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Executive Summary

In order to understand the constraints and the poleritia planning the process of
rehabilitation at theGravelHamada ecosystemranbahdemaosite, located in the
northern Badiahas been selectedth approximate aresof 2200 ha and 612 héor
ecosystem and densite, approximately.

Description of thebiophysical factors is needed to establish the baseline data that is
essential fomeasuring the project impacts gmaviding the sustainability indicators
after implementing the project activities. The collected data will be used for
developing intervemns as part of the Community Action Plan (CAP) to restoee th
injured ecosystem. Theurrentbaseline study will serve; collection of information
needed for the development of BAP and development of a monitoring program to
track the changes over timeresponse to future interventions.

To characterize the soil, the dersite was divided into eight land facets depending on
visual features (slope, aspect, and surface cover). Ten soil sampling points were
locatedand eightprofiles were excavated to aple of 1 m wherever soil thickness
allowed. Soil samples were taken frahe identified horizons andnalyzed phsicaly

and chemically. Additionally, undisturbed soil samples were taken for the
measurement of bulk density and available water holding dgp&ail infiltration

rate test, alsowereperformed at each soil sampling point.

The site has three main slope classe%) 28%, and 820% as a dominantThe

south and southeast aspects cover about\Bbié the rest of the area having north,
northwest, northeast aspects. Soil depth is limited over most of the site except at the
central area of the site where there is deep soil adjacent to the main wadi. The soil
gravel content ranges between 12.5% and 50%. The water holding capacity is low
reflecing the compacted soil conditions and the high soil bulk density and high gravel
and stone content. Soil pH is alkaline ranging between 7.3 and 8.6. Calcium carbonate
content ranged between 7% and 30%. Soil texture is in general loamy with high sand
and skt content. The soil salinity over the site is less than 4 dS/m with most of the
area less than 2 dS/m. Infiltration rate was relatively low and ranged between 6 and 16
mm/hour mainly due to soil crusting and the absence of vegetation. Soil ersion
wind and wateris consideredraactive problemin the site. The site is characterized

by a network of valleys that dissects several parts of the site. Sediment movement in
the valleys and waterways is apparent in several locatibine. monitoring soll
attributes taken inspring after a good wet seasoeflected that the soil can greatly
improve if soil moisture was available in addition to some vegetative cover. The
vegetation cover on the site during spring indicated that the potential to restore the
ecoystem is good given the soil moisture content is improved. average rainfall at

the site is around 97 mmvith peak rainfall reaches 120 mm and the minimum is
around 33 mm. Runoff volume at the site level is expected to be around B7&50

three yearsut of four years.

Accordingly, tie proposed plan is to construct only one water storage structure on the
main wadi at the eastern part of the site. The rest of the plan is mainly water spreading
structures within the area of side wadis and some wpteading of diverted runoff

from the main wadi over the banks. Also some parts will be treated with stone bunds



to decrease soil erosion and improve soil moisture content. Few locations will be
treated with contour earth ridges and will be planted wittabld range plants.

The characterization of the site resulted in distinguishing four range sites depending
mainly on the soil depth and land slopdl the rangesites had low plant vegetation
coverthatindicates a great degradation of rangeland and aggetdiversity Results
showed that the highest vegetation coaad productivitywere for range site (4)
(6.52% and 60.5 ton/ha, respectivelyompared tahe other three range sites which
indicates itis the best range sjtéo start with before upsalto other sitesto be
reservecandhave high potential to protect diversity and increase rangeland plants and
to beproteced from degradationThis is lecauseRS 4is at wadiand having more

water catchments and good potential to have rangeland pladhitsegetation with
goodmanagement.

Comparing the productivity and grazing capacity results between the reference and
key areasndicated that,althoughit was forshort periogdprotecing the area wilgive

higher vegetation biomass anog better grazig capacity. Proposing protection will
increase productivity of forage plants and diversity by protecting the habitat in the
ecosystem.Beside the protection,ts recommended tdormulate a rangeland
managementlan to potect these rangeland areas andldisth reserves to increases

the biomassand biotic diversity of both fauna and flofar the sustainability of the
rangeland developmeanhdimproving livelihood of local communities in Badia.

During April 2010 and June 2010, field trips were organidedgawith the National
Center for Agricultural Research and Extension wildlife biologist to dsieo The
ecosystemconsists of four typical habitats; black lava rocky area with scares
vegetation cover, rocky wadi beds with lush vegetation after flood gaavel plains

that are void of vegetation and marb areas with dense vegetation. Detailed site
description from a zoogeographical perspective has been discussed.

The livestock in the study area generally suffered from a lot of probkmbk as lack

of veterinary and extension servic#gereforethe followinghave beemecommendd
Applying a strong recording system for recognizing the productive animals in the
flock, Conducting the full package techniques that will help the farmers in managing
their anmals perfectly, and this will be as incentives for the farmers in term of feeds,
medicines, ear tagging, impregnated sponges and Hormones, mineral blocks and any
thing related to the full package techniques, Offering the mobile veterinary clinic,
supportedby a wel | trained staff of vet 0s
participatory animal breeding program, that will measure all the performance data
from the flocks and will purchase the superior animals with favorable prices from
farmers, Establishinga new nucleuses breeding station that will use the superior
animals that purchased from the farmers, after that distribution of improved rams to
the farmers will be applied. May at the beginning rams will be purchased from the
NCARE Station, Introducingew high productive breeds such as Anglo Nubian goat
by importing semen or bucks for the purpose of crossing with the local goat breed,
After three years of recording the performance the selection index will be constructed
for the purpose of genetic imprawent and the Marker Assisted Selection for sheep,
and Esablishing milk processing umsit for collecting and processing the milk,
Supplying the farmers with keen rams for improving the fertility of their flocks.
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1. RATIONALE :
1.1. UNCC Decisions

As a result of the Gulf Crisis (1990091), and thenflux of thousand of pastoral families
entered Jordan with their flocks, estimated to about 1.8 million sheep, goats, and camels, the
terrestrial ecosystem in the Jordanian Badia was damaged due to overgrazing. This damage has
negatively impacted the ecatgm wildlife and the livelihoods of the Jordanian shepherded who
traditionally used the rangeland as a source of feed for their animals.

To address these problems and to mitigate the damage that took place, Jordan prepared severa
monitoring and assessntestudies to provide evidence of this damage, and have been submitted

to the United Nations Compensation Coresmn(UNCC) in February 2003. After revision by

the Panel of Commissioners in the F4 Panel Report, the Governing Council of the UNCC
awarded Jorah in June 2005 (award no. 5000304) the sum of $160.582.073 compensation for
the rehabilitation and restoration of its damaged terrestrial ecosystem in the Badia.

1.2. Badia Restoration Program (goal, phases and sybhases)

The Balia Restoration Program (BRP) was established within the Ministry of Environment in
Jordan in 2007. The goal of BRP is to help restoring the ecological productivity of the Badia
ecosystem for wildlife and sustainable grazing. This will be done throughogeg effective
arrangements within the targeted community to manage the restored ecosystems on a sustainable
basis. The livelihoods of the pastoral communities will be enhanced as a result of improving
ecosystem products and services.

The BRP developedRoad Map that identifies strategic directions for planning, implementation,

and management for the restoration of the suggested damaged ecosystem in Jordan Badia. The
Road Map stregs the need for community participation in the different steps of préposa
development, implementation and scaling out, to ensure its sustainability and to reflect on the
improvement of the community livelihoods.

The BRP consists of two main complementary phases: the Demonstration RPhag=a(s) and

the Full Implementation iase (1315 years). The demonstration phase consists of plsases:

(i) Baseline study of the targeted community and demonstration sites, (ii) Development and
approval of Community Action Plan (CAP), (iii) Implementation of the CAP, and (iv)
Management fathe restored sites.

1.3. Scope, Objectives andmportance of baseline study

In-depth analysis of the associated biophysical and socioeconomic characteristic of the selected
sites and communities is a prerequisite for successful and sustainable restorigodegiraded

target ecosystems. Also, description the biophysical and socioeconomic factors is needed to
establish the baselingata that is essential for measuring the project impacts, providing the
sustainability indicators and to predict the expectealution of the production and marketing
system after implementing the project activities. Furthermore, it will assist the project in
identifying the proper technical, institutional and policies options (TIPOs) that will agreed upon
during the developmendf the (CAP). In addition, the baseline information that will be
established in this component will be also used in the monitoring and evaluation of project
activities and in studying the project impact.



Objectives of baseline study

In order to comprehesive understand constrains and potentials for planning rehabilitation at
Runoff GravelHamada ecosystem (Aranbah Site), the main objective of the baseline study is to
characterize the biophysical and socioeconomic elements in the area. The charanteviltatio
include relevant plant cover characteristics and soil parameters measured either in the field or in
the laboratory, and description of the land area in terms of slope, soil depth, surface cover and
aspect in addition to the socioeconomic and invibeeal communityand wildlife. The baseline

study will serve; collection of information needed for the development of the Community Action
Plan (CAP), development of a monitoring program to track the changes over time in response to
future interventionsrad mobilize the stakeholder and community members around the objectives
of BRP. The specific objectives of this phase include:

Establish database including spatial and descriptive information and maps.
Hydrological assessment of the desites.
Identify plant species, characterization and status in the project area.

A wDbdPE

Describe basic socieconomic characteristics, gender involvement and identify obstacles
(social and institutional) to rehabilitate rangeland

5. ldentify livestock numbers, productivity, &igh status and common problems, adaptability
to environment, feedstuffs/nutritional constraints and migration

1.4. Expected output of the biephysical assessment/characterization
The baseline study should deliver the following:
I- A georeferenced data base dtesbiophysics (vegetation, soils, and wildlife habitat).

II- Social and economical database of community primarily the users of the demonstration
site.

lII- A vision for the development of community action plan.
1.5. Structure of the report

The report is structured arond two main components Biophysical and socioeconomically
components. The biophysical component is covering the followingsoiponents: Soil surface
characterization, vegetation assessment, livestock description and wildlife evaluation. After
presentinga background about the UNCC decision and the BRP, a description of the Gravel
Hammada ecosystem, as the targeted ecosystem, and thesitesnis presented. For each
component, the detailed methodology is described and the results have been presented and
comprehensively discussed. The recommendations and the suggested vision for the development
of the CAP are also reported.



CHAPTER II. LITERATURE REVIEW

2. LITERATURE REVIEW
According to climate, soil and vegetation, theadim was divided into fourregions:

1- Basalt and limestone desert of northern and eastern part of the country.

2- The sandstone and granite desert in the south of the Rift Valley

3- The steppe region, whose vegetation consists of Artemisia and perennial grass

assoa@tion,



4- The Mediterranean or forest region of North West.

The farther inland from the western highlands forms a considerable part of the country and
known as the fABadi ao. The name Badia is an
live and practiceseasonal browsing. This area includes all lands receiving annual rainfall of 50 to
200 mm annually and has general characteristics of seasonal contrasts in temperature with high
variations in rainfall within and among yedifgloEn, 2006, Ziadat et. Al, 2@&). The mean
monthly temperature range is from-26 °C degree in the summer while it has a range between
20 °C to about’5 °C in the winter.Irrespective to the harsh conditions in Badia, different
communities have been established and survived. Thesteese of community with such
environment had generated distinguished communities with unique characteristics copping the
harsh conditionsThis region makes up part of Jordan, Syria, Saudi Arabia and Iraq. In Jordan,
the Badia extends from north to sowtlong the eastern portion covering about 90% of the
country's total area (figurg). The region is subdivided into three main geographical areas, as
follows:

1 The northern Badia, comprising 26,000 km.

1 The middle Badia, comprising 10,000 km.
1 The southen Badia, comprising 38,000 km.

7 X Badia Regions in Jordan
/’ g North Badia
- N [ | Middle Badia
P | South Badia
J ( [ ] Western parts of Jordan
> Z Il Red Sea

S
N u
w *, - £
0 200 Kilometers

e —

Figurel: Distribution of Jordanian Badia

The arid and serarid lands in Jordan are sensitive to human interference that resulted in a
severe depletion of its natlreesources and in different forms of land degradation due to
multiple interactions of socieconomic factors. This sccentuated bgoor structural stability of

soils and the subsequent vulnerability to excessive erosion follamiegserainstorm everst

Such a fragile ecosystem has also been manifested by non sustainable land use patterns and poc
vegetative cover of the rangeland and forests. Therefore, most of the economic activities take
place on the remaining 10% of the land area and the compdtitioveen different user groups

for these lands iBigh.



Most of Jordan arid and semarid areas have sufferéand degradationAlthough the rate of
degradationwas not identified, however several surveys and studies at the country's level
indicated thatlordan's land is at the threat of high ratedefiradation There is considerable
evidence that poverty is forcing dryland farmers and herders, in particular, into unsustainable
practices to produce more food and meet their basic needs, often leadiggaiation of their

land resources. Generally speaking, the process has been accelerated by unsupervised
management and land use practices. Among the human practices that aggravating degradation;
the irrational plowing, the cultivation of land for barlelietmismanagement of plant residues

and the overgrazing of natural vegetation, inappropriate land use, random urbanization, land
fragmentation and ovgyumping of groundwater. In addition to human induced factors, climatic
factorsmainly irrational rainfall and periodic droughts are contributing to the problem. Beside

the above causes, a very important factor of desertification in the country is the high population
growth which exerts more pressure on the natural resources to meet the demands of the
increasngly growing population. Not only the Badia area suffering from desertification,
assessments to the transition zone (between arid areas in the east-haohisubreas in the

west) showed a high risk of desertification and are expected to lose its pribgumter time,

due to the similar causes.

Rangelands are being severely degraded because of overgrazing, uprooting of range plants, off
road driving, inadequate cultivation patterns and urbanization (23). This degradation is
confirmed by the following adervations:

1 Decreasing numbers of some important range plants,

Expansion of poisonous and noxious plants,

Retrogression of large areas of perennial ranges to annual ranges,
Soil erosion and loss of soil fertility,

Loss of rainfall water through runoff,

Salnity and low underground water levels,

= =2 A 4 A -2

Frequent occurrence of wind storms,

91 Disappearance of wildlife.

If suitable correction measures are not taken readily, the trend of degradation will increase and
will reach in many parts of these radgeds an irrewsible stage that may lead to
desertification, and will affect biodiversity of range species, forage production for grazing
animals and environment balance.

Whet her the range can fully HArecovero09.is u:
Initiatives for the conservation of the Jordanian rangelands are nottheve is a long history

of reports recognizing the problems and proposing soluti@psMost notable among these
reports are those by Park (1955), Tuttle (1971), Draz (1979), and JurgtidlbesZanat (1993).

In each case, the authors noted the erosion and degradation in the rangelands and proposed actio
to arrest the situation.

Badia rangeland in Jordan comprises about 75% of total area of rangeland and despite its aridity,
Jor dan @layedBia ttha past, an important role in providing native feed at no or very cheap
cost; grazing being a way of life and source of income for a large sector of the people inhabiting



these areas. Rangelands are also the watersheds that receive ragifausface water and
replenish ground water throughout the east and south of the western Jordan highlands.

Drought had a highly significant negative effect on potential intake and contribution of rangeland
forage, milk production, mortality, lamb weigliertility and over reproduction. The contribution

of rangeland forage to the feeding calendar of sheep and goat was reduced(lsdb@®d from

0.64 to 0.28 kg/head/dags affected by drougliAbu-Zanatand Tabba 2004Milk production

of Awassi sheepni general, was reported as low as2ZBbKg (post weaning milk production),

and this production was reduced by 42% as affected by drought. Growth rate of fattened lambs
was recorded toange between 8050 grams/day and a fluctuation of marketing weighgean
between 2685 kilograms. Lamb mortality rate (preeaning mortality) increased by 91@he

values have been increased from 2.3 to 4.4 % {Admatand Tabba 2004)he absence of local
marketing is the major issue that faced the farmers in additiometdatk of smattuminants

product processing units, led to a decrease in their prices. Disease controlling programs are not
available along with veterinarians as outbreaks of some diseases, such as Foot and Mouth
Diseases (FMD), Peste des Petits Rumin@®R) and Brucella have been reported.

Rangelands in this area are subjected to misuse including overgrazing which led to degradation
and low productivity of theinatural vegetationvhich decreased the contribution of forages to
grazing animals.

Kasapligil (1956) reported that the steppe vegetation type receive@d@@m rainfall. In this
type of vegetationArtemisia herbaalbais wide spread in association with grasses.

Long (1957) classified vegetation types of Jordan in accordance with théatissoaf species:
forest types were divided into nine subdivisions and pastoral vegetation into tivengy
subdivisions.

From these associationsSalsola rigida and Haloxylon articulatumare found often
simultaneously. This association represents theoneof Mafraq, the upper part of Wadi Janab
between Muwaqger and Qasr El Kharana. This vegetation type belongs to the warm variety of
the arid Mediterranean bioclimate. It borders on the east with the medium variety of Saharan
Mediterranean bioclimate, whe the average annual rainfall is between200.

Zohary (1962) recognized many classes and types of vegetation in relation to their territories.
Later on Zohary (1973) divided Jordan into four bioclimatic regidediterranean, Irane
Turanian, SaharéArabian, SudanianHe stated that the Irafituranian region comprises the
majority of Jordan with rainfall over 50mm. The most common specieérdéeenisia herba

alba, Achillea fragrantissimgAstragalus spStipasp. AndTrigonellasp.

Boulos and Lahham @I7) studied the desert flora of north Agaba they found 250 species
belonging to 45 families. The largest of which was Compositae followed by Cruciferae then
Graminae.

Boulos (1977) studied Elafr area by collecting 276 species. The most common families i
descending order were: Compositae, Chenopodiaceae, Crucifereae, Leguminosae, and Graminae
Anabasis syriaca, Atriplex halimus, Atriplex sylosa, Achillea fragrantissum@ some of the

more widely spread species.

Boulos and Al Eisawi (1977) studied thiera of Ras ElI Nagab. They reported 137 species.
Compositaavas the largest family.



Boulos, Lahham and Jallad (1977) studied ldnd H5 locations in the north eastern desert of
Jordan. They recorded some new species to Jor@aflthicum crucifoliam and Rmaver
glaucum They also showed th&ompositae, Crucifera and Graminaee the most abundant
families in a descending order.

Al Eisawi (1982) published a list of vascular plants in Jordan with total number of species 2,130
arranged alphabetically accordito families, genera and species.

Arab center (1982a) reported that the grazing region eHakhad of Saudi Arabia had
deteriorated due to low rainfall and overgrazing. Vegetation spread within different locations
according to climatic and edaphic factoSalsola vermiculatawas found in valleys and
Anabasis articulateccupied the hills and gravel soils.

Al-Eisawi (1985) studied the vegetation in Jordan where he recognized 9 bioclimatic
subdivisions belonging to four biogeographical regidiediterranea, IraneTuranian, Saharo
Arabian and Sudanian Tropical.

Thirteen major vegetation types suffer from desertification and heavy grazing. Therefore,
suggestions were listed to protect natural vegetation.

Studies on AIShoumari reserve were carried out tadst vegetation aspects regarding
adaptation of Arabian Oryx (Hatough& Alisawi, 1988) as well as rodents' ecology (Hatough&
Al-Eisawi, 1990)

Cope, 1992 had an effort toward preparing an inventory of the plant resources of the Badia
region, to establish i@ference herbarium at the field station in Safawi and to map the vegetation.

In 1993 a survey of the vegetation south eastern mudflats has taken place by Newton, D. with an
aim to identify plant associations and abundance during the month of Septembheaesii# the
following plant species were recordeflchillea fragrantissima, Anabasis syriaca, Capparis
ovata, Kickxia azragensis, Lepidum aucheri, Peganum haramala, Pulicaria undamatether

3 species that coul dnAtagdntissimaandQ bvathdonanadte theHe
species found in the study. He studied patterns of relative abundance and local distribution.

According to AlEisawi 1996, Safawi is located under bioclimate division of Saharan
Mediterranean bioclimate cool variety ghincludes, Al Jafr, Ruwishid, Maan and Azraq as well
and as whole in the vegetation region Saharo Arabian which is different from Long's analysis
who divided the Easter Desert into 2 Saharan Mediterranean bioclimatic regions, cool variety
which included Rwished, Safawi and Azraqg; and warm variety in the area of Ma'an, Jorf El
Darawish, Bayir and Jafr.

According to Al Eisawi, 1996, Saharo Arabian region is called Badia, since it has different set of
characters other than those of typical deserts known fsmgnelse. In typical deserts there are

lots of sand dunes, while in Jordan desert the land is clayey and covered by gravels or pebbles.
Accordingly, the parts of the Badia are called Hammada or Hammad or Harra. Usually the Harra
is covered by black basalipebbles, while Hammada is covered by gravels.

This area is characterized by having very cold winter and usually very dry, hot summer;
temperature may exceed 40C in the hot season, while it might go down-1@ tluring the
coldest days of winter of thgear. The soil is very poor and mostly of the type Hamada, saline,
sandyloam or mud flats in some parts. Rainfall ranges froriG0mm/year, the mean annual
rainfall is almost 50mm. Altitude is usually about 600, rarely exceeds that in some parts.



This area comprises the majority of Jordan and borders the-Tnamanian on the East forming
about 85% of the total area of Jordan.

The vegetation is mostly composed of fleshy plants which can resist hot conditions; most of the
plant cover is restricteatthe water shed in the wadies where enough soil moisture is available
to hold some vegetation. The most common species Aatemisa heraalba, Achillea
fragrantissima, Phlomis, Astragalus, Stipa and Trigonella

According to the same Auther, most of thén&a Arabian vegetation in Jordan is of Hammada
type, which comprises about 50% of the total area. Three subdivisions of Hammada can be
recognized: Rwoff Hammada, Gravel Hamada, Pebble Hammada and sandy Hammada.

According to Eisawi, 1996, the leading s@scoccurs in rainy season in Safawi a8alsola
vermiculata, Anabasis articulate, Linum album, Thymus bovei, Paracayum rugulosum,
Hammada eiggii, Zill spinosa, Halogeton alopecuroides, Diplotaxis harra, Achillea
fragrantissima, Euphorbia retusa, Alceargbantha, Atriplex leucoclada, Lepidium aucheri

In 1998, and as an acheivement of the plant biodiversity project that concerned basically with
studying the wild flowering plants in Jordan, Al Eisawi has issued a book covering most of the
wild flowering plants in Jordan, it includes photographs, description in Arabic and English.

The bulk of the area of Jordan is rangeland. If this area is subjected to severe grazing-and over
exploitation it will be forced to go through desertification due to the loss gétagon cover
(Masri 1982)

Baumer (1982) reported that the simplest way to increase the production of range lands is to
extend the managed acreages. The increase in production of range lands can be obtained by
spreading of indigenous species in the whafidts potential area or through introduction of
species by man into the ecosystem. Lack of management leads to soil erosion, salinization, sand
dune formation which would result in quantitative and qualitative degradation of vegetation
cover including dedrestation, unbalance between animal species and desertification.

Hatough, Al Eisawi and Disi (1986) reported that fencing a selected reserve in different regions
of Jordan resulted in increasing the value of vegetation height, cover, phytomass, dawetsity
total number of macrophytic species 38 2imes as much inside as outside the fence in the
protected area.

Kasapligil (1956) studied range reserve of Surra and Khanasri near Mafraq in Jordan. He
observed that the palatable specfasimisiaandPoadisappeared in the over grazed areas while

they flourished in the reserves. In the over grazed areas, the less palatable poisonous species
Carex stenophyllaOnonis natrix Anchusa stirgea, Verbascum fruticulosupNoea mucronata

Carlina corymbosandCousinia moabiticavere highly distributed.

Long (1957) studied the range reserves of Surra. He observed that the platableSgiscias

rigida andHaloxylon articulatumgrow to a height of 3@0cm in the reserve while they did not

exist outside. In the ovegrazed unprotected areas, the poinsonus and less palatable species were
Carex, Lactuca, BronychiaandMuscari.

Masri (1982) mentioned some recommendations for rehabilitation of range lands. He reported
that the simplest way is protection and controlggezing which tripled production in range
lands.



Hatough, Al Eisawi and Disi (1986) have studied height, cover, phytomass and species diversity

in four reserves to compare protected and unprotected sites inside the fence. Marked differences
between the ptected and unprotected areas were found. Average height in Daba'a reserve was

48.2cm, while outside the fence it was only 19cm. Cover was 67.7 inside the reserve while it was

only 15% outside. Also, average phytomass and total macrophyte inside the ves@rveuch

higher than that outside the fence.

Al-Eisawi and Hatough (1987) studied Shoumari reserve vegetation, which lies in the heart of
the desert of Jordan. Listeansect was used as a method representing maximum survey accuracy
and avoidance of bia3he mean total coverage of the whole area was 22.99% and maximum
vegetation height was 84.12cm. The most abundant speciesArteraeisa herbalba and
Atriplex halimus The study showed that although Shaumari is an arid area, it proved to be highly
prodwctive and under protection a great deal of palatable species have grown successfully.

Al-Syoof (1988) registered substantial increase in species in Muwaqqger area belong to the
University of Jordan, compared to the previous year due to recovery of Fleraessilt of
protection. Plant families, genera and species increased by 63%, 160.9% and 207.7%
respectively



CHAPTER III. GRAVEL HAMMADA ECOSYSTEM

3. GRAVEL HAMMADA ECOSYSTEM
3.1. Description of the Ecosystem

The Jordan Badianeompasses five major ecosystems including: Gravel Hammada, steppe
community, Runoff Hammada (wadies), Marabs (wadi beds), and Sandy Hammada. NCARE is
targeting Gravel Hammada ecosystem, which is generally characterized as the largest and flattest
part inJordanmade of clayey loam covered by gravels, and restricted to middle of the eastern
deset and dominated by low shrubs vegetation with annual herbs and succulent $éadiitz{a
rosmarinus, Spergularia diandra, Herniaria hirsuta, Aaronsohriactorowskyi, Anthemis

deserti, Asteriscus pygmaeusMesembryanthemum nodiflorumFilago desertorum,
Gymnarrhena micrantha, Stipa capensis, Bromas spp., Trigonella sjelai®ng the ypes of
disturbanceare;uncontrolled grazingnd rrigated farming

As propsed by the road map of the Prograhe triteriaused for the selection of the ecosystem
areasfollows:

i The targeted ecosystem should be located within the geographical scope of the Jordan
Badia and representing one of the affected ecosystems.

1 The area (amber of hectares) of targeted ecosystem should be significant relative to the
total area of the Badia

Familiarity of stockholders with community action,
Land tenure and grazing rights issues,

Average sizes of flocks and livestock management,



Perspectivesf alternative income resources,
Availability of resources needed for restoration activities,
Availability of support services,

= =4 4 -

Projected development trends, and
1 Levels of degradation.

Regarding lie selected demonstration site($)should represent thefacted ecosystenn the
Badiawhich is the Gravel Hammadd@he following criteriawere considered in the selection of
demonstration site

1 The site was not previously used for other projeztaeetthe goal and approach oRP.
1 The potential for scalingpuof field demonstrations imné future (full implementation)

1 The land tenure of the selected site shoulddeernmental andnalyzed carefully to avoid

disputes and conflicts among community members on ownership and use of the selected

site. Selection fosites within the treasury lands, for demonstration purposes, should be
given h

T igh priority. This wild!@ facilitate the
lands later onIn case of privately ownershiphé owners of private lands shdube
consulted before starting the selection process.

1 The willingness of the community to collaborate effectively in implementing project
activities. Community collaboration should be analyzed to identify the direct and
underlying triggering reasons (e@nical, securing grazing rights, opportunity for jobs as
laborers or guards) behind this cooperation.

9 Site accessibility for the community to observe the progress of interventions through time

compared to the condition of adjacent untreated lands.

1 Incentives for collaboration should be discussed in depth with the community. The
incentives should be overseen for the-gstoration phase and after full implementation of
restoration plan.

The selected site is part of a Grattdmada intersected by wadies thavest of Safawi and
draining to the east and southeast of the targeted ecosystem towards Qaa' Shihaigetject
study area is located in the north eastern part of Jordan in Zamlet Wniilage It is located
about 300 Km northeast Amman. Zamlet Aoeh is located in the northern Badia to the west
north of the Safawi Town falls within the Mafraq administration governorate (130 km NE of
Mafraq City), between E 37e2'20. 91 i(figuaZx.d N
The mean monthlyemperature range is from-2® °C degree in the summer while it has a range
between 20 °C to abouts °C in the winter. The dernsite is receiving an average annual
rainfall ranging between 18060 mm, with the most area of the site located in the acedves
100 mm as shown in figui@
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Figure3: Rainfall distribution in the demsite

The general geological history of the study area has been domimatadseries of tectonic
events that caused six volcanic eruptive episodes that occurred during the Tertiary and
Quaternary periods.

The targeted communities are: Safailianshiat ShowfanManshiat Al Khalith and Alya Al
Shwaier. The Safawi community tise biggest community among the others, it is located in the
free zone, which extends about 80 Km east of the Jordanian Hamad and 5 Km east of Wadi Al
Safawi till Hura Alnaqurish with 50 Km, and about 50 Km north Alazraq and 45 Km south of the



Syrian baders. Additionally, it is distinguished due to its strategic location along by the
international road to Baghdad and to the Kingdom of Saudi Arabia.

The Safawi community is located 95 km from the center of Mafarq Governorate, while Manshiat
Al Khalifh is located 14 Km to the east of Safawi community. The total population of all four
communities is 2825 inhabitants, and the poverty percentage reaches 47.4% of the total
population. Safawi area is characterized by the dry desert climate, and its Basalthedcks
spread over wide areas. It hosts many tourist and historical locations. The agricultural land in
Safawi is known as a pastoral area that is rich with wild flora.

3.2. Selection, delineation and mapping of demonstration site and the potential area for
scding up

The selected site (Figu® is part of a watershed that is entirely in Jordan. The area of the
watershed is around 115 square kilometers.

Watershed boundary and wadis in Qaa'Shbaikeh
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Figure4: The watershed boundary and the network of wadies.

The area consists ohainly Shi'ban Ghazala, Wadi Zamlet Aranbah, and Wadliahfi. The

selected site is within governmental land that is part of the above watershed @yigiamenlet

Aranbeh site is considered as a rangeland for herders from the local community in dddition
some nomads. The number of herds and number of animal that use this area for grazing will be
surveyed. The area of the selected site is 612 hectares. The topography of the site ranges betweel
0 to 20% is common in most of the Badia in the area toah# and northwest of Safawi. Wadi
Al-Lahfi that extends to the east of the selected site represents the scaling up areé)(Figure

Project site '""Wadi Arainbeh'' located on the watershed

WW%! E

< watershed

Note: Total Area of site=6.12 square km




Figure5: The location of the selected site within the watershed area.

The site has ot been used by other projectS§he site is surrounded by five Bedouin
communities These villages represent the local community regarding the selectedllstige

five communities accepted the objectives of the project during the preliminary meetingsewi
project manager and team leaders, but showed concerns regarding the closing of the site with
fences as a range reserve which they oppose strongly.

Project site "Wadi Arainbeh' and
project upscalling area in the watershed
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Figure6: The location of the selected site and the main farescaling up.

3.3. Site Boundaries ldentification

The boundaries of the watershed were set to be the ridge line from both the northern and
southern sides of the site. However, the Western side of the site partially was set along the ridge
line and partiallyset to intercept the main wadi to keep the area limit within the desired range
(Figure7). The GPS was used to record the coordinates of each boundary point in the field, and
each boundary point was marked clearly in the field using a pile of basalt stueed with

white paint. The GPS points were afterwards used for the preparation of the site base map.
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Figure7: The identification of site boundary points for the selected site.

The path of the main wadi within the select@# was precisely followed and coordinates taken
using the GPS completely covering its path. Then all side wadies were numbered starting from
the eastern end of the main wadi (the downstream side) and marked using white paint and their
coordinates takensing the GPS. The 23 side wades were numbered in the field as S1, S2, S3,
e . unt i | t he8).Tassadtivitpwae cartide oug to faalitate the identification of all
features in the field by other teams and to facilitate the mapping of lagts.fac

NCARE Study Area With Stream Lines

e

ain Stream

«  Study area point
[] Study area
/\/ Stream lines

Figure8: The selected site "Zamlet Aranbah" showing the main and side streams.



3.4. Structure of the report

The report is structured aroundwo main components Biophysical and socioeconomically
components. The biophysicadmponent is covering the following sebmponents: Soil surface
characterization, vegetation assessment, livestock description and wildlife evaluation. After
presenting a background about the UNCC decision and the BRP, a description of the Gravel
Hammadaecosystem, as the targeted ecosystem, and the-sieamois presented. For each
component, the detailed methodology is described and the results have been presented and
comprehensively discussed. The recommendations and the suggested vision for tipengewvelo

of the CAP are also reported.



CHAPTER IV. S0OIL SURFACE ASSESSMENT



4. SOIL SURFACE ASSESSMENT

Summary

The demesite is locatd in the northern Badia, with an approximatea 0f2200 ha and the area

of the site $ 612 ha. In order tanderstandhe constraits andthe potentials for planninghe
process ofehabilitation athe Runoff GravelHamada ecosystem (Aranbah Siie)s necessary

to characterize the biophysical elementsAo&nbah site Also, descriptionof the biophysical
factors is needed to establish the basaletathat is essential for measuring the project impacts,
providing the sustainability indicators after implementing the project activifies. collected

data will be used for developing imtentions as part of the action plan to restore this injured
ecosystem.The baseline study will serve; collection of information needed for the development
of the Community Action Plan (CAPanddevelopment of a monitoring program to track the
changes osr time in response to futlinterventions

To characterize the spthe demonsation site was dividethto eightland facets depending on
visual featuregslope, aspect, and surface covdign il sampling points wertocated Seven
profiles were exavatedto a depth ofl meter wherever soil thickness allow&awil samplesvere
taken from identified layers/horizons anck tfollowing parameters measurgdd and EC (1:1
soil to water extract)soil exture (hydrometer methadprganic carbon (Walkelyi Black
method) CaC( (Acid neutralization method)total nitrogen (Kjeldahl method)extractable
Phosphorus (Olsen sodium bicarbonate methentt) extractable Potassium (NKDAC extraction
method) Additionally, undisturbed soitore sampleswveretaken forthe measurement of bulk
density and available water holding capacity using the pressure plate m&biba)filtration
rate test (double ring methodps performed at each soil sampling point

The site has three main slope classe3%) 28%, and 820%). The dominant slope class is the

2% to 8%. The south and southeast aspects cover about 50% with the rest of the area having
north, northwest, northeast aspects. Soil depth is limited over most of the site except at the
central area of the site wheteete is deep soil adjacent to the main wadi. The soil gravel content
ranges between 12.5% and 50%. The water holding capacity is low reflecting the compacted soil
conditions and the high soil bulk density and high gravel and stone content. Soil pHirealkal
ranging between 7.3 and 8.6. Calcium carbonate content ranged between 7% and 30%. Soil
texture is in general loamy with high sand and silt content. The soil salinity over the site is less
than 4 dS/m with most of the area less than 2 dS/m. Infiliradte was relatively low and
ranged between 6 and 16 mm/hour. This was mainly due to soil crusting and the absence of
vegetation.

Soil erosion is considered a problem. Both wind and water erosion processes are active in the
site. The site is characterzdoy a network of valleys that dissects several parts of the site.
Sediment movement in the valleys and waterways is apparent in several locatiens.
characterization of the site resulted in distinguishing four range sites depending mainly on the
soil depth and land slope.

Soil sampling as a baseline for monitoring purposes was linked to key range areas. Four key
range areas were identified in the site. Three sampling points per each key range area were
selected (ne soil samplingpoint from the refererec area or protected ar@a addition to two
sampling points from outside the reference ar8ail samples wrecollected from €20 cm and

20-40 cm soil depthintervals The data collected represent the baseline conditions before the
implementation of angction plan. The attributes monitored includedyamic carbon (Walkely



T Black method), blk density (coresample), mfiltration rate (double ring method}C andpH
(1:1 soil to water extract), total nitrogen (Kjeldahl methoddtractable phosphorus (§&n
sodium bicarbonate method)teactable Potassium (NMDAc extraction method), and theater
holding capacityfpressure plate method).

The monitoring soil attributes were taken in spring after a good wet season. They reflected that
the soil can greatlymprove if soil moisture was available in addition to some vegetative cover.
This was reflected clearly on the level of soil salinity. Both bulk density and infiltration rate
improved reflected the effect of vegetation cover and plant rdbes.vegetatiorcover on the

site during spring indicated that the potential to restore the ecosystem is good given the soil
moisture content is improved.

The average rainfall at the site is around 97 mm. The peak rainfall reaches 120 mm and the
minimum is around 33 mniRunoff volume at the site level is expected to be around 67650 cubic
meters in three years out of four years. The proposed plan is to construct only one water storage
structure on the main wadi at the eastern part of the site. The rest of the planlyswaten
spreading structures within the area of side wadis and some water spreading of diverted runoff
from the main wadi over the banks. Also some parts will be treated with stone bunds to decrease
soil erosion and improve soil moisture content. Fewtlona will be treated with contour earth
ridges and will be planted with suitable range plants.

4.1. Review of the Previous Projects

According to Hunting Technical Services and the UK Soil Survey and Land Research Centre
(1994) the solil of the site is clagedl as Aridisols characterized by low organic matter, mineral

soil enriched with calcium carbonate or gypsum, and Entisol described as a mineral soil that has
no distinct Pedogenic horizons within 1 meter of the soil surface. In general the soils t the si
are differentiated originally from the underlying parent rocks (i.e. basalt rocks) and differ from
one location to another in terms of depth and maturity reflecting the aridity environment. For
example, the depth of soil may be less than 0.5 m on tapbigrhigh lands and increases up to

2 m in some parts of the site (Kirk, 1998; Allison et al., 1998Z#i, 2000). The watershed
consists of six soil mapping units according to the information obtained from the "National soil
map and land use projecB95". The selected site has a Zum 15 and Jaw 16 soil series. The land
use at the site is range. The general geological history of the study area has been dominated by &
series of tectonic events that caused six volcanic eruptive episodes that occumgdtttkiri
Tertiary and Quaternary periads

4.2. Methodology
4.2.1. Study Approach

The approacks that havdeenfollowed in assessment of soil surface characteristics include;
field visits and profile description and samplirigp characterize the soil at the demonsirat

site, itwasnecessary to divide the field into several land facets depending on visual features. A
soil profilewasexcavated in each land facetadepth of 1 meter if soil thickness allows.

4.2.2. Solil Profiles Distribution and Description

A sampling andsoil testing poirg were sat at each land fadetsically as one profile per each
land facetThe epresentative soil profileseredescribed as follows:



9 GPS reading for the profile location.

9 Important surface description features noted (vegetationglgavstone cover, soil crust,
slope, slope direction, and existing soil erosion features).

1 Full description of the soil profile following the taxonomy handbook including soil horizons,
color, structure, carbonate content (fizzing with HCI addition),iavmbrtant features.

1 Soil samples taken from identified layers/horizons.
4.2.3. Soil Sampling for baseline data to be used for monitoring

The project structurevasbased on selecting a demonstration site, and within it several different
range sitesvereidentified Then key areawereidentified within each range site. The key areas
wereconsidered as sampling areas representing all the conditions of the specific range area and
covering 5% of the range site area. Inside the key area, referensevaresselected ad
protected by fencing. Soil sampling for monitoring purposes fatbthe project structure of

range sites, key areas, and reference aBesmsl sampling points per key areane soil sampling

point from the reference areamdtwo sampling points fronoutside the reference arékhe sal

samples wrecollected from €20 cm and 2040 cm soil depthntervals

Under this setup, it is important tsea coding system for the soil sampling at the baseline data
phase as well as for monitoring during Igddases of the project. Thmding systenusedstars

by specifying the name of the demonstration site (name of the area). It is important to record all
necessary information regarding the sampling point like the range site, key area, sampling date,
sample nmber, and sampling depth.

The coding sysimusal to describe the sampling point is as followsn-serial number where
Arn is the rame of the site (3 digits only) andetserial numbeis the soil sample number (up to
3 digits).

It is important to keepni mind that soil sampling for the purpose of monitoring would simply
follows the division setup described above and covers a depth afn#Gonly, but for
characterization purpose it follows the identified land facets and covers the depth of the profile
upto a maximum of one meter.

4.2.4. Field Data Sheet

The field data sheahcludedgeneral information of the site (site ngraeordinates, responsible
personnel names, sampling date, soil depth, surface crust, and stream line proximity inmmeters)
addition tothe sampling design (soil sampling code) and records of measurements (attributes,
i ndi c aas shows é the tablg).

Tablel: Soil sampling codes.

Attribute Explanation and/or unit

Site Site Name

E Longitude entered in decahdegrees, or Easting in JTM of]
UTM zone 37 (Datum WGS84)

N Latitude entered in decimal degrees, or Northing in JTM
UTM zone 37 (Datum WGS84)

Date Dd/mmlyyyy




Inst Responsible institution

Author Contact person

Sample number of sample

Type profile or auger hole

Depth end of layer e.g. depthZD is recorded as 20, -BD is
recorded as 50

Crust thickness of crust in mm

Stream

proximity proximity to stream in meters

pH Soil acidity

EC Soil salinity expressed in dS/m

Total N %

Extractable P Ma/kg
Extractable K | Mg/kg
Organic Carbon | %

CaCQ %

Sand %

Silt %

Clay %

Textural class | C:clay, Si:silt, S:sand, L: loam

Color-wet Color Hue for wet saill

FC Soil moisture percent at field capacity on volumetric basi
PWP Soil moisture percent atelting pointon volumetric basis
IR Infiltration rate in mm/hr

GravetStone Gravel and stones %

4.2.5. Characterization of Land Facets:

The sitewas divided into eight land facets depending on land features like slope, soil depth,
stone cover, rock outcrop, réaice crust and aspecihe descriptive code thatasused in the
description of land facetsas

Soil depth: d= deep soil (more than 1 meter)
m= medium soil depth (between 30 and 100cm)
sm= shallow soil (less than 30cm) with pockets of deeper soil
s= shallow soil depth (less than 30cm)
Stone cover: 0= 0-10% surface stone cover
1=1025% surface stone cover
2= 2550% surface stone cover
3= more than 50% surface stone cover



Surface crust: 1= thin (up to 2mm thickness) and weak surfacesicthat can be easily
broken

2= moderate (24mm thickness), surface crust affecting seed germination
3= strong, thick (more than 4mm) and hard to break surface crust
Rock outcrop: 1= 0-25% surface rock
2= 2550% surface rock
3=5075% surface rck
4= almost complete (above 75%) surface rock outcrop
Slope %: A= 0-5% almost flat land
B=5-10% gentle sloping land
C= 1015% sloping land
D= moderate slope 185%
E= high slope 285%
F= Steep slope 350%
G= Very steep land abo\w®%
4.2.6. Soil Sampling

Soil sampleswere collected from the recognized soil layers of each profile for laboratory
analysis.The collected soil samplegereanalyzed for the following:

- pH and EC (1:1 soil : water mixture)

- Texture (hydrometer method)

- OrganicCarbon (WalkleyBlack method)
- CaCQ (Acid neutralization method)

- Total nitrogen (Kjeldahl method)

- Extractable Phosphorus (Olsen method)
- Extractable Potassium (NBBAc method)

Also 9 undisturbed soil samplegere collected from the different locations as emamples
simply because not all layers could be sampled due to the presence of stones. These samples
wereused to determine the soil bulk density as well as the water holding capacity.

4.2.7. Infiltration Rate Test
An infiltration rate test using the double ringethodwasdone close to each profile location
4.2.8. Hydrological Study and Rainfall Data:

The hydrological study is an important part of the baselinepsalse. It will provide an
understanding of the current conditions of the watershed within which the gieatmm site is
located as well as the futun@-scalearea.



The hydrological study will serve in estimating runoff coefficients and in understanding the
water movement inside the watershed (runoff volume expected at different locations in the
watershed)

The provided information will be useful for the following:
- Selection and distribution of water harvesting and soil conservation techtocuessed
as part of the community action plan.
- Design of selected soil and water conservation structures.

Regardhg the issue of climatic data, rainfall is the main item in relation to soil conservation and
water harvesting theme. Good rainfall data records are very important for planning soil and water
conservation techniques, the explanation of results, the desigater harvesting facilities, as

well as site monitoring.

Other climatic data like air temperature, relative humidity, and potential evapotranspiration
(ETo) would be beneficiaf available.

The approach that was used is to have a simplified hydoalbgiodel by:
1- Analyzing availableainfall data
2- Usingavailable GIS data (ytirological unts, Land use, Soils, and DEM
3- Estimating runoff volume

4.3. Results and Discussions
4.3.1. Preparation of Maps:

All GPS points taken in the field were processed throutfhtGol to produce theequiredsite

map The GIS unit at NCARE derived several maps from the digital elevation model as a source
of data. These maps included the slope map (Figyrand the aspect (slope direction map)
(Figure 10). The GIS unit preparetthe soil map based on information from the Jordan national
soil survey (Figurell). These maps were taken to the field later and used for mapping the land
facets based on slope, slope direction, surface cover, and soil depth features. Accordingly, the
site was divided into eight land facets (Figd®. The area of each land facet is as follows; L1=

54.8 hectare, L2= 254.3 hectare, L3= 126.6 hectare, L4= 12.7 hectare, L5= 33.5 hectare, L6=
12.7 hectare, L7= 35.8 hectare, and L8= 81.5 hectare. The laagdstalcet is L2 with about

41% of the area followed
by L3 with about 21% of
the area. Slope in the Study area
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Figure9: The slope map of the site showing the main 3 slope classes.

Aspect map for Areinbah site
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Figurel0: Site aspect map and thi®pe direction at thdts.



Soil map for the project site

s

Legend
o JAWVI6
& ZUMI15

Kl 5
SI
001503 06 09 12 L5 1.8 o te

Figurell: The soil map with the main soil series.

The first slope class found at the site 18% representing the flat areas near the top of the hill at
the southern boundary of the site and neambain wadi. The-8% slope class is dominant over
most of the area with about half of its area with slope below 5%. T2@@Bslope class is
mainly found in the eastern side of the site close to the main wadi as the rocky and bouldery
steep banks of theadi. The slope was used as an important feature in the delineation of land
facets.

The slope in the project site ranges from 0 to 20 %. TaBkows the percentage area for each
slope class. The table indicates that the project site is dominated iy class: 2 to 8
percentage.

The derived Slope and aspect maps were provided to the soil and water team to utilize them in
the field to draw the land facets. Eight land facets were recognized in the projéogsite12)

The range sites determined etrangeland team was also mapped using the GPS points taken
from the field.

Table2: Percentage area of the slope classes in the site.

Slope Class % Area (Km?) Percent to total area
0-2 0.35 5.72
2.1-8 5.522 90.21
8.1-20 0.249 4.07
Total 6.121 100

The slope direction is another important feature. The slope directions of north, northwest,
northeast, west, and including the areas designated as flat were all considered as north aspect




The south, southwest, southeast, and eageslirections were all considered as south aspect and
as such were used in the delineation of land facets during the characterization of the site.

The national soil survey (level 1) described the soils in the areas to the northwest of Safawi. The
survey ndicated that the moisture regime is aridic and the temperature regime is thermic. The
soil map (Figurell) shows the main soil series distinguished in the area. The Jaw 16 soil series
is classified as typic camborthids and calciorthids. While the ZunoilSeries (the dominant

soil series in the selected site) is classified as xerochreptic calciorthids, xerochreptic
camborthids, and lithic torriorthents depending on its topographic location.

NCARE Study Area With Land Facet And Profiles Site

09 0 09 1.8 Kilometers

Figurel2 Land facet map and s@émpling points.

4.3.2. Solil Profiles Distribution and Description

Soil profiles were distributed in the site basically as one profile per each land facet. However, the
land facet 1 was very hard for digging profiles due to the presence of a very shallowtlsoil wi
basalt rock and/or boulder outcrop. Water infiltration rate test was not taken in L1 and L8 facets
because of the rocky and bouldery nature of the land and the shallowness of the soil. Soil profiles
were distributed within land facets 2, 3, 4, 5, 6,nd & (Figurel2). One soil profile was
prepared in land facets 2, 3, 4, 6, 7 and 8. Two soil profiles were prepared in land facet 5 just to
check on the soil profile features (mainly soil depth) and only one was used for soil sampling.
Land facet 2 has tw@oints. One point was used for the soil profile description and soll
sampling, and the other one was just used for the water infiltratio(ficatee 13)



Figure13: Soil profile description.

The description of the eightisprofiles with all technical details is as follows:
Profile: P1

Soil formed on a slope of80% in a basalt rocks and boulders area. The soil is shallow with less
than 0.3 meter depth. Surface cover of gravel and stones is high with rock outcrop0®6.25
Some vegetation is present over this area in the form of small shrubs.

Soil depth (825 cm): No profile was dug due to the nature of this land facet. Structure is very
weak granular. Soil texture is loam (sand 45.4%, silt 41%, clay 13.6%). Soil reattdACl is
strong. One soil sample was taken from this location.

Profile: P2

Soil formed on a slope 0f&% in a basalt stone area. The depth of the soil in this area is shallow
moderate with soil depth between 0.2 and 0.6 meter. Surface cover of ardw&bnes is high.

Some vegetation is present over this area as small shrubs and some grasses. Slope length is mor
than 1 kilometer with several small waterways and few side wadies are present within this facet.

Soil depth (820 cm): The color of thisalyer is yellowish red (5 YR 4/6)Structure is very weak
granular. Soil texture is loam (sand 47.2%, silt 40.2%, clay 12.6%). Soil reaction with HCI is
strong. One soil sample was taken from this location.

Profile: P3

Soil formed on a slope of-% in abasalt stone area. The depth of the soil in this area is
considered shallow moderate with soil depth between 0.2 and 0.7 meter. The top soil is gravelly.
Surface cover of gravel and stones is high. Rock outcrop is limited to few places. Sparse
vegetation $ present over this area near waterways and in small alluvial fans. Slope length is
more than 600 meter with several small waterways and few side wadies are present within this
facet.

Soil depth (825 cm): The color of this layer is yellowish red (5 YR)4/6tructure is very weak
granular. Soil texture is loam (sand 45.1%, silt 39.9%, clay 15%). Soil reaction with HCI is
strong. One soil sample was collected from this location.



Profile: P4

Soil formed on a slope of around 1% in a basalt stone areal€fttle of the soil in this area is

deep reaching one meter or more as due to its topographic location at the end of the slope and
adjacent to the main wadi. Some basalt stones cover the soil surface. Sparse vegetation is presen
over this area. Slope length120 meter.

Soil depth (612 cm): The color is yellowish red (5 YR 4/6%tructure is very weak granular.
Soil texture is loam (sand 40.3%, silt 44.8%, clay 14.8%). Soil reaction with HCl is strong.

Second layer (135 cm): The color is dark brown 6/YR 4/4). Structure is very weak granular.
Soil texture is loam (sand 40.7%, silt 36.1%, clay 23.2%). Soil reaction with HCI is strong. Few
roots are present.

Third layer (3597 cm): The color of the soil is reddish brown (5 YR 4/6). Structure is sub
anguar blocky with intense carbonate mottles/concretions (white eyes). Soil texture is clay loam
(sand 28.3%, silt 32.7%, clay 39%). Soil reaction with HCI is violent. Few roots are present.

Profile: P5

Soil formed on an alluvial plain with slope of less tl246 and on a gentle slope-§206) hill side.

The soil in this area is medium in depth (0.6 meter). Surface stone cover is little but is
gravelly on the surface. Very sparse vegetation is present over this area. Slope length is 400
meter.

First layer (615 cm): The color of this layer is yellowish red (5 YR 4/6}ructure is very weak
granular. Soil texture is sandy loam (sand 57.3%, silt 34.1%, clay 8.4%). Soil reaction with HCI
is moderate. A fibrous layer of roots is present on the surface.

Secondayer (1530 cm): The color is dark brown (7.5 YR 4/4). Structure is very weak granular.
Soil texture is loam (sand 41.6%, silt 43.3%, clay 15.1%). Soil reaction with HCI is moderate.
Few roots are present.

Third layer (3055 cm): The color of the soil iseltowish red (5 YR 4/6). Structure is very weak
granular with intense medium carbonate mottles/concretions (white eyes). Soil texture is loam
(sand 35.3%, silt 40.2%, clay 24.4%). Soil reaction with HCI is very strong to violent.

Profile: P6

Soil formed m a slope of around 5% in a basalt stone area. The depth of the soil in this area is
shallow reaching 0.25 meter only. Some basalt stones and gravel cover the soil surface and
within the soil profile. Very sparse vegetation is present over this area.|Shgpke is 60 meter.

Soil depth (65 cm): The color is yellowish red (5 YR 4/6%tructure is very weak granular. Soil
texture is loam (sand 39.1%, silt 39.3%, clay 21.7%). Soil reaction with HCI is strong.

Second layer (25 cm): The color is dark brow(@.5 YR 4/4). Structure is granular. Soil texture
is sandy loam (sand 62.1%, silt 31.3%, clay 6.6%). Soil reaction with HCl is strong. Few roots
are present.

Profile: P7

Soil formed on a slope of around 2%. The depth of the soil in this area is medueego
reaching in some places one meter or more but in general it is considered as medium (more than
0.3 meter and less than 1 meter). Few basalt stones cover the soil surface and some stones ar



present within the soil profile. Vegetation cover is spanser ¢his area. Slope length is 150
meter.

Soil depth (610 cm): The color is yellowish red (5 YR 4/6ptructure is very weak granular.
Soil texture is loam (sand 46.4%, silt 37.6%, clay 16%). Soil reaction with HCI is moderate.

Second layer (140 cm): The color is strong brown (7.5 YR 5/6). Structure is sub angular
blocky. Soil texture is sandy loam (sand 53%, silt 36.4%, clay 10.6%). Soil reaction with HCl is
strong. Some roots are present.

Third layer (4655 cm): The color of the soil is reddish broggnYR 4/6). Structure is angular
blocky with intense and large carbonate mottles/concretions (white eyes). Soil texture is clay
loam (sand 29.8%, silt 31.2%, clay 31%). Soil reaction with HCI is violent. Plant roots are
present.

Profile: P8

Soil formed ora slope of around 10%. The depth of the soil in this area is shallow to medium to
deep reaching in some places around 0.5 meter, but generally the soil depth over this area is
shallow. Few basalt stones cover the soil surface. Vegetation is preserst anehialong the
several side wadies. Slope length is 140 meter.

Soil depth (65 cm): The color is yellowish red (5 YR 4/6%tructure is very weak granular. Soll
texture is sandy loam (sand 57.6.3%, silt 31.9%, clay 10.5%). Soil reaction with HCInig. stro
Plant roots are present.

Second layer (31 cm): The color is strong brown (7.5 YR 4/6). Structure is sub angular
blocky. Soil texture is loam (sand 37.2%, silt 36.9%, clay 25.9%). Soil reaction with HCI is
strong. Few roots are present.

4.3.3. Characterization of Land Facets:
The site was divided inteightland facetsThe description of each land facet is as follows:

L1: The first land facet covers the northern part of the site and described as (Ds123) which is
land with a slope of -20%, shallow soil, tim soil crust (up to 2 mm thick), moderate rock
outcrop (2550%), and more than 50% stone cover with a south aspect.

L2: The second land facet is located in the northwestern corner of the site and is the largest land
facet in the site and is describesi(8sm202), which is land with medium slope8®), shallow

to medium soil depth, medium surface crust(&ym thick), no or limited rock outcrop-&b%),

and few surface stones (885%) with a south to southeast aspect.

L3: The third land facet coversdhsouthern and southwestern side of the site. This facet is
described as (Bsm113) which is land with medium slop8%2, shallow medium soil depth,
thin soil surface crust (up to 2 mm thick), few or no rock outcrep5), and more than 50%
surface storeand north to northeast and northwest aspect.

L4: The fourth land facet covers an area in the middle of the site adjacent to the main wadi and is
described as (Ad200) which is land with a slope @0, deep soil depth, medium soil surface
crust (24 mm thick), few or no rock outcrop {@5%), and few stone cover with north to
northeast aspect.



L5: The fifth land facet covers the southern middle part of the site. This facet is described as
(Bm101) which is land with medium slope-82), medium soil deptfthin soil surface crust (up

to 2 mm thick), few or no rock outcrop-g5%), and less than 10% surface stones and north to
northwest aspect.

L6: The sixth land facet covers a small area on the southern boundary of the site representing the
top of the hil, and is described as (Bs101) which is land with a slope-&%2shallow soil

depth, thin soil surface crust (less than 2 mm thick), few or no rock outc2p4D and few

stone cover with north aspect.

L7: The seventh land facet extends along thdahsmastern boundary of the site. This facet is
described as (Am200) which is land with gentle slop2%), medium soil depth with some
places as deep soil, medium soil surface crusé (1&n thick), few or no rock outcrop-@b%),
and less than 10% surfas®nes and north aspect.

L8: The last land facet covers an area in the middle of the site and covers the hill slope that is
dissected by several side wadies, and is described as (Bsm112) which is land with a slope of 2
8% with parts exceeding 15% slomhallow soil depth with some deeper soil pockets, thin sall
surface crust (less than 2 mm thick), moderate rock outcrepq2g, and moderate stone cover
(less than 50%) with north aspect.

4.3.4. Infiltration Rate Test

An infiltration rate test using the doubteng method was done close to each profile location
except in two land facets L1 and L8 due to limited soil depth and the rocky and bouldery surface
(figure 14) Five tests were conducted in the site to cover the different land facets. The basic
infiltration rate at the site ranged from a low of 6 mm/hour to a high of 16 mm/hour. The low
infiltration rate of the soil is mainly due to the presence of a soil surface crust and the lack of
vegetation.

Figurel4: Infiltration rate neasurements.

The land characterization of the site indicated that soil depth is limited and so is the water
holding capacity. The gravel content in the soil profile is relatively high and this also affects
water movement and water storage in the soil. difea with deep soil is limited to the central

part of the site. The characterization of the site resulted in distinguishing four range sites
depending mainly on the soil depth and land slope. Soil erosion is considered as a problem
(figure 15) Both windand water erosion processes are active in the site. The site is characterized



by a network of valleys that dissects several parts of the site. Sediment movement in the valleys
and waterways is apparent in several locations. The bulk density as weliradttaéon rate at

the time of site characterization indicated that the soil was compacted through few years of
degraded vegetation cover accompanied by dry years.

Figure 15: Soil
erosion.

4.3.5. Topographic Data

Contou (Figure16) and stream network (Figufe) layers were purchased from the RJGC that
cover Qa'a Shbeikeh area where the project site is selected. The layers were provided as shape
files at scale 1:50000. The contour map shows that the elevation of theaages between 610

and 1360 meters. While the stream network shows that the main wadis in the project site (Zamlet
Aranbah).




























































































































































































































































