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I. Objectives

Within the framework of the feasibility study on the agricultural development project
for the Karak - Tafila Development Region (the Region), the land use study was carried out
in order to set up the rationalized land use plan of the Region. This Annex deals with all the

study results gathered through the land use study.

The Region is situated on the highland lying on the eastern plateau formed along the
Dead Sea rift. The western half of the Region was selected as the study area with a total
extent of 400,000 ha which is bordered by fringes of the escarpments in the west as well as
the Desert Highway in the east as illustrated in Figure C.1.1. Annual rainfall changes from
300 mm in the western part of the study area to 50 mm in the eastern part. Landscape varies
from flat desert to dissected valleys with elevation ranges between El 600 m and 1,400 m.
Drainage patterns are generally of structure-controlled with the west-east direction and
collected by large wadis, namely Wala, Mujib, Hasa, Feifa and Khuneizira which finally
flow into the Dead Sea.

In the course of discussion held between the Government of the Hashemite Kingdom
of Jordan and the Government of Japan through Ministry of Planning (MOP) and Japan
International Cooperation Agency (JICA), three priority areas were selected within the study
area. Each of the priority areas has representative natures of the study area in terms of
present land use conditions, rainfall distribution and physiography (Figure C.1.1). The
extent of the priority areas is tabulated below.

Priority Area Extent (ha)
Dhiban 43,100
Abyad 35,700
Tafila 57,0600
Total 135,800

The present study was carried out stepwise by three (3) work phases, namely (i)
present land use analysis, (ii) land capability classification and (iii) land use planning, of

which objectives and work procedure are outlined below.

The present land use analysis aims at (i) clarification of the prevailing land use
patterns and (ii) verification of constraints against maximum exploitation of land resources
for agricultural development. At present, out of 135,800 ha of the priority areas, 40,300 ha
or 30% are used for rainfed farming with cereals and tree crops. To identify physical



constraints which local farmers are facing in their current farming activities, main ancillary
land elements such as (i) rainfall distribution, (i) topography, and (iii} location of villages
and road network were analyzed. Distribution pattern of farmland shows a high coincidence
with rainfall distribution and physiographic conditions. The study results are presented in
Chapter 2.

The potentials of land development by means of soil and water conservation
measures were assessed. Referring to the previous studies, the land classification criteria
suitable for the present study were set up on the basis of three elements, namely (i) rainfall,
{ii) slope and (iii) soil depth, considering their particular importance for the local agriculture,
In view of limited soil information for the Region, the soil investigation was carried out with
full use of aerial photography. Based on the soil survey results, the soil maps were prepared
for the priority areas. According to the criteria, land capability was classified for both
existing farmland and potential land on the soil maps prepared. The methodology and results
of land classification are spelled out in Chapter 3.

Land use plan was formulated as an ultimate product of the present study taking all
the study results of agronomy, land capability classification, meteorology, hydrology, socio-
and agro-economy into consideration. Through agro-economic analysis on demand-supply
balance and profitability of various crops, some promising crops were selected under the
conditions with soil and water conservation measures. The selected crop alternatives
combined with particular water-harvesting measures were incorporated into the guideline for
land use planning of the Region. According to the guideline, snitable land use system was
selected for each land capability class. The proposed land use plan for the Region is
presented in Chapter 4.
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9. Present Land Use

2.1  Study Area

Through the Master Plan Study (JICA, 1984), the present land use of the Region was
investigated. On the basis of the result of the Master Plan Study, the present land use

conditions of the study area are estimated as follows.

Land Use Category Extent (ha} Proportion (%)
Field crops 24,400 6.1
Imrigated vegetables 900 0.2
Tres crops 3,600 0.9
(Sub-total) {28,500) (1.2
Fallow 75,800 18.0
Forest 17,800 4.5
Sparse grasses/brush 275,600 68.8
Build-up areas 1,900 0.5

Total 400,000 100.0

Under limited rainfall, biomass production is less active particularly in the eastern
part of the study area. Almost 70% of the study area is covered by low vegetation, i.e.
grasses and brush. Forest coverage is less than 5% of the study area.

Actively cultivated land amounts to 28,900 ha or 7.2% of the study area in total.
Wheat leads the other crops in both planted area and production although they fluctuate year
by year, Large-scale wheat production is managed where flat topography allows to introduce
farm mechanization. In wheat zones, natural grazing is also prevailing. Herdsmen force
flocks of sheep and goats to wadi floors and banks to obtain sparsely vegetating drought
resistant grass species such as Artemisia brush. Plant residues and fallow land also provide
feed sources. To make up low carrying capacity of natural vegetation, barley is planted in
marginal land where wheat can not provide reasonable profit.

Apart from cereals and stock raising, tree crops are planted as important income
sources for farmers in the Region. By selecting small parcels on gentle and lower
tDpographic positions favorable for collection of runoff water, e.g. footslopes, wadi floors,
wadi bottoms, etc., olives and other tree crops are planted. In some plots, water harvesting
measures such as contour stone walls are applied. Irrigation farming is practiced to the

limited extent. Reflecting better price setting of tree crops in recent years, however, farmers
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have high intention to introduce irrigation techniques to tree crops even though considerable

investment would be borne by farmers themselves.

2.2 Swdy Method
2.2.1 Thematic maps

For the priority areas, the present land use conditions were analyzed in depth. In
order to clarify the present land use conditions and constraints against proper land use, extent
of farm land as well as major ancillary elements, namely rainfall distribution, topographic
conditions and diswibution of villages/accessibility to farmland were investigated. The

results were compiled into the following four (4) thematic maps.

i.  Extent of farmland

i1.  Rainfall disribution

ni.  Slope

iv. Village and road network

In the present study, the existing topographic maps and panchromatic aerial photos
were fully applied. Aerial photos were taken during the period from June to July 1984 with
an approximate photo-scale of 1:25,000. The topographic maps used are of 1:25,000 scaled
which were prepared in 1987 based on the said aerial photos.

In order to ensure systematic analysis of relation between distribution of farmiand
and other land information, the cell system was adopted. Unit cell is sized to 500 m x 500 m
(25 ha) rigidly coincident with Palestine Grid System on the 1:25,000 topographic maps.
Extent of farmland was graded into five (5) classes from 0% (0 ha) to 100% (25 ha), which
were judged by eye-estimation. Rainfall distribution was mapped by transferring the isohyet
map to cell system. The details of isohyet map are described in Annex A on Meteo- and
Hydrology. Slope was estimated by counting number of contours passing through cell and
generalized into five (5) classes from flat (0%) to mountainous (>30%). To grasp the
elevation range, the elevation in selected cells were recorded and the cross-sections were
drawn. Villages and road networks were identified by checking existence of their mapping
symbols within cell.



7.2.2 Rating criteria

For the purposes of classification and categorization of land elements, the following

rating criteria were applied.

63 Extent of farmland
1. 0% (0.00 ha)
2 25 % (6.25 ha)
3. 50 % (12.50 ha)
4 75 % (18.75 ha)
5 100 % (25.00 ha)

2) Rainfall distribution

1. 50 - 100 mm
2. 100 - 150 mm
3. 156 - 200 mm
4. 200 - 250 mm
5. 250 - 300 mm
3) Slope

1 0 - 49
2 4 - 8%
3. g - 12%
4 12 - 30 %
5 30% <

(4) Villages and accessibility

1. Villages

2 Paved of over 5 m wide

3. Non-paved but trafficable for vehicles and tractors
4 Non or footpath



2.3 Results
2.3.1 Presen: land use

The thematic maps, i.e.(i) extent of farmland, (ii) rainfall distribution, (iii) slope and
(iv) villages and road networks, are presented in Figures C.2.1 to C.2.4 for Dhiban, Figures
C.2.5 to C.2.8 for Abyad and Figures C.2.9 to C.2.12 for Tafila. Out of 135,800 ha of the
priority area, 40,300 ha (29.6%) were used for crop production: 18,600 ha (43.3%) in
Dhiban, 5,500 ha (15.2%) in Abyad and 16,200 ha (28.9%) in Tafila. The present land use

conditions are surmmarized below,

Unit: ha
Land Use Category Dhiban Abyad Tafila Total
Field crops 18,500 5450 15,700 39,700
Tree Crops 100 50 500 600
Forest 0 0 800 800
Crasses and brush 24,000 30,150 39,350 93,500
Viilages 500 50 650 1,200
Total 43,100 35,700 57,000 135,800

(1)  Dhiban

Dhiban falls in the rainfall classes from 300 mm in the west to 100 mm in the east
(Figure C.2.2). The western part of the Dhiban area shows higher land use intensity
than one in the eastern part (Figure C.2.1), Out of 43,100 ha, 18,600 ha or 43.3%
are used for agriculture. Vast flat tracts of the quaternary plains allow the
introduction of mechanized farming without any water harvesting measures. Average
plot size is estimated to range from 1.5 ha to 2.0 ha in the western part of the Dhiban
area and tends to be enlarged in the eastern area. As well, extent of fallow land is
outstandingly increased in the eastern part of the area.

In the western plain, narrow but flat to gently sloping land covered by alluvial
deposits, e.g. valley bottoms, are selectively used for olive tree planting. With a
catchment area varying from 100 to 500 ha, check-dams are constructed on wadis
and olive trees are planted on reservoir area with less than 2 ha, In the eastern plain,
such vegetables as cabbage and watermelon are planted by means of drip irrigation to
the limited scales.



2)

A3)

Between both quaternary plains, the erosional plain on limestone is formed. By
incision of gullies and valleys draining into Wadi Mujib in south and Wadi Wala in
north, irregular topography and higher rockiness are recognized there. As a resuit,
the land use intensity in these physiographic units are lower than one of quaternary
plains. They are extensively utilized for grazing purposes.

Abyad

Rainfall classes range from 200 mm to 50 mm resulting in limited extent of farmliand
(Figure C.2.6). Out of 35,700 ha, 5,500 ha or 15.2% are used for cereal farming
(Figure C.2.5). Tree crops are not common in Abyad. The land use pattern is highly
coincidence with physiography. Showing the pronounced structure-controlled
pattern with NW-ES direction, broad valley traverses the area. Due to high water
availability and flatter topography, this valley bottom is extensively used for cereal
production. In contrast, the limestone upland with gravel covered soils are left as
grassland because of shallow soils and frequent rock outcrops even under higher
rainfall of 200 mm to 250 mm:.

Erosional plain extending southward from Muhai village is used for cereals. Gravel
coverage is one of the major constraints in this physiographic unit. Prior to land

leveling and planting, stone clearing is essential practice.
Tafila

The smaller patches of farm plot distribute almost evenly in the areas less dependent
upon rainfall distribution (Figures C.2.9 and C.2.10). QOut of 57,000 ha, 16,200 ha
or 28.9% are used for farming. The local farmers have introduced cereals as well as
tree crops by selecting lower slopes and valley bottoms covered by thick alluvial-
colluvial deposits derived from basic rocks, e.g. limestone, basalt, etc. For tree

crops, contour stone walls are broadly applied.

Ministry of Agriculture (MOA) has paid the particular attention to soil conservation
measures. In fact, some 800 ha in and around Tafila town have already been covered
by afforestation. Besides, it should be noted that the MOA's research work is
running for tree crops at Twana. Their activities extend not only to improvement of
farming practices for tree maintenance but also to selection of suitable tree crops and
varieties. In terms of future tree crop expansion, the on-going experiments are
expected to contribute the regional agriculture.
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2.3.2 Constraints

By revealing the relation between farmland distribution and rainfall-slope conditions,
the farmers' intention in selection of farmland was clarified. The results are presented in
Table C.2.1. It is obvious that the Iocal farmers have selected their farmiand with favourable
natural conditions as much as they could. Besides, the study results verified the marginal

conditions in rainfed farming of the study area as summarized below.

- Flat land with 0-8% slope under over 200 mm of rainfall is firstly selected. More
than 80% of the land under such conditions is already utilized for agricultural
purposes.

- Secondly, the farmers prefer to utilize (i) land with 8-12% slope under over 200 mm
and (11) flat land with 0-4% slope under over 150 mm of rainfall.

- Thirdly, (i) steeper land with over 12% slope under over 250 mim of rainfall and (ii)
flatter land with 4-8% slope under over 150 mm of rainfall are selected.

- The rests with other marginal conditions are sparsely used or left out as barren land.
Especially, dry land with below 100 mm of rainfall and steeper land with over 30%
slope are not suited to rainfed agriculture.

Socio-economic condition is another important factor governing the present land use
patterns of the study area. The distribution pattern of farmland shows a significant relation
with (1) location of villages and (ii) road density. Besides, fragmentation and shared
ownership of farmland may also be constraints against rational land use as reported in the
other highland regions.
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3. Land Capability Classification
3.1 Criteria
3.1.1 Land elements

To assess land development potentials of the study area, the land capability
classification was carried out. Since there exist no criteria applicable for agricultural
development with water harvesting measures, firstly, the land classification criteria prepared
for the previous studies were reviewed. The followings are representative among the

existing land classification standards in Jordan.

i.  Land Classification Basis for Land Use Capability Planning (World Bank, 1981)
ii.  Land Classification System Applied for the Zarga River Basin Project (MOA, 1983)

iii. Land Classification System Proposed by Land Use Capability Planning-Jordan
(MOA, 1983)

The land classification standards set up by the World Bank and the Zarga Project aim
mainly at introduction of soil and water conservation measures. As presented in Table
C.3.1, the system by the World Bank is based on slope classes. For farmland with less 25%
slope, soil conservation measures were proposed to be introduced. The land classification
standard for the Zarqa Project is based on soil depth, slope and rockiness as presented in
Table C.3.2. The main objective of the Zarqa Project is to control sediment load draining
into the reservoir of the King Talal, i.e. an important water supplier for Amman. Therefore,
the land classification aims to assess the susceptibility of soil erosion hazard and to select
appropriate soil conservation measures within the proposal for the overall watershed
management. Third system was prepared for nationwide land use capability classification.
The system was based on the former two systems as presented in Table C.3.3. Referring to
these previous studies, such three land elements as soil depth, slope and rockiness were
taken up for land evaluation of the present study.

Slope is dealt with as the most important factor in the previous land classification
systems because of strong influences to erosion susceptibility and workability in both manual
and mechanized farming. Slope is not only an indication of the topographic conditions but
also an index summarizing all the physiographic conditions such as soil depth, stone cover,
rock outcrops, and micro-vegetation of land. On steep slops the soil cover is very shallow,
sometimes only a few centimeters, and the surface is not only covered with stones but also
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broken by the outcrops of fissured rocks. In contrast, on the gentle slopes the soil depth

may reach over 100 cm and very few rock ouicrops.

Soil depth should be discussed from the viewpoints not only of effective soil depth to
ensure sufficient root extension but also of water storage releasing soil moisture to plants in
longer period. Slope classification maps by cell-system can be interpreted as soil depth maps
to the certain extent. However, slope form is another factor when soil depth is estimated by
interpreting slope information. In general, shallow soils with coarse texture occur on convex
slopes, while deep fine soils on concave slopes. This fact implies the limitation of celi
system for soil study and the necessity of further soil survey to make up lack of information

about soil depth.

Rock outcrops do not occur frequently in the study area comparing with the other
highland regions. Rock outcrops can be observed only on highly eroded land, e.g.
escarpment, upper slopes of dissected upland, wadi bottoms, etc. In the present study, rock
outcrops coverage is dealt with in order to estimate actually cultivable land.

3.1.2 Rating specifications

The land capability classification for the present study is based on (i) slope, (ii) soil
depth and (iii) rock outcrops coverage, of which rating specification is as follows.

(1) Slope
1. Flat to almost flat 0-4%
2, Undulating 4-8%
3. Rolling 8-12%
4. Hilly 12-30 %
5. Mountainous 0% <
{2) Soil depth
i Deep 160 cm <
2. Deep to moderately deep 100 - 50 cm
3. Moderately deep 50 - 20 em
4, Shallow 20 cm >

(3) Rock cuicrops coverage
1. Non rocky 0-10%
2. Rocky 10-25%



3. Very rocky 25-50 %
4, Extremely rocky 50% <

32 Soil Study

3.2.1 Objectives

As mentioned above, the existing soil information including soil depth is too limited
ro assess land capability of the study area. The soil survey was carried out to coilect detail
soil information of the study area with the following objectives.

i.  Identification and classification of major soil units of the study area paying

particular attention to soil depth and rock outcrop coverage

ii,  Clarification of distribution pattern of major soil units and their physiographic

positions

ifi. Verification of physical and chemical properties of major soil units by

laboratory test

Excluding the desert zone of the Tafila area and the escarpments of wadi systems of
the Dhiban area, the survey area was selected and demarcated within the priority areas. The
total survey area amounts to 121,100 ha or 90% of the priority areas, i.e. the whole Dhiban
except for Wadi Mujib and Wadi Wala with 36,300 ha, the whole area of Abyad with 36,700
ha, and the western Tafila with 48,100 ha except for desert area.

Firstly, the provisional soil map was prepared by physiographic interpretation of
aerial photography scaled on 1:25.000. Secondly, the profile pit and/or auger boring were
made at the selected points on the provisional soil map. The total observation amounts to 75
of which 17 were of profile observation by digging test pit and described according to the
FAQ Guideline for Soil Profile Description. At 12 representative sites out of 17 sites, 32 soil
samples were collected for the later laboratory test. The soil profile descriptions are
presented in Appendix-1.

3.2.2 Major soils

The major soils are classified into Typic Caliciorthids, Xeric Calciorthids and Typic
Camborthids derived from quaternary deposits and limestones according to the U.S. Soil



Taxonomy. They are characterized by well-developed B horizon containing CaCO3 nodules,
reddish colour and fine to medium texture with higher gravel contents. In places, crust
formation was observed on soil surfaces. On summits and upper slopes of hills, Lithic
Calciorthids occur. They are characterized by shallow topsoils underlain by cherty
limestone. The soil genesis and distribution pattern show the high relation with their
physiographic positions. In general, deep soils (> 100 ¢m deep) occur on quaternary
deposits, while moderately deep (50 - 20 cm) to shallow (< 20 cm) soils on dissected upland

of limestone.

The legends of soil maps are presented in Tables C.3.4 to C.3.6. The necessary
information required for land classification, i.e. topography, soil depth and rockiness, is
given for each mapping units. The distribution of each unit can be referred to on the
physiographic soil maps on a scale of 1:25,000 illustrated on Figure C.3.1 for Dhiban,
Figure C.3.2 for Abyad and Figure C.3.3 for Tafila.

3.3 Results

For each cell, the land class was assessed according to the land classification criteria.
The results are presented in Tables C.3.7 to C.3.9. The tables show total area, farmland,
non-farmland, and expansible area falling in each land class defined by (i) topography and
(1i) soil depth under each annual rainfall class. Extent of non-farmland was simply obtained
by deducting extent of farmland from total area. Expansible area was calculated by deducting
rock covered area from non-farmland. In view of potential assessment of land development,
the toral area and expansibie area exciuding shallow soils (< 50 cm deep) are summarized

below.
Unit: 1000 ha
Slope (%)
Rainfall {mm)
0-8 8-12 12-30 30 < Total
Dhiban
300-200 Total 3.3 0.9 0.6 0.0 4.8
" Expansible 0.1 0.2 0.3 0.0 0.6
200-100 Taotal 16,2 EN 1.7 0.2 21.2
Expansible 5.9 14 1.3 0.2 8.8
Abyad :
300-200 Total 0.3 0.1 0.0 0.6 0.4
Expansible 0.1 0.1 0.0 0.0 0.2
200-100 Total 11.4 2.2 0.8 0.7 15.1
Expansible 7.1 1.8 0.7 0.2 9.8
Tafila
300-260 Total 1.6 34 5.4 1.7 16.1
Expansible 0.2 0.8 3.7 0.7 5.4
200-100 Total 0.6 0.8 1.5 0.2 3.1
Expansiblie 0.1 0.3 0.9 0.2 1.5




It is apparent that most of flatter land under 300 - 200 mm rainfall class is already
used for agriculture. Although 5,400 ha under 300 - 200 mm rainfall class of Tafila are
expansible, some 80% occurs on sloping land with over 12 % gradient. As a whole, the
expansib}e area under this rainfall class is limited. Under below 200 mm of rainfall,
considerable extent of flat land is left in Dhiban and Abyad. The distribution pattern of land
classes is illustrated in Figures C.3.4 to C.3.5.



4, Land Use Plan
4,1  Principles

To set up the land use guidelines, the basic consideration was made on the national
policies for agricultural and regional development and the suitable land use alternatives
proposed by the previous studies. As a result, the following principles were established for
land use planning.

i.  Staple crop production will be encouraged for higher potential land with flatter
topography under over 200 mm of rainfall.

it. Tree crops will be planted on sloping land covered by deeper soils by
introducing water harvesting measures under over 200 mm of rainfall.

iii. Land under rainfall class of 200-100 mm will be used mainly for fodder shrub

development.

iv. Dry land under below 100 mm of rainfall is excluded from the land use
planning. They will be left for natural grazing land as they are.

v.  Steeper land with over 30% slope is excluded from the land use planning and
wiil be defined as afforestation area.

The marginal condition for staple crop production is 200 mm rainfall according to the
definition of MOA. This principle has affected the land tenure system in Jordan. The
Government pays her particular attention to the registration of dry lands. Because of severe
circumstance under desert climate, adequate approach is indispensable for assuring
reasonable economic return from any agricultural activities. Considerable parts of dry land to
be transferred to nomads will be abandoned without technical and financial support by the
Government. Therefore, the Government has dealt with land registration with great care.

In the guideline, crop production is recommended for the higher rainfall zones with
over 200 mm rainfall. In such zones, most of farmland is owned by small farmers. By
promoting water harvesting measures, production of cereals and tree crops will be
encouraged. On the other hand, dry land with less 200 mm rainfall is presently left barren.
Selecting the 200 - 100 mm rainfall zones, fodder shrub will be introduced. Since the land



ownership is kept mainly by the Government,the large-scale national project for livestock
industry can be launched without any conflicts in land acquisition.

As clarified through the present land use analysis, the dry zones under less 100 mm
rainfall are not used by local farmers. Although there would be some possibilities to develop
them by means of modern farming techniques, the present study proposes to leave them as
they are. As well, the steep land with over 30% slope are to be left and protected by

afforestation.

In line with the principles, for setting up the land use proposals, the guideline was
prepared as presented in Table C.4.1. The water harvesting measures proposed in the
guideline are (1) micro-catchment, (it) contour stone walls and (iii) earth banks of which
features and functions are mentioned in Annex-E on Facilities Development Plan. According
to the guidelines, the extent of land potentials were evaluated from the technical viewpoint.
Based on this result, the optimum land use plan is to be justified from the standpoints of (i)
land and water development potentials, (ii) agronomic studies for crop selection and farming
practices by introducing the water harvesting measures, and (iii) socio-economic analyses for
both demand-supply balance of farm products, profitability of crop alternatives and farm

£COnoMY.
4.2  Land Development Potential

According to the guideline, land capability classes were categorized into each
potential land class for crop production and fodder shrub development as presented in Tables
C42to CA4.

The phased land use plan is proposed for each priority area. For successful
introduction of water harvesting measures, several technical and financial aspects have to be
ensured. Following the pre-implementation phase for institutional set-up, Phase-I is to be
implemented as a first step aiming at establishment of suitable water harvesting measures
under the indigenous climatic and soil conditions by selecting the rather higher potential land.
By applying the experience obtained through Phase-I, Phase-II is to be implemented. Since
the time scale of project implementation is to be carefully discussed from the activities and
capacity of current agricultural support system, e.g. research, extension,m credit, etc. In this

Chapter, the component of each phase is defined.
The existing fields and crops are to be sustained in the land use planning. However,

crop selection with necessary measures will be proposed by the land use plan according to
the land use guideline in Table C.4.1. This means that the irresponsible land development
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should be controlled not to accelerate soil erosion and crop diversification 1s also taken into

account.
i, Dhiban
Phase-]

The large portions of the higher potential land with 300-200 mm rainfall are already
used for crop production. Particularly of flat land {0-8%), more than 90% is used for
mechanized wheat. Such cereal production will be sustained according to the national
agricultural policy on stabilized staple food production. In addition, although extent
is limited, some 140 ha will be newly developed for cereals and legumes. Tree crops
will be expanded to 570 ha on 8-30 % slope under 300-200 mm rainfall by
introducing water harvesting measures.

Phase-1I

Land development in less rainfall zone (200-100 mm}) should carefully be planned.
At present, out of 31,200 ha under 200-100 mm rainfall, 14,500 ha are used mainly
for wheat production. They extend mainly in the eastern plain along the Desert
Highway. Cropping intensity and productivity are considerably low. By introducing
water harvesting measures, a part of existing wheat fields and fallow land will be
planted with tree crops and fodder shrubs according to the long term development
plan. The priority in land selection should be given to wadi floors and wadi courses
without irregular micro-relief. The experience obtained would be applied for the
further expansible area, 5,900 ha for tree crops and 1,400 ha for fodder shrubs.

ii. Abyad

Phase-1

The land development potential of Abyad is lower than ones of Dhiban and Tafila. In
parallel to improvement of productivity of the existing farmland with a total area of
160 ha of deeper soils on 0-12% under 300-200 mm rainfall, cereals and legumes
will be introduced in 190 ha locating mainly in and along the flat valley bottoms.
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Phase-I]

At present, 5,100 ha under 200-100 mm rainfall are used for agriculture. Because of
lower rainfall and shaliow soils, productivity is low and unstable. In fact, they are
often used for grazing purposes instead of harvesting of grain. In long term plan,
improvement of productivity in the existing farmland and new land development will
be considered. The total expansible areas are estimated to be 5,700 ha on 0-12%
slope for fodder shrubs and 3,200 ha of deep soils on 0-8% for tree crops by
applying water harvesting measures.

111, Tafila
Phase-1

In terms of area size, Tafila has higher development potentials. The land in several
slope classes is already used for both tree crops and wheat. The total planted area
under 300-200 mm rainfall is as large as 12,600 ha. In places, sloping land with 0-
30 % gradient is used for wheat without any necessary soil conservation measures.
The Phase-I is initiated by promotion of soil and water conservation project in the
existing farmland. By introduction of contour furrow as well as stone walls, the
existing plots will be protected. On steeper land with over 12% slope, wheat will be
replaced by fodder shrubs with a total area of 4,500 ha and tree crops of high value,
e.g. peaches, apples, pistachio, etc., with 160 ha.

About 990 ha on 0-12% slope will be expanded for wheat. Expansible area for tree
crops is limited to be 30 ha of deep soils on 8-30% slope. In contrast, fodder shrub
can be expanded to 3,600 ha. By selecting favourable location from villages, 1,000
ha will be developed with fodder shrubs.

Phage-11

Some 300 ha on 8-12% slope under 200-100 mm rainfall will be developed by
applying experience obtained in previous stages.

The expansible areas are summarized in Table C.4.5. Through the phased land
development plan, the expansible areas will be opened as summarized below.



Area Phase Rainfall

Land Development Programme

Dhiban
Phase-1 300-200 mm

Phase-TI 200-100 mm

Abyad

Phase-1 300-200 mm
Phase-1II 200-100 mm

Tafila
Phase-I 300-200 mm

Phase-II 200-100 mm

S S

Field crop expansion 10 140 ha on 0-8% slope

Tree crops expansion to 250 ha on 8-12% slope and 320 ha on
12-30% slope by introducing earth banks and stone walls
Expansion of wee crops to 5,900 ha of deep soils on 0-8%
slope

Expansion of fodder crops to 1,400 ha of deep to moderately

deep soils on 8-12% slopes

Expansion of field crops to 190 ha on 0-12% slope
Expansion of tree crops to 3,200 ha of deep seils on 0-8%
slopes

Expansion of fodder shrubs to 3,900 ha on 0-8% and 1,800 ha
on 8-12%

Expansion of field crops with 990 ha on 0-12% slopes
Expansion of tree crops with 30 ha

Expansion of barley and forage with 3,600 ha on 12-30%
Expansion of tree crops with 70 ha

Expansion of fodder shrubs with 350 ha on 0-120%

Taking the expansion of farmland mentioned above, the land use planning maps are
prepared as illustrated in Figures C4.1 to C.4.3. (See Plates 1 to 3 in Main Report)

4.3 Other Land Development Measures

4.3.1 General

Around the concept of soil and water conservation, the land use plan was established.

In addition to the water harvesting measures proposed in the land use guideline, i.e. micro-

catchment, contour-farrow, and earth bank, the other specific measures for development of

wadi-bottoms with running water can be considered. Winter irrigation schemes and check-
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dams would be the promising ones suitable for the Region. Their purposes are to trap, retain
and store ranning water by means of embankment on drainage ways, and to ensure elongated
release of stored water to plants during the dry seasons.

4.3.2 Winter frrigation schemes

Winter irrigation schemes have been taken up through the Master Plan Study. They
aim at reserve of run-off of wadis during the wet seasons and supply it to down-stream areas
to be planted with wheat and other crops. The present study goes into details of assessment
of technical and financial feasibility of the schemes planned at the selected four (4) sites. The
details are presented in Annex-E on Facilities Development Plan.

4.3.3 Check dams
(1) Present conditions

The check-dam is one of prevailing water conservation measures in the Dhiban area.
As mentioned in Section 2.3.1 on Present Land Use, check-dam aims at trapping and storing
run-off in soils plugging reservoir of dam. In general, reservoir areas are sized to less than 2
ha. Although optimum size of catchment is unknown, local farmers construct a check-dam
with catchment varying from 100 ha to 500 ha under the annual rainfall of over 100 mm. At
present, nine (9) sites are identified on the topographic maps.

{2 Potentials

First of all, the planning criteria have to be discussed on the basis of water balance in
soils of reservoir area. Inflow to reservoir can be computed based simply on (i) catchment
size, (i) run-off coefficient and (iii) rainfall. Those variables are dependent highly upon
indigenous conditions, e.g.soils and geology of catchment area, topography, land cover, etc.
Run-off charged in soils is to be partly wasted by percolation and evaporation from a system
and to be partly consumed by trees. Therefore, total soil moisture available for tree crops is
changed by soil internal characteristics, namely water holding capacity, infiltration rate,
occurrence of cracks, and so on. Since those basic information is limited, the present
conditions of existing check-dams are fully taken up as follows.

- Check-dam should be planned in higher rainfall zones with over 100 mm. It is
possible to plan dam on permanent stream with rather steady and reasonable



discharge even though rainfall is less 100 mm per annum. To verify such potential

sites, further intensive survey will be required.

- The proposed catchment area is to be tentatively 300 ha. Land use conditions of
catchment area directly affect run-off coefficient. If water harvesting measures are
to be widely applied in the catchment area, optimum size of catchment should be

reviewed,

- Check-dam should be planned within rather flatter landscape in order to obtain the
larger reservoir area. Taking the present conditions into consideration, land slope
should be less 30%.

According to the facility plan study, the average reservoir area is limited only to 0.3
ha in case that gabion-made check dam of 30 m wide and 3.5 m high is constructed on
typical wadi bottoms. By letting top of dam set at the level of bottoms of upslope dam,
several dams can be constructed at one location for expanding the reservoir area as practiced
at the existing sites. In the present study, the conservative estimation was made on the
development potentials of check dam as follows.

Priority Area Study Areca (ha} Potential Zone (ha)  Site (no.) Planted Area (ha)

Dhiban 36,300 29,200 97 29
Abyad 35,700 28,100 04 28
Tafila 48,000 36,100 120 36
Total 120,000 93,400 311 93

Note: Potential zones are on less 30% slope under over 100 mim of rainfall,
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Table C.2.1

(1)

Relation between Extent of Farm Land and Rainfall-Slope Class

Tolal Sfudy Area

Unit: ha

Annual Slope (%)

Rainfall 0-4 4 -8 8 - 12 12 - 30 30 < Total
250 - 300 275 1,150 1,425 7.600 6,150 16,600
200 - 250 1,225 2,550 4,425 16,575 5,000 298,775
150 - 200 10,625 10,725 7,225 7,825 2,800 38,200
100 - 150 9,775 7,825 8,075 10,400 3,400 39,475

50 - 100 4 300 1,525 1,700 2,850 350 10,725

Total 26,200 23,775 22,850 45,250 17,700 135,775
{2} Extent of Farmiand
Unit: ha

Annual Slopa (%)

Rainfall 0-4 4 -8 8 - 12 12 - 30 30 < Total
250 - 300 275 8963 869 3,307 2,844 8,358
200 - 250 1,200 2,325 2,857 4,869 244 11,495
150 - 200 6,544 5,188 2,575 1,469 163 15,838
100 - 150 1,738 2,212 1,494 781 31 6,257
50 - 100 156 81 13 19 0 269

Total 9,913 10,770 7,808 10,445 3,382 42 316
(3) Intensity of Farmland
Unit: %

Annual Slope {%) Total

Rainfall 0-4 4 -8. 8 - 12 12 - 30 30 <
250 - 300 100 84 61 44 48 50
200 - 250 a8 91 65 29 5 39
150 - 200 62] 48 36 19 6 41
100 - 150 18 28 19| 8 1 186
50 - 100 4 5 1 1 Y 3

Total 38 45 34 23 18 31

Data: (3) = (2% (1) x 100
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Tabie C.3.1 Land Classification Basis for Land Use Capability Planning by the World Bank (1981

Class Slope Rockiness Soil Canservation Practices Required Others )
| <1% No soil conservation required T
I 1-8% Contour cultivation required using

permanent marks and occasional widely
spaced earth bank

It 10-14% Closely spaced earth contour banks, :
gully control, water disposai areas contour
cultivation
VT Ea 1o > 50% —
nearly flat
v 15-25% intensive soil conservation practice using

gradoni or stons terraces

Vi > 25%

Vil | Steep slope
range land

VEEL Roadsides

village areas
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Table G.3.2 Land Classification System Applied for the Zarqa River Basin Project {1983)
Class Soit Depth Slope Rickiness
1 Deep (> 100 cm) 0-3% Non rocky
(0-10%)
i Moderately deep 0-7% Non rocky
{($00-30_cm) {0-10%)
Deep (> 100 cm) 3-7%
|1 Moderately deep 8-14% Non rocky
{100-30 cm} (0-10%)
v Deep {> 100 cm) 0-24% Non rocky
(0-10%)
15-24% Rocky
(10-25%)
Vv Moderately deep 0-34% Mostly rocky
{(100-30 cm) (25-75%)
15-34% Non rocky
(0-10%)
Vi Moderately deep 35-49% Rocky fo non rocky
(100-30 ¢m) (0-25%)
25-34% Very rocky
(> 75%)
VI Shallow irrespactive to irrespective to
{< 30 cm) siope rockiness
Moderately deep irrespective io Very rocky
{100-30 cm) slope (> 75%)
VI irrespective to > 50% irrespective to
depth rockiness

Sub-class Symbeols

S

as=s=

Slope is limiting factor.
Raockiness is limitation.
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Very rocky land; surface rock comprises 25-75% of the area
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Table C.3.3 Land Classification System Proposed by Land Use Capability Planninng -

Jordan (MOA,1983)

Cilass Sol! Depin Rickiness Slope Soii Texture
} Deep (> 100 cm} Nen rocky 0-2% clay to
{0-10%) sandy loam
1 Deep to Moderately Non rocky 3-7% clay to
deep {100-50 cm) {0-10%) sandy leam
i Deep to Moderately Non rocky 8-14% ctay to
deep {100-50 cm) {0-10%) sandy loam
v Moderately deep Non rocky 15-25% clay to
(50-20 cm) (0-10%) sandy loam
v Moderately deep Rocky 0-24% coarser than
{50-20 cm} {10-25%) feamy sand
VI Moderately deep Rocky to non 25-50%
{50-20 cm) rocky
(0-25%)
Vil Shallow > 50% irrespective toj irrespective fo
(< 20 cm) slops texture
Vit irrespective 1o | irrespective to > 50% irrespective to

depth

rockiness

texture




Table C.3.4

tegend for Physiographic Soil Map of Dhiban

Physlography Mapping Topography Soil Rock
Symbot Depth Oulcrops
L EROSIONAL PLAIN OF CHERTY
UMESTONE
£1 Rounded tops Flat to undulating, Mod. deep 10-20%
convex
12 Slopes
L21 Undutating to rolting Undulating to Mod. deep 5 - 10%
rotling
L22  Flat to undufating L22 Fiat to undulating Deep to Mod. None
deep
L3 Wadis Flat with Deep None
micro-retief
W QUARTENARY PLAIN WEST
{DHIBAN-MUSHARFEH)
W1 Summits Flat Deep None
convex
W2 Slopes
W21 Upper 1o middle, convex Gently unduiating Deep None
W22 Lower slope Flat to gertly Deep None
undulating
W3 Wadis Flat with Mod. deep None
micro-relief
E QUARTENARY PLAIN EAST
{ALRASAS-DESERT HIGHWAY)
Et1 Summit Undulating, Deep None
convex
E2 Siopes
E21  Undulating Unduiating Deep None
E22 Flat to gently undulating Flat ta gently Deep None
undulating
E3 Wadis Flat with Mod. deep None
micro-relief
vV DISSECTED VALLEY OF CHERTY
UMESTONE
V1 Upper slopes
Vi1 Convex Undulating to Deep to Mad, Q- 5%
refling deep
V12 Straight to concave Viz Undulating to Deep to Mod. 0-5%
roliing deep
V2 Lower slopes
V21  Convex Undulating Shatlow 10 - 20%
V22 Siaight to concave Undulating Mod. deep 5 - 10%
V3 Wadis Undutating Shallow 36 - 50%
S WAD! MUJIB SYSTEM &
WADI WALA SYSTEM -
S1 Escarpment Mountainous Shaltow > 50%
$2 Wadi courses Flat to steep Shallow > 50%
L__ micro-religt

O
[
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Table C.3.5

Legend for Physiographic Soil Map of Abyad

Physiography Mapping Topegraphy Soil Rock
Symbol Depth QOutcrops
U DISSECTED UPLAND OF CHERTY
LIMESTONE
Ut Reunded tops Undulating, Gravel covered/ 25-50%
convex Shaliow
U2 Slopes
U2t Upper tc middle slopes Uz1 Hilly to Gravel covered/ 510 %
undulating Mod. deep
U22 Lower slopes Flat to gently Deep to Mod. deep None
undulating
U3 Wadis
31 Wadi floors Flat Mod. deep None
U32 Wadi courses Flat with Deep to Mod. deep None
migro-relietl
E EROSIONAL PLAIN OF CHERTY
LIMESTONE
E1 Summits Flat to unduiating, Mod. deep 10-25%
convex
E2 Siopes
E21 Dissecled, barren £21 Undulating to Mod. deep 5-10%
. rolling
E22 Smooth surlace, arable Flat to undulating Deep to Mod. deep None
E3 Wadis Flat with Deep None
micro-relief
QG QUATERNARY SYSTEM
Q1 Stiucture-controlled valley Flat with Deep None
micro-relief
Q2 Flat to gently undulating plains Fial to Deep None
almost flat
Q3 Wadis
Q31 Wadi fleors Q31 Flat Deep None
Q32 Wadi courses Flat with Deep None
micro-reiief
H WAD!I HASA SYSTEM
H1 Convex summits Flat Shaliow 20 - 50%
M2 Escarpment Very steep Shaliow > 50%
H3 Slopes
H31 Highly dissected Rolling to Shaliow > 50%
hilly
H32 Smooth surface, barren H32 Rolling to Shaltow 25 - 50%
hilly
H33 Smooth surface, arable Undulating to Deep to Mod. deep Nane
rofling
H4 Wadl courses Flat to atmost Shaliow > 50%
fiat, micro-reiief
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Table €.3.6 Legend of Physiographic Soil Map of

Tafila

Phystography Mapping Topegraphy Soif Rock
Symbol Depth Quicrops
E EROSIONAL PLAIN OF BELQA
LIMESTONE
| HIMESE
g1 Summints Ei1 Unduiating, Gravel covered/ 25 - 50 %
convex Mod. deep
T E2 Slopes
g2 Very sleep slopes of Mountainous Gravel covered/ 25 - 50 %
valleys, not arable {> 30%) Mod. deep to shaliow
E22 Steep slopes Hitly Mod. deep 10 -25 %
{12-30%)
Rolling to
E?3 Sloping o gently sioping, Ungulating Deep to Mod. degp 0-10 %
arable {4-12%)
£3 Wadis Flat to Undutating Mod. deep 10 - 25 %
(0-8%)
BASALT CONES
Bi Summits Flat to undulating, Mcd. deep to shallow 50% <
convex
B2 Slopes
B21 Upper to middie slopes Rolling to Mod. deep 10 - 25 %
mountainous
B22 Lower slopes Flat to undulating Desp 1o Mod. deep 0-10%
B3 Ridges Fiat to almost Deep tc Mod. deep 0-10%
flat
QUATERNARY SYSTEM
Q1 Alluviai Plain Flat with Deep None
micro-relief
Q2 Wadis Flat to Deep None
almost flat
CREEP {(FRINGE OF PLATEAU),
MARL AND GYPSUM
C1 Dissected Sloping Land
C11 Rounded lop C11 Convex, Rolling Mod. deep 50 % <
C12 Slopes Rolling 1o hilly Deep to Mod. deep 25- 50 %
C2 Land slip Undutating to Deep to Mod. deep 10 - 26%
S rolling
S WADI SALIM AND AIMA SYSTEMS
81 Naur limestone
S11 Very steep Mountainous Shaliow > 50%
$12 Steep, arable Mountainous Mod. deep to shallow > 50%
82 Kurnub sandstone Mountainous Shailow > 50%
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Table C.4.5

(AND USE GUIDELINE

Summary ot Expansible Area according {o Land Use Guideline

TOTAL

DHIBAN

ABYAD

TAFILA

Siope. (%] 0.-8 §-12 12 - 30 30 <
i _Depth, {cm) 0-50 | 50-100] _100< 0-50 t50-100 100« 0-50 150-1001 100« 0-50 |850-100] 100«
Annual Rainfali
806 - 200 mm Flatd Crops Fleid Fruit Barley |Fruit
Crops Troes Forage {Trees
Pasture i(Machanized Pasture by by Pasture jLeguma |by
Farming} Stone Stong {Foddar {Slona
Walls Walls Shrub) {walls
or or by or Forest
Contour |Earth Stone Earth
Furrow |Banks Walls Banks
or
Contour
Furrow
200 - 100 mm Fodder |[Fruit Fodder
Shrubs |[Tress Shrubs
Natural iby by Natural [by Natural
Pasture iMicro- |Micro- jPasture |Contour Pasture
Catch- {Catch- Furrow
mant ment or
Stone
Walis
Slope (%) 0.:8 B2 12 - 30 s <
Soll. Dapth, (cm} 0-50 [50-3001 100< | 0-50 i50-1001 i00< | 0-50 !s5o0-i00] 100c | 0-5¢ [50-100] 100¢
Annual Ralnfail
300 - 200 mm 42 468 555 848 282 7.537 3,645 321 717
200 - 100 mm
6,246 3,958 9,079 5,222 3,506 13,387
Slopa (%) Q-8 g -1z 12 - 30 3 <
Soft Depth fem) 0-50_160-1001 100« 0-50 150.100} 100« 0-50 150-100} 100¢ g-50 |s0-1001 100<
Annual Ralnfali
300 - 200 mm 17 141 25 c 254 36 Q 315 34
200 - 100 mm
1,654 17 5,861 1,346 1,407 3,390
Slops (%) o.-8 B .12 12 - 30 30 <
Soil_Depth {em) 0-59 50-1001 100« a-59 50-100 180< 0-50 50-100 100< 9-50 50-100§ 100«
Annuai Rainfali
300 - 200 mm 11 141 51 51 0 506 o 0 o
200 - 100 mm
4,573 3,894 3,151 3,595 1,785 3,442
Stope () 0-8 8 .12 12 -.30 W<
th_{em) 0-50_tsc-100] 100« G-50 150-1001 10D« £-50 §50-100 100< D-50 150-100 ] 100«
Annual Rainfall
300 - 200 mm 14 185 479 785 28] 8,095 3,645 ] 683
200 - 100 mm
18 45 67 284 304 6,555
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Figure C.1.1 Location Map of the Study Area
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Figure C.2.1 Extent of Farmiand of Dhiban
JAPAN INTERNATIONAL COCOPERATION AGENCY

C. 37



o
a
o8
o
d e
~
(=]
& ]
i T
o
(=]
s |
~ -
o
"]
L5¢]
o
©
8
od
E 8 Q o j= <
Ei2 2 ® & 8
-d N ' 4 1 )
-
cig 8 B8 8 8
Z ~— ~— o o8
< -
i <
& > I
200
o o o
8 g 5 g
o b o e
oy
THE HASHEMITE KINGDOM OF JORDAN
FEASIBILITY STUDY ON AGRICULTURAL DEVELoPM;m
) o FOR THE KARAK - TAFILA DEVELOPMENT REGHO
Figure C.2.2 Rainfall Distribution of Dhiban
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Figure C.3.1 Physiographic Soil Map of Dhiban
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Physiographic Soil Map of Tafila

Figure C.3.3
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AATING CRITERWA
TOPOGRARHY SO DEFTH ROCKINESS

100: Flal to Almosl Flat (0-4%)

200: Undutating [4-8%}

300 Rolling (8-12%)
400: Hilly (12-30%)
500: Mountainos (30% <}

For example, 123 iIndicates the land ciass of {I) Flat to Almost Fial, {il) Deep 10 Moderalaly Deep Soils

ang {lil) Yery Rocky.

16: Deoep {100 cm <)

20: Deap to Moderately Daep {100-50 cm) 2: Rocky {10-25%)
30; Mederately Deep (50-20 ¢m)

40: Shaliow {20 cm >}

1: Non Rocky (0-10%)

3: Very Rocky {25-50%)
4: Extremsly Rocky (50% <)

Figure C.3.5

Land Classification Map of Abyad

THE HASHEMITE KINGDOM OF JORDAN

FEASIBILITY STUDY ON AGRICULTURAL DEVELOPMENT
FOR THE KARAK - TAFILA DEVELOPMENT REGION
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THE HASHEMITE KINGDOM OF JORDAN
FEASIBELITY STUDY ON AGRICULTURAL DEVELOPMENT

FOR THE KARAK - TAFILA DEVELOPMENT REGION

JAPAN INTERNATIONAL COCPERATICN AGENCY

Land Classification Map of Tafila

Figure C.3.6
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GENERAL

Date

Pedon No.

Soil Classification
Temperature Regime
Moisture Regime
Description Kind

SITE DESCRIPTION

Location
Physicgraphy
Topography
Slope
- Slope Position
- Slope Shape
- Slope Value
- Slope Class
Vegetation
Land Use
Surface Conditions
Rock outcrops

Dominant Ceoarse Fragments :

Evidence of Erosion
Parent Materials
Human influence

SOIL PROFILE DESCRIPTIONS

A 0-17 cm

Beat 17 - 54 ¢m

Becaz 54 - 100 em +

Soil Sample D11
Soll Sample D1-2
Soil Sample D1-3

PROFILE DESCRIPTION (1)

: oth January, 1990 Climate

: D1-Dhiban Author({s) : W. Sartawi, M. Koyama
: Typic Calciorthid, clayey-sketetal, carbonatic

» Thermic

. Aridie, 150 mm - 2060 mm

. Profile pit

© 0.8 km west of Al-Rama Elevation : El. 810 m amsl!
: Valley slope of Wadi Mujib System Drainage :
: Hilly

1 Middle

: Convex

c 18%

: E {moderately steep)

. sparse cover of short grasses; Artemesia herba alba, Anabasis arbicnlata
 natural grazing

: after rains, week crust

¢ present on steep siopes and gully bottoms, < 10%

gravels and cobbles of Cheris covering 20% of land surface
: gully and sheet erosion

: colluvial deposits and soft limestones

Conil

Light yellowish brown {10YR6/4) dry, brown to dark brown (7.5YR4/4)

moist; silty clay loam; weak to moderate fine subangular blocky, friable moist,
stightly hard dry, slightly sticky and slightty plastic wet; evidence of many
bilogical activities; many fine roots; common very fine wbular pores;
moderately effervescent; clear wavy boundary;

Light brown {7.5YR6/4) dry, brown to dark brown (7.5YR4/4) moist; clay;
moderate fine to medium subangular blocky; friable moist, hard dry, sticky and
plastic wet; common fine roots; commeon fine to medium pores; fine distinct soft
CaCO3; few small gravels {about 3% by volume); strongly effervescent; clear
smooth boundry;

Brown (7.5YR5/4) dry, strongly brown (7.5YR5/6) moist; clay; strongly
fine to coarse subangular blocky; firm moist, hard dry, very sticky and very
plastic wet; common fine roots; commen fine pores; many fine to medium
distinct soft CaCO3; few smalli gravels {about 5% by volume}; strongly
effervescent;

PHYSICAL AND CHEMICAL PROPERTIES
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PROFILE DESCRIPTION (2}

GENERAL
Date : 8th January, 1990 Climate
Pedon No. : DZ-Dhiban Author(s} : W, Sartawi, M. Koyama
seil  Classification : Typic Calciorthid, clayey-skeletal, carbonatic
Temperature Regime : Thermic
Moisture Regime T Aridic
Description Kind : Profile piy

SITE DESCRIPTION

Location © 1.0 km north of Jamall Elevation : El. 730 m amsl
Physiography : Middle slope of limestone plateau  Drainage :
Topography : Undulating
Siope
- Slope Position : Middle
- Slope Shape : Concave
- Slope Value o 5%
- Slepe Ctass : B {Gently sloping}
Vegetation : mederately covered by short grasses; Artemesia herba alba
Land Use . cereal crop production in winter
Surface Conditions . after rains, week crust
Rock outcrops ¢ present, about 5%
Dominant Coarse Fragments : gravels and cobbles of Charts
Evidence of Erosion . gully erosion
Parent Materials : hard limestones
Human influence Donil

SCIL PROFILE DESCRIPTIONS

PHYSICAL AND CHEMICAL PROPERTIES

Soil Sample D2-1
Soil Sample D2-2
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GENERAL

Date

Pedon No.

Soil  Ciassification
Temperature Regime
Meisture Regime
Description Kind

SITE DESCRIPTION

Location
Physiography
Topography
Slope
- Siope Position
- Slope Shape
- Slope Value
- Slope Class
Vegeiation
Land Use
Surface Conditions
Rock outcrops

Dominant Coarse Fragments :

Evidence of Erosion
Parent Materials
Human influence

SOl PROFILE DESCRIPTICNS

A 0-8cm

B{w) 8 - 35 cm

Bca 35 - 116 cm +

Soil Sample D3-1
Soil Sample D3-2
Soil Sample D3-3

PROFILE DESCRIPTION (3)

. Sth January, 1880 Climate

. D3-Dhiban Author{s) : W, Sartawi, M. Koyama
: Typlc Calciorthid, loamy, carbonatic

: Thermic

. Aridic

. Profite pit

Elevation : El. 755 m amsl!
Drainage :

: 2.3 km south of Salia
. Gently undulating plateau
. Flat 1 gently unduiating

. Upper middle

. Straight

L 4%

: B {Gently sioping)

; Artemesia herba alba

: cereal crop production in winter, but left as fallow in considerable extent
. after rains, week crust

1 nil

nil

: sheet erosion

. colluvial-alluvial deposits derived from soft limestones
: moderate

Very pale brown (10YR7/4} dry, strong brown (7.5YR5/8) moist; silly

loam; weak very fine subangular blocky; soft dry, very friable moist, slightly
sticky and slightly plastic wet; many fine roots; moderate reaction to HC}
abrupt wavy boundary;

Brownish yellow (10YR6/8) dry, storng brown (7.5YRS/6) moist; siity

loam; strong medium to coarse subangular blocky; hard dry, firm moist,
slightly sticky and slightely plastic wet; common fine roots; cemmon fine to
medium pores; fine distinct soft CaCO3 {about 2%); strong reaction to HCI;
clear wavy boundry;

Brown (7.5YRS5/4) dry, strongly brown (7.5YRS5/6} moist; silty clay loam;
strongly coarse subangular blocky; firm moist, hard dry, sticky and slightly
plastic wet; presence of CaCO3 as white eye and shells in the layer; few fine
pores; few fine roots; strongly effervescent:

PHYSICAL AND CHEMICAL PROPERTIES
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GENERAL

Date

Peden No.

soil Classification
Temperature Regime
Moisture Regime
Description Kind

SITE DESCRIPTION
Location
Physiography
Topography
Slope
Slope Fosition
Slope Shape
Siope Value
Siope Class
Vegetation
lLand Use
Surface Conditions
Rock outcrops

Dominant Coarse Fragments :

Evidence of Erosion
Parant Materials
Human influence

SOIL PROFILE DESCRIPTIONS

Ap 0 -15¢cm

B(w) 15 - 58 cm

Beca 58 em +

PROFILE DESCRIPTION (4)

: &th January, 1990 Ciimate

: D4-Dhiban Author{s) : W. Sartawi, M. Koyama
: Typic Calciorthid, silty, carbonatic

: Thermic

1 Aridic

: Spade hole

1 2.5 km west of Mushalta Elevation : El. 780 m amsi
: Summit of gently undulating plateau Drainage :
: Undutating

;. Summit

: Straight

M 10/0

A (Flay

: Artemesia herba alba

. Fallow, cereal production in winter
. after rains, week crust
Donil

nif

: rill, sheet and wid erosion
: Soft limesicnes

. significant

Very pale brown {10YR7/4) dry, brown (7.5YR5/4) moist; loam; weak
medium to fine subangular blocky; friable moist, soft dry, slightly sticky and
slightly plastic wet; common fine roots; common fine pores; moderate
effervescent; ciear smooth boundary;

Light brown (7.5YR4/6) dry, brown {7.5YR5/4) moist; silty clay; strong

fine subangular blocky; firm meist, hard dry, sticky and slightely plastic wet;
common fine roots; commeoen fine pores; moderate effervescent; gradual smooth
boundry;

Brown (7.5YR5/4) dry, brown-dark brown {7.5YR4/4) moist; clay;

strong meduam subangular biocky; very firm moist, hard dry, very sticky and
very piastic wet; CaCO3 as a white eye {about 2%), lew fine pores; few fine
roots; strongly effervescent;
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GENERAL
Date
Pedon No.
Seit Classification
Temperature Regime
Moisture Regime
Description Kind

S{TE DESCRIPTION
Location
Physiography
Tepography
Slepe

- Slope Position
- Slope Shape
- Slope Value
- Slope Class
Vegetation
Land Use
Surface Conditions
Rock outcrops

Dominant Coarse Fragments :

Evidence of Erosion
Parent Materials
Human influence
SOIL PROFILE DESCRIPTIONS

A 0-5cm

Beca &5 - 30 cm

Bea 30 em +

PROFILE DESCRIPTION (5)

Climate
Author(s) 1 W, Sartawi, M. Koyama

: 10th January, 1990C

: D5-Dhiban

: Typic Calciorthid, loamy, carbenatic
;. Thermic

1 Aridic

: Spade hole

Elevation : El. 740 m amsi
Drainage :

: 1.7 kKm west of Desert Highway
: Desert
: Undulating

: Middie

: Straight

=7

: B {Gently sloping)

o onil

: barren

: after rains, week crust of 10 mm thick

:onil

gravels and cobbles covering 3% of land suriace
: rill and sheet erosion

: coluvial-alluvial deposits derived from soft limestones, eolian deposits
. nit

Reddish yellow {7.5YR8&/8) dry, strong brown (7.5YR5/6) moeist; silty loam;
moderately platey to week fine subangular blocky; firm moist, strongly hard
dry, non-sticky and non-plastic wet; many fine roots; common fine to medium
pores; crust of 10 mm thick; present of 20% gravels; moderately

effervescent; abrupt smooth boundary

Reddish yellow {7.5YR6/6) dry, strong brown (7.5YR5/6) moist; silty loam;
moderate fine to medium subangular blocky; firm moist, extremely hard dry,
non-sticky and non-plastic wet; common fine pores; common coarse roots;
strongly effervescent; presence of cobbles (Caishe of 5 cm in diameter),
abrupt smooth boundry; '

Soft limestones of slightly weathered, Calshe

PHYSICAL AND CHEMICAL PROPERTIES

Soil Sample D5-1
So#f Sample D5-2
Soit Sample D5-3
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PROFILE DESCRIPTION (6)

GENERAL
Date : 10th January, 19890 Climate
Pedon No. : Ai-Abyad Author{s) : W. Sartawi, M. Koyama
Soil Classification : Rocky phase (USDA), Lithosols {FAQfUnesco)
Temperature Regime . Thermic
Moisture Regime . Aridic

Description Kind

SITE DESCRIPTION
Location

. Surface features

. 6 km ENE of Muhei

Elevation : El. 830 m amsl|

Physiography : Limestone hills Drainage
Topography : Hitly
Slope
- Slope Position : Middie
- Slope Shape : Convex
- Slope Value : 15%
- Slope Class : E {moderately steep)
Vegetation : barren
Land Use ! natural grazing
Surface Conditions D dry

Rock outcrops

Dominant Coarse Fragments :

. present, » 75%

stones and cobbles covering > 80% of land surface

Evidence of Erosion »onil
Parent Materials . very cherty limestones, hard limestones with fossils
Human influence o onil

SOIL PROFILE DESCRIPTIONS

C. 60



GENERAL

Date

Pedon No.

Soil Classification
Temperature Regime
Moistura Regime
Description Kind

SITE DESCRIPTION

Location
Physiography
Topography
Slope
- Slope Position
- Slope Shape
- Slope Value
- Slope Ciass
Vegetation
Land Use
Surface Conditions
Rock oUtcrops

Dominant Coarse Fragments :

Evidence of Erosion
Parent Materizis
Human influence

SOlL PROFILE DESCRIPTIONS

A 0-12 cm

Becat 12 - 55 cm

Cca 55 cm +

Soil Sample A2-1
Soil Sample A2.2

PROFILE DESCRIPTICN (7)

: 10th January, 1990 Climate

: A2-Abyad Author(s) : W. Sartawi, M. Koyama
: Lithic Caleiorthid, silty, carbonatic, Thermic, 1% slope

: Thermic

: Aridic

» Profile pit

: 6 km ENE of Muhei
: Lower slope of limestone hill
: Flat

Elevation : El. 915 m amsl
Drainage :

T Middle

: Straight

1%

¢ A (Flat or aimest flat)

: moderately covered by short grasses; Artemesia herba alba
. natural grazing

 alter rains

: nil

cobbles of stones of 2-15 cm diameter covering 30% of land surtace
: rill and sheet erosion

. very charty limestones

©onit

Brown (7.8YR5/4) dry, storng brown (7.5YRS/6) moist; silty

ioam; moderate very fine angular to subangular blocky; soft dry, very friable
moist, slightly sticky and slightely plastic wet; common fine roots; common
very fine to coarse pores; moderate reaction to HCI; clear smooth boundry;

Reddish yeliow (7.5YRG/6) dry, storng brown (7.5YR5/6) moist; siity

loam; moderate very fine subangular blocky; slightly dry, friable moist,
slightly sticky and slightely plastic wet; few fine roots; many line tc
medium pores; accurnulation of soft CaCO3 (about 3%); evidence of biological
activities; gravel fraction of angular shape (< 5%) cobbles (30%) ; strong
reaction 1o HCI; abrupt smooth boundry;

Slightly weathered limestones overlying hard limestones

PHYSICAL AND CHEMICAL PROPERTIES
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GENERAL

Date

Pedon No.

goil  Classification
Temperature Regime
Moisture Regime
Description Kind

SITE DESCRIPTION
{ ocation
physiography
Topography
Slope
- Slope Position
- Slope Shape
- Slope Value
- Slope Ciass
Vagetation
Land Use
Surizace Cenditions
Rock outcrops

Dominant Coarse Fragments :

Evidence of Erosion
Parent Materials
Human influence

SOIL PROFILE DESCRIPTIONS

A 0-7cm

Beal 7 - 33 cm

Bca2 33 - 37 cm

Bcal3 37 - 100 cm +

PROFILE DESCRIPTION (8)

: 10th January, 1980 Climate

: A3-Abyad Author(s) : W. Sartawi, M. Koyama
: Typic Calciorthid, silty, carbonatic, Thermic, 1% slope

: Thermic

D Aridic

: Profile pit

1 8.5 km NE of Muhei
: Wabi boitom
: Fiat, irregular microrelief

Elevation : Ei. 808 m amsl!
Drainage :

: Bottom

: Straight

1%

: A {Flat or almost flat}

: moderately covered by shor! grasses; Artemesia herba alba
© patural grazing

. after rains, very week crust

:onil

ccbbies, stones < 5%

; sheet erosion

. hard limestones, colluvial-aliuvial deposits
;. moderate

Brown yetlow (10YR&/6) dry, streng brown (7.5YR5/6) moist; clay;

loam; weak very fine platety to subangular blocky; soft dry, friable moist, non-
sticky and non-slightly plastic wet; commoen fine 1o coarse roots; many fine
pores; sirong reaction to HCI; presence of graveis (2%); abrupt wavy

boundary;

Reddish yellow (7.5YR7/8) dry, storng brown {7.5YR5/8) moist; silty

loam; weak fine subangular blocky,; slightly hard dry, firm moist, slightly
sticky and slightely plastic wet; common fine to coarse roots; common fine
pores; very few fine distinct soft CaCO3 {about 2%}; very few gravals

{< 2%); strong reaction to HC!; ciear wavy boundry;

Gravels layer with same color as Bcal, strong reaction to HCi

Strong brown (7.5YR5/6) dry, strongly brown {7.5YR5/6} moist; silty

ioam; moderate to strong coarse subangular blocky; very firm moist, hard dry,
sticky and slightly plastic wet; presence of soft CaCO3 (> 30%); lew fine
pores, common coating of CaCO3 in pores; strong reaction 1o HCI;

PHYSICAL AND CHEMICAL PROPERTIES

Soll Sample A3-1
Soil Sample A3-2
Soil Sample A3-4
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GENERAL
Date
Pedon No.
Seil Ciassification
Temperature Regime
Moisture Regime
Description Kind

SITE DESCRIPTION
Location
Physlography
Topography
Siope

Slope Position
Slope Shape
Stope Vaiue
Siope Class
Vegetation
Land Use
Surface Conditions
Rock outcrops

Dominant Coarse Fragmenis :

Evidence of Erosion
Parent Materials
Human influence

SOIL PROFILE DESCRIPTIONS

A 0 - 20 cm

Beat 20 - 37 cm

Bca 37 cm +

PROFILE DESCRIPTION (9}

: 11th January, 1980 Climate

: A4-Abyad Author{s) : W. Bartawi, M. Koyama
;. Lithic Calclorthid, silty, carbonatic, Thermic, 14% slope

: Thermic

: Aridic

. Auger hole

¢ 3.5 km east of Muhei Elevation : El. 1,000 m amsi

: Upper slope of limestone hill Drainage
: Hilly

: Upper

: Straight to convex

C 14%

. E (moderately steep)

: Sparsely covered by Artemesia herbz alba
: natural grazing

;. after rains

:onil

Cobbles and stones, > 50% of land surface
: Sheet erosion

: Very cherty limestones, Calishe

Donit

Reddish yellow (7.5YR6/6) dry, strong brown {7.5YRS5/6} moist; silty loam;
piatety {0-2 cm) and weak fine subangular blocky; friable meist, soft dry,
slightly sticky and slightly plastic wet; many fine to medium roots; many fine
pores; strongly effervescent; gradual smooth boundary;

Light brown {7.5YR4/8) dry, reddish brown (7.5YR6/6) moist; siity loamy;
very weak fine subangular blocky; friable moist, soft dry, sticky and slightely
plastic wet; few coarse roots; few fine pores; strong reaction to HCI; clear
smooth boundry,

Hard pan cof chert, calishe mixed, discontinuous layer strong meduam
subangular blocky; very firm moist, hard dry, very sticky and very plastic
wet; CaCO3 as a white eye {about 2%), few fine pores; few fine roots;
strongly effervescent;

C.63



GENERAL
Date
Padon No.
Soil Classification
Temperature Regime
Moisture Regime
Description Kind

SITE DESCRIPTION
Location
Physiography
Topography
Slope

- Slope Position
- Slope Shape
. Slope Value
- Siope Class
Vegstation
tand Use
Surtace Conditions
Rock outcrops

Dominant Coarse Fragments :

Evidence of Erosion
Parent Materials
Human influence

SOIL PROFILE DESCRIPTIONS

A 0.17 em

B{w) 17 - 37 cm

B(ca)37 - 70 em +

1 3.5 km east of Muhei

PROFILE DESCRIPTION (10)

¢ 11th January, 1990 Climate

: Ab-Abyad Author{s) : W. Sartawi, M. Koyama
. Typic Calciorthid, silty, carbonatic, Thermic, 2% slope

: Thermic

: Aridic

. Profile pit

Elevation : £l. 800 m amsl
. Pediment of limestone hill Drainage .
; Gentie slope

: Middle to lower

¢ Straight

D &

: A (Fiat to aimost flat}
oonid

T Wheat, lentil

. after rains, moderately developed crust

:onil

stones and cobbles covering > 30% of land surface

: fiil and sheet erosion

© colluvial-alluvial deposits derived from cherty limestones
: signiticant

Reddish yellow {7.5YR7/8) dry, streng brown (7.5YRE/6) moist; silty loam;
moderately platey to weak fine subangular blocky; very friable moist, soft
dry, non-sticky and nen-plastic wet; many fine roots; common fine pores;
crust of 10 mm thick; present of 3% gravels; moderate reaction to HCI;
gradual smooth boundary

Reddish yellow (7.5YR6/6) dry, brown to dark brown (7.5YR4/4) moist;

silty clay; weak to moderate medium subangular blocky; friable moist, siightly

hard dry, slightly sticky and slightly plastic wet; common medium pores;
common fine roots; strong reactio to HCi; secondary calcium accumulation;
presence of few fine gravels (2%); clear wavy boundry;

Reddish yeliow (7.5YR7/8) dry, brown to dark brown (7.5YR4/4) moist;
silty loam; moderate medium subangular blocky; iriable moist, slightly hard

dry, slightly sticky and slightly plastic wet; common medium o coarse pores;

few fine roots; strong reaclio to HCI; secondary sofy CaCO3 accumulation
{2%); clear wavy boundry;

PHYSICAL AND CHEMICAL PROPERTIES

Soil Sample A5-1
Soil Sample A5-2
Soii Sample A5-3
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GENERAL
Date
Pedon No.
Soil  Classification
Temperature Regime
Moisture Regime
Description Kind

SITE DESCRIPTION
Location
Physiography
Topography
Slope

- Siope Position
- Slope Shape
- Slope Value
- Slope Class
Vegelation
Land Use
Surface Conditicns
Rock outcrops

Dominant Coarse Fragments :

Evidence of Erosion
Parent Materials
Human influence

SOIL PROFILE DESCRIPTIONS

A 0-16 cm

B(w) 16 - 120 cm

Bea 120 cm +

PROFILE DESCRIPTION (11)

: tith January, 1980 Climate

: AB-Abyad Author(s) : W. Sartawi, M. Koyama
. Typic Cambiorthid, silty, carbenatic, Thermic, 1% slope

: Thermic

; Aridic

. Profile pit

1 3.5 km east of Muhei Eievation : El. 900 m ams!
: Wadi bottom Draipage

: Gently sioping

: Bottom

. Straight

: 1%

: A {Flat to aimost flat)

o nil

: Wheat, ienti

. after rains, moderately developed crust

o onil

nil

. 7ill and sheet erosion, active wind erosion
: colluvial-alluvial deposits derived from cherty limestones
. very significant

Brownish yellow (10YR&/6} dry, reddish yellow {7.5YR6&/8) moist; siity
loam; week platey to strong fine subangular blocky; very friable moist, soh
dry, non-sticky and non-plastic wet; many fine {0 medium roots; many very
fine pores; moderate reaction to HCI; abrupt smooth boundary;

Strong brown {7.5YRS5/6) dry, brown to dark brown (7.5YR4/4} moist;

siity loam; strong fine subangular blocky: firm moist, hard dry, non-
sticky and non-plastic wel; common fine to medium pores; commen fine
10 coarse roots; few smali gravels (3%); evidence of blological activities;

Reddish yellow (7.5¥R7/8) dry, brown to dark brown (7.5YR4/4) moist;
A tayer of stone chert, calishe

PHYSICAL AND CHEMICAL PROPERTIES

Scil Sample AB-%
Scil Sample AB-2
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GENERAL

Dale

Pedon No.

Soil Classilication
Temperature Regime
Moisture Regime
Description Kind

SiTE DESCRIPTION
Location
Physiography
Topography
Slope
- Sloge Position
- Slope Shape
- Slope Value
- Slope Class
Vegetation
Land Use
Surface Conditions
Rock outcrops

Dominant Coarse Fragments :

Evidence of Erosion
Parent Materials
Human influence

SOIL PROFILE DESCRIPTIONS

A 0-23cm

B{w) 23 - 140 ¢m

B{ca) 140 - 180 em +

PROFILE DESCRIPTICN (12)

; 11th January, 1980 Climate

1 A7-Abyad Author(s) : W, Sartawi, M. Koyama
: Typic Calciorthid, silty, carbonatic, Thermic, 1% siope

: Thermic

1 Aridic

: Profile pit

1 0.5 km east of railway roads Elevation : E]. 900 m amsl
: Desert Drainage :
: Flat 10 almost fiat

: Straight

c 1%

: A {Fla! to aimost fiat)

o onil

: Quarry site, road construction materials {hard limestones)
: after rains, moderately to strongly developed crust

:onil

chert of flint angular shape cevering land surface

1 rill and sheet erosion

. colluvial-alluvial deposits derived from cherty limestones
: significant

Reddish yellow {7.5YR7/8) dry, strong brown {7.5YR5/6) maoist; silty loam;
moderately platey to weak fine subanguiar blocky; very friabie moist, soft
dry, non-sticky and non-plastic wet; many fine rcots; commeon fine pores;
crust of 10 mm thick; present of 3% graveis; moderate reaction to HCI;
gradual smooth boundary

Reddish yellow {7.5YR6/8} dry, brown 1o dark brown (7.5YR4/4) moist;

siity clay; weak 1o moderate medium subangular blocky; friable moist, slightly
hard dry, slightly sticky and slightly plastic wet; commen medium pores;
commeon fine roots; strong reactio to HCI; secondary calcium accumuiation;
presence of few fine gravels (2%); clear wavy boundry;

Reddish yellow (7.5YR7/8) dry, brown to dark brown (7.5YR4/4) moist;

silty loam; moderate medium subangular blocky; friable moist, slightly hard
dry, slightly sticky and slightly plastic wet; common medium to coarse pores;
few fine roots; strong reactio to HCI; secondary sofy CaCO3 accumulation
(2%); clear wavy boundry;

PHYSICAL AND CHEMICAL PROPERTIES

Soil Sample A7-1
Scil Sampla A7-2
Seil Sample A7-3
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GENERAL

Date

Pedon No.

Soit Classification
Temperature Regime
Moisture Regime
Description Kind

S{TE DESCRIPTION

Location
Physiography
Topography
Slope
- Slope Position
- Slepe Shape
- Slope Value
- Slope Class
Vegetation
tand Use
Surface Conditions
Rock outcrops

Dominant Coarse Fragments

Evidence of Erosion
Parent Maierials
Human influence

SOIl. PROFILE DESCRIPTIONS

: 3.5 km southeast of Alais
: Valley bottom Drainage :
! undutating

PROFILE DESCRIPTION (13)

: 13th January, 1930 Climate

; T1-Tatila Author(s) : W. Sartawi, M. Koyama
: Typic Calciorthid, loamy, carbonatic, Xeric, 2% slope

: Thermic

¢ Xeric

. Profile  pit

Elevation : El. 1,220 m amsl

. lower

T straight

2%

: A (Flat tc almost fiat)

: moderately covered by short grasses; Artemesia herba alba
: Fafiow after cereals or legumes

: after rains, unploughed

: nil

. stones and cobbles of cherts covering » 30% of tand surface
: rill and sheet erosion

: colluvial deposits derived from cherty Hmestlones

©onit
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PROFILE DESCRIPTION (14)

GENERAL
Date : 13th January, 1990 Climate
Peadon No. : T2-Tafila Author(s) : W, Sartawi, M. Koyama
Soil Classification : Typic Calciorthid, ioamy, carbonatic, Xeric, 25% slope
Temperature Regime : Thermic
Moisture Regime 1 Xeric
Description Kind . Profite pit
SiTE DESCRIPTION
tocation 1 2 km east of Twapa Elevaticn : EIl. 1,210 m amsl
Physiography : Plateau Drainage
Topography : Almost flat
Slope
- Slope Position : lower
- Siope Shape . straight
- Slope Value L 2%
- Slope Class . A (Flat to almost flat)
Vegetation ! moderately covered by short grasses; Artamesia herba alba and Atriplex hailiur
Land Use . Fallow alter cereals or legumes
Surface Conditions : after rains, unploughed, weak crust
Rock outcrops > nil

Dominant Coarse Fragments : gravels and cobbles of cherts covering < 5%% of land susface
Evidence of Erosion . Sheet erosion

Parent Materiais . Cherty Hmestones

Human influence . significant

SOIl. PROFILE DESCRIPTIONS

Ap 0 -13 cm Reddish yellow (7.5YR6/8) dry, storng brown (7.5YR5/8} moist; silty
loam; weak very fine subangular blocky; soft dry, friable
moist, non-sticky and non-plastic wet; common fine roots; common
fine coarse pores; weathered basalt gravels < 5%; strong reaction 1o HCI clear
smooth boundry:

B{w) 13 - 5C cm Reddish yellow {7.5YR6/6) dry, storng brown (7.5YR5/6) moist; silty
loam; moderate fine subangular blocky; hard dry, firm moist,
non-sticky and non-ptastic wet; common fine to medium roots; common fine to
medium pores; presence of gravels, cobbles of basalt and sofi limestones > 5%,
strong reaction to HCI; gradual smooth boundry;

Beal 50 - 155 em + Reddish yellow {7.5YR&/6) dry, storng brown (7.5YR5/6) moist; silty
clay loam; strong fine 10 coarse subangular biocky; exteremly hard dry, very
firm moist, sticky and plastic wetl; common fine roots; common fine to
medium pores; strong reaction to HCl; soft accumuiation of carbonate about
30%; presence of gravels of angular shape 16 - 15%;

PHYSICAL AND CHEMICAL PROPERTIES
Soit Sample T2-t

Soil Sample T2-2
Scil Sample T2-3
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GENERAL

Date

Pedon No.

Solt Classification
Temperature Regime
Moisture Regime
Gescription Kind

SITE DESCRIPTION

Lecation
Physiography
Topography
Slope
- Siope Position
- Slope Shape
- Siope Value
- Slope Class
Vegetation
Land Use
Surtace Conditions
Rock outcrops

PROFILE DESCRIPTION (15}

: 13th January, 1590 Climate

. T3-Tafiia Author(s) : W. Sartawi, M. Koyama
. Typic Calciorthid, loamy, carbenatic, Xeric, 5% slope

: Thermic

. Xeric

: Profila pit

Elevation : El. 1,210 m amsl
Drainage :

: 3.5 km northeast of Alais
¢ Summit of undulating plateau
: Gently sloping

: summit

: straight

. 5%

. B (Gently sloping)

. sparse cover by short grasses; Artemesia herba alba Centauren sp.
: Failow after cereals or legumes

. after rains, unploughed, weak crust

»nil

Dominant Coarse Fragments : nil
Evidence of Erosion . Sheet erosion
Parent Materials : Cherty limestones
Human infiuence : signiticant
SOi. PROFILE DESCRIPTIONS
Ap 0 - 14 em Reddish yellow (7.5YRe&/8) dry, storng brown (7.5YR5/6) moist:
loam; weak fine subangutar blocky; soft dry, friable
moist, slightly sticky and slightly plastic wet; many fine rools; many
fine pores; moderate reaction to HCI; clear
smooth boundry;
Bcal 14 - 42 cm Strong brown (7.5YR&/6) dry and moist; clay
loam; moderate fine subangular blocky; extremely hard dry, very firm moist,
sticky and plastic wet; common fine 1o medium roots; common fine to
medium pores; presence of gravels of chernt 2%;
accumu;fation of soft carbonate about 5%; strong reaction 1o HCi; gradual smooth
Bea2 42 em + Brown to dark brown (7.5YR4/4) dry and moisy;
clay loam; strong fine to coarse subangular blocky; exteremly hard dry, very
firm moist, sticky and plastic wet; common fine to medium roots; few fine o
medium pores; strong reaction to HCI; accumulation of soit carbonate about
30%; presence of gravels of angular shape 2%;

PHYSICAL AND CHEMICAL PROPERTIES
Soil Sample T3-1

Soil Sample T3-2
Soit Sample T3-3
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GENERAL

Date

Pedon No.

Soii Classification
Temperature Regime
Moisture Regime
Description Kind

SiTE DESCRIPTION
Location
Physiography
Topography
Slope
- Slope Position
- Slope Shape
- Slope Vaiue
- Slope Class
Vegetation
Land Use
Surface Conditions
Rock outcrops

Dominant Coarse Fragments :

Evidence of Erosicn
Parent Materials
Human influence

SOt PROFILE DESCRIPTIONS

Ap 0 - 32 cm

Bea 32 - 45 cm

Cca 45 cm +

PROFILE DESCRIPTION (16)

: 13th January, 1990 Ciimate

: T4-Tatila Author{s) : W, Sartawi, M. Koyama
: Typle Calclorthid, loamy, carbonatic, Xeric, 2% siope

: Thermic

: Xeric

: Profile pit

1 2.6 km west of Ainbida Eievation : Ef. 1,460 m amsl

: Summit of undulating plateau Drainage :

1 Gently sloping

: summit

: straight

T P

A (Almost flat)

: sparse cover by short grasses; Artemesia herba alba Centauren sp.
: Fallow after cereals or legumes

: after rains, unplocughed, weak crust
:onil

aii

. Sheet erosion

: basalt and limeslones

: significant

Brown {7.5YR5/4) dry, brown to dark brown {7.5YR5/6) moist; silty clay

foam; weak fine subangular blocky; slightly hard dry, very friable moist,

slightly sticky and non-plastic wet; many fine to coarse roots; many fine
pores; strong reaction to HCI; clear smooth boundry;

Strong brown (7.5YR5/6) dry and moist; clay ; moderale to strong subangular
bfocky; hard dry, firm moist, sticky and slightly plastic wet; common fine

to coarse roots; many fine pores; presence of gravels,cobbles of weathered
limestone; accumulation of soft carbonate (white eyes) freguent > 20%,; strong
reaction to HCI; abrupt smooth boundry;

Alternation of weathered basalt and limestones

PHYSICAL AND CHEMICAL PROPERTIES

Soil Sample T4-1
Soil Sample T4-2
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GENERAL

Date

Pedon No.

Soil Classification
Temperature Regime
Meisture Regime
Description Kind

SITE DESCRIPTION

Location
Physiography
Topography
Slope
- Siope Position
- Slope Shape
- Slope Value
- Siepe Class
Vegstation
Land Use
Surface Conditions
Rock outcrops

Dominant Coarse Fragments .

Evidence of Erosion
Parent Materials
Human infiuence

PROFILE DESCRIPTION (17)

: 11th January, 1990 Climate

© AS-Abyad Author(s) : W, Sartawi, M. Koyama
: Typic Calciorthid, silty, carbonatic, Thermic, 2% siope

o Aridic

: Thermic

: Profile pit

Elevation : El, 800 m amsl
Drainage

1 3.5 km east of Muhel
: Pediment of limestone hill
. Gentle slope

: Middle to lower

: Straight

=S

;A (Flat to almost flat)

Tonil

» Wheat, lentil

: after rains, moderately developed crust

N H

stones and cobbles covering > 30% of land surface
:rilf and sheet erosion

. colfuvial-alluvial deposits derived from cherty limesiones
. significant

SOIL PROFILE DESCRIPTIONS
Ap 0 -30cm Brown (7.5YR5/3} dry, yellowish brown (7.5YR5/4) moist; silty clay loam;
weak medium subangular blocky; soft dry, friable moist, sticky and plastic
wet; many fine to medium roots; common fine pores; medium reaction to HCI;
presence of gravels 3%; clear smooth boundry;
Biwica 30 - B0 cm + Brown (7.5YR5/4) dry, brown lo dark brown (7.5YR4/4) moist; clay loam;
strong fine to coarse subangular blocky; hard to very hard dry, firm moist,
very sticky and piastic wet; many fine roots; common moderate fine pores;

Soit Sample T5-1
Soil Sample T5-1

accumulation of soft carbonaie (white eyes) 2%; strong reaction 1o HCl,
presence of gravels 5%;

PHYSICAL AND CHEMICAL PROPERTIES
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