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ABSTRACT

Potential Utilization of Barley And Rangelands
In Arid To Semi-Arid Region In Jordan

By
Wail A.AL-Rashdan

supervisor
Dr. Butros 1. Hattar

Co-advisor
Prof. Awni Y. Taimeh

The study area is located 40 kms south east of Amman, it covers an
area of 131km? which represent the arid to semi-arid regions in Jordan to
evaluate potential land use and assess the most suitable land use alternatives

for the area.
Geographic information system (GIS) was the tool in conducting

suitability analysis by which modeling language has been used.

The FAO framework was used for land evaluation, FAO framework is
dynamic in concept and aims to predict the effect of changes in land use
through an understanding of the relationships, both physical and socio-

€conomic.
Suitability analysis depend on a semi-detailed soil survey level at

scale of 1:50,000. Assessment of potential land suitability based on
matching the requirements of land utilization types to the soil qualities of

mapping units reflect different suitability classes.
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Potential land use was carried out for three land utilization types, -

arable rainfed, barley, and range taking into consideration soil and climate
constrains and socio-economic conditions.

The area could be suitable for different land utilization types under
different management practices. Therefore, altenative land use scenarios are
proposed. These scenarios are drawn to develop the best suitable area for
proper land utilization types which have high potential production.

The first scenario is based on the assumption that no management
practices could be applied. This shows that 12% of the total area could be
used for barley production. The analysis shows that 98% of the total area
could be used as natural rangeland.

The second scenario is proposed for range development through
introducing contour furrows techniques and this provides opportunity for
improving 90 % (105,209 dunums) of the total area.

In addition, water spreading is not a suitable method to use it in the

area due to steep slopes and soil depth restriction.
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1. Introduction

Soil and climate are the two major factors that affect agricultural uscs. '
Shortage of waler is the important problem in arid and semi-arid region of
Jordan. About 91 % of Jordan receives less than 200 mm of rain annually, 6
o4 of the total area receives 200-300 mm, and less than 2 % receives 350-
500 mm, while about 1 % receives more than 500 mm.

Limited land resources in Jordan and increasing demands of the
growing population requires agriculiural expansion to intensify towards arid
and semi-arid regions as an alternative. However, land utilization in arid
areas should be based on proper land use to avoid soil degradation, and
optimum use of scarce water resources.

The yield of barley is very low because of selecting the low potential
land for barley or conversion of rangeland to barley production. The
conversion of natural rangelands to barley or crppped lands in an aitempt to
increase production has resulted in soil erosion and expansion of the

degraded land.

Potential land use evaluation based on soil constraints and climate
conditions indicated that the combination of climate and soil constraints
allow very narrow windows of opportunity for sustainable land use unless

favorable management practices are applied. However, the ability to manage

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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the available scarce water resources determines the feasibility of future

development.
The utilizaﬁon of the newly cultivated land should ensure preservation
of land resources. . -
The objectives of this investigation are :
- To evaluate the potential use of land for barley and range.

- Assess the most suitable land use alternatives of the study area.

’
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2. Literature Review

2.1, Soil survey and land evaluation
Land evaluation begins with basic survey of soil, climate, water, and
other characteristics of biophysical resources (Miller, 1978). The basic
survey identify the major soil units (Chinene, 1992)
The primary basis for land evaluation is provided by natural resource
data, which encompass soil survey, landform, and hydrology. The aggregate
btophysical data enables investigator to determine the suitability of land for

alternative purposes (Tumer, 1985).

2.1.1. Purpose of survey

Soil survey is one rof the activities collectively known as natural
resources surveys (Young, 1976). The purpose of a soil survey is to pr(_)yide
the user with information about the soil and land for any site of interest
(Young, 1976).

The primary task of soil survey is synthesis rather than analysis. The

approach is based on logical correlation, using empirical knowledge and

sound judgment (Diepen et al., 1991).

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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The standard soil survey map shows the different kinds of soils that are

significant in an arca and their relationship to landscape features. These '

maps are intended to suit the needs of users (Flaherty and Simth , 1982).

The field survey consists of two paralled sets of activities: Studies
directed towards the identification and description of land use, and surveys
of the available resources of the land (Dent and Young, 1981).

One of the end-products of soil survey should be a map showing units

of land which have a defined quantitative value for agricultural development

(Young, 1973).

2.1.2. Scales

The chosen map scaﬂe depends on the objective of the soil survey,
and the level of details of the field work being carried out.

Reconnaissance survey is conducted at a scale of 1:100,000 and
smaller, mapping units are mostly based on land forms; soil units, or land
systems.

Semi-detailed surveys are carried out at a scale of 1:50,000 at which

" soil series can be mapped. While detailed surveys are carried at a scale of
1:25,000-1:10,000. Soil series are employed as a map units (Young,

1973).
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2.2. Concept of land evaluation

Land evaluation is an interpretation of soil survey data. It investigates -

how relevant or irrelevant those data are for a certain purpose (FAO,

1977).

The central concept of suitability evaluation is that the various
activities are directed towards assessment of land for specified kinds of use
(Dent and Young, 1981)

Land evaluation offers a framework for agroecological integration,
within which observational and experimental information can be used to
improve our understanding of sustainable agricultural systems. Land
evaluation makes it possible to use land according to its biophysical
potentialities and limitations (Rosa et al., 1992).

Land evaluation is an interpretation of land properties in terms of
suitability of the land for djfferen't land use types or crop types (Arens,
1977). |

A fundamental process in land evaluation is the Vcompan'son or
matching of land-use requirements with the attributes of land mapping units
(Theocharqpoulos etal, 1995).

Land evaluation is a process of predicting the use potential of land on
the basis of its attribute. A variety of analytical models can be used in these

predictions, ranging from qualitative to quantitative, functional to
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mechanistic, and specific to general (Rossiter, 1996). It does not include
optimal land allocation. However, land evaluation supplies the technical
coefficients necessary for optimal land atlocation (Rossiter, 1996).

Land evaluation is a tool for strategic land-use planning, It predicts
and performs, both in terms of the expected benefits from and constraints to
productive and use, as well as the expected environmental degradation due

to these uses (Rossiter, 19906).

Land evaluation gives information on the suitability of different tracts
of land for selected land uses. Most land evaluations are biophysical

(Huizing and Bronsveld, 1994).

2.2.1. Purpose of land evaluation
Beek (1978, 1980) stated that the function of land evaluation is to
bring about an understanding of the relationships between the conditions _of
the land and the manner in which it is utilized. Also Dumanski et al.,(1979)
stated the need to predict favorable and adverse effects (outputs) resulting
from the use of the land, as well as the required management inputs.
According to (FAQ, 1976) land evaluation is concerned with the
percent performance of land, it provide land managers with information that
improve land use decisions (Johnson et al., 1991). It is a link that interprets

the physical environment in terms of its resource potential, land evaluation
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needs to assess the difference in productivity between existing and proposed

futures uses of land (Young, 1978).

Data for different land uses must be presented in a form which
allows for comparisons between uses based on some common measure of
performance (Johnson et al., 1994). Comparison of land use scenarios is
facilitated through fast computation of a large number of altematives

(Stomph et al., 1994).

2.2.2. Types of land evaluation
A. Physical and integral evaiuation
Physical land evaluation is concerned principally with physical or
ecological aspects of land and its use. It begins with basic surveys of land
resources. Frequently, physica! land evaluation has been applied to land use
concerns which go beyond assessihg the perfoqnance of alternative uses on
- particular types of land (Smith et al, 1986).-According to FAO 1976,
physical land evaluation identifies and compares potential land use
alternatives, and thus it is preceded by the recognition of the need for some
change in the use.
On the other hand, integral land evaluation is the synthesis of

information obtained from physical land evaluation with pertinent socio-
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economic factors (Smith et al, 1986). It deals with information on goals

and objectives for the use of land (Beek, 1980).

The purpose of integral land evaluation is not to predict one
economically optimal pattern of land use, but rather to assess the range of
options for production and iand use that are feasible given the specified

conditions, and to assess the effects of policies or changes m conditions

upon these options (Smith et al., 1984).

B. Qualitative evaluation

Qualitative land evaluation indicates the suitability of land for
particular use in qualitative terms (e.g. well suited, marginally suited). The
principles have been outlined by the Food and Agricultural Organization of
the United Nations (1976).

Qualitative land evaluation lﬁethods are based on simple procedures,
i.e. the use of farmers’ experience and expert knowledge. The availability of
data and the possibility of collecting additional data determiné which type -of
physical land evaluation is most appropriate. Qualitative physical land
evaluation methods, usually represent less detailed technical approaches
(Van Lanen et al., 1992). Qualitative r?},!ings may be as simple as narrative

statements of soil suitability for particuku crops, or they may group soil

,

]
k!
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subjectively into a small number of classes or grades of agricultural

suitability (Huddleston, 1984).

Qualitative methods usually express the suitability in more than two

classes (Van Lanen et al., 1992).

C. Quantitative evaluation
The quantitative procedure describes suitability in terms of potential

crop yield and their variation which can be assessed (Van Lanen et al,,
11992).

On the other hand, quantitative land evaluation combines the
properties’ of crops, soils, and weather in sucﬁ a way to estimate yield
potentials. These estimates permit evaluation of the major constraints in any

particular situation and of the requirements for eliminating these constraints.

The availability and quality of data are the principal limitations on -

accurate predictions of yield (Keulen et al., 1986).

Quantitative land evaluation methods combine the pro;;erties of crops,
soils, and weather in away to estimate yield, such as kg dry matter per unit
area, and gissociated inputs (e.g. m3 water/ha, kg nutrients/ha) (Van Lanen et
al,, 1992).

The quantitative approach, as developed by FAQ remains one of the

best possible ways to achieve a quantification of the land evaluation system

All Rights Reserved - Library of University of Jordan - Center of Thesis Deposit
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.(Sys, 1993), Quantified methods  require more-or-less detailed models of

tand performance. These models, however, usually have high data"

requirements (Rossiter, 1996).

However quantitative evaluation methods require more input data, and

more expensive than the qualitative ones.

D. Economic evaluation
Economic land evaluation is a method for predicting the micro-

economic value of implementing a given land-use system on a given land
area. This is more useful prediction of land performance than a purely
physical evaluation, since many land-use decisions are made on the basis of
economic value (Rossiter, 1995).

Economic evaluation is one which includes results given in terms of
profit and loss for each specified enferpn'se on each kind of land.

Economic land evaluation is sensitive to a range of different
assumptions which can vary every time (Johnson et al., 1994).

The variation of economic and biophysical variables identified in the
~ physical spitability assessment and economic analysis can be characterized
in terms of production and price risk. The best lands are determined not only

by their ability to produce high yields at the lowest cost (Johnosn et al.,
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1994), The FAO promoted the use of economic land evaluations, either

subsequent to the physical evaluation or in paralleled with it (FAO, 1989).

2.3. Systems of inventory
2.3.1. The land systenll appreach

Land system is an area with a recurring pattern of topography, soils
and vegetation and with a relatively uniform climate (Christian et al.,
1953).

Land system approach is the best known landscape approach for
providing a rapid inventory of land resources (Moss, 1983), (Davidson,

1992).

2.3.2. The source of information of land evaluation

A. Land

Knowledge of the physical characteristics of land is. a fundemental
source of land evaluation (Dumanisiki, 1979). The land resources are of
different nature, such as physical resources, human resources and capital

resources (Sys, 1985).

Land not only refers to soils but also includes the relevant features of

geology, land['orrhs, climate, and hydrology (Johnson et al., 1994).
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B. Land cover

This refers to possible kind of use under consideration for the future '

(Christian and Stewart, 1968).

Effective public land use programs require accurate understanding of
past and present land uses and their interrelationships (Gibson and
Timmons, 1976). Data for different land uses must be presented in a form
which allows for the comparison between uses, based on some common
measure of performance (Johnson et al.,, 1994).

Many cuﬁent land use systems are not sustainable as they contribute to
the deterioration of the natural resources base, as a result of erosion,
chemical exhaustion salinization, contamination with toxic chemicals.
(Stomph et al., 1994)

Inappropriate land use leads to ineﬂicienf exploitation of natural
resources, destruction of the 1and resource, poverty and other social
problems (Rossiter, 1996). A better integration of biophsical and socio-
economic data was achieved by georeferencing part of the land use and
farming systems data (Funnpheng et al., 1994).

Current land use have evolved through processes involving decisions

and actions in both the market place and the political arena (James et al.,

1976).
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C. Cost of inputs and outputs

The general economic information include present prices for outputs,

forecast based on expected demand and supply, present costs for inputs as
well as expected future price movements, depreciation rates, availability of
local and export markets, present infrastructure, size of farm or production
unit and effective agricultural area accessibility and locafion, influence of
government policy (Johnson et ai., 1994). The economic situation of a crop
on the world market is very important (Sys, 1985). This includes results
given in terms of profit and loss, for each kind of land. Obtaining the cost of
inputs, cost of conservation, reclamation, management practices, and value
of production (Purnell, 1977). |

Land capability and suitability are related to particular inputs and
outputs which have economic value. There is a need explicity to incorporate

economic as well as biophysical data in the process ofland evaluation

(Johnson et al., 1991).

2.4. Evaluation methods
2.4.1. USDA system of land capability classification

This is the earliest known land capability system. This system is based
on permanent physical land characteristics that limit land use or imposes

risks of erosion or other damage that easily can be identified (Beek, 1980).

| 4'91115
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The system groups soil mapping units in eight capability classés on the

basis of their capability to produce common cultivated crops and pasture
plants over a long period of time (Beek, 1980) .The system is one of a
general appraisal and not related to a specific land utilization type. However,
the preferential utilization type and land use is reflected ih the classes (Sys,
1985)

The classification is subjective insofar as the only criteria guiding
classification are verbal descriptions for each classes (Ive et al.,, 1985). The
main aim of land capability classification method is to assess the degree of
limitation to land use or potential imposed by land characteristics on the
basi.s of permanent properties (Davidson, 1992).

The USDA land capability classification rates land from class 1 (best)
to 8 (Worst) according to the intensity of land use it can support and the
degree of management that would be necessary to support that intensity.
Implicit in this ranking is the assumption that a wider choice of land uses
should allow the farmer more opportunities for income, an‘d less stringent
management requirements should result in lower cost of production
(Rossiter, * 1995). |

Singer (1978) stated that systems indicating land capability for

agriculture were developed to group soils with similar management

\
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problems for interpretive purposes, not to define which lands should be

reserved for agriculture.
Despite its lack of explicit criteria, the USDA classification has been
internationally accepted and modified to suit particular environments or

special agricultural activities.

2.4.2. The FAO system of land evaluation

The system is based on basic concepts, principles, and procedures for
land evaluation that are applicable in any part of the world (FAO, 1976).

The central concept of the FAO framework for land evaluation is the
use of land qualities-complex attributes of land that act in a distinct manner
on a specified LUT (FAO, 1976, 1983). Land utilization types defined
according to the FAO (1976) as "a specific subdivision of a major kind of
land use which should be defined in terms of produce or management".

Land qualities cannot be measured directly. Instead several
measurable land characteristics that directly influence thé chosen land
qualities are used (Chinene, 1992).

The most typical feature of the framework procedures is the

comparison of present or future land conditions with the most preferred
conditions through an iterative adjustment process called "matching”

(Diepen, 1991).
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The FAO  suitability classification system was employed at the levels

of order, class, and sub-class (Shankamarayan et al., 1084).
Immediate problems for the land evaluator are to choose relevant
land qualities and land characteristics of predictive value and to combine the

ratings of land qualities into an overall evaluation of land suitability

(Chineue, 1992).

Application of the FAO framework for land evaluation can identify
the most limiting land qualities, and provide a good basis for advising
farmers on appropriate management practices (Chinene, 1992).

The FAO framework does allow the use of land characteristics
directly to assess suitability, but it is generally clearer to use land qualities as

an intermediate level of evaluation (Rossiter, 1994).

2.4.2.1. Land suitability order

The classification approach of the FAO framework for land
evaluation (FAO, 1976) was adopted in terms of two suitability orders (S for
suitable and N for unsuitable) (Theocharopoulos et al., 1995).

The purpose of classification, at the order level, is to minimize the
risk of misunderstanding by establishing the basis meaning of more detailed

interpretation (Sys, 1985). The order should always be quoted in the
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classification symbol, therefore, even when only one order of land is

represented in the survey area (Sys, 1985)

2.4. 2. 2. Land suitability class

The following five land suitability classes where used: class S1-
highly suitable, class S2-moderately suitable, class S3-marginally suitable
NS not suitable (Theocharopoulos et al., 1995)

However, it has been recommended to use only 3 classes within order
S and 2 classes within order N (Sys, 1985). The suitability class may be
made equivalent to the rating of the most limiting land quality (Chinene,
1992).

The class will be indicated by an Arabic number in sequence of
decreasing suitability within the order, apd therefore, reflects degree of
suitability within the orders (Sys, 1985).

The overall suitability assessnltent of mapping units has to be based on
a weighting of the relevant properties or the principle of 'limiting factors
(Dean, 1994). !

Soils with the most favourable physical suitability class do not
necessarily have the highest net return, and vice versa. Generally mapping

units with the most favourable physical suitability class obtained the highest

net returns (Johnson et al., 1994).
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2.4.2. 3. Land suitability sub-classes

These are divisions of suitability classes which indicate not only the
degree of suitability (as in the suitability class) but also the nature of the
limitations that make the land less suitable (So, suitability class S1 has no
Subclasses) (Rossiter, 1994).

The subclasses reflect the kinds of limitations or main kinds of

improvement measures required, within classes, (Sys, 1985).

2.4.3. Land utilization types (LUT)

Rossiter (1996) defined the land utilization types as a specific land-
use system with specified management methods in a defined technical and
socio-economic setting, and with a specific duration or panning horizon.

The characterization of land utilization types may include a variety
of factors according to the detai]‘ and purpose of the land evaluation study
(Beek, 1980). The concept of land utilization ‘type (LUT) proposed by the
FAO explicity includes the social and economic context iﬁ which the land

use system is to be applied (Rossiter, 1995).

The land use requircments are the most fundamental aspects of the
land utilization types for purposes of land evaluation. The land use
requirements of a LUT determine to a great extent which land resources data

need to be studied and in how much detail (Beek, 1980).
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The switability of a given type of land can be defingd only be

satisfying the question "suitability for what" (Rondal, 1985).
Constraints on production factor such as labour and capital affect the
feasibility of the LUT (Rossiter, 1995). Determining appropriate LUTs for

rainfed areas could help improve overall productivity (Rondal, 1985).

2.4.4. Land quality

A land quality is considered as a complex attribute of the land that
aﬁts in a distinct manner in its influence on the suitability of land for specific
kind of use (Sys,' 1993)

A land quality is an asset of the land for a specific use. This concept

l;S‘ opposed to the land limitation concept used in land capability
classification. A land limitation is a liability of the lénd (FAO, 1977).

Rhssiter (1996) defined ]énd quality as a complex attribute of land
which acts in a manner distinct from the actions of othgr land qualities in its

influence on the suitability of land for a specified kind (;f use. The land
qualities of the land rﬁapping unit must meet the requirements of the LUT for
that suitability class (Chinene, 1992).

Land qualities are described in terms of measurable land characteristics
derived from the land mapping units. Within each land quality a number of

constituent single or minor compound land characteristics would have to be
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distinguished for rating the land qualities to which they belong (Beck,

1980).

Land qualities which directly affect land suitability in a more or less
independent manner, and which usually can not be directly or routinely
measured (Rossiter, 1995). Land qualities must be estimated or inferrred
from a set of diagnostic land characteristics (Rossiter, 1995).

Land quality is related to only one or two characteristics, the matching
exercise is easy and the determination of optimal and marginal situation will
remain feasible.

It is important for the choice is the fact that to be valuable for use in
land evaluation selected diagnostic criteria (characteristics and /or qualities)
should offer the possibility to define in clear comprehensive terms to optimal

and marginal situation for the different land utilization types (Sys, 1993).

2.4.5. Land characteristics

A land characteristic is an attribute of the land which can be measured
or estimated and which can be used for distiguishing between land units of
differing suitabilities for use and employed asa means of describing land
qualities (FAO, 1983). |

The land characteristics are measured or estimated in rotuine survey

(Rossiter, 1995).
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The effects of a land characteristics on suitability are not direct, but

through their effect on land qualities. This is because a single land
characteristics may affect several qualities oflen in contradictory ways

(Rossiter, 1994).

Land characteristics are directly available in land resources inventory.
Their use may be easier for land evaluation. However those who prefer to
elaborate the required matching exercise to transfer characteristics into

qualities may also achieve good evaluation results (Smith et al., 1984).

2.5. Evaluation procedure

Evaluation procedure, based on the principle of the FAO framework
suggests a translation of  the limitation levels into land classes. This means
for each quality there is a level gf suitability as S1 (very suitable), an S2
(modefately suitable), an S3 ‘(marginally suitable), NS (not suitable).
According to this procedure suitability classes should be defined in a
function of the evaluation procedure therefore three methods have been

compared (Sys et al., 1990).

2.5.1. Simple limitation method

The simple limitation method defines land classes on the basis of the

most severe limitation.

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



22

This method consider as the most simple method for qualitative fand

evaluation (Sys, 1993), and the types of limitations that is responsible for
lowering the suitability classes are the basis for defining subclasses (Dent
and Young, 1981).

The land characteristics are compared with the crop requirements
and the land class in attributed according to the less favorable characteristics
(Sys, 1985).

This simple evaluation method has the advantage that interactions
between characteristics do not intefere as such. Greater number of

characteristics can be used with out influencing the evaluation (Sys, 1985).

2.5.2. Limitation method

The limitation method defines land- classes with respect to the
number and intensity of limitations (Sys, 1993). Limitations are deviation
from the optimal conditions of a land qualities which adversely affect the
kind of land use (Sys et al., 1990).

This method requires great attention for interactions between
characteristics/qualities (Sys, 1993).

The limitation methed provides somewhat more information on the
land conditions. To avoid interactipns between the characteristics a

minimum set of diagnostic criteria should be used (Sys, 1993).
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253, Parametric method

The parametric approach in the evaluation of land characteristics
consists in attributing numerical rating to the different limitation levels of the
land characteristics in a numerical scale from a maximum (normally 100) to
a minimum value (Sys, 1993).

The parametric method is useful in research because they express the
value of the land as a numerical index which is eastly to correlated with
yield (Purnell, 1977).

Soil potential ratings, which is based on the land index concept give
emphasis to the posilive attributes and on the performance of soils. A key
problem in devising an index of land quality or performance is the
identification and appropriate weighting of the controlling factor
(Huddleston, 1984).

In the paramefric method a natural rating is attributed to the
limitation levels. Classes are arbitrary defined according to the value of the
land index (Sys, 1985). The calculation of a corrected land index from each
calculated parameter value has been suggested.

2.5.4. Parametric approaches
2.5.4.1. Additive method

Additive method has been used in Germany since 1920s. It was

mainly used for land taxation purposes (Diepen et al., 1991). The additive
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method assumes that all the influences of the different factors add together

without interference, even this doesn't represent the nature (Pumell, 1977). ~

Several soil properties where assigned numerical values according to their
impact on plant growth. These numbers must be summed or subtracted from

a maximum rating of 100 to derive the final rating (Diepen et al., 1991).
2.5.4.2 Multiplicative index

A. Land index

The storie index considered as an example of multiplicative
parametric system. The factors are rated on a scale from O to 100 (Sys,
1985).

The system depends on the choice of determinates, their weighing,
and the validity of the assumed multiplicative interaction between the
factors. The number of factors should be kept at a minimum to avoid very

low index values. Land indices are the final result of land evaluation (Diepen

et al., 1991).

B. Productivity index

Productivity ratings derived from objective, as indicators of the

relative quality of soil resources for crop productions. Crop yield is a prefer

method of expressing productivity, if crop yield data where available for all
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crop soil combinations encountered. Therefore, empirical ratings derived

from soi! properties are widely preferred (Huddleston, 1984). The individual
land or soil characteristics are assessed individually and then arithmetically
combiﬁed (Young, 1976).

The major advantage of combined systems is the ability to
incorporate information from several soil factors without minimizing the
impact of one or two major limitations (Huddleston, 1984). While the
disadvantages of systems of this type are their rigidity and restricted
applicability. All of those cited are able to demonstrate good conrrelations
between the productivity index and yields of a particular crop within the area
for which the index was developed. As soon as one system is transferred to
a substantially different climate the ratings require substantial alteration

(Young, 1976).

2.6, Land Use planning

Land use planning is a decision support system for land use
planning, lo assist decision makers in the assessment and evaluation of
alternative “strategies for the tactical and operational land use plan (Sharifi et
al., 1994). In order to plan efTectively for the use of land, there is a need to
develop an ability to assess land resources with respect to alternative sets of

conditions and goals (Flaherty and Smith., 1982). -
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This means addressing fundamental conflicts between the demands

of individuals for use of the land now and the needs of community for

productive use of the land in the longer term (Dent, 1988).

Land use planning was introduced (to follow land evaluation) in the
expectation that this would produce results more directly relevant for
planners (Putte, 1989). Land evaluation creates an interface between land-
related information and the integrated information requirements of land use
planning (Smit et al., 1986).

Without adequate data rating to biophysical and economic factors
that influence resources use, land use planning will not necessarily promﬁte
societal goals (Smith and Estes, 1987). If land use planning, based on proper
land evaluation is considered as the ultimate practical use of soil science, a
considerable effort is still required to sort out and to quantify the criteria to
be used for the desired land use purposes (FAO, .1977).

The presence of an improved information base can have a positive
impact on land use planning activities (Johnson et al., 1994). Part of the
solution of the land-use problem is land evaluation in support of rational
land-use planning and appropriate and sustainable use of natural and human

resources (Rossiter, 1996).

Any land use planning system requires an information system

which serve land resource programs have direct bearing upon the
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effectiveness of identifying and satisfying land use policy, planning, and

program objectives (James et al., 1976).
To facilitate the decision-making process, data for different land
uses must be presented in a form which allows for the comparison between

uses, based on some comimon measure of performance (Johnson et al.,

1994).

Evaluation of land suitability and potential is a major step forward
in land use planning (Zhu et al., 1996). Land use planning is a cyclic rather
than a finite procedure, and land evaluation téchniques need to be able to
accommodate changing conditions and alternative “scenarios for the future

(Smit et al., 1984).

2.7. GIS as a tool for land evaluation

A GIS is an integrated suite of computer based tools which
facilitates the inputs, processing, display, and output of spatiglly referenced
data (Theocharopoulos et al., 1995). |

One outstanding merit of GIS is the ability to apply filter or sieve
mapping to -find points, lines, or areas that meet defined conditions
(Theocharopoulos et al., 1995).

Geographic infonmation system (GIS) principles are applied to

facilitate information management, analysis of spatial ~data in relation to
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thematic data and finaly transfer and present the results in a manageable,

communicable and easy understandable format. GIS technology is also

applied as flexible method for solving multiple objective problem that could
not have been easily addressed (Sharifi and Vankeulen, 1994).

The use of a GIS meant that land suitability maps could be combined
in order to predict potential land-use patterns (Theocharopoulos et al.,
1995). The advent of geographic information system (GISs) has created the
capability of combine information from many different sources and relate
them on a common spatial basis (Sharifi et al., 1994). The use of a GIS is a
considerable help in saving time and thus cost in data management and
presentation. It must also be noted that corrections and update to the data
and maps are more easily achieved (Theocharopoulos et al., 1995).

A GIS may be viewed as a data base system in which most of the
data are spatially indexed, and upon which a set of procedures operates in
order to answer queries about spatial entities in the data (Smith et al., 1987).

The user can also structure his or her own ]and-usé problems and
build land-use models by empolying - the existing GIS (Zhu et al.,, 1996).
GIS principles are applied to facilitate information management, analysis of
spatial data in relation to thematic data, and finally transfer and present the
results in a manageable, communicable and easy understandable format

(Sharifi etal., 1994).
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3. Materials and Methods

3.1. Study area

The study area is located East of Jiza, 40 km South East of Amman
(Figure 1). It covers an area of 131 square kilometers. It is located within

latitudes (495,000-515,000) North, and longitudes (400,000-415,000) East

using UTM system.

The study area is located within the arid to semi-arid regime in
Jordan (Figure 2). It is located within Jordan highland plateau consisting of a
series of undulating plains and rounded hills formed mainly in rocks of Belqa
formation (Bender, 1974). Very finely dissected limestone and chert plateau.

The population density is low in the area except in Qnatra village
located at the border of the catchment with the population number of about
1200 person. The total area planted with winter qereals especially barley and
it is estimated at 50700 dunums. The irrigated and rainfed lapd produce 300

and 7000 tons, respectively. The number of vegetable-planted green house is

175 and produce about 580 tons (Personal Communication).
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The area planted with fruit trees, both irrigated and rainfed, is

estimated at 5800dunums primarily apple, peaches. The area_‘planted with

olive trees is estimated at 200 dunums (NSMP, 1995).
The area lies within the xeric-aridic transitional moisture zone. The

annual of precipitation varies from 175 to 200 mm.

The slope varies from 3-10 %. General steeper slope occupies the
Western portions. The region varies in altitude from a minimum of 550 m
a.s.l. in the Nortli, to nearly 900 m a.s.1. in the extreme South.

The natural vegetation cover is weak and scattered. The main
vegetative cover consist of small shrubs and grasses. Rainfed agriculturé is

practiced with some scattered farms of irrigated orchard and vegetable

Crops.

The main . factors causfng degradation of the soil of the study area are
climate and improper cultivation practices such as rainfed agriculture in the
areas with no potential.

Overgrazing is a major problem regarding the use of rangeland and
had resulted in the invasion of less desirable plant species and increased soil
erosion especially in the steppe lands.

Increasingly, the lower and middle hill slopes are being ploughed
every year for barley production. Rainfall is rarely adequate to produce

reasonable crop. Failure, or, at best, limited vegetative growth IS comimon.
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3.2. Geographic information system (GIS) technique

A geographic Information technique was used to construct suitability -

maps for the study area using international systems.
The GIS works include the following steps:
3.2.1. Digitizing
Data available from National Soil Map Project, (level2) semi-detailed
level at a scale 1:50,000 was used. The boundary of the study area was
digitized beside the mapping units to convert the map into digital form as
shown in (Figure 3). Each mapping unit consist of soils association classified
at the subgroups level (Appendix A). The procedure use to delineate the

varies mapping units is given in national soil map project. The description of

the soil including color, depth, texture, reaction, salinity, gradient and

topographic position.
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Detailed interpretation for current land cover was carried using

1:50,000 landsat image. The detailed land cover map was digitized.

3.2.2 Socio-cconomic data

Socio-economic attributes such as population density, demographic
characteristics, current land use, land tenure represent an important
reference for the selection of pertinent land utilization types. They constitute
the context of physical land evaluation whereas the physical land conditions
are the main object in land evaluation. Current land use was selected and

was georeferenced as a factor that could be related to the evaluation output.

3.2.3. Current land use

This current land use is georeferenced and can use GIS technique.
Landsat image at a scale of 1:50,000 was used to make detailed
interpretation for land cover in the study arez;l. The developed FAO land
cover legend was used as a guide for land cover interpretation, (Jordan Arid
Zone Productivity Project under supervision of land use component A, Awni
Taimeh, 1'998).Then the detailed map was digitized and saved in digital

format.

The FAQ legend divides land cover into seven main elements, These

elements has been divided as appropriate into sub-elements.

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



36

The main elements are:

1. Urban land use and associated non-agricultural land.
2 Horticultural c.rops, unirrigated and irrigated.
3. Open field crops and fallow land.
4. Orchard crops.
5. Rangeland, high intensit)'f range >30% percentage ground cover.
Low intensity range >30% percentage ground cover.

6. Forest and other wooded land.
7. Unvegetated land.

After land cover interpretation was done in the GIS lab using satellite
image, then problematic areas were denoted on the imagery by small
remark, and traverses were planned to investigate these areas. Start and

finish points on there traverses were marked on the overlays, and in the

vehicle decimal km points and land cover units to the left and the right of the

road were dictated by observations being spaced at intervals averaging 0.3
km. Data were then transferred from the record sheets to the overlays on the
imagery, and from this data boundary lines were drawn between different
individual units or complexes of units. Then the detailed map was digitized

and saved in digital format.
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Rangeland is divided into two categories on the basis of percentage

ground cover. In general rangeland does not show regular, small, rectangular

field boundaries, but has a tonal pattern entirely dictated by natural features.

High percentage ground cover >30% can be recognize on the map with
tones darker and redder than 5 YR 5/6. In the field 1 square meter was-
located and estimate the percentage of range cover per 1 square meter.

Low intensity range cover <30% generally areas corresponded to tones
lighter than 5 YR 5/6, and in the field the range cover density is less than
30% per area of 1 square meter.

The land cover in the study area shows four kinds of uses as shown
in Figure (4) as follows: |
Low intensity range cover <30% about 44.22% (56188 dunums) of

the total area .

High intensity range cover >30% about 8.18% (10394 dunums) of

the total area.

Rainfed agriculture cover 39.9% (50700 dunums) of the total area.

Irrigated orchards cover 6.09 % (7734 dunums) of the total area.
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3.2.4. Data retrieval and collection
A. Missing data

The study area comprise seven mapping units, one site had been
chosen for measuring infiltration rate in each mapping unit using the
sprinkler infiltrometer method (Hatten, 1996).

Representative rectangular area of 0.75x1  meter was selected. The
COIners _of the rectangle were marked with small sticks. On the downward
side of the slope, the soil is cut away from the lower edge for a depth of
10cm. The face being angled into the slope, and a collector tray is placed so
that it can collect any run-off from the plot.

Four catch-cans are placed within the rectangle in order to record
depths of the distilled water applied to reduce the affect of salts on

infiltrometer rate.

The process is repeated sevleral times for a duration of 1 hour. The
cumulative water levels in the cans being recc;rded each time as shown in
Appendix C.

Salinity, alkalinity, and calcium carbonate content were measured in
the laboratory for’ each mapping unit within the study area. Soil salinity of
(ds/m) was measured on 1:1 soil to water. Exchangeable Sodium Percentage

(ESP) and Sodium Absorption Ratio (SAR), was calculated from Ca, Mg

using titration method (ICARDA, 1996) and Na measured by using flame
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photometer (Chapman and Part, 1961).Calcium carbonate was measured

using Calcimeter (ICARDA, 1996).

B. Types of available data

The data was obtained from National Soil Map and Land Use
Project for Jordan. The project was carried by Ministry of Agriculture in
cooperation with commission of the European Communities. The established
database was given a title of Jordan soils and climate information systems
(JOSCIS) and have the following data: rainfall, temperature, soil properties,
available water holding capacity, elevation, slope, surface cover types
percentage, erosion, drainage classes, chemical and physical analysis.

Attributes relevant to the mapping units occuring with the study
were imported from the National Soil Map Project database. These

attributes were geographically referenced. The locations of representing pits

and bores were imported among other attributes: The number bore holes and

pits located within the study area were 32 and 34, respectively. The location

of these sites are shown in Figure (5).
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Profiles representing the mapping unit as follows:

Map unit | Representative profile

M25 PM300, PM 302, PM304, PS111, PH150

M28 PG109, PM213, PM221, PM225, PS53, PS 63, PS110
M30 PB93, PB100, PB107, PH184, PH186

M31 PM286, PM 316, PM317, PM322

M32 PM324, PS77, PG200, PG171

M34 PB105, PG2, PB110, PD65

M36 PM312, PM314, PM305, PB97, PG6

Imported attributes were stored in the GIS as point files. Then single
file was created containing the required fields using SPAN-Map. The output

file to be used in the suitability analysis contains all mapping units in the

study area with their relevant attributes.

3.2.5 Average and modal calculation

For the purpose of suitability analysis, each mapping unit should
have a representative value for each parameter used in the evaluation.

The calculations of average were done for each parameter that
represent a numerical value of measured property. While the modal value

were those that are described as a class or type. Average and modal

calculation is shown in table (1).
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The parameters With average values were: rainfall, temperature,

slope, CaCO3, Salinity of surface horizon, alkalinity of surface horizon, soil -

depth within 0-120cm, surface cover percentage, stoniness, and available
water holding capacity within 0-100cm. Modal values were estimated for

three types of erosion (sheet, rill, undifTerentiated) and class, surface cover

type (rock, stones, gravels), and drainage class.

3.3. Steps of land evaluation

FAO guidelines had been used for land evaluation because the FAO
framework is a dynamic system and aims to predict the effect of changes in
land use through understanding of the relationships of both physical and
sOcio-economic.

FAO framework can be used at any scale and at any level of precision
and provide practical guidelines to assist in carrying land evaluation for

rainfed agriculture,
This system is based on the following principles:

Land suitability is assessed and classified with respect to specific kinds

of use.

Evaluation requires a comparison of the outputs obtained and the inputs

needed on different types of land.

A multi-disciplinary approach is required.
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Evaluation is made in terms relevant to the physical economic’and

social context of the area concerned.
Suitability refers to use on a sustainable basis.
Evaluation involves comparisons of more than onekind of use.

A fundamental procedure in land evaluation refers basically to the
matching of land-use requirements with attributes of land mapping units.
These requirements are grouped into land qualities with their relevant
characteristics in which they are matched with the proposed land utilization

types (LUT's).

3.3.1. Land utilization types

According to the principles of the FAO (1976) framework land
suitability is assessed and classified with respect to specified kinds of use.

Land suitability analyses have been conducted to assess the suitability

of the area for the following types of utilizations:

1. Rainfed

2. Barley

3. Range -

These land utilization types were selected because they are the main

types dominant in the study area under existing land use.
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The bases of the land evaluation is based on the potential suitability of
the land to avoid soil degradation and at the same time to sustain
productivity.

3.3.2. Criteria for each land utilization type

A. The general criteria use for FAQO as follows:
1. Moisture availability :  Mean annual rainfall
Available water holding capacity (AWHC).
2. Temperature regime: Winter growth potential (WGPT)

3. Rooting conditions: Soil depth
4. Soil toxicity: CaCO;
5. Erosion hazard: Erosion type

Erosion severity

6. Topography: Slope
7. Salinity hazard: Salinity
8. Alkalinity hazard: Sodicity

Land qualities have been classified into five main groups, denoted by
a code letter as follows:

c: climate.

s: soil.

€: erosion.

r; rockiness/stoniness.

t: topography (slope).

n: salinity/alkalinity.

i infiltration rate.
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Table (2) shows the criteria and their relevant characteristics and units

followed by FAQ.

Table (2): Required land qualities and their relevant

characteristics for land evaluation for

rainfed agriculture.

Land Quality Land characteristics Unit Grouping critcria

1. Moisture availability | Mean annual rainfall mm Climate (c)

2. Temperature regime | winter growth Potential | deg day over 8 CO

3. Moisture availability | Available water holding | mm/m Soil (s)
capacity (AWHC)

4. Rooting conditions | Soil depth cm

5. Soil toxicity CaCOj3 %

6. Erosion hazard Erosion type type Erosion (¢}
Erosion severity class

7. Terrain Slope % Topography (1)

8. Rooting. conditions | Rockiness % Rockiness (r)
Boulders and stones %
Stoniness of surface %
Horizon %

9. Salinity hazard Electrical conductivity | mmhos/cm Salinity/

10. Alkalinity hazard | ESP % Alkalinity (n)

B. Criteria used for FAQ, rainfed agriculture:

Mean annual rainfall: the optimum requirement not less than 250mm.

Winter growth potential: the requirement more than 250 degree.day

over 8§°C.

Total available holding capacity (AWHC): the requirement more

than 150mm/100cm.

Soil depth: more than 90cm.

Calcium Carbonate: the best requirement varies from 0-30 %.

Slope: the requirement less than 4%.

- Salinity: the requirement must be less than 2ds/m.

Sodicity: the requirement must be less than 15%. The land suitability

criteria for rainfed agriculture is shown in Table (3)
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C. Criteria use for barley

1. Mean annual rainfall; requirement more than 250mm.

2.  Winter growth potential: the requirement more than 250 degree.day
 over 8°C.

Total available holding capacity (AWHC):more than 150mm/100cm.
Soil depth: more than 50cm.

Calcium Carbonate: less than 20%.

Slope: less than 2%.

N~

Salinity: the requirement must be less than 12ds/m.
8. Sodicity: less than 25%.

9. Infiltration rate; the best criteria is more than 16mm/hr,
The land suitability for barley is shown in Table (4)

D. Criteria used for range

1. Mean annual rainfall: the requirement more than 100mm.

Winter growth poteniial: more than 400 degree.day over 8°C.
Total available holding capacity (AWHC):more than 90mm/100cm.
Soil depth: more than 50cm.

Calcium Carbonate: more than 30%.

Slope: less than 20%.

Salinity: less than 8ds/m.

Sodicity: less than 15%.

NI A o

Infiltration rate:; more than 10mm/hr,

The land suitability criten'a‘for range is shown in Table (5)
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" E. Criteria used for water spreading for range

o N o v B w N

Mean annual rainfall: the requirement more than 200mm.

Winter growth potential: more than 250 degree.day over 8°C.

Total available holding capacity (AWHC):more than 150mm/100cm.
Soil depth: more than 130cm.

Slope: less than 1%.

Salinity: less than 4ds/m.

Sodicity: less than 15%.

Infiltration rate: less than 4mm/hr.

The land suitability criteria for water spreading for range is shown in

Table (6)

F. Criteria used for con tour furrows for forage shrubs

1.

2
3
4
5.
6
7
8

Mean annual rainfall: the requirement more than 200mm.

Winter growth potential: more than 400 degree.day over 8°C.

Total available holding capacity (AWHC):more than 1 10mm/100cm.
Soil depth: more than 100cm.

Slope: less than 7%.

Salinity: less lhal{ 4ds/m.

Sodicity: less than 35%.

Infiitration rate: less than 4mn/hr.

The land. suitability criteria for water harvesting as contour furrows for

forage shrubs is shown in Table (7).
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3.3.3 Land qualities:
The main groups was aggregated into five components:

1. Climate
Two parameters were determined: mean annual rainfall and winter
growth potential degree.day above 8°C.

Rainfall was determined for sites within mapping units using daily
precipitation data that were stored for the period of early 1950-1992 for
many stations and for more than 50 raingauge.

Computer program was used to calculate actual values or average
calculated with there mean and standard deviation and expected
precipitation at reliability level of 50%. Then the average annual rainfall was
determined for each site with regarding to its position based on coordinates.

Winter growth potential (WGPT) defined as the number of degree.
days above 8°C for the three coldest months of the year (December,
Janvary, February). This is calculated from each month’s mean monthly
temperature of climate stations, and the assumption that day time mean
temperature are some 3 degree. above the monthly means.

Computer program was used to calculate the annual air temperature

for sites based on regression equations of altitude, latitude, and longitude

(NSMP, 1995).
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2. Soil

Available water holding capacity (AWHC) was used to define the

moisture reserve for a depth of 100 cm. Depth of soil is used as a criterion
because it indicates rootable depth and present of iﬁlﬁénetrable layers. It is
calculated based on texture, depth, bulk density, mineral fragments. Total

CaCO; was considered.

Limits of salinity for each land utilization type have been selected on
the criteria of yield depression of the crops/land covers involved at the
respective salinity levels.

Exchangeable sodium percentage (ESP), was measured because
sodium make dispersion for soil and reduce the inﬁltration rate of the soil.

3. Erosion hazards

Erosion type, and degree of hazard were used because of their effect
on seedbed preparation and soil losses. Types, pf erosion in the study area
are: sheet, rill, and undifferentiated erosion with siight hazard. These type of
erosion depend on slope, moisture status, texture.

4. Topography
Thig parameter is expressed as slope percentage. It was calculated

by taking the average value of slopes for sites in each mapping unit. The

variation of slope in the study area from 2-6%.
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5. Rockiness/stoniness

Three parameters are important here: store content of the surface
horizon, stone, rock or boulder percentage on the surface, and the dominant
size of t he surface course material,

Rockiness can be defined by two components: rock outcrop, and
stone at the surface, while stoniness defined by stone contents of the surface
horizon.

3.3.4. Matching processcs

Individual land use requirement are matched with land characteristics
to obtain land suitability rating.

Statistical data obtained from average and modal values were used as
a basis for land evaluation. |

The process of matching leads determination of qualities of land that

satisfy the requirements of a specific land use.

3.3.5. Suitability ratings

Suitability ratings are sets of values which indicate how well each
land use ‘requirement is satisfied by particular conditions of the
corresponding land quality (FAO, 1983).

According to the FAO framework the evaluation procedure is based

on the translation of the criterion limitation levels into land classes:
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58
S1 (Highly suitablé): Land having no significant limitations to

sustained application of a given use, or only minor limitations that will not
significanily reduce productivity.

S2 (Moderately suitable): Land baving limitations which in aggregate
are moderately severe for sustained application, but which is physically and
economically sui‘tab'le for the defined use.

S3 (Marginally suitable): Land having limitations which in aggregate
are severe for sustained application, it is economicaily marginal for the

defined use, and it has different criteria comparing with moderately suitable.

NS (Not suitable): Land unit with severe limitation, potentially
suitable but economically not suitable.

The modeling language was used in the suitability analysis to create a
new table containing the overall suitability rating for each mapping unit to
assess the land suitability of each land utilization type.

The system dopt simple limitation method or Leibig's law uses to reach an
overall suitability taken the least favorable quality as a limiting. The
combination of individual! land suitability rating followed by identifying the
limitations that cause lowering of the preliminary land suitability class and
regarding utilization for barley or range, then suggest land optimum

utilization.
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4. Results and Discussion

4.1. Potential suitability for rainfed agriculture

The rating of different mapping units versus the criteria of rainfed
arable is presented in (Table 8) which shows the overall suitability and
their. The table indicates the relevant subclasses of limitations that cause
lowering of the overall suitability ratings. )

Table (8) indicates that 86 % of the total area is marginally suitable,
12 % is classified as moderately suitable, and 1.5 % of the total area
classified not suitable for rainfed agriculture such as arable crops.

Most of the area (82%) is classified as marginally suitable because

of rainfall limitations.

The results indicated that climate is the most limiting factor. While
the suitability of 11 % of the total area is restricted by soil depth Table (8).

The most limiting factor for M28, M30, M32 is slope (6 %) which
restrict mechanized cultivation operations.

The soils of the study area have no salinity or alkalinity problems.

Figure (6) shows the suitability map for rainfed agriculture.
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Table (8): Suitability rating of different mapping units for rainfed
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agriculture

Fus]
D
@)
Al

Map Ralnfall WGPT Soll AWIIC Saflnity/ Slope Overall Arca Area )

Unit (mm) deg.day Depth mm/100cm Alkalinity Sultability %Ye Dunums @
f—

M25 52 51 S2 52 51 S1 52 12.29 14394 ¢
-

M238 5] 51 S2 53 St S2 Slcs 222 2601

M30 83 S1 53 NS S1 82 NSs 1.55 1810

M3 s2 51 52 83 S1 st S3s 5.81 6809

M32 S3 5! s2 S3 S1 §2 S3cs 1.86 2181

M34 S3 Sl S1 S2 51 S1 S3c 10.19 11932

M36 S3 S1 S2 §2 51 S1 Sic 66.08 77402

c¢: climate/rainfall limitation.

s: soil limitation
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4.1.1. Potential suitability for range production

Table 9 shows that 28 % of the total area is suitable for natural
range, while 70 % is classified as moderately suitable, and 2 % considered
marginally suitable. Map units M25, M31, and M34 are classified very
suitable for range and they represent 28.29% (33 135dunums) and these
units represent the best units for range production.

Map units M28, M32, and M36 are classified moderately suitable for
range due to low winter growth potential due to land suitability criteria for
range which is shows that less than 400 degree.days over 8°C classified as
moderately suitable for range. This mean that about 70% of the area suffer
from low winter growth potential which limit and restrict the expansion of
natural rangeland. Unit M30 (1810 dunums) is classified as marginally
suitable due to shallow soil which is less than 40 cm. From the analysis it
can be concluded from the above results that 98% of the study area varies
from suitable to moderately suitable for range production. The potential

suitability for range is shown in Figure (7).

Table (9): Suitability rating for Range

Map Rainfall WGPT Sait AWHC Salinity/ Eroslon Slope Rockiness/ Infiltration Overall Ares - Ares
Unit {mm} deg.day Depth wnu100em Alknlinity hazard sloniness rate Sultabibity " dunitm
M25 St 1] sl 5t si 5t 51 1] St 51 1219 14394
M28 Rl 52 sl S 51 51 S sl S1 52 122 2601

Mi30 51 s2 52 §2 L 51 51 Sl Si 8}y 1.55 1810
M3l sI s1 3i 5i 51 S1 §1 -1 si §1 5B 6809
M32 sl 52 51 S1 s 51 St 11 §i 52 186 2181

MM Si s1 §1 51 Si 51 1 81 51 51 mie [R L1
Mid s1 $2 ) §l St 81 51 sl E13 82 &5 08 TH0

s: soil limitation
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A comparison is made between éurrent land use and potential
suitability for range as shown in Figure (8).

Units M25, M31 (21203 dunums) are classified as highly suitable
for range. |

The current land use in units M25, M31 are mixed of rainfed crops,
range, and irrigated oréhards.

- The comparisons shows that part ?f units are matched with the
potential assessment of range, and the rest of the units are not a proper use
especially for rainfed crops. Unit M25, M31 are proposed for range and
existing ﬁse is not matched with them.

Main units M28,, M32, M36 (82184 dunums) ai'e potential classified

as moderately suitable for range while the current land use for these units

is mixed of rainfed arable, irrigated orchard and range. The comparison‘

show that the part of these units used forrange and tl}ey goes with the
potential assessment for range and the rest of the area in tﬁese units are not
uséd for range as proposed so it isnot a proper use when the compared
them with potential suitability for range. Map unit M30 (1810 dunums) is
not suitable for range and it is covered by low intensity range under
existing cover, so there is no match. It is advised to use it for non

agricultural purposes like urban. .
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4.1.2. Potential suitability for barley production

The analyses indicated in Table (10) shows that only unit M25
(14394 dumuns) is classified moderately suitable for barely production and
the other units ranging from marginally suitable to not suitable. Map units
M28, M32 M34, M36 were classified marginally suitable due to low
rainfall which is less than 200mm annually, and M28, M32, suffer from
low available holding capacity which is less than 100mm/100cm regarding
the criteria for barely production. Map units M28, M32 have a slope of
about 6% and they are classified marginally suitable for range according to
the criteria.

Unit M30 is not suitable for barely production because of low
available water holding capacity which is 50mm/100cm and according to
the criteria for barely production the value of available water holding
capacity less than 75mm/100cm is not suitable.

From these analyses it is concluded that about 12% of the area is
moderately suitable for barley production and representing by unit M25, so
it is recommended to use this unit for barely production.

Analysis indicated from Table (10) shows that 86% (100000
dunums) is marginally suitable for barley production representing by units
M28, M32, M34, and M36 while comparing with the analysis indicated
before for range shows that it is bitter to use unit M34 for range rather than
to use it for barley because it is classified very suitable for range and
marginally suitable for barely.

Also it is better to use M28, M32, M36 for range because the
analysis shows that these units are moderately suitable for range while the

analysis shows that these units are marginally suitable for barely.
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Analysis shows that M30 is not suitable for barley but according to

the analysis done for range shows that M30 is marginally suitable for range

and it is recommended to use it for range.

Figure (9) shows the potential suitability for barley production.

From the assessment process, it can be concluded that the area is

restricted for barley production due to rainfall, low winter growth potential

and available water holding capacity.

Table (10): Suitability rating for barley production

Map Rainfall WGET Soil AWUIC Salinity/ Erosion Slope Rockiness! Infiltration Overall Area - Area
Unit {mm) deg.dny Depth mm/100em Alkalinity harard soniness rate Siitahility *a duniim
M25 52 b1 52 51 S St 82 b1 51 §2 [ ipg) 1t
M28 S3 s1 53 5l 51 5t 53 s1 St S3cal FRE 260)
Mio §3 sl N§ 52 51 §1 §3 52 52 NSs 155 1810
%Y 52 51 5} 51 st 51 82 51 52 Siy S &1 R0
Mi2 53 51 b3 ] 5t 51 51 $3 52 §2 S3cst 186 2181
Mi4 s} St 52 51 51 Si 52 $1 51 Sie 019 18932
M6 3 51 82 s 51 8t 52 13 5 Sk &6 0% T2

¢: climate/ rainfall limitation.
s: Soil limitation
t: topography (slope) limitation
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A comparison was appliéd between potential suitability of barley
production and current land use as shown in Figure (10). It is concluded
that unit M25 (14394 dunums) is classified as moderately suitable for
barely production while it is used for range. This unit can be proposed for
barley production rather than to use it for range so it has potential to
produce barley.

Main units M28, M31, M32, M34, M36 (100925 dunums) are
potentially classified as marginally suitable for barley production while
under current land use these units are mixed of rainfed crops, range, and
irrigated orchards.

There is some matching between potential suitability of barley and

part of these units, the other parts used for irrigated orchard and it needs
other criteria for irrigated orchards and it is not the aim of this
investigation. Map unit M30 is not suitable for barely production due to
shallow soil while under existing land use covered by low intensity range.
It is concluded that unit M30 is used only for range and it is better to

leave it as it 1s.

4.2. Application of water harvesting

Precipitation is the main constraint to land utilization in this area.
The ability to manage water can often determine the feasibility of
development and the land use system. In rainfed fafming system, where
lack of moisture limits crop production.

The nature of the rainfall distribution and intensity in the area can’t
support a crop growth and establishment under present conditions, and
high rainfall intensity and the high runoff favor the introduction of
different water harvesting techniques which is considered the most
practical option available to increase the effective precipitation to meet the

demand of intended crops.

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



1Isoded sIsey ] Jo ewaD - uepior Jo AYiseAIUN Jo Aklq!T - PeARSSY S0 ||V

7

w7 0 1

 ddZ¥( : 9anog —

T

2jgeung 1CN SN
Qﬂmw_zw >:mc_9m§ €S

mQ ﬂ::JU \/_m.ﬂ,m\CGDO\/_ 8

SSTRpsHrH eI

Qo@ho Moo.mm

SPIBToIo @8%8@@
(Aqisuoyur mof) obmmmc .

OFHEBE gs1y) ocmmm@

| m&oho w\&ﬂzmmm

. I w...r. wgﬂak JQU

“13402 pue] Supsixa

m 55:3.& £o11eq 30 uostreduon

0] 21n3ig




71

1. Potential suitability of land for range using water spreading

Table (11) shows that 76 % of the total area is marginally suitable for
using water spreading and 23 % of the total area is not suitable. Two
mapping units (M34, M36) can be used for water spreading and M36
represent 66 % of the total area. Accordingly water spreading make 76%
of the area as marginally suitable for implementing water harvesting
(improved range).

Table (11) indicates that the main limitation that decrease the
suitability of the area for water spreading is slope. The slopes of the overall
area exceed 1%, while the optimum requirement for applying water
spreading should be less than 1%. .

The slope lowered the suitability class of 23 % of the total area to
not
suitable. While soil depth is responsible for classifying of 98% of the total
area as marginally suitable Figure (11) shows the suitability map for water

spreading for range.

Table (11 ): Suitability rating for range using water spreading

Map Rainfall WGPT Sail AWHC Salinity/ Erosion Slope Rockiness/ Infiltration Overall Ares . Area
Unit {mm) deg.day Depth wma/100cm Alkalinity hazsrd steniners rate Sultability *% dunum
M15 1 51 53 $2 51 Si NS 81 Sl NS 12 14194
M8 §2 5 8 83 51 81 NS Sl 52 NSt 122 2601
Mo §2 51 NS NS §1 s NS sl 52 St 1458 1RO
M3 §1 51 53 53 51 1 NS S1 S N§1 R 1] BRI
M32 52 st s} 53 H H] NS 51 52 NSt 184 218
M34 52 51 13 52 $1 $1 LE] S 51 S3u wie 11R32
M3 52 s1 53 §2 S1 51 83 5t M| 8ist 6608 17402

s: soil limitation

t: topography (slope) limitation
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A comparison of using water spreading with ex_isting land cover is
shown in Figure (12).

Two units M34, M36 are marginally suitable for water spreading for
range while the existing land use in these two units are mixed of rainfed
irrigated orchard and range.

It is concluded that no need to introduce water spreading in these
two units.

The analysis shows that M34, M36 are classified very suitable for

range production without any type of water harvesting technique.
Units M25, M28, M30, M31, and M32 are classified not suitable for
water spreading because of slope restrictions more than 2% and according

to the criteria it is not suitable for water spreading.

It is concluded that using water spreading for range is not suitable to

use it in this area.
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2. Potential suitability of land for improved rangeland using contour

furrows

Table 12 shows that 98% of the total area is marginally suitable, and

about 2

76 of the total area is classified not suitable represented by

mapping unit (M30) due to shallow soil depth less than 50cm, and this unit

represent

about 1800 dunum and the main limiting restriction due to the

shallow soil and low value of water holding capacity.

The analyses of table 12 shows that the suitability of 98 % of the

total area was classified as marginally suitable due to the infiltration rate

restriction, 8 % of the total area is marginally suitable because of soil depth

limitation.

Figure (13) shows the suitability rating for forage shrubs using

contour fourrows.

Table (12): Suitablility rating for forage shrubs using contour furrows

Map

Unit

Rainfall

()

WGPT

deg.day

Soil

Depth

AWLHC

mm/100cm

Salinity/

Alkalinity

Erosion

hazard

Slope

Rockiness!

stoniness

Infiitration

rale

Overall

Suitability

Area -

a

Area

dunum

M25

5l

Sl

52

§1

§)

sl

51

5t

53

§3i

1229

14394

M1g

§2

82

53

52

S1

11

St

53

S3si

222

2601

M3

sz

52

N§

s3

51

Sl

S1

S1

53

NSs

[JL]

810

Mt

11

51

53

52

S

§i

si

§1

53

Sisi

581

6309

M2

51

51

52

52

St

81

L1l

k1

53

53

186

2181

M34

s2

52

52

5i

Sl

si

5t

sl

53

Ssi

[DRES

11932

M6

51

s2

52

51

51

51

St

5

o

83

Tran2

s: soil limitation

i: infiltration rate limitation.
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The analyses indicated that 81 % of the total area suffers from low

rainfall. It can be noticed from the analyses that applying contour furrows
is not a suitable way to improve rangelands Table (12).

A comparison of using contour furrows for forage shrubs with
existing land cover is shown in Figure (14).

Two units M28, M32 (4782 dunums) were improved from
moderately suitable to suitable for range as a result of using contour
furrows. This mean that (4782 dunums) can be improved by using contour
furrows, while the existing land cover is low intensity range. The improved
area (4782 dunums) increase the area used by a range. The improved area
added to the area used for range (21203 dunums) and the total area become
(25985 dunums) used for range. Units M25, M31, M34 are classified
marginally suitable using contour furrows for forage shrubs while these
units are very suitable for ranges without improvement, so no need to
apply contour furrows in these units.

Unit M30 1is not suitable for contour furrows for range
improvement while the existing cover in this unit is low intensity range
and it is recommended to leave it under existing land cover.

Table (13) give information regarding the comparison potential

suitability for land utilization types with current land use.
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Table 13: Potential Suitability for Land utilization Types VS Current

Iand use
Overall Area Area Current Area
suitability % dunum | landuse % | dunum
rating
Potential suitability S2 12.29 14394 44.22 56188
for rainfed arable S3 86.16 100925
NS 1.55 1810
Potential Suitability Si 28.29 33135 48.00 61094
for range S2 70.16 82184
) S3 1.55 1810
Potential suitability for S3 76.27 89334 48.00 61094
range using water NS 23.73 27795
spreading (W.S)
Potential suitability for S3 66.08 77402 48.00 61094
range using (W.S) with NS 33.92 39727
treated soil surface '
Potential suitability for | S3 98.45 115319 48.00 61094
range using  contour NS 1.55 1810
furrows ‘
Potential suitability for 52 90.42 105909 48.00 61094
range  using contour S3 8.03 19410
furrows with treated soil NS [.55 1810
surface

4.3. Possibility of land improvement
Ilhpr'ovemént ‘of land was proposed by improved land qualities

relevant to each mapping unit and compared them with existing conditions
to get better match with the requirements of the proposed use. This
improvement raise the suitability ratings of the mapping units.

Land evaluation is carried out for all mépping units under different
assumptions to check if this improvement was implementéd or not.

Different alternative assumptions were used. This is done by
 changing the constraints to examine the ability to improve suitability of the
land.

5
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4.3.1. Applying different assumptions
The following assumptions were suggested:

1. Assumption 1
The basic of this assumption depend on the compensation of

limited rainfall by water harvesting. This assumption has changed the

suitability of units M28, M32 from moderate suitable to highly suitable as
shown in Table (14).

2. Assumption 2
This assumption proposed that the effect of soil infiltration rate is

modified by chemicals application which affect the suitability of land for
water harvesting.

Suitability process was applied assuming that the infiltration rate is
optimum,

The potential suitability of (105,909dunums) become moderately
suitable for range shrubs under introducing water harvesting technique as

contour furrows.

4.4. Land use scenarios for alternative land utilization

Based on the previous suitability assessment for study area for
possible land utilization types, with or without improvemént, two land use
alternative plans are proposed as scenarios related to the study area.

The proposed scenarios selected the best land utilization types,
either highly suitable or moderately suitable under different assumption

discussed before. These scenarios were used the data obtained from Table

(14).
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4.4.1. Scenario A

The alternative plan assume that the shortage of water is
compensated by water harvesting and the possible of cultivated area for
crops is possible. |

The analysis Table (14) suggested that units M25 (14394 dunums)
is the most promising land. This unit could be cultivated for field crops or
barley because it is highly suitable under the first assumption, while unit
M30, isthe worst unit and it’s suitability ranging from marginally suitable
to not suitable and there is no possible improvement due to restriction of
soil depth. This suggest that 12.29 % (14394 dunums) of the total area can
be suitable to produce crops or barley, and that 86.16% (100,925 dunums)
of the land is suitable for natural rangeland development. The remaining
1.55% (1810 dunums) of the land are not suitable (or marginally suitable)

for crop production, barley or range even if water is provided.

" 4.4.2.Scenario B

This alternative plan éssumes that water and soil conserved by
introducing contour furrows for range so as to reach the best or optimum
utilization of limited amount of rainfall through the increasing of the
availability of water and preventing or controlling soil erosion.

This could be achieved through introducing water harvesting and
land management guarantees sustainable production should be considered.

Analysis given in Table (14) suggest that unit M25, M32, M34,

M36 could be suitable for rangeland improvement if water harvesting is .

implemented after the reduction of the infiltration rate of the harvested
area.
This alternative land wuse plan indicates that 90.42%

(105,909dunums) could be suitable for rangeland improvement if coupled
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with water harvesting techniques and appropriate management practices
such as contour furrows to promote plant cover and prevent erosion
hazard.

Combining all scenarios under suggested assumption indicate that
1.55% (1810 dunums) of the study area is marginally suitable to not
suitable for any use. This area is represented by unit M30 which is not

cultivable and could be used for urban uses.
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5. Conclusions and Recommendations

5.1 Conclusions

1.
2.

Most of the study area is potentially suitable for natural rangeland.

The most limiting factors restricting application of water spreading

technique aimed at improving range production are soil depth and

slope.

Applying water harvesting techniques through contour furrows for

forage shrubs could be implemented if soil surface is treated by
chemicals application.

Treated soil surface will modify the infiltration rate and this will
improve the potential suitability of different land utilization types
using contour furrows.

Under (scenario A) 12.29% (14394 dunums) of the total area is
suitable for barley.

Under (scenario B) 90.42% (105,909 dunums}) is suitable for range
land improvement if coupled with water harvesting technique and
appropriate nanagement practices such as contour furrows.

Under all suggested assumptions indicate that 1.55% (1810 dunums)

of the study area is marginally to not suitable for any use.

5.2 Recomniendations

1.

It is recommended to collect water behind earth dams construction
with applying good conservation management practices, such as

furrows planting.

The best use for study area is recommended for rangeland which
offers high social acceptance, most water utilization method and low

cost.
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Using contour furrows is a practical method in areas of high
infiltration rate and erosion problems.

It is recommended to follow this study by socio-economic studies to
help decision makers to improve land use by reducing the current use

problems.
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Appendix B: Mapping units areas and percentage

Map Units Area % Cumulative Area | Area (Km?2)
%
M25 12.29 12.29 14.394
M28 2.22 14.51 2.601
M30 1.55 16.06 1.810
M3l 5.81 21.87 6.809
M32 1.86 23.73 2.18]
M34 10.19 33.92 11.932
36 66.08 1G0.00 77.402
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Appendix (s Cherneal analysis and basic infiltration rates for

mapping units

Map ESP EC CaCO3 IR
Units % ds/m | %o mm/hr
M25 0.9 0.35 18.5 18.1
M28 6.3 0.41 18.0 17.3
M30 0.1 0.43 19.0 10.1
M31 8.0 0.39 22.5 15.2
M32 3.8 1.5 22.2 11.8
M34 9.0 0.33 21.5 22,1
M36 0.4 0.52 18.5 20.6
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Land Use Type Area % Area (dunum)
Rainfed crops 44.22 56188
Range (high intensity) 8.18 10394
Range (low intensity) 39.90 50700
Irrigated orchards 6.09 7734
Rock outcrops 1.61 2042
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Appendix £ ; Potential suitability for land utilization Types

100 -

Highly Moderately Marginally Not
suitable suitable suitable Suitable
Sl S2 S3 NS
Map | S1 Map 52 Map S3 Map NS
unit | % unit % unit %o unit Yo
Potential suitability | - - M25 12.29 | M28 2.22 M30 1.55
for rainfed arable - - - - M3l 5.81 - -
- - - - M32 1.86 - -
- - - - M34 10.19 |- -
- - - - M36 66.8 - -
Total 12.29 86.16 1.55
Potential suitability | M25 | 12.29 | M28 222 M30 1.55 - -
for range M31 | 5.81 | M32 1.86 - - - -
M34 | 10.19 { M36 66.08 |- - - -
Total 28.2% 70.16 1.55
| Potential suitability | - - M25 12.29 | M28 222 M30 1.55
| for barley - - - - M31 5.81 - -
- - - - M32 1.86 - -
- - - - M34 1.19 - -
- - - - M36 66.08 |- -
Total 12.29 86.16 1.55
Suitability rating for | - - - - M34 10.19 | M25 12.29
range using water | - - - - M36 66.08 | M28 2.22
spreading - - - - - - M30 1.55
- - - - - - M31 5.81
- - - - - - M32 1.86
Total 76.27 23.73
Suitability rating for | - - - - M25 12.29 | M30 1.55
shrubs using | - - - - M28 2.22 - -
contour furrows - - - - M3l 5.81 - -
- - - - M32 1.86 - -
- - - - M34 10.19 |- -
- -~ - - M36 66.08 |- -
Total 98.45 1.55
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Appendix Fr List of Abbreviations

- WGPT Winter Growth Potential Temperature

- W.H Water Harvesting

- AWHC Available Water Holding Capacity

- JOSCIS Jordan Soil and Climate Information Systems
- JAZPP Jordan Arid Zone Productivity Project

-EC Electrical Conductivity

- ESP Exchangeable Sodium Percentage

-IR Infiltratior. Rate

- NSMP National Soil Map Project

- MOH Ministry of Agriculture
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