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ABSTRACT

This study focuses on a detail physiographic analysis for part
of the Baga'a valley system by employing airphoto interpretation, Slope
gradiant and topographic position are the main criteria to identify land

facets, The investigation aims to find out:

1. Homogeneity and differences between facets in terms of soil and
site condition, where slope, solum depth, and some other physi-

cal and chemical properties, were consldered, and

2. the significance of each land attribute studied in classifying

the study area into mapping units.

Panchromatic vertical airphotos ( 1:10,000) , covering the study

 area, were studied in detail, using a mirror stereoscope. A physiogra-
phic map was constructed and a soil sampling program wag followed,Soil
and site characteristics were recorded for each site from which two
goil samples were taken. Soil samples were analyzed for physical and
chemical properties and the data were statisticaly analysed. Results
indicate that facets are homogeneous, for both the surface and the sub-
surface soil, in terms of altitude, roecting depth, field capacity, pH
and extractable calecium, But they are variable in terms of gravel
content, However, the results indicate that plain and Gentle Slope
facets are homogeneous and can be treatgd as one population. Also
moderate slopé facet is homogeneous for hoth the surface and the sub-
surface goil in terms of slope, solum depth, clay content, CEC,carbon-’

ate content and extractable Mg. The same results can be applied for
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steep slope facet except solum depth and extractable Mg. Terrace is
homogeneous in ferms of solum depth but it tends to be variable in
terms of slope, c¢lay content, CEC, carbonate content, extractable Mg
and K, Plateau facet alsc tends to be variable in terms of slope,solum

depth, clay content, carbonate content and extractable X.

Results &also indicate that sclum depth , clay content , field
capacity, carbonate content and extractable lMg have played an important
role in determining secil characteristics of different facets, while
other attributes such as thickness of A horizon, gravel content, roo%-
ing depth, EC, and pH showd no significant role in clagsifying the

gtudy area into mapping units.
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I INTRCDUCTION

The growing world population is causing an increasing pressure
on land resources. This requires proper selection and wide use of the
available land, Therefore, improvement of land use is inevitable,

becaugse there is only a limited extent of land available.

In Jordan , land " ie one of the. mogt valuable natural resources
to conserve and use. It is necessary to understand its condition and
its capability for proper use ( young,K1968 ). Due to land misuse un-

favorable effects have developped. They are:

1- Desertification as result of intense grazing,
2~ extention of cities into agriculture land,

3~ deforestation, and

4~ comparatively low agriculture productivity.

The study ot land suitability must be based on natural consider-
ations which include climate, geology, geomorphology, vegetation, and
soils. This involves the possible application of physiographic studies
of the landscape which governsg the distribution of other factors, such
as gravel content, claf content, and solum depth, (Wooldrige, 1932;
Webaster, 1965; Areola, 1974; Howard and Mitchell, 1980; and Lodha |,
1980).IA150 physiography exerts a strong influence on ecogygtems
(Sondheim et al., 1983), and has a close relationship with soil types

(Buringh, 1960; and Sharma et al., 1980).
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2
The increasing availability of aerial photography has lead to
rapid survey at lover costs and better accuracy (Buringh, 1960; and
Vinogradov, 1962). Mapping from airphotographs relies on the existence
¢f close relationship between soils and land featureé. FPacet as a mapp-
ing unit has more homogeneity than the landscape as a whole, and is suff-

lciently homogeneous for many practical purposes.

A terrian map is a useful addition for soil survey ( Mew and
Ball, 1932). Numerous investations have been carried ocut employing
this approach both for reconnaissance and semi-detailed survey for
development studies ( Hunting Technical Services, 1956; Webster and

Backett, 1964 and 1970; Mitchell and Howard, 1978; and Chartres,1982).

In this study a detailed physicgraphic analysis wag carried out
for an area of Baga'a Valley based on airphoto interpretation using

terrain and environmental parameters with the objectives to :

1- Study if the facets are homogeneous and significantly different
from each other in terms of soil and site condition attributes

such as slope, solum depth, and other physical and chemical

preperties, and

2~ to determine the significance of each land attribute studied in

rartitioning the landscape into different mapping units,
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I LITERATURE REVILV

2.1 Physiographic approach

So far, there have been two approaches for land classification ;
(1) The parametric approach; and {ii) the physiographic. approach. The
parametric approach classifies the land on the basis of selected
attributes, while in the physiographic approach, the land itself, is

divided, by the use of aerial phctographs, into fundamental homogenous

landscape units, which can be distingusihed and classified on the basis

of surface form, geology, climate, soils, water regime, vegetation,and
their inter-relationships (Mitchell,1973; Sharma et al., 1980; and
Townshend 1981), The two approaches differ significantly from each
other in terms of morphology and merite, The first approach is more
quantitative compared to the second cne, as, it requires detailed
measurements and depends on difficult extrapolation of measurements
into unknown areas, Thus, it is more suitable for the detailed survey
of small areas rather than large - ones, On the other hand, in less
developed areas, the physiographic approach has a number of merits‘:w
1. Tt is suitable for ~airphoto interpretation (Buriﬁgh, 1960 ;
Nakano, 1962 ; Webster and Beckett, 1970 ; Areola, 1974 ; and

Howard and Mitchell, 1980 ),

2, 1t is relatively a more rapid survey at lower efforts and costs

(Buringh, 1960 ; Areola, 1974 ; and Chartres, 1982 )},

3. landscape units are visible, devisable, and comprehensibhle. They
could be classified by employing few characteristics which are

easly memorized (Howard and Mitchell, 1980),
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4

4. it assists reconnaissance studies, and helps in explaining the
fundemental causes of landscape differentiation (Mabbut,1968),and

5. it permits prediction for soil and site conditions by analogy with
gimilar units which have been surveyd in detail., This can be
achieved with adequatg reliability: for reconnaissance and semi

detailed surveys (Mitchell, 1973).

2.11 Developments

According to Mitchell, (1973),numerous investigations have béen
carried out since the beginning of this century to study the character-
istiecs of land by dividing it into physiographic units. Bowman,(1914) ,
subdivided the United States into physiographic types which are related
to land use. Bourne, (1931), in his physiographic studies defined the
site as a unit which could provide throughout its extent, similar cond-
itions of climate, physiography, geology, soils, and edaphic factors.
The sites, which recurred in associations, were called regions. Milne,
{1935), and Howard, (1970) introduced a new term, which was called land
catena, to degcribe toposequence of soils which recurred on the same
parent material and under similar climatic conditions.

The facet landscape concept was first developed by the Commonwealth
Scientific and Industrial Research Organization (CSIRO), Australia
(Christian, 1958). This idea was taken up and elaborated upon in
Britain by Military Engineering Experimental Establishment (MEXE), to
develop and store information about terrain.

Directorate of Overseas Surveys, land Resources Division, used land
system surveys for reconnaigsance studies at scales of 1:250,000 and

1:10,000 or larger for development projects.
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‘ 5
The Russian approach used land facet and defined it as an elementary
landscape unit, which was expressed in terms of relief, soil, bedrock,
microclimate, and having homogeneous habitat conditions'( Prokoyev,
1962; and Vinogradov et al., 1962). Brink et al., (1965), was able to
classify the landscape by coordinating land units which were used by
other workers. The unifs were arranged in descending order of magnitude
as follows: Land zone; land division; land province; land region; land
system; land facet: and land element.
However, despite the differences in terminology and definition of land
unite, the underlying principles were cormon to all investigators;
namely: -
1. The occurance ot distinguishable units or landscape, which can be
ranked into hierarchy, is almost universal,
2. these units and their‘components can be recoghized and mapped us-
ing air photographs,
3. there is & broad agreement about two important levels of landscepe
units, They are land system and land facet, and
4, these units can be used for the econcmical collection indexing
and retrieval of information on land resources.‘

-

2.12 Type of units

Brink et al., (1965); Mitchell and Howard, {(1978) and Howard &
Mitchell, (1980), provided a framework for land units which could just-
ify their subdivision into & hierarchy and gave definltive criteria for

each categoric level.

Basically there are two types of land units: the macro and micro units.,

The macro units are land zone, land divigion, and province, land sub-
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6
province, and land region. They are suitable for large areas ( small
scale mapping), and serve as a frame for smaller units. The identific-
ation of these units is based on climate, geography, and geology. On
the other hand,microunits include land system, land catena, land facet,
and land element. They are suitable for larger scale mapping in develo-
ment studies., The identification of these units is based on their geom-
orphology. The most prominent units are land system and land facet

which are employed for planning and development studies,

2,13 The concept ot facet

The facet is a physiographic atom out of which the matter of
regions is bullt (Wooldridge, 1932), It is envisioned as a geomorphic
concept which can be identitied by its morphology, surfacial material,
water'regime; and natural environment (Areola, 1977: and Fagbami,1978).
Land facet can be identified as é morpholegical unit ot landscape which
has a uniform geological and hydrological characteristics and with a
distinct association of soils, vegetation, and land use. It consists of
one or more land elements grouped for practical purposes and are suffi-
ciently homogeneous. Also it must be recognized on 1:10,000 to 1:5G,000
air photos which can be mapped at scale in this range (Vebster and
Beckett, 1970; Areola, 1974; and Howard and Mitchell, 1980). The land
facet as a soil mapping unit is based on thé assumption that there is
a correlation between soil conditions and landscape morphology (Areola,
1982)., This is due to its characteristics as a small manageable unit
with internal homogeneity, and it can be used for land use planning
{Howard and Mitchell, 198C), Facets are grouped into-units called land

systems, which contain the same set of land facets with the same inter-
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relationships. The main function of the land system, in detailed plann-
ing, is to assist the identification of land facets at some points of

interest ( Christian 1958; WVebster and Beckett, 1970).

2,14 Facets recognized by other investigators

Table 1 shows examples of facets recognized by & number of
investigators, which are to some extent, similar to those, 3in the

study area,.

2,15 Results of the previous studies

The clogse relationship between physiography and soils has been

widely recognized, ( Sharma, 1980 }.
Mapping units interpreted from air photes based on geology or physiogr-
aphy are more homogenous with respect to their agronomic properties ,
compared to the landscape as a whole ( Webster and Béckett, 1964 ) .
Facets interpreted from aerial photographs, were shown to be sufficient-
ly homogenous for many practical purposes, which could permit predict-
ion of unvisited sites, ( Webster and Backett, 1970 ; and Areola,
19743}.
The physiographic analysis can lead to a stirong correlation with the
clagsification of stones in terms of their geomorphology, ( Fagbami
1978). Also a land form-gsoil association mapping can be a useful means

to identify irrigsble areas, ( Chartres, 1982 }.
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Table 1- Facets recognized by other invegtigators.

Investigator Year  Place Facets recognized
King 1962 South Crest, scrap, debris slope, end
Africa pediment.
Prokayev 1962  Uktus Steep rocky slope, medium slope ,
Mountains gentle slope, shallow depression.
Dalrymple 1968% NewZealand Interfluve, seepage slope, convex
c¢reep slope, fall face 450, Trang-
portation midslope, coll vial foot-
slope, Alluvial tceslope, channel
wall, and bed.
Areola 1874 Montgomery Platean summit, upper slope 12~16°;
hill slope 160, foot glope,
toe slope or terrace, and valley
comples.
FPagbami 1978 Upper Don Crests, upper slopes, middle slope,
Basin foot slopes, morraines fluvioglacial
terraces, stream alluvial, flushes
and springs.
Areola 1882 Gwagwa Summit, upper slope, middle slope,
plains and lower slope,
Nigeria

x Cited from Mitchell 1973.
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2,151 S0il wariability within land facets

Scil is a natural three dimentional body that results from the
intergrated effect of living organisms acting upon parent material as
modified by relief and climate through time, and provide plants with
proper amecunts of nutrients and mechanical support { Soil Survey

staff, 1975).

Each of the soil forming factors possesses characteristic spatial
distribution producing seil variability, ( Ebersohn and Lucas, 1965).
S50ils formed on transported material tend to be more variable than
those weathered from bedrock in situe ( Kantey and Morse, 1965 ).
Natural landscape has less variation than cultivated landscape be-
cuase human management increases soil variability { Grave et al 1961;
Vebster and Beckett, 1964; & Beckett and Webster, 1971 )}, Also the
variability increaseswith increasing sampled area ( Meintyre, 1967),
especially when the sampling unit comprises more than one kind of

soil { Wilding et al.; 1964).

Half of the variability present within one ha is already present
within a few square meters ( Ahn, 1965 ), However, soil variability is
not the same throughout the depth, nor does it change with depth the
same way for all properties ( Mader 1963, and Towner, 1968 ). There
are no specific standards for the magnitude of the variations in a
given soil property, or several properties which should be allowed
within a mapping unit appropriate to any given level of management

intensity, ( Beckett and Webster, 1971 ),

327628
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From the less variable properties are horizon thickness, and
total clay content ( c.vs = 12-20% }, while chemical properties are

more variable ( c,vs 27-35% ), ( Vidling et al., 1964 ).

Similar results reported by Mader,(1963 ), which indicated that text-
ural properties were less variable than chemical properties. Purther
more, exchangeable Ca + Ng distribution reflect C.E.C status,

(Pregitzer et al., 1983 ).

Generally the mapping units contain 15-40% inclusions of other
soils ( Powel and Spriger, 1965). As far as facets are concerned,they
showed a2 fair amount of uniformity with respect to physical
properties ( c.vs = 20-25,5%), while chemical properties were very
variable { c.vs 75-144%) which make prediction about sites éarry
1ittle value, { Webster and Beckett, 1964 }. They attributed this
variability fto long history of different management practices and
they:expected a more profitable classification in an undeveloped area,
where land is still undisturbed. Areola, (1974), stated that facets
were-sufficiently hemogencus when ¢.v value of a certain property
did not exceed 33% . He also reported that pﬁysical properties had
c.vs 20-30%, while chemical properties were extremly variable
{ ¢c.vs for extractable Ca, X, Na, and O.M were 177%. 109%, 140%, and

37-104%, respectively ).
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In 1982 the same author reported that the soil textural properties
gshowed c.vs ranging between 20-40%, while chemical properties showed
¢.ve between 30-60% or more except for pH, which showed a remarkable
uniformity throughout each facet (c.v = 1-8%).

Chartres, (1982), outlined that physical properties, i.e clay and fileld
capacity had c¢.vs ranging from 17-90% and from 10-to 25 respectively.
However, the soil chemical properties were mostly variable ( c.vs more
than 40%), except for soil pH (c.vs = 6-9%).

These studies indicated that land facets were mostly homopgeneous in

terms of soll physical properties.

2.152 Distinctness of facets (degree of separation between facets).

Beckett and Webster (19653 ) reported that some physical prop-
erties (tension, soil strength, and clay content)} showed a moderate 1o
high degree of separation between facets in which r, = 0.5-0.7.Chemical
properties generally showed a poor separation between facets (ri= less
than 0.3). These properties did not warrant generaliszation, { Webster
and Beckett, 1964; and Webster, 1965e). They ascribed this to a long
history of diverse farming management and fertilizer practices., They
concluded that physiographic classification could be more profitable in
an underdeveloped area,

Chartres {1982) reported a similar degree of separation in terms of
textural properties (ri= 0.5-0.7), while chemical properties showed a

peor degree of separation (ri mostly less than 0,2},
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2,153 Usefulness of facets for predicting land use potential

The use of physiographic approach, for assesment of land use

potential, has been found %o easely distinguishing patterns of landscape

on air photographs. The component parts. of landscape units were consistently

recognisable, under the stereoscope,

Decisions on land planning for agriculture, and engineering projects
can be made, taking into account land form characteristics similar +to
those of the soilsg. Webster, {1965 ),concluded that facets were sufficien-
tly uniform for many practical purposes., It could be used for a wide
range of information on land resources and to subdivide the landscape
for detailed planning, (Astel et al., 1969).

The land clasgification scheme was dravm up, on the basig of limitations
to land use crop growth, such as steep slopes, shallow soils, and low
moisture retention, (Young, 1968).

The facets must be homogeneous enough to enable the generalization and
grouping of the site parameters in one class, where the obtained infor-
mation may be used to assess the suitability of the soil, (Christain
1958; Webster and Beckett, 1970). Consequently the usefulness of class
is related to the degree of homogeneity ( Tomlinson 1970; Webster and
Beckett, 1964). The level of predictability for facets, increases with
the decreasing geographic area, provided that analogy between land
systems of local forms is used, { Areola, 1974 ).

As an example the agronomic value of facets were evaluated through its
variability ( Webster and Beckett, 1964 ). Also irrigabdble savana areas,
were identified, and judged on the basis of its capability for irrigat-

ion, Planning has been based on the degree of separation between facets,
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and the degree of homogeneity within facets in terms of soll properties
which are important for irrigation designs, in order 1o be treated uni-

formly, ( Chartres 1982 ).

2.2 Scope of present study

In Jordan, Hunting Technical services, (1956), employed the land-
scape approach for range classification, Recently, Mitchell and Howard,
(1978), presented a physiographic clasgification for Jordan employing
LANDSAT imagery reinforced by some field studies. They divided the
country into three climatic land zones:

Mediterranean, steppe, and desert, Within these, the main land divisions,
regions, and land systems have been defined and mapped on the basis of
phyto-geomorphology. The systems were accomplished with a brief study

of facets recognized in each system., The present study has concentrated
on & more detailed physiographic analysis for one of these systems

(Baga'a Valley), using air photo interpretation. Homogeneous facets

were identitied on the basis of morphology, surfacial material, end
environmental conditions, and could be applied for invisible attributes.
Once the validity of this assumption is materialized, it can be extent-
ed to other sites for predicting soil and site conditions by analogy

with similar facets which have been surveyed in detail.
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111 MATERIALS AND METHOLS

3.1 Study area

3,11 Location and extent

Baga'a valley is situated in the high lands of East Jordan,North
of Suwielih, The study area lies between 68-74 longitude, and 48 - 58
latitude, ( Fig.l).
The extent of the study area is 3426 hectars, consisting of 1393 hect-

ars of valley floor, and 2033 hectars of the hilly area,.

3.12 Geomorphology and geology

Baga'a Valley is part of the East Jordan plateau. It 1s a clearly
defined depression with a gently undulating floor, incised by a number
of streams. The geology of Baga'a Valley is an eroded anticlinal fold.
belongs to Wadi Shueibd compressional structure {Mikbel and Zacher,1981).
Tt consists of limestone, marly limestone, and marl (Fig.2)}, and dates

back to the upper cretaceous age. The base of Valley is composed of

friable sandstone, (Bender, 1968; liikbel and Zacher, 1981),and covered
with aliuvial and colluvial material. The deep stoneless soils is an
evidence of & mild erosive activities which have taken place for a long
period of time: ( Vest, 1970).

The Mountein range consists of a primary dolomite or chalky limestone

with some chert, ( Salameh, 1980; and Vest, 1970 }.
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3.13 Climate

The climate iz semiarid mediterranean with a strong continental
influence. The summer is long, hot, and rainless, and the winter is
¢ool. Rain occurs in the winter with a high variability in terms of
amount, intensity, and distribution. Mean annual rainfall for ten years
(1973-1983) at Hussein Nursery ( Center of Baga'a Valley ), was 370 mm.
Maximum precipitation was 614 mm, while the minimum précipitation wag:
198 mm. |
The highest monthly mean maximum temperatures is 3000 and cccurs in
July, and the lowest monthly mean minimum temperature is 2.8°C and
occurs in January. The highest monthly mean wind velocity is 9.2 km/
hour which occurs in June, and the lowest monthly mean wind velocity

is 6.1 km/hour which occurs in December and January.(Water authority
cf Jordan).
F.14 Seils

All soils in the Baga'a Valley are derived primarily from limest-
one and marl. Some soil types adjacent to down-streams have been influ-
enced by sandstone, compared to those of higher mountains which have
been mainly derived from limestone, (West, 1970).

Soils of the mountains are weakly developed and have leost a significant
part of topsoil by colluvial activity. The scils of valley bottom have
been deposited as colluvial fans, sloping terraces, or valley fills,
These soils crack widely as they dry out and form a dense, hard layer

just under: the tilled layer. Soluble salts have been removed by natural

leaching, but soils are calcareous and gravel is found in varying de-

grees in most of the soils. Pindingsby West, (1970), indicate that the

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



18

majority ot the soils are inceptisols and vertisols.

3.15 Vegetation and land use

The area has been farmed since Roman times, { West, 1970).Wow all
the soils have been plowed and a nunber of springs and wells are used to
irrigate small fields, The rest of the area is dryfarmed. The main
winter crops are: wheat, barley, grain, and legumes, The main summer
crops are: tomatoes, tobacco, okra, melons, and sorghum., Fruit trees
grovm in this area, are olives, grapes, figs and almonds, with or with-
cut irrigation,

The uncultivated sloping areas have a gparse cover of shrubs.A partial

list of native plants is included in Appendix A.

3.2 Office investigation

3.21 Selection of the study area

The study area was selected taking in account the following
considerations: - |
1. Representation of wvarious land features i,e. Hilltops, slopes ,
and plains (valley bottoms),
2. the feasibility for potential land use developmentsa, and
3. the uniformity of parent material which facilitates a reliable
comparisons between land units,
After the selection of study area, available information were utilized
to fulfill the objectives of this study, such ag topographic map
(1:10,000), geologic maps, air-photos (1:10,000), Soil survey report

(West, 1970), and description of Baga'a Valley land system (Mitchell
and Howard, 1978)..
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3.22 Air photo interpretation

Panchromatic aerial photographs {1:10,000), with fifty percent
overlap were used in this investigation, and they were indexed and
checked,

Pacets were defined in terms of geology, morphology, surfacial materia-
ls, and water regime, Identification of facets does not always require
all the definitive descriptions since some of them are not readliy visi-
ble on air photos i.e., soil type, and drainage class, However, many of
the: definitive attributes i.,e, topographic pogsiticn of slope,and type
of slope can be easly determined from the photographs (Sharma, 1980),

A preliminary scan through the entire area covered by the photcgraphs
was carried out in order to mark the boundaries of the study area to
chbtain a general picture of the nature of the terrian and attempt to
subdivide the landscape. The preliminary photoc interpretation was
followed by ground investigation to check the features recognized on
the photographs and establish broad relationships between photo patier-
ns and ground obgervations,

As the reconnaissance study progressed, the relation between photo
imagery and field characteristics of the physiographic units were grad-
uwally refined to the extent that considerable reliance could be placed
on aerial photo identification of facets, (Munir, 1982).

In the line with literature (2.14), many land features were recognized

and the following facets were adopted: degree of gradient
o E
(1) Plain (P1) 0 - 2
o=
(2) Gentle slope (Ge) 2.l - 5
0 X

(3) Moderate slope (Mo) 5.1 - 13
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(4)  Steep slope (st) PR
(5) Terrace ' (Te) Land feature
(6) Plateau {Pt) Land feature

Some nonsignificant batches of land were excluded such as mountain peaks,

streams, gullies and bare rocks., Also marginal areas were disregarded
due to impure parent material, Figure 3 shows the approximate topogra-
phic occurrence of the facets,

Once the list of facets were established the aerial photos were system-
atically examined in detail with a mirror stereoscope. Magnifying
binoculars were used in the early stages to pinpoint the boundaries. be-
tween facets and to study tiny details. The established facets were

drawn and numbered on acetate overlay sheets with a wax pencil.(Fig.4).

Occasionally, for some points, where photegraphs did not show a
good stereoscopic image, the facets boundaries were checked in the
field. The most pronounced facets were those with a marked change in
slope, vegetation, and land use. Throughout the field work the gained
personal experience has helped to correct the inaccurate facet boundar-

ies, which are likely to occur between steep and moderate siopes.

E 3 These ranges are in line with field studies and reports of other

workers (Soil Survey Staff, 1951; Fitzpatrik , 1977 ).
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Pl j,,@f/-—"‘ :

Fig 3 To.pogrqphic Occurence of land facets -
within the study arec and their angle of gradient’

Pl Plain o —2°
Ge Gentle 24—5°
Mo  Moderate 51—~13
St Steep >13°
Te Terrace Variable
Pt Pldtegu Vdriable
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Fig.4- Established fecets on & pair of airphotos indicating a number of recognized

facets,



3.23 Construction of physiographic map.

Facet boundaries were transferred from the air photos to a topogra-

phic map (1:10,000) by matching features. Sketch master was used for
the construction of a physiographic map, which was employed to draw up

a sampling program (see the associated map).

3,24 Selection of facet recurrences and locating sampling plots.

After the identification, drawing, and numbering of the facets
have been completed, three recurrences from each facet type were rand-
omly selected to be surveyed in detail. Within each recurrence, three
sample plots were located and marked on air photoes employing figures
from random tables which ggve-ploﬁ co-ordinates on transparent graph

paper , (Munir, 1982).

3.25 Extent of facets

The extent of each facet was measured with a planometer. Results

in Table 2 indicated that the total area was 3427 hectars, while the

gampled facets cover 1468 hectars which comprised 42.8% of the study

area.

3.3 TField investigation

Part of the field work was carried out to check the uniformity of
the parent material. It was found that most of the soils were derived
mainly from limestone and marl. However, it has been found that the
soils of some facets were derived mainly from limestone, while others

were facets on limestone affected by sandstone. These facets were ex-

cluded from the study, in order to minimize errors attributed to
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uncertainities and impurities.

3.31 Site and profile description

The sampling network as described was followed and the sites were
located by the aild of air-photos. Soil pit was dug down to 50 cm depth
for each observation. The following parameters were studied and record-
ed: altitude, angle of slope, aspect North, parent material, land use,

stoniness, rock outcrop, horizon designation,

Table 2 Extent of facets expressed in hectars

Total recu- Total Surveyed %

Facet rrences. area % area

Pt 7 97 2.8 44 45 .4
St 13 799 233 80 10.0
Te 20 110 352 22 20,0
1o B2 1028 30.0 290 28.2
Ge 8 940 27 .4 636 67.7
PL 4 453 132 396 87.4
Total 64 3427 1468

Average 100 42 .8

distinct of boundaries, topography, thickness of horizons, color,struc-
ture, and soil consistancy. Also the depth, size, quantity and type of
roots were measured and described.

Two soil samples were taken from each profile for laboratory analysis.

The first sample was taken to represent A horizon, and the second one

to represent the :subsoil down to 45 cm depth.
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In some cases where the soil was shallow, the depth to the rock was con-
sidered the sampling depth. A representative site and profile descript-

ion for different facets are shown in Appendix B.

3.4 Laboratory work

The samples were air dried, weighed, and passed through a 2,0 mm
sieve., Natural unground samples were kept for particle size distribution.
Gravel content was determined. The fine earth (less than 2 mm diameter)

was used for the following analysis:-

3.41 Particle size distribution

Natural unground subsamples were soaked in 0.5 N HCl to remove
carbonates (Jackson, 1956). Organic matter was removed by heating the
samples with 31% HEOE' Sodium hexametaphosphate 6%, and overnight shak-
ing were used to maintain maximum dispersion. Clay was measured by

pipette method (Kilmar and Alexander, 1949).

3.42 Field capacity (F C)

Field capacity was determined at 0.3 bar tension as described by

U.S. Salinity Laboratory Staff (Richards,1949).

3.43 Cation exchange capacity (C E ¢)

Cation exchange capacity was determined by Bower method (1954).

3.44 Carbonate

Total carbonate was determined by acid neutralization method

( Richards, 1954 ).
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Organic matter (OM)

Organic matter was determined by wet oxidation method according

to Valkely-Black method.

Soluble salts (EC)

Electrical conductivity was measured on soil paste extract using

soil-water ratio, ( Bohn et al., 1979 ).

Soil-PH

Soil PH was determined in 1:1 soil to water ratio (Peech,1965).

Extractable cations

Extractable Ca, Mg, K, and Na were extracted by 1N NH4OAC. Na and

K were determined by the flame photometer, (Rich, 1965). Ca and Mg were

determined by the versenate titration method, (Cheng et al., 1951).

e Statistical analysis
Statistical analysis was carried out for the following

attributes: -

1s Topographic attributes: Slope gradient, and altitude.

o Soil attributes: Thickness of A horizon, rooting depth, and
solum depth.

i Physical properties: Gravel content, clay content, and field
capacity.

4. Chemical properties: Cation exchange capcity, total carbonate,

organic matter, electric  conductivity (E C), pH, and extrac-

able cations (Ca, Mg, K, and Na).
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Raw data are shown in Appendix E and the following statistical tests

were carried out:-

A Test of significance between facet means for both surface and

subsurface soil properties, ( P test; Tables 11 and 12 ).

21 Coffecient of variation (CV%) was calculated in the usual way

(the mean divided by standard deviation, as a percentage), and

used to evaluate the homogeneity of soil and site attributes all

over the study area and within each facet. Also CV was used for comp-
arison between different properties (Tables 3-10).

CV calculation was based on that reported in section 2.151,
especially that 50% variability in a field can be found within

few square meters ( Ahn, 1965; Beckett and Webster, 1971; and
Mcintyre, 1967 ). Furthermore, there is no agreement between re-
searchers on CV values for facet classification. It appears that
values used will depend on the studied area (Wilding et al.,1964;

and Mcintyre, 1967). It might also depend on the intensity of

land use, and the type of studied properties, (Webster and

Beckett, 1964, and 1971; Mader, 1963; and Areola, 1974 and 1982).
However, Wilding and Drees, 1978, reported that the mean CV value
was more than 18% within mapping unlts for many physical and chemical
properties. Though the facet is considered homogeneous for a

certin property if the CV value for that property does not exceed

20%,and is heterogeneous if OV value is more than 20%.
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Calculation of interclass correlation ( rix, Tables 11 and 12 ).
It is used for evaluating the degree of separation between facets
in terms of studied properties, also it is used for comparing the
goodness of the classification for different properties. In the
light of literature, ( Webster, 1978, and Chartres, 1982 ), and
regarding the nature of the study area, the degrees of separation
were high, moderate, and poor, when r, was equal to more 0.8,

0.6-0.8, and less than 0.6, respectively.

Comparison between facet means was performed by utilizing Duncan

MRT, and the confidence interval at 95% level, (Munir, 1982).

x

e

1k

Szb , Where 82b = Between facet variance, and Szw =

Szb+ Saw

within facet wvariance.
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Iv RESULTS AND DISCUSSION

451 Topographic attributes

4,11 Slope gradient

The mean value of slope is 6.6° with a high coefficient of vari-
ation of 87% (Table 3). All the identified facets are homogeneous ex-
cept plateau and Terrace (Table 15). F test indicates significant
differences between facets. Interclass correlation indicates a high
degree of separation between facets (ri = 0.94). This means that 94% of
the variations are attributed to variance between facets, SZB(Table TN
Furthermore, comparison between facet means by utilizing Duncan's MRT
and individual 95% confidence interval indicate that facets can be
classified into four groups regarding their slope (Table 13). However
slope for plateau (Pt) and Terrace (Te) facets are similar to that for
Gentle slope facet (Ge), but are different with respect to topographic
position on the landscape. Te facet>can be grouped with the plain facet
(P1). It is only different in its togographic position. However Ge and
Pl facets have the same slope and lie within the same togographic
position.

In conclusion, the statistical tests (F test, s, D test, and confide-
nce 1imit) suggested that slope was effective in partitioning the land-
scape into homogeneous mapping units, st, Mo, Ge, and plain facets were
significantly different in their slope, and the slope is characterized
by high visibility on stereo-image and had a correlation with the soil

boundaries, (Howard and Mitchell, 1980; Sharma et el. 1980).
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4.12 Altitude

The mean of altitude values for the study area is 813 meters,
and CV% is 18.3% (Table3). As result of field mapping, the facets are
homogeneous and show less variability than the larger area. The lowest
variability was found within Pt,Te, Ge and pl facets (Tables 5,7,9 and
10 respectively), while the highest variability was found within St
and Mo facets.
P test indicates significant differences between facets, also inter-
class correlation indicates a moderate degree of separation between
facets ( r, = 0.76; Table 11). Furthurmore, comparison between facet
means, utilizing Duncan's MRT, indicates that the study area can be
classified into four different groups ( Table 13).
On the other hand, individual 95% confidence interval for facet means
indicate that facets can be relatively classified into upland facets
such as Pt and Te where altitude ranges between 837-1040 m, and low
land facets such as Ge and pl facets where altitude ranges between
620-690 m., However St and Mo facets lie within both altitudes and range
between 727 and 981 m ( Table 13 and Fig 5% ). Thus St and Mo facets
can be divided into two facets when based on their altitude as a para-
meter for facet determinaticn.
In conclusion, statistical tests (CV, D and Cl) indicate that the phys-

iographic analysis classify the landscape into homogeneous facets that

are significantly different from each others. Thus enables the surveyor

to treat each facet uniformly and differently from others in term of

altitude.

% Iig 5 through 10 are in appendix C.
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4, 2 BSoil attributes

4. 21 lMorphology :of the profile and physical properties

4.211 Rooting depth

The mean value of rooting depth for the entire study area is
17.9 Cm with CV = 14% ( Table 3 ). As a result of the field mapping,the
identified facets are homogeneous and show less variability than the
larger area except Pt facet which shows the highest variability ( CV =
15.7 % ; Table 5). This could be due to that this facet is highly ex-
posed for erosion and is variable in slope and solum depth (Table 5).
St facet shows the lowest variability ( CV= 6.5%; Table 6). This can be
attributed to that soils of this facet are mostly uncultivated and that
vegetation there, develops a uniform rooting depth.
F test indicates significant differences between facets. But interclass
correlation indicates a poor degree of separation (ri=0.43; Table 11).
This means that most of the variation is attributed to variability with-
in facets, and can be attributed to different landuse and different
cultivation practices within most facets. Comparison between facet
means indicates that there are overlaping ( D test; Table 13).The deep-
est rooting belongs to the St facet due to the lack of cultivation
practices, while the shallowest rooting belongs to Pt facet where soil
is shallow and highly exposed for erosion (Webster and Beckett, 1964).
Individual 95% confedence interval for facet means indicates that root-
ing depth of facets can be relatively classified into shallow rooting
depth such as pt facet (Cl= 13-17 Cm) and medium rooting depth such as

St, Mo and Pl facets (Cl = 17-21 Cm). Te and Ge facets could have
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shallow or medium rooting depths (Cl= 15-19 Cm; Fig.11)*.

In general the identified facets are homogeneous and can be treated un-
iformly, but the overlaping between facet means which resulted with a
poor separation indicates that rooting depth is not effective in part-

itioning the landscape into mapping units.

4.212 Thickness of A horizon

llean thickness of the A horizon for all facets is 19 Cm with a
coefficient of variation of 15.74% (Table 3). As a result of field map-
ping, the identified facets are homogeneous except Te and Ge facets
(Table 15). This variability can be attributed to a markedly different
landuse and cultivation practices within these facet. However I' test
indicates that there are no significant differences between facets with
respect to A horizon thickness. Interclass correlation strongly suggests
the absence of any grouping with respect to A horizon thickness ( r, =
0.003 ; Table 11)., This indicates that all of the variations come from
variability within facets. Moreover, comparison between facet means
utilizing Duncan's MRT, and the individual 95% confedence interval for
facet means indicate that the study area can be regarded as one popula-
tion with respect to A horizon thickness ( Table 13 and Fig. 12 ).As a
result it appears that A horizon thickness for St facet is as thick as
for other facets inspite of the steep slope. This can be attributed to
natural vegetation within this facet which decreases the effect of

erosion by protecting the scil surface and by reducing the amount and

* Fig, 11 through 17 are in appendix D.
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speed of water run-off.

In conclusion, in spite of the homogeneity within of most facets, other
statistical tests ( F test, Py D test and CL) indicate that A horizon
thickness is not effective in partitioning the study area into differ-
ent mapping units, and the failure of the physiographic approach to
produce different mapping units can be attributed to several factors
such as the spatial variation in vegetation type and intensity, and
landuse and management practices. These factors are not taken into ac-

count in the physiographic analysis.

4,213 Solum depth

Solum depth mean for the study area is 80 cm with a coefficient
of variation 29.7% (Table 3). This variability can be attributed to
that the study area consists of different land features such as plateau
and Terrace facets besides different slope facets which developed
different solums. As a result of field mapping, the identified facets
are homogeneous, except for Pt and St facets (Table 15). This is due
to that the facets are highly exposed and susceptable to erosion due
to their topographic position in the landscape (high altitude) beside
the slope effect (Buring, 1960). Moreover slope characteristic (marked
change in slope ) and topographic position of Te, Ge and Pl facets
(Fig.3) enhance the deposition of eroded material and has developed a
uniform solum.

F test indicates significant differences between facets with respect
to solum depth, also interclass correlation indicates to a high degree
of separation ( ry = 0.89; Table 11). This indicates that 89% of vari-

ations can be attributed to differences between facets. Comparison

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



34

between facet means utilizing Duncan's MRT, indicates that the study
area can be classified into three different groups, (Table 13).

95% confidence interval for facet means also indicates that facets can
be relatively classified into deep solum such as Te, Ge and P1 facets,
medium solum depth such as Mo facet and shallow solum depth such as Pt
and St facets (Fig.12).

The deepest solum is found in Te, Ge and pl facets since they lie on
less sloping land and thus serve as a deposition site for colluvial
materials from upper facets (Walker, 1966; and Sharma, 1980). The
shallowest solum is recorded for Pt and St facet, because soils of
these facets are highly exposed to erosion. While Mo facet shows an in-
termediate solum depth. This might be due to the fact that Mo facet

has developed its solum under interactive result of erosional and de-
positional factors ( Table 13 and Fig. 6).

In conclusion, the statistical tests (F test, r., D test and Cl) indi-
cate that physiographic analysis classifies the study area into different
units in terms of solum depth which can be treated differently for land-
use planning. Moreover most of these facets are internally homogeneous
which can be treated uniformly. It can be concluded that solum depth is

effective in partitioning the landscape into different mapping units.

4.214 Grgvel content

The statistical analysis of this variable data has resulted in
the following findings:-

(i) Surface soil

The mean value of gravel content for surface soil of the whole

area is 16.4% coupled with a high variability (CV=78%; Table 3). As a
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result of field mapping, the variability within the identified facets
is lower than that before classification. But the facets are still
heterogeneous and we cannot treat them uniformly. Nevertheless, Ge
and Pl facets can be treated uniformly for practical purposes because
they have a low gravel content (X = 5.8% and 1% respectively; Tables
9 and 10). The variability within pl and Ge facets can be attributed to
the low content of gravel (Mader, 1963), beside the spatial variation
in gravel content found in the reccurences which close to Mo facet. On
the other hand variability within other facets (Pt, St, Te, and lo)can
be attributed to human activity.

However,I' test indicates significant differences between facet means,
also interclass correlation indicates a moderate degree of separation
between surface soil of facets (ri=0.76; Table 12). Comparison between
these means by utilizing Duncan's MRT, indicates that surface soil of
facets can be classified into four different groups (Table 13). While
individual 95% confidence interval for facet means indicates that facets
can be relatively classified into;abundant gravel content such as Mo

and St facets, frequent gravel content such as Pt and Te facets and
few gravel content such as Ge and P1 facets (Fig. 12). The highest
gravel content is found in Mo facet, followed by St facet. VWhile the
lowest amount is found within Ge and Pl facets. This can be attributed
to the mild erosion occuring in the past cycle of erosion, with the con-
centrated gravel in the upper and steep facets. The fine material
(relatively very low in gravel) is deposited in the relatively lower

and less steep facets (West, 1970 and Walker, 1966; Fig.6).

In conclusion statistical tests (F, L D and C1) indicate that surface
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soil of facets can be treated differently in terms of gravel content,
but we cannot treat any of these facets uniformly, because they are
heterogeneous. Though the gravel content for surface soil is a poor

tool in partitioning the landscape into mapping units.

(ii) Subsurface soil

Mean gravel content for the whole study area is 17% coupled with
a very high variability (CV=102% ; Table 4). This indicates that the
study area can be classified into different units. As a result of field
mapping, the identified facets are still heterogeneous (Table 15).
Thys 4, facets cannot be treated uniformly with respect to gravel cont-
ent, However,Ge and P1 facets can be treated uniformly for practical
purposes, because they have low gravel contents( X =1.6% and 0.5%
respectively; Tables 9 and 10). The variability within Pt and St facets,
can .e attributed to the variability in solum development within these
facets (section 4.213). Variability within Pl and Ge facets can be
attributed to the low content of gravel (Mader, 1963) beside the
spatial variation found in the reccurences which close to Mo facet.
F test indicates significant differences between subsurface soil of
facets, also interclass correlation indicates a moderate degree of
separation between facets (ri = 0,67; Table 12)., Comparison between
facet means indicates that facets can be classified into three classes
(Table 14). While individual 95% confidence interval for facet means,
indicates that facets can be relatively classified into two classes;
abundant gravel content such as St and llo facets, and few gravel cont-
ent such as Te, Ge and P1 facets (Fig.l1l2). However, it appears that

facets occuring on upper slope (Mo,St, and Pt) have shown higher
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gravel contept,than those occuring on relatively lower slope i.e. Te,

Ge, and Pl\can be treated as different populations. This can be attrib-
uted to mild erosion occuring in the past cycle of erosion, with the
concentrated gravel in the upper facets, while the fine material (rela-
tively low in gravel) is deposited in the lower facets or for facets of
relatively uniform slope such as Te facet ( West, 1970 and Valker,1966;
Fig. 6). It can also be seen that the trend of gravel in subsurface soil
is similar to that in surface soil, where gravel content decreases to-
ward the valley bottom. Fig. 6 also shows that surface soil of Pt,
lo, and 5t facets contain lower gravel than subsurface soil. This can
be attributed to human activity, in addition to the effect of past ero-
sion. B yt the opposite observation is found in P1, Ge, and Te facets,
where the surface soil shows higher gravel content than the subsurface
soll, This can be attributed to the addition of gravel from the upper
facets by colluvial activity in the past erosion cycles.

In conclusion, statistical tests(F, r;, D, and Cl) indicate that subsu-
rface soil of facets can be classified into different units, but we do
not treat any of the identified facets uniformly due to their hetero-
geneity. As a result, gravel content of subsurface soil also is not
effective in partitioning the landscape into mapping units, and it
apears that gravel content is highly variable within facets ( West,1970;

Areola, 1982).

4.215 Clay content

(1) Surface soil
llean clay content for surface soil is 36.5% and coefficient of
variation is 22,1% (Table 3). As a result of field mapping, the identif-

ied facets are homogeneous except for Te facet (CV=20.2%), This can be
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attributed to its variability in slope (Table 7) which has noticeable
effect on clay formation and distribution (Areola, 1982). However, the
lowest variability is found within Ge and P1 facets, because their soils
are developed from well mixed colluvial materials deposited in the same
topographic position (valley bottom) without any significant differences
in slope (West, 1970).

I test indicates significant differences between facets, also interclass
correlation indicates a moderate degree of separation (ri=0.67; Table
11). Furthermore, comparison between facet means by utilizing Duncan's
MRT, suggests that the surface soil of the study area can be classified
into four different groups (Table 13). They are:1) Pl and Ge facets,

2) Te and Pt facets, 3) Mo facet, and 4) St facet. However,llo overlaps
with both Pt and St facets .. Individual 95% confidence interval for
facet means indicates that facets can be relatively classified into
three classes; facets with high clay content such as Ge and pl facets,
intermediate clay content such as Pt, Te, and Mo facets; and low clay
content such as St facet (Fig. 13).

The differences between facets can be attributed to the slope and topo-
graphic position of each facet which has a great influence on formation
and distribution of clay (Riecken, 1960; Walker, 1966). The highest
clay content is: found in Pl and Ge facets due to influx of clay from
the upper facets by colluvial gctivity.Moreover,these facets do not
differ significantly in their clay content, because they occur in

the same topographic position (Valley bottom) without break in slope.
Also their soils are developed from well mixed colluvial material

associated with low erosion activity { West, 1970). On. the other hand,
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the lowest clay content is found within St facet due to erosional fact-
ors. Also Te facet has higher clay content than those of surrounding
facets (Mo and St), because it has a marked change in slope that can
facilitate the deposition of fine material from the upper facets., But
it is still less than Ge and Pl facets which reciev more collu-
vial material (Fig.7). Pt facet does not differ significantly from Te
and Mo facets. This can be attributed to that this facet is level or
gently sloping ( X = 3.9; Table 5 ) and thus contains more clay
(Webster and Beckett, 1964).

In conclusion, the homogeneity within surface soil of facets ( except
Te) and the grouping of facets into different clay classes ( D test

and Cl) enable the surveyor to treat these facets uniformly and differ-
ently from each other. Therefore,clay content for surface soil is

effective in partitioning the landscape into different mapping units.

(ii) Subsurface soil

Mean clay content for the subsurface soil is 36.4 % and the coe-
fficient of variation is 23.5% (Table 4). As a result of field mapping
CvV% data , the identified facets are internaly homogeneous and
can be treated uniformly except Pt facet (CV=20.6%). This is possibly
due to the high variation in slope, solum depth, and carbonate content
(Table 5). The lowest variability is found in Ge and Pl facets,because
their solls are developed from well mixed colluvial material deposited
in the same topographic position without significant differences in

slope.

F test indicates significant differences between facets. Also interclass

correlation indicates a moderate degree of separation ( ri =N0 T2
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Table 12). However,comparison between facet means by utilizing Duncan's
MRT, suggests that the study area can be classified into four different
groups (Table 14). Individua 95% confidence interval for facet means
indicates that facets can be relatively classified into three levels;
high clay content such as Pl and Ge facets; intermediate clay content
such as Te, Mo, and Pt facets; and low clay content such as St facet
(Fig.3). The higest amount of clay is found in both P1 and Ge facets.

This is possibly due to their position at the lowest part of the valley

which allowed them to recive sediments from upper facets (Sharma et al. 1980).

Te facet ranks the second in clay content because it has a striking

change in slope which causes a flux of clay from the upper facets (pt,

St, and Mo) in addition to site clay formation (Riecken, 1960 ). The
lowest clay content is found in Pt facet, and this may be due to the fact
that subsoil of this facet is less developed because of low effective
precipitation and high surface runoff. However, Pt and Mo facets show

an intermediate content of clay., This is due to the slope condition which
permits more available water to penetrate through the soil,thus increa-
sing clay formation,

It apears from Fig.7 that clay content for subsurface soil of facets

shows an inverse relationship with slope. The steeper facets have

the lowest clay content (Mo and St) and the higest clay content is
found in P1l, and Ge facets. The figure also suggests that surface and
gsubsurface soil of Pl, Ge and Te facets contain almost the same amounts of
clay, because soils of these facets are probably developed from well
mixed colluvial material without any significant movement of clay. The

subsurface soil of Pt and St facets are relatively lower in clay cont-
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ent than the surface soil, while it is the opposite for Mo facet. This
can be attributed to the degree of soil development within facets. In
conclusion, the homogeneity within the subsurface soil of facets ( ex-
cept Pt) and their grouping into different clay classes (D test and C1)

enable surveyor to treat each facet uniformly and differently from

others. Thus clay content for subsurface soil is also effective in parti-

tioning the landscape into different mapping units.

4,216 Pield capacity (FC)

Mean field capacity for the surface and the subsurface soil were
34.0 and 33.8% respectively. Coefficients of variation in field capac-
ity for the two respective soils were 13.8 and 14.0% (Tables 3 and 4).
As a result of field mapping the variability within facets for both the
surface and the subsurface soil is reduced to less than 10% except for
Te facet (Tables 5,6,8,9,and 10).
The uniformity within facets can be attributed to that each facet is
uniform in terms of clay content., Furthermore, Te facet is relatively
more variable than other facets due to its variability in clay content
(Table 15).
F test indicates significant differences between field capacity values
of facets for both the surface and the subsurface soil. Also interclass
correlation indicates that the study area is moderatly separated into
different facets for both the surface and the subsurface soil (ri= 0.7
and 0.76, respectively; Tables 11 and 12), Moreover comparison between
facet means by utilizing Duncan's MRT indicates that surface soil of
the study area can be classified into three different groups (Table 13).

They are 1) Ge and Pl facets, 2) Te and Pt facets, and 3) Mo and St

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



42

facets. Also the same grouping is found for subsurface soil except that
Mo and St facets are separated into two groups. This is due to that the
facets are significantly different in terms of clay content (Table 14).
Furthermore, individual 95% confidence intervals for facet means, for
both the surface and the subsurface soll, indicate similar groupingsto
those obtained by Duncan's test + The study area can be relatively
classified into three levels; high FC such as Ge and Pl facets;medium
FC such as Te and Pt facets; and lowF(C such as Mo and St facets (Fig.
13). This trend of grouping can be attributed to clay content within
each group for both the surface and the subsurface soil - Ge  and
Pl show the highest FC since they have the highest clay content, while
the lowest FC is found within St facet, because it has the lowest clay
content, Also Te and Pt facets show an intermediate values for both
clay and FC (Tables 13 and 14).

From the previous discussion it appears that the indentified facets are
homogeneous for both the surface and the subsurface soil. Besides

these facets are significantly different from each other . A surveyor
can treat each facet uniformly and differently from the othersTherefore,
we can conclude that FC has a significant role in partitioning the land-

scape into mapping units,.

4,22 Chemical properties

4,22)1 Cation exchange capacity (CEC)

The mean value of CEC for both the surface and the subsurface
soil is relatively the same and variable ( X = 30.6 and 30,3 me/100 g
soil; CV = 23.3% and 25.5% respectively; Tables 3 and 4).After mapping,

all facets (except Te) are homogeneous for both the surface and the
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subsurface soil and each facet can be treated uniformly.This homogenei-
ty can be attributed to the homogeneity within clay content. Also the
variability within Te facet can be attributed to variability within
clay content (Table 15).
' test indicates significant differences between facets for the surface
and the subsurface soil. Besids interclass correlation indicates
a moderate degree of separation (ri= 0.67 and 0.7; Table 11 and 12 re-
spectively). This degree of separation is similar to that obtained for
clay content.
Comparison between facet means utilizing Duncan's MRT indicates that
the surface and the subsurface soil of facets can be classified into
three different groups (Teble 13 and 14). They are 1) Ge and Pl facets,
2) Te, Pt and Mo facets, and 3) St facet. Also individual 95% confiden-
ce interval for facet means (for both the surface and the subsurface
soil) suggests that facets can relatively be classified into three
levels: high CEC such as Ge and Pl facets; medium CEC such as Pl and Te
facets; and low CEC such as St facet (Fig. 14).
This grouping can be attributed to clay content within facets,where Ge
and Pl facets have the highest values in clay content and CEC. St facet
has the lowest level of clay and CEC for both the surface and the sub-
surface soil., However,Pt and Mo facets show intermediate values of clay
and CEC (Tables 13 and 14). In general, CEC decreases with increasing
slope (Fig.7).
In conclusion the identified facets are mostly homogeneous and can be
classified into different groups which enable the surveyor to treat

each facet uniformly and differently from each others. Thus CEC has a
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significant role in partitioning the landscape into different mapping

units.

4,222 Carbonate content

The mean value of carbonate for both the surface and the subsur-
face soil of facets is relatively high and variable ( X = 38.0% and
40.,0% ; CV = 32% and 33.3%, respectively, Tables 3 and 4).As a result
of field mapping, the variability within the identified facets are re-
duced and could be treated uniformly except for the Te facet (Table 15).
F test indicates significant differences between facets for both the
surface and the subsurface soil, On the other hand, interclass correla-
tion indicates a good separation between facets for both the surface
and the subsurface soil (ri = 0,79 and 0.78; Tables 11 and 12, respect-
ively). This indicates that most of the variation can be attributed to
differences between facets. For instance, the comparison between facet
means for both the surface and the subsurface soil indicates that facets
can be classified into three different groups (Tables 13 and 14). They
are: 1- St and Mo facets 2- Pt and Te facets and 3- Pl and Ge facets.
Also individual 95% confidence intervals for facet means indicate that
both the surface and the subsurface soil can be relatively classified
into three levels: very high carbonate content such as St and Mo facets;
medium carbonate content such as Pt and Te facets; and relatively low
carbonate content such as P1 and Ge facets (Fig. 14). It apears that
the highest carbonate content has been found in the steep slope facets (St
and Mo) and this is attributed to that soils of these facets are weak-
ly developed due to erosion effect.The lowest carbonate content has

been found in facets of low slope especially those which lie in the
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valley bottom (Ge and Pl facets). This can be attributed to that soils

of these facets are relatively developed from more weatherd colluvial

materials (West, 1970), and the generally decreasing carbonate content élong—

side with decreasing slope gradient (Fig.8). Moreover, the figure in-
dicates that carbonates tend to increase with increasing depth for Pt,
Mo and St facets, while other facets do not show any differences betw-
cen the surface and the subsurface soils. This trend can also be relat-
ed to the degree of maturity in terms of soil development.

In conclusion, the facets are mostly homogeneous and can be classified
into different groups which is suitable for a various landuse planning.
The carbonate content for both the surface and the subsurface soil of
facets has a significant role in partitioning the landscape into diff-

erent mapping units.

4,223 Organic matter (OM)

The mean organic matter for both the surface and the subsurface

soil is relatively low and variable ( X = 1.4% and 0.9% with CV= 49.5
and 54.5% , respectively; Tables 3 and 4 ). After mapping, the ident-
ified facets tend to be variable in OM(Table 15)., The low OM content
can be attributed to the effect of climate on OM accumulation while
the variability can be attributed to different landuse and cultiva-
tion practices within each facet.

F test indicates significant differences between facets for both the
surface and the subsurface soil. Also interclass correlation indicates

d high degree of separation between the surface soil of facets and
moderate degree of separation between the subsurface soil (ri= 0.8

and 0,77, respectively, Tables 11 and 12). This is propably due %o
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the fact that OM is affected by position in landscape (Webster and
Beckett, 1964). However, comparison between facet means by utilizing
Duncan's MRT indicates that facets can be classified into different
populations (Tables 13 and 14). Also individual 95% confidence interv-

al for facet means indicates that the study area can be relatively
classified into low OM such as Pt and St facets, and very low OM such

as Ge and Pl facets (Fig.l15). The very low OM content in Ge and Pl

facets can be attributed to intensive cultivation practices . How-

ever, St facet shows higher OM than other facets for both the surface

and the subsurface soil. This may be due to that soils of this facet are not
under cultivation which contributes to OM accumulation., Figure 8 also
indicates that surface soils of facets have relatively higher OM than

the subsurface soils and this trend increases where ever natural vegetation
is found (St and MO facets). This is most probably due to accumulation

of plant residues on the top of the soil,

In conclusion, the low and very low content of OM in this study area

and its tendancy to be variable does not enable the surveyor to class-

ify the area into mapping units. The OM contributes little in partition-

ing the study area into different mapping units.

4,224 Electrical conductivity (EC)

(i) Surface soil

The mean value of EC is 0.25 mmhos/cm with a CV of 17.3% Table 3).
Thus the surface soil is free from salinity hazared, which is due to natural
leaching and consequently, the classification is not required with res-
pect to salanity. For instance,F test indicates that there is no sign-

ificant difference between facet means., Also, the degree of separation
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between facets is negligable (ri = Zero; Table 11). Moreover,comparison

between facet means indicates that facets can be treated as one popula-

tion (Table 13).Also, individual 95% confidence interval for facet means

is overlapping and thus the surface soil of facets cannot be classified
into different levels in terms of EC (Fig. 15). As a result, EC has no
gsignificant role in partitioning the study area into different mapping

units,

(ii) Subsurface soil

The mean value of EC for the subsurface soil is 0.25 mmhos/cm
with a CV of 22.3% Table 4). Thus the subsurface soil is also free from
salinity hazord. After mapping, the identified facets are mostly homog-
eneous and F test indicates significant differences between facets with
respect to BEC . But interclass correlation indicates a poor separation
between facets (ri = 0.33; Table 12), suggesting that most of variation
can be attributed to variability within facets. However, the small
differences between facet means as outlined by Duncan's MRT(Table 14
and Fig.8) and the individual 95% confidence interval (Fig.l15),indicate
that EC does not have significant role in partitioning the study area

into different mapping units.

4,225 Soil pH

The mean value of the pH for both the surface and the subsurface

soil is 8.3 with CV of 1,7% and 1.8% respectively (Tables 3 and 4).After

mapping, the identified facets show mean values for pH ranghg between
8.2-8.5,coupled with a very low variability (CVs = 1-2.4%, Tables 5
through 10), It appears that among all chemical properties, soil pH is

the least variable (Areola, 1974)., The data of so0il pH with the
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very low variability can be attributed to that soil pH in this area is
mainly controlled by carbonate. However, T test indicates significant
differences between facets, while interclass correlation indicates a
poor separation between facets (ri = 0,5 and 0.26 for surface and sub-
surface soil, respectivly;(Tables 11 and 12). This suggests that most
of variation is attributed to variance within facets. Comparison betw-
een facet means by utilizing Duncan's MRT and the confidence interval
for facet means, suggeststhat the Study area can be classified into
two groups (Tables 13 and 14, and Fig. 16). But the difference between

these groups practically is not significant for landuse planning since

soils are rich in carbonate.The relative high pH has been found within Ge

and P1 facets,which can be attributed to the fact that soils are relatively

higher in extractable Na and Mg coupled with a low OM content ( Tables
13 and 14). In conclusion, the homogeneity of soil pH all over the
study area coupled with small differences between facets, indicate
that soil pH has no significant role in partitioning the study area

into different mapping units.

4,226 Extractable calcium (Ca)

The mean value of extractable Ca for both the surface and the
subsurface soil of facets dre similar ( X = 54.3 me/100g soil). It is
the hirhest and the least variable cation among the extractable
cations (CV = 10% and 10.3% ; Tables 3 and 4 respectively). As a
result of field mapping, the variability within facets are markedly
decreased for both the surface and the subsurface soil (CVs = 3-7% ;
Tables 5 through 10), hence the facets can be treated uniformly.

Furthermore, these facets are significantly different from each other

- Center of Thesis Deposit

of Jordan

Library of University ¢

All Rights Reserved



49

with a moderate degree of separation for both the surface and the subs-
urface soil (ri = 0.78 and 0.71; Tables 11 and 12 ).
Comparison between facet means by utilizing Duncan's MRT indicates that
surface soil of facets can be classified into five groups ( Table 13 ).
The individual 95% confidence interval for facet means indicates
that surface soil of facets can be relatively classified into three
levels: low extractable Ca such as Pt, St and Te facets and; high extr-
actable Ca such as Ge and P1 facets, with Mo facets lie in between
(Fig. 16).
As far as the subsurface soil is concerned; facets can be classified
into three groups, (D test, Table 14). These are:- 1- Ge and Pl
facets, 2- Mo facet, 3- Te, St and Pt facets. Individual 95% confide-
nce inteval for facet means indicates that the study area can relatively
be classified into the same groups and thus can be regarded as
high, medium and low extractable Ca, (Fig.16). The highest extractable
Ca is found in Ge and Pl facets, because soils of these facets have
the highest clay content and CEC. Mo facet ranks the second owing to its
carbonate content. Thus Te and Pt facets do not differ significantly
since they do not differ in terms of CEC, carbonate, and extractable
Mg (Tables 13 and 14). Figure 9 indicates that the surface and the sub-
surface soil have approximately similar amounts of extractable Ca, This
can largley be due to approximate similarities in clay content, CEC and
carbonates for both layers (Fig. 7 and 8).
Tt is obvious from the above discussion that the extractable Ca 1is

highly related to the clay content, CEC and carbonate content (Pregizer,

1963), and - is highly correlated to the amount and the rate of weathering
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on different slopes-
In conclusion, extractable Ca has significant role in partitioning the
landscape into different mapping units since the identified facets are

internally homogeneous and could be clagsified into different groups.

4,227 Extractable Magnesium (Mg)

The mean value of extractable Mg for both the surface and the
subsurface soil is the second dominant cation after Ca, but it is vari-
able (Tables 3 and 4). This is due to the fact that the parent material
contains noticeable amounts of dolomite (Salameh, 1980; and West, 1970).
As a result of field mapping, the varibility within the identified
facets are markedly decreased and mostly homogeneous for both
the surface and the subsurface soil except for 3t and Te facels. The
variability within St facet can be attributed to minor variation in
parent material composition, But variability within surface soil of
Te facet can be attributed to its variability in terms of CEC, clqy and
carbonate content (Table 7). However, F test indicates significant dif-
ferences between facet means, also interclass correlation indicates
high degree of separation between facets for both the surface and the
subsurface soils(ri = 0,9 and 0.89 respectively). This means that most
of variation can be attributed to the variance between facets(Tables 11
and 12).

Comparison between facet means using Duncan's MRT indicates that surface
and the subsurface soil of facets can be classified into four groups
(Tables 13 and 14). They are:- 1- Pl facet, 2- Ge facet, 3- Te and
Pt facets, and 4- St and Mo facets. The individual 95% confidence

interval for facet means indicates that the study area, for both the

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



51

surface and the subsurface soil, can relatively be classified into

three levels. They are : 1- high extractable Mg such as Ge and Pl facets,
2- medium extractable Mg such as Pt and Te facets, and 3- low extract-
able Mg such as St and Mo facets (Fig.l6).Ge and Pl facets show relatively
higher extractable Mg because soils of these facets are the highest in
clay content and CEC level, while St and Mo facets show the lowest ex-
tractable Mg because soils of these facets relatively are the lowest in
clay content and CEC level (Tables 13 and 14). Furthermore, Pt and Te
facets are relatively medium in their clay content and CEC levels

(Figures 13 and 14 ), and consequently show medium extractable MNg

(Fig. 16).

Comparison between the surface and the subsurface soil within each

facet, indicates that similar amounts of extractable Mg have been obtained
(Fig.9).This is'due to that surface and the subsurface soil for each
facet relatively show the same amount of carbonate, clay, and CEC (Fig-
ures 7 and 8 ). In conclusion, the extractable Mg for both the surface
and the subsurface soil have a significant role in partitioning the
study area into different mapping units. The surface and the sub-
surface soil of each facet show the same extractable IMg and mostly hom-
ogeneous and significantly differ from each other which can be classify

the study area into low, medium and high extractable Mg.

4.228 Extractable potassium (k)

The mean value of extractable K for surface soil is 2 me/100 g
soil with a CV of 32,3% (Table 3).Compared to the sub-
surface soil which ig lower and more variable (X = 1.4 me/100g soil

and CV = 41.7% ; Table 4). As a result of field mapping, some of the
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jdentified facets are still variable for both the surface and the sub=
surface soil, such as Pt, St and Te facets (Table 15). This variability
can be attributed to spatial differences within facet. The homogene-
ity within Ge and Pl facets can be attributed to that soils are develo-
ped from well mixed colluvial material which relatively has the same
degree of weathering.

Comparison between facet means, for both the surface and the subsurface
goil, indicates that facets can be classified into three groups (Tables
13 and 14). They are: 1- Te,Ge and Pl facets, 2- Pt and Mo facets and
3- St facet. While individual 95% confidence interval for facet means,
for both the surface and the subsurface soil of facets, indicates that
the study area can be relatively classified into two levels. They are:
low extractable K such as Te, Ge and Pl Tacets; and very low extractable
K such as Pt, Mo and St facets (Fig. 17). This grouping can be attribut-
ed to clay content and CEC for each group (Tables 13 and 14), Figure 17
indicates that the surface scil has higher values of extractable K
than the subsurface soil of facets ( Hattar, 1973, Abu Jamous, 1984 ).
This is due to the effect of aeolion sedimantation , higher OM, and
greater level weathering,(Abu Jamous, 1984).

In conclusion, extractable K for both the surface and the subsurface
soil of facets have little role in partitioning the study area into
mapping units, It tends to be variable within facets and can hardly

divide the study area intc more than two levels.
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4,229 Extractable Sodium (Na)

The mean value of extractable Na is low and variable for both the
surface and the subsurface soil of facets (X = 0.55 and 0.60 me/100 g
soil, and CV = 48% and 53.5% respectivley Tables 3 and 4). As a result
of field mapping, the identified facets are homogeneous except Mo and
Pl facets(Table 15).

F test indicates significant differences between facets for both the
surface and the subsurface soil. Also interclass correlation indicates
a - moderate degree of separation between surface soil of facets,

and it is high between subsurface soil of facets (ri = 0,75 and 0,83
Tables 11 and 12 respectively). Furthermore,comparison between facet
means indicates that surface soil can be classified into three groups
(Table 13). They are: 1- Pl and Ge facets; 2- Te and Pt facets; and

3- Mo and St facets. Also the subsurface soil of facets can be class-
ified into the same groups except Pl facetwhich. shows higher extractable Na
than Ge facet, and hence it is regarded as different group (Table 14).
However, individual 95% confidence interval for facet means for both the
surface and the subsurface soil indicates that the study area can be
divided into two levels.They are:very low in extractable Na such as
Pt,S5t,Te and Mo facets; and low extractable Na such as Ge and Pl facets
(Fig.17).

In conclusion extractable Na within the study area has a little signif-
icance in partitioning the study area into different units, because it

is relatively low, owing to the natural leaching of these soils
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Table 3- Means (X), standard deviations (5.D), coefficient of
variations (C.V), for different properties within

the area, surface soil.

Propertly X S C.V.%
Thick.A. (cm) 18.96 2.98 15.74
Root depth(cm) 17.94 2.51 13.97
Solumdepthem) 79.96 23.74 29.69
Slope (o) 6.63 557 87.03
Altitude. (m) 813.56 149.14 18.33
Gravel (%) 16.38 12.83 78.30
Clay (%) 36.50 8.07 22.12
F C (%) 33.95 4.68 13.79
ENE (%) 30.61 7.14 23.32
Carbonate (%) 38.94 12.47 32.03
0 M (%) 1.39 0.69 49.53
E € (#) 0.25 0.04 17.34
pH 8.32 0.14 1.70
Ca (%) 54.29 5.46 10.07
Mg (*) 10.71 3.90 36.42
K (%) 1.98 0.64 32.32
Na (%) 0.55 0.26 48.07

* me /100g soil.

f  mmhos /cm.
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Table 4- Means (X), standard deviations (5.D),coefficients of
variations (C.V), for different properties within

the area, subsurface soil.

Property X 505 C.V.%
Gravel (%) 16.99 17.42 102.56
Clay (%) 36.44 8.55 23.47
F C (%) 33.76 4.70 14.03
B'E E (*) 30.34 7.23 25.48
Carbonate (%) 40.12 1857 33.33
0 M (%) 0.93 0.51 54.52
EC (#) 0.25 0.06 22.31
P H 8.34 0.15 1.82
Ca (*) 54.28 5.61 10.34
Mg (x) 10.82 3.99 36.86
K (*) 1.38 0.57 41.69
Na (*) 0.61 0.33 53.52

* me /100g soil

f mmhos /cm.

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit



56

Table 5- Means(X), standard deviations(SD), coefficientsof
variation (CV), for plateau facet,(Pt),surface and
subsur face.

Surface Subsurface

Property = 5

X 5D CV(%) X SD CV(%)

Gravel (%) 16.50 5.40 32.70 23.50 16.7 71.10

Clay (%) 33.40 5.80 17.50 32.00 6.60  20.60

F C (%) 33.60 2.00 6.00 33.60 2.90 8.50

CEC (%) 28.80 3.60 12.50 28.50 5.40  19.00

Carbonate (%) 38.70 7.00 18.10 41.70 9.10 21.80

C M. (%) 1.82 0.36 19.60 1.46 0.45 30.64

EC (xx) 0.24 0.04 15.00 0.23 0.06 24.89

pH 8.30 0.08 0.98 B.28 0.20 2.35

Ca (%) 48.30 1.50 3.10 48.80 1.70 3.50

Mg (%) 9.20 1.30 14.10 9.00 1.40  15.60

K () 1.70 0.36 21.18 1.16 0.41 35.40

Na (%) 0.50 0.03 6.00 0.51 0.04 7.80

Thick A horizon 18.60 1.50 8.10

Root. depth (em) 15.20 2.40 15.70

Solum depth(ecm) 49.40 14.70 29.80

Slope +(0) 3.90 1.40 35.10

Altitude (m) 1006.7 44 .40 4.40

* me /100g

** mmhos/cm
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Table 6~ . Meang(X), standard deviations(SD), coefficientsof

variation (CV), for steep slope facet, (3t) surface

and subsurface.

Surface Subsruface

Property

X SD CV(%) X SD CV(%)
Gravel (%) 25.90 12.00  46.30 32950 14.20 43.70
Clay (%) 27.40 3.40 12.40 25.80 3.00 11.60
F C (%) 28.50 2:.20 7.70 27.20 1.60 6.00
C E.C () 23.50 3.70  15.80 21.00 4.10 19.50
Carbonate (%) 54.30 3.10 5.70 56.70 2.60 4.60
0 M (%) 2.19 0.44  20.10 1.39 0.23 16.60
E.C (xx) 0.26 0.02 7.70 0.24 0.02 8.30
pH 8.20 0.07 0.85 8.33 0.09 1.10
Ca () 51.10 2.00 3.90 50.20 3.30 6.60
Mg (x) 7.40 1.60 21.60 7.80 1.90  24.40
K (=) 10027 0.28 22.10 0.67 0.17 25.40
Na () 0.26 0.05 19.20 0.25 0.05 20.00
Thick A horizon 19.80 2.10 10.60
Root depth(Cm) 20.10 1.30 6.50
Solum depth(Cm) 53.30 10.90 20.50
Slope (o) 17.30 2.20 13.00

Altitude | (m) 876.70 it55250 15.50
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Table 7- Means(X), standard deviations(SD), coefficients of

variation (CV), for terrace, (Te) surface and subsurface.
Sy Surface Subsurface

X SD CV(%) X cv(%)

Gravel (%) 15.70 5.50 35.00 8.60 2.70 31.40
Clay () 37.10 7250 20.20 37.70 6.40 17.00
F C (%) 34.30 5.00 14.60 34.60 4.30 12.40
CEC (x) 29.30 7.70 26.30 29.50 6.90 23.40
Carbonate (%) 37.00 10.00 27.00 37.40 9.00 24.10
0D M (%) 1.37 0.25 18.30 0.95 0.16 16.80
EC (xx) 0.25 0.05 20.00 0.20 0.01 5.00
pH 8.29 0.09 1.08 8.39 0.08 0.95
Ca (%)50.70 3.10 6.10 50.70 3.40 6.70
Mg (2) 9.70 2.20 22.70 9.70 2.20 22.70
K () 2.62 0.78 29.80 1.95 057 29.20
Na (£) 0.53 0.04 7.60 0.54 0.06 11.10
Thick A horizon 20.30 4.80 23.70
Root depth  (cm)16.70 2.20 13.20
Solumdepth(cm) 100.00 0.00 0.00
Slope (o) 2.90 1.80 62.10
Altitude (m) 886.90 64.70 7.30

* me /100g

*¥ mmhos/cm
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Table 8- Means (X), standard deviations (SD), coefficientsof
variation (CV), for moderate slope facet, (Mo)surface

and subsurface.

‘ Property Surface Subsurface

1 X SD CV(%) X SD Cv(%)
Gravel (%) 33.40 7.20 21.60 35.30 13.20 37.40
Clay (%) 31.80 5.90 18.60 32.90 6.30 19.20
G (%) 30.10 1.80 6.00 30.30 1.90 6.30
EE E () 25.50 4.50 770 26.00 4.60 17.70
Carbonate (%) 51.20 7.60 14.80 52.2 9.90 19.00
0OM (%) 1.74 0.47 27.00 1.05 0.30 28.60
E C (%) 0.25 0.03 12.00 0.24 0.02 8.30
pH 8.20 0.10 .20 8.20 0.07 0.85
Ca (%) 55.30 3.80 6.90 : 56.00 2.90 5.20
Mg (x) 6.80 0.90 13.20 6.90 1420 17.40
K (=) 1.49 0.24 16.10 1.00 0.29 29.00
Na (x) 0.30 0.12 40.0 0.37 0.18 48.70
Thick A horizon 18.80 1.90 10.10
Root depth (cmﬂB.?U 1.80 . 9.60
Solum depth (em) 77.00 13.80 17590
Slope ~ (o0)10.40 1.80 17.30
Altitude (m) 805.60 101.30 12.60
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Table g Means(X), standard deviations (SD), coefficients of
variation (CV), for gentle slope facet,(Ge) surface

and subsurface.

Surface Subsurface

Property

X SD CV(%) X SD CV(%)
Gravel (%) 5.80 3.50 60.30 1.60 0.90 56.30
Clay (%) 42.60 1.90 4.50 43.10 2.10 4.90
F C ' (%) 38.90 2.10 5.40 38.50 1.30 3.40
C EC () 38.40 2.70 7.00 38.90 2.70 6.90
Caprbonate (%) 24.80 1.50 6.10 25.20 1.50 6.00
0 M (%) 0.65 0.20 30.80 0.32 0.11 34.40
EC (xx) 0.26 0.06 23.10 0.29 0.05 17.24
pH 8.41 D15 1.78 8.39 0.18 2,15
Ca (%) 61.90 2.50 4.00 61.30 4.20 6.90
Mg () 14.10 0.70 5.00 14.40 0.90 6.30
K (x) 2.44 0.19 7.80 1.81 0.22 12.20
Na () 0.82 0.13 15.90 0.89 D7 19.10
Thick A horizon 17.40 3.70 21.30
Root depth (em) 17.60 1.90 10.80
Solum depth(ecm) 100.00 0.00 0.00
Slope (o) 3.30 0.50 15.20
Altitude (m) 674.40 22.10 3.30
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Table 10- Meansg (X), standard deviations(SD), coefficientasof
variation (CV), for plain facet, (P1) surface and sub-
sur face.

Property Surface Subsurface

X SD Cv(%) X SD CV(%)

Gravel (%) 1.00 0.40 37.80 0.50 0.40 83.30

Clay (%) 46.70 1.50 3.20 47.10 1.60 3.40

F C (%) 38.40 1.60 4.20 38.40 1.40 3.70

CEC () 38.20 0.90 2.40 38.20 0.70 1.80

Carbonate (%) 27.50 0.80 2.90 27.60 1 .../0 6.20

0M (%) 0.55 0.07 12.70 0.39 0.09 23.10

E C (%) 0.23 0.05 21.70 0.30 0.08 26.70

pH 8.49 0.09 1.10 B.46 0.11 1.30

Ca () 58.40 510 5.30 58.60 3.40 5.80

Mg (x)17.00 0.50 2.90 17.20 0.50 2283

K () 2.35 0.17 7.20 1.67 0.29 17.40

Na (x) 0.86 0.24 27.90 1.10 0.23 20.90

Thick A horizon 18.90 2.40 12.70

Root depth (em)19.40 1.90 9.80

Solum depth(cm)100.00 0.00 0.00

Slope (o) 1.90 0.30 15.80

Altitude 631.10 13.90 2220

* me _/1UUg

*%*  .mmhos /cm
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Within facet variance (Szw), between facels variance

Table 11-
(528), F test, and interclass correlation (ri) for the
different properties within the area, surface layer.
2 2 B A X
Property STw B S°B F calc r
Thick A horizon 8.90 9.20 0.03 1.00 0.003
*
Root depth (cm) 3.80 29.80 2.90 7.80 0.43
Solum depth (em)87.30 5144 .80 561.90 58.90°  0.87
Slope (o) 2.30 329.20 36.30  143.10  0.94
*
Altitude (m)5928.90  178900.20 19212.00 30.20 0.76
*
Gravel (%) 44.50 1313.80 141.00 29.50 0.76
Clay (%) 23.80 461.00 48.60 19.40°  0.67
°
F C (%) 7.40 160.30 17.00 21.70 0.70
*
CEC (#) 19.00 359.90 37.90 18.94 0.67
-
Caybonate (%) 36.80 1297.60 140.00 35.26 0.79
*
0 M (%) 0.11 3.96 0.43 36.00 0.80
EC (mmhos/ecm) 0.002 0.002 0.00 1.00 0.00
PH 0.01 0.12 0.01 12.00°  0.50
*
Ca (#) 7.60 242.50 26.10 31.90 0.78
Mg (#) 1.80 145.10 15.90  80.60  0.90
K (#) 0.16 2.85 0.30  17.81  0.65
Na (#) 0.02 0.57 0.06 28.50°  0.75
% Significant at 5% level.
* Fiab = 2.4,

# me /100g soil.
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Table 12- Within facet variace (Szw), between facetsvariance
(Sg), F test, and interclass correlation (%) for

different properties within the area, subsurface

layer.

Property Szw B SZB F calc** Ty,

Gravel (%) 110.20  2155.30  227.20  19.60°  0.67
Clay (%) 23.30 549.10 58.40  23.60  0.72
FC (%)  6.20 179.50 19.30  29.00  0.76
CEC (#) 20.30 441.40 46.80  21.70°  0.70
Carbonate (%) 45.60 1458.10 156.90 32.000 0.78
0 M (%)  0.07 2.11 0.23  30.14  0.77
EC  (mmhos/cm) 0.002 0.01 0.001  5.00  0.33
pH 0.02 0.08 0.007  4.00  0.26
Ca (#) 10.40 234.70 24.90  22.60  0.71
Mg (#)  2.10 148.60 16.30  70.80  0.89
K (#) 0.12 2.32 0.25 19.33°  0.68
Na (#) 0.02 0.94 0.10  47.00  0.83

EXENE S Eabi =8 oA}

* Significant at 5% level.
# me /100g soil.
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Table 13 — Mean (X), Duncan's test (D), and 95% confidence
interval for different properties within facets,

surface layer.

Property Facet Mean D 95% confidence Interval
X U. limit L. limit
Thick A horizon Te 20.3 a 24.0 16.6
St 19.8 a 218 18.2
P1 18.9 a 20.8 Uis 1)
Mo 18.8 a 20.3 1 37
Pt 18.6 a 19.8 17.5
Ge 17.4 a 20.3 14.6
Root depth (em) St 20.1 a 21.1 19.1
B 19.4 ab 20.9 17
Mo 18.7 ab 201 7.3
GEC 17.6 be 1 16.1
Te 16.7 cd 18.4 15.0
Pt 2 d 7 13.4
Solum:depth(cm) P1 100.0 a 100.0 100.0
Ge 100.0 a 100.0 100.0
Te 100.0 a 100.0 100.0
Mo 7170 b 87.6 66.4
St 53.3 c a7 44.9
Pt 49.4 C 60.7 38.1
Slope (o) St 17.3 a 19.0 15.6
Mo 10.4 158 950
Pt Ho) c 5.0 2.8
Ge 5a> cd el 2.9
Te 259 cd 4.3 12
P1 19 d 21 Ui
Altitude (m) Pt 1006.7 a 1040.8 972:6
886.9 b 936.17 837.2
876.7 be 981, Z 112 .2
805.6 & 883.5 127457
674.4 d 691.4 657.4
631.1 d 641.8 620.4
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Table 13~ (continued)

* %

Property Facet Mean D 95% confidence Interval
X U. limit L. limit
Gravel (%) Mo 33.4 a 38.9 27.9
St 25.9 b %5 o1 16.7
Pt 16.5 c 20.7 12.4
Te 155 c 19.9 1455
Ge 5.8 d 8.5 3.1
P1 1.0 d 1.3 0.7
| Clay (%) P1 46.7 a 47.9 45.6
Ge 42.6 a 44 .1 41.1
Te 371 b 42.9 i b
Pt 33.4 be 37.9 28.9
Mo 31.8 cd 36.3 27.3
St 27.4 d 30.0 24.8
F C (%) Ge 38.9 a 40.5 3T
Pl 38.4 a 39.6 BF 7
Te 34.3 b 38.2 30.5
Pt 33.6 b 351 37.1
Mo 30.1 c 31.5 28.7
St 28.5 c 30.2 26.8
CEC (x) Ge 38.4 a 40.5 36.3
P1 38.2 a 38.9 BT-5
Te 29.3 b 35.2 23.4
Pt 28.8 b 31.6 26.0
Mo 25.5 be 29.0 22.0
St 7355 c 26.4 707
Carbonate (%) St 54.3 a 56.7 51.9
51.2 a 57.0 45.4
38.7 b 44 .1 3353
37.0 b 44.7 29.3
7755 c 28.1 26.9
24.8 c 26.0 23,1
2.19  a 2055 1.85
1.82 b 2.10 1.54
1.74 % b 2.10 1.38
1.37 « © 1.56 1.18
0.65 d 0.80 0.50
0.55 d 0.60 0.50
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Table 13- (continued)

Property Facet Mean D 95% confidence Interval
X U. limit L. limit
E C (mmhos/cm) St 0.26 a 0.27 0.25
Ge 0.26 a 0.31 (174 |
Te 0.25 a 0.29 0.21
Mo 025 a 0.27 0.23
Pt 0.24 a (6}~747 0.21
Pl 0.23 a 0.27 Qiso
pH P1 B8.49 a B.56 8.42
Ge 8.41 a B.53 8.29
Pt 8.30 b 8.36 .24
Te 8.29 b 8.36 8.22
Mo 8.20 b 8.28 8.12
St 8.20 b 8.25 8.15
K (me/100g) Te 2.62 a 3.20 2.00
Ge 2.44 a 2.60 2ol
P1 2.35 a 250 2.20
Pt 170 b 2.00 1.40
Mo 1.49 be 1.70 1.30
St Wlirs 27/ c 1.50 1.10
Na (me/100g) Pl 0.86 a 1.05 0.67
Ge 0.82 a 0.92 0.72
Te 0.53 b 0.56 0.50
Pt 0.50 b 0.52 0.48
Mo 0.30 c 0.39 0.21
St 0.26 c 0.30 022
Ca (me/100g) Ge 6119 a 63.8 60.0
P1 58.4 b 60.8 56.1
Mo 55.3 c 58.2 52.4
St i d D26 49.6
Te 50.7 de 53.1 48.3
Pt 48.3 e 49.5 47.2
MlJ (me/lOOg) 1 17.0 a 17.4 16.6
Ge 14 .1 b 14.6 13.6
Te T c 11.4 8.0
Pt ol e c 10.2 8.2
St 7.4 d B.6 6.2
Mo 6.8 d T/ 6.1
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Table 14- * Mean (X), Duncan's test (D), and 95%confidence
interval for different properties within facets,

subsurface layer.

x X

Property Facet Mean D 95% confidence Interval
X U. limit L. limit
Gravel (%) Mo 35.3 a 45.5 25.2
St 32.5 ab 43.4 ‘ 21.6
Pt 23.5 b 36.3 10.7
Te 8.6 c 10.7 6.5
Ge 1.6 c 2.3 0.9
P1 0.5 c 0.8 0.2
Clay (%) P1 47.1 a 48.3 45.9
Ge 43 .1 a 44,7 41.5
Te 37T b 42.6 32.8
Mo 32.9 c 37.8 28.1
Pt 32.0 c 37.1 26.9
St 25.8 d 28.1 23.5
F C (%) Ge 3855 a 39.5 37.5
P1 38.4 a 39.5 37.3
Te 34.6 b 37.9 31.3
Pt 33.6 b 35.8 31.4
Mo 30.3 c 31.8 28.8
St 27.2 d 28.4 26.0
C E c (me/100g) Ge 38.9 a 41.0 36.8
P1 38.2 a 38.7 37.7
Te 29.5 b 34.8 24.2
Pt 28.5 b 32.7 24.4
Mo 26.0 b 29.5 225
St 21.0 c 24.2 17.9
Carbonate (%) St 56.7 a 58.7 54.7
59.8 44.6
48.7 34.7
44.3 30.5
28.9 26.3

26.4 24 .1
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Table 14- (continued)
* %
Property Facet Mean D 95% confidence Interval
X U. limit L. limit
0 (%) Pt 1.46 a 1.81 1.11
St 1559 a 1} = 124
Mo 1.05 b 1.28 0D.82
Te %95 b 1.07 0.83
Pl 0.39 c 0.46 0.32
Ge 0.32 c 0.41 0.23
E C (mmhos/em) Pl 0.30 a 0.36 0.24
Ge 0.29 a 0.33 0.25
Mo 0.24 b 0.26 0.23
St 0.24 b 0.26 0.23
Pt 0.23 be 0.28 0.18
Te 0.20 C 0.21 0.19
pH Pl 8.46 a 8.55 8.37
Ge 8.39 ab 8.53 8.25
Te B.39 ab 8.45 8.33
St B.33 abc 8.40 B8.26
Pt 8.28 be 8.43 8.13
Mo 8.20 c B2 8.15
K (me/100g) Te 1) 250 a P 1.51
Ge 1.81 a 1.98 1.64
P1 167 a 1.89 1.45
Pt 1.16 b 1.48 0.84
Mo 1.00 b 122 0.78
St 0.67 c 0.80 0.54
Na (me/100g) Pl 1.10 a 1.28 0.92
Ge 0.89 b 1.02 0.76
Te 0.54 C 0.59 0.49
PL 0.51 (2 0.54 0.48
Mo 0.37 d 0.51 0.23
St 0.25 d 0.29 0.21
ca (me/100g) Ge 61.3 a 64.5 58.1
Pl 58.6 ab 61.2 56.0
Mo 56.0 b 58.2 53.8
Te 50.7 C 5 3G 48.1
St 50.2 (& S22 47.7
Pt 48.8 c 50.1 47.5
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Table 14~ (continued)

Property Facet Mean D 95% confidence Interval
X U. limit L. limit

Mg (me/100g) P1 72 17.6 16.8

Ge 14.4 b 15.1 s [ 087

Te o G 11.4 8.0

Pt 9.0 cd 10.1 e

St 7.8 de 9.5 6.3

Mo 6.9 e 7.8 6.0

*me / 100g

¥ At 5% level
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Table 15- Homogenei’cy’E within facets based on CV% for different propert-

ies for surface and subsurface soil.Ii

| Facet Pt St Te Mo Ge Pl Pt St Te Mo Ge Pl

Property Surface soil Subsurface soil
Slope (o) N N H H

‘ Altitude (m) H H H

| Root depth (cm) H H H H H H

‘ Thick of A horizon (CM) H H N H N H
Solum depth (cm) N N H H H H
Gravel (%) N N N N N N N N N N N N
Clay (%) H H N H H H N H H H H H
FC (%) H H H H H H H H H H H H

i CEC (me/100g) H H N H H H H H N H H H

| Carbonate (%) H H N H H H N H N H H H

| oM (4) H N H N N H N H H N N N
EC (mmhos/em) H H H H N N N H H H H N
pH H H H H H H H H H H H H
Ca (me/100g) H H H H H H H H H H H H
Mg (me/100g) H N N H H H N N H H H
K (me/100g) N N N H H N N N N H H
Na (me/100g) H H H N H N H H H N H N

% H = Homogeneous, CV = less than 20%; N = Heterogeneous,
CV = more than 20%.

¥x Extracted from tables 5 through 10.
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CONCLUSIONS

Based on this study the following conclusions can be derived:

1.

3.

4.

5e

Facets are homogeneous for both the surface and the subsurface
soil in terms of altitude, rooting depth, FC,pH and extractable
Ca. Also the facets are homogensous (except Te) in terms of CEC
and clay content, but they tend to be variable in terms of OM,
extractable Mg, K, Na and completely variable in terms of gravel
content,

Ft facet is variable in terms of slope and solum depth and tends
to be variable for the subsurface soil in terms of clay,carbonate,
and OM content.The St facet is variable in terms of solum depth,
extractable Mg and K.

Te facet tends to be variable in terms of slope, thickneas of A
horizon, CEC, carbonate, extractable K,lig, and clay content of
the surface soil., The Mo facet is homogeneous in terms of most

of the studied properties except for gravel content, OM and
extractable Na,

Ge and P1 facets are homogeneous for both the surface and the
subsurface. They are cver defined and can be regarded as one
population in terms of slope, altitude, rooting depth,solum depth,
clay content, FC,CEC, Carbonate content, pH, and extractable K,
The following parameters have played a prominent role in deter-
mining soil characteristics of different land units: solum depth,
clay content, FC,CEC, carbonate content, extractable Ca and Ng.

However, some attributes such as thickness of A horizon, rooting
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depth, EC, and pH have no significant role or effectiveness in

partitioning the study area into different units,

Te facet has silimar slope to Ge, P1 and Pt facets, but it is

significantly different from Ge and Pl facets in terms of altitude,

gravel of the surface soil, clay content, FC, CEC, carbonate, OM,
pH of the surface soil, extractable Na, Ca, and Ng. Also it is
significantly differs from Pt facet in terms of altitude, solum
depth, OM, and extractable K., On the other hand Pt facet has
different soil properties compared to Ge and Pl facets indicat-
ing to the importance of topographic position on the processes of

each facet,

The level of clay content, FC, CEC, and extractable cations in-
creased toward valley bottom for St,Mo,Ge, and Pl facets, But

gravel, carbonate, and OM content decressed toward valley bottom.

This type of studies has to.be extended to other areas to in-
vestigate the effect of different parent material on soil
characteristics., However, the constructed physiographic map

can provide a useful basis for land use planning and soil

manegment,
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VI ENGLISH SUMMARY

A detailed physiographic analysis was carried out for part of the
Baga'a valley system by employing airphoto interpretation. The study
area has been divided into land facets based on soil morphology,
surfacial material, and natural enviroment., The facets are: Flateau,
Steep slope, Terrace, Moderate slope, Gentle slope, and pPlain,Physio-
graphic map was constructed by transfering and merking facet boundar-
ies from airphotos to a topographic map in order to carrey out the
sampling program.,

The field study was carried out using three randomly selected recurenc-
es for each facet and three random sites within each recurance, One pit
was dug in each site and two samples were taken from each pit. The
first sample represents "A" horizon and the second one represents the
subsoil down to 45 cm depth. Soil and site characteristics such as
slope, altitude, thickness of A horizon, rooting depth, and solum depth,
were measured.

The soil samples were prepared and analysed to determine, the soil
physical and chemical properties which include gravel content, clay
content, field capacity, CEC, carbonate content, OM, pH, EC, and
extractable Ca, Mg, K, and Na.

Statistical analysis of the data for both the surface and the subsurface
s0il was carried out by calculating the following statistical para-
meters: F test, interclass correlation, Duncan's test, confidence
interval, coefficient of variation for studied properties for the

whole area and within each facet. The results indicate that the
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surface and the subsurface soil of the study area as a whole are variable
in terms of significant soil and site characteristics such as slope,
gravel content, solum depth, clay content, CEC, and carbonate content.
This shows the advantage of land subdivision into facets.Having complet-
ed the mapping stage, all facets were found homogeneous for both the
surface and the subsurface soil in terms of field capacity, pH, and
extractable Ca. But they are variable in terms of gravel content. How-
ever, the results indicate that gentle slope and plain facets are homo-
geneous in both the surface and the subsurface soil in terms of altitude,
slope, rooting‘depth, solum depth, clay, CEC, carbonate content,extract-
able Mg and K. Moderate slope facet is homogeneous in both the surface
and the subsurface soil in terms of slope, altitude, rooting depth,
solum depth, clay content, CEC, carbonate, and extractable Mg. The same
trend could be applied for steep slope facet except for solum depth and
extractable Mg. Terrace facet tends to.be variable in terms of slope,
clay, CEC, carbonate, extractable Mg and K, but it is homogeneous in
terms of altitude and solum depth. Plateau facet also tends to be vari-
able in terms of slope, solum depth, extractable K, clay and carbonate
content of the subsurface soil.

The results of statistical tests indicate that altitude, solum depth,
clay, field capacity, CEC, carbonate, extractable Ca and Mg have a
significant role in partitioning the study area into different mapping
units. However, other attributes such as thickness of A horizon, root-

ing depth, gravel content, EC, and pH have fialed to play such role.
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APPENDIX A

Partial list of native plants in the study

area, tabulated

ding to relative intensity distribution

(West,1970).

in decending order accor-

Botanical name

Arabic name

Poterium spinosum
Cynodon dactylon
Carthamus nitidus Hoiss
Hordeum bulbosum L.
Sisymbrium iriol.
Convolvulus arvensis L.
Artemisa herba alba
Plantago coronopus L.
Euphorbia S5SP.

Salvia syriaca

Panicum coloratum L.
Centaurea calcitrapa L.
Alhagi maurorum medik
Silybium marianum
Chrozophora tinctoria L.
Medicago orbicularis
Capsella bursa-pastoris

Traganum nudatum

(o) g

Py

Ad. Juss,
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APPENDIX B

Representative site and profile description for

the identified facets

Plateau facet.

Steep slope facet.
lerrace.

Moderate slope facet.

Gentle slope facet.

Pllaiin.

within the

study

area.

87
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1. Plateau facet

(i) PFacet Location

1- Facet type: Plateau (Pt) 2

3- Pit No: 1%

88

Facet No: 6%

(ii) General Information

1- Sampler: M. Assad 2

1

Date 21-2-1984

3~ Parent material: Soft limestone + Marl

4- Landuse: Dry farming (orchards).

(iii) Topography

1- Altitude 1020 m 2- Slope angle: 5

3- Aspect: 150° to the East

(o}

4- Form:Convex-linear

(iv) Profile Description

Horizon Depth

Ap 0-18cm

B 18-35cm

C 35+

Brown to dark brown (7.5 YR 4/4);%%;
slightly gravelly loam; slightly hard;
very friable; slightly sticky;plastic;
moderate fine granular; many fine roots;
stones 0.1%3gravel 22.6%; pH 8.2; clear
wavy boundary.
Brown (7.5 YR 5/4)*F gravelly loam;
slightly hard;very friable;slightly
sticky;plastic;moderate very fine sub-
angular blocky;few fine roots;gravel
50.6%; pH 8; clear wavy boundary.

Soft limestone.
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£ Steep Slope Facet
(i) Facet location

1- Facet type: steep slope (St) 2- Facet No. 2%

3- Pit No. 2%
(ii) General information
1- Sampler: M, Ass'ad 2- Date 20-12-1983
3- Parent material: collovial material derived from soft
limestone and marl

4~ Landuse: un cultivated

(iii) Topography
1- Altitude: 930 m o~ Slope angle: 19°

3- Aspect No. 450 to the west 4- Form:onvex-linear
(iv) Profile description

Horizon Depth

Al 0-20cm  Dark reddish brown (5YR 3/3)™%; slightly
gravelly loam; soft; very friable;
slightly sticky; slightly plastic; moder-
ate fine granular; common fine roots plus
few medium woody roots; gravely 15%;

pH 8.23 clear smooth boundary.

AB 20-35cm Brown (7.5YR 5/4)*%; glightly gravel loam,
slightly hard; friable; slightly sticky;
plastic; moderate very fine subangular
blocky; gravel 22,2%; pH 8.2; clear

smooth boundary.

35-45cm  Brown (7.5 YR,5/4)!£; slightly gravelly

B
‘ loam, slightly hard; friable; sticky;
plastic; moderate very fine subangular
blocky; gravel 22.2%; pH 8.2; solum
depth 45cm.
C 45+ Soft limestone.
E 3 number on associated map

XX color for moist sample
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3.

3- Pit No. 1%

90

Terrace
(i) Facet location
1- Facet type: Terrace (Te) 2- Facet No. 1%

(ii) General information

1- Sampler: M. Ass'ad 2- Date: 12-21-1983

3- Parent material:collovial material derived from soft

lime + marl,

4- Tanduse: Dry farming (Alomonds).

(iii) Topography

1- Altitude 810 m

3~ Form of slope:

2- Slope angle 1.50

Concave linear.

(iv) Profile description:

Horizon Depth

Ap 0.15cm
Bi 15-25cm
B2 25-45cm

Dark reddish brown (5YR 3/4)™%; slightly
gravelly clay loam; soft; very friable;
sticky; slightly plastic; moderate fine
granular; few fine roots; gravel 17.3%,

pH 8.2; clear smooth boundary.

Reddish brown (5YR 4/3)™%; clay loam;
glightly hard; friable; sticky; plastics
moderate very fine subangular blocky,
gravel 10%;

pH 8.4; clear smooth boundary.

few medium woody roots;

Brovn to dary brown (7.5 YR 4/4)*%; clay
loam; slightly hard; friable; very
sticky; very plastic; moderate very fine
angular blocky; gravel 10%; pH 8.4;

solum depth more than 100 cm.

X

number  on associated map.

color for moist sample.
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4. lModerate slope facet
(1) Facet location

1- PFacet type: Mo

3- Pit No. 3%

(ii) General informatio
1- Sampler: M. As

3- Parent materia
soft limestone

4- Landuse Uncult

(iii) Topography
1- Altitude 720 m
3- Aspect No. 105

(iv) Profile descriptio
Horizon Depth

Al 0-17cm

B 17-30em

B 30-45cm

derate slope (Mo) 2- Facet No. 10%

ns:-
s'ad 2- Date: 2-11-1984
1l: Collovial material derived from

.

ivated

2- Slope angle 10,5°

9 to west 4- Form: Convex-linear

n

Brown to dark brown (7.5YR 4/4)x1;

gravelly loam; slightly hard; very friable
slightly sticky; slightly plastic; moderat-

ly fine granular; common fine roots
gravel 32.4%; pH 8.3; abrupt smooth

boundary.

Brown (7.5 YR 5/4)%%; gravelly loam;
glightly hard; very friable; slightly
sticky; slightly plastic; weak very fine
subangular; few medium woody roots;
gravel 33.5%, pH 8.2; clear smooth

boundary.

Brown (7.5YR 5/4)%%; gravelly: loam;
slightly hard; very friable; slightly
sticky; slightly plastic; weak very fine
subangular blocky; gravel 33.5%;pH 8.2;
solum depth 80c¢cm,

E 3 number or associated map

T 3 color for moist samples.

.
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Eie Gentle slope facet
(i) Facet location
1- Pacet type: Gentle slope (Ge) 2- Facet No. T
3- Pit No: 2I
(ii) General information

1- Sampler: M. Assa'd 2- Date: 2-2-1984

3- Parent material: Alluvial matterial derived mainly

from soft limestone and marl

4- Landuse: Dry farming (wheat, and tobaco).

(iii) Topography
1- Altitude: 675 m 2- Slope angle: 3°
3- Form of slope: Linear,

(iv) Profile description

Horizon Depth

Ap 0-20cm Reddish brown (5YR 4/4)!!; clay; slightly
hard;very friable;sticky;plastic;moderate-
ly fine granular, common fine roots;
relatively free from gravel 0.8%; pH 8.5;
clear smooth boundary.

B,, 20-40cm Reddish brown (5YR 4“4)1!; clay;hard;very
friable; sticky; plastic; strong coarse
angular blocky; free from gravel 0.6%;
pH B.6; clear smooth boundary.

522, 40 + Reddish brown (5YR 4/4)12; clay;very hard;
very friable; very sticky; very plastic;
strong very coars angular blocky, free
from gravel 0.6%; having cracks 1-1.5cm
wide and 30-50cm depth; pH 8.6; solum depth
more than 100cm.

x number on associated map.

XX color for moist sample.
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6.

Plain facet

(i) Facet location

1- Facet type: plain (P1) 2- Facet No. 1%
3- Pit No. 1%
(ii) General information
1- Sampler: M. Assa'd 2- Date: 2-17-1984
3- Parent material: Alluvial material derived mainly

from soft limestone and marl,.
- Landuse: irrigated vegetables (Potato, beans,

Lettuce).

(dii) Topography:
1- Altitude 650 m 2- Slope angle 2°

3- Form of slope: Linear

(iv) Profile description
Horizon Depth

Ap 0-20cm Reddish brown (5YR h/B)Xi; clay

very friable; sticky; plastic; moderate

fine granular, common fine roots;
latively free from gravel 0.7%;

clear wavey boundary.

B, 20-h40cm Reddish brown (5YR 4/3)™*; clay;

very friable ; very sticky; very plastic;
strong coarse angular blocky; free from

gravel 0.3; pH 8.4; clear smooth boundary.

Bos 40 + Reddish brown (5YR 4/4)*%; clay; very
hard; very friable ; very sticky; very
plastic; strong very fine angular blocky;
free from gravel 0.,3%; having cracks 1-1.5c¢

wide and 30-50 cm depth; pH 8.4; solum

depth more than 100cm.

hard;

of Jordan - Center of Thesis Deposit
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Fig.5

The relationships between facets and their attributes.
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