numania 
subcommand were also monitored. 

Observation well c3sings were constructed of 5 cm PVC pipe approximately 3.5 
meters long. Perfarations 0.5 cm in diameter were drilled in the bottom 2 meters of
the casing, with the bottom permanently sealed. The casings were placed in 7.5 cm 
diameter holes augured approximately 3 meters deep. The space between the casing
and the soil was filled with sand and sealed at the top with a 25 cm layer of
 
concrete to prevent leakage. 
 The top of the casing was fitted with a bolted cap to 
discourage tampering. 

Measurements of the water table levels and the groundwater EC were recorded 
twice per week for a total four or more observations per !5--day on-off canal cycle.
Measurements were not recorded for various periods due to damage of the wells 
Irom tampering and for some wells which were dry during the annual irrigation canal 
closure period. 

3.5 Drainage and Water Quality 

Throughout the course of the soil salinity and water table survey, observations 
were recorded concerning the quality of irrigation and drainage water. Field 
scientists randomly recorded the electrical conductivity or water in the irrigation 
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supply channels, open drains and subsurface tile drains. About 200 observations 
were logged on the standard form provided in Appendix C. Observations regarding
the status of subsurface drains were also recorded for the Beni Mazar area. 

22
 



4.0 RESULTS AND DISCUSSION
 

4.1 Soil Salinity and Water Table Map 

Mapping units, or land classes, were established for mapping soil salinity and
 
water table levels in the Serry command area. 
 These classes were tentatively
defined during the early phases of field study and were based on theoretical response
of local crops to soil salinity and water table levels. Classes were finalized
 
foilowing considerable field observation and review of laboratory analyses.


Thle classes of soil salinity and water table levels represent the entire range of
conditions observed in the Serry command area. Each class was defined as a
discrete range of soil salinity (expressed as ECe) and water table depths (in cm,

from the soil surface). It was recognized that soil salinity and wat.er table levels are
dynamic properties, especially under irrigation. Seasonal variations and fluctuations
due to irrigation scheduling were observed for both water table and qoil salinity.
These factors were considered when assigning mapping units as were other field 
observations such as crop condition, visible salts, quality of the ground water, and
soil morphological features indicative of a fluctuating water table. These classes 
were intended to best represent the predominant field conditions which would be 
expected throughout the year, and are described below. 
Class IA: Nonsaline soils, EC = 0 to 4 dS/m
 

Water table depth more than 150 cm.
 
" 
 Some localized areas of higher salinity, especially along mesgas. 
w Water table has little or no detrimental influence on crc -owth.
* Impacts on crop production are iow and only the most sensitive 

crops (i.e., broad bean, onion and pepper) are affected. 
Class IB: Nonsaline soils, EC =0 to 4 dS/m 

Water Table depth 100 to 150 cm.
A fluctuating water table may cause higher salinity .evels for brief 
periods throughout the year. 

* Some localized areas of higher salinity, especially alcng mesqas. 
S Salt crusts may occur on the soil surface affecting germination, but 

salinity levels are otherwise of minor impact to crop yield. 
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High water table has some minor influence on deeper rooting crops
such as cotton, m;ize and sugarcane; also influences movement of 
salts in capillary fringe to the soil surface. 

* Impacts on crop production are low and only sensitive crops are 

affected.
 
Class 2A: Saline soils, EC 
= 4 to 8 dS/m
 

Water table depth more than 150 cm.
 
* 
 Water table levels may fluctuate above 150 cm for brief periods 

throughout the year.
Crop stand is uneven and plant populations are below average; 
germination is moderately affected by salts on soil surface. 

* Water table has little or no effect on crop growth.
* Impacts on crop production are moderate; relative yield reduction 

up to 50 percent due to salinity r'an occur for broad bean, maize, 
onion, pepoer and tomato; al! other crops are ;iffected to lesser 
degrees. 

Class 2B: Saline soils, EC = 4 to 8 dS/m
 
Water table depth 100 to 
150 cm.
 
* 
 Crop stand is uneven and plant populations are below average; 

germination is moderately affected by salts on soil surface. 
* Water table influences salt muvetnent in the root zone and may 

affect deeper rooted crops such as maize or cotton. 
* Impacts on crop production are moderate; relative yield reduction 

up to 50 percent due to salinity and water table effects may occur 
for the more sensitive crops. 

Class 2C: Saline soils, EC = 4 to 8 dS/m
 
Water table depth less than 100 
cm.
 
w 
 Crop stand is uneven and plant populations are below average;

germination is moderately affected by salts on soil surface. 
* Water table affects all but shallow rooted crops such as onion, 

berseem and possibly pepper; because of the lack of adequate 
drainage, salts are never leached from the root zone. 

* Impacts on crop production are moderate to severe; relative yield 
reduction up to 50 percent due to salinity and water table effects 
may occur for all crops. 
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Class 3A Saline soils, EC = 8 to 12 dS/m
 

Water table depth more than 150 cm.
 
" Water table levels may fluctuate above 150 cm for brief periods 

throughout the year. 
" Salt crusts are prevalent and significantly affects germination; crop 

stand is uneven and plant populations are low. 
* Water table has little detrimental influence on crop growth. 
* Impacts on crop production are severe; relative yields are below 50 

percent for all crops except cotton and barley.
 
Class 3B: Saline soils, EC 
= 8 to 12 dS/m
 

Water table depth 100 to 150 cm.
 
N Salt crusts are prevalent and significantly affect germination; crop 

stand is uneven and plant populations are low. 
" Water table influences salt movement in root zone and effects 

predominantly deep rooting crops such as cotton and maize. 
" Impacts on crop production are severe; relative yields are less than 

50 percent for all crops except cotton and barley. 
Class 3C: Saline soils, EC = 8 to 12 dS/m
 

Water table depth less than 100 cm.
 
" Salt crusts are prevalent and severely affect germination; crop 

stand is uneven and plant populations are low. 
w Water table affects all but shallow rooted crops such as onion, 

berseem and possibly pepper; because of the lack of adequate 
drainage, salts are only partially leached from the root zone.

* Impacts on crop production are severe; relative yields are below 50 
percent for all crops except possibly cotton and barley.

Class 4: Strongly saline soils, EC = more than 12 dS/m
 

Water table less than 150 cm.
 
* Water table typically fluctuates to levels above 100 cm during year.
* Crop production is minimal; usually cotton, berseem or barley may 

be grown, but severely affected by the high salt level. 
* Crop density is very thin and populations are very low. 
* Water table is less of a factor in production than salinity; where 

near the soil surface, no crops are grown; at deeper levels, some 
production can be realized for only the most salt tolerant crops.

* White salt crusts are very apparent. 
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Final soil salinity and water table maps are available from RIIP offices at the 
Ministry of Irrigation, Cairo and at Colorado State University. These 1:25,000 scale 
maps depict the following: soil salinity and water table classes; urban areas 
including all villages and hamlets with area greater than three to five feddans; and, 
major canals, drains and roads. Soil characterization pits and observation wells are 
also located. The maps were created from field mapping of 1:10,000 scale aerial 
photo mosaics, then cartographically corrected and drawn coincident to the 1:25,000 
topographic maps. The map index (Figure 6) indicates the area location of each map. 

As indicated in Table 3, about 79 percent of the irrigated area is not 
significantly affected by salinity and water table problems (land class IA). 
Conversely, nearly 3 percent of the irrigated area (2,903 feddans) has moderate to 
severe salinity problems in association with a shallow water table (land classes 2C, 
3C and 4). About 4 percent (4,114 feddans) has moderate to severe salinity problems 
with deeper water table levels (land classes 2B, 3A and 3B). The remaining 15,587 
feddans (about 15 percent) have slight to moderate salinity problems with little 
water table influence. 

Table 3. Extent and proportion of land classes within the Serry command. 

Land 
Class 

Salinity 
EC, dS/m 

Water table 
Depth, cm 

Area, 
feddans 

!rcentage of 
irrigated area 

Percentage 
of total area 

IA 0-41 >150 84,154 78.8 73.9 
lB 0-4 100-150 7,162 6.7 6.3 
2A 4-8 >150 8,425 1.8 7.4 
2B 
2C 

4-8 
4-8 

100-150 
<100 

2,350 
1,366 

2.2 
1.3 

2.1 
1.2 

3A 8-12 >150 1,274 1.2 1.1 
3B 
3C 

8-12 
8-12 

100-150 
<100 

490 
400 

0.5 
0.4 

0.4 
0.3 

4 ) 12 <150 1,137 1.1 1.0 

Subtotal, irrigated area 106,758 100.0 93.7Urban 
 7,141 
 6.3
Total 113,899 100.0 
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The most severly affected contiguous areas appear to be within the
 
Hirz-Numania and Ashru:a-El Bahnasa subcommand areas. 
 These areas are located 
on the El Ashmunein, Itlidim and El Bahnasa topographic sheets. Table 4 is a listing
of the topographic sheets used as base maps for the land classification. A
 
breakdown of the irrigated area 
by land class is provided to show the distributicn of 
salt-affected soils and high water table within the Serry Command area. 

Table 4. Irrigated !and class composition for each topographic sheet covering
the Serry command asca. 

Map Topographic Irrigated Percent of irriqated area by land class
\o. Sheet 
 Area, feddans IA IB 2A 2B 2C 3A 3B 53 4 

I El Ashmunein 1,986 27 - 29 27 9 2 - 6 2 Hor 2,763 73 3 21  - I - 23 It.lidim 4,451 46 7 6 25 14  24 Minshat El Dahab 11,636 76 6 7 3 3 <1 2 <1 25 Abu Qurqas 9,297 81 12 5 <1 <1 - I 6 T: lla 10,672 92 2 4 <1 - <I I7 l Minya 1,794 95 5- -8 !dmu 5,398 
- 

96 - 3 (1 <1 - -(I 9 El Burgaya 2,616 93 - 4 - - 3 - 10 El Taiyiba 6,744 84 6 10 -  - - <I11 Gabal El Teir 2,459 99 - I  - - - -12 Manqatin 9,007 83 3 10 - - 3 1 13 Samalut 
 244 100 -  - - - - -14 Bardanuha 11,483 84 14 1 - <1 - - - (115 ElBahnasa 
 12,569 71 12 12 <1 2 <1 1 116 Aba ElWaqf 9,704 72 4 13 3 <1 3 <1 - 417 ElQaiyat 3,146 67 19 10 18 lqfahs 789 85 7 8 -
- 4 -


Total 106,758 79 7 8 I2 1 1 <1 <1 

Routine salinity and pH analyses were performed on 1,268 samples throughout 
the survey area. The results indicated that most (34 percent) of the soils sampled in 
the study area are moderately alkaline (pH 8.1-9.0). Only one percert of the soils 
(12 samples) had a pH of 9.0 or higher. The remaining samples (14 percent) had pH
values from 7.5 to 8.0. The data also indicate that high pH values were not 
associated with particular salinity levels or water table depths. 
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4.2 Soil Characterization 

Representative sites were selected within each land class for characterization 
profile descriptions, sampling and laboratory analysis. In all, 30 sites were fullydescribed and classified. Profile descriptions of the modal soil for each land class are provided in Appendix A. Complete results of the laboratory characterization for 
all profiles are tabulated in Appendix B. 

Of the 30 soils described, 25 were classified as Typic Torrerts, consistent withfindings from previous studies identified in Section 2.3 of this report. The remaining
soils were classified as Torrifluvents, four of which were classified in the Vertic
subgroup, indicating a thinner clay layer (40 to 80 cm) overlying highly stratified 
clay loam and loamy fine sand. As with Typic Torrerts soils, infiltration and
permeability rates of the Torrifluvents are very slow. 

The laboratory data indicate a wide range in salinity levels, which was expectedbecause of intentional variability in site selection. The soil most affected by salts 
was profile number 20, which had a surface EC of 136 dS/m and weighted averaye
profile EC of 60 dS/m. Four of the soils examined had high sodium absorption ratios
(SAR>10). These were profile numbers 1, II, 12 and 13. Applying USDA Salinity
Laboratory classification 
to all soils examined, 16 of the soils would be classified as
"SALINE", three as "SALINE-SODIC", and the remaining II soils as

"NONSALINE-NONSODIC,. 
 The criteria for USDA ratings are:
 

a NONSALINE-NONSODIC: 
 EC < 4 dS/m, SAR <15, pH < 8.5
 
- SALINE: 
 EC > 4 dS/m, SAR < 15, pH <8.5 
* SODIC: EC < 4 dS/m, SAR > 15, pH < 8.5
 
- SALINE-SODIC: 
 EC > 4 dS/m, SAR > 15, pH < 8.5

The classification of soils by this method is useful in preparation of reclamation orirrigation management practices. The indication here is that most of the problem
soils are saline but non-sodic, and mainly require adequate drainage for removal ofsalts by leaching. The minor number of soils that are also affected by high sodium
levels require special attention. If gypsum is present in these soils, calcium can
replace exchangable sodium concurrent with leaching. If gypsum is not present in 
sufficient quantities, it should be applied as an amendment. 
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Chloride analyses and chloride distribution in the profile can be useful as a 
general indication of present or past levels of irrigation management (Lonkerd et al. 
1979). Chloride is usually a more reliable indicator than other ions because chloride 
is not adsorbed by soil and does not change by oxidation reducton or dissolution 
reactions, or by solid phase precipitation. A uniform chloride level throughout the 
soil profile with concentrations near that of the irrigation water indicates excessive 
irrigation water applications. Increasing chloride concentration
 
levels with depth, reaching a maximum at. the bottom of the root zone, indicate
 
adequate but not excessive irrigation applications. Also, the concentration of 
chloride at the bottom of the root zone, in relation to chloride levels in the 
irr.ciation water, gives an indication of the leaching fraction (excess amount of 
irrigation water application in relation to evapotranspiration). Chloride decreasing
from hic'h levels with depth indicates inadequate irrigation, normally a result of 
fallow land, highly impermeable soil, or inadequate drainage. Soil profiles
 
3,li,5,6,15,16,22,28and 3f 
 (Aprendix Table B1) show chloride profile distributions 
which are an indication of excessive irrigation and adequate drainage. Profiles
 
12,13,20 and 24 indicate inadequate irrigation and inadequate drainage.
 

4.3 PatLerns of Salt and Sodium Accumulation in Soils 

There are several different, but interrelated, mechanisms by which salt 
accumulates in the soil root zone. However, upward movement of groundwater by 
capillarity is the most frequent and widespread cause of salt accumulation in the 
root zone. 

Under conditions of low rainfall the rate of salt accumulation depends on 
evaporation and transpirati.on cates, water tab.e depths, salinity content of the 
groundwater, soil texture and degree of stratification, amount of irrigation water 
applied, cropping pattern, amount of time the land is fallow, and uniformity of the 
land surface. 

If the irrigation applications (and rainfall) do not exceed evapotranspiration by 
crops and evaporation from fallow land, then salt will accumulate. Slowly 
permeable soils often do not allow adequate water infiltration to furnish crop and 
leaching needs. Poorly leveled land which has high spots in the field leads to poor 
distribution and non-uniform infiltration of water over the field. Minor depressions 
in the field (low spots) or large scale depressions over an area can cause poor 
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irrigation water distribution and usually impede surface and subsurface drairage.
Thus, salt and sodium accumulations can be highly variable in an unlevel irrigated
 
area and result in non-uniform or "spotty" crop growth.
 

Salinity and sodicity profiles were sketched for each modal soil to illustrate the 
distribution of salts and exchangable sodium within the soil (Figures 7-9). The 
nonsaline soils of land classes IA and IB (Figure 7) have uniform salinity and 
sodicity levels with depth, characteristic of unaffected cropland soils with adequate
drainage. Soils moderately affected by salts in land classes 2A, 2B and 2C (Figures
7 and 8) have typical salinity profiles; that is, salinity increasing or "bulging" with 
depth. The salinity profiles of the more seriously salt-affected soils of land clasr s
3A, 3B, 3C and 4 (Figures 8 and 9) were varied. Inverted salinity profiles, such as 
those associated with land classes 3A and 4, were not indicative of particular water 
table or salinity conditions. The majority of the soils examined had uniform SAR 
values throughout the profile. However, several soil profiles (6 of 30) had a bulge or 
increase in SAR within the 50- 100 cm layer. Conversely, the most highly sodic 
soils, such as land class 4 (Figure 9), all demonstrated sharp decreases in SAR with 
depth. These SAR-depth relationships occur mostly in fallow areas and it appears
that high water table levels, alkaline groundwater and the phenomenon of capillary 
rise are the contributory factors. 
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Figure 7. Salinity and sodicity profiles for modal soils from land classes IA, IB and 
2A. 
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4.4 Observation Wells 

Measurements of well water EC were recorded, as possible, twice per week
 
during the period from August, 1986 through March, 1987 and water table levels
 
were measured until June 1987. 
 Table 5 presents a summary of the information 
collected for EC of the well water and Table 6 presents a summary of water table 
depths.
 

The primary purpose for monitoring these wells was to aid in characterizing the 
water table for mapping purposes. Although not statistically rigorous, the well data 
indicate considerable variability in both depth to water table and EC. The three 
classes established for mapping water table depths were: 50 to 100 cm., 100 to 150 
cm., and greater than 150 cm. With exception of the most shallow water levels 
(wells T I, T2, T3) and the deepest water level (well G), the other seven wells ranged 
over two or three of the depth classes during the well monitoring period.
Considering one standard deviation from the average water table depth, four wells 
(C, E, G, and I) would fall into two of the three classes during the well monitoring 
period. 

Results from the observation well monitoring are presented graphically in
 
Appendix D. 
 From these graphs, it can be observed that both EC and water table 
levels vary throughout the year. Generally, the higher EC levels are associated with
wells with the highest water levels. Also for most of the wells, water levels are
typically a' higher levels during the winter season and at lower levels between 
cropping seasons and during the summer. This general trend was observed 
throughout the Serry command and is attributable to the greater availability of
irrigation water due to lower crop requirements and lower evaporation rates in the 
winter months. 

An exception to the above general observations is the annual canal closure 
period, usually about three weeks during late J anuary and early February. During
this period, the intake to the Serry canal is closed, allowing for maintenance and
repair. Most of the wells showed a distinct difference in water level during closure; 
for nine of the twelve observation wells, there was a drop in water table from 
preclosure levels of 30 to 90 cm. This suggests that soil hydraulic conductivity may
be sufficient for lowering water table levels under more efficient irrigation water 
management. 
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Table 5. 	 Electrical conductivity of observation well water, August 1986 through
March 1987. 

Well 	 Electrical Conductivity (dS/M) 
SD1MAX MIN AVE 	 AVE 2 CMAX 3 

A 6.15 0.82 2.33 1.02 2.05 6.15 -
B 8.05 0.84 3.91 1.74 3.84 6.07C 10.03 0.68 2.69 1.52 2.69 3.02
0 5.85 1.21 0.963.04 	 2.92 4.35
E 2.98 0.00 1.22 0.40 1.16 1.98
F 10.30 1.20 1.99 	 --4.73 4.73 

G 2.95 1.00 1.67 0.40 
 1.63 2.95
H 6.69 0.63 2.13 1.44 1.a6 4.50
1 2.95 0.63 !.93 0.60 2.01 1.93
TI 20 + 7.75 ... .... ..- 20+
T2 13.80 3.89 1.968.33 	 8.27 11.21
T3 20.00 2.40 8.74 4.04 9.19 8.90 

'Standard 	 Deviation 
2Average well water EC excluding the closure period 
3Maximum well water EC during the closure period. 

Table 6. 	 Depth to water level in observation wells, August 1986 through March 
1987. 

Well 	 Depth to Water (cm) 
MAX MIN AVE SD AVE 2 CMAX 3 

A 148 0 61 35.9 62 73 
B 113 32 74 19.4 72 113
C 159 0 79 34.1 71 159
D 106 41 53 21.2 48 106
E 175 0 81 41.5 70 175
F 270+ 189 -- 29.0+ -- 270+ 
G 270+ 75 180 42.9+ 174 270+
H 243 172 205 20.0 202 243
1 273 127 180 40.3 170 273
TI 85 8 51 18.1 49 85
T2 71 7 36 15.1 34 71
T3 92 4 37 20.1 35 64 

1Standard 	Deviation 
2Average water level depth excluding the closure period3Maximum water level depth during the closure period. 
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The reliability of the well data is not certain, however. As shown in Appendix
D, some of the wells exhibited a large and rapid rise in the water table in response
to the first irrigation following closure. This extreme response suggests that wells 
may be acting as a sink. This could be explained by horizontal movement of water
into the wells as the irrigation wetting front moves through the soil. The soils
 
exhibited hydraulic conductivities in the horizontal direction much higher than in
 
the vertical directions. Warner et a!. (1984) reported horizontal hydraulic

conductivity at Abuyha 
to be 1,197 mm/day, compared to 4.9 mm/day in the vertical 
direction. A determination of the validity of the well data is important since this 
type well is being used elsewhere in Egypt to monitor water table. A suggested

method for evaluation would be to set up piezometer wells, 
as recommended by FAQ
(Dieleman and Trafford, 1976), adjacent to the observation wells. 

4.5 Drainage and Water Quality 

Surface and ground water quality were measured randomly throughout the
 
survey area. 
 As shown in Table 7, nearly all measurements of irrigation water fell
in class C2, indicating satisfactory quality for most crops; some salt-sensitive crops 
may be affected. The classes are provided to be descriptive rather than definitive
 
in calculating water quality for irrigation. 
 The classification does not recognize

specific factors critical in determining the potential 
use of this water, such as crop
salt tolerance, soil texture and drainage. Any assessment of irrigation water quality
must address (1) crop tolerance to salinity, (2) leaching, and (3) resultant soil water
salinity. Note that higher salinity levels were measured in the open drains, possibly
indicating 
a removal of salts from the soil in addition to the effects of evaporation.
 

Table 7. Surface water quality summary: number of measurements by salinity class. 

SalinityClass- and EC Range,dS/m 

Cl C2Source C3 C40.1 - 0.25 0.25 - 0.75 0.75 - 2.25 >2.25 

Mesqas 0 12 0 0Distribution Canals 0 193 0 2Open Drains 0 71 19 3 

1US Salinity Laboratory (1954) 
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Groundwater measurements obtained from augered holes and soil pits are 
summarized in Table 8. The data indicate greater salinity levels than for irrigation 
water, as expected when leaching occurs. However, whe.n water table levels remain 
above a critical depth (e.g., one meter), the r:oncentratior of salts can increase 
drastically in the root zone as a result of capillarity. When effective drainage is 
provided, this more saline water is allowed to pereclate below the root zone. 

Table 8. 	 Ground water quality summary from measurements in augered holes 
and soil pits: number of measurements by class. 

Water 1able EC,dS/m
_dep'_h c _ P.0I-O.'?5 0.25-0.75 0.75-2.25 2.25-5.00 5.00-10.0 10.0-20.0 

0-50 0 0 3 1 0 0

51 -100 0 5 26 19 4 h
 

101-150 0 57 	 29
11 	 32 15 

Observations of tile drain systems were conducted only in the Beni Mazar area. 
These observations were made during the winter season when water levels in open 
drains were high, often above the levels of the subsurface drain outlets. Of the 15 
observations, 12 manholes contained slt+ni"ing water )t depths less than one meter 
from the soil surface and one was filled with soil. Electieal cor(.,cti.tity of the 
standing water ranged frorn 0.6. to I.t, dS/m. 7 wo of the systrm-,s had running water 
at depths of 130 cm and 40 crn. Electrical condtuctivity of the water ir these two 

systems was 0.8 and .-IdS/m. 

In two of the-	 location."where the manholes were in proximity t.o open drains, it 
was observed that the !evel of water in the open drains was above the level of the 
tile drain outlets. For Wtese sites, the water level in the open drain was measured 
relative to the soil surface using a pole and a hand-h-ield clinometer. Water levels 
were found at 85 cm and 100 cm for these two sites. The water levels inLhe 
adjacent manholes were found at approximately the same depths, respectively. 
Augured holes at the access wells also reveal-d su!)ijruace- water 'able depths of 85 
cm and 100 cm, respectively. These observations suggested that water was entering 
the tile drain system from the high water levels irthe open drains, thus causing 
sub-irrigation from the open drains through the tie drain system. 

Also observed was a signature on some of the aer!.al photographs which 
appeared to be narrow, linear, and parallel areas of noticeably more productive 
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crops. (Aerial photographs were acquired the previous year during the same month as the observations.) The pattern often extended across field boundaries. Fieldinspection of these areas revealed that the signature corresponded with subsurfacedrainage lines. As measured on the aerial photographs, the spacing was 45 to 50meters. There was no definitive explanation for the apparently improved cropperformance directly over the subsurface drains. However, it is improbable that thecause was effective subsurface drainage performance since the drains were backedwith water at the time of the observations. The most likely explanation is improvedsoil physical conditions resulting from the excavation for drainage installation. 
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5.0 CONCLUSIONS AND RECOMMENDATIONS
 

5.1 Survey Methods 

Prior to this study an existing methodology could not be identified for assessing
soil salinity and water table encroachment for a major command area in Egypt. 
Such a methodology was needed because ol the significance of soil salinity and
 
water table encroachment, and th, c,.ncfr ns of loca! fai'mers, agricultural

engineers, and irrigation offic Ils. h!e rethodc',ogy established in this study 
consisted of three major corrporenf;: (1) recorti-since mappinq, (2) field
 
investigations, and (3) map production.
 

1. ,econnaisance mapping consisted primarily of ,er a! photograph and 
satellite image iterpretation 1 he amlysk, of this information provided 
direction for field invstiqatirons by stra-tifying the field sampling 
program. As a result of the r'econnaissa rnanpinq, intensive field work 
was concentrated in the morn problematic areas. 

2. Field investiqalions were ,onduJcted to idertify levels of soil salinity, 
observe soil surface and crop conditions, observe effectiveness of 
subsurface drainage ar,; r,,e-.suri ,lepth to waLer table. The level of 
effort in a given ar,-a w,-,,- edip,:, rcl ts of the reonnaissance survey.

3. Map production was based W, a';irni;, ion and integration of all data 
collected. 1 his included lnbor.- torv ses of soil samples, field 
observations, ;md nhotr interr roatir. F~cafive c!asses were designed 
and describe,!, a: thr do!n ions wer p lof 'aordingly.
 

If a study such i- t 
 , i; npr!,' annr thrHf .,d,,n r,',ric xe thet i 

reconnaissance mapping ; 
 -renay be ius imi A ,cr p sor of reconnaissance 
maps versus detailed map., re-veaed c'lnce cor ions. HPcorlnaissance maps
indicated that 3 percent of the cornm.m.rmd :itrm arppeared to be severely- affected. 
From the detailed study, abou. " ncr , ,-t w,, n fro! into -A,3AB,3C, and i land 
classes, also m, se,-areyy-,fr~tndoost .iiar'y, he r-conrnaissarce maps
indica t -d 81 percent h r.a i; ,l 1, ff cted t.o non -affected; the detailed 
study showed 19 nercent in c IlssA. it h :reater ;errutiny, a reconnaissance survey
with limited field work for verification 'nuY ,rovlde substantial information 
critical to the improvement program of ;in irriq;ttion system. 
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Other command areas of Egypt shoujd be assessed prior to rehabilitation. 
Knowledge of the extent and severity of water table encroachment and soil 
salinization is needed to provide direction for irrigation improvement programs.

A relatively new device for measuring bulk soil electrical conductivity (salinity) 
was tested during the field survey. The Geonics EM-38 electromagnetic inductance 
instrument, which measures salinity without subsurface sampling, was found to be 
applicable for this type of survey. Its use would greatly expedite survey efforts and 
it is recommended for future surveys of this nature. The results of the EM- 38 field 
test are presented in a separate report (Martin et. al. 1987),. 

5.2 Improvement Program Planning 

The main purpose of this study was to develop methods of identifying saline 
areas and to characterize water table levels and soil salinity profiles for the purpose
of category classificaLion and map preparation. The I8 maps created for the Serry
command area indicate the location, extent and relative level of salinity arid water 
table problems. The delineations should not be interpreteJ as distinct units, but 
rather as relative groupings of land with similar salinity and water table conditions. 
The usefulness of the maps, therefore, is that they aid in prioritizing areas most in 
need of improvement and/or rehabilitation. 

The improvement needs encompass a variety of techniques including effective 
subsurface drainage installation, reclamation of saline and/or sodic soils, making 
minor changes in the irrigation system, and improving irrigation management 
practices. Costs and financial constraints are a necessary part of the planning 
process. Because water table level, irrigation management, and salinity levels are 
so closely related, the best balance of each aspect should be considered in order to 
develop the most cost-effective plan. Optional methods used for making
improvements in drainage, salinity removal, and irrigation management are 
presented in the following sections. 

5.3 Improvement of Saline Soils 

The usual time-tested recommrndations for reducing salinity in soils, in 
relative sequential order, are as follows: 

I. Improve the drainage system to lower and stabilize the water table level to 
about 2 meters (FAO 1985). 
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2. Level the land to attain more uniform irrigation water distribution and 
infiltration. 

3. Apply leaching water to reduce soil salinity to a level where a crop can be 
established. After establishing a crop, irrigate to meet the crop water 
requirement plus an excess that does not exceed the drainage capacity of 
the system. 

4,. After reaching accep-I-7ly low salinity levels in the soil, manage irrigation 
to uniformly apply water at an appropriate time to furnish the crop water 
reqUirement plus a leaching fraction that maintains a salt balance in the 
root zone.
 

There are 
two basic options for improving a dr _inage system: increasing the
 
drainage capacity or decreasing the amount of drain,-Ice water. 
 This would infer 
that it would be necessary to increase drjinagne cs-ipacity to increase leaching water 
applications. 

Although further evaluation is re'uir ed for specific recommendations, the
 
existing drainage system 
can possibly be improved by one or more of several
 
methods. 
 Drains could he added to achieve a closer drain spacing and/or drain depth
could possibly be lowered in order to incrnase drainage capacity. This would allow 
more saline drainage water to be removed from Lhe irrigated area. Also, placing
 
sump pumps in low-lying areas of the drain system 
to lift drainage water to higher

elevations would help to improve the removwi efficiency of the system.
 

The apparent !owering of rYround water levels during canal closure suggests that 
soils have sufficient permeability to remove an adeqUate, but not excessive, 
leaching fraction. fThe r.d rise and sustained levels of groundwater following
canal closure indicates 'hat inefficiient on-farm waCer managernent, and canal 
seepage to some extent, ,,epresens a significant contribution to the excess drainage 
requirement. This is verified by the soil sample laboratory data of chloride 
distribution with depth, which indicate that excessive amounts of irrigation water 
are being applied in much of the command area. improving farm water management 
would therefore help to lower the drainage requirement. 

Land leveling could helpe!iminate cver-irrigation in some areas b improving 
water distribution and uniformiLy of penetration and by increasing leaching
efficiency. Land leveling would probably require topographic surveying of fields 
although farmers could be taught to level land by observing high and low areas 
during ponding of water, then movinn soil from hiuh spots to low spots. 
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5.4 Improvement of Sodic Soils 

A high level of exchangeable sodium In soils, indicated by a high SAR of the
saturated paste extract, causes deterioration of soil physical properties. Soils with 
high clay content, such as those along the Nile River, are especially subject to

reduced infiltration rates by high sodium levels. 
 Also, the sodium ion can be toxic 
to some plants. 

Amelioration of sodic soils consists of replacing sodium by soluble calcium. 
Calcium can be furnished to replace sodium with several commercial amendments,
.uch as gypsum or elemental sulfur, or by release of calcium from naturally occuring
soil gypsum (calcium sulfate) or soil lime (calcium carbonate). 

Clay soils generally have a higher amendment requirement and often the cost of
applying gypsum is prohibitive. In addition, gypsum is often ineffective because the 
water infilitration rate into sodic clay soils is Loo slow to dissolve the gypsum. For
soils with native gypsum, if adequate water infiltration is attainable, the gypsum
will gradually dissolve and slowly release calcium for exchange with sodium. A
similar effect can occur by establishing a crop with a dense root system, such as salt
and sodium tolerant grass, which will raise the level of carbon dioxide in the soil. 

It is recommended that initial improvement attempts be restricted to the sodicsoils within Class 2 and 3 lands. This will necessitate some additional field work to 
identify the extent of sodic soils within these classes. Class 4 lands should receive
 
further investigation. 
 The Class 4 lands generally have the highest level of
exchangeable sodium near the surface ar.d decreases with depth. Costs of adding an
amendment to these soils may be prohibitive. As an alternative, it may be possible
to use a deep moldboard plow to invert (plow down) the exchangeable sodium to a 
lower depth, in conjunction with gypsum application. This treatment should be

tested on an experimental basis. 
 Deep plowing may also have a beneflcial effect for
increasing water infiltration but it may possibly have a detrimental effect on lateral 
permeability which is necessary for effective drainage. 

5.5 On-Farm Water Management 

Mitigation of the soil salinity-water table problem can be accomplished by
maintenance of adeqtate drainage and adequate irrigation water management.
Continued high water tables result in a constant accumulation of salt in the root 
zone. If a shallow water table remains high and uncontrolled, salts will never be 
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removed from the soil-root zone environrnent. he rate of salt accumulation in this 
situation mostly depends on climatic conditions, irrigation management, salt 
concentration of ground water and irrigation water, and (because of greater height
of capillary rise in clay soils) soil type. Therefore, prior to any water management 
strategy, an excessively high water tab T' , be lowered ;.nd stabilized at a safe 
depth, preferably at or below two meters (FAU 198')). 

Leaching water, th? excess w,-r aprf,'d beyond crop water renquirements, can 
be effeutive "nccfitrolling root -zoe sinity in the presence of adequate drainage. 
When a good quadity water is apolied in exrcess of about II-?(] percent of the total
 
amount applied (te;ichin 'r-,ctior') 
 and the distribution and infiltration over the field 
is uniform, a salt balance can be maintained in the soil root zone. It should be noted 
that extra leaching wat,-r should be applied in pre-season applications where salinity 
in the seed gurrina on zoe exceeds crop tolerance threshold levels.
 

Leaching effici. 
 c:y can be increased in several wys. Titlaqt slould be
 
practiced to slow ovurIarid flow, reduce the numbei of crac
t <s, and disi.ribute water
 
more uniformly. For reducing salinity build -up 
during fallow periods, leaching
 
should be applied during the winter 
season or when it is as cool as possible to
 
prevent excessive evaporation losses. Efficient. on-farm water 
management 
practices are critical in maintaining lowered water tables and controlling salinity. 

Land preparation for irrigation micjht be the most important consideration for
 
improving water management. 
 Land qradng and smoothing for improving
 
uniformity of water 
dstribution and infltration is an important way to control
 
salinity. 
Hig' spots a,.;d/or areas of !ow infiltration can result in isolated pockets of
 
high salinity. 
Deepr cl,) ,;itiqn of the !-,eedbed is also recommended to improve 
soil physical properties, a,-irticu!ar ly or imn.proving aeration arid water relationss. 

Water application by f': rmers should be synchrnnized with crop needs 
throughout the season. Irrigations should be timed to reduce salinity, and to prevent 
water stress. The method of irrigation a!so affect., salt accuml,,Atior and water use 
efficiency; in the flood irrigated systems of Egypt, salts tend to acumulate in the 
lower root zone. With morj adequate drainage these salts could be re-noved. 

Crooping practices rmay also play an irnportant role in managing salinity.
Proper seed bed placemenrt should be selected to avoid poor gerrrination because of 
salinity or drought. Double-row seed beds for furrow irrigation may be the most 
applicable to avoid high salt levels building up in the seed and root zones. Fertilizer 
and soil amendments should also hn,. .,o,mer!y placed or spread to avoid damage to 
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seedlings. Also, if fertility is adequate but salinity is limiting to plant growth,
further applications of fertilizer will not increase yields or increase salt tolerance.In some cases, additional fertilizer inputs may aggravate the salt problem if the salt 
index (salt yield of the fertilizer) is high. 

Analysis of soil samples from the root zone profile for chloride distribution(Lonkered et al. 1979) as compared with water chloride concentration is recommend
for diagnosing past and contemporary water management practices. Analysis is
appropriate for dilute soil water filtrates or extracts. 
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7.0 APPENDICES
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Profile Number 

Date of Examination 

Land Class 

Area 

Classification 

Location 

Crop 
Drainage 

Groundwater 

Moisture 

Surface Salts 

Erosion 

Permeability 

Additional Notes 

Profile Description: 

Horizon Depth 

Ap 0-19 cm 

AC 19-60 cm 

30 

17.6.1987 

IA 

Maghagha 

Typic Torrert
 

Mosaic 25, flight line 19, photo 13
 

Fallow
 
Well drained (to moderately well drained)
 
At more 
than 150 cm below the surface
 
Dry up to 70 cm depth, moist below
 

None
 

None
 

Slow
 

Deep cracks (more than 30 cm)
 

Description 

Very dark grayish brown (IOYR3/2, moist) clay; 

moderate fine and medium subangular blocky structure 
parting to weak fine granular; no visible salts; sticky 
and plastic; many fine and medium roots; many fine and 
medium pores; strongly effervescent; moderately 
alkaline (pH 8.2); abrupt smooth boundary. 

Very dark grayish brown (IOYR3/2, moist) clay; strong 

coarse prismatic structure; slickensides; no visible 
salts; sticky and plastic; common fine and medium 
roots; common frine pores; few to common lime 
concretions; strongly effervescent; strongly alkaline 
(pH 8.5); clear smooth boundary. 
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C 60-150 cm Very dark grayish brown (10YR3/2, moist) clay; 
massive; slickensides; no visible salts; sticky and very 
plastic; few fine roots; few fine pores; few fine and 
medium irregularly shaped calcium carbonate 
concretions; strongly alkaline (pH 8.9); strongly 
effervescent. 
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Profile Number 

Date of Examination 

Land Class 

Area 


Soil Clussification 


Location 


Crop 


Drainage 


Groundwater 


Moisture 


Erosion 

Surface Salts 

Permeability 

Additional Notes: 

Profile Description: 

Horizon Depth 

A 0-45 cm 

2C 45-84 cm 

3C 8 4-150 cm 

5 

7.12.86
 

1B
 

Hirz-Numania 

Typic Torrifluvent 

Mosaic 

Fallow 

Well drained 

At 135 cm below the surface 

Dry at surface; moist below 

None 

None 

Slow to moderate 

Description 

Dark gray (lOYR3/2, moist) silty clay loam; weak fine 
and moderate medium subangular blocky structure; no 
visible salts; slightly sticky and slightly plastic; 
common very fine, common fine and few medium roots; 
common very fine, fine and medium pores; slightly 
alkaline (pH 8.0); noneffervescent; clear smooth 

boundary.
 

Dark grayish brown (IOYR4/2, moist) heavy silt loam; 

massive; slightly sticky and slightly plastic; few very 
fine roots; many very fine, many fine and common 
medium pores; slightly alkaline (pH 8.0); effervesc. it; 
clear smooth boundary. 

Dark grayish brown (IOYR4/2, moist) stratified loamy 
sand and silty clay loam; many lenses of ccntrasting 
particle sizes and organic matter; massive; few very 
fine roots; few fine pores; slightly alkaline (pH 8.0); 
slightly effervescent. 
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Profile Number 

Date of Examination 

Land Class 

Area 

Soil Classification 

Location 

Crop 

Drainage 

Groundwater 

Moisture 

Erosion 

Surface Salts 

Perme2bility 

Additional Notes 

Profile Description: 

Horizon Depth 

Ap 0-20 cm 

AC 20-55 cm 

17 

15.6.1987 

2A 

Samalut
 

Typic Torrert
 

Mosaic 15, flightline 53, photo 10
 
Cultivated with Egyptian clover (Trifolium 

Alexandenium)
 

Well drained
 

>150 cm below the surface
 

Dry to 70 cm
 

None
 

Moderate amounts of salt accumulation
 

Slow
 

Deep wide cracks (more than 30 cm)
 

Description 

Very dark grayish brown (lOYR3/2, moist) clay; 
moderate medium subangular blocky structure parting 
to moaerate fine granular; common visible salts; sticky 
and plastic; many fine, medium and coarse roots; many 
fine and medium pores; moderately alkaline (pH 8.3); 
slightly effervescent; abrupt wavy boundary. 

Very dark grayish brown (IOYR3/2, moist) clay; 

moderate medium and coarse prismatic structure 
grading to massive; slickensides; no visible salts, sticky 
and plastic; common fine roots; common fine pores; 
strongly alkaline (pH 8.8); slightly effervescent; few 
medium irregularly shaped calcium carbonate 
concretions; clear wavy boundary. 
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Profile Number 17 (continued) 

C1 55-95 cm Very dark grayish brown (IOYR3/2, moist) clay; medium 
prismatic structure parting to medium blocks; 
slickensides; no visible salts; sticky and plastic; few to 
common fine roots; few fine pores; moderately alkaline 
(pH 8.3); strongly efferevescent; few medium whitish 
irregularly shaped calcium carbonate concretians; 

gradual wavy boundary. 

C2 9 5 -155 cm Very dark grayish brown (IOYR3/2, moist) clay; 
massive; slickensides; no visible salts; sticky and 
plastic; few fine roots; few fine pores; strongly alkaline 
(pH 8.8); strongly effervescent, many hard and soft 
whitish irregularly shaped calcium carbonate concretion 
as well as in the form of filaments and soft masses. 
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Profile Number 

Date of Examination 

Land Class 

Area 

Soil Classification 

Location 

Crop 

Drainage 

Groundwater 

Moisture 


Erosion 


Surface Salts 


Permeability 


Additional Notes 

Profile Description: 

Horizon Depth 

A 0-20 cm 

Cl 20-45 cm 

C2 45-75 cm 

14 

14.6.1987 

2B 

EI-Minya 

Vertic Torrifluvent 

Mosasic 10, flightline 68, photo 7 
Egyptian Clover (Trifolium Alexandenium) 

Moderately well drained 

At 120 cm below the surface 

Dry to 50 cm 

None 

Few to many 

Moderately slow 

Shallow narrow cracks 

Description 

Very dark grayish brown (tOYR3/2, moist) clay loam; 
moderate fine and medium subangular blocky structure 
parting to weak fine granular; some visible salts; 
slightly sticky and plastic; many medium and fine roots; 
many medium and fine pores; moderately alkaline (pH 
8.2); strongly effervescent; gradual wavy boundary. 

Dark grayish brown (IOYR4/2, moist) clay; massive; few 
visible salts; slightly sticky and plastic; common fine 
roots; common fine pores; moderately alkaline (pH 8.2); 
strongly effervescent; gradual wavy boundary. 

Very dark grayish brown (lOYR3/2, moist) clay loam; 
massive; few visible salts; slightly sticky and plastic; 
common medium and fine roots; common fine pores; 
moderately alkaline (pH 8.4); slightly effervescent; 
gradual wavy boundary. 
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Profile Number 14 (continued) 

C3 75-100 cm Dark grayish brown (I0YR4/2, moist) clay loam; 
massive; no visible salts; slightly sticky and plastic; few 
fine roots; few fine pores; strongly alkaline (8.6); 
slightly effervescent; abrupt wavy boundary. 

C2 10 0-120 cm Dark grayish brown (1OYR4/2, moist) loam; massive; no 
visible salts; slightly sticky and slightly plastic; few 
fine roots; few fine pores; strongly alkaline (8.6); 
slightly effervescent. 
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Profile Number 
Date of Examination 

Land Class 
Area 

Soil Classification 
Location 

Drainage 

Groundwater 


Moisture 


Erosion 


Permeability 


Surface Salts 

Additional Notes 


Profile Description: 
Horizon Deth 

Ap 0-20 cm 

AC 20-40 cm 

40-150 cm 

23
 

16.6.1987
 

2C 
Beni Mazaar
 

Typic Torrert
 
Mosaic 19, flightline 37, photo 5
 
Moderately well drained 
At 110 cm below the surface 
Dry to 40 cm
 

None
 

Slow
 

Few to moderate
 
Deep cracks (more than 20 cm deep)
 

Description 

Very dark grayish brown (1OYR3/2, moist) clay; 
moderate medium subangular blocky structure parting 
to weak fine granular; few visible salts; sticky and 
plastic; many coarse and fine roots; many medium and 
fine pores; strongly alkaline (pH 8.7); slightly
 
effervescent; clear wavy boundary.
 

Very dark grayish brown (IOYR3/2, moist) clay; 
moderate medium subangular blocky strucutre; 
slickensides; no visible s3lts; sticky and plastic; 
common medium and fine roots; common fine pores; 
very strongly alkaline (pH 9.2); slightly effervescent; 
clear wavy boundary. 

Very dark grayish brown (IOYR3/2, moist) clay; weak 
prismatic structure grading to massive; slickensides; no 
visble salts; sticky and plastic; few fine roots; few fine 
and very fine pores; strongly alkaline (pH 8.8); slightly 
effervescent. 
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Profile Number 

Date of Examination 

Land Class 

Area 

Soil Classification 

Location 

Crop 

Drainage 

Groundwater 

Erosion 

Permeability 

Surface Salts 

Additional Notes 

Profile Description: 

Horizon Depth 

Ap 0-17 cm 

AC 17-37 cm 

37-150 cm 

24 

16.6.1987 

3A 

Beni Mazaar 

Typic Torrert 

Mosaic 20, flightline 35, photo 7 

SorghL.m for fodder 

Well drained 

At 155 cm below the surface 

None 

Slow 

Few to moderate amounts 

Deep cracks (nore than 25 cm deep) 

Description 

Dark brown (IOYR3/3, moist) clay; moderate medium 

subangular blocky weak fine granular; few to moderate 
visible salts, ..ticky and plastic; many coarse to fine 
roots; many medium and fine pores; strongly alkaline 

(pH 8.7); abrupt wavy boundary. 

Very dark grayish brown (IOYR3/2, moist) clay; 

moderate coarse and medium subangular blocky 
structure; slickensides; few visible salts; common fine 
and medium roots; common fine pores; strongly alkaline 

(pH 8.6); strongly effervescent; abrupt wavy boundary. 

Very dark grayish brown (10YR3/2, moist) heavy clay 

loam; weak subangular blocky structure grading to 
massive; slickensides; no visible salts; sticky and 
plastic; common fine roots; few fine pores; strongly 

alkaline (pH 8.9); strongly efferevesient. 
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Profile Number 

Date of Examination 

Land Class 

Area 

Soil Classification 

Location 

Crop 

Drainage 

Groundwater 

Moisture 

Erosion 

Surface Salts 

Permeability 
Additional 

Profile Description: 

Horizon Depth 

Ap 0-23 cm 

Cz 23-55 cm 

10 

13.6.1987 

3B 

Abu-Qurkasse 

Typic Torrert 

Mosaic 6, flightline 73, photo 13 
Fallow after wheat 

Moderately well drained 
At 130 cm below the surface 

Moist throughout the profile 

None 

Few to moderate amounts 

Slow 
Deep cracks when dry (20-30 cm) in the adjacent field 

Description 

Dark grayish brown (lOYR4/2, moist) clay; strong 
coarse subangular blocky structure; many visible salts; 
sticky and plastic (wet) and extremely hard when dry; 
many fine and medium roots; many medium and coarse 
pores; moderately alkaline (pH 8.3); strongly 
effervescent; gradual wavy boundary. 

Very dark grayish brown (lOYR3/2, moist) clay; strong 
coarse prismatic structure breaking to coarse and 
medium subangular blocky; many visible salts; 
slickensides sticky and plastic; common fine roots; 
common fine pores; moderately alkaline (pH 8.3); 
strongly effervescent, gradual wavy boundary. 
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Profile Number 10 (continued) 

Cl 55-85 cm Ver) dark grayish brown (IOYR3/2, moist) clay; 
moderate coarse prismatic structure formed by 
intersection of primary slickensides and secondary 
shear planes; slickensides; few visible salts; sticky and 
plastic; few fine roots; few fine pores; moderately 
alkaline (pH 8.3); strongly effervescent; gradual wavy 
boundary. 

C2 8 5-130 cm Very dark grayish brown (1OYR3/2, moist) clay; weak 
blocky structure grading to massive; very few visible 
salts; sticky and plastic; few fine roots; moderately 
alkaline (pH 8.3); slightly effervescent. 
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Profile Number 

Date of Examination 

Land Class 

Area 

Soil Classification 

Location 

Crop 

Drainage 

Groundwater 

Moisture 

Erosion 

Surface Salts 

Permeability 

Additional Notes: 

Profile Description: 

Horizon Depth 

Ap 0-19 cm 

AC 19-47 cm 

47-150 cm 

26 

17.6. 5,n7
 

3C
 

Shulgarn 

Typic Torrert 

Poorly drained 

About 145 cm below the surface 

Dry to 40 cm 

None 

Common 

Slow 

Description 

Very dark grayish brown (lOYR3/2, moist) clay; 
moderate medium subangular blocky structure parting 
to moderate medium granular; few vi.sible salts; sticky 
and plastic; many fine and medium pores; strongly 
alkaline (pH 8.7); slightly effervescent; clear wavy 

boundary.
 

Very dark grayish brown (IOYR3/2, moist) clay; 

moderate medium and coarse subangular blocky 
structure; few visible salts; sticky and plastic; common 
fine and medium roots; common fine and medium pores; 
moderately alkaline (pH 8.0); strongly effervescent; 

clear wavy boundary. 

Dark grayish brown (1OYR4/2, moist) clay; massive; 

slickensides; few visible salts; sticky and plastic; few 
fine roots; few fine and very fine pores; moderately 
alkaline (pH 8.0); slightly to strongly effervescent. 
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Profile Number 

Date of Examination 

Land Class 

Area 

Soil Classification 

Location 

Crop 

Drainage 

Groundwater 

Moisture 

Erosion 

Surface Salts 

Permeability 

Additional Notes: 

Profile Description: 

Horizon Depth 

Ap 0-18 cm 

AC 18-36 cm 

13 

14.6.1987 

4
 

Samalout
 

Typic Torrert
 

Mosaic 12, flightline 61, photo 13
 

Fallow
 

Somewhat poorly
 

At 135 cm 
below the surface
 

Dry to 60 cm
 

None
 

Few
 

Slow
 

Deep cracks (about 25 cm)
 

Descriptior 

Very dark grayish brown (IOYR3/2, moist) clay; 
moderate fine and medium subangular blocky; few 
visible salts. slightly sticky and plastic; many medium 
and fine roots; many medium and fine pores; 
moderately alkaline (pH 8.3); strongly effervescent; 
common fine and medium whitish irregularly shaped and 
rounded soft calcium carbonate concretions; gradual 
wavy boundary. 

Very dark grayish brown (IOYR3/2, mosit) clay; 

moderate medium subangular blocky structure; few 
visible salts; slightly sticky and plastic; common fine 
roots; common fine pores; moderately alkaline (pH 8.4); 
strongly effervescent; few to common filaments or 
threads of calcium carbonate; gradual wavy boundary. 
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C 

Profile Number 13 (continued) 

36-135 cm Very dark grayish brown (lOYR3/2, moist) clay; weak 

medium subangular blocky structure grading to massive; 
slickensides; no visible salts; sticky and plastic; few 
fine roots; few fine pores; moderately alkaline (pH 8.4); 
strong effervescent; few filaments of calcium 

carbonate.
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LABORATORY CHARACTERIZATION
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Table BI. 
 Results of Chemical Analyses of Soil Profiles.
 

Profile 

No. 

1 

2 

3 

4 

5 

6 

Depth 

cm 

0-15 

15-33 

33-53 

53-104 

104-150 

0-13 

13-27 

27-66 

66-108 

108-150 

0-20 

20-50 

50-80 

80-110 

110-150 

0-20 

20-50 

50-80 

80-110 

110-150 

0-25 

25-45 

45-84 

84-117 

117-150 

0-15 

15-43 

43-80 

80-110 

110-175 

pH 
1:2.5 

8.03 

8.28 

8.15 

8.27 

8.05 

8.70 

8.75 

8.70 

8.34 

8.13 

8.03 

8.28 

8.29 

8.24 

8.01 

8.07 

8.40 

8.25 

8.16 

8.06 

7.98 

8.03 

8.04 

8.01 

8.04 

8.31 

8.51 

8.62 

8.40 

8.?3 

CaCO3 

% 

3.78 

3.92 

3.56 

2.99 

2.64 

3.52 

2.79 

2.82 

2.60 

1.72 

2.51 

2.82 

1.98 

1.89 

2.33 

2.07 

2.33 

3.12 

2.68 

2.02 

1.19 

1.41 

2.39 

0.75 

0.46 

3.04 

3.08 

2.51 

2.16 

2.11 

EC *Conc. of cations meg/bOOg soil 
mmbos/cm Ca+ + Mg++ Na+ K+ 

8.134 1.75 1.75 14.3 0.40 
4.534 1.00 1.00 10.5 0.15 
5.812 0.75 1.25 13.4 0.10 
6.112 0.75 1.00 14.0 0.10 
6.415 1.00 1.50 13.9 0.15 

4.!90 0.25 0.75 10.7 0.20 
3.335 0.25 0.50 9.5 0.20 
1.455 0.50 1.25 4.9 1.92 
1.318 0.50 0.75 2.5 0.15 
0.785 0.50 0.75 1.75 0.10 

0.885 0.50 1.00 2.05 0.20 
I.0i5 0.75 0.13 3.39 0.15 
1.100 0.25 0.50 4.37 0.15 
!.155 0.50 0.50 3.88 0.15 
1.395 0.65 1.15 2.90 0.15 

0.990 0.75 1.00 2.00 0.25 
0.805 0.50 0.25 3.00 0.25 
0.735 0.50 0.50 2.43 0.10 
0.820 0.50 0.75 2.00 0.10 
0.735 0.65 0.65 1.96 0.25 

0.685 0.50 0.65 1.96 0.15 
0.640 0.50 0.35 2.00 0.15 
0.740 0.50 0.25 2.10 0.10 
0.505 0.35 0.35 2.00 0.15 
0.505 0.35 0.35 1.96 0.15 

0.750 0.35 0.35 2.80 0.35 
0.880 0.85 0.85 3.40 0.25 
1.505 0.75 2.00 4.30 0.20 
2.605 0.65 0.65 4.80 0.10 
3.740 0.50 1.25 6.30 0.10 

*Conc. of Anions meq/lOog soil 
C03-- HC03- CL- SAR 

- 0.75 6.6 10.8 
- 0.75 3.13 10.5 
- 0.87 2.50 13.4 
- 0.97 2.85 15.4 
- 0.75 2.35 12.4 

- 1.50 2.35 15.1 
- 1.75 1.85 15.5 
- 1.75 1.25 5.2 
- 1.00 0.95 3.2 
- 0.87 0.95 2.2 

- 1.00 0.95 2.4 
- 1.37 j.25 5.1 
- 1.37 1.25 7.1 
- 1.25 1.10 5.5 
- 1.12 1.10 3.1 

- 0.75 0.95 2.1 
- 1.12 0.95 4.9 
- 1.25 0.95 3.4 
- 0.75 0.95 2.5 
- 1.12 1.25 2.4 

- 0.87 0.65 2.6 

- 0.87 0.65 3.1 
- 1.00 1.25 3.4 
- 1.00 1.00 3.4 
- 0.75 0.95 3.3 

- 1.25 0.95 4.7 
- 1.62 0.95 3.7 
- 2.00 1.25 3.7 
- 1.25 2.50 6.0 
- 1.00 3.75 6.7 

CEC 
meq/lO0 

9. soil SP 

"Sol I paste 



Table BI. Continued
 

Profile 

No. 
Depth 

cTI 
pH 
1:2.5 

CaCO3 

% 
EC 

mmbos/cm 
*Conc. of cations meq/lOOg soil 
Ca++ Mgt+ Na+ K+ 

*Conc. of Anions meg/lOOg soil 
C03-- HC03- CL- SAR 

CEC 
meq/00 
9. soil SP 

7 

0-20 

20-53 
53-75 

75-110 
110-150 

8.52 

8.61 
8.53 

8.36 

7.94 

7.38 

3.15 
3.15 

3.19 
2.70 

2.55 

3.70 
6.55 

9.05 
15.20 

1.25 

1.25 
!.25 

5.00 
2.50 

1.25 

1.25 
1.25 

2.50 
16.25 

4.30 

4.55 
13.65 

8.45 
14.75 

0.010 

0.005 
0.005 

0.005 

0.015 

0.60 

0-60 
0.60 

0.60 
0.00 

6.90 

9.90 
5.40 

5.40 

3.90 

3.15 

3.15 
5.00 

6.25 

5.00 

3.84 

4.06 
12.18 

4.36 

4.82 

-
-
-

-
-

79.9 

79.8 
79.2 

80.0 
80.0 

8 

0-22 

22-60 
60-85 

85-115 
115-125 

8.22 

8.49 
8.62 

8.79 
8.78 

3.28 

3.60 
3.55 

7.29 
3.55 

3.30 

4.65 
4.75 

5.25 
4.40 

2.50 

1.25 
1.25 

1.25 
1.25 

1.25 

1.25 
1.25 

1.25 
1.25 

6.05 

9.80 
11.74 

13.90 
11.70 

0.010 

0.005 
0.005 

0.005 
0.010 

0.60 

2.10 
1.50 

2.10 
0.60 

6.90 

6.90 
6.00 

5.40 
9.90 

3.75 

3.15 
3.15 

6.85 
6.25 

4.42 

8.75 
10.48 

12.41 
14.81 

57.50 

62.10 
56.70 

49.90 
59.40 

62.0 

80.0 
80.0 

79.9 
79.9 

0-20 
20-55 

55-90 
90-130 

8.21 
7.98 

8.61 

8.23 

4.50 
3.69 

4.05 

3.28 

3.90 
9.60 

5.90 

3.40 

.25 
6.25 

2.50 

2.50 

2.50 
5.00 

1.25 

2.50 

6.10 
15.00 

12.65 

10.00 

0.020 
0.010 

0.005 

0.015 

-

-
0.60 

-

4.80 
3.00 

6.90 

6.90 

3.60 
3.60 

3.15 

3.15 

4.45 
6.33 

9.23 

6.33 

-
-
-
-

81.0 
80.0 

79.6 

80.0 

10 

0-23 

23-55 
55-85 

85-105 
105-130 

8.33 

8.31 
8.27 

8.34 
8.34 

4.95 

4.23 
4.14 

3.87 
2.70 

9.50 

10.20 
9.35 

6.65 
7.05 

3.75 

3.75 
3.75 

6.25 
2.50 

2.50 

3.75 
5.00 

6.25 
2.50 

18.05 

18.70 
17.80 

4.10 
14.55 

0.015 

0.030 
0.015 

0.015 
0.015 

-
-
-

-
-

6.90 

6.90 
3.90 

5.40 
3.00 

!6.25 

14.40 
16.90 

13.15 
15.00 

10.20 

9.84 
9.42 

1.64 
9.21 

-
-
-

-
-

81.0 

81.0 
80.0 

79.9 
79.8 

II 

0-10 
10-22 

22-55 

55-90 
90-150 

8.41 
8.50 

8.20 

8.23 
8.41 

4.50 
3.60 

3.51 

3.24 
3.78 

3.85 
4.40 

9.45 

24.70 
21.80 

1.25 
2.50 

3.75 

16.25 
17.50 

1.25 
1.25 

2.50 

8.75 
10.00 

27.60 
11.30 

45.50 

43.40 
52.15 

0.055 
0.045 

0.020 

0.030 
0.020 

-
0.60 

-

-

6.90 
6.00 

3.90 

2.40 
6.90 

8.15 
8.15 

20.00 

32.50 
20.00 

24.64 
8.25 

25.70 

12.29 
14.09 

64.80 
66.70 

68.80 

58.10 
62.10 

79.9 
80.0 

80.0 

80.0 
81.0 

12 

0-15 
15-40 
40-70 

70-100 

100-130 

8.52 

8.53 
8.59 

8.04 

8.96 

3.19 

3.60 
3.51 

3.42 

3.15 

20.70 

11.15 
6.10 

2.95 

1.85 

5.00 

2.50 
1.25 

1.25 

1.25 

5.00 

1.25 
2.50 

1.25 

1.25 

76.00 

47.50 
15.65 

7.15 

10.20 

0.025 

0.010 
0.010 

0.010 

0.010 

0.60 

0.60 
0.60 

-

0.60 

6.90 

10.50 
6.00 

5.40 

5.40 

33.75 

26.25 
12.50 

7.50 

7.50 

33.93 

33.93 
11.42 

6.39 

9.11 

52.06 

54.00 
54.00 

48.06 

37.00 

82.0 

82.4 
81.0 

81.6 

79.9 



Table BI. Continued
 

CEC 
Profile 

No. 
Depth 

cm 
pH 

1:2.5 
CaC03 

% 
EC 

mmbos/cm 
*Conc. of cations meg/lOOg soil 
Ca Mg+ Na+ K+ 

*Conc. of Anions meq/lOOg soil 
C03-- HC03- CL- SAR 

meq/l00 

g. soil SP 

13 

0-18 
18-36 
36-97 

97-135 

8.25 
8.41 
8.43 

8.33 

4.77 
4.00 
4.23 

4.32 

27.90 
20.80 
14.95 

7.15 

8.75 
12.50 
5.00 

2.50 

8.75 
6.25 
3.75 

1.25 

95.50 
65.00 
47.56 

9.90 

0.060 
0.055 
0.025 

0.015 

-
-
-

-

3.90 
5.40 
5.40 

6.90 

71.85 
28.75 
10.50 

7.50 

32.28 
21.24 
22.73 

7.23 

-
-
-

-

82.4 
83.0 
83.0 

83.0 

14 

0-20 

20-45 
45-75 

75-100 
100-120 

8.23 

8.24 
8.42 

8.60 

8.62 

4.05 

4.05 
3.96 

4.14 

4.14 

1.70 

2.55 
8.25 

10.65 

6.10 

1.25 

1.25 
2.50 

2.50 

2.50 

1.25 

1.25 
1.25 

2.50 

2.50 

9.10 

10.20 
18.90 

19.30 
14.10 

0.025 

0.020 
0.010 

0.015 

0.015 

-
-
-

0.60 

0.60 

6.90 

14.40 
9.00 

10.50 

7.90 

1.90 

2.50 
1.40 

21.25 
11.25 

9.11 

9.12 
13.80 

12.21 

8.92 

-
-
-

-
-

80.2 

82.0 
82.9 

84.0 

84.0 

c 15 

0-9 

9-26 
26-65 

65-115 
115-150 

7.86 

8.94 
8.74 

8.74 

8.73 

4.05 

2.79 
3.15 

3.24 

3.60 

4.65 

2.00 
1.85 

1.80 

1.85 

3.75 

2.50 
1.25 

6.00 

1.25 

1.25 

2.50 
2.50 

4.75 

1.25 

12.50 

3.90 
4.10 

7.40 

6.50 

0.035 

0.015 
0.010 

0.010 

0.015 

-
0.60 
0.60 

0.60 

0.60 

9.90 

5.40 
9.90 

6.90 

9.00 

7.50 

1.85 
1.85 

1.25 
1.85 

7.91 

2.47 
3.01 

3.19 

5.86 

-
-
-
-
-

82.0 

85.0 
84.0 

80.0 

82.0 

16 

0-20 
20-55 
55-90 

90-120 
120-150 

7.94 

8.74 
7.84 

8.05 
8.75 

3.51 
2.25 
2.79 

3.15 

3.42 

1.35 

1.70 
2.10 

1.75 
2.75 

1.25 
2.50 
1.25 

1.25 
1.25 

1.25 

1.25 
1.25 

1.25 
1.25 

2.35 
3.25 
5.20 

4.10 

5.15 

0.010 
0.005 
0.005 

0.005 

0.005 

-
0.60 

-
-

0.60 

9.90 
3.90 
6.90 

5.40 

3.90 

1.25 

2.50 
1.80 

1.80 
19.80 

2.12 
2.37 
4.68 

3.69 

4.64 

-
-
-
-
-

83.0 
82.0 
84.0 

85.0 

82.6 

17 

0-20 

20-55 
55-95 

95-120 
120-155 

8.27 

8.79 
8.28 

8.76 
8.91 

3.33 

2.70 
2.79 

3.15 
3.24 

1.75 

0.95 
10.40 

14.80 
8.30 

2.50 

1.25 
2.50 

3.75 
3.75 

1.25 

1.25 
1.25 

5.00 
2.50 

1.13 

3.30 
3.00 

2.22 
2.43 

0.002 

0.005 
0.003 

0.002 
0.002 

-
0.60 

-
0.60 
0.60 

9.90 

5.40 
12.90 

4.50 
9.90 

1.85 

1.25 
4.35 

5.50 
7.50 

0.82 

2.97 
2.19 

1.06 
1.37 

-
-
-
-
-

83.2 

86.0 
84.0 

86.0 
85.0 

18 

0-22 
22-60 
6G-85 
85-120 

120-150 

8.25 
7.98 
8.70 
8.01 

7.95 

3.42 
3.15 
3.33 
3.24 

3.51 

3.90 
10.35 

9.35 
9.15 

13.05 

1.25 
3.75 
3.75 
2.50 

3.75 

1.25 
3.75 
2.50 
2.50 

3.75 

2.13 
2.39 
2.34 
4.07 

0.62 

0.003 
0.002 
0.001 
0.002 

0.003 

-
I-

0.60 

-

-

9.00 
10.50 
6.00 
6.00 

9.00 

6.00 
7.50 

11.25 
16.25 

11.85 

1.90 
1.23 
1.32 
2.57 

0.32 

-
-
-
-

-

84.0 
87.0 
82.0 
84.0 

85.0 



Table 81. Continued
 

CEC
 
Profile 

No. 
Depth 

cm 

. pH 

1:2.5 

CaC03 

% 

EC 

mmbos/cm 

*Conc. of cations meg/lOOg soil 

Ca++  Mg++ Na+ K+ 
*Conc. of Anions me/lO0, soil 

C03-- HC03- CL- SAR 

meq/lO0 

g. soil SP 

i9 

0-23 
23-43 
43-80 

80-120 
120-150 

8.70 
8.20 

9.12 

8.67 
7.62 

3.51 
3.87 
3.42 

3.24 
3.15 

4.35 
3.10 
2.25 

11.05 
9.55 

1.25 
1.25 
1.25 

2.50 
3.75 

2.50 
2.50 
3.75 

3.75 
1.25 

2.42 
2.35 
1.91 

2.26 
2.82 

0.004 
0.005 
0.002 

0.002 
0.002 

0.60 
-

0.60 

0.60 
-

9.9J 
7.50 
9.00 

18.00 
12.90 

4.35 
3.10 

10.00 

4.35 
15.60 

1.77 
1.71 
1.21 

1.28 
1.78 

-
-
-
-
-

86.0 
88.0 

84.0 

83.5 
86.0 

20 

0-25 
25-45 

45-70 
70-110 

110-150 

8.11 

8.53 

8.41 
8.31 

8.04 

3.24 
3.33 

3.24 
3.24 

3.06 

136.05 

52.00 

38.00 
44.30 

48.60 

25.00 
17.50 

8.75 
16.25 

15.00 

16.75 

12.50 

10.00 
13.75 

15.00 

26.50 

14.70 

14.80 
16.10 

21.12 

0.011 
0.005 

0.006 
0.004 

0.004 

-
-
-
-

-

3.00 

3.00 

7.50 
3.00 

4.50 

14.44 
15.21 

9.61 
11.56 

13.46 

5.67 

3.80 

4.84 
4.16 

5.45 

-
-
-
-

-

80.0 

81.0 

34.0 
84.0 

81.0 

co 
21 

0-15 

15-30 
30-72 

72-115 
115-150 

8.83 

8.74 
8.45 

8.82 
8.28 

2.97 

2.70 
1.80 

2.70 

3.07 

3.80 

2.95 
1.45 

1.90 
5.15 

3.75 

2.50 
2.50 

2.50 

2.50 

2.50 

2.50 
1.25 

2.50 

2.50 

0.61 

0.52 
0.86 

0.74 

1.86 

0.003 

0.002 
0.001 

0.005 

0.003 

0.60 

0.60 
-

0.60 

-

7.50 

6.00 
6.00 

4.50 

9.00 

8.10 

7.50 
2.50 

2.50 
8.75 

0.34 

0.33 
0.63 

0.47 

1.18 

-
-
-
-
-

86.0 
82.0 

82.0 

81.0 
80.0 

22 

0-18 

18-42 

42-80 

80-120 
120-150 

8.54 

8.71 

8.78 

8.90 
8.66 

3.06 

3.15 

3.51 

3.42 
3.69 

2.85 

2.70 

1.00 

4.45 
9.65 

2.50 

1.25 

2.50 

2.50 
3.75 

2.50 

2.50 

1.25 

1.25 
3.75 

1.78 

1.43 

2.65 

1.53 
2.91 

0.002 

0.002 

0.002 

0.002 
0.002 

-
0.60 

0.60 

0.60 
-

7.50 

8.40 

15.00 

13.50 
7.50 

3.75 

3.10 

3.75 

4.35 
4.35 

1.12 

1.04 

1.94 

1.12 
1.50 

-
-
-
-
-

84.0 

83.0 

86.0 

79.0 
80.0 

23 

0-20 
20-40 
40-80 

80-120 

120-150 

8.70 
9.20 
9.01 

8.67 

8.79 

4.72 
3.87 
3.15 

3.24 

3.15 

2.95 
3.95 
4.90 

12.00 

8.75 

2.50 
1.25 
2.50 

5.00 

2.50 

1.25 
2.50 
1.25 

2.50 

2.50 

1.65 
2.21 
3.00 

3.61 

3.56 

0.002 
0.003 
0.003 

0.006 

0.007 

0.60 
1.50 
1.20 

0.60 

0.60 

9.00 
13.50 
10.80 

9.00 

9.00 

3.10 
3.75 
3.75 

8.75 

8.10 

1.20 
1.61 
2.68 

1.86 

2.25 

-
-
-
-
-

80.0 
79.5 
79.8 

80.2 

84.2 

24 

0-17 

17-37 

37-75 
75-110 

110-150 

8.73 

8.61 

8.93 
9.11 

8.95 

3.42 

3.60 

3.78 
3.69 

3.87 

26.60 

11.30 

6.10 
4.55 

6.00 

1I.25 
2.50 

2.50 
2.50 

1.25 

8.75 

2.50 

2.50 
1.25 

1.25 

10.00 

2.61 

1.70 
3.74 

2.26 

0.003 

0.007 

0.002 
0.002 

0.003 

0.60 

0.60 

1.20 
1.50 

1.20 

4.50 

7.50 

7.50 
5.40 

9.00 

31.80 

26.25 

10.00 
5.60 

8.75 

3.16 

1.65 

1.08 
2.73 

2.02 

56.70 

45.90 

51.30 
55.30 

48.60 

83.0 

84.0 

81.5 
83.8 

80.0 



Table B2. Continued
 

Profile 

No. 
Depth 

cm 
pH 
1:2.5 

CaC03 

% 
EC 

mrrbos/cm 
*Conc. of cations meq/IOOQ soil 
Ca + Mg+-+ Na+ K+ 

*Conc. of Anions meq/bOg soil 
C03-- HC03- CL- SAR 

CEC 

meq/I00 
g. soil SP 

25 

0-17 
17-35 

35-77 

77-110 
110-150 

7.72 
8.30 

8.80 

8.62 
8.95 

4.05 
3.78 

2.61 

2.70 
3.06 

12.05 
3.95 

10.80 

9.70 
4.05 

3.75 
2.50 

2.50 

2.50 
1.25 

3.75 
1.25 

2.50 

2.50 
!.25 

3.26 
3.91 

2.70 

2.70 
i.39 

0.007 
0.002 

0.006 

0.005 
0.002 

-

-
0.60 

0.60 
0.60 

6.00 
7.50 

7.50 

10.50 
7.50 

10.00 
4.35 
18.75 

16.85 
6.35 

1.68 
2.86 

1.71 

1.71 
1.24 

-
-
-
-
-

80.0 
79.0 

72.0 

75.2 
79.6 

26 

0-19 
19-47 
47-86 

86-115 
115-150 

8.70 
7.97 
7.63 

8.61 
7.95 

2.97 
3.15 
3.24 

3.24 
3.15 

3.50 
8.30 
12.70 

10.20 
10.25 

2.50 
5.00 
3.75 

5.00 
3.75 

2.75 
5.00 
3.75 

1.25 
2.50 

1.78 
2.34 
2.65 

3.61 
3.57 

0.002 
0.002 
0.006 

0.007 
0.007 

0.60 
-
-

-
-

12.90 
9.00 
12.00 

9.00 
10.50 

6.25 
10.60 
17.50 

13.00 
11.85 

1.09 
1.09 
1.37 

2.04 
2.02 

56.70 
54.00 
59.40 

64.80 
62.10 

81.0 
85.4 
85.0 

86.0 
88.0 

o 

27 

0-20 
20-40 

40-65 

65-110 
110-150 

8.36 
9.10 

9.20 

9.27 
8.21 

3.15 
1.80 

2.79 

3.06 
3.15 

3.10 
2.40 

7.55 

5.45 
3.50 

2.50 
1.25 

2.50 

2.50 
2.50 

2.50 
1.25 

1.25 

2.50 
2.50 

2.13 
8.70 

3.78 

3.22 
2.35 

0.002 
0.006 

0.003 

0.003 
0.001 

-
1.20 

1.50 

3.00 

-

19.50 
11.50 

9.00 

9.00 
6.80 

3.75 
2.50 

6.25 

8.10 
3.15 

1.35 
7.78 

2.76 

2.04 
1.49 

-
-

-
-
-

83.5 
80.0 

80.2 

80.2 
79.5 

28 

0-22 
22-53 
53-80 
80-110 

110-150 

8.22 
8.52 
8.88 
8.95 
8.95 

3.33 
3.24 
3.06 
3.15 
3.15 

2.25 
2.75 
2.70 
2.50 
2.50 

1.25 
2.50 
5.00 
2.50 
2.50 

1.25 
2.50 
3.75 
2.50 
1.25 

0.95 
1.47 
1.87 
1.82 
1.17 

0.003 
0.003 
0.002 
0.001 
0.003 

-
0.60 
0.60 
0.60 
0.60 

12.00 

6.90 
8.40 
6.90 
6.40 

4.35 

1.85 
3.75 
2.85 
3.75 

0.85 

0.93 
0.89 
1.15 
0.74 

-
-
-
-
-

79.4 
80.0 
82.0 
81.5 
84.0 

29 

0-22 
22-52 
52-82 
82-120 
120-150 

8.51 
8.54 
8.59 
8.16 
8.7E 

3.15 
3.06 
3.15 
3.0f' 
3.06 

2.50 
5.10 
8.10 

20.?0 
19.45 

2.50 
1.25 
3.75 

10.00 
12.50 

1.25 
2.50 
3.75 

11.25 
I0,x 

1.61 
2.61 

23.00 

12.10 
10.87 

0.003 
0.002 
0.006 

0.006 
0,006 

-
-
-
-
-

9.00 
10.50 
10.50 
6.00 
6.00 

3.75 
13.75 
21.25 
48.10 
35.60 

1.18 
1.91 

11.88 
3.71 
3.24 

59.4 
60.7 
70.2 
58.1 
62.1 

79.5 
80.0 
76.4 
79.5 
74.6 

30 

0-19 
19-60 
60-100 

100-130 
130-150 

8.21 

8.50 
8.90 

8.93 

8.92 

3.24 

3.15 
2.88 

2.25 

2.61 

3.45 

3.15 
3.00 

2.80 

3.00 

2.50 

2.50 
1.25 

1.25 

2.50 

3.75 

2.50 
2.50 

2.50 

2.50 

1.39 

1.78 
1.88 

2.00 

1.4i 

0.007 

0.002 
0.002 

0.001 

0.001 

-
-

0.60 

0.60 

0.60 

12.00 

12.00 
16.50 

15.00 
16.50 

9.35 

3.75 
3.10 

3.10 
3.10 

9.79 

1.12 
1.37 

1.46 

0.89 

-
-
-
-
-

81.0 

82.0 
80.5 

84.0 
86.0 



Table B2. Particle Size Data for Soil Profiles. 

Prof ile 
No. 

Depth
Cms. 

Sand 
% 

Silt 
% 

Clay
% 

Texture 
Class 

0-15 
15-33 
33-53 
53-104 
104-150 

20.6 
15.8 
15.8 
22.6 
15.6 

20.1 
38.6 
33.25 
26.3 
10.2 

59.30 
45.60 
50.95 
51.10 
7.4.20 

Clay 
Clay 
Clay 
Clay 
Clay 

2 

0-13 
13-27 
27-66 
66-108 
108-150 

35.8 
15.6 
14.8 
15.7 
10.8 

15.35 
30.2 
29.2 
29.3 
25.2 

48.84 
54.20 
56.00 
55.00 
64.00 

Clay 
Clay 
Clay 
Clay 
Clay 

3 

0-20 
20-50 
50-80 
80-110 

110-150 

12.4 
2.3 

17.5 
10.6 
10.8 

30.1 
26.7 
31.5 
29.2 
27.7 

57.50 
71.00 
61.0 
60.20 
61.50 

Clay 
Clay 
Clay 
Clay 
Clay 

4 

0-20 
20-50 
50-80 
80-110 
110-150 

7.3 
14.7 
13.0 
7.2 

14.2 

37.5 
25.1 
29.3 
37.5 
20.5 

55.20 
60.20 
57.70 
55.30 
65.30 

Clay 
Clay 
Clay 
Clay 
Clay 

5 

0-25 
25-45 
45-84 
84-117 
117-150 

14.1 
2.3 

29.4 
29.6 
7.1 

35.5 
40.2 
30.2 
32.5 
30.3 

50.4 
57.5 
40.4 
37.9 
62.6 

Clay 
Clay 
Clay 

Clay Loam 
Clay 

6 

0-15 
15-43 
43-80 
80-110 
110-175 

9.8 
24.3 
4.8 
9.8 
9.8 

25.0 
15.4 
29.4 
34.8 
32.7 

65.2 
60.3 
65.8 
55.4 
57.5 

Clay 
Clay 
Clay 
Clay 
Clay 

7 

0-20 
20-53 
53-75 
75-110 
110-150 

28.5 
29.3 
22.1 
23.3 
20.9 

23.2 
24.1 
26.6 
27.1 
26.8 

48.3 
46.6 
51.3 
49.6 
52.3 

Clay 
Clay 
Clay 
Clay 
Clay 

8 

0-22 
22-60 
60-85 
85-115 
115-125 

26.2 
24.8 
23.4 
20.2 
21.3 

24.6 
25.1 
28.3 
26.6 
24.3 

49.2 
50.1 
48.3 
52.2 
54.4 

Clay 
Clay 
Clay 
Clay 
Clay 

70
 



Table B2. Continued 

Profile 
No. 

Depth 
Cms. 

Sand 
% 

Silt 
% 

Clay 
% 

Texture 
Class 

9 

0-20 
20-55 
55-90 
90-130 

24.1 
22.5 
21.8 
18.5 

25.3 
26.2 
28.4 
29.1 

50.6 
51.3 
49.8 
52.4 

Clay 
Clay 
Clay 
Clay 

10 

0-23 
23-55 
55-85 
85-105 
105-130 

23.8 
22.7 
24.2 
21.3 
21.9 

24.6 
25.7 
26.3 
27.4 
98.5 

51.8 
51.6 
49.5 
51.3 
49.6 

Clay 
Clay 
Clay 
Clay 
Clay 

11 

0-10 
10-22 
22-25 
25-90 
90-150 

15.9 
17.8 
18.8 
20.9 
18.9 

39.6 
36.9 
38.5 
37.6 
38.4 

44.5 
45.3 
42.7 
41.5 
42.7 

Clay 
Clay 
Clay 
Clay 
Clay 

12 

0-15 
15-40 
40-70 
70-100 

100-130 

25.7 
24.2 
22.0 
23.7 
37.7 

34.4 
35.3 
36.4 
38.5 
39.9 

39.9 
40.5 
41.6 
37.8 
22.4 

Clay Loam 
Clay 
Clay 

Clay Loam 
Loam 

13 

8-18 
18-36 
36-97 
97-135 

19.8 
18.9 
20.0 
18.7 

32.3 
33.6 
34.3 
35.7 

47.9 
47.5 
45.7 
45.6 

Clay 
Clay 
Clay 
Clay 

14 

0-20 
20-45 
45-75 
75- O0 

100-120 

24.9 
23.5 
22.7 
23.9 
36.7 

35.8 
36.7 
37.9 
37.4 
41.4 

39.3 
39.8 
39.4 
38.9 
21.9 

Clay Loam 
Clay Loam 
Clay Loam 
Clay Loam 

Loam 

15 

0-9 
9-26 

26-65 
65-115 

115-150 

19.5 
20.8 
20.7 
22.7 
22.6 

31.3 
32.4 
33.6 
33.9 
32.6 

49.2 
46.8 
45.7 
43.4 
44.8 

Clay 
Clay
Clay 
Clay 
Clay 

16 

0-20 
20-55 
55-90 
90-120 

120-150 

24.1 
26.4 
25./! 
25.0 
25.7 

27.8 
27.3 
29.2 
35.6 
36.2 

48.1 
46.3 
45.4 
39.4 
38.1 

Clay 
Clay
Clay 

Clay Loam 
Clay Loam 
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Table B2. Continued 

Profile Depth Sand Silt Clay Texture 
No. Cms. % % % Class 

17 

0-20 
20-55 
55-95 
95-120 

120-155 

25.6 
23.3 
24.8 
22.9 
23.4 

23.6 
24.3 
27.3 
28.3 
29.7 

50.8 
52.4 
47.9 
48.8 
46.9 

Clay 
Clay 
Clay 
Clay 
Clay 

18 

0-22 
22-60 
60-85 
85-120 

120-150 

23.1 
23.6 
23.8 
23.5 
26.0 

32.3 
33.2 
36.7 
36.8 
35.3 

44.6 
43.2 
39.5 
39.7 
38.7 

Clay 
Clay 

Clay Loam 
Clay Loam 
Clay Loam 

19 

0-23 
23-43 
43-80 
80-120 

120-150 

24.3 
21.5 
23.3 
24.5 
24.8 

33.3 
32.9 
36.3 
36.7 
38.9 

42.4 
45.6 
40.4 
38.8 
36.3 

Clay 
Clay 
Clay 

Clay Loam 
Clay Loam 

20 

0-25 
25-45 
45-70 
70- 110 

110-150 

19.7 
20.2 
20.2 
25.4 
24.4 

35.7 
36.4 
35.9 
35.3 
36.2 

44.6 
43.4 
43.2 
39.3 
39.4 

Clay 
Clay 
Clay 

Clay Loam 
Clay Loam 

21 

0-15 
15-30 
30-72 
72-115 

115-150 

25.2 
26.3 
25.6 
26.2 
25.2 

36.3 
34.3 
34.2 
34.3 
35.2 

38.5 
39.4 
40.2 
39.5 
39.6 

Clay Loam 
Clay Loam 

Clay 
Clay Loam 
Clay Loam 

22 

0-18 
18-42 
42-80 
80-120 

120-150 

25.2 
23.7 
24.3 
24.2 
24.3 

34.1 
35.4 
35.2 
34.3 
35.2 

40.7 
40.9 
40.5 
41.5 
40.5 

Clay 
Clay 
Clay 
Clay 
Clay 

23 

0-20 
20-40 
40-80 
80-120 

120-150 

26.2 
25.4 
25.2 
22.7 
22.8 

31.2 
32.3 
33.4 
35.6 
35.3 

42.6 
42.3 
41.4 
41.7 
41.9 

Clay 
Clay 
Clay 
Clay 
Clay 

24 

0-17 
17-3/ 
37-75 
75-110 

110-150 

25.6 
24.5 
23.3 
25.3 
25.7 

34.0 
36.0 
37.5 
36.4 
35.7 

40.4 
39.5 
39.2 
38.3 
38.6 

Clay 
Clay Loam 
Clay Loam 
Clay Loam 
Clay Loam 
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Table B2. Continued 

Prof ile Depth 
No. Cms. 

0-17 

17-35 


25 35-77 

77-110 

110-150 


0-19 

19-47 


26 47-86 

86-115 


I15-150 


0-20 

20-40 


27 40-65 

65-110 

110-150 


0-22 

22-53 


28 53-80 

80-110 

110-150 


0-22 

22-52 


29 52-82 

82-120 

120-150 


0-19 

19-60 


30 60-100 

100-130 

130-150 


Sand 

% 


27.3 

25.6 

26.4 

26.8 

24.3 


5.2 
24.6 

23.2 

26.6 

26.3 


25.3 

24.2 

33.1 
35.2 

23.2 


25.6 
24.3 

25.4 
23.3 

22.2 


19.5 
20.5 

21.4 
32.5 

20.3 


26.4 

25.8 
24.3 

21.8 
21.6 

Slit 

% 


33.5 

36.1 
35.2 
36.0 

35.3 


34.6 

34.1 

35.6 

33.9 
34.1 


29.3 

29.3 

39.8 

36.5 

30.3 


29.1 

28.6 

29.3 

28.4 

32.6 


34.3 

32.2 

29.4 
29.2 

30.5 


27.3 
26.8 

27.6 

28.1 

29.2 


Clay 

% 


39.2 

38.3 

38.4 

37.2 

40.4 

40.2 

41.3 
41.2 
39.5 

39.6 


45.4 
46.5 

27.1 
28.3 

46.5 


45.3 
47.4 
45.3 
48.3 

45.2 

46.2 

47.3 
49.2 
48.3 

49.2 

46.3 

47.4 
48.1 
50.1 

49.2 


Texture
 
Class
 

Clay Loam 
Clay Loam 
Clay Loam 
Clay Loam 

Clay
 

Clay
 
Clay
 
Clay
 

Clay Loam 
Clay Loam 

Clay
 
Clay
 
Loam
 
Loam
 
Clay
 

Clay
 
Clay
 
Clay
 
Clay
 
Clay
 

Clay
 
Clay 
Clay
 
Clay
 
Clay
 

Clay
 
Clay
 
Clay
 
Clay
 
Clay
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APPENDIX C
 
FIELD INVESTIGATION DATA FORMS
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SERRI COMMAND -
EL MINYA GOVERNORATE
Soil 
and Crop Characterization Form 

STOP NO.
 

NAME
 
DI'E. 

Photo No.
 
Location 
 ..........
. . 
Position 

........ .
 . .
 

Crop T'ype___
Crop Condition
 

Depth Sample 
 Visiible(cm.) No. 
 Te t.Ur e. 
 Salts 

Surfce Moisture Dry Hoist Wet Subm. S LrLface Salts None Fvw Hod Many 
EstimatedSainitS.JCs 1 2 3 4 Water fable (eLhEC)
 
Farmer 
 Comments_
 

Remar ks_ 
 _ _ - -- -
_ _ 

S'FUP 1N0. 

DArE__ 
Photo No.
 
Locati
on
 
Posi tion_
 

Crop 
 Type .........
 
Crop Condition 

Depth 
 Sample 
 Visible
(c.m )c e:tro .. alts 

SurfaceM st., 
 Dry Moist WOLt Subm. SuLrface .%1l Nuiiw -e.w Mud Manyts 


EstiatedS a ]in i '.Cl 1as.
" 2 3 Watuer. "Ia.b].e( d pIi hEL _).... ..... 

Farmer Comments
 

Remark s 

Figure C-i. Form for routine field investigation. 
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SERRI COMMAND - EL MINYA GOVERNORAIE 
Soil Characterization Form 

Mao Unit No. 

Photo No. 
Location . - . 
Posi t ,ri. 

. . .. 

1 NO.. 

NANE 

DA I 

--.. 

. 

. 

. 

. . 

. 

Crop 

Crop 
Type ..-..... 
Condition 

Surface Mois:ture: DV_ .ini_st ... __Subm.
Surface Sal ts: Non Few 'od I'laqy 

Water Table (depth, LC) 

Holist ,Struc-
Horizon Depth Color V: turv ture LCU 

-----------------------------------------

pH 
Vi sible 

Salt s 

---------

Rouots 

-

bound--
Pores ary 

-I-

........... . 

Soil ?IoistLlr-f--

Cr icI - -... . . ..... .. 

Soil ra::onomic UlasSification___ 

Other - --

Figure C-2. Form for soil characterization. 
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APPENDIX D 
OBSERVATION WELL DATA 
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WELL A 
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-160 - -140 -

-170 -
-150

-IO - -170 

-190 - -170 

-190 -
21 -Ag 21-Oct 21 -De 21 -Fib 21 -4p, 21 - J- 2,1-A.9 21 -Oa 21-Dec 21 .-fb 21 - 21 

Figure D-1. Biweekly average water table depths (cm) for observation wells A,B,C 

and D. 



WELL E 
WELL G 

-10-
-20-

-10
-1io-

-0-. -120 - ' 
-40 -140

-60-
-130-. 

-70- -170 -. 

-80--
1' 7 0

-90- of -10 
-100 - " -19o- P .. 
-110-- 20 

-1207 
-120-

21 

-220 -
-140-

-1-50 
-160-170 -

' -240-. 
-20 
-2, 

-260 -
-10--270 
-180-
-190 --200 

21 -Aug 
,90 

2-Oct 21- ec 2*,-b -Ap 21 --J.n 

20-260 --2..... 
2-g 21 -Oct 21 -D 21-Fb 21 -Ap. 21 -J-, 

WELL F 
WELL H 

-100 - -

- 120 - - -10 
-130 -

-120 -

-140 - -130

-160-
-150

-170 -
-150 

-*80-

-90 -

. 
-10 
-1 15 

-

0-
-200 -

-190-
-210 -
-220 -

a,_ 
-2100
-220 - me 

-230
-240 

-
- -220 - "E. - " 

-250 -
-.. - .0 -

.50 
-260 -
-270 - 3"-' I---

-250 -
-260 

-280-
-270

-290 --300- -280 
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21 -Ag 2-Oct 2-c 2 -1-A2J 

Figure D-2. Biweekly average water table depths (cm) for observation wells E,F,G 
and H. 
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Figure D-3. Biweekly average water table depths (cm) for observation wells I,TI,T2 

and T 3. 
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Figure D-4. Biweek!ly average EC (DS/m) for observation wells A,B,C and 0. 
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Figure D-5. Biweekly ave~rage EC (DS/m) for observation wells E,F,G and H. 
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Figure D-6. Biweekly average EC (DS/m) for observation wells I,TI,T2 and T3. 


