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ABSTRACT

Hdentification of soil quality indicators in Siwa oasis is an important issue since it has a unigue geographic setting and
contains different patterns of soils, water resources, and land uses. For this purpose, soil and water samples that cover the
oasis were ecollected, and analyzed for main chemical and physical characteristics. Data were analyzed using factor analysis
1o assess the soil quality indicators. Also, land capability evaluation was calculated using ALES-Arid software.

Five guality factors were identified by factor analysis, and could be used as quality indicators in this region, namely:
texture, salinity, organic matter, fertility management, and infiltration.

The analysis of land capability showed that, generally, the oasis faces problems related to low soil fertility and the main
himiting parameters are EC and OM. Mearwhile, most of water quality index in Siwa oasis are conditionally suitable and the
main limiting factors are Na, Cl, and SAR. The overall evaluation shawed low capabilities of the oasis, and the use for

“agriculture should follow proper management for good production.

Abbrevigtions: organic matter (OM), cation exchange capacity (CEC), salinity expressed as electrical conductivity
(EC), saturated hydraulic conductivity (K,), texture (T), sodium adsorption ratio (SAR), soil moisture retention at -30
(SMR30) and at — 1500 k Pa (SMR1500), and water holding capacity (WHC),soil index(Sl), fertility index{F]), water index

(W1, and final land evaluation index(FILE)

INTRODUCTION _

iwa oasis is considered one of the most promising

oasis in the western desert of Egypt for its
historical, demographical and economical settings. It
has a great potential for agricuitural development,
since about 17,000 feddan (7140 ha) were found
suitable for agricuitural development, beside the
existing cultivated area, The distinguished geographic
unit of Siwa oasis ieads to consider it as a regional
scale unit for assessing soil quality, Therefore, the
valid characterization of this area will be a usefal tool
for proper management and development. Many
investigators (Balba, 1992; and Abde! Samei, 2000)
provide the basis for land management
recommendations towards a beter wutilization of
national resources and the enhancemert 10 achieve
sustainable agricultural development.

Geostatistical analysis is a reliable tool to

characterize the spatial distribution of soil attributes. It
has been applied by many researchers to describe the
spatial variability by the semivariogram that predicts
the values of soil attributes at un-sampled locations by
different Kriging techniques (Trangmar et al., 1985;
. Bahnassy, 2002; and Banerjee and Gelfand, 2002).
. The importance of spatial distribution of soil quality
indicators has been increasingly recognized in
predictive models (Giltrap and Hewitt, 2004)
Understanding the behavior of soil attributes in the
soil environment is the key of concern prior to
coasider them as indicaiors of soil quality. Soil quality
has been defined as “the capacity of a soil to function
within ecosystem and land use boundarics, sustain
biological productivity, maintain environmental
quality, and promote plant and animal health” (Doran
and Parkin, 1994). Soil functions that soil quality
influences include the ability to (i) accept, hold, and
release nutrients and other chemical constituents; (ii)

accept, hold, and release water to plants and surface

and gronndwater recharge; (iii) promote and sustain

root growth; (iv) maintain spitable soil biotic habitat;

and (v) respond to management and resist degradation

{Larson and Pierce, 1991). Maintaining or improving -
soil guality can provide economic benefits in the form

of increased productivity, more efficient use of

nutrients and pesucndes, and nnprovements in water

and air quatity.

Becanse of its importance, a quantitative assessment
of soil quality is needed to determine the sustainability
of land management systems as related 10 agricultural
productions practices, and evaluating sustainable
agriculmral and land use policies. Bahnassy et al.
(2001), studied the effect of different management
practices on the suitability of Sugar beet region for
cultivating wheat, corn and rice, as well as predicting
the situation of soil attributes after 5 and 10 years.
However, soil quality cannot be measured directly, bt
mnst be inferred from soil quality indicators. Soil
quality indicators are measurable soil attributes that
influence the capacity of soil to perform crop
production or environmental functions and are
sensitive to changes in land use management, or
conservation practices. However, maay soil attributes
ar¢ highly correlated. Fayed (2003) compared and
analyzed the changes in soil quality under different
crop pattern and management practices in sandy soils
at El-Bostan region, western desert, Egypt, and found
that cultivation tends to improve soil gunality classes.
Seybold et al. (1997) reported that correlated soil
attributes do not vary independently to changes in
management, but respond as a group, integrating many
complex interactions among biological, chemical, and
physical soil processes. Single attribute indicators do
not reflect interacting change in soil quality that may
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occur with changes in management because of
correlation among soil attributes.

Multivariate statistical analysis, such as factor
analysis, provides techniques for studying the
relationships among correlated variables. Brejda et al.
(2000a) analyzed 20 soil attributes using factor
analysis and identified five soil quality indicators in
the northern Mississippi valley loess hills.

The objectives of this study aimed at assessing the
land resonrces of Siwa oasis through ()
characterization the spatial distribution of soil
attributes, (ii) identifying soil quality factors, and their
significance variations and (iii) evaluating the
capability of soil based on these factors, which can be
used as soil quality indicators.

MATERIALS AND METHODS

Geographical settings ) .

Siwa oasis is located in the western desert of
Egypt about 306 km southwest Marsa Mairouh city,
and 65 km east of the Libyan border (Fig. 1). It is one
of the most important depressions (~17 m below sea
level) in Egypt. Average annual temperature ranges
from 11.9 to 30°C. Ground water is the only source of
drinking and irrigation with an average discharge of
190x10°m® day’ (AODA, 1977). :

Soil sumpling and land nse

Soil samples were collected from the top 20 cm of
60 different locations that cover the oasis (Fig 1). The
samples were geo-located using GPS, with locational
error of 5-7 m. The dominant land use is agriculture;
mostly cultivated with olive, dates, and alfalfa,
Soil] analysis

Soil samples were analyzed for some physical
parameters including: sand, silt and clay contents,
SMR30 and SMR1500, and K, according to Klute
(1991). Samples were also chemically analyzed for pH
(1:2.5 soil: water ratic), EC, OM, CEC, and soluble
cations and anicns including Ca, Mg, Na, K, Cl, and
HCO;, according to Page ef al. (1982). SAR and WHC
values were accordingly calculated from measured
data. ' ' .
Water analysis

Water samples were collected in glass bottles
from the artesian well located in each site, and stored
in refrigerator for further analysis. Chemical analyses
were performed including: EC, pH, solubie cations and
anions, and B according to standard methods of waier
analysis (Lenore et al., 1999) and SAR values were
accordingly calculated.

Fig. 1: Map of sample locations, Siwa oasis
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The locations of soil samples were formatied as a
comma-delimited of soil sample-number, casting,
northing. Avenue scripi gps 2shp, Ave. was used 10
import the data into Arc View GIS software (ESRIL,
1999) as point data. Moreover, topographic maps at
scale 1:25,000 were used 10 digitize the contour line
representing sea level (zero elevation) as a line, and
the outline of the main lake as polygon using Terra
sofi GIS software (Digital Resource Sysiem, 1991).
The Linkage between Geostatistics and GIS
Design, 2001), and ihe associated error were exported
1o Arc View GIS sofiware (ESRI, 1999) for beiter
visualization, mapping, and printout.

Factor analysis

Factor amalysis was used to group the 18 soil
attributes into statistical factors based on their
worrehaiion structore using PROCFACTOR in €8SAS
Instinite, 1989). Factor analysis was performed on
(Tablel) to eliminate the effect of different
mRserement units on factor fvudings, Facior loadings
are the simple correlations between the soil attributes
and cach ficlor (Shassn, 1996). The 18 soil atlcibuics
analyzed were sand, silt, clay, K,, SMR30, SMR1500,
and CEC.

Bocause factor analysis was peforacd oa
standardized values of the soil atiributes, each variable
had a variance of one with a total variance of 18 for
entire data set. Eigenvalues are the amount of variance
explained by each factor {Sharma, 1996). Factors with
cigenvalucs greater than ome were retained for
interpretation, because factors with eigenvatues less
than one explained less variance than individual soit
attribates. The retained factors were sobjected fo a
varimax rotation. A varimax rotation redistributes the
variance of significant factors to maximize the
relationship between  interdependent sonl variables
{SAS Institute, 1989).

Communalities estimate the portion of variance in
each soil attribute explained by the factors. A high
communality for a soil attribute indicates a high
proportion of its variance is explained by the factors.
In contrast, a low communality for a soil attribute
indicates mmch of that attribute’s variance remains
unexplained. Less importance should be ascribed to
soil atiributes with low communalities when
interpreling variable associations represented by each

ariogram
The vanogmm 10: as named semivariogram) is

“defined as half of the average squared difference

between iwo aliribule values separated by vector 4, for
one variable (Burrough and McDonnell, 1998): '

y(h)—zN(h) 2.{ Z(x; )= 2(x +h)y

where N(h) is the number ofpairs at lag A, Z{x)) is the
value of the attribute at location (x) and Z{x; + h) is the
value of the attribute at location (x; + h) separated by
distance h. The separation vector / is specified with
some direction and distance (lag) tolerance. This
variogram is used 1o characterize the spatial
dependenceofsoilattﬁbutmaxﬂthenﬁttingmemto
one of the known models, i.e. linear, spherical,
exponential, and Gaussian (McBmtney and Webster,
1986).
Kriging
"The Kriging techmique is optlma] method

pmudmghmesmnatorZ'(xo)masensethatthe

weights of local averaging are chosen to give uribiased
estimates while keeping the estimation variance at
minimum (F1-Haris, 19‘87 and Banerjee and Gelfand,
2002):

Z (%)= Bw 20%)
i=I

where w; is the weight factor related to spatial
dependence, n is the number ofpomts The lack of bias
conditions yields:

n
Xw; =1
i=] '
. The parameters from experimemal variogram
(nugget, sill, and range) were needed in Kriging to
_perform interpolation.
Cross Vatidation
Cross validation is a techmque that is used to
compare estimated and true values using the
information available in the data set. The sample value
at a particular location is temporarily discarded from
the sample data set; the value at the same location is
then estimated using the remaining samples. Once the
estimate is calculated, it is compared to the true sample
value that was initially removed from the sample data
set. This procedure is repeated for all samples. The
error (¢) expressed as (Issaks and Srivastava, 1989):

e=2'(x)- Z(x)

where Z'(x;) is the estimaled value and Zix) the

-tzue -value. Mecan square -error (MSE) is- mlculawd
from the formula;

MSE = }-Ejez

B =1
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support system which is linked directly with integrated
database and complied indirectly with GIS (Abdel-
Kawy, 2004). Through ALES-Acid program, land
evaluation algorithms are expressed in notation forms
that can be recognized by a calculating device.
According to Storie (1964), six productivity classes are
identified as: C;= excellent (80 — 100%); C,= good (60
— 80%); C5= fair (40-60%); C,= poor (20 — 40%), Cs=
Very poor (10-20%); and Cs= non-agriculiure (<10%).
The calculation of capability index by ALES-Arid is
an indication of land capability according to
muttiplication method. Three wmain  groups of
parameters were included: a) soil physical and
chemical analysis, b} soil fertility parameters, and ©)
waler irrigation parameters. Each group consists of
number of characteristics (or qualitics) which arc
evaluated as index that takes wvalue of each
characteristic was calculated from its index. The next
step is multiplying the logarithmic mean of its
characteristics. and then the anti-logarithmic value
(capability index) was calculated. The final index of
land evaluation (F.LL.E.) was calculated based on soil,
fertility, and water indexes according to;
FILE=3/( USI+ I/FI+ /WYy

and the classes given (F) followed similarity as
productivity classes.

RESULTS AND DISCUSSION
_ The Variogram Models

-The spatial dependence between neighboring
points i.c. the average rate of change aver distance,
and interpolation based Kriging, are all depend on the
variogram. The estimation of a valid variogram is
critical for geostatistics. Kriging depends on an
accurate variogram  for estimating weights for
interpolation. Using incorrect variograms can leads to
unfavorable precision of the kriged estimates.

The variogram analysis (Table 1) reveals that the
spatial dependence of the soil attributes throughout the
study area are exponential for K,, sand and OM and
Gaussian for EC, CEC, SAR and WHC, which
formulated as follows:

Identification Of Regional Soil Quality Indicators .... Sherif, F.K., eral
Table 1: Variogram types and parameters for some soil attributes of Siwa oasis,
Variable Model Nugget (Co) | Sill Range R? Lag
_ - : (C1) (a) _{m)
SAND Exponential 8.6 247 431 0,931 1600
Ks Exponential 0.01 17.05 289 0981 2500
oM Exponential 0.56 223 380 0.810 5000
CLAY Gaussian 0.1 104.4 328 0.804 1500
WHC Gaussian 0.04 953 375 0.364 1500
CEC Gaussian 0.1 212 434 0.993 2000
EC Gaussian. 9.6 108 900 0.951 2000
SAR (iaussian 0.1 46.95 726 0.998 3500
Land evaluation
-7 Agriculture Land Evaluation Systém for Arid Y =C, +C, (i -expi= 1y Exponential
region (ALES-Arid) is a new approach for land ' 2
capahility and suitability evaluation (Ismail et al., }’(m c,+C, i~ exp(—;;l’—)} .... Gaussian
1994), ALES-Andlsdmibedasalandusedemmon a2

El-MenshaWy (2003) used the geosiastical
analysis of some seils in Siwa oasis, and reported that
the variogram model was spherical for depth and %
CaCO,; Gaussian for EC and SAR and exponential for
OM and tofai sand content.

The nugget indicates that the inherited variability
for each propesty. It is clear that EC and sand have the
highest inherited variability since Co is 9.6 and 8.6,
respectively. The sill represents the maximum variance
for cach variable, where sand, CEC, EC, and Clay
have the highest variances. The range is considered as
the distance where the correlation between the sample
pairs is high, and where interpolation is worthwhile.
EC have the highest range (900 m), followed by SAR
(726 m}, and finally Ks has the lowest interpolation
distance (McBratney and Webster, 1986; Isaaks and
Srivastava,1989).

Bi-Vari t

The data illusirated in Table 2 showed significant
correlations (P<0.05) between soil atiributes pairs. K,
showed negatively correlations with all atributes
except sand, HCQ;, OM, and CEC, bt was only
higher significant with clay, and significant with silt,
SMR30 and WHC. Also, sand showed highly negative
significant correlation with all soil artribntes except pH
and only significant correlation with OM and Cl
concentration and not significant with K and HCO.
Also, highly positive correlations were found between
each of silt, clay, or EC and other soil attributes except
K, CEC, and HCOs. The pH showed only negative
highly significant correlation with OM which was not
significant with all oiher attributes, -

Multivariate Statistical Characterization

Each of the first five faciors had eigenvalucs
greater than one (Table 3) and were retained for
interpretation. These five factors explained >90% of
the variance in EC and Na, and 80% of the variance in
sand, clay, SMR30, SMR1500, SAR and HCO; as
indicated by their communalities (Table 3).
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Table 2: Correlation matrix amo

soil physical and chemical attributes of Siwa casis,

Soil

SMR

K Send Sit Clay | SMR 3D WHC pH EC Ca Mg Na X a HCO, oM SAR

attribute 1500

Sand 03437

Silt 0294 | -0.887"

Clay 0387 {0547 [ 07127

SMR30 | 9261° | 0734 | 06407 0717
SMR 1500 | 0202 | 02T 0.5687] 0.6%4 | 0924

WHC 0266 | -0.568" 04617 052" | 0841 | 0O.608

pH 0191 | o010 -0.052] 0807 | -0.019 841 0.044

EC 0.151 { -0.613" 0517 0.616° | 0387 | 0406 | 0271 [ -0.116

Ca 0185 | 0648 | 6. 0.646" | 0578 | 0490 | 0.568 | 0131 | 0.764"

Mg L0160 | 06807 0.481] 045" | 054" | 045 | 0518 | 091 | 073" | 0748

Na H174 | 05157 | eS| 8468 | 0378 | 0348 | 0316 | 0117 | 0918 | 0.662° | 0.699°

K 0108 | -0.138 0.096] 0.163° | 03500 | 0.44d" | 0012 | -0.163 | 01287 | 0.125 0.072 0.097

Q 0960 [ -0316" 0370 0.246° | 0.257 | 0250° | 0208 | -0.017 | 0.600° | 0454 [ €496 | 073d | -0.061

HCO, 0213 0,075 0056 0078 | 0139 | 0087 | 0153 | 0070 | -0.013 | 0043 | -0.046 | 0033 | 0038 | -0.015

OM 0052 | -0280 01557 0337 | 0313 | 0308° | 0289 [ 0345 | 023 0277 §{ 03117 { 0.128.°| 03527 | 0098 [ 0.095

SAR 0162 | a2 | 049 0407 | €359 | 035" | 0393 | -0iM | 0810 | 0574 | o.&5 | 097 | 0185 | G646 | 0013 | 0.151

CEC 8131 | -0.3837 0211} 04% | 0218 | €19 0.144 | -0.0% | 0576 | 0.440" ] 425 | 0437 | 0.040 | 0345 | -0.068 0235 | 0349

VY
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However, the first five factors explained < 50% of the
variance in K, pH and CEC, therefore, less importance
should be ascribed to those attributes when
interpreting the factor. .

Based on the soil attributes that comprised them,
all of the factors identified using factor analysis
contributes to one or more soil functions proposed by
Larson and Pierce (1991), and therefore are considered
to be soil quality factors.

The first factor had high positive loading (0.86-
0.83) on clay, EC, Ca and Mg and a moderate positive
loading (0.79 - 0.74) on silt, SMR30, SMR1500,
WHC, Na and SAR. Sand had a weak negative loading
(-0.88) on the first factor. This factor was termed the
soil texture factor because it had high positive loadings
for clay (0.86) and silt (0.77) and high negative
loading for sand (-0.88). Grouping CEC with the
texture factor resulted from the stronger correlation
between CEC and clay (r = 0.46™). The texture factor
contributes to the ability of the soil to accept, hold, and
release water to plants and for surface and ground
. water recharge, and respond to management and resist
degradation (Larson and Pierce, 1994).

. The second factor had positive loading (0.46-0.55)
for EC, Na, Cl, and SAR, and was termed the salinity
factor. The salinity factor contributes to plant growth,
promote and sustain oot growth, and maintain suitable
soil biotic habitat,

The third factor had paositive loadmgsforOM

(OGS)MK.(O 51) and was termed the organic matter

factor. The soil organic matter factor contributes to the
ability of the soil to accept, hold, and release nutrients,
water and other chemical constituents to plants.

The fourth factor had moderate positive loading
for K (0.51) and HCO; (0.47) and was termed the
fertility management factor. The fertility management
factor is important in supplying K and P {o the plant
aml promoting root growth. - '

The fifth factor had high positive lfoadings on -
HCO; (0.74) and positive loadings on K, (0.41) and
was termed the calcic-infiltrations factor.

It is better to state that some potentially important
soil quality indicators were not included in this study,
such as total nitrogen and available phosphorous. The
reason is that these factors are considered changeable
by many variables such as mineral fertilizer
application, temperature, moisture content, and
microorganisms. Despite the limitation, the set of I8
soil attributes used in these shudies included most of
the indicators reconunended in minimum date sets
proposed by Larson and Pierce (1991).

With factor analysis using the covariance matrix,
soil attribites with large variances can unduly
influence the determination of factor loadings
(Johnson and Wichern, 1992). There is no reason to
believe that soil attributes with large variances are
potentially more important as soil quality indicators.
Schipper and Sparling (2000) stated that soil attributes
with large variability may be poor soil quality

Table 3: Rotated factor Ioadmgs and communalities of a five factor model of physical and chemical sotl

attributes of Siwa oasis,
Factor :

Soil attribute 1 2 3 -4 5 Communalities
K, =313 206 0.510 - 173 408 597
Sand =877 246 0.130 7.552E-02 -.200 892
Silt J70 - 178 -0.179 116 181 702
Clay .855 « 262 -0.066 . -18¢ - 181 871
SMR30 .786 -.508 0,017 9.792E-02 2.20 E-02 887
SMR1500 745 - 481 0.054 219 3.79E-02 338
WHC .657 -430 -0.121 <71.92 E-02 2244 E-02 638
=101 -0.01 . 0,712 -3.04 E-02 7.336 E-02 534
EC 831 460 0.966 <5.11 E-02 S5.15E02 909
Ca 25 109 0.053 -118 6.750 E-02 713
Pyl_a .829 159 0.037 -174 8.447E-02 751
Na 791 545 -8.85E-03 444 -135 962
K 242 -.324 A70 509 <342 .761
Cl 563 548 -213 1.76 -7.71 E-02 699
HCO, -.102 171 229 468 737 855
OM 350 -277 651 -.284 -173 C 734
SAR 742 501 5.977E-02 244 . .186 899
CEC - 498 299 .169 - 469 3.960 E-02 .590
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Fig. 2: Spatial distribution of soil salinity, sodium adsorption ratio, water holding capacity, cation
exchange capacity, organic matter, and clay content for the studied area.
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Table 4: Land capalyility classes, indices, and limitations of Siwa oasis,

184

. - e Final
) Soil class Soil  Fertility  Fertilty Water class Weee swalaion FLLE!
Class
1 C3(TWHC,K) 51.69  C6{OM) 8.00 NS1 (Na,Cl) 1795 F3 15.00
2 C3 ( T,WHC,CEC) 4782 CS5(OM) 1783 NS1 { Na,Cl) 18.80 F4 23.04
3 C3 { T.WHC CECY 41482 C3{OM)  46.00 N81 {Na,Ch 19.17 F4 30.54
4 CS({TWHCCECEC,) 1205 C4(OM) 3567 NS ( Na,Cl) 19.13 F§ 1837
5 C4 ( T, WHC.K,.CEC) 2536 C35(OM) 1950 81 99.09 F4 29.76
Y C4(T,WHC.CECEC,) 2648  C6(OM) 233 NET ( Ma,Ch 18.51 F6 $76
7 C3{ T,WHO) 54.84 Cc2 71.83 NS!I ( SAR,Na,Cl) 16.02 F4 3172
8 C4 ( T,WHC,CEC) 2598  Ce(OM) 233 S4(Na,CD) 20,06 F6 5.80
v C4 (T WHU,CRU) 2756 CS(OM) 1150 N$1 ( FOw, Na,Cl) 13.75 F§ 15.31
10 C3 ( T,WHC,CEC) 45.57  C6(OM) 233 51 98.26 F6 6.50
11 C4 ( T,WHC,CEC) N0 C4{OM) 23100 84 (Na,CD) 36.86 F4 29.48
i2 C2{ T.WHC) £1.66 c - 6900 84(Na.Ch 36,44 F3 51.58
13 C3(T,WHC) 4052 CS5(OM} 1266 NS1(Na.cl) . 19.56 F3 1938
14 C3 ( WHC,ECe) 5583 Ca(OM) 3967 NS1 (Na,Ch) 18.79 F4 3114
15 C4{ WHC ECs) 36.73 C3 52.23 NEL(NaCh 19,08 F4 3038
16 C4(TWHCCECEC,) 3419 C6OM) 2.83 84 ( Na,Cl) 20,14 Fé 6.94
17 €3 ( T,WHC,CEC) 4746 C4(OM) 3133 NS$1 (Na,Cl) 19.34 F4 30.13
18 €3 (T, WHC,CECS 42.74 3 35.47 84 (Na,Ch 2019 F2 4115
19 €4 ( T, WHC,CEC) 3839 C4(OM) 2867 NSI (Na,Cl) 19.91 F4 2699
20 C4( T,WHC) 3585  C6(OM) 400  NSI(ECWSARNaChH 13.76 Fé £.56
2t €4 ( T,WHC,CEC) 2128 CI(OM) 1130 N8I (NacCh 1282 Fs 16.04 .
22 C3 ( T, WHC,CEC) 4372 Cs(oM) 1033 NS1( Na,Cl) 19,17 Fs 17.92
23 C2( WHC,ECe) 60.07 C4 { OM) 21.50 NS1 (Na,Cl) 19.81 F4 " 2899
24 €3 ( T.WHC,Ks,CEC) 1698 C4(OM) 2867 83 (Na,Ch 42.57 F4 25.58
25 C3 ( T,WHC,CEC) 486 C4{OM) 3967 84 ( Na,CI) 29.67 ) 37.74
26 C4 { T,WHC CEC) 3611 C4(OM) 2867 NS1 (Na,Cl) 1931 F4 26.23
27 C3 ( T WHC.CEC) 46.72 Cl 100 NS! ( Na,Cl) 19.86 F3 36.69
28 “C4 (T, WHC K 3220 C4(OM) 2067 §4 { Na,C1) 2031 F4 231.32
29 C3 ( T.WIIC) 4160 C5(OM) 1316 NS1 (Na,Cl) 19.48 Fs 19.82
30 C4( T WHC,CEC) 2631 C5(OM) 1383 84 ( SARNa,) 21.34 F5 19.1¢
31 C3 ( WHC,CEC,ECe) 4684 C4(OM) 2650 S4(Na) 33.56 F4 3529
32 €3 ( T,WHC,CEC) 43.88  C6{OM) 233 NS1 (Na,Cl) 19.29 F6 593
33 C3 ¢ T, WHC) 49.83  C4(OM) 2867 NS1{ Natl) 19.18 F4 28.01
34 C4( T,WHC,CEC) 3101 C5(OM) 1433 NS1 (Na,Cl) 1867 F$ 19.28
kL C3 (' T,WHC,CEC) 4237 C4(OM) 2533 NS (Na,Ch 1918 P4 26.04
36 €3 ( T.WHC,CEC) 5080  C4(OM)y 3167 84 (Na.Ch 20.04 F4 29.67
37 C3 ( T.WHC,CEC) 4341 C4(OM) 3333 NS1 {Na,Cl) 1992 - F4 29.06
18 C3 ( T,WHC Ks) 44.13 cl 9817 NS1{Na,Cl) 1523 F4 3536
Ky} €3 { TWHC.CEC) 4762 C4(OMy 2100 NS1 (Na,Cl) 19.01 F4 25,62
40 C4 ( T.WHC,CEC) 3367 CS(OM) 1266 NS1 (NaCl 15.63 F5 19.26
41 C4{ T,WHC,CEC) 2758 C5(OM) 1433 84 (Na,Cl) 20.00 F5 . 1923
42 C2( T, WHC) 6126 CS5(OM) 1383 N8I { Na,Cl) 19.39 F4 21.60
43 C3({ T, WHC,CEC) 5003 CS(OM) 1033 NS1( NaClD) 18.37 F3 17.67
44 C3 { WHC,CEC) 5231  C6{OM) 5.66 NS1 (NaCl) 19.27 Fs 12.11
45 €3 { T.WHC,CEC) 4645 CI(OM) 4933 N8I ( NaCh 19.31 F1 32.06
46 C4( WHC,EC) 34.48 c2 72.33 NS1 (Na,Cl) 19.88 F4 3221
47 €3 ( TWHC.Ks) 4837 C4(0M) 345 NS1 (Na,Cl) 19.59 ) 2979
48 €3 { T.WHC} 4230 C4{OM) 3217 N8I {Nach 19.71 F4 29.32
a9 C3 (T, WHC,CEC) 4156 C4(OM) 2067 NSI { SAR,Na,Cl) 17.66 F4 1324
50 C3 ( T.WHC,CEC) 47.80 3 5433 NS1({NaCh 1894 F4 32.56
51 C2{ TWHC,CEC) 6626 C4(OM)  39.00 84 ( Ma,Cl) 31.48 F3 41.38
52 C3( T,WHC) 5295 CS5(OM) 1550 NS1 { ECw,Na,Cl) 17.73 F4 21.46
53 C4 ( TWHC.CEC) 3188 C5(OM) 1530 NS§1(Na,Ch 19.26 F4 20,30
34 C4 { T.WHC,CEC) BER  C6(OM) 5s0 £4 { SAR Na} 34.19 FS 12.5
5 C4 ( T, WHC,CEC) 30.11  C6{OM) 2.00 $4 (ECw,CD) 3181 F3 15.82
56 C3 ( T,WHC,CEC) 4696 C5(OM) 17.17 NS2( SARNaCl) 9.57 F5 16.30
57 C3TWHG) SU16 C4(UM) 2067 84 ( Na,Ch) 2030 F4 25.52
58 C3 ( T, WHC,CEC) 43.69 c3 56.83 34 ( Na,Cl) 20.05 F4 33.20
59 €3 (T, WHC,CEC,) 53.20 Cc3 56.33 N81 (Na,Cl) 1927 F4 33.92
60 C3 (T.WHC,)) 5468 C3(OM) 4230 54 { ECw,Na,Cl) - 28.11 F4 38.76
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indicators because they may be too imprecise for

detecting changes in soil quality following changes in

soil quality following changes in land use or soil
conservation, .

The five soil quality factors identified in the Siwa
oasis were close to the five soil factors identified in
Mississippi valley loss hills, (Brejda et al., 2000b),

Soil Attributes Mapping

The maps of spatial dmmbuuonofsomam"bum
were focused on the center of the oasis (Fig.2), where
the dita points ire more intensive and we!l-—dxsmbmed
to huve reliable mupping,

The map of soil salinity showed that the center of
: thxsamsuﬁ'erfromhlghsahmtys <16 dS m* and

very high salinity =16 dS m”, while towurd the east
andwest directions, smltendstobenonsahuc<4
dSm™,

In spite of the high range of salinity in the mapped
area, the spatial distribution of SAR showed that most
of the area is less than 15. Only, small area in the north
of the map has SAR more than 15.

The texture distribution illustrated that clay
contents of soils ranged between 10-20%. This low
range of clay contents affect the CEC, which ranged
between 20 and 50cmolkg‘ while small area had
higher vatues (>-50 crol kg?)

Concerning the spatial distribution of WHC, the
map showed that the areas with low contents of clay,
have WHC in the range of 2.5-5 %. In contrury,
increasing clay content in the middle and south of the
map, did not match with increasing WHC. This may
be due 1o the high infiltration rute of soil in this area.

The spatial distribution of OM showed that lower
values 0 — 1.0 % Yocated towards the north of the area,
while in the middle to the south, great portion ranged
between 1.5 and 3.0 %. Only a small portion had high
OM in the range of 3.0 - 6.0 % that mainly due to the
repeated applicittion of different sources of OM,

In comparison among CEC, OM, and clay content
maps, it was noticed that the area higher in clay
content was higher in CEC. This means that the source
of CEC is the clay minerals rather than the OM.

Land capability cvaluation

Land capability classes and limiting parameters
for S, FI, W1, and FILE according 10 FAQ (1979) and
Ismail ef al., (2001) are presented in Table (4). The
data showed that, for rost studied sites, the capability
of soil belonged to class C3 and C4, the SI ranged
between 547 and 21.3%. The main limiting
parameters are T, WHC, CEC, and K. However, three
sites belonged to C2 and their indices ranged between
60.1 and 66.3%. The limiting parameters are WHC
and EC. It nxans that most of the soils of Siwa oasis
have low capability and might be used for agriculture
with caution, as the ecosystem is so fragile.

Generally, the studied arca has a problem related

to fow soil fertility. Therefore, poor nutrition status can -

be easily detected as indicated by limited FI which
ranged between 20-50 % which reflect ¥1 between 3
and 4 (fuir & poor}). The main limiting fertility
parameter was soil OM. Two sites were excellent
{C1 class) in fertility, and their FI ranged between 100
and 71.8%. This may be due 1o OM application. On
the other hand, ten sites were belong to class C6 {(non-
agriculture) and the limiting parameter was also OM.
Soil uttributes muy be obmined from soil date bases
and are used with other land characteristics to derive
the distribution of land capability (Sys et al, 1993).
Yehixt, (2004) used ALES-Arid program and reported
that land copability in Wadi El-Natrun clussified as S.
and §; and the main limitations are soil and erosions
risk,

The water quality index indicated thut most of the
wells are potentially not suitable for irrigation (NS1),
and the limiting parameters ate Na, Cl and SAR. The
same parameters also limited the capability use for the
other wells, which belonged to S3 (marginally
suitable) and S4 (conditionaily suitable). It worth 0
mention that the wells in sites 5 and 10 were excellent,
and their W1 were 99.1 and 98.3 %, respectively. So,
these wells considered highly suitable for irrigation
purposes.

The distributions of final evaluation classes of the
oasis were found: F3- fair (8.3%), F4—poor (55.0%),
F5= wvery poor (26.7%) and F6= non agricultural
(10.0%). The results confirmed the previovs
observations of low capabilities of Siwa ousis soils.
These soils should be used with caution and suitabie
management, :

Finally, we cun conclude that the soil qu.nht}
indicators observed by the factors analysis (texture,
salinity, organic matter, fentility, and infiltration) are
the same factors that kimited the lund cupubility
evaluation in Siwa oasis.
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