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This report is a cumulative report on all soil survey activities
and results since the commencement of the project. It also serves as
a six month progress report required ty Usaip, the funding agency.
This report emphasjzes the results obtained after the initiation of
field wecrk in Yemen. br. Jack King, as permanent field officer
stationed at Taizz, and Dr. Terence Forbes, on IDY, started selection
and surveying of pilot areas in April, 1981. Once a methodology was
developed, field work progressed rapidly. In April and May, most of
the survey effort was concentrated on topographic pap sheets five axnd

seven. Soil profiles were descriked and samples were collected for
routine analyses at Taizz and for wineralogical, wmicromorgholcgical
and other special analyses at Carnell. By the end of August, 1981,

Dr. King had visited every region of the couantry and contacted local
officials for more intensive survey work in the near future.

Approximately 60 soil samples have Leen analyzed by the Taizz and
Cornell laboratories. Analytical results can be found in the soil
prcfile descriptions in Chapter 4 of this report.

Seven false-color infrared imagery scenes were processed digitally
for use in extrapclating ground jnformation okserved in accessikle
areas to inaccessible areas. Two @more scenes are currently kLeing
Frocessed and the nine scenes will bLe used to construct a false-colcr
infrared map at 1:500,000 for the whole country.

This report also presents a discussion of soil relaticnshifps in
Yemen, map unit descriptions and a map of tentative associations of
£0il subgroups for topographic map sheet seven. The report is intended
to ke an example of the format of the fimal soil SULVEY rLefort. The
map delineations will be refined along with the composition of so0il
associations and a section on recoamendations for land use will ke
added. The report also deals with tudget and administrative asgects
of the prnject operatjons.

-x-



INTRODUCIION

At present, only limited information is available on the soils of
the Yemen Arab Republic. The few soil surveys that have been conducted
are not sufficient or adegquately correlated in a national or
international system to serve development aeeds. They vary in degree
of detail, and require complementary studies to respond to an
increasing demand for soil resource information. This reduces their
usefulness and restricts the transfer of technical knowledge froa
other areas with similar ecological conditions.

This project involves the mapping of soils and land resources of
the Yemen Arab Republic. The study will be a part of the data base
for planning <the development of agriculture and urban infra-
structures.

The objective of <the so0il survey is to produce a generalized
1:500,000 soil map based on field observations, which will be
extrapolated ky interpretations of satellite and air-photo imagery.
The map will show associations of subgroups as recognized by USDA Soil

During the report period, one soil surveyor with support equipment
and personnel has been stationed in Yemen with operations based in
Taizz. Field work has included soil profile examination and mapping.
Soil analyses required to place the soils into Soil [Taxonomy
classification have been started ia support of the field work.
Representative soil profiles will be sampled, tested and described
throughout Yemen as part of this effort. The surveyor is assisted by
Yemeni personnel, both professional and non-professional. Soil samples
will be analyzed by the FAO-assisted Agricultural Research Service in
Ausseifere; some special and texture analysis have been performed at
Ithaca.

The information provided upon completion of this project will be
useful in the planning of development activities ia Yemen. 1he survey
will assist in locating areas of high potential where more detailed
soil information would facilitate the introduction of new technology
for agricultural production.

The present project will map those arcas of Yemen west of longitude
4% degrees, 30 minutes. The survey area does not include islands in
the Red Sea.



2 SOIL SURVEY OF THE YEMEN ARAB REPUBLIC

Chapter 1
GENERAL DESCRIPTION OF THE AREA

The Yemen Arab Republic has a «climate characteristic of the arid
and semi-arid tropical areas. Rainfall is seasonal and very variaktle,
and is primarily controlled by the effects of the mountains. Weather
and climate data are very scarce.

RAINFALL

Rainfall varies from approximately 1000 mm/yr in the Ibb area to
near G mm/yr along the coast and in the Rut Al Khali. A probable madal
rainfall map is shown in Mafp 1.1. The largest amounts of rainfall are
associated with the highlands as humid winds from the Indian Ocean and
Red Sea are forced to rise and cool. Once past the higbest mountains,
the winds have dropped their moisture and rainfall decreases rapidly
<0 the east.

TENEERATIURE

Tenperature in Yemen is strongly ipfluenced by elevation. The
yearly average ranges from 15 degre-s Celsius at Sana to 26 degrees at
Hodeidah on the coast.

High potential evapotranspiration rates, resulting from high
temgperatures (Figure 1.1), are moderated on the Tihama somewhat by the
comparatively high relative humidity. Extremely dry conditioas with
dessicating winds, as found in Sahelian Africa, are not common.

Freezing weather seldom occurs in the lowlands. However, nighttime
freezing weather is common in some of the highland areas. For exanmgle,
at the Kitab dairy on the Dhamar Plaim 100 consecutive nights of below
0 degrees Centrigrade were recorded. The lowest recorded temperature
was ~9 degrees Centigrade at the same location.
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This information is adapted f£from reports by Geukens (1966) and
Grolier and Overstreet (1978).

The Yemen Arab Republic includes four major geologic provinces; (1)
the pre~Cambrian shield areas; (2) sedimentary rocks of Paleozoic and
Mesozoic ages; (3) Tertiary and GQuarternary volcanics; and (4)
Quarternary alluvial deposits. A generalized geologic map is given in
Map 1.2.

PRE-CAMBRIAN SHIELD

The pre-Cambrian shield is the basement of the Arabian peninsula.
It is conposed of igneous and metamorphic rocks. The igneous rocks
include pink orthoclase granites, diorite, gabbro, and wmafic
volcanics. Metamorphic rocks include mica, chlorite and garnet
schists, gneiss, quartzite, marble, slate, and amphibolite. The
structure of the shield is very complex, because the rccks have been
folded and faulted several tinmes.

SEDIMENTARY BRGCKS

There are three sets of sedimentary rocks in VYemen, the Wajid
sandstone, the Kohlan and Amran groups and the Taliwah and Medj-zir
groups, going from oldest to youngest.

All of the sedimentary rock groups are approximately horizontal.
The Wajid sandstone rests directly on the pre-Cambrian shield. The
Kohlan group is also in contact with basement rocks. The Kohlan and
Amran groups and the Taliwah and Medj-Zir groups are conformable. The
Amran and Taliwah groups are unconformable.

Wajid Sandstone : The Ordivician Wajid sandstone is a cross-bedded,
coarse~grained, well-rounded, gquartz sandstome. It includes frequent
conglomeratic gravel lenses. The grain size decreases to the north.

It contains no fossils.

Kchlan aad Amran Groups : The Jurassic Kohlan group consists of green
silty shale and arenaceous sandstone which includes conglomerate
lenses. The sandstone is interbedded with and overlies the shale. The
sandstone becomes purer in quartz to the north. The Kohlan Series is
generally unfossiliferous.
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The Kohlan group grades into the overlying Jurassic Amran group.
.The Amran group contains fossiliferous blue and light gray limestone,
marl and calcareous shale and sandstone. The Amran group varies in
lithology from place to place, depending on environmental conditions
in each area at the time of deposition.

Tawilah and Medj-2ir Groups : The third group of sedimentary rocks
includes the Cretaceous Tawilah and Tertiary Medj-Zir Graugs. They
are cross-bedded, coarse-~grained quartz sandstones. They generally
contain hematite nodules where they are in <contact with volcanic
materials. The lower 1TIawilah group includes conglomerate layers
interbedded with red and green shale layers. The Medj-Zir group
contains locally lossiliferous layers of calcareous shales.

IERT1ARY AND QUARTERNARY VOLCANICS

Yemen Volcanics : The Yemen volcanics includes Tertiary volcanic rocks
(the Trap Series) and contemporaneous dgranite laccoliths. The Trap
Series (Geukens, 1966) is made up of alternating lava flows, basalts,
Forphyries and various tuffs. The original volcanic craters are rare.
The Trap Series includes sedimentary deposits, which were laid down
during volcanically quiet times. These deposits include fossils.

The granite laccoliths are exposed both within apd adjacent to the
Trap Series, and also in the sedimentary rocks north of Sana. They are
heavily dissected.

Quarternary Volcanics : Granites which are younger than the Trap
Series, and volcanoes whose cones are still intact are present
throughout Yemen. These were emplaced in the Quarternary. The granites
include tourmaline and amphibole crystals. The volcanoes are basaltic
and are often enclosed in layers of tuff. The most recent volcanisam is
located in the Dhamar-Rada area.

QUARTERNARY AILUVIAL DEEQSITS

Quarternary alluvial deposits can be divided on the basis of their
mcde of transportation into wind-laid and water-laid material.

Wind Deposits

Loess : Loess deposits are found in areas where mountains are high
enough to be a barrier to the wind, causing it to droep its load. 1The
loess of Yemen probably originated in the desert to the northeast, the
direction of the prevailing winds. Many of +the loess deposits,
particularly in the inter-mountain plains, have been reworked by
alluvial deposits.
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Dunes : In the survey area, sand dunes are found primarily on the
Tihama, where the ground is level. Barchans and some longitudinal
dunes are found, indicating that sand supply is the limiting factor of
dune formation. The source of the sand is prebably the wadi beds and
alluvial fans, which receive sand from wadis coming out of the
mountains. The great sand seas of the Rub Al Khali are outside of the

SuUrvey area.

Fluvial Deposits

Alluvial fans and plains : Alluvial fans are deposited where a quick
decrease in slope causes a wadi to slow down and drop its load. Plains
are constructed in areas of little relief, where wadis spread out and
lose most of their speed. Fans are found on the Tihama and along the
Wadi Al Jawft, where mountains meet level areas. Alluvial plains are
found in the same places, and also in mountainous areas, where inter-

mountaln basins act as traps of sediments carried by wadis. Ihe fans
are made up of coarse-grained material, since the dryness and lack of
vegetation allow the wind to carry away finer particles. In the

plains and along the wadi terraces, fine materials are common in moOSt
places, gravelly and stony materials occuring only in the active
stream beds of the wadis. The source of the sediments carried by the
wadis is the weathering of the mountains, which are made up of the
rocks described above, and reworked alluvial loess.

A map of the landform regions of the Yemen Arab Republic is given
in M¥ap 1.3. The legend of the map is given in Table 1.1. The map
divides the country into areas in which similar soils are expected to
occur as associations in a generally uniform pattern. The landform
recgions were recognized on the basis of topography, bedrock geology,
and climate. The topographic relationships bLetween the landfcrm
regions are shown in Figure 1.Z.

The sources used for the preparation of this mar were the USGS
1:500,000 geologic and geographic maps (Grolier and Overstreet, 1978),
which used digital Landsat imagery as their base. Selected areas were
also examined with airphotos at 1:60,000 scale, obtained from the
Rescurce Informaticu Laboratory at Cornell University. Because of the
scale (1:500,000) of the geologic information used, only geperad
landforwm regions were sutlined. Soils expected to occur in each area
were tentatively classified to the Soil Taxonoamy subgroup level.
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TABLE I.1 LANDFOR#Y REGIONS OF YEMEN

HAp LANDPORY DESCRIPTICH ELEVATION RALNFALL AJOUNT OF ACCESSIBLLITY POSSIBLE

SYZBOL BEGION () (44) AGRICJULTURE SOIL SUBGROUPS

Ap1 Alluvial glains Broad plains wic 2500 300 M>decace Good Typic TIorrifluvents
protruding voicamic cones Aguollic Salorzhids

Typzc Tocriorthenzs

Ap2 Alluvial plains same as above 1500 300 Exzensive Good sane as above
Ivpic Tor-erts
Udic Peliuster=s

Av dadi alluviug Wadis be:ween s:eep Vaciable Variable In wadi Vaciable Typic Torrifluvenczs
valley wvalls flo>d plains Typic Tcopofluvenzs
Typic Calciuszolls
Typic Torrcior<henszs
Typic Calcior:thids
Iypic Cambozthids

Ba1 Basalz flous Basalt cones and 2000- 300 Low Good Ustochrep=zic Calcisr<h:ds
flows, colluviua grading 2200 Natric Cambor=zhids
inz> alluv:-al fans Lizhic Cambor=hids

Ba2 Basal=- flows sane as above 1200 2002 Low Good same as above

Ba3 Basalz flowus D-ssec:ted basal- plazeau 2500 400 Moderazely Fair same as above

extensive

Cg Ccasztal gpla:zn Fla:z =0 gerzly 60 <200 None ) Gy04d Typic Cemborchids
rolling alluvial plain; Typic Torrifluveprts
Barchans and sonme Typic Calcior=hids
longitudinal dunes Typic Salorzhaids

Typic Tropofluvenzs

F1 Alluvial fans Alluvial fans 0-300 200-300 Ex-ensive; Good same as above
cut wizh wadis bund farming
n drier areas

F2 Alluvial fans same as above 1000 0-100 None Poor same as above
L1 Loess Occurring in mounzaians 2000 400 Exzens.ve, G204 Aridic Haplus:zolls
heavily :erraced Typic Nazruszalfs

Typic Uszorzthents
Typic Uszropepzs

L2 Lecess Flaz, broad plains 2600 400 Low Good Typic Torrior-=hents
Aquoliic Salorzhids
Typic Us=or:thenzts

oL

JITeNdIY dvHY NIWIX TIHI J0 XTA49NS 1TI0S



Ls

pC1

pc2

Ss1

Ss2

Ivl

Tv2

Limestone

pre-Cambrian
shield

pre-Caambrian
shield

Sandstone

Sandstone

Coastai Wadis

Yezen Volcanics

Yezen Vilcanics

D.ssec=ed and jointed
ligestone glateau

Jagged mounzainous
channels with braided
streax channels

same as above wizh
with zerrecing for
agriculzure

digaly disseczed
sandstone fpiateau wi=h
en=renched streams

Same€ as acave

Ilnteraiztent szreat
channels on coastal
piain

Hignly dissected volcanic
plateau wi-h alluvial
Plazns betvweer aountaias

Moderately disseczed
volcanic plateau

1800

1800

1000-
2600

2000

1500
<300

2400

2000

200

200

600

600

100

<200

<600

2600

Exzensive;
but no
terracing on
valley walls

None (some
L-n3T it
valieys in aorcth)

lapsarccant :in
valleys and
heavily zerraced

None

Litzle

Moderazely
extensive;
tbreaceaed by
blowiag saand

Litzie- :zn
river valley,
few -er-rCaces

Mdoderase;
exteansive
terraces

Good

Poor

Fai

s}

Poor

Poor

G:ood

Good

Ustochreptic Calciorthiés
Lithic Calciorthids

Typic Torriorthents
Complexes of rock oucroap
Typic Torrifluveats

Typic Torrifluvents
Ustochrepzic Calc:orthz.ds
Lithic Calciozzhids
Aridic Calciorzh:ids

Typic Torriorthents =
Aridic Argiuszolls 2
. - . - m
Lithic Cambozchids B
Piuventic Caambarzhids :f
H

same as above -
-

Typic Cambarzhids =
Fluventic Haglus=slls O
Typic Torrifluvents e}
-—

I'ypic Calcioc-iaids
Typic Salorzhids

Cozplexes of Zack ouzcrop
Typic Cambor-hids

Typzc Tocr:2zthents

Iiypic Torrifluvents

Aridic Haplus:zails

Typic Calciuszalls

Typic Ustrofpepzts

Typic Ustzochrep:s

Typic Uszor=zkents
Complexes of -ock ouzcrop

bl
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The country was divided into seven general areas, with as many
subdivisions as necessary. These are: pre-Cambrian shield areas,
sedimentary rock areas, the Yemen volcanics area, recent basalt flows,
lcess deposits, the coastal area and inland alluvium.

DESCRIPTIIONS OF LANDFORM REGIOUNS

Basalt Flows

Recent basalt flows occur throughout the country. The area covered
by these flows varies widely from region to region. Three major flows
are distinguished. Smaller isolated flows and cones are grouped within
cne of the three major divisions.

The first flow observed (lakelled Ba1) is located about 100 ka
north of Sama in amn area which receives about 300 wmm of rainfall per
year. It is relatively unweathered. It does not appear to support
agriculrure, although nearby alluvial areas receiving irrigation are

heavily cultivacted. Isolated basalt cones were mapped with the Ba1
category because their alluvium could support agriculture, given
enough moisture. At present however, there are generally no crops

around these features, due to lack of rainfall and irrigaticn.

The second flow (Baz) 1is located just west of Marib. It receives
less cthan 200 mm of rain per year and is unweathered. Sparse
irrigation agriculture exists in alluvial areas.

These two basalt landscapes consist of basalt cones and flows
surrounded by colluvium grading into alluvial fans. The PEa2 flow is
much less weathered than Faf.

The third basalt flow (Ba3) region occurs about 80 km east of
Dhamar and receives more rainfall than the other two. This region is
a dissected basalt plateau. Airphotos were unavailable for this area,
but the satellite imagery seems to indicate that the hLasaltic rocks
are more weathered than in the other areas. Again, the surrounding
basalt alluvium is densely cultivated.

Ccastal Area

This area is usually referred to as the Tihama. 1Three types of
landforms were distinguished: wadis, alluvial fans and coastal plain.

Alluvial fans (F): Alluvial fans are low, relatively flat masses of
loose rock material, shaped like a segment of a cone and deposited by
a wadi where it iscues from a narrow mountain valley.

The coastal alluvial fans were grouped as F1. The material making
up the fans comes from the highlands; the Yemen volcanics in the south
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and the pre-Cambrian shield 1n the north. Alluvial fans receive Very
little rainfall (2€0-300 mm/year), but are used for agriculture when
wadi water is available. Some, at the mouths of the wadis coming out
of the mountains, are cultivated, often using bund farming.

Coastal wadis (W): Wadis are stream channels that are dry excep:
during the rainy season. In Arabic, wadi can refer to any streaam
channel whether it becomes dry or not. Wadis on the <coastal fplain
receive water from the mountains to the east. There is 1little or no
rainfall on the Tihama to Supply wadis directly. Most of the water in
wadis seeps into the underlying sediments before reaching the Red Sea.
Wadi alluviuw, which is brought from the mountains and adjacent fans,
forms flat plains. Blowing sand often threatens cultivated fields on
Ccoastal wadis. There is little relief associated with wadi beds.

Coastal plain (Cp): The coastal plain is <the area on the Tihana
outside the wadi and alluvial fan areas. It is extremely dry, and
wind is <the primary landform-shaping force. Longitudinal dunes and
barchans are prevalent. There is little relief besides the dunes on

the ccastal plains.

Inland Alluvium

The areas of inland alluvium were divided into three categories:
alluvial plains, wadi alluvium and inland alluvial fans. 4lluvial
plains and inland alluvial fans were probably formed during a previous
Fluvial fperiod.

Alluvial plains (Ap): Alluvial plains are broad plains of alluvium
covering bedrock between wmountains. Sope plains show protruding
volcanic cones. IThe alluvium 4is a mixture of products of the
weathering of <the surrounding rock outcrops (volcanic and sandstone
formaticns) and materials deposited by the wind. Two major classes cf
alluvial plains were separated on the basis of rainfall. Six hundred
mm/yr was chosen as an arbitrary break point because it is near the
boundary between the ustic and aridic soil moisture regimes. Those
with higher rainfall (close to 1000 nn/year of rain) supfported
extensive agriculture (Ap2). Those in drier areas (rainfall around 300
mh/year) supported less agriculture.

Kadi alluviup (Aw): In the mountains, wadis are entrenched in steep
valleys Letween mountain ridges. The areas along the major wadis in
the &@mcuntains generally have a reiiable supply of water and can
SUpport agricul-ure in the flood-plain. The moisture conditicas cf any
:ndividual wadi vary depending on the amount of rainfall and the type
of alluvial material deposited.

Inland alluvial fans (F2): This wupit includes two fans along the Wadi

Al Jawf. Thcse inland alluvial fans receive almost no rainfall (0-100
mm/year)
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Areas of loess deposits were divided into two groups, Lased on the
apmount of rainfall. Loess deposits are heavily eroded, on steep
hillsides. The 1loess in the wetter areas (L1) generally is more
dissected than that in the drier areas of the north, and is used nore
extensively for agriculture. Both loess areas are intensively terraced
for agricultural purfposes.

Pre-Cambrian Shield Areas

The pre-Cambrian shield is made up of erosion-resistant ignecus and
metamorphic bedrock. Consequently, the terrain is very jagged and
mcuntainous. Mountain ridges are separated by wadis or linear areas of
alluvium. There appears to be 1little deposition of alluvial material
in wadi beds, which are braided stream channels.

The pre-Cambrian shield areas are divided on the basis of rainfall.
The pC1 unit is located in very dry areas (rainfall <100 mm/year), and
is unable to support agriculture, €Xxcept in isolated aceas along major
wadis. The wetter areas (rainfall of around 600 mm/year) make up the
PC2 area. Agriculture is found both in the stream flood plains and on
terraces up the sides of the ridges in these areas.

. e ot e o —— —— e

Limestcne and sandstone are the two major kinds of sedimentary
rocks depcsited in Yenmen. There are several different forwmations of
€ach kind, but they appear ¢ form similar landscapes.

limestone areas (Ls): These are found in the drier areas of Yemen and
are consequently very resistant tc erosion. The area is dissected,
generally along structural features, particularly joints. Agriculture
is extensive where the water supply permits, but where rainfall is
limited, 1little or no agriculture takes place. In the drier areas,
there is 1little soil formation, due to lack of weathering of the
L OCks.

Sandstone areas (Ss): ‘There are two major sandstone formations: the
Taliwah group (Ss1) and the Wajid sandstone (Ss2). The Taliwah group
is located in areas of relatively high rainfall and is highly
dissected, with entrenched wadis between high mountain ridges. There
appears to be little soil formation on the mountain sides or in the
strean channels. There is little agriculture in these areas.

The Wajid sandstone outcrops in the dry northern area. They are
less rugged than the Taliwah areas, with broader plains Letween
mountains., Some agriculture is found on these plains, where rainfall
or groundwater supplies permit.
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Yemen Volcanics

The Yemen Volcanics formation occurs extensively over southwestern
Yemen. The area is generally a rugged igneous plateau, which has been
strongly dissected. Mountainsides are rocky, with some soil formation
in protected areas. Agriculture is concentrated in valley bottoams,
with some terracing on less steep slopes.

The Yemen Volcanics area was divided into two areas on the basis of
rainfall. The area with less than 600 mm of rain per year (Yv1l) is
more dissected and rugged. Farming in these areas is limited to wadi
valleys, with a few terraces. The area receiving more than 600
nm/year 1is designated Yv2. In these areas, agriculture is more
extensive, with a large amount of terracing.
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Charter 2
SUEVEY METHODS

The soil survey methods are adapted to the 1:500,000 scale of the
final map. This scale only permits the delineation of associations of
subgroups (USDA-S5CS, 197%5) of soils which occur in a regeated pattern
in the landscape. The map wunits are recognized on the basis of
climate, geology, reiief, vegetation, soil wmorpholcqgy, and by
analyzing imagery obtained by satellite and aerial photography.

The survey work includes identifying the soils, classified to the
subgroup level, which form the major soil associations and delineating
these associations on 1:250,000 topographic maps. The field maps will
te reduced to the final scale of 1:500,000 for publication.

Progress will be made by individual sheets, the locations of which

are shown in Map 2.1, starting from the south and going north. All
field operations should be completed in 18 months.

OFFICE MEIHODS (BEFORE FIELD OBSERVATIONS)

A published geological map at 1:500,000 (Grolier and Overstreet,
1978) and selected airphotos at 1:60,000 were used to define landforn
regions (see Map 1.3). These regions are uniform in lithology, climate
and relief.

Some information is currently available for specific areas of the
Yemen Arab Republic. A major part of office operational tasks before
field operations is compiling and reviewing all the available soils,
geologicnl and climatic data and reports.

Preliminary studies before field operations in VYemen iucluded a
search and review of existing soil studies (published and unpublished
government consultant's reports) and soil surveys. The Yemen Ministry
of Agriculiture has commissioned soil reports and surveys of selected
areas for possible intensive agricultural develofment. These reports
and surveys are as follows:
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PREVIQUS REPORTS ON YEMEN SOILS

1)

2)

3)

4)

4)

5)

6)

7)

8)

2)

10)

REPORIS INDEXED IN MAP 2.1

Acres, B.D. 1978. Landforms and soil of the Dhanmar Agriculturail
Inprovement Centre. VYemen Arab Republic. Montane Plains and Wadi
Rima Project: a land and water resources survey. Ministry of
Overseas Development. Iland Resources Division, Surbiton, Surrey,
England.

Acres, B.D. 1980. Soils and land suitakility of the Montane Plaiams
and Wadi Rima. dontane Plains and Wadi Rinma Project: a land and
¥atel resources survey. Cverseas Levelopment Administratvion. Land
Fesources Development Centre, Surbiton, Surrey, England.

Agrar- und Hydrctexnik GmkH. 1980. Development of Wadi Jawf and
its Tributaries, 1Technical Report: Soils. Yemen Arab Republic,
Ministry of Agriculture.

Boros, I.J., Szabolcs, I. and Varallyay, G. 1970. Soil survey in
the Tihama lowland (Yemen Arakb Republic) 1I. Factors of Sagil
Formation ; II. Soils and land capability classes . Agrokemia es
Talajtan 19:405-464.

Eoros, I.J., and Lesztak, J. 1971. Soil survey in the Tihana
lowland (Yemen Arab Republic) III. Water management properties of
Scils. Agrokemia es Talajtan 20:217-230.

Egli, E. 1978. "Landnutzung und Landnutzungsveraenderunqg in der
Legion Wadi Mawr Arabische Republik Jemen." Geographischen
Institut der Universtat Zurich.

Electrowatt Engineering Services, Ltd. 1978. Marib Dam and
Irrigation Project, Yemen Arab Bfepublic: Annexes I. Scil and Land
Classification; III. Agriculture; V. Geology and Georechniques;
VII. Hydrology. Government of Abu Chabi, Presidential Court.

Halcrow, W. and Partners. 1978. Wadi Surdad: Development on the
Tihama. Volume 4-Soils and Land Capability Annex C VYemen Arab
Fepublic, Ministry of Agriculture.

Pacheco, R.A. 1978. "l1he Application of Landsat Imagery tao Soil
and Land-use Mapping in the Central Region of the Yemen Arab
Kepublic." FAQ Seris AGL1, FAQ, Roame.

Iesco-Viziterv-vVituki. 1971. Survey of the Agricultural Potential
of the Wadi Zabid . Yemen Arak R -public. Soils and Laand
Capability. AGL: SF/YEM 1. Technical Report 8. ‘Budapest.

Western, S. 1972. 1The classification of arid Zzone soils. 2. TZThe
classification of sedasols in Saudi Arabia. Journal o¢f Soil
Science 23:279-297.
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REPORTS ON YEMEN IN GENERAL

Asmaev, 1l.R. 1969. ©[Lata on soils of the southwestern part of the
Arabhian [fenisula. in Kovda, Vv.aA. and labova, E.V. (ed.)
Geography and Classification of Soils of Asia. Israel Frogram for
Scientific Translations, E.249~257.

Grolier, ¥.J., Tibbitts, G.C., and Ibrahim, M.M. 1981. A qualitiative
appraisal of the hydrology of the Yemen Arab Republic from Landsat
images. USGS. Open-file Report 80-565.

Kopp, H. 1975. Die Raumliche Differenzierung der Agrarlandschaft in
der Arabischen Republik Jemen (Nordjemen) . Erdkunde 29:59-68.

Schoch, R. 1977. Regionale Gliederung der Jemenitischen Arakbischen
Republik mit Hilfe wvon landsat-Satellitenbildern. Thesis,

Geagraphischen Institut der Universitat Zurich.

These reports will =supplement field studies for the production of
the 1:500,000 soils map. This survey will correlate country-wide the
Soils described in these separate, more detailed studies. No attempt
will be made to duplicate the detailed work done in these areas.

Computer-processed digital landsat satellite imagery is kteing used.
Three Landsat bands, 4, 5, and 7 are digitally processed into a false-
color infrared composite, which is then enlarged to 4:250,000 and
1:100,000. Hcmogeneous areas onm the false-color infrared imagery are
checked to see if they correspond with the landform regions previously
defined. If necessary, adjustments will be made. A general idea of
the relief, intensity of vegetation, drainage systems and lithology 1is
derived from the false-color imagery.

Black and white airphotos (1:60,000) of selected sites were
examined for pilot areas to bte visited in the field. Relief,
drainage, vegetation, soil Farent materials and present agricultural
land use are brought out in greater detail in these photcs. 1The pilot
sites estimate the soil pattern in each landscape and are used to
select the location of characteristic pits for descripticn and
sampling.
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PIELD METHODS

The purfgose of mapping the major components of the sail
associations at large scales (about 1:25,000) in the pilot areas is to
estimate the percentage each individual soil (as classified at the
subgroup level) occupies in the association. Ihe methodology will
follow the guidelines of <the USLA Soil Survey Manual (1975, draft
version). During these field observations, an effort is made to study
the correlation between field characteristics, airphotos aad satellite
imagery, in order to elaborate an identification key for the
interpolation and extrapolatiou of soils datu to inaccessible areas.
Another objective of the field studies 1is to relate crop production
apd potential with soil and land characteristics, and to maxe
interpretations for land-use. During reconnaisaunce trips tc selected
pilot areas, the dominant 1lithologies and their position in the
landscape are noted as well as the prescnce and [fosition of
transported materials: colluvium, alluvium and aeolian deposits. The
distribution of <these formations is important for understanding the
genesis of the soils, and allowing a more efficient mapping of thenm
(see Chapter 3).

The predominant landscape units such as colluvial slopes, alluvial
terraces, man-made terraces, wadis, coastal plains, lake beds, barchan
dunes, €tc., form the basis for description and selection of

characteristic soil profiles for the pilot area. Traverses are made
and soils are augered and examined at different sites along the
landscape. Typical surface horizons are nuted and checked for
uniformity and average depth. The traverses give an idea of the

extent of the various soils in the mapping unit.

Sites for «characteristic profiles are selected away from slope-
breaks and excessive human disturbances (except for wman-made
terraces) . The profiles are described according to Guidelines for Soil
Erofile Description (FAO, 19717) . Bulk samples are collected by
horizon, as well as other samples for mineralogical, micromorpological
and sedimentalogical studies.
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LABORATORY MEIHODS

According to the present agreements, the samples collected during
the =scil survey will be analysed by <the soils 1laboratory in
Aussefeire, VYemen. The analyses are necessary to define the soil
characteristics important for classirfication. Specialized analyses,
such as mineralogy and wmicromorphology, will he conducted as needed at
the Agronomy Department at Ccrnell.

The soil analyses are a complement to the field okservations, to
confirm and verify —the accuracy of the classification. The level of
detail will probably not be adequate for purposes beyond the
objectives of the general survey, such as feasibilty studies of
irrigation or other development projects.

Foutine analyses of horizcn samples may include the following:
1) particle-size by the pipette method (Day, 1965, pp.545-562),

2) soil structure stability by measurement of hydraulic
ccnductivity cn fragmented samples (optional),
3) soil structure stability by measurement of wet settled

floccules (optional),

4) shrink-swell on wetting and drying (COLE factor) (optional),

S) moisture retentivity at 15-bar and 1/3-bar fpressures,

6) soil pH 1in saturated paste and 1:5 soil water ratioc
suspension,

7) soil salinity 1in terms of water soluble salts Ly measuring
€lectrical conductivity (Ca, Mg, K, and Na) (carbonate,
bicarbonate, sulfate, chloride, and koron-optional),

8) cation exchange capacity at pH 8.2 by NaOAc,

S) exchangeable Na and K,

10) deterwination of gypsum (gypsum requirement-optional),

11) carbonate by acid-neutralization using hydrochloric acid,

12) organic carbon,

13) z<otal nitrogen,

14) available phosphorus.

Some profiles will be selected for specialized wmineralogical,
micromorphological and sedimentological analyses. These analyses will
te used to define more clearly the genetic relationships of soils in
Yemen. These analyses include: '

1) clay wmineralogy by X-ray diffraction (Whittig, 1965,
EE.671-698) and rhermal analysis (EBarshad, 1965, pp. 699-742),

z) micromorphological features by petrograrhic microscope
techniques (Cady, 1965, pp.604-631),

3) mineralogy of the sand fraction,
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4) sedimentological analyses to determine transport and sorting
relationships in soil particles (Forbes, 1981).

OFFICE METHODS (AFIER FIELD OBSERVAIIQNS)

Soil descriptions are combined to define a legend of typical soil
associations. Profiles are classified to the subgroup level according
to Soil Taxonomy (USDA-~SCS, 1975). The exten* of benchmark soils are
estimated for the pilut area.

Areas of similar soil associa*tions are delineated on the satellite
imagery. These areas are checked in the field to be sure they conform
to the description of the pilot area. The selection of typical
profiles and the extent of association-delineations is revised as
further observation and new field information deems necessary.
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Chapter 3
GENEFAL PROPERTIES OF THE SOILS: THEIR GENESLS AND CLASSIFICATION

GENETIC PROCESSES AFFECTING COUNTRY-WIDE SOIL RELATIONSHIPS IN YEMEN

The genesis of the soils of VYemen appears to be affected primarily

by six natural G[processes and two man-induced processes. These
Frocesses result in the accumulation of soil parent material and in
the formation of the soil itself. The natural processes which result

in the accumulation of soil parent materiai are: aeolian depcsition,
desert sedimentation, colluvial deposition, and combinations of these
three prccesses. 1he natural soirl-forming processes which affect soil
formation in Yemen are the intermittent, low level of soil leaching

and the low level of organic matter accumulation. The man-induced
process affecting parent material formation is the accumulation of
sediment thrcugh terracing and irrigation. The mavu-induced soil-

forming processes are the leaching of soil parent amaterial Ly
irrigation and the accumulation of organic material by cropping.

NATURAL (ENVIRONMENTALLY CONTROLLED) EFOCESSES

Earent material formation

Aeolian deposition of soil fparent materials. Large and wide-spread
depcsits of calcareous loess are observed throughout the mountains and
on the Tihanma. Recent and ancient dunes are a predominant feature of
the Tihama coastal area also. Aeolian transport and deposition of
Soil parent materials is still an important factor of soil genesis in
Yemen.

In the mountains, most of the wind-transported material is silt and
clay-size calcareous loess. This loess may originate locally, or
Fossibly from the great Arabian (Rut Al*Khali) and Sahara deserts.

Field and airrhoto observations show that deep loess deposits have
accumulated in broad areas of low relief. 1In St€€p M@mountaln areas,
loess is deposited in valleys at least 2 km wide. Larger loess
depcsits such as the Al Ganed plain (40 km northwest of Taizz) afrear
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to be graben areas filled with thick windblown sediments (Fiqure 3.1).
On steep slopes and in wadi flats, the 1loess is reworked and
transported by water. Aeolian-deposited loess layers are not observed
in these landscape positions.
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FIQURE 3.1

Deposition of Loess In Broad Valleys Between Stoeper Topogi aphy in the

Yemen Voicanics

On the Tihama, sand, as well as finer materials, is transported by
the wind. Duues grcow inland, driven by prevailing winds from the Red
Sea. Barchan and longitudinal dunes are frequently cbserved in the
dry areas between wadis. Soil profile development is slow in these
areas of shifting sand and loess. TIextures of soils pear the border
of dune fields and wadis are coarse. TIextures become finer towards
the interior of the wadi (Figure 3.2).

Sand and =<silt dunes are presently encroaching on many cultivated
areas in the wadis on the Tihama (Fiqure 3.2). This sediment
encroachment has no doubt been important in the past also. Much
arable land is lost each year Lty this encroachment, which forces local
farmers to create more farmland in stabilized areas.

Lesert (alluvial) sedimentation. Sedimentation by water 1s important

o s g s e

both along wadis and on intermountain plains.

Sedimentary processes are particularly active along wadis.
Sedimentation accounts for the layering and thin-bedding of wmany wadi
scils. This 1is observed at the wadis on the Tihama and 1n large
inland basins (such as Ca'Jahran, north of Dahmar). Large areas of
soils in the inland plains also appear to have deep caps of more
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FIGUARE 3.3

The Encroachment of Dune Flelde on Cultivated Wadi Solle

recent wa<er-laid material. In all of these areas, the most striking
differentiation of the soil frofiles is produced by sedimentation.

In a <transect across Wadi Zabid (Figure 3.3) several levels cf
natural alluvial terraces, each with distinct textural compositions,
are observed. 1The older, more extensive terraces contain less sorted,
coarser materials (gravel and small boulders) while younger, 1less
€Xxtensive terraces are typically better sorted and finelL in texture.

In an east-west <ransect along the Wadi Zabid from the volcanic
mountains to the Red Sea, another sequence of sediments is observed
(Figure 3.4). This sequence of so0il fparent materials appears tyfical
for +the Tihama as a whole. In general, materials become finer
€eastward from the mountains until a zone of recent sedimentary marine
deposits is reached near the Red Sea.

Deposition in wadis or on marine beaches 1s not the oaly kind cf
water-controlled sedimentation of soil parent materials in Yemen. In
Ca'Jahran (the Chamar Plain) extensive lacustrine deposits (Acres,
198C) are observed in the north. These deposits suggest a slightly
moister period in the past or alternatively, restricted drainage in an
horst and graben landscape. These lacustrine sedimeats are typically
covered with a thin, more recently deposited loess cap (Figure 3.5).

Colluvial depositicn. The extensive colluvial deposits in the Yenmen
volcanic zone are distinct from aeolian and alluvial deposits.
Characteristically, <they occur as moderately sloping pediments at the
nase c¢f steep volcanic walls or wmountain sides (Figure 3.6). The
‘tolcanic stones, gravel and boulders in the colluvium are usually
sharp and rough-edged. Colluvial pediments in the higher rainfall
1reas near Ibb are decper (reach closer to volcanic OUtCIOof summits)

ind less steep than those in lower rainfall areas, €.9g. near Sana'‘a.
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Fiaune 3.3

A N-8 Transect Showing the Locatlonof Major Alluvial Torracop Across Wadi
Zabld Near the Voicanic Foothiils
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FIGURE 3.4 AEOLIAN 8AND DEPONI

Parent Matarlals on an E-W Transect Along Wadl Zabld
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’
Lacusirine Sediments Overlain by Aeolian Loess at Qa'Jahran
Comtinazions of alluvial, colluvial aad aeolian deposits. Most soil

parent material in Yemen accumulates from all three processes of soil
Farent material formation. One often observes alternating layers of
colluviunm, alluvium or loess in any sequence or costipation.
Colluvium mixed with loess is characteristic of many soils of the
volcanic highlands.

This accumulation of parent material often results in a buried soil

horizcn. On flat to gently rolling broad landscares, one often
observes buried soils characterized Lty daxk Al horizons covered by
more recently deposited materials (Figure 3.5). These Luried soils

can ke covered by aeolian, colluvial or alluvial @materials. For
example at Ibk, roadcuts often show alluvial sediments overlain by
loess. In these cases, a very abrupt boundary is ckserved. Buried
dark A1 horizons capped with more recently deposited colluvium mixed
with loess are not uncompmon (Figure 3.7).

Soil-fcrming processes

Intermittent and lgow levels of soil leaching. Large regicns of Yewmen
are in the aridic soil moisture regime. Leaching of carbonates and
other salts is not advanced. The highest rainfall in the country

(near Ibb) may be marginally udic. As a result of the low level of
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FIGURE 3.8
Colluvial Pediment Near The Base of a Volcanlic Rock Outcrop Near

Al Ganed

leaching, soil mineralogy is characterized by a youag weathering
stage.

Intermittent and 1low levels of leaching control the location of
carbonates and carbonate morphology in the profile. All ©profiles
€examined in the field were at least elightly calcareous. Typically,
some leaching of carbonates has occurred, so calcarecus ccucretions
were formed in B-~horizons of some s0ils. In some areas where
significant water may episodically collect, for example, at the bases
of steep volcanic mountains, distinct zones of petrocalcic horizons
are present (Figure 4.5).

Low levels of organic matter accumulation. In Yemen, as 1in most arid
regions, there is little accumulation of organic matter in soil
horizons. Only in areas of higher rainfall (as in the Ibbk area), oc
at water collecting positions in the landscape (lower-slope concave
Fositions) does organic matter accumulate to any great exteat in
surface horizons. Mollic epipedons are generally found in such
situations.
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A Typical Burled Soll Proflle Near Ibb

MAN-INCUCED PROCESSES

Farent paterial formation

Accumulaxzion of sediment by terracing and irrigation. It has been
suggested that men have been constructing terraces in Yemen for at
least 2000 years. In the wmountainous areas, soil horizonation has
been slowed or altered =significantly by this human activity.
Similarly, sedimentary processes have Leen controlled and modified by
farmers building bunds, terraces and other barriers along wadis om the
Tihama and inland.

Terracing retains and collects soil parent material along the
mountain slope. The natural pProcesses of erosion and movement cf soil
materials downslope to accumulate in valley bottoms or to Le carried
away by wadis has teen greatly slowed.

Iwo kinds of <terraces were recognized in the Yemen volcanic Zone.
These are: 1) lcess terraces and 2) colluvial <terraces. All the
terraces observed could be classified into one of these two groups.

Loess <terraces have no constructed retaining wall. Originally,
these loess zerraces may have been constructed without Stones Lkecause
there were no stones in the immediate vicinity. Loess material is
heaped up and a vertical free-standing wall is constructed. Loess
erodes less easily than colluvial soil Farent materials.
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Colluvial terraces consist of colluvium from volcanic rocks mixed

with some loess. These terraces were probably originally tuilc with
stones because farmers had to get rid of stones in their fields and
heaped them up as walls. The walls are usually large. The saoil

material in colluvial terraces is quite erodable as seen in terraces
with broken-down walls. The colluvium itself is usually graveliy
and/or stony and has a lower water-holding capacity than the loess
material.

Long periods of irrigation and water control have also modified the
depostion of soil parent materials. Spate lirrigation on the 1ihama
has increased the sedipmentation on the lower, flatter areas. This
sedimentation results in the formation of terraces often having
differences in height of several meters.

Soil-forming processes

Leaching of soil parent materijals by irriqation. Irrigation of sonme
form has been going on perhaps as long as the construction of
terraces. In the highlands, rainwater «c¢ollection on fields by bunds
and ridges is perhaps the most important form of dirrigation.
Terracing makes the srall amount of precipitation more effective by
reducing runoff. leaching of soil parent materials is increased to

some degree and moisture is retained for cropping.

Along the Tihama spate (overland flow) and well irrigation have
been practiced. Leaching and reprecipitation of salts is involved
here. However, this was not immediately apparent in any of the areas
visited, and will need to be confirmed by analytical lat results.

Increased accumulation of organic matter. Soils which have been
intensively irrigated for cropging for long periods of time have
higher amounts of organic matter in their surface horizons. However,
organic matter does not generally accumulate sufficeatly to fornm
mollic epipedons.
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JAXONOMIC SOIL CLASSIFICATION, CORRELATION AND THE MAPPING LEGEND

The mapping units are associations of subgroups (USDA-SCS, 1975).
In the tentative legend given (Table 3.1), associations are named by
landform and soil climate. A map symkol for the association is also
given. The composition of associations (subgroups) also includes any
designated associations (usually ccmposed of series) from previous
detailed soil survey reports or the pedon numbers from the curreant
field descriptions. The subgroup classifications (USDA-SCS, 1975) for
each freviously published association and <their profiles are also

given.



Table 3.1:

subgroup classification for
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the Tihama coastal plain.
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SUBGROUP CLASSIFICATIONS

ASSOCIATION
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Semi-aridic
loessal plains

Semi-aridic
to ustic
volcanics

Tihama coastal
soils

Tihama wadi
soils

Tihama plain
and terrace
soils

SYMBOL

Suv

IC

IW

IPT

SERIES AND FEDON
NUMBERS

FI
FIII

FII

KX1V

FIv
FV,KXIII

FVIi

Calcareous alluvial
soils (no. 102)<k
Wind erosion
affected soils

(no. 49) <h
Tropical arid

Erown soil

(no. 147)<L

Salt affected coils
(no. 17) <t

Soil associations, mapping symbols, series composition and
soils in the Yemen volcanics

(SOIL TAXONOMY, 1975)
AND PREDOMINANT
BISCELLANEQUS UNITS

Typic Torriorthent
dquollic Salorthid

Typic Camborthid
Aridic Haplustcll
Typic Calciustoll
Typic Ustroperpt

Typic Torrifluvent<a
Beach sand<a

TIypic Torrifluvent
(salty phase)

Typic Torrifluvent
Typic Torriorthent

Typic Camkorthid

Typic Calciorthid

Typic Camborthid<a

and part of
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Table 3.1 continued...

Intermontaine INE FVII Iypic Torrert
Elain FVIII Udic Eellustert
Shirah <c Typic Torrert,
Typic Camborthid
Thamar <c : Typic canmkorthid,

Typic Salorthid,
Aquollic Salorthid

Amid <c Typic Cawmborthid
Baradum <c TIypic Canmtorthid,
Iypic Calciorthid
Sumarah <c Typic Camborthid,
Iypic Calciortid
Yizlah <c Iypic Camborthid,

Iyfpic Calciorthid

Semi-aridic sv FIX Typic Ustorthent
volcanics FX Typic Natrustalf

FXI Typic Trorofluvent
Iniand alluvial IAp KXXIV,KXXv Iypic Calciorthid<a
plains - Iypic Torrifluvent<a

Aridic volcanic AV KXIX Iypic Calciorthid<a
g0ils - Volcanic rock cutcrcp<a

Ere-Cawmbrian ECW KXII Iypic Torriarthent
wadis - Typic Tropofluvent
Key: a- tentative subgroups for incomplete map units

b- from the soils report by Tesco-Viziterv-vituki (1971)
C- from the soils Leport by B.D. Acres, 1980
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Chapter 4
THE SOIL MAPPING UNITS

SEMI-ARIDIC LOESSAL BLAINS (SLE)

This association consists of deep, eroded and uneroded, well-~
drained, yellowish brown and brown silty soils containing alternating
gravel layers and shallow, poorly drained, dark brown silty soils
cccuring in depressions. Miscellaneous land units include small areas
of volcanic rock outcrogs.

ICCATION AND EXTENI

This association of soils and rock outcrops typically occurs in all
lcessal plains of Yenmen. They are found at Al Ganed, Yerim, and
Erobably other areas to be studied. Their total extent is roughly
€estimated at t5%<a of the entire country.

In the asscciation as represented ty the Al Ganed plain cnly, the
welli-drained Typic Torriorthents oCccupy most of the area,
approximately 85%<a. Aquollic Salorthids occupied approximately 5%
and miscellaneous rock outcrogs approximately 10% of the total area.

GEOHMORPHOLOGY

The landforms are typically broad, gently undulating plains with
convex slopes (Figure 4.1). Slopes appear to radiate from isolated
volcanic rock outcrops. These upland, undulating plains grade
gradually dinto broad-kased, flat or almost flat 1lowlands with a
seasonal water table not far from the surface.

a- The percentages given are tentative and will be revised upon
further investigation.
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FIGURE 4.1

Landscape Relationships of Semli-Aridic Loessal Plaln (SLP)
Mapping Unit

GENESIS AND IMPORTANT ENVIRONMENTAL INFLUENCES

The predcminant parent wmaterial for the association 1is calcareous
loess. After aeclian deposition, the loess has been reworked Lty
alluvial and colluvial processes and mixed and redeposited with layers
of volcanic graveis, and snail shells (ostracods) at some places.

Evapotranspiration is high in the typically aridic soil moisture
regime. As a result, cdrbonates are not leached.

Lack of a prozective vegetation cover and intensive farming has
enccuraged erosion of most of the wupland Typic Torriorthents.
Distinct A1 horizons with crganic matter accumulation were not
cbserved. Gullies are a common feature of the loessal plains (Fiqure
4.1).

The depressions, or areas of Aquollic Salorthids, showed evidence
of a permanent high water takle. Surface and subsurface drainage away
frocm these depressions is slow. As a result, these areas accumulate
salts and are not generally cropped.

Vegetation at well-drained sites is usually sparse tussocks of
Acacia arabica. The low, wet sites have a tight cover of Bermuda

grass and sedges.
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Pields of some well-drained soils are demarcated with ridges and
are used to grow sorghum, corn and wheat. Other large upland areas do
nct appear to be cropped at all. Wet sites are nct cultivated Lutr are
used for extensive grazing by cattle, sheep and goats.
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EEDCN DESCRIETICNS

SITE INFORMATIGN

Frofile nuwmker: FI

Series name: Unkncwn

Classification: IYPIC TORRIORTIHENT, COARSE LOAMY, MIXED,
FAMILY

DPate and time described: April 13, 1981, 2 PH

Authcrs: 1. Forbes and J. King

Location: 5 km southwest of Al Ganed, east of airport
Elevation: 1420 m

Landform: Convex slope, plain

Slope class: Undulating

Micrctcpography: Gullies, tussacks

Sloge: 43

Land use: Acacia arabica present, surrounding areas used for sorghbum,
corn and whea=

Clivate: Unknown (rainfall about 200 mm/yr)

SOIL INFORMATION

Parent Material: Alluvium and colluvium from volcanic rocks of
hillcrest. Large addition of loess.

Drainage class: Well-drained

Moisture conditions: Dry down to one meter, then slightly moist.
Degpth tc groundwater: Unknown

Surface stones OL GUICILOES: Fine gravel partially covering surface;
hillcrest very rocky.

Evidence of erosion: Severe sheet and gully erosion, possible wind
ercsicn.

Salt content: No apparent salt or alkali
Human influence: Heavy grazing

Erofile Description

(o Light yellowish brown, 10YR 6/4 (dry); silt loam; weak
0-20 cu coarse to fine subanqular blocky structure; non-sticky,
F1 non-plastic, very friable (moist); soft (dry); common,

very fine discontinous, horizontal, inped, ztubular,

closed pores; calcareous; common fine roots; clear,
broken boundary.



IIcC2
20-31 cm
F2

IIIC3
31-41 cm
F3

Iivcy
41-69 cm
F4

VC5
69+ cn
F&S
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Brown, 10YR 5/3 (moist); slightly gravelly silt loam;
weak coarse to fine subangular blocky structure; non-
sticky, non-plastic, very friable (moist); few, very
fine, discontinous, random, inped, tukular, closed
pores; calcareous; frequent minerqal fragments- basalt
rock; few small roots; clear, broken boundary.

Yellowish brown, 10YR 5/4 (moist); silt loam; weak to
moderate, coarse to fine subangular blocky structure;
slightly sticky (wet); slightly plastic, very friable
(moist); few, micro, discontinous, randcwm, inred,
tubular, closed pores; calcareous; few fine to very
fine roots; clear, wavy boundary.

Yellowish brown, 10Y¥R 5/4 (moist); gravelly silt loanm;
moderate coarse to fine subangular, blccky structure;
slightly sticky (wet); slightly plastic, very friable
(moist); few very fine, discontincus, crandom, 2inped,
tubular, closed pores; calcareous; few gravels, angularc
to sub-angular fresh basalt rock fragments; few
ostracod shells; very few fine roots; clear wavy
boundary.

Yellowish brown, 10YR 5/4 (moist); silt loam; weak to
moderate, coarse to fine, subangular blocky structure;
slightly plastic and slightly sticky (wet); very
friable (moist); few, very fine, discontinous, randoa,
inped, tubular, closed pores; calcareous; very few
coarse and fine roots.

Note: Gravel layer thickness and depth is quite
variable for polygedon.



40 SOIL SURVEY OF THE YEMEN ARAB REPUBLIC

ANALYTICAL DATA FOR SITE FI

—_—_————_-.————-——-———_———-—.——_—-..—__.-_—-..._—..-.-...-.._.—..__,—..—-.—-..-._.—-———-——_—

No. Depth Horizon Coarse Size Total Total Total Iexture
(cm.) Prag. Coarse Sand Silt Clay Class
22 mm Fragqg. 2-.05 .05~ <.002 <2 Dm
» ** oa -002om nm X
1 0-20 Cc1 vi g 13.1 77.5 9.4 sil
2 20-31 IIC2 fr g 27.3 63.2 9.5 sil
3 31-41 IIIC3 vi - 11.6 77.1 1.3 sil
4 41-69 Ivcy £ g 31.2 59.6 9.2 sil
5 69+ VC5 vE - 27. 4 61.7 10.8 sil
No. Very Coarse Medium Fine Very Coarse Medium Fine
Coarse Sand Sand Sand Fine Silt Silt Siit
Sand 1-.05 .5-.25 . 25~ Sand . 05- .02~ .005-
Z2-1nm om om <0lom .01~ .02om .005nm .002mu
O05mm
1 2.1 0.4 0.3 1.2 9.1 60.9 12.8 3.7
2 1.2 3.2 1.5 3.6 7.8 50.6 9.2 3.4
3 1.1 0.8 0.5 1.8 7.4 59.2 13.1 4.8
4 13.5 3.4 4.2 2.5 7.6 50.0 6.2 3.3
5 6.9 1.8 0.8 2.7 15.3 44.5% 12.5 4.7
No, pH EH EC Avail. CaC03 Organic To:al CEC
1:5 1:1 monhos P £ Matter% N%Z negqg/100g
ppm soil
1 9.0 7.8 0.22 8.74 18. 4 0.60 0.062 19.9
2 8.8 7.7% 0.87 8.51 20.6 0.38 0.056 17.2
3 8.7 7.9 0.56 7.82 21.2 0.63 0.0u42 21.3
4 9.0 7.9 0.9 7.82 17.8 0.21 0.021 16.6
5 9.0 7.9 0.8 3.7 17.6 0.30 0.018 18.3
*vi~- very few (<S% by volume) ** g-gravel (2-75 gnm)
f-few (5-15% ty volune) s-stones (75-250 mm)
fr-frequent (15-40% by volume) b-boulders (>250 am)

vir- very frequent (40~80% ky volume)
(from Guidelines for Soil Profile Description, FAOQ, 1977)

**% c-clay l-loanm s-sand si-silt



November 1, 1981

EEDGN FIII

SITE INFORMATION

Frofile number: FIII
Series name: Unknown

Classification: AQUOLLIC SALORTIHID, FINE CLAYEY, MIXED, ——— . FANILY

Date and time described: April 14, 1981, 3:20 PM

Authors: 1T. Forbes and J. King

Location: 3 km south of Al Ganed airport, off maim road

Elevation: Unknown

landform: EBrcad-based lowland

Slope class: Flat or almost flat

Microtopography: Slightly eroded bare spots between tight cover of

Bermuda grass

Slope: 2%

Land use: Grazing

Climate: Unknown

SOIL INFORMATICN

Farent Material: Alluvium from surrounding terraced areas

Drainage class: Imperfectly drained

Moisture conditions: Moist throughout, wet at water takle

Depth tc groundwater: Unknown

Surface stones or outcrops: Nc¢ surface stones or outcrops

Evidence of erosion: Fatches of tare eroded soil

Salt content: Class 2- salt crystals apparent on surface

Human influence: Grazing by ruminants

Erofile Description

Afllsa Dark brown, 10YR 4/3 (moist); common small white spots

C-36 cn + of salt crystals; silty clay loam; moderate VELY coarse

FS to fine sukangular blocky structure; slightly sticky,
plastic (wet); firm (moist); common fine, discentinous,
vertical inped, tubular, open pores; strongly

41

calcareous due to presence of crystalline =salt sfpots;

common fine roots; clear, smooth boundary.

Bg Matrix- gray, SYR 6/1 (wet); many, fine, distinct,
Jé+ cn clear, dark brown (7.5 YR U4,/4) nmottles; silty clay;
F10 veak, coarse to fine subanqular blocky structure;

sticky and plastic (wet); friable (moist);

fine, discontinous, vertical, inped, <tubular,

pores; strongly calcareous; a few fine rcots.

common,
open
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Note: Water takle at 67 cun.
ANALYTICAL DATA FCE SIIE FIII1

_.-_—_-.-..-._...___.___......-._-...—..._—.......-.-.—_—_—_.._-_—__—_———_—._——--..-. - e e - = . — - -

No. Depth Horizon Coarse Size Total Iotal 1Total Texture

(cm.) Frag. Coarse Sand Silt Clay Class

22 mn Frag. 2~,05 .05- <.002 <2 am

¥ ok om .002nD mm ¥k

1 0-36 Alsa vE - 0.6 59.6 39.8 sicl

2 36+ Bg vE - 1.2 48.3 50.4 sic

No. Very Coarse Medium Fine Very Coarse Mediunm Fine

Ccarse Sand Sand Sand Fine Silt Silt Silt

Sand 1-.05 «5-.25 «25- Sand .05~ .02~ .0C5~

Z2-1am om nm «01nm .01- .02om .005nm <00Zmm

.05nm

1 C 0 0.3 .3 10.2 28.5 20.9

2 0 0.1 0.1 0.4 0.6 14.1 18. 4 15.9

Nc. pH EH EC Avail. CaCC3 Organic Tortal CEC

1:5 1:1 omhos E X Matter% N2 megqs/100g

FEG soil

1 8.9 8.2 7.1 3.0 25.2 1.91 0.119 39.1

2 8.8 8.1 7.3 3.7 36.6 0.88 0.064 35.2

*vf- very few (<5% by volume) ** g-gravel (2-75 anm)

f-few (5-15% by volunme) S-stones (75-259 ug)
fr-frequent (15-40% by volune) b-boulders (>250 mm)

vifr- very frequent (40-80% ty volunme)
(from Guidelines for Soil Profile Descriprion, FAO, 1977)

#¥* c-clay s-sand
l-1lcanm si-silt
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e 2Tt e P -

This mapping unit consists of brown, stony, colluvial, uncropped
TIypic Camborthids in the lowest rainfalls areas to the south and
Aridic Haplustolls in the higher rainfall areas around Ikk: brcwn,
deep, well-drained TIypic Calciustolls formed on natural alluvial
terraces; deep, well-drained yellowish~brown to trown silty, terraced
Typic Ustrorepts and large areas of volcanic rock outcrops.

LIGCAIICN AND EXTENT

This mapping unit occurs in the extensive areas of Yemen Vclcamics
in the Ibb region, of south central Yemen. This area has the highest

average annual rainfall (approximately 1000 mm) in Yenen. Roughly
15%<a of the total land area of Yemen is characterized by this mapping
unit. Within the mapping unit itself, about 30% of the area is rock

outcrop, 30% is colluvial Typic Camborthids or terraced Aridic
Haplustolls, 30% is loess, terraced Iypic Ustropepts and 10% alluvium,
terraced TIypic Calcjustolls.

GEQMORPHOLOGY

The area 1is characterized by steep, rugged, volcanic peaks
bcrdering deep, wide valleys, drained Ly wadis (Fiqure 4.2). Some
walls of <the volcanic [feaks are very steep and have 1little or no
deposits of colluvium.  Less steep slopes are covered with a layer of
colluvium mixed with loess to varying depths. Many of these colluvial
slopes have been terraced. Terracing involves the ccanstruction of
loose stone walls to retain colluvial material. The least steep
slopes descending from th. volcanic peaks have collected a deeg
deposit of <calcareous lo ss. Most of these areas have also been
terraced by farmers. Retaining walls are not ccaostructed since no
Stones were available to make the walls. Silty material does not erode
as easily as the colluvium, At the tase of the colluvial and loessal
terraced slopes are a series of natural alluvial terraces formed by
wadis. The width and extent of these terraces vary.

- vy S wp w at wnm v wn mp wn ws s w ap

a- The percentages given are tentative and will be revised upon
further investigation.
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TYPIC CAMBORTHID

ARIDIC HAPLUSTOLL

TYPIC UBTROPEPY
TYPIC CALCIUSTOLL

LOESS

KEY
(]

[T coriuvium
ESY actuvium

MOLLIC EPIPEDON
[ voLcanic seprock

FIGURE 4.2

Landscape Relationshlps for the Semi~Aridic to Ustic Volcanics (SUV)

Mapping Unit

GENESIS AND IMPORTANT ENVIEKONMENTAL INFLUENCES

Ihe genesis of these soils is controlled by the relative proportion
of cclluvium, calcareous loess, and alluvium that comprise the soil
parent materials and the level of rainfall. In most profiles oane of
these fparent materials predominates and controls the morphclecgy to a
great €Xtent.

Ihic area has the highest rainfall in Yemen (approximately 1000 an
annually). This is not adequate to cowmpletely leach the carbonates
frcw the soil profile. Typically, carktonates have accumulated in a
horizon of calcareous concretions (as indicated by the ca sutscript in
the pedon descriptions). in the least disturbed alluvial terrace
sites, organic matter accumulates sufficiently <to form mollic
€pifpedcns. The area, depending on the amount of precipitation which
collects and is retained, 1s <transitional between aridic and ustic
§91l moisture regimes. Ustic regimes cccur near valley bottowms and on
the gentler slopes where precipitation and runoff collects. all
sites, even wadi bottoms, are well-drained.
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Natural vegetation except for Acacia arabica is not present in most
of the terraced areas. Terraces are usually planted with corn,
sorghum, lentils and other grain legumes.

The soils of this region have been intensively cultivated for a
long period of time. Terraces have been constructed at eve.y site
where sufficent soil pmaterial accumalates.
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EEDGN DESCRIETIQNS

SITE INFORMATION

Profile number: FII

Series name: Unkaocwn

Classification: TYPIC CANBOKTHID, LOAMY-SKELETAL, MIXED,
Date and time described: April 14, 1981, 11a#
Authors: T. Forbes and J. King

Locaticn: Al Thhran- 5 miles southeast of Al Ganed
Elevation: 1350 m

Landform: Cclluvial footslope, convex sloge

Sloge class: Steep, dissected sloge
tiicrotcpograghy: layer of coktbles on slope surface
Slope: 43-44%

Land use: Not used for cultivation

Climate: Unknown

SOIL INFORMATICN

Farent Material: Colluvium from basalt and limestone
Drainage class: Well-drainegd

Moisture conditions: Surface moisture

Depth to groundwater: Unknown

Surface stones or cutcrops: Stones, gravels and some boulders

Evidence of erosion: Sone sheet erosion
Salt content: No alkali or calcium salts on rocks
Human influence: None

Erofile Description

a1 Dark reddish trown, 5Y& 3/4 (moist); stony,
0-13 cnm gravelly, loam; weak, coarse to fine subangular blocky
Fé6 Structure; slightly sticky and slightly plastic (wet);

loose to very friable (noist); many micro

FAMILY

slightly

to mediunm,

discontinuous, random, inped, interstirtial ofen and
closed F[fores; very frequent volcanic and limestone

stones; strongly calcareous; many coarse

fine roots; clear, wavy boundary.

medium and

B Eeddish brown, 5YR 4/4 (moist); Stony and gravelly
13-70 cn loam; very weak, wmediunm to fine sukangular tlocky and
F7 Crumb structure; very slightly sticky, slightly plastic

(vet); loose to very friakle (noist); wmany
Some€ coarse discontinuous, randon, interstitial, inped,

micrc to



Cca
70+ cn
F8
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open and closed pores; calcareous; npany fine and some
ccarse roots; very frequent volcanic and limestone

gravel; gradual, irregular boundary.

Brown, 7.5 YR 4/4 (dry); stony and gravelly loam; very
weak, nedium fine, subangular blocky and granular
structure; slightly sticky and slightly plastic (wet) ;
loose (dry); many micro to coarse, discontinucus,
random, inped, interstitial, open and closed pores;
very frequent volcanic and limestcne stones and gravel;
very few fine roots; strongly calcareous.
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ANALYTICAL DATIA FCR SITE FII

--.-...—....-—..-————_.—-—-—_—_--—_—_..—_._—-_——_—_——_——_.—_—_—————_——_—--.-_--——

No. Depth Horizon Coarse Size Total Total Total Texture
(cm.) Frag. Coarse Sand Silt Clay Class
22 nm Frag. 2-.05 .05- <.002 <2 mn
¥ ¥ nm .0020m om * 4k
1 0-13 Al vir S 36.7 44,6 16.17 1
2 14-70 E vEir g 46.7 36.2 17.1 1
3 70+ Cca vEir 5,9 44,5 37.7 17. 8 1
No. Very Coarse Medium Fine Very Coarse Mediunm Fine
Ccarse Sand Sand Sand Fine Sile Silt Silc
Sand 1-.05 .5-.25 .25- Sand .05~ .02~ .005-
<-lmm om oo .0lno .01- .02mm .005nm -002nm
«050m
1 9.5 7.7 5.4 8.2 5.9 24.8 16.9 2.9
2 13.1 10.3 7.5 10.9 4.8 19.3 4.2 2.7
3 14.7 11.0 6.8 §.5 3.6 15.0 4.6 8.1
Na. pH pH EC Avail. €CaC03 Organic Total CEC
1:5 1:1 mmhos E % Matter¥® NX meq/100g
ppam scil
1 8.6 7.85 0.36 5.3 8.4 1.54 0.068 34.9
2 8.5 7.6 2.3 5.8 10.8 .18 0.058 29.6
3 8.4 7.6 4.1 6.7 16.0 0.91 0.049 29.1
*vE- very few (<5% by volune) ¥* g-gravel (2~75 nn)
f-few (5-15% ty volunme) s-stones (75-250 nm)
fr-frequent (15-40% by volune) b-boulders (>250 nm)

vir- very frequent (40-80% Ly volune)
(frcm Guidelines for Soil Erofile Cescription, FAQ, 1977)

¥¥* c-clay s-sand
l-loam si-silt
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EEDGN KXIV
SITE INFORMATION
Frofile numker:; XIV
Series pname: Unknown
Classification: ARIDIC HAPLUSTOLL, LOAMY-SKELATAL, MIXED, _____ ’

FAMILY

Cate and time described: May 17, 1981, 1 PN

Authors: J. King

Locatioa: Abtout 1 km south of Ibb on gravel road parallel with main
Faved road

Elevation: 1£860 n

Landform: Terraced (formerly convex) colluvial footslofge

Slope class: Steep to rollimg topography, bottom of high volcanic
mountain

Microtopoqraphy: Land bas benn terraced

Slope: 15% between terraces, 0.5% on terrace

Land use: Mostly sorghum and maize

Climate: Unkpown

SCIL INFORMATION

Farent nmaterial: Volcanic angular and some rounded gravels and
stones, prokbatly mixed with some loess

Drainage class: Well-drained

Moisture conditions: Mcist throughout

Depth to groundwater: Unknown

Surface stones or outCrops: Some loose stones on surface- resembles
desert pavement

Evidence of erosion: No significant erosion

Salt content: No alkali; some calcareous paterial with derth

Human influence: Terraced

General Description of the Profile: Deep, dark colluvial profile with
calcareous material at depth.

Erofile Cescription

Ap Dark brown, 10YR 3/2 (moist); slightly stony and
0-27 cn gravelly silt loam; slightly sticky and =slightly
K11 plastic (wet); friable (moist); weak medium to fine

subangular blocky and crumt structure; many micro aad
very fine discontinuous, randcm, inped, <tukular, open
Fores; a few fresh volcenic stones and gravel
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IIBca
27-54 cm
K12

IIIEca
SU-E4 cm
K13

Cca
BU-zz4dcm
K14
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(resembling desert pavement on surface); slightly
calcareous; common fine and mediug roots; clear, wavy
boundary.

Very dark greyish brown, 10YR 3/2 (woist); many fine,
distinct, clear, white calcareous mycelia; very stony
clay loam; slightly sticky and slightly plastic (wet);
friable (moist); moderate medium sutangular blocky to

crumb structure; many fine and micro discontinuous,
random, inped, <twukular and inzerstitial, <cfen fores;
very frequent fresh volcanic stones and gravel;

strongly calcareous; common fine and a few @medium
roots; clear, wavy boundary.

Very dark greyish brown, 10YR 3/2 (mcist); wmany fine,
distirct, clear, white, <calcareous mycelia; gravelly

loaum; slightly sticky and slightly plastic (wet);
friable (moist); moderate medium sukangular blocky to
crumb STrucCture; many micro and very fine,

discontinuous, random, inped, tukular, open pcres; very
frequent fresh volcanic gravel and a few fresh volcanic
stones; a few fine and medium rcots; strchngly
calcareous; clear, wavy Loundary.

Dark brown, 7.5 YR 3/2; gravelly, stony slity clay
loanm; slightly sticky and slightly plastic (wet);
friable (noist) ; many micro and couoaco fine,
discontinuous, random, inped, interstitial and tubular
Fores; very frequent fresh volcanic gravel amnd stcnes;
many fine, distinc:t, clear, white, calcareous mycelia;
strongly calcareous; a few fine roots; clear, wavy
boundary.
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ANALYTICAL DATIA FOR SITE KXIV

T T 0 C8 T o ot o T o = D R M e = = s = o . A = = = S T . ¢ " - = - - o — = = AE " ma = - o > - o - o+ o o -

No. Depth Horizon Coarse Size Total TIotal 1Igtal lexture
{(cm.) Frag. Coarse Sand Silt Clay Class
22 o Frag. 2-.05 .05- <.002 <2 mD
* * % nm -002pm no e
1 0-27 Ap i 5,9 27.7 5.9 20. 4 sil
2 27-54 IIBca vir Seqg 29.7 39.5 30.8 cl
3 54-84 IIIBca vVEr g,s 41.5 36.5 21.2 1
4 84-224 Cca vir g,s 54.0 23.9 22.1 scl
No. Very <Coarse Hedium Fine Very Coarse Medium Fine
Coarse Sand Sand Sand Fine Silt Silt Silt
Sand 1-.05 «.5~.25 .25~ Sand .05~ .02~ . 005~
2-1nwm nm nm .0Mom .01~ .02pnm .005mm .002um
.05mm
1 6.9 4,4 3.0 5.6 7.8 33.1 13.5 5.3
< 12.0 4.9 3.5 5.2 4.1 22.4 10.6 6.5
3 14.3 9.1 5.1 6.9 6.1 19.4 12.8 4.4
4 18.1 13.2 7.7 9.6 5.5 16.2 6.3 1.5
No. EH pH EC Iotal Organic CaC03 Avail CEC
1:5 1:1 mmhos NR Matter¥% x P megy/100g
ppm soil
1 8.7 7.7 0.21 0.28 1.66 8.8 6.44 32.9
2 8.7 7.8 0.23 0.24 1.02 8.8 2.76 42.6
3 8.6 7.8 0.23 0.14 0.95 9.2 3.22 38.0
4 8.6 7.6 0.28 0.12 0.26 9.4 4.6 34.8
*vE- very few (<5% by volune) *#% g-gravel (2-75 o)
f-few (5-15% by volume) s~stones (75-250 mm)
fr-frequent (15-40% ty volume) b~ktoulders (>250 mm)

vir- very frequent (40-80% Ly volume)
(from Guidelines for Soil Erofile Descriptian, FAO, 1977)

¥*% c-clay s~-sand
l-1loaa si-silt
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SITE INFORMATION

Profile numker: FIV

Series name: Salata

Classification: TYPIC CALCIUSTOLL, FINE SILTY, MIXED, ——— . FAMILY
Date and time described: Afpril 16, 1961, 10:30 aAHM

Authcrs: 1. Forbes

Location: Near residences of Ibb Agricultural School

Elevation: 1860 nm

Landform: Broad, flat upper terrace adjacent to wadi deposit

Slope clas:s: Nearly flat plateau

Microtcpography: Some low disintegrating terrace walls

Slcpe: 1-3%

Land use: Grass pasture- left in pasture for at least three
generations

Cliwate: Unknown

SOIL INFORMATICN

Farent Material: Silty clay alluvium over loess over deep gravel
depcsits (frcm wadi)

Drainage class: Well-drained

Mois<ure conditions: Slightly moist surface to moist uvnderneath

Depth to groundwater: Unknown

Surface stones or cutcrops: No surface stomnes or outcrops

Evidence of erosion: No evidence of significant erosion

Salt ccntent: Calcareous salts in deep horizons

Human influence: Some influence froum disintegrating terraces nearby

General Description of the Profile: Soil has a deep dark profile with
deep very dark A1. The profile becoumes more calcareous with degth.

Frofile Descrifptian

Al Very dusky red, 2.5 YR 2.5/2 (moist); silty clay loan;
0-44 cu strong coarse to fine subangqular blocky and crumb
Fl11 Structure; slightly sticky, slightly plastic (wet):

firc (moist); hard (dry); comamon, micro tc fine,

discontinuous, random, inped, vesicular, closed gores;
very few round to sutangular stoaes; very slightly
calcareous; atundant fine and medium roots; clear, wavy
boundary.



Bca
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Cca
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Dark reddish gray, 5 YR 4/2 (dry); common, fine,
distinct, clear, white calcareous salt «crystals
(calcite); silty clay loam; moderate, coarse to fine,
subangular blocky structure; slightly and very slightly
plastic (wet); friakle (moist); hard (dzy); a few very
fine and common fine discontinuous, randonm, inped,
tubular and vesicular closed pores; very few rounded
Stones (noncalcareous); calcareous; cowunoca fine and a
few medium roots; gradual, wavy koundary.

Dark brown, 7.5 YR 4/2 (moist); silt loam; moderate
coarse to fine subangular blocky structure: non-sticky
and very slightly rlastic (wet): friable (moist); hard
(dry); a few micro and very fine, discontinuous, random
and vertical, dinped tubular closed pores; compon fine
and medium, distinct, clear, white, carkbonate mycelia;
a few fine roots.
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ANALYTICAL DATA FOR S

-.........._._.-..__-._._.__.-—_—_——————-—_-—_-_—_—_—_-...—-.._—-_—...-._—..—-.——.—-.-._.._—_.—_...

No. Depth Horizcn Coarse Size Total Tota. otal Iexture

(cm.) Frag. Coarse Sand Silt Clay Class

>2 nm Frag. 2~,05 .05- <.002 <2 mn

* w mm .002nm nm Ex

1 0-49 Al vf s 6.8 62.7 30.4 sicl

2 49-77 Eca vf s 7.3 63.5 29.8 sicl

3 17¢ Cca vE - 18.3 59.1 22.6 sil

Na. Very Coarse Medium Fine Very Coarse Mediunm Fine

Coarse Sand Sand Sand Fine Silt Silt Silt

Sand 1-.05 -5-.25 .25~ Sand .05- .02- .005-

2-1mm nm nm .01lnm .01- .02om .005mm .0020m

~.05am

1 0 1.1 0.9 2.¢€ 2.1 25.0 23.4 t4.y4

2 0 0.1 0.2 2.5 4.5 28.2 26.6 8.8

3 0 0.1 0.5 7.7 10.0 29.9 23.5 5.7

Na. pH pH EC Avail. CaCC3 Organic Total CEC

1:5 1:1 nmhos E 2 MatterR N2 meg/100g

EED soil

1 7.9 71.¢€ 0.36 4.14 5.0 1.42 0.114 57.3

2 8.4 7.8 0.29 4,1 7.2 1.068 0.088 51.5

3 8.6 7.9°% 0.24 5.8 9.4 0.64 0.041 44.9

*vE- very few (<5% by volune) ** g-gravel (2-75 am)

f-few (5-15% by volume) S-stones (75-250 an)
fr-frequent (15-40% ty volume) b-boulders (>250 an)

vfr- very frequent (40-80% ty volume)
(from Guidelines for Soil Profile Description, FAO, 1977)

*¥* c-clay s=-sand
l1-loanm si-silt
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EEDON EV

——— -

SITE INFORMATION

Frofile number: FV

Series name: Unknown

Classification: TYPIC USTROPEFT, FINE SILTY, MIXED,
Late and time descrired: April 16, 1981, 12:50 EM
Authors: 1. Forbes

Location: Agricultural Institute~ Salaba Seda, Ibb, loess terraces
behind the school

Elevation: 1660 n

Landform: Side of flat-tedded terrace

Slope class: FKolling hill (terraced)

Microtopograghy: Microtopography evened out ty terracing

Slope: 15%

Land use: Farmed for wmaize, sorghum, some Leans

Climate: Prolkably ustic moisture regime

r FAMILY

SOIL INFOFMATICN

Parent material: Loess aver colluvial, alluvial clay/loess mixture
Drainage class: Well-drained

Hoisture conditions: Moist to dry

Depth to groundwater: Unknown

Surface stcnes or qutcrogs: Oc¢casional stone on surface, no rock
Cutcrog

Evidence of erosion: Soue slunping along terrace edge, no significant
ercsion

Salt content: Calcareous salt accumulation at depth

Human influence: Top material especially disturked by terracing

General Description of the Profile: Deep silty to silt lcam profile
with calcareous accumulation (nodules) at depth.

Erofile Description

A Yellowish-brown, 10 YR S5/4 (slightly moist); slightly
C~59 cnm gravelly silt loam; moderate, medium tcC fine
F14 subanqgular, blocky structure; non-sticky and non-
plastic (wet) ; very friable (slightly wmoist); hard
(dry); a few fine and common very fine and wmicro,
discontinuous, oklique and random, inged, ctubular,
closed fores; very few gravels and StoNneEs

(poncalcareous); calcareous; abundant fine and mediun
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roots; very few small, sofe, carbonate nodules;
gradual, wavy boundary.

bark-yellowish brown, 10YR 4/4 (moist); slightly
gravelly silt loam; strong coarse to fine subangular
blocky structure; bon-sticky and non-plastic (vet);
firs (slightly mecist); hard (dry); a few medium and
common very fine, discontinuous, vertical and oklique,
inped, interstitial and tubular, closed pores; very few
calcareous gravels; nany medium, prominent, clear,
white calcareous mycelia; very few small, hard,
irregular, grayish white nodules; strongly calcareous;
a few fine roots; gradual wavy toundary.

Dark brown, 10 YR 4,3 (noist); many fine and mediunm,
prominent, clear white, calcareous mycelia; =silty clay
loam (slightly gravelly): strong coarse to fine
subangular Ltlocky structure; slightly sticky and
slightly plastic (wet); very firm (slightly moist);
hard (dry); coammon micrc¢ and very fine, a few fine and
medium, discontinuous, random, inped, <tubular, <closed
Fcres; very few gravel fragments; very few small, hard
calcareous nodules; strongly calcareous; a very few
fine roots.
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T DT T LI AN TR T NS TR NS D SE MU W AP W NG SO M G AL M N m G TR W ML S S B P e WD D EP i ® WS B M P N ES B e G s e W =P MR MO P M M wp =P b D ab =

Nc. Depth Horizon Coarse Size Total TIctal Total Texture

(cm.) Frag. Coarse Sand Silt Clay Class

22 om Fragq. 2-.05 «~05- <.00¢& <2 mm

* ¥ nm .002nm Lo A%

1 0-59 Ap vE g,s 12.5 2.1 14.8 sil

z 59-115 Clca vE g 7.4 63.6 29.0 sil

3 115+ C2ca vE g 5.5 64.4 30.1 sicl

No. Very Coarse Mediunm Fine Very Coarse Mediun Fiue

Ccarse Sand Sand Sand Fine Silc Silt Silt

Sand 1-.05 «5-.25 .25~ Sand .05~ .02~ .005~

2-1gm o om .00om -01- .02em .005nm -0020m

.050m :

1 3.2 1.6 0.8 1.4 5.5 €0.2 8.6 3.9

2 0.6 0.2 0.1 0.5 5.9 48.4 t0.7 4.4

3 0.9 0.5 0.2 0.2 3.5 44,0 16.4 4.0

No. pH pH EC Avail. CaC03 Organic 1Jotal CEC

1:5 i:1 nmohos p ¥ Matrerd® NZ meq/100g

Epm soil

1 8.6 7.8 0.42 6.4y 15.4 1.34 0.082 21.9

z 8.6 7.95 0.23 5.8 15.2 0.73 0.075 25. ¢

3 8.6 7.95 0.55 5.0 14.0 0.79 (C.058 30.17

*vf- very few (<5% by volune) ** g-gravel (2~75 nnm)

f-few (5-15%9 by volunme) s-stones (75-250 ama)
fr-frequent (15-40% ty volunme) bL-toulders (>250 mm)

vir- very frequent (40-80% Ly volume)
for Soil Erofile Description, FAO, 1977)

—————— -l 2

*¥k c-clay s-sand
l-loam si-silt
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PEDON KXIII

SITE INFORMATIGN

Frofile numkter: XIII

Series name: Unkncwn

Classification: TYPIC USTROEFEPT, FINE SILTY, MIXED,
bate and time described: Hay 17, 1981, 10 AM
Authors: J. King

Locaticn: One km from Salaba site at Ibkt Agricultural School
Elevation: 1840 n

Landform: Rolling loess hill-colluvial

Slope class: Terraced, midslofe

Microtcpography: 1Terraced, flat with walls~ about 1 meter
Slope: 25% Ltetween terraces; 1% on terraces

Land use<: Sorghum and maize on terraces

Climate: Unknown

¢ FAMILY

SOI1 INFORHATICN

Farent materzal: Loess deposit with reworked surface modified by
farmers to build terrace

Drainage class: Well-drained

Moisture conditions: Slightly moist wupper part- down to original
loess deposix

Depth to groundwater: Unknown

Surface Ston€s Or CUtCLOES: none

Evidence of erosion: No signifjcant erosion

Salt content: No alkali; calcareous salt accumulating

Human influence: fTerraced farming has significantly modified ugfper 30
to 150 cao

Gewcral Descripticn of +the Profile: Deep dark calcareous silty
profile with prismatic structure over light brown loess deposit.

Erofile LCescription

Ap Dark brown, 10YR 4/3 (moist); silty clay loam; moderate
0-20 co medium to fine subangular tlocky and crumb STLUCtUrE;
K6 non-sticky and slightly plastic (wet); firm (moist); a
few fine and many micro, discontinuous, randcn, inged,
tubular and interstitial open Eores; slightly

calcareous; many fine and medium roots; clear, wavy
boundary.



20-60 cnm
K7

Clce
60-140 cn
K8

C2ca
140-17C cn
K9

C3ca
170+
K10
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Dark brown, 10YR 4/3 (dry); silty clay loam; =slightly
sticky and slightly plastic (wet) ; very hard (dry);
very strong coarse columpar to strony medium subanqular
blocky structure; a few fine and common micrc¢, linped,
discontinuous, randon, tubular and interstitial open
pores; calcareous; comnon fine and wmedium roots;
gradual and wavy toundary.

Dark brown, 7.5 YL 3,2 (moist); mawny, fine, distinct,
diffuse, white calcareous mycelia on peds; silty clay
loam; sticky and plastic (vec); very firm (mcist); very
strong coarse <columnar tg coarse subangular blocky
Structure; common fine and very fine disccntinuous,
random, inped, tubular, and vesicular, open and closed
pores; a few small, soft, irreqular calcareaus nodules;
Strongly calcareous; very few pieces of pottery; a few
fine roots; a few fresh, volcanic gravels; diffuse,
irregular toundary.

Light yellowish brown, 10YR /4 matrix with dark brown

10YR 4/3 waterial in cracks and former pores; silt
loam; firm (wmoist); slightly sticky and slightly
plaszic (wet) ; common fine and many micro,

discontinuous, random, inped, tubular Upen pores; many
fine, distinct, diffuse calcareous mycelia; very few
small, hard, angular. yellowish calcareous nodules;
very strongly calcarcous; a few fine roots; clear, wavy
boundary.

Very pale brown, 10YR 7,4 (dry):; cowmmon, wedium,
distinct, clear, brownish material in tubular pores;
few, fine faint, clear, white calcareous mycella; very
slightly gravelly silty Clay loam; slighzly plastic and
non-sticky (wet); slightly hard (dry); commch fine and
many micro, discontinuous, randoan, inped, tukular, open
Eores; very few spall hard, greyish, anqgular,
calcareous nodules; strongly calcareous; a few fine
Loots;
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ANALYTICAL DATA FOE SITE KXIII

Nc. Lepth Horizon Coarse Size Total Total Total Texture
(cm.) Frag. Coarse Sand Silt Clay Class
22 na Frag. 2-.05 .05- <.002 <2 nm
¥ ¥ nm .002pm RIE kK
1 0-20 Af vE - 5.2 63.1 31.7 sicl
2 20-60 £ vE - 3.9 64.2 31.9 sicl
3 6C~140 Cilca f q 4.8 59.0 36.2 sicl
4 140-170 CzZca vE - 3.7 66.8 29.5 sil
5 170+ C3ca vE - 4.4 65.5 30.0 sicl
No. Very <Coarse Medium Fine Very Coarse Mediunm Fine
Coarse Sand Sand Sand Fine Silt Silt Silt
Sand 1-.05 «5-.25 .25~ Sand .05~ .02~ .005-
<-1nonm om oo .01om .01- «02omn .005nm .002am
+05mm
1 0.6 0.5 0.3 1.0 2.9 41.0 15.4 6.8
2 0.2 0.3 0.3 0.6 2.2 '35.5 15.4 13.3
3 0.2 0.2 0.2 0.6 3.6 36.2 11.8 1.1
4 0.1 0.z 0.2 0.4 2.9 47.3 14.7 4.9
5 0.5 0.3 0.1 0.2 3.4 42.0 3.7 19.9
No. pH EH EC Total Organic CaC03 Avail CEC
1:5 1:1 Drhos N% Matter%k % F meq/100g
EED soil
1 8.2 7.7 0.21 0.38 2.79 6.8 0.92 36.2
2 8.4 7.7 0.21 0.32 3.05 6.4 0.46 41.9
3 8.3 7.7 0.22 0.20 2.23 10.8 0.46 42.9
4 8.6 7.9 0.27 0.12 0.77 15.6 0.92 28.8
5 4.0 7.7 0.27 0.18 0.56 23.0 0.92 28.9
*vf- very few (<5% by voluuae) ** g-gravel (2-75 am)
f-few {5-15% ¢ty volunme) S-stones (75-250 am)
fr-frequent (15-40% by volume) b-boulders (>250 unm)

vir- very frequent (40-80% ky volune)
(from Guidelines for Soil Erofile Lescriprion, FAQO, 1977)

*** c-clay s-sand l-loam si-silt
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The mapping unit consists of arid, brown soils or Typic Camborthids
formed from loess deposits, salt-affected Iypic Torrifluvents and
Iypic Calciorthids 1located principally in ‘the western area near the
Red Sea coast; brown calcareous alluvial soils or Iypic Torrifluvents
with alternating silty and coarser layers; and brown scils (Iygic
Camborthids) affected by wind erosion with reworked aeolian surface
layers. Most of the preliminary data for these scils was taken from a
soil survey report by the Hungarian firm of Tesco-Viziterv-vituki in
1571 (see Appendix 2).

LOCATION AND EXTENT

These =scils are located typically at all the major wadis and
ir ermediate coastal plains of the Tihana. The association accounts
for approximately 20%<a of the entire land area of Yemen, but
undoubtedly includes a higher proportion of the +total aratle land
because of the dominance of rock cutcrops in mountainous Yemen.

Within the association itself, based on the field work undertaken
Ly Tesco-Viziterv-vituki (1971) in the Wadi Zabid area, approximately
30%<a are Typic Torrifluvents or calcareous alluvial scgils, 69% are
Iypic Camkorthids or wind-erosion affected soils and tropical arid
brown scils, and 1% Zypic Calciorthids.

GEOQOMORPHOLOGY

The area is underlain by a detrital cone of volcanic materials
(Iesco-Viziterv-vVituki, 1971) derived from the adjoining mountains to
the east. Volcanic Ltasemeat rock underlies the Tihama plain. It was
downthrown by faults to the west parallel with the deer tectonic
graben of the Red Sea (Iesco-Viziterv-vituki, 1971). This depression
contains sediments 2pproximately 200 to 4000w thick congposed mainly of
gravel boulders and <sand. At the surface, coarse sediments are
interbedded with loess and desert sand.

"  Mm me G e b gt %0 wp ap e w ws b S au e v

a~ The percentages given are tentative and will be revised upon
further investigation.
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S e TYPIC TORRIORTHENT

TYPIC TORRIFLUVENT
f TYPIC TORRICATHENT

KEY

[] voess ano sano
¥ rine ano MeDIUM amavEL

N9 acLuvium

FIGURE 4.3

me—e— TYPIC TOMRIPLUVENT
(BALTY PHASBKH)

Landscape Relationships for the Tihama Wadl (TW) Mapping Unit

The area is characterized by a smooth, flat plain, sloping geatly
towards the Red Sea (Figures 3.3 and 4.3). Microrelief is w@more
variakle and areas of barchan and longitudinal dunes occur. Alsa, the
microrelief of large areas of wadis has been altered by human
activiries. Farmers have used spate irrigation for centuries and
constructed elaborate, mosaic Eatrerns of bunds, some as high as 6 to
1 meters (Iesco~-Viziterv-vituki, 1971).

GENESLS AND IHPORTANT ENVIRONMENTAL INFLUENCES

Ihe climate of the Tihaza is arid. At Zakid, the wmean annual
rainfall is approximately 70 to 100 amm. 60 to B80% of <this
ELecigpitation falls in July and Augqust. Lust storms occur frequently
throughout the year, especially in August (Iesco-Viziterv-vVituki,
1971) .

All well-drained soils have an aridic soil wmoisture regime.
Subsequently, little or no leaching occurs naturally. However,
centuries of irrigation by farmers in areas adjacent to the wmajor
wadis have produced some shallow leaching of carkonates.

The long periods of Spat€e irriqgation have added a silty sedimentary
layer wo the profiles of many soils found near the large wadis. 1This
silt material 1s most likely reworked 1loess transported as wadi
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bedload. This silt layer has an ioportant influence on the morphology
and agricultural use of the soils.

CLIMATE

In the Yemen climatic environment, the existing soil wmoisture
regime is an important limiting factor to any agricultural use of the
soils. Direct determination of the so0il moisture regime of a map unit
is difficulte. Soil moisture regimes have been estimated with the
scant climatic data available using the Franklin Newhall computer
algorithm (Tavernier and Van Wamkeke, 1976) .

The soil moisture regime of four stations in the coastal plain/wadi
map unit have been estimated. These stations are: Zabid, Zakid Cang,
Hodeidah and Kamaran (Table 4.1). The data avaiable for Hodeidah and
Kamaran are averaged over several years, and thus results for
individual years are not availaktle. Soil moisture calendars were
computed for these stations from the averaged data (see Appendix 1).
The temperature regime at Hodeidah is estimated to be isohyfperthermic.
Temperature data for these estimations were taken from Hodeidah saince
it was not available for most of the others. It was assumed that the
temperatures were similar at all sites.

Table 4.19. Estimated soil moisture regimes for selected stations in
the IW map unit.

STATION YEARS OF L[ATA ESTIMATED SOIL MOISTURE REGIME
Zabid Caump 7 Aridic
Zabid 6 Aridic
Bodeidah <a Aridic
Kamaran <a Aridic

<a- Mean values as given in World Wide Airfield Summaries, Naval
Weather Service Command, Washington, D.C., May, 1374.

e e e e e e et

Natural herbaceous xerophytic vegetation includes: Chrysopogon
aucherii, Paspaladium desertorum, Coelachyrum praeflorum, Maerua
grassifolis and Euphorkia sg. Shrubs include: Helitropium bicolor,
Croton cliffordii, Olea chysophylla, Tarchonantus camphoratus,
Juniperus procera, Calystegia sepium, Calystegia soldanellg, and
Lactarius volemus. Arborescent plants include: Acagia asak, A.
mellifera, A. spirocarpoides, A. trotlis, Cammifora opobalsamum,

. e e et e = e

Eistacia sp., Tamariscus sg., Ehodendrum sp. and palms. Most of the
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Eresent vegetation, however, consists of cultivated crops, including:
sorghun, pennisetum, maize, cowpeas, S€same, vegetakles, and fruits
(Iesco-Viziterv-vVituki, 1971). Significant quantities of orgabnic
material do not accumulate in soils Lecause of the hot, dry climate.
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EEDON FVI

SITE INFORMATION

Profile number: PVI

Series name: Unknown

Classification: TYPIC TORRIFLUVENT, COARSE LOANY, MIXED,
ISOHYPERTHERMIC FAMILY, STRONGLY SALINE PHASE

Date and time described: April 22, 1981, 12:15 pM

Authors: T. Forbes

loccation: Wadi Zabid area, Bani Fathal, 5 km frcm the Red Sea
Elevation: 50 m

Iandform: Center of flat alluvial (aeolian) plain

Slope class: Flat alluvial wadi, much disturbed in areas Lty kuilding
kunds

Microtopography: Many sand blow out areas and remanants of statkilized
sand dunes

Slogpe: 0-1%

Land use: Not cultivated, some shrubs adapted to salty conditions
Climate: Unkpown

SCIL INFORMATION

Parent Material: Alluvial (wadi) and aeolian depcsits

Drainage class: Well-drained

Moisture conditions: Soil moist telow 10-20 cm

Cepth to groundwater: Unknown

Surface stones or outcrops: Nc surface stones or rock CULCrops
Evidence of erosion: Some sheet and aeolian erosion

Salt content: Salt (Ca or Na?) very apparent on soil surface; surface
feels "spongy" when walking

Human influence: Appears undisturbed recently by humaans, but may have
been used intensively in the fast

General Description of the Profile: Deep light to dark brown profile.
Six sedimentary layers discerned. Sedimentation due to human, alluvial
and aeolian processes.

Profile Description

Alca Brown, 7.5 YR 4/4 (moist); common, fine distinqt,
0-18 cm clear, white salt crystals; sandy loam (with fine
F17 sand); mpoderate to weak, pedium to fine, sulbanqulacr
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IC1
18-78 cm
F18

liCz
78-53 cn
F19

IIIC3
93-118 co
F20

IvCy
118-135 cm
Fz1
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blocky structure; non-sticky and very slightly plastic
(noist); very friable (moist) ; common micrc and very
fine, a few mediunm, discontinuous, horizontal and
random, inped, tubular and vesicular, open and closed
pores; very few gravel; very few small soft calcareous
nodules, and few very small white salt crystals;
strongly calcareous; no artifacts; very few, very fine
roots; clear, wavy boundary.

Brown, 10YR 5/3 (slightly moist); very few, very fine
distinct white salt crystals; silt loam (with very fine
sand); moderate to weak, coarse to fine s Subangular
blocky structure; very slighly sticky and very slightly
plastic, friakle to very friable; common micre tc VELY
fine, few wmedium, discontinuous, randow, inped,
tubular, and vesicular, closed Fores; very few Lkasalt
gravels; very few, very small, soft spherical, white
salt crystals; strongly calcareous; frequent small to
large (about € cm) orange pottery chips; a few small
and very fine roots; gradual, wavy boundary.

Yellowish brown, 10 YR S/4 (moist); silt loam; moderate
to weak coarse to fine subangular blccky structure;
slightly stvicky and <slightly plastic (vwet) ; Very
friable to friable (moist); segregation of 1light and
dark material, some large Fores contain what appear to
be dried «cutans, 1lighter material deposited by human
influence illuviates into horizon beneath; common micro
and very fine, a few fine and mediun, discontinuous,
random, inped tubular and vesicular, closed pores; very

few basalt gravels; very few, very small, soft,
spherical white salt nodules; very few, fine roots;
strcngly calcareous; no artifacts; gradual, wavy
boundary.

Dark grayish trown, 10YE 4/2 (moist); very few fine,
distinct, white salt crystals (nodules); very fine
sandy loam; weak coarse to fine Subanqgular Llccky
Struccure; non-sticky, non-plastic (wet); very friable
(noist); very few fine and a few wicro, disccntinuocus,
random, inped, tubular, closed pores; very few small,
soft, spherical salt ncdules; strongly calcareous; a
very few fine roots; clear, wavy boundary.

Brown, 10YR 4/3 (moist); common, fine, distinct, gray
salt nodules; lcam; nmoderate, very coarse to fine
subangular blocky structure; sticky and plastic (wet);
friable (moist); 1lighter clay material segreqgated froam
coarser material (speckeled appearance) - resembles



VC5
135+ cn
F22
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inactive 0ld <cutans; a few fine and medium, common
micro, very fine, discontinuous, randon, inped,
tubular, closed poes; very few kasalt gravel; frequent,
small to large, soft, spherical (and mycelia), whirte
salt nodules and material; strongly calcareous; na
artifacts; very few fine roots; clear, wavy boundary.

Brown, A0 YR 4,3 (wmoist); loamy fine sand:; weak coarse
to fine subangular blocky structure; non-sticky and
non-plastic (wet); very friakble to 1loose (moist);
common, micro, randon, discontinuous, inped,
interstital, closed rpores; very rare basalt gravel;
strongly calcareous; no roots; no artifacts.
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ANALYTICAL DATA FOR SITE FVI

.--—----——-————-—-—-——-..—--.-—---.-,-.-.------—-_----—-—-—------—-----.q—---_-

Total
Sand
2-.05

Total
Silt
.05~

Total
Clay
<.002

Texture
Class

<2 mm
* ok

___-_—_--_-——..—._-.——._--...—-.-—._—_—__.._..._._-.__._—_-.——_.—_—.—..——-—-..—-.-._.-.——._-.——.—_.——

_.._..__.-.._-...—-.___..—._—--..--.—_.—_——-.—..-.__.._---_—_.._————.————_-.—

- e . e . - - ——

-......--..-..-—--....----——-—---—..-—..-..-..-—-.---——-—-.—_.-—..._—...—-.-....—-————..—-.—_._-.

Coarse M
Silt
.05~

.020m .

S e e et e o e - . - — o . —— T e T e e e e e ot - - - - . = - = —

edium
Silt
.02~
005nm

—— e - ——

- - . ——— —

v s wp wmas o sm e

-_-_.-..-.-_—-...__—..__—..__.—-—_——————_—._—_——_—_—_.__-...—_——_————--—-..-—-----—-

Coarse Size
Frag. Coarse
22 mm Frag.
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Mediup Fine
Sand Sand
«5~.25 . 25-
oo <01nm
5.2 28.7
3.3 20.1
1.2 4.6
5.4 30.0
2.9 16. 4
10.3 42.8
EC Avail.
umhos E
FER

6.1 8.6
3.6 6.44
3. 15 6.0
1.15% 5.8
1.15 5.21
0.9 5.14

Organic
Matterik

NZ

CEC
req/100g
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68 SO1IL
Nc. Depth Horizon
(cm.)

1 -18 Alca
2 16-78 IC1
3 718-93 IICz
4 93-118 IIIC3
5 i18-135 ivcy
€ 135+ VCsS
No. Very Coarse
Ccarse Sand
Sand 1-.05

<-1om o @

1 0.1 1.6
2 0.3 1.0
3 0.1 0.t
] 0.1 1.1
5 0.1 0.5
6 0.0 2.1
No. pH [oF)]
1:5 1:1

1 9.4 8.4
2 9.9 8.55
3 8.6 8.05
4 9.2 9.1
5 10.2 9.1
6 10.5 9.6

*vf- very few (<&5¥%

by volunme)

f-few (5-15% by volunme)

fr-frequent

(15-40% Lty voluge)

vir- very frequent (40-80% ky volunme)
(from Guidelines for Soil Profile Descriprion, FAG, 1977)

** g-gravel (2-75 um)
(75250 an)
b-boulders (>250 mm)

5-Stones
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TANE PLAIN (LMP)

These soils occur in areas of inland alluvium, including ancient
lacustrine sediments, volcanic colluvial and pyroclastic deposits and
calcareous 1loess. Iypic Torrerts and Udic Fellusterts forming on
lacustrine sediments have dark clayey horizons with a mcre recent
loess cap. Iypic Camborthids and Calciorthids are brown silty soils
formed on 1loess and volcanic colluvium and ash. Small depressions
have salt-affected and seasonally wet Typic Salorthids and Aquollic
Salorthids.

LCCATION AND EXTENT

The total extent of the alluvial plain/lacustrine mapping unit is
approximately 5%<a of Yemen (based on consideration of the contigquous
Ya'bar, Dhamar, Yerim areas as reported by Acres, 1980). Within this
area, it ils estimated that Typic Torrerts and Udic Pellusterts occury
approximately 10% of the area. 1Typic Camborthids occupy approximately
4s%. Iypic Calciorthids 20% and Typic Salorthids and Aguollic
Salorthids approximately 5% of the mapping unit. 20% is represented by
ICCK Outcrogs.

GEOMORPHOLOGY

The landscape relationships of the area are complex. Dissec:ed,
volcanic highlands and lava flows grade into alluvial plains,
underlain in some cases by ancient lacustrine sediments, all capped
with a silt layer (Figure 4.4).

Highlands have steep sides with «colluvial bases. lava flows are
extensions of <the volcanic highlands in some areas. Both of these
features consist mainly of rock outcrops. Valleys of inland alluviunm
are quite uniform and gentiy sloping except for occasional areas of
valcanic rock outcrops, including ancient volcanic cones.

Some areas of inland alluvium are underlain by ancient lacustrine
sediments capped with calcareons loess. These lacustrine sedimeuts
occur in large areas and are not related to specific smail depressions

“ an e an an ey S mh e A S N mS A m e

a- The percentages given are tentative and will bLe revised upon
further investigation.
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or other microrelief features. Predominant soils here include Typic
Torrerts and Udic Fellusterts, silty cap phase.

The rest of the nearly flat valley of inlasd alluvium shcws
Fractically uno dissection. Areas of accumulation of carbouates have
Typic Calciorthids. Other areas with less carbonates have 1ytic
Camkorthids. Small depressions which tend to accumulate runoff form
Typic falorthids and Aquollic Salorthids.

—— TYPIC CAMBORTHID

ot
!

“hpuul&fdﬂf”,ﬁ- ~ UDIC PELLUSTERY

TYPIC TORRERT

LOESS
[ 7] vorcanic sepnock
m BURIED VERTIC HORIZON — TYPIC SALORTHID
CARBONATE ACCUMULATION

. 1:.;-‘ ;
TR

NOMN-STRATIFIED ALLUVIAL MATERIAL ~ YYPIC CALCIORTHID

FIGURE 4.4

Landscape Relationships for the Inter-Montaine Plain (IMP) Mapping Unit

CLIMATE

In  <he Yemeén climatic environmeut, the existing soil  wmoisture
regyime 1s an important limiting factor to any agriultural use of the
soils. Direct devermination of the soil moisture regime of a mag unit
is difficulr. So1l moisture regimes have been estimated with the scant
€xisting climatic data available using the Franklin Newhall ccrmputer
algoritham (Tavernier aand Van Wawbeke, 1976) .

The so1l molsture regime of several stations in  the alluvial
lacustrine map units have Leen estimated. These stations iuclude:
Dawran, ieba., Rbizwa, Uhaf, Ma'bar, LAFRD, Ad-Darb, Dhamar, Samah-Al-
Uya, Ash-Shagyrab, Maram and Sanaban (Tarles b4.2). Temperature data for
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these estimavions was taken from Dhamar since it was not availakle for
mcst of the others. The temperature regime at Dhamar is estimated to
be isothernmic. It was assumed that the temperatures were similar at
all sites. Soil moisture calendars were also produced Lty the computer
Frogram cited above for Ma'bar and Rabat. They are included in
Appendix 1.

Table #.2 Estimated soil moisture temperature regimes for selected
stations in the IWF map unit <a

TS EM Sh D tw Gh M ES B G A b S M EA CB AP B WD 40 SO 4 MD MDD P O MY N G Gh AP b NP WU A WS M AP WD A A W M M S M Y D EG M AR wp P D b S e m D W B S G e

STATION YEARS OF DATA ESTIMATED SOIL HWOISTURE KEGIMES
Dawran z Ustic
Ma'bar 5 Aridic
Rakat 3 Udic
Rhizwa 5 Aridic
Dhaf 3 Aridic
DAFRD 2 Aridic
Ad-Darb 4 Aridic
Dhamar 5 Ustic
Samah—-Al-Uya 5 Aridic
Ash-Shagrab 5 Aridic
Maran 5 Aridic
Sanaban 5 Aridic

G T B s e B e e D AR - - S - D T - - - D - P T R D . . - e GRS - e G A D v . S e = o - —

A- Raw data from Acres, 1980.

GENESIS AND IMPORTANT ENVIRONMENTAL INFLUENCES

The presence of buried soils, relicts of soils formed inm a frevious
wetter climate are the wmost striking and characteristic feature of
this area. lacustrine sediments deposited in a closed Lasin during
wetter times have produced the 1Typic Torrerts and Udic Pellusterts.
The present environment affects these old soils largely through loess
deposition, which has formed a silty cap.

Alluvium mixed with the mure recently deposited loess couttols soil
mocrphology over the rest of the great extent of the plain. Small
deprescsions where water accumulates have Typic and Aquollic
Salorthids. Some Typic Camborthids, nonarable and shallow soils, have
formed in the areas of colluvium.

Rainfall in the area ranges from about 360 to 610 am/yr (Acres,
1960) . Evapcration is high, as estimated ty Penman's formula, and
ranges from approximately 1700 to 2400mm annually. Mean annual
temperature ranges from 11 to 15 degrees Celsius, with killing frosts
occuring in some clevated areas (Acres, 1980).
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Areas of natural vegetaticn are rare. Most land is currently used
for cultivation, grazing or water harvesting (Acres, 1980).
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EEDON DESCRIETIONS

SITE INFOEMATION

Frofile numkter: FVII

Series name: Unknown

Classification: TYPIC TORRERIS, FINE CLAYEY, MONIMORILIONITIC,
FAMILY, SILTIY CAP FHASE

Cate and time described: May 6, 1981, 9AHM

Authors: 1. Forbes

Location: Qa'Jahran, British experimental farm near Matbar, 70-75 ku
scuth of Sana'a

Elevation: 22Z30m

Landform: Wide, nearly flat plain; slightly convex middle footslope,
1 km from rock outcrop

Slope class: Nearly flat

Microtcpography: Disturkance by human cultivation, formation of bunds
£lope: 1-2%

Land use: Not used, near garden area in front of housing of project
Climate: Unknown

s e =

SCIL INFORMATION

Parent Material: Lacustrine sediments (as reported previously) and
alluvium-colluvium from rock outcrop and loess

Drainage class: Well-~drained

Moisture conditions: Dry throughout

Depth to groundwater: Unknown :

Surface stones or outcrops: No surface stones or rock outcrops
Evidence of erosion: No evidence of €rosion at site.

Salt content: Calcareous concretions present in the profile; no
Ckvicus evidence of alkali (Na) salrt
Human influence: Area has been cultivated for centuries with some

fcrm of irrigation~ as evidenced ty the top disturbed layer

General Description of the Profile: Deep, tri-color profile. Light
brown loose surface, dark brown buried layer, followed by brown layer
with very prominent calcareous, white concretions.
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Frofile Descrigption

Yellowish brown, 10 YR 5/4 (dry); very slightly
gravelly silt loam; moderate coarse to fine subangqular
blocky structure; very slightly sticky and very
slightly plastic (wet); friable to loose (dry); comuwon
micro and few very fine, discontinuous, randou, inged,
interstitial and tutular open and closed pores; very
few volcanic gravels and stones {fresh); ccmmon very
fine to wmedium roots (and grass rhizomes); strongly
calcareous; akrupt, wavy Ecuudary.

bark gray, 10YR 4y1 (Cry): a few fine to wmediuam,
distinct, clear grey to white calcareous nodules;
sligh=ly gravelly silty clay loam; strong very coarse
Prismatic «to very strong, medium blccky structure;
sticky and plastic (wet); nard (dry); streak of trowu,
silty material seen in cracks; Lroken <thick EL€ESSUre
faces (cutans or slickersides); a few micrv and fine
discontinuous, inped, interstitial and tubuiar, closed
Fores; very few smal. calcareous gravel (hard); very
Calcareous; a few fine and very fine roots; clear,
irregular boundary.

Yellowish brown, 10 YE 5/4 (dry); cowmmon, wmedium to
fine, distincre, clear to diffusz2, white to grayish
calcareous nodules; slightly gravally silty clay lcam;
weak coarse prismatic tc medium and fine subangular
blocky structure; sticky and plastic (wet); hard (dry);
thin, broken «clay pressure coatings or slickensides;
very few picro, common f£ine and a few fine
discontinuous, randoan, inped, xnterstitial and tuktular,
closed pores; a very few volcanic gravel; frequent
small, hard calcareous white nodules; strongly
calcareous; very few fine and very fine rgots; gradual,
troken boundary.

Brown, 10 YR 4,3 (dry) ; connou, wedium, frominent,
sharp, white to grayish calcareous nodules; slightly
yravelly clay; strong medium pPrismatic to strong fine
sukangular blaocky structure; sticky and plastic (wvet) ;
slightly hard (dry); Lroken, moderately thick clay
pressure coatings and slickensides; very few micro, a
few VeEry fine discontinuous, random, inged,
interstitial and tubular closed Eores; a very few fresh
volcanic gravels; frequent to very frequent , small and
large, soft and hard, irregular white and grayish,
calcareous nodules; very strongly calcareous; rare fine
and very fine roots.
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ANALYTICAL DATA FOR SITE FVII

Nc. Depth Horizon Coarse Size Total Total 1Total Texture

(cm.) Frag. Coarse Sand Silzc Clay Class

22 @mm Frag. 2-.05 .05- <.002 <2 om

* L nm .0020m Em ***

1 0-25 ap vE g,s 31.6 0.1 18.3 sil

Z 25-58 AilL vE g 12.2 38.8 49.1 sicl

3 58-71 Rbca vE g 16.9 34,0 49.1 sicl

4 71+ Cbca vE g 1.2 39.2 49.7 c

No. Very Coarse Mediunm Fine Very Coarse Medium Fine

Coarse Sand Sand Sand Fire Silt Silt Silt

Sand 1-.05 «5-.25 .25~ Sand .05~ .02- .005-

2-1om mm oo .01pm .01- .02ap .005n0 .002pm

-050m

1 1.4 2.1 1.9 3.1 23.0 28.4 13.1 8.6

2 1.1 1.0 0.7 1.6 7.8 20,0 11.4 7.4

3 2.8 2.2 1.1 1.6 9.1 19.4 14.6 0.0

4 .4 0.6 0.2 0.8 8.1 15.3 14.2 9.1

No. gH pH EC Total Organic CaCco3d Avail CEC

1:5 1:1 mohos N% Matrer® b4 E meq/N0100g

EED soil

1 8.8 7.8 0.16 J.24 0.71 10.2 5.06 23.6

2z 8.9 7.8 0.23 0.20 1.03 11.8 3.68 41.0

3 8.9 7.9 0.23 0.20 1.03 11.8 3.68 36.0

4 9.0 8.1 0.38 0.10 0.20 17.4 3.68 46.6

*vf- very few (<5% by volunme) ** g-gravel (2-75 nnm)

f-few (5-15% by volune) s~stones (75-250 nn)
fr-frequent (15-40% Lty volume) b-toulders (»250 um)

vir- very frequent (40-80% Ly volunme)
(from Guidelines for Soil Profile Description, FAO, 1977)

*%¥ c-clay s-sand
l-locan si-silt
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EEDON EFVIII

SITE INFORMATION

Prcfile number: FVIII

Series name: Unknown

Classification: UDIC FELLUSTERT, FINE CLAYEY, MONTMORRILLONITIC,
e+ FAMILY, SILTY CAP PHASE

Date and time described: May 6, 1981, 12:15 BN

Authors: T. Forkes

Locaticn: Ca'Jahran, British experimental farm near Ma'bar, «an the
€ast side of highway, approximately 6.5 km from pit FVII

Eilevation: 2230 m

Landform: Flat to concave slcge

Slcpe class: Edge of colluvialysalluvial toeslope and Elain (Qa'Jahran

proper)
Microtcpography: Fidging bty farmers
Slogpe: 2%

Land use: Barley trial on one side and forage trial on the cther
Climate: Uukaown

SOIL INFORMATIGN

Farent Material: Llacustrine sediment mixed with alluvium/colluviuam of
vclcanic rcck outcrop and loess cap

Crainage class: Well-drained with mottling starting at 108 cnm
Moisture conditions: Erofile slightly wmoist at surface and moist with
depth

Depth tc groundwater: Unknown, Lut estimate that it may ke withio 2.5
i

Surface stones or cutcrops: A few surface stones; No LCCK Qutcrggs
Evidence of erosion: No evidence cof erosion

Salt ccntent: Nc surface salt or alkali

Human intfluence: Very evident, have pulled up by plowing dark clayey
layer into zome fparts of loess layer. Also have ridged and Flowed for
cCenturies

General Description of the Erofile: Deep dark clayey profile with
loess cap grading to gleyed clay at depth (about 140 ch)

Profile )Jescription

Ap Dark yellowish bLkrown, 10YFR 4/4 (moist) ; clay loam;
0-34 c¢cn moderate to weak, coarse to fine, subangular Ltlocky
F27 structure; non-sticky and very slighly Flastic (moist);
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common micro and a few fine and very fine, randon,
inped, discontinuous, interstitial and tubular, closed
and open f[pores; very few volcanic gravel; strongly
calcareous; copmon fine and a few medium roots; akrupt
wavy to irregular boundary.

Very dark gray, 10 YR 3/1 (moist); clay; weak prismatic
to moderate medium to fine subangular blocky structure;
non-sticky and slightly plastic (wet); friable (moist);
patchy, <thin, «clay pressure coatings or slickensides;
very few micro and a few fine, discontinuous, random,
inped, interstitial and tubular, open and closed pores;
very few volcanic gravel; calcarecus; a few mediunm,
fine and very fine roots; clear, wavy boundary.

Brown, 10YR 4/3 (modist); conmmon, fine to wmediunm,
distinct clear, white to grayish calcareous nodules;
clay loam; very slightly sticky and very slightly
plastic (wet); very weak medium prismatic to moderate
medium to fine subangular blocky structure; patchy,
thin, clay pressure coatings or slickensides; a few
micro, fine and very fine, discontinuous, randoum,
inped, interstitial and tubular, closed and Oopen pores;
a few volcanic gravel and a few small mica flakes;
frequent small to larqe, hard and soft, irreqular white
to gray calcareous nodules; strongly calcarecus; very
few very fine roots; gradual wavy boundary.

Very dark grayish brown, 10YR 3/2 matrix (moist) with
light yellowish brown 10YR 5/6 and yellowish brown 10YR
5/4 limestone and decomposed limestone; clay lcam;
matrix with gravelly clay (decomposed rock); wmoderate
coarse to fine subangular blocky structure; slightly
sticky and slightly plastic matrix (wet) and sticky and
plastic decomposed rock (wet): friable (noist) matrix)
and firm (moist) decomposed rock); very thin and very
patchy thin clay pressure coatings or slickeunsides in
voids and pores; many micro and coamon fine
discontinuous, randoan, inped, interstitial and tubular,
closed and open pores; very frequent deccoposed
limestones and gravel and very few small mica flakes;
very few small grayish calcareous nodules; strongly
calcareous; a few fine rootrs; clear, wavy boundary.

Gray, 5Y 5/1 (moist) with common, wmediuu, Ercminent,
clear , yellowish red 5YR 5/6 and 5Y& 3/1 very dark
gray mottles (stone remnants); clay; stroang medium to
fine subangular rock-like structure; sticky and plastic
(vet); firm (moist); patchy thin clay pressure coatings
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or slickensides; common fine and medium discontinucus,
raandoam, inged, interstitial, closed pores; Very
strongly calcareous; no visikle roots.

Note: Vertical cracks approximately 20 cm deep and 2 m
long occasionally observed within 10m of the profile.
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ANALIYTICAL DAIA EQR SITE EVIII
No. Depth Hcrizon Coarse Size Total Total 1gtal
(cm.) Frag. Coa:-e Sand Sile Clay
>2 nmm Frag. 2-,05 .05- <.002
* *% nm .002nm mm
1 0-34 Ap vE g 29.8 43.8 26.4
2 34-87 Alb v g 8.7 38.9 52.4
3 87-108 1IICica £ g 31.18 31.6 37.2
4 108-136 1IIcC2ca vir S,9g 31.5 29.3 36.3
5 136+ II1ICcag vE - 5.1 36.8 58.1
Na. Very Coarse Medium Fine Very Coarse Medium
Coarse Sand Sand Sand Pine Silt Silt
Sand 1-.05 -5-.25 «25- Sand «05- -02-
2-1nm g o .0Tom .01- .020m .005npD

. 05nm

1 2.5 3.1 z. 4 z.1 19.1 25.1 9.2
2 .9 1.6 1.5 1.2 8.1 16.2 13.1
3 4.3 8.8 7.4 4.0 6.8 3.4 10.3
4 4.5 8.7 6.7 4.0 1.7 15.3 8.6
5 0.3 0.5 C. 4 1.1 2.9 18.6 4.1
No. EH pH EC Total Organic CaC03 Avail
1:5 1:1 nnhos NX Matter% x P
PED
1 9.1 8.2 0.39 0.12 0.91 8.6 13.3u
2 8.5 7.9 2.4 0.06 0.98 6.2 3.22
3 9.0 7.9 2.1 0.12 0.47 5.8 3.68
4 8.7 7.9 2.1 0.10 0.37 5.8 5.52
5 8.5 7.1 1.4 0.08 0.31 5.4 5.98
*vf- very few (<5% by voluume) ** g-gravel (2-7
f-few (5-15% by volunme) s~stounes (75-
fr-frequent (15-40% Ly volunme) b-boulders (O

vir- very freguent (40-80% Lty volunme)
(from Guidelines for Soii Frofile Description, FAO, 1077)

**% c-clay s-sand l-loan s-sand
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SEMI-AFIDIC VOLCANICS (SV)

This area 1is characteristic of large regions in Yemen which are
comprised mostly of bare rock outcrops and bouldery, stony colluvium
with little or no soil formation. The most extensive areas of sqcil
occur along the edges and within oDparrow valleys formed on colluviun
and loess and wadi alluvial deposits. Miscellanecus rock cutcrogs
acccunt for uwost of the area; yellowish brown, silty and colluvial
Typic Ustorthents occur on colluvial and loess terraces; lcower
positions of the terraced areas have dark clayey 1Typic Natrustalfs
with =silty caps and natural terraces on the wadi have 1ygic
Trogpofluvencs.

LOCATION AND EXTEN1

This mapping wunit may cover 15 to 20%<a of the surveyed area in
Yemen. it 1s estimated that 80% of the association is volcanic rock
CUtCICE. Terraced colluviur and loess or Typic Ustorthents comprise
10% of the association. Terraced clayey soils with silt caps or Typic
Natrustalf- comprise a Very 1low percentage of <the area and
approximately 8% of -he area are opatural alluvial terraces or Typic
Trcpcfluvents.

GEOMCRELOLOGY

The major part of the region is steep; some volcanic rock outcrops
oOn escarpments show large characteristic tasalt prisnms. Steep~-sided
valleys are found cccasionally (Figure 4.5). wWithin the valleys there
are rclling to wundulating topograghies with depcsits <¢f rccky
colluvium mixed with <calcareous loess which accumulates at the Lases
of the valley sides. This colluvium and loess has Leen intensively
terraced and cultivered ty farmers for centuries. The steep deposits
grade to gently slcping to flat wadi alluvial terraces which have also
bee: changed by farmers tuilding bunds to control flooding and
sediwent derosition during the rainy season or periods of hiabh water
in the wadi. The valley sedi: nts form a distinct series of naturail
terracec with the younyest cccuring near the wadi (Fig. 4.5).

-t am e = - . -t = > - - - . - —-

a- 1The percentdges given are tentative and will Le revised urcn
further investigation.
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TYPIC USTORTHENT

~ TYPIC NATRUJTALF

TYPIC TROPOFLUVENY

[] roxss
COLLUVIUM
By aLuvium

E7 rine anD wEDIUM onAVEL

VOLCANIC REDROCK
(] reTmocaLcic womizon
B AnraiLLic anp NaTRIC HomiZON

FIGURE 4.8

Landscape Relationships for the Semi-Aridic Volcanics (SV) Mapping Unit

GENESIS AND IMPORTANT ENVIRONMENTAL INFLUENCES

- e e ey e

Although this wapping wunit occurs in areas of very low
precipitation the soils of the lower positions show evidence of
leaching and translocaticn of suspended materials. Runcff from the
steeper rocky areas accumulates in the narrow valleys and runs out
through the wadis. The Natrustalfs at the intermediate [positions
aktove the alluvial terraces of the wadis indicate a wetter climate and
consequently more runoff in the past. Upper colluvial pedcans do not
show significant leaching and therefore less profile development.
Jypic Ustorthents are predominant.

Tb  wadi and alluvial terraces adjacent to it have siqgaificantly
mcre vater as evidenced by the lush vegetation and craops. Also the
wadis appear to flow continuously during the rainy season. As such it
is assumed that an wustic sail moisture regime is likely for the band
of alluvial soils (TIypic Iropofluvents) adjacent to the wadi.

At the foutr of cliff walls and escarpments some scils bhave
petrocalcic horizons. This is probably caused by the water
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Eercclation from the rocky higher areas which contain large amounts of
carkonates.

VEGETATIICN
Woody vegetration for this association includes: Zizipbus spina-
chriszi Acacia seval, Acacia rortilis, Tamarix orientalis, Ficus

—_Ro .= ——— - N ——— e e

Spp.. Cordia akyssinica, Eucalyptus SsECE., Acacjia flava, Tamarix

articulara, Ficus salicifolia vahl, and Hyphaene thetaica.

All arable land has been terraced and is currently cultivated.
Crops demanding more moisture than that given by rainfall such as
maize are grown near the wadi.



Novemker 1, 14981 83

EEDON DESCRIPTIONS

SITE INFOEMATION

Erofile number: FIX

Series name: Unknown

Classification: TYPIC USTOGRTHENT, COARSE, LOAMY, MIXED, __ __ PAMILY
Late and time described: May 11, 1981 7:30 AM

Authors: 1. Forbes

location: Al Jabjak necar Al Naderah Town (Wadi Bana); 300 mn from
secondary schcol stadiuu

Elevation: 2100 n

landform: Terraced footslope c¢f volcanic mountain

Slope class: Sloping terraced land down to alluvial wadi bottom
Microtcpography: Near washed-out gully; nearly level surface

Slope: Between terraces 29%; on terrace 10%

Land use: Freviously cultivated for sorqhum and lentil only, rainfed,
never irrigated; now in fallow

Climate: Unknown

SCIL INFORMATION

Parent material: Colluvium from mountains and loess Scme water-
transported sediments alsc from mountain and loess.

Drainage class: Hell-drained

Moisture conditions: Profile slightly moist to dry thronghout

Dcpth tc grounduater: Unknown

Surface stones or outcrops: A few surface stones, no rock outcrops
Evidence of erosiou: Frofile intially exposed Ly gully ercsion

Salt content: Caicareous material increases with depth

Human influence: fTerrace~building

General Description of the Profile: Deep, well-drained light brown
silty then clay profile, calcareous mycelia increase with depth.

Profile Description

Ap Dark yellowish trown, 10YR U/4 (moist); gravelly and

0-22 cnm slightly stony loam; weak medium to fine subangular
F32 blocky and crunmk structure; non~sticky and slightly
plastic (wet); very friable to loose (moilst); many

micro and common, very fine and fine disccntiamuous,
random, inped, interstitial and tubular closed and open
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ECcres; frequent volcanic gravel and a few vclcanic
stones (fresh); calcareous; many medium and fine roots;
gradual wavy koundary.

Dark yellowish krown, 10YR 4/4 (moist); with a few fine
distinct, clear white calcareous mycelia; gravelly and
stony loam; wmoderate csarse <o fine subangular Elocky
and crumb structure; non-sticky and slightly plastic
(vet); very friable (moist); common micro and a few
very fine apnd fine, discontinuous, randou, ipnged,
interstitial and tubular, closed and open pores;
frequent fresh volcanic gravel and a few fresh volcanic
Stones; <calcareous; common medium and fine, and a few
coarse roots; dgradual, wavy boundarv.

Yellowish brown, 10YR 5/4 (moist); counmon, fine to
medium, distinct clear, white, calcareous, wmycelia;
gravelly and stony, loam; moderate coarse to fine

subangular blocky structure; non-sticky and non-plastic
(vet); very friable (moist); soft (dry); many micrc and
comwon very fine and fine discontinuous, random, inped,
interstitial awnd tukular, closed and ofen [fores;
freguent fresh volcanic gravel and stones; very few
small and some large, soft and spherical and irregular
white calcareous nodules; strongly <calcareous; a few
medium and fine and some coarse roots; gradual, wavy
boundary.

Brown, 10YF 4/3 (moist); with wmany fine and mediun
distinct clear white calcareous aycelia; gravelly and
stcny clay loam; strong coarse to fine subangular
blocky stiruczure; slightly sticky and plastic (wet);
friable (moist); slightly hard (dry); ccmmon very fine
and fine discontinuous, randonm, inped, ~twubular, open
and closed [pcres; frequent fresh volcanic gravel and
stones; very few small and large soft, spherical and
irrequ.ar, white calcareous ucdules; strcngly
calcareous; very few medium and fine roots.
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No. Depth Hcrizon Coarse

Total 1Ictal Texture

inlindl e i I e T e T T T3 e R, AN G) D M Mn D S AE ST an m T ) NP M A AP m W W W e ee m S en Gy m m ae = =

Coarse Sand
Fragq. 2-.05
L X mm
g.s 48.9
¢S 51.9
ges 42.8
g.,s 28.17
Fine Very
Sand Fine
.25~ Sand
.01am .01~
.05mo

T e T o B e et e = e e i o e . - = — S T S 8 e s - aw et = A = . - e e . - - - " A - - -

—_—-——-.——-——..-----.----.--.-—--n.--..—-.-----——---------.—-----.--—---.—-.----——

(cm.) Fraqg.

22 nRm

»x

1 0-22 Ap fr
2 22-49 ct fr
3 49-115 C2 fr
4 115+ C3ca fr
No. Very Coarse Medium
Coarse Sand Sand
Sand 1-.05 .5=.25

2-1om mo mm

1 8.9 7.0 5.6
2 10.9 7.6 6.2
3 9.7 7.4 5.4
4 9.6 4.7 2.9
Nc. EH EC
1:5 1:1 mohos

1 8.4 7.8 0.19
2 8.8 1.8 0.27
3 8.7 7.9 0.95
q 8.7 8.0 0.18

Total Orgaaic
NX Matrer%

Silzt Clay Class
.05- «.002 <2 nam
.002na oo ¥ ¥
44.9 6.3 1
36.8 11.3 1
42.9 14.3 1
43.5 27.8 cl
Coarse Mediuam Fiune
Silt Silt Silrz
.05- .02~ .005~
«02pm .005mm .002nm
24.0 17.0 3.9
21.3 11.6 3.9
26,5 10.5 6.0
35.6 1.6 6.3
Caco3 Avail CEC
x F megs100g
ppm soil

PED
10.0 2.3 50.4
10.2 3.22 50.5
10.2 3.22 50.0
10.2 7.36 54.8

—--———-.....‘--——---------.--.------.----.——---—----------.--.-—..—..---—-.--.-.-—-—-.-

*vEf- very few (<5% by volunme)

f-few (5-15% by volune)

fr-frequent (15-40% Lty voluane)
vir- very frequent (40-80% ¢ty volunme)
(from Guidelines for Soil Profile Description, FAQ, 18977)

¥¥ g-gravel (2-75 on)
s-stones (75-250 mm)
b-boulders (>250 um)

**%x c~clay s~sand
l-loam si-silt
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SITE INFORMATION

Erofile numker: FX

Series pame: Unkncwn

Classification: 1TYPIC NATRUSTALF, FINE, CLAYEY, MIXED, _____ FAMILY
Date and time described: May @1, 19814, 7:30 aM

Authors: T. Fortktes

Location: On seccndary school sports field, Al Jabjab, Wadi Bana
Elevdtion: 2090 n

Landform: 1Terraced footslope of volcanic mountain

Slope class: Sloping terraced land down to alluvial wadi botton
Microtcpography: Near washed-out gulley; nearly level surface
Slope: 7% Letween terraces, 4Zx on terraces

Land use: Previously cultivated for sorghum and lentid oanly, rainfed,
never irrigated, now in fallow

Cligate: Unkncwn

SOIL INFOEMATION

Parent material: Mostly alluvium and volcanic colluvium from mountaia
with little loess cap on surface

Drainage class: Well-drained

Molswure conditions: Profile moist throughout

Depth to groundwater: Unknown (reported by locals tc Le akcut 3 o)
Surface stones or OutCrors: Nc¢ surface stones or outcrops

Evidence of erosicn: No evidence of e€rosion

Salt content: No alkali, shallow to calcareous zone

Human influence: fTerrace constrcuted

General Description of the Erofile: Deep, dark, «clayey profile with
Sllty surface. Calcareous accumulation in second horizon.

Profile Description

Ap . Brown, 10YR 4/3 (moist); very slightly gravelly silty
0-1% cuo clay (with some fine sand) ; woderate coarse to fine
F36 suhbangular hlocky Structure; non-sticky and slightly

piastic (wet); fraiaktle (noist); some evidence of clay
movement in large pores (very few cutans); many micro
and very few, fine and very fine, discontinuous,
random, inped, interstitial and tuktular, «closed and
OfFenh pores; very few fresh volcanic gravels and stoaes;
calcareous; very few finer roots; clear, wavy bcundary.
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Very dark greyish brown, 10YEF 3/2 (moist); with common,
medium, distinct, clear, white calcareous streaks:
slightly stony and gravelly clay; very coarse to fine
prismatic structure; sticky and plastic (wet); firm to
friable (moist); continuous, wmoderately thick, clay
cutans on peds and in larqge pores; a few fine and
zicro, discontinuous, randonm, inped, tubular and
interstitial, open and closed F[fores; a few fresh
volcanic gravels and rocks; strongly calcareous; very
few very fine roots; akrupt, wavy Loundary.

Black, 10¥R 2.S/1 (wmoist); «clay; very coarse to fine
prismatic structure; sticky and plastic (wet); firm to
friable (moist); continuous, thick, clay cutans on ped
faces and in pores; very few micro and a few fline,
discontinuous, randowm, inped, tubular and interstitial
open and closed pores; very weakly calcareous.

Note: B2t appears to have bLecome slowly calcareous by
leaching of calcareous silty material above. Argillic
horizon formed ktefore the addition of calcareous loess
material.
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ANALYTICAL DATA FOLK SITE FX

No. TLepth Horizon Coarse Size Total Total Total Texture
(cm.) Frag. Coarse Sauad Silt Clay Class
>2 on Fragq. 2-.05 .05- <.002 <2 nm
* *% mm .002nm oo * ¥k
1 0-15 Ar vE g, 14.8 £3.0 32.2 sicl
2 15-91 11B2ltca f 2.s 16.2 45.2 38.7 sicl
3 91+ 1I1B22t vE - 4.4 49.7 45.9 sic
No. Very Coarse Hedium Fine Very Coarse Mediun Fine
Coarse Sand Sand Sand Fine Silt Silt Silc
Sand 1-.05 «5-.25 «25- Sand .05- .02~ .005~
Z=-1lam o nm «Clnm -0i- .02pnm .005nm -002nm
.05nm
1 3.5 2.3 1.5 3.3 4,3 30.6 13.9 €.5
2 3.5 2.1 2.0 4.4 3.7 20.5 19.5 5.1
3 0.3 0.5 0.4 1.1 2.2 22.9 13.0 7.8
No. pi EH EC Total Organic  CaCO03 Avail CEC
1:5 1:1 mohos NX Natter% % P meys100q
PED soil
1 8.6 7.9 0.28 0.12 2.79 12.4 1.82 44.3
2 8.7 7.6 0.27 0.14 0.70 12.0 8.28 57.2
3 8.8 7.9 0.21 0.22 0.70 11.0 6.9 61.9
*vf- very few (<5% by volume) ¥* g-gravel (2-7% nmnm)
f-few (5-15% Lty volunme) s-stones (75-250 nm)
fr-frequent (15-40% Ly volunme) b-bouldezs (>250 amn)

vir- very frequent (40-80% tky volunme)
(frcm Guidelines for Scil Erofile Description, FAO, 1977)

*#% c-clay s-sand
l-loam si-siltc
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SITE INFOBMATION

Erofile numker: XI

Series name: Unknown

Classification: TYPIC TROPOFLUVENT, COARSE LOAMY, MIXED
Date and time described: May M1, 1981, 11:45 aM
Authors: T. Forbes

Location: Wadi Al Mahmarah; 4 km from Al Nadrah along Radi Bana
Elevation: 2040m

ILandform: Alluvial terrace next to braided gravel, flowing wadi

Slope class: Nearly flat alluvial terrace

Microtopography: Some ridging and construction of bunds made fron
boulders

Slope: 2-3%

land use: <cropped under maize

Climate: 'Unknown

FAMILY

———— e

SOIL INFORMATIION

Parent material: Alluvium mainly from volcanic rocks and calcareous
loess in the drainage area

Drainage class: Well-drained

Bcisture conditicns: Moist

Depth to groundwater: Akout 2.5 n

Surface stones or outcrops: Scme rounded boulders and stones

Evidence of e€rosion: Edge of terrace has been cut and eroded by
flowing wadi

Salt content: No salt or alkali apparent

Human influence: Bund construction to trap wadi sediment and to
Erevent largc-scale erosion

General Description of the Profile: Shallow silty/sandy, brown
profile over rounded volcamic rock alluviun.

Erofile Description

Ap Brown, 10YR 4/3 (moist); loam (with fine sand) with a
0-30 cm few rocks and gravel; weak coarse to fine sulbkanqular
F39 blocky and crumk structure; non-sticky and very

slightly plastic; very friable to loose; wany micro,
common fine and medium, discontinuous, «random, inped,
intersticial and tubular, <closed and ofpen fores; Very
few, fresh, rounded volcanic, rocks and gravel; very
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C2
60+ cm
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slightly calcareous; some small 2-3mnm charcoal
fragments; many fine, medium and coarse roots.

Dark grayish Lkrown, N0YR 4,2 (moist); fine sandy loam;
weak coarse to fine subangular, blocky and crumb
StrJdcture; non-sticky and non-plastic (vet) very
friable (moist); many micro, common, fine and medium
and a few coarse, discontinuous, randon, inped,
interstital and tubular, closed and CE€ED [fores; a few
fresh volcanic gravels; very slightly calcareous;
common fine and medium roots; abrupt, wavy boundary.

Dark brown, 10 YR 3/3 (noist); gravelly, very stony
sandy loam; very weak medium to fine subangular blocky
structure; non-sticky and non-plastic (wert) ; VELY
friable (moist): common micro and a few fine,
discontinuous, random, inped and interstital, tukular,
closed and oren pores; many rounded fresh volcanic
rocks and gravel; very slightly calcareous; cne coarse
and a few medium and fine roots.
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ANAIYTICAL DATA FOR SITE EXI

No. Depth Horizon Coarse Size Total Total Total Texture

{cn.) Frag. Coarse Sand Silt Clay Class

>2 Dm Frag. 2-.05 .05- <.002 <2 oo

» * mo .002mm L] kN

1 0-30 Ap vE S,g 39.9 43.0 17.1 1

z 30-60 c1 £ g 54.2 31.3 14.5 sl

3 60+ c2 fr s,9g 59.5 26.6 14.0 sl

No. Very Coarse Mediun Fine Very Coarse Mediunm Fine

Coarse Sand Sand Sand Fine Silt Silt Siit

Sand 1-.05 .5=.25 .25- Sand .05~ .02~ .005-

2-1pm nm mm -0ftno .01~ .020m0 .0050m -0020m

.05mm

(] 1.1 3.7 6.7 16.1 12.3 32.4 9.1 1.5

z 1.3 7.2 12.3 22.17 10.7 22.7 7.6 1.1

3 9.5 12.7 11.2 17.5 8.6 20.4 5.8 0.4

No. pH pH EC Total Organic CaCo3 Avail CEC

1:5 1:1 nnhos N% Matter® ) E meq/100g

FE® soil

1 8.6 7.6 0.35 0.32 1.86 10.0 8.74 32.3

2 8.9 7.6 0.30 0.28 1.14 9.2 9.2 27,1

3 8.6 7.8 0.30 0.28 1.07 8.6 L 25.5
*vf- very few (<5% by voluame) ** g-gravel (2-75 @mm)

f-few (5-15% by volunme) s-stones (75-250 ma)
fr-~frequent (15-40% Lty volume) t-toulders (2250 om)
vir- very frequent (40-80% Ly volume)
(from Guidelines for Soil Erofile Lescription, FAO, 1977)
¥%% c-clay s-sand

l-loanm si~silt



92 SOIL SYRVEY OF THE YEMEN ARAB REPUBLIC

BRE-CAMBRIAN QUICBROES AND WADIS (BCN)

This map wunit is representative of areas of aridic pre-Cambrian
rock cutcrops and areas of wadis o¢f minor extent with alluvial
sediments. Rock cutcrops occur throughout mast of the area with
terraced areas of 1ypic Torriorthents in small strips parallel to the
wadis. Typic 1Tropofluvents are found on alluvial sediments in the
wadis.

LOCAIICN AND EXTENI

Areas of this mapping unit may comprise up to 10%<a of the surveyed
area in Yenmen. Within <the mapping umit it is estimated that &0% of
the association is pre-Canmtrian rock outcrop. The pre-Cambrian rocks
are predominantly acidic in character, consisting cf quartzites,

granites and others with high quartz content. Terraced colluvium
mixed with calcareous loess form Typic Torriorthents or approximately
10%¥ of -he association. Eottom-land alluvial sediments or Typic

Tropofluvents ccmprise another 10% of the association approximately.

GEOMCHREHOLOGY

The major part of this mapping unit is pre-Cambrian rock outcrop,
which has been 1lccally dissected Ly wadis. Wadis occ¢ur akrugtly
tordered on koth <sides by pre-Cambrian rock slopes and walls (Figure
4.€). Within these valleys there are some rolling to undulating areas
of pre-Cambrian rock colluvium mixed with calcareous loess, all of
which accumulates on the colluvial slopes of the valleysides. The
colluvium and loess soils are terraced with rock retaining wails and
are cultivated. These <colluvial and loess decposits grade to gently
sloping and flat wadi alluvial terraces. Areas of alluvium are eroded
and reworked by the annual flooding of +*ne wadis. The hydraulic flcw
in the wadi appears to Lte considerakle.

- - — - —p - — — - —— - —— -

a- 1The percentages given are tentative and will Le revised ugcn
further investigation.
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TYPIC TORRIOAYHENT

TYPIC TROPOFLUVENT

Key

[] roess
(7] coutuvium

b0 ALLuVIUM
(/7] sme-causnian meomock

FIGURE 4.8

Landscape Relationships for the Pre-Cambrian and Wadl (PCW)
Mapping Unit

GENESIS AND IMPORTIANT ENVIBONMENTAL INFLUENCES

The soils of this mapping unit show similarities to colluvial and
lcessal soils and wadi soils of the volcamic areas. The influence of
pre-Cambrian rocks, underlying and mixed in the soils as colluvium, on
£0il formation appears to be minor. The colluvial and loess terraced
soils, Typic 1Torriorthents, are Jery similar to terraced soils in

similar landscape positions in the volcanic areas. Calcareous loess
appears to be the most important factor controlling soil genesis and
morphology. Properties of the silt and clay fractions are determined

bty the loess material and the aridic «climate in which they are
defposited.

The Typic Tropofluvents or alluvial soils on the natural wadi
terraces have wetter soil moisture regimes than the colluvial, loessal
soils upslope. More water is available for leaching as evidenced by
the lush vegetation and crops found along the wadi. The wadi appears
to flow nearly continuously during the rainy season. t 1s assumed
that an ustic soil moisture regime is likely for the alluvial scils at
and adjacent to the wadi.
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PEDCN DESCRIETICNS

V- L & AP i

SITE INFORMATIGN

Frofile numker: XII

Series name: Unkncwn

Classification: TYPIC TORRIORIHENT

Date and time described: May 16, 1981, 1:15 PHM
Authors: J. King

Lccaticn: Just north of trail from Udayn to Hays (Tibhama), 300m from
Wadi Annah
Elevation: 1100m

Landform: Convex foorslope of volcanic-metamorphic hill
Sioge class: Holling topography- gqully €rosion

Microtopography: Eroded area with many rock ou:crops; areas similar
to profile have been terraced; now falling into disuse
Slope: 15% ‘

Land use: Some terracing, now mostly extensively grazed
Climate: Unknawn

SOIL INPOEMATICN

Farent material: Loess (aeolian and alluvial/colluvial) and some
vclcanic and metamorphic rocks (granite and gquartzite colluviunm)
Drainage class: Well-drained

Moisture conditions: Slightly moist throughout

Depth to groundwater: Unknown

Surface stones or cutcrops: Surface is similar to desert pavement
Evidence of ercsion: Site is one wall of eroded qully

Salt content: No alkali- strongly calcareous with depth

Human influence: fTerracing in some sgots

General Description of %he Frofile: Ceep brown silt to loam fprcfile
with distinct layering of sedimentary deposits.

Profile Description

Ap Grayish brown, 10YR 5/2 (moist); Gravelly sandy lcamn;
0-1% co moderate to weak, wmedium to fine subangular blocky and
K1 cruab structure; non-sticky and slightly plastic (wet);
very friable (moist); many micro, discontinuous,
random, inped, interstitial, cpen and closed fpores; few
sharp volcanic and metamorphic fresh gravel;

calcareous; ccmnmon fine roots; akrupt, wavy bcundary.



c1
15-35 cm
K2

c2
35-95 cn
K3

o
9E-191 cm
K4

o}
191+ cm
KE
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Grayish brown, 1®10YR 5/2 (moist); stony gravelly sandy

loam; moderate to weak, wmedium to fine subangqular
blocky and crumk structure; non-sticky and slightly
plastic (wet); very friable (moist); many micro,

discontinuous, random, inped, interstiatial, cfpen and
closed fpores; few sharp volcanic and metamorphic fresh
gravel; «calcareous; common, fine roots; akrugt, wavy
boundary.

Brown, 10 YR 5/3 (moist); slightly stony, gravelly
loam; moderate, medium to fine, subanqular blocky and
crumb structure; non-sticky and nonm-glastic (wet);
friable (moist) ; common micro and very fine,
discontinuous, inped, interstitial, open pores: fresh,
frequent, rounded volcanic and metamorphic stones and
sharp gravel; common, medium to coarse, distinct, clear
white calcareous nodules; calcareous; a few fine rocts;
diffuse, wavy Loundary.

Light brcwnish gray, 10YR 6/2 (moist); a few streaks of
darker material resembling material abcve; slightly
steny silt loam; moderate medium to fine, subangular
blocky structure; non-sticky and very slightly plastic
(wet): firm (moist); many very fine discontinuous,
random, inped, <tutular closed pores; frequent, large
and small, soft and hard, irreqular, calcareous, white
nodules; strongly calcareous; » very few large and fine
roots; diffuse, wavy boundary.

Brownish yellow, 10YEK 6/6 (dry); comzmon, coarse,
distinct, ciear, dark brown, 7.5YR 3/2 mottles; very
slightly stony silty clay loam; strong, VETrY Coarse
prismatic to strong sSubangular blocky structure;
slightly sticky and plastic (wet); hard (dry); common
medium and many fine and very fine, disceontinuons,
vertical and random, inped, <tubular, open and closed
pores; frequent small to large, hard, irreqular, white
calcarecus concretions; strongly calcareous; a few fine
and medium roots.

Note: S0il appears to be similar to other loess soils
at Al Ganed, and Wadi Bana. Effect of nmetamorphic
rocks aprears minor. loess dominates.
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ANALYTICAI DATIA FCR SITE K

ST SR MR e mm m e S s e S S8 G e e G L s e b e S e S R e G T R A b 4 e e e A T o . P P . P S e P A B . e . = e - W . - — . -

No. Depth Horizaon Coarse Size Total Total 1Total Texture
(cm.) Frag. Coarse Sand Siit Clay Class
>2 onm Fraqg. 2-.05 «-05- <.002 <2 nm
* ¥* mm .002nm oo k¥
1 €-15 Ap f g 56.2 32.5 11.3 sl
2 18-35 Cc1 £ g 57.3 29.5 13.2 sl
3 35-95 Cc2 fr s,g 25.5 48.6 25.9 1
4y 9£-191 C3 f s,dg 8.8 69.1 22.1 sil
5 191+ cy vf s 3.8 62.2 34.0 sicl
No. Very Coarse Medium Fine Very Coarse Medium Fine
Ccarnse Sand Sand Sand Fine Silt Silt Silt
Sand 1-.05 .5~-.25 . 25- Sand .05- . ,02- .005-
z-lom na om ~.0lnm .01- -.020m .005nm .002nm
.05mm
1 14.3 13.3 9.7 13.6 5.3 23.8 8.1 0.0
2 16.5 4.4 9.8 11.6 4.9 21.3 4.1 4.1
3 5.8 4.6 3.9 6.2 4.9 30.3 15. 4 2.9
4y 1.5 1.0 0.5 1.2 4.5 45.5 17.8 5.8
5 0.6 0.5 0.3 0.8 1.6 37.7 17.5 7.0
No. pH pH FC Total Crganic CaC03 Avail CEC
1:5 1:1 nnhos N% Matter® 4 E meg/100g
ppm sail
1 8.7 7.9 0.19 0.40 0.96 13.4 12.88 15.3
2 8.9 7.6 0.18 0.2z 0.55 10.5 8.28 15.6
3 9.0 7.9 0.81 0.16 0.31 8.¢€ 6.44 28.2
4y 9.3 8.0C 0.85 0.16 0.18 7.2 5.52 34.0
5 9.0 8.0 1.1 0.14 0.28 6.2 10.12 43.0
*vi~ very few (<5% by volune) ** g-gravel (2-75 nm)
f-few (5-15% Ly volunme) s~stones (75-250 om)
fr-frequent (15-40% by volume) b-toulders (>250 onm)

vir- very frequent (40-80% Lty volume)
(trom Guidelines for Soil Erofile Lescription, FAO, 1977)
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ADDITIONAL MAP UNITS

Several map units which appear in the tentative legend (Takle 3.1)
are too recent to incorporate into this report. Thedir compcsition in
terms of soil subgroups and miscellaneous land units will ke given in
subsequent reforts. BElock diagrams of landscape relaticnshifrs will
also be given. 7These map units 1re: Tihama coastal soils (TC), Tihama
Flain and terrace soils (TPT), Aridic volcanic soils (AV), and Inland
alluvial plain (IAP). Also some tentative subgroups will ke added to
existing map wunits (Zaktle 3.1). 1These new soil subgrougs will be
incorporated into the klock diagrams (landscape relations) for the
ne it regort.

The tentative 1legend (Table 3.1) apd the tentative soil map of
tcpographic map sheet seven included in the kack pocket are working
documents and will undouktedly Le revised several +times before final
Fublicaticn of the report. Aall information given in the Lody of the
report, the legend and map is tentative.
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These pedon descriptions will Le incorporated dinto the wmajp unit
Inland Alluvial Flains of suksequent refports.

SITE INFORMATICN

Ercfile number: K24

Series name: Unkncwn

Classification: TYPIC CALCICRIHID

Cate and time described: July 27, 1981

Authcre: J. King

locazion: 10kna west and slightly north of Taizz-Hodeidah road and
100w south of the west end of the old Taizz airport landing strig
Elevatioan: 1120m

Landform: Convex slope 20m from crest of alluvial terrace

Slope class: Hilly

Micrctcpograghy: None

Slope: 12 degrees, 22%

Land use: Scattered cactus, low grass, low intensity grazing
Climate: Information not availakle

SOII INFORMATICN

Farent mater:ial: Top five horizons are alluvium; the sixth a Luried
scil

Drainage class: Well-drained

Mcisture conditions: Dry throughout

Cepth to groundwater: Not krnown, nc effect on profile

Surface stones oL cutcrops: [Ixceedingly stony and gravelly

Evidence of erosion: Gully erosion

Salt ccntent: Calcareous except for sixth horizon

Human influence: Nil
General Descriprtion of the Frofile: Four distinct horizons are very
apparent in the Ffrofile. A light-colored, finc-texiured =surface

horizon, a4 pale brown horizcn which proved upon closer examination to
be three hcrizons, a light-colored calcic horizon and under that a
dark reddish brown buried scil. This last horizon is of particular
interest because 1t s not calcareous and has large ncdules of
yellowish white crystalline material in it. Some similar nodules can
alsc be found in the overlying calcic horizon.
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Frofile Cescription

White, 2.5YR 8,2 (dry) and light yellowish brown, A0OYR
6/4 (moist); gravelly sandy 1lcam; structureless;
nonsticky ard nonplastic (wet) very friable (moist) ;
loose, noncoherent (dry); weathered gravel; =<stroangly
calcareous; very frequent, very fine and very few
medium roots; clear wavy Ltoundary.

Brown, 10YR 4,3 (moist) and brown, 10YR 4/3 (dry);

slightly gravelly silt loanm; nonsticky and nonplastic
(wet); wvery friable (moist) and soft (dry); few very
fine tutular pores; weathered gravel; strongly

calcareous; very frequent very fine and very few mediun
roots; gradual wavy Loundary.

Brown, 10YF 4/3 (moist) and dark yellowish brown, 10YFE
44 (dry); slightly gravelly silt loan; weak mediunm
prismatic structure; nonsticky and very slightly
plastic (wet); very friable (moist); soft (dry); few
very fine tubular pores; weathered gravel; Strongly
calcareous; frequent very fine and very few medium
roots; clear wavy Lkoundary.

Dark yellowish trown, 10YR 4/4 (moist), light yellowish
brown, 10YR6,/4 (dry); slightly gravelly silt loam;
moderate medium prismatic structure; sticky, slightly

Elastic (wet) ; very friable (moist); slightly hard
(dry); weathered gravel; frequent large sphereical,
white, soft, calcareous nodules; common very fiue

roots; akrupt, smooth Loundary.

Light yellowish brown, 10YR 6/4 (moist), white 10YR 8/2
(dry); slightly gravelly silt loam; weak wcdium and
fine sutangular bElocky structure; nonsticky and
nonplastic (wet); very friable (mgist); soft (dry);
weatherea gravel; frequent, large, irreqular, white,
calcareous nodules; few, very fine roots; «clear, wavy
boundary.

Brown, 10YR 43 (moist), pale brown, d0YR 6/3 (dry);:
slightly gravelly silt loam; noderately strong
subangular blocky stiucture; clightly sticky and very
slightly plastic (wet); very friable (moist); soft
(dry) frequent vertically elongated 1large white
nodules; noncalcareous; very few fine rocts.
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EEDON KXXV

SITE INFORHATIICN

Erofile numker: Kz5

Series name: Unkncwn

Classification: TYPIC CALCICRTHID

Date and time described: July 28, 1981
Authors: J. King and Akdul Elah Atu Ghanen
location: 26m dowaslope frowm pit KZz4

Elevation: 1100m
Landform: Within 30m of base of alluvial terrace, slightly cchncave
slofe

Sloge class: gentle

Microtopography: None

Slope: 13 degrees, 232

land use: Scattered cactus, low grass, and low intensity grazing
Cligate: No available information

SOIL INFORMATION

Farent material: Alluvium

Drainage class: HWell-drained

Moisture conditions: Moist Lelow 43cm

Cepth to groundwater: Not krcown - no effect

Surface stones or cutcrops: Exceedingly stony and gravelly
Evidence of erosion: Gully erosion

Salt ccntent: Calcareous

Human influence: Nil

General Description of the Frofile: The overall impression is of a
Fale brown soil with frequent gravel and a few stones. The exception
to this is horizon three which is ~n otvious class two calcic horizoa
and hcrizon five which could be easily observed as kEeing @mcre
yellowish in hue.

Profile Descriftion

A Dark brown, 10YE 4/3 (moist) and pale Lkrown, 10YR 6/3
0-13co (dry): gravelly and slightly stony silt loam; weak
K53 medium subanqgular Ltlocky structure; nonsticky and

slightly plastic (wet); very friaktle (moist); scft
(dry); few fine tukular p[fores; few stones, frequent
gravel, weathered and somewhat rounded; strcngly
calcareous; very frequent very fine roots; clear, wavy
boundary.
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Dark brown, 10YFK 4/3 (wmoist), and pale krown, 1A0iR 6/3
(dry): =slightly gravelly, slightly stony silt loan;
weak medium prismatic and subangular blccky structure;
slightly sticky and slightly plastic (wet); very
friable (moist); slightly hard (dry); few fine tubular
FOres; few somewhat rounded, weathered stones and
gravel; stroagly calcareous; frequent very fine roots;
clear, wavy boundary.

Dark yellowish brown, 10YR 4,4 (moist) and pale brown,
10YR 6,3 (dry): gravelly and stony silt loam; weak,
medium subangular blocky structure; nonsticky aad
slightly plastic (wet); very friable (moist); slightly
hard (dry); few fine tubular pores; frequent somewhat
rounded, weathered gravel and stones; common very fine
roots; clear, wavy toundary.

Dark brown, 7.5YK 4/4 (wet) and pale brown, 010YZR 6/3
(dry); gravelly silt loam; wmoderate medium sukangular
blocky structure; nonsticky and slightly plastic (wet);

very friable (moist); somewhat hard (dry); few fine
tubular fpores; frequent somewhat roubnded weathered
gravel; strongly calcareous; few very fine roots;

clear, wavy boundary.

Dark yellowish btrown 10YR 4/6 (moist) and 1light
yellowish krown, 10YR 6,4 (dry); silt; moderate coarse
subangular blocky structure; nonsticky and slightly
plastic (wet); very friable (mcist); somewhat hard
(dry); few fine tubular pores; strongly calcarecus; few
very fine roots.
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This [pedon description will be incorporated into the map unit
Aridic Volcanic Soils of subsequent regorts.

EEDON KXIX

SITE INFORMATICN

Frofile numker: K19

Series name: Unkncwn

Classification: TYPIC CALCIQRIHID

Date and time described: July 13, 1981

Authors: J. King

Locaticn: 6 km northeast of Souk al Uraysh 40 m east of fTaizz
Hodeidah R4

Elevation: 495 m

Landform: Gently concave slope near foot of a low hill

Slope class: Alluvial plain with scattered low hills with volcamic
OUTCIO[S

Microtcpograrhy: Eank of shallow erosion gully

Slope: Sloping 9%- 5 degrees

Land use: Low intensity grazing
Climate: No accurate data, but rainfall more similar to Tihama than
to Taizz. Protably in the neighborhood of 400 mm coming in erratic

storms during the summer months. With the use of bunds, poor crops of
millet, mainly appareatly for forage razher thanm grain, are grcwn in
this region on the flat land.

SOIL INFORMATICN

Farent material: Partially derived from the volcanic rock of the
nearky outcrogs, but primarily the 1loess which is encourtered
throughouz Yemen '

Drainage class: Class 4, well- drained

Moisture conditions: Slightly moist 15-40 cn depth, but dried within
minutes of being exposed to the air.

Depth to groundwater: Unknown, but Frobably more than 50 m

Surface stones or cutcrops: Lesert pavement, volcanic outcrggs cn the
hill directly above and within 75 m of the profile site

Evidence of erosion: Gully erosion

Salt content: Calcareous

iluman influence: None
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General Description of the Profile: Strongly calcareous thrcugout,

but no

visible carbonates (-8 cm. Carbonates forming mycellia and

Elating out on rocks 8-38 cm; carktonate nodules very common at 38+ cnm.

Cc1
0-8 cm
K34

C2ca
8-38 cm
K35

C3ca
38¢ cm
K:6

Erofile LDescription

Very dark grayish brown, 10 YR 3/2 (woist) and brown,
10YR 5/3 (dry):; very gravelly silt; weak ftine to very
fine sukangular blocky structure; slightly sticky,
slightly plastic (wet); very friable (moist); sofr
(dry): strongly calcareous; few micro roots; clear,
wavy boundary.

Brown, 10YE 4/3 (moist) and yellowish brcwn, 10YR 5/3
(dry) s very gravelly, slightly stony silt; weak fine to
very fine, sulkangular, bElocky structure; slightly
sticky and slightly plastic (Wet) ; very friatkle
(noist) ; soft (dry); very few very fine tubular fpores;
carbonate mycelia and pebble coatings; strongly
calcareous; strongly calcareous; no roots; clea:z, wavy
boundary.

Dark yellowish krown, 10YR U4/4 (moist) and yellowish
brown, 10YR 5/4 (dry); very gravelly , slightly stoany
silt; moderate, medium to very fine suktangular blocky
structure; slightly sticky, =slightly plastic, very
friable (moist); =soft (dry); few, very fine tubular
pores; very fregquent small to large soft irregqular,
white, calcarecus nodules; strongly calcareous; no
roots.
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PART II: OFERKATIOQONS

OQUILINE OF STAFFING AND ADMINISTRATION

Contract AID/NE-C-1665 was signed March 12, 1980 for a Land
Classification and Soil Survey of the VYemen Arab Repuklic for a total
estirated contract cost of $637,031.

A search plan for <the Senior FKesearch Associate fosition to ke
located in Yemen was implemented, with the intent of having a field

soil survey officer in Yemen as sacn as pessible. A total of 16
candidates applied for this position. Most of them were third ccuntry
nationals. A candidate was selected and clearance reguested through

the ccntrac: office. 1In October, notification was received that the
candidate could not be approved. A secand candidate, a U.S. citizen,
vas selected and clearance procedures requested. The positicn was
offered to Dr. Jack King, contingent upon USAID clearance and
apfrcval.

In Augusrt, a second sSenior FKesearch Associate position was
classified and was posted along with a technician positicn, and
applications of qualified candidates were solicited.

In November, Dr. Terence Forbes was appointed to the seccnd Senior
kesearch Associate position. Ralph Stuart was hired for the
technician fposition.

Jeff Lee, desk officer for Yemen in AID Near East Eureau, visaited
the Cornell campus in December, and discussed the project wcrkgplan and
logistic support required in Yemen to carry out the soil survey.

At the end of December, clearance was oktained from AID Yemen
Mission for Dr. King, and plans were begun for him to travel to Yemen
for a short term visit to review facilities for soil analysis, and
meet with Yemen government and USAID personnel regarding field
cperations for the project. Stopovers in Zurich and London were cade
td oktain any mapping information available for the soil survey
FIC ject.

Cr. King went <to Yemen on Januaiy 8, 1981 (see below). An
operational bank account was to be opened for the project in a Lank in
Taizz or Sana, but was delayed due to currency exchanqge problems. Dr.
King returned tc Ccrnell University February 6, 14981, and equipment
for field work in VYemen was ordered and assembled for shipment in
March.
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Final arrangements for Dr. King's departure for Sana werle
completed. He left to start the 18 wmonth field operaticns in Yemen on
March 9. Dr. Forbes joined him to assist in soil survey procedures on

April 1.

An outline was prepared for the ©preparation of the final project
Fublication and report for the soil survey, using computer storage and
€diting facilities.

PRELIMINARY TELES 10 YEMEN

1) Dr. A. Van Hamheke

Dr. Van Wambeke traveled to Yemen May 3-7, 1980 to be informed on
the status of <the logistic support to Lte prcvided by the Yemen
government and the USAID rissicn in Sana. He met with C. Eel., acting
USAID Mission Director, Harry Johnson, USAID program officer, Campbell
S. McCluskey and Arthur Britton, USAID project officers, Mouamaed
Sharaf-Aldin, Acting Lirector, Ministry of Agriculture and VYaya
Sharga, Sana Frovincial Agricultural Cfficer.

According to Mr. Johnson vehicles for the survey would ke provided
by USALD rather than the Yemen government. One vehicle was availahle
for field work from the inceprion of the contract and ancther was on
loan to another project.

Dr. Van Wambeke visited the Soils Laboratory at Ausseifere (Taizz)
and met with Cr. Salah Elgawhary, Director of the FAQ project. He
examined the soils laboratory with R.K. Sharma (U.N. volunteer) and
A.E.S. Qassim. All equifpment was in place for rcutine soil analyses,
including texture, EH, cation exchange capacity, organic carton,
nitrogen, elecrtrical conductivity, exchanageahle bases and soluktle
salts. A problem wmay be obtaining priority for <the Coruell so1l
sanples. There will ke a maximum of 1500 to be analyzed as soon as
pcssible after arrival at the lakoratory. According to Mr. Sharma
there should te no proktlem.

I- was decided that Lkecause most aqgricultural research in Yemen is
carried out in Taizz, the resident soil surveyor is to ke stationed at
Taizz to allcw better interaction with 1local so0il scientists and
increase cooperation between FAO, UN, Yemen and the project.
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2) Dr. J. King

Cr. King visited Yemen in January, 1981 to investigate the
prefarations required for the soil survey. His trip included visits
to Sana, Taizz, and Hodeida.

Taizz: In 1Taizz, Or. King visited the Soils Lakoratory c¢f the
Agricultural Research Service at Ausseifere. A brief but wuseful
ccnversation on the relationship between the Cornell soil survey and
the research station was held with LCr. Faud, director of the station,
as well as with other members of the station staff. Dr. King met with
Dr. Salah Elgawhary, Dr. Ismail Gewaifel, R.K. Sharma and Dhruba
Shrestha. 1The soil tests r[performed are those reported by Dr. Van
Wamkeke. The methods used are those described in FAC Soils Bulletin
10: Ehysical and Chemical Methods of Scil and Water Apalysis and
Methcds of Soil Apalysis by the American Society of Agroncumy. The
labcratory equipment availaktle includes an atcmic akscrption
sSpectrometer, a flame photometer, a colorimeter and EH and
ccnductivity meters.

In Sana, Dr. King met with USAIL officers, primarily C. McCluskey
and T. Bertotti, representatives of the Consortium for International
Development and the Yemen Ministry of Aqriculture.

In Hodeidah, Dr. King visited Mr. Tewari and Mr. Bamatraf and
visited the Surdad farm project.

Dr. Terence Fories visited the U.S. Geological Survey and the Scil
Conservation Service, U.S. Department of Agriculture in Washington,
D.C. January 21-23, 1961 in order to gather unpublished or otherwise
inaccessible geological, hydrological, meteorologaical and soils
infcrunation on the VYemen Arak Repuklic. He met with Dr. David
Lavidson, Mr. Lopez, and Mr. J. dorgan (USGS) and Drs. R. Aranold, &.
Gilkert, Mr. L. Miller and Mr. W. Reykold (5CS).

An  hydrological study was compiled by the Geological Survey in
final report forw. A final copy and map (1:500,000) of "A gualitative
Appraisal of <the Yemen Arak FGepuklic from Landsat Images=- Open-File
Repcrt 80-(565)" was sent to Cornell.
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Dr. R. Gilbert (SCS) provided a copy of The Physical, Chemical and
Miperalcgical Properties of Certain Soil Areas in the Kingdep cf Saudi
Arabia, August 15, 1984Q. The possitie application of future results
cf the Agristar project was also discussed. Application of Agristar
techniques is not fresently feasikle.

Mr. Keybold and Miller provided a copy of the SCS draft Soil Map of
the World coveriung Yemen. Dr. F. Newhall's research records were
examined for possikle climatic data on Yemen. None were found.

On his return trip from Yemen in January, Dr. King visited several
places in Europe to acquire information useful for the survey.

Rome, 1Italy: He visited Dr. Facheco and Dr. Pecrct of FAO. Dr.
Fecrot gave him access to the FAO litrary and maps. There was no new
informaticn fcund. Dr. Pacheco provided a copy of his reconnaissance
soil study of North Yemen and two other related studies.

Tukingen, Germany: Dr. King met with Frofessor Kopp, who was
wcrking on a 1:500,000 land use map of North VYemen, which was
putlished in German, Arakic and English. It defines regions of land
use and should prove useful for survey work.

Zurich, Switzerland: Dr. King met with Dr. 1Ing. Feimer Eohave and
Mr. Miroslav Trinacity of Electrowatt Engineering Services, Ltd. and
Fudolph Schoch, University of Zurich. Jr. Bohave and Mr. Trinacity
Frovided information on the soils, geology, agriculture and hydrology
of the Marik area, including a 1:50,000 scale soil magp covering 5000
hectacres. Fudolph Schoch provided a copy of Erwin Egli's thesis on
land use at Wadi Mawr.

England: Dr. King visited two engineering firms, Sir Alexander Gibk
and Partners and Sir Willian Halcrow and Fartners, and the L[irectorace
cf Overseas <Surveys. The engineering firms were umnakle tc provide
copies of their reports immediately. The Directorate of C(Cverseas
surveys provided information akout the availakilty of maps and air
photos required for the survey work. A study of the soils of rthe
Hontane Flains was also provided.

Cornell Campus Literature Search

The Cornell 1likrary was used to provide as wmuch ktackground
information as possible on VYemen, with particular emphasis on the
types of soils expected in arid tropical regions. Over two hundred
articles were copied for use in Yemen. Most of these are giveDn in the
tibliography at the end c¢f this regort.
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TESTING OF LABORATORY METHODS

|
|

The Cornell staff has been testing the Differential 1Thermal
Analyzer and the Thermogravimetric Analyzer located on campus in crder
to have it availatle for mineralogical analysis of <clay samples sent
tack from Yemen.

Techniques of particle size analysis, separation and mounting of
cand rarticles for microscopic examination, and clay separation have
teen established for soil samples to ke sent to Cornell from Yemen.
CEC has also been detvermined for some horizon samples at Cornell.

The Taizz (FAQ, Ausseifere) soil chenical laboratory has
cstakblished methodclogies and produced results on some horizcn sanmples
for the following tests: 1) particle size by hydrometer, 2)pH (1:1),
3)electrical <conductivity, 4)availakle phosphorus, 5) Fercentage
calciup carbonate, 7) percentage organic matter, 7) percentage total
nitrogen, and 7)some CEC determinations.

Computer programs for the analysis of climatic data have been
develcped and tested. A system has been established for entering and
maintaining a running copy of laboratory data for the final repcrt in
~he computer.

Samples were extracted with NaOAc at pH 8.2 to exchange cations,
then washed with isopropyl alcohol to remove excess NaOAc solution;
then extracted with NHU4OAC to displace sodium. Na was determined Ly
dtobic emission to calculate Cation Exchange Capacity (CEC).

Two methods of extraction were tried: first, samples were extracted
by <the centrifugation/decantation method inm H.D. Chapman, 1965,
Methcds of Soil Apalysis, Eart 11, p.899. Second, saumples were
extracted by wuse of a vacuum extractor which uses a cantinuous
leaching technique. The vacuupm extractor method was further tested by
using increasingly large volumes of the NaOAc and NHUOAcC extracting
solutions to see 1t the extraction was complete, and by using a
smaller sample size.
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Table P.1. Comparision of CEC oktained by the two methcds on 9
sabfples.

D D U AB SR S tm ED W D SR D TS TR WD P WD WD MG NP S TP AP MO GE S G MO ED WA G n WP Eh D WP =P M R S A W P SR B G B M M GG S MW MG E W Sb RGN S Ah aw  ap M S S o —-

Samgle Centrifuge methaod Vacuum extraction¥
240 32.7, 20.2 49.5

247 38.3 39.1

248 19.9,17.6 15.4

249 17.2 13.6,13.0

250 21.3,23.9 16.5

251 16.6 11.0

252 18.3 13.9

253 34.9 34.7, 35.8

254 29.6,32.3 3z.1

TN TR Mn h P D AL WD D M TR D Mh AR AR TR G MR S O S O e R NP AP WS TD M T N G M NG MG NP G Gm N AP T M A e M S Mw S S Gy M Mg mD P AP L =S WD S wp M o G = e am mp A

*Frocedure used for vacuum extractor was 2.5g sample extracted with 50
ml NaOAc, followed by 30 ml of isopropyl alcohol and finally 50 ml of
NHUnNAc.

U S D L m m e Th T MR AR T P YR D M P e P AP D AP TE D MR WO es N MO T D ME YE G G NP 4G W S MD S AP P Gk k) s TR M M SR MR P me M NS A e = N Mt e S A A e n

Samples with the higher CEC's had close agreement on resulis with
the two methods (except 246). Samples with lower CEC's gebneraliy had
a higher result with <the centrifuge method than with the vacuua
€xtractor. The CEC's fall into the same relative «crde: Ly both
pethods with the exception of #246. The Spearman rank correlation
ccefficent (fcr a non-parametric test) was calculated for nine pairs
of samples. The first CEC value given was used 1in the case of
duplicates. 1The null hypothesis that the <two sets cf results are
independen~ was rejected at the alpha=0.05 level. There is a direct
relacionship between the results of the cenrtrifugqe and vacuunp
extraction method.

It is [fpossible that the excess NaOAc solution in the centrifuge
method 1is not completely rewmoved by the isopropyl alcohcl wash and is
then showing up in the NHU4OAc wash. After centrifuging, the soil did
not redisperse well upon shaking with the alcohcl which cculd account
for NaOAc reten-ion. Sample ZU6's crratic results are probabkly due to
its failure to redisperse well with any of the extracting scoluticns.
(It was very qummy when wWet.)

Using larger volumes of extractants seemed to have little effect on
resulzs. fornd to ke slightly 1lower. Therefore 1t appears that
ccaplete extraction is taking place with lower extrdctancs.

Based on these rcsults (Tables 1-3) it 1s decided that the vacuun
extractor method will be used because of the greater ease of the
pmethod. Also a 2.59 sawmple and S0ml of NaOAc and 50ml of NH4CAc will
be used.


http:alpha=0.05
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Tatle P.2. Effect of variation of sample size on CEC found by vacuunm
extraction method (using 50 ml NaOGAcy/ 50ml NH4QAC).

T Ne e m e m e W s . W M S m s M b ah wh  MD W TH A S P by M m e T A A NP S WP N M T WD B SR M S m D G =p = N wp e D FE h B NP B S G e WD e W WP

CEC CEC
Samgle (2.5 g sample) (1.5 sawmple)
z4s 13.0 15.1
ZE3 35.8 36.4

Takle P.3. Effect of variation of volume of leaching solution (2.5g

sample) .
Sarnrle S0 ml NaOAc S0 ml NaQAc 100 @l NaOAc 100 ml NaQAc
50 ml NH4OAC 95 ml NH4OAc 50 ml NH40AC 95 wl NH4GAc
249 13.0 13.6 11.5 13.4
283 35.8 3.7 32.7 33.6

lentative maps cf landform regions and generalized geology of Yemen
have teen produced by the staff. Frobable modal rainfall wmaps have
been reproduced from other puklications.

A tentative soils map of toragraphic sheet seven for the Tairzz area
is included in the back pocketr. Tentative descriptions of maest cf the
mapring units are given in Chapter 4 of the report.
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SATEIIITE IMAGERY

Optically processed imagery from remote sensing data was obtained
from the Resource Information laboratory at the College of Agriculture
at Cormell (Dr. E. Hardy and R. Seuykoff). This limaqery is being
tested in the field.

The soil survey staff also contacted the Cormnell Center fur Remote
Sensing about the possibility of using computer-processed landsat data

for making the soil survey. Cornell does not presently have the
hardware necessary to produce the imagery for survey use. L[r. Warren
Ehillipson referred the staff to Dr. Gary Petersen of Fenn State

Universicy.

Dr. Jack King, Lr. Terence Forbes and Ralph Stuart visited
Eennsylvania State University in order to discuss the feasibility of
using lLandsat digital imagery to draw more precise delineations fcr
the soil map of Yewmeun. They met with Dr. Gary Eetersen, Lr. George
McHurtry, Dr. Brian Turner, Dr. Gold, Mr. Dean Mimms and Mr. &kich Day
(all of the Office of Hemote Sensing of Earth kKesources (OKSEER)).

The results of ORSER's research on specific applications in semi-
arid Utah were discussed. A copy of M. L. Inmhoff's thesis on Ihe Bgle
of Landsat Dara Products in Soil Surveys and documentation on CBSER's

computer software were received. CFSEF sugygested that enhanced imagery

transfcrmed by principal components would be a significant
contribution to sSurvey remote sensing in Yemen. This imaqery was
produced by Earth Satellite Corporation (Washington, [.C.). False-

color infrared imagery to be used in the field is now availakle for
testing in the same areas as the optically processed images.

Computer tapes were purchased from (SGS (ERQOS) in South Dakota.
Earth Satellite Corporation produced false-color, infrared digitadl
ivagery frcm these tapes. This imagery is used te identify areas of
soils similar to those of the fpilot areas. This imagery was tested in
the field during Dr. Forbes' TLY in Yemen.
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YEMEN FIELD AND LABCEATCEY ACTIVITIES

ack King began the 18-month soil survey operations in Yemen in
1981. Taizz is his initial kase. Dr. Terence Forbes joined
h 27th to assist in the field work.

g the seven week period of Dr. Forbes® TDY, pilot areas for
rk were selected in the Al Ganed, Ibb, Zabid, Dhamar, Wadi

Udayn arecas. Soil descriptions were made and soil samples
ken. Duplicate soil samples were <taken so that routine
could be performed in Ausseifere (Taizz) while mineralogical
ations were made at Cornell Unjiversity.

King's femily joined him in Taizz in June for the resainder of
ect. Household goods were shipped via sea freight.

irst soil samples were received from Yemen at Cornell fqr
and mineralogical analyses ugpon the return of Dr. Faorbes from
in May. A second set of samples was received in Sectember.

Woris in Yemen progressed rapidly. By the end of dugust, areas
inciuded Wadi Bana, Udayn, Ikk, Marib, Al Bahr, Hajdah, Wadi
Souy Alarish, the Al Cawmp region, Ramadah, Wadi Rasyan, Wadi
r Al Turbah, Wadi Warazan and Jaba of Al Masrak. In many of
5, assistance was received from extension ageuts frcom the

Uplands FKural Development project, courtesy of Mr. Ghazi
Jirectcr. Good progress was made in wmapping the soils ccvered
et 7 of the 1:250,000 <topographic series and work is necaring
on for this particular area.

tort was made to expedite laboratory operations in Taizz (FAO,
ce) and okrain necessary lat equipment and apparatus needed

characterization and analyses for the soil survey projecet.
5 so0il survey project purchased and shipped [pipettes for
-size analysis, a Barnstehl distillation unit, water softener
» and glass bottles to be used in the lakoratory.

1izz (FAO, Ausseifere) laboratory has produced results for pH

electrical conductivity, available phosphorus, fercentage
Carbonate, percentage organic matter and percentage total
for most of the pedons included in <this report. CEC was
:d  for some of these. The results are giaven in the

‘al results" tables in Chapter 4.
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ADMINISTRATIVE TRAVEL

Dr. Ierence Forbes met with World Bank and USAID officials
ccncerning remote sensing materials and coordination of the VYemen
project in Washinqton, C.C., March 1-3, 1981.

Dr. Forbes met with World Eank concerning airphotos for the soil
survey and USAID regarding his forthcoming 1TUY, March 15-17, 1981.

Dr. Forbes was on TLY in Yemen March Z27-May 21, 1981.

Dr. Forkes wmet with the USGS about hydrological reports for the
Eroject June 4-6, 1981 and reported “o AID about his Yemen TDY.

Dr. Forbes went to Washington, D.C. July 22-:4, 1981 to meet with
AID personnel and assist Earthsat Corporation with fitting false-color
infrared imagery with topographic Lase maps.

LINKAGES ANL CONTACTS DURING BEEPORIING PERIOD

The following people have been helpful arranging office space,
€quipment, etc. in Taizz: Dr. Jawmal Fuad Director, Agricultural
Research Station (FAQ), Taizz, ©Or. Ismael Gewaifel, Soil Survey and
Land Classification Exfpert, Agricultural Research Staticn (Fao),
Taizz, Dr. Salah Elgawuary, Soil Chemistry and Fertility Expert (FAO)
and Dr. Ali Althor, head of the soils section at the lalzz
Agriculzural Fesearch Station.

During work in the southern part of <the country- e€xcegt for the
Tihama- help was received from extension agents and others working
with SURDUP (Southern Uplands FKural Levelopment Froject) which is a
major Ministry of Agriculture effort, funded by the World Eank. Help
has been recieved from:

Ghazi Nasser Director General SURDUE
Mahamad Abdullah Chief, Extension Section, SURDUP
Mahmoud Zaim Extension Expert, SURDVUE

Mahmoud Aljadah Assistant Exzension Expert, SURDUP
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Mahamad Nabil Assistant Extension Expert, SURDUP
Abdullah Atirk Extension Supervisor in Kalaika
Abdul Daim Sharaf Chief of Horticultural Section
Atdul Samat Attiah Horticultural Expert
The 1IDA (Tihama Development Authority) is another organizaticn

similar to SURDUP under the Hinistry of Agriculture, but which has
responsibility for managing Ministry affairs in the 1Tihana. SURDUP
receives funding from several sources in addition to <the World Eank.
The following individuals connected with the TD& have been helgful in
work on the Tihama and in collecting reports and climatic data.

Ahaad Ali Huwmad birector General, 1DA
Itrahim Fldomi birecrtor, 1LA
Hohammad Anwar Senior Hydrolegist, Hydrology section, 1DA

Ahmed El Darwish, Irrigation Adviser UNDP/IBRD helped obtain copies
of the Wadi Bana, Fasyan, and Sihanm Le€forts,

Ahamed H. Atu Ghanem and Saleh A. Alkuhali helped facilitate survey
work in the Wadi Bana.

Lr. Helme: Egre and Rudolph Straub (Erof. Kopp's Atlas Project) and
Jan leunk, Hydrologist, OHV supplied a land use map and good leads on
other informaticn.

Other individuals contacted who were helpful to the cormencenment
and administration of <the soil survey 1in the VYemen Arab Republic
during the reporting period include:

Mr. Mohamet Sharaf-Aldin, General Co-Manager of US Agricultural
Develcpment prograwm, MOA, Sana'a.

Mugbil Ahmed Mugbil, Deputy Minister of Agriculture.

Mr. Fletrostefani Sanmprogetti, Infrastructure Division, San Donatc,
Milan, Icaly.

Ar. Dwayne Hamwer, Project Manager (O42), USAID.

Mr. Akdul-Elah Abu-Ghanem, Eroject counterpart and facilitator.

Ar. Jdchann Stocker, Furlanis koad Construction Company.

Mr. George M. Lane, ambtassador of the USA, Sana'a.

Hr. Francesco Polcini (His Excellency) Ambassador of Italy, Sana'a.
Mr. Campbell McCluskey, Project Manager, USAILD.

Dr. Ali Nowan, MOA, Sana'a.

br. A. Osman, Soil sScience LCivision, The Arakt Center for the Studies
of the Arid Zones and Dry Land, (ACSAD) Damascus, Syriaa.

. J.J. McNally, Flight Cperations Cirector, BKS Surveys Ltd., Co.
londonderry, Northern lreland. ,

Hssre. John Keast, Collin Eardsley, EFeter Mansell (EKS Surveys Ltd.,
Sana‘'a).

Mesrs. William Peters and ILuvern Resler, the World Fank and Bureau cf
Feclamatzion, respecrtively.
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BUDGEI SUMMAEY

Major expenditures during the reporting period 4,/1/80- 9,1,81, iu
addition to salaries and indirect costs, occurred in locating Dr. King
and his family in VYemen and transporting their household gocds tc
Taiz; the purchase and transport of laboratory and fi~ld €eqguipment to
Yemen; and th:e purchase of computer tapes and generation of false-
color, infrared digital imagery to identify soil areas for the soil
survey fproject.

In-country support costs for the =soil survey ofperations have
increased from the beginning of the reporting period as the field work
progressed to full-scale operational status.

In-country support costs which included field transportation,
administrative travel within Yemen, vehicle upkeep, 1in-£f£ield per dien
costs for driver and facilitator, a second project vehicle, office
equipment, and housing expenses were provided by USAID Sana.

An amendment <to the contract was drafted to extend the ccntract
Feriod into late fall of 1982 in consideration of staffing delays in
the beginning of the operation.
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Alluvium: A general term for clay, silt, sand, gravel or other similar
unconsolidated material defposited by a stream or ozher body of
running water on the bed of the stream or its floodplain or deltas
or as a cone or fan at the base of a mountain slope.

Argillic horizcn: A mineral soil horizon that is characterized ty the
illuvial accuwmulation c¢f layer-lattice silicate clays. The
argillic horizon has a certain minimum thickness depending c¢n the
thickness of the solum, a minimunm guantity of clay in comparision
with an overlying eluvial horizon depending on the clay content of
the eluvial horizon, and usuvally has coatings of oriented clay on
the surface of pores or peds or bridging sand grains. (Soil Sci.
Soc. of Am., 1978, g.z24).

Aridic: A soil mcisture regime that has no moisture availaktle for
Flants for more <than bhalf the cumulative <time that the soil
temperature at 50 cio is above 5 degrees C and has no Feriod as
long as 90 consecutive days when there is moisture for Elants
while <the soil temperature is continuously above 8 degrees C.
(Soil Sci. Soc. of Am. 1578, E- 24).

Barchan: A moving, isolated, crescert-shaped sand dune which forms
where sand supply is limited and wind is constant and moderate in
cfpeed.

Bunds: Any artificial embankment used to control the flow of water on
a river cr on irrigated land.

Calcic horizon: A mineral soil horizon of secondary carkonate
enrichment that 1s more tham 15 cm thick, has a calcium carkcnate
€quivalent of more than 15% and has at least 5% more calcium
carbonate equivalent than the underlying C horizon. (Scil Sci.
Soc. of Am., 1978, f.ZzZd)

Colluvium: A general term applied to any loose, heterogenecus and
incoherent mass of soil material or rock fragments deposited
chiefly by mass-wasting, usually at the base of a ste€f slcfre or
cliff.

Graben: An elongate, relatively depressed crustal block that is
tounded by faults on its long sides.
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Hcrst: An elcngate, relatively uplifted crustal block that is Lounded
by faults on its long sides.

False-color infrared composite: Imagery produced from bands 4, 5 and 7
of digital multispectral scanner (MSS) data frcm the Iandsat

satellize.

lLaccolith: A lens-shaped concordant igneous intrusion, less —than 8
kilometers in diameter.

Lacustrine sediments: Sediments deposited at the Lottom of a lake.

Longitudinal dune: A lcng, narrow, usually symmetrical (in profile)
sand dune, oriented parallel with the direction of the fprevailiag
wind responsible for its construction.

lLoess: Widespread, unconsolidated, conmonly ncnstratified depcsit of
fine-grained, highly calcareous material. Jloess is generally
believed to be wind blown dust of Eleistocene age. Loess in Yemen
may also ke reworked Ly water sediwentation.

Marl: Unconsolidated deposits of a wmixture of clay aund calcium
carbonaze, formed eunder nmarine, or especially freshwater
conditicns.

Mollic epipedon: A surface horizon of mineral soil <that 1s dark
colored and relatively thick, contains at least 0.58% organic
carbon, is not massive and hard or very hard when dry, has a kase
saturation of more than 50% when measured at pH 7, has less than
25C ppw P205 soluble in 1% citric acid and is dominantly saturated
with bivalent cations. (Soil Sci. Soc. of Am., 1978, p. 27)

Eetrocalcic horizon: A continucus, indurated calcic horizon that is
cemented ty calcium carbonate and, in some places, with magnesium
carbonate. It cannot ke penetrated with a spadc¢ or auger when dry,
dry fragments do not slake in water and it is impenetrable to
LOOTS. (Soil Sci Soc. of Am., 1978, p. 27)

Satkhah: Coastal and inland salt flats or playas, built up by
derosition of silt, <clay and wmuddy sand in shallow, sSometimes
extensive, defpressions. The deposits are completely saturated with
trine and are ofren salt encrusted.

Spate irrigation: Irrigation by diversion of water from a sudden flood
on a river, caused Lty heavy rains higher ug the valley.

Udic: The udic moisture regime implies that in most years the mcisture
control section is not dry in amny fpart for as long as Y0 days
(cumulative). If the mean annual soil temperature is lcwer than 22
degrees Celsius and if the mean winter and the mean summer soil
tenperatures at a depth of 50 cm differ by £ degrees Celsius or
more, the soil moisture contro section is not dry in all parts for
as long as 45 consecutive days in the four months that fcllow the
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summer solstice 1in six or more years out of ten (Soil Iaxononmy,
E-.S5).

Ustic: A s0il moisture regime that is intermediate between the aridic
and wudic regimes and «common in temperate sukhumid or sukarid
regions, or in tropical or suktropical regions with a monsoon
climate. A limited amount of moisture is availakle fer plants,
tut occurs at times when *hc soil temperature is optimum for plant
grcwth. (Soil Sci. Soc. of America, 1978, p.28)

Wwadi: A stream bed or chaunel, or a steep-sided axd bouldery ravine,
that is usually dry, except during the rainy season. Wadis often
form vases. Also, the stream that runs in the bed.
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Appendix 1
SOIL MOISTURE REGIME ESTIMATES

Soil moisture regimes were estimated for various stations in
Yemen, wusing a computer routine (Van Wambeke and Tavernier,
1976) , which uses the Franklin Newhall Model of Computation.
The routine takes data of two types as input and produces outgut
based on the type of data provided. Both types of data use the
latitude in order to estimate the potential evapotranspiration.

The first <type of data is monthly precipitaticn and
temperature data averaged over as many years as possible. This
type of data is availaktle for Hodeidah, Kamaram, Mabar, Rabat,
Sanaa, and Taizz, with various numbers of years of data teing
represented in each. The output resulting frcm this type of
data is an estimate of the soil moisture and T€ENpErature regimes
and a soil moisture condition calendar for an "average" year.

The alternative type of data is monthly precipitation and
tenperature data for several years. At present, precigitaticn
data is avaiable in this form for 14 stations. The averaged
temperature data and latitude for Makar were then used to
estimate the —temperature and potential evpotranspiration at
these stazions. This data produces yearly soil temperature and
moisture regime estimates and an average estimate.

The output tables are listed in the rest of this apfpendix.
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TABLE A.1: DETERMINATION OF CLIHATIC REGIME ACCORDING TO
SOIL TAXONOMY(USDA,1974)
USING PRANKLIN NEWHALL SYSTEN OF COMPUTATION

STATION : HODEIDAH LATITUDE : 14 44 N
INEUT FATA: JAN EEB HAR APR HAY JUN JUL AG SEP QCT NOV DEC

PRECIPITATION: 5.0 5.0 2.5 2.5 2.5 1.3 12.7 2.5 2.5 2.5 10.1 22.9
TEMFEEATUFE : 25.5 25.8 27.% 28.9 31.3 32.5 33.0 32.7 32.5 30.8 28.1 26.1
MRAAR AR LR EE LR AL R T T R L Ll LT T T T PO O

QUTEUT : CALCULATED EVAFOIRANSPIRATION ACCORDING TO THORNIHWALTE
98.6 95.2 148.0 156.3 181.4 105.8 191.4 187.6 178.8 168.5 144.8 109.7
ANNUAL RAINPALL : 72.0 4B ANNUAL EVAPOTRANSPIRATION :1846.2 HH

SOIL TEHPERATURE REGIME AT 50 CM DEPTH ESTIMATED FROM AL@ TEME.DATA
EY ADDING 2.5C TO ANNUAL HEAN AND REDUCING AMELITUDE BY A FACTOR 0.66
AR AL R R R R A R R P Y SN Y Y R Y R ST

* YEAN SOIL TEMEEGRATURES * SEASONS WHEN SOQIL TEMPELATURE * *
* {CEGREES CENTIGRADES) * IS HIGHER THAN * *
“.#.“““““‘##“‘#‘.““‘ FIVE DEGREhS * E[G”'I DEGREES * REGIHE *
* DIF- * * ] ]
*ANNUAL SUHHER WINTER FEREN A 2 R 22 2 R R R R R R Y E F R N Y R Y SRR 2217
* CE  #BEGIN LENGTH *BEGIN LENGTH * »
* * (CAYS) # (DAYS) * *
* * ] *
* 32,1 34.1 29,5 4.6 * 360 » 360 * ISOHYPERTH. *

LR AR R AR R R R LT nngm
MOISTURE CCNCITION CALENDAR

(1 = DRY 2 = PARILY DRY 3 = HOIST)
DAYS
A==mmmmme >11=mmmmnem >21==mmmm >30
HONTH

JAN 11144117 1111111111 11191111411
PEB 11111171111 1112111110 111410011
HAR TI11191111 1111111110 11111
AER TIT1111111 111111111 1111111
HAY T111111111 1111111111 11111111
JUN 111111111 1111111111 11111
JUL TI10114111 1111111911 1114111144
AUG TM11111111 1111111111 111111111
SEE 1111111111 119111110 11111111911
0C1 1121171111 1111111101 1111111111
NOV TMI1113141 1711111111 11111111
DEC 1219111111 1111111111 1111011104

NS h R A R L R T T L L T T T T T Y T Ouu e
*NOMEER OF CUMULATIVE DAYS THAT * HIGHEST NUMBER OF CONSE~*

*THE MOISTURE CONTROL SECTION *SECUTIVE DAYS THAT HCS IS#*
MehdetdRid A AR R T TR Y Y T N T Ly T LT Y T T et

*CUFING CNE YEAG*WHEN SOIL TEMPp.* HOL1ST IN * DRY *MOIST * MOISTURE
. IS * ABOVE S DEG. *S0ME PARTS *AFTER *AFTER *

e Rt T T L r T T L T BEGINE
* DFY MOIST MOI * DRY MOIST HOIL * IN HHEN*SUMHER*WINTEG*

+ OR ST »* Ok ST ® CNE TEAP®* S0L- * 50L- #

* DRY * DRY *YEAR > 8 *STICE #STICE » *
‘0*Ott’t0ltttttttittttttttt’t#.#tt’tott#v##ttttt‘t#ttttt‘tt.t#ti###tt#
* 360 0 0 * J60 G 0 » 0 » 0 * 120 0 * AERIDIC +
et adan i R Y T L L LT T T T T T
CCHEUTED EY FORTRAN EROGEHEAN VW08 ,MARCH 1976 DATE :08/31/81

* %N tew
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TABLE A.2: DETERMINATION QF CLINATIC REGIHE ACCOBDING 10
SOIL TAXOROMY (USDA,1974)
USING FRANKLIN NEWHALL SYSTHEHM QF COMPUTATION

STATION : KAMARAN LATITUDE = 1S 20 ¥
INEUT DATA: JAN EEB HAR ALPR HAY JUN JUL AUG SEP 0Ct NOV DEC

PRECIPITATION: 5.0 5.0 2.5 2.5 2.5 1.3 12.7 11.8 2.5 2.5 10.1 22.9
TEMFERATUEE : 25.5 25.8 27.5 8.9 31.3 32.5 33.0 32.7 32.5 30.8 28.10 26.1
AR EEAAREERERERE RS R R AR R S A R R ENESE LR R R R Y R R R R R R R R Y N PN P R PR RS PR T T

OUTEUT H CALCULATED EVAPCTRANSPIRATLON ACCORDING TOQ THORNIHWAITE
95.7 95.2 144.0 157,48 186.5 189.3 196.5 189.3 170.8 166.9 140.4 102.5
ANNUAL RAINFALL : 67.3 HH ANUUAL EVAFOQIRAHSEIRATION :1853.8 MM

SOIL TEMPERATURE REGuME A1 50 CM DEDIH ESTIAATED FHON ALK TEMP.DATA
BY ADDLNG 2.5C TO ANNUAL MEAN AND HROUCIHG AMFLLTULE BY A FACTOH O.66
(R EEEERNE R RN R E R NN R NN PR PN Y RN R Y AP P R R Y N A PR R R R R R L RNy

* MEAN SOIL TEHEERATUGLES ¢ SEASONS WHEN SOLL TEMELRATURE » *
» {DEGREES CENTLGRADES) ® I5 HIGUER 'THAN 4 *
#09vvItecessnuvervsevireerrvs  PIVE DEGREES * ELGHT DEGREES *  REGIME *
* DIF- * » + .
SANNUAL SUMMED WINTEL FEHEN #0020 0es e d 00 aanuoiovrnadstatttossvstistsssiyon
. CE *EEGIN LEXGTH EEGIN LENGTH * »
# * (DAYS) (DAYS) *
» % * * *
» 3Jz.1 ER' | 25.5 4.€ » 360 = 460 * [SQUYEERTH, *

LR R R R R R R R R N Y R YN T PR R T YRy Y LY
HOLSTUKE CCNDITLION CALENLAR

(1 = DY 2 = BARILY ORY 3 = HOIST)
DAYS
I ERE TR D11 D21 mmmnm >30
BONTH
JAN 11111105110 1221131390 1A 111111
FER 1414111111 1311111111 1111111111
BAR T1T1111851 S 1101110 1114111411
APR 1111111111 1113141111 11111110
HAY I8 121111111 1
JUN 1171111111 1111111111 11
JuL 1111111111 1111111111 111a1 1
AUG 1111111111 1111111110 1111
SEE 1117411111 1311111113 1113111131
GC1 111111111 112111111 11111
NOV 11111711111 1411111111 111131111
DEC 11111121111 1211111131 1111111104

(A AR R RN E RS AR R R N Y R R R R R PR N R N g S P VY T VY

SNUMBER OF CUHULALIVE DAYS THAT * HIGHEST HUHMBER OF CONSE-+# *
#THE NOISTURE CCNTHOL STCT10H *SECUTIVE DAYS 11iAT MCS IS+ *
L A e Y Y P R *
*DUFING ONE YEAF®*WHEN 50LL TEME.® HOIST LN ¢ DRY #40LIST * HOISTURE »
* IS5 *  ALOVE © DEu. *SOME PAKTS #AFTELR *APTER * *
PO AAB IS DL ADS IR RO LIV HIIIFIE I FAVO LN O P IR TIC ROV ARaR099¢ REGINE ¢
* DEY 4O0LI5T MOL = CRY MCISL ol + 1IN AUEN*SUNHER*KINTER®* L
* 08 5T » Ok 5T % ONE TENP* 50L~- ¢ S50L- #+ .
, DhY * DEY YIEAR > 4 *5TICE *STICE + .
A EERE R R R N N NN N R N R R N R P E T R T
* 460 0 O * 360 C g ¢ 0 * g « 120 ¢ 0 * ARIDIC »

0"‘4.!000"0‘00##‘00#00##0"0‘O00"0000@Jtt‘.‘.v‘@.0‘0"#‘!“"“““
CCHEUTED FY FORTRAN EROGEAN VWO ,HARCH 1976 DATE :08/31/81
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TABLE A.3: DETERMINATION OF CLIMATIC REGIME ACCORDING TO
SOIL TAXONOMY (USDA,1974)

USING FRANKLIN NEWHALL SYSTEM OP COMPUTATION

STATION : MA'EAR LATLTUDE : 14 47 N
INEUT DATA: JAN  FEB  MAR APR  MAY JUN JUL AUG SEP OCT HNOV DEC
ERECIPITATION: 2.0 7.0 55.0 61.0 39.0 4.0 40.0 97.0 6.0 116.0 37.0 0.0
TEMPERATURE : 11.5 12.8 15.2 16.7 17.6 18.2 18.8 18.2 16.8 #4.7 12.1 146.3

(AR E R R R R R R R R R R 2 R R R R R R R R R R R R R P P R P P N R R PR F R RN Y )

QUIEUT H CALCULATED EVAECTRANSPIRATION ACCORDING TO THORNTHWAITE
37.4 40.1 59.1 68.3 77.6 80.2 85.9 81.0 68.3 55.6 39.6 36.0
ANNUAL RAINFALL : 464.0 MM ANNUAL EVAPCTRANSPIRATION : 729.2 HA

SOIL TEMPERATURE REGIME AT 50 CM DECPTH ESTIMATED FROM AIR TEMP.DATA
EY ADDING 2.5C TO ANNUAL MEAN AND REDUCING AMPLLI'TUDE BY A FACTOR 0.66
LR RRE R R R R L AR Ry Ry R R R R PR TR X

. MEAN SOIL IEMEERATURES * SEASONS WHEN SOIL TEMPERATURE * *
. (CEGREES CENYIGRADES) * IS HIGHER THAN * *
FHEERERRRE R IV IR B RS R0 R o s s %% FIVE DEGREES * EIGHT DEGREES * REGIME *
* CIE- * * . *
HANNUAL SUHMER WINTEL PEREN ##32 0050550000808 000 b s 00 b s i o s s b s kb
» CE “PEGIN LENGTH *BEGIN LENGTH * *
* * (CAYS) * (DAYS) * .
* * * * *
* 17.8 19.8 15.5 4.3 » 360 * 360 * ISOTHERMIC *

IR R R R N R R R Y L
MCISTURE CONDITION CALENDAR

(1 = DRY 2 = EARTLY DRY 3 = MOIST)

DAYS

Jommmne PDMmmmmm e 220-===== >30
YONTH
J AN 22222222272 2222222222 2222222222
PEE 2222222222 2111111111 11141111911
HAR 111140111 1111122222 2222222222
ABR 2122222222 2222222222 2222222222
HAY 2222222222 1111111111 1121111110
JUN M1ttt 111111111 111111111
JuL 1111111111 1111121111 111a111111
AUG T111131111 1111122222 2222222222
SEEF 2222222222 2222222222 22211111111
ocT M1 1311122222 2222222222
NOY 2222222222 2222222222 2222222222
DEC 2222222222 2222222222 2222222222

(EREEELE D A

*NUMBER (. CUMULATIVE DAYS THAT * HIGHEST NUMEER OF COHNSE-*

*THE MOISTURE CONTROL SECTLON

*SECUTIVE DAYS

THAT HCS 1IS*

Tttt ey R R R R R R AR A LRl R AR R el Rl
4CUFING ONE YEAR*WHEN SOIL TEMP.* HOIST IN

’ 1s *

A\ oR ST *
3 CEY *

ABOVE © DEG.

OF ST *

DEY *YEAR

* DRY

*MOIST * MOISTURE
*SOME EARTS *AFTER *AFTER *
YRR sy e e Y R N R R R R R R AR A A R R AL R L R R R
* DRY MOLST HOI * DRY HOILST HOL # IN
ONE TEMP* SOL-
> B *STICE *STICE *

BEGIHE

WHEN#SUMMER*NINTER*

*# SQL- ¥

I ey N R E R R R R R R SRR R R R

PR B R B AR R

ll0#‘#000##000‘######00#‘0####t‘lté‘#t‘##"#tt#t.#"*"‘#“#“..*‘#“‘

¢+ 151 209 0 * 151

209 0 * 116 # 116 »

45 #

* [JSTIC

*

T T I ey R T R R R R R LR R R R AR L Rl
CCMEUTED EY FORIHRAN EGLOGFAH VHO8 ,MABCH 1976

DATE

:08/31,81
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TABLE A.%: DETERMINATION OF CLIMATIC REGIME ACCORDING TO
SOIL TAXONOMY (USDA,1974)
USING PEANKLIN NEWHALL SYS1EM OF CONPUTATION

STATION : RABAT LATITUDE : 14 47 N
INEUT DATA: JAN FEB MAR APR HAY Juy JUL AUG SEP 0C1 NOV DEC
PRECIPITATION: 6.0 18.0 46.0 109.0 70.0 23.0 70.0 166.0 44.0 106.0 45.0 14.0
TEMFERATURE : 7.9 8.5 11.4 11.5 13.9 14.5 14.8 13.8 13.5 41.1 8.7 1.7

““#O‘l‘#‘#“‘t‘#‘#““t“‘.‘“#“t“#‘#v‘t"##“tt“t“t"#“tt“tt’t“#t‘###“#*“‘

QU1PUI : CALCULATED EVAFCTEANSPIEATION ACCORLING TO THORNTHWAITE
32.8 32.5 51.9 52.4 68.6 70.8 73.8 67.4 62.6 49.8 35.9 31.5
ANNUAL RAINFALL 717.0 44 ANNUAL EVAPOTRANSELIEATION : 629.9 MM

SOLL TEMPERATURE BEGIME AT 50 CM DEPIH ESTIMATED FROM AIR TEMP.DATA
EY ACDING 2.5C TO ANNUAL HEAN AND REDUCING AMPLITUDE BY A FACTOR 0.66
A AR R L LR R R N N R LA T Y I T

¢  HEAN SOIL TEMEERATUEES * SEASONS WHEN SOILL 1EMFERATURE + *
* (DEGREES CENTIGRADES) » 15 HIGHER THAN * *
I EREERE ER RS R R R R RS R P RS R RN FREE ] PIVE DEGREES * FIGHT DEGREES » REGIME ]
* DIF- » » * *
*ANNUAL SUHMEE HINTER PEREN .0!!!“"#t"!“#“#““‘i“t‘#“O‘ﬁ"#“‘#““
* CE  *BEGIN LENGIH %BEGLIN LENGTH * )
’ * (DAYS) » (DAYS) * *
» » * » *
* 13.9  15.8 11.6 4.2 * 360 + 5 FEBD 316 % ISONESIC #

AR AL AR AR R A Y R R S Rt I I,
SC1L TEMFEBATUFE CHLENDAR HOISTURE CONDITION CALENDAR

(-: I<S5  ; 5: S<I<8 ; 8: 158 ) (1=DRY 2=FARTLY DRY 3=d40IST)

DAYS DAYS

| PUq=mmmmens 22 =-==n 30 1-=mememe M Rl VAR R 30

HONTH

££15555555 5555555555 5555555555 JAN 3333333333 3333333333 3333333333
555808888 33888308888 88888643888 FEB 3333333333 3333333333 3333334335
GEEEEEBR8E B835886868 8500868888 HAR 3333333333 3333333333 3333333333
cEEEEEBLDD 580850888880 8804660888 AER 3333333333 3333333333 3333333333
dEE5H888808 88068888838 3508886833 HAY 3333333333 3333333333 3333333333
6EEBJB80U8 8883886438 BBLBBEEA8E8 JUn 3333333333 3333333333 3533333333
GEEBLELBBE vB83BBBBAE 88088088888 JUL 3333333333 3333333333 3333333333
6EEE0B8888 65600808838 6868868888 AUG 3333333333 3333333333 3333333333
6cEECEBUBB 8666500088 8068088088 SEF 3333333333 3333333333 3333333333
€8£6458868 8888688888 8E68068808 oCT 3333333333 3333333333 3333333333
cEEEGEBBBEG 8338686088 85068886808 NOV 3333333333 3333333333 3333333333
80E6688886 588L888088 5555555555 DEC 3333333333 3333333333 3333333333

(AR R R TR R R R R R R R R R Y P R R R N P P F R P PR R RN ST

*NUMBER OF CUMULATIVE DAYS THAT * HIGHEST NUMBER OF CONSE-¥
*SECUTIVE DAYS THAT HCS IS*
AR R R R R R T T PR P T T Y

YiBE

*DURING CNE YEAR*WHEN SOIL TEYP.* MCQIST IN

WOLISTURE CGNIROL SECTION

* DRY

*NOIST *

MOISTURE

4 IS * AEQVE £ DEG. *SOHE PARTS *AFTEK *AFTER *
R e I N NN FIY I TY
* [hYy HOLST 4OI *» DRY MOIST MOL * IN WHEN*SUMHUERARINTER*
* OFR ST * OR ST * ONE TEHP* S0L-~ * SOL- *
* DEY * DRy *YEAR > B *STICE *STICE *
R R T L P Yy R T PP T PR Py PP T T YT,
+ 0 0 360 +* 0 0 360 * 360 * 316 » 0 * 120 =* UDIC *
A R A R Y T PR P R R VYT I I L
CCHEUTED PY FORTRAN EROGEAH VRO8 ,MARCH 1976 DATE :08/34/81

REGINE

* EE T E G e
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TABLE A.5:

USING FRANKLIN NZWUALL SYSTEM OF COMPUTATION

STATION
INEUT CATA: JAN FEB
PRECIPITATION: 2.7 6.7
TEMFERATUFE : 12.8 5.0

Novemtk

€r 1,

1981

SOIL TAXONOMY (USDA,1974)

: SANA

MAR APR
15.9 86.7
16.5  16.9

LATITUDE . 15

HAY JUN
54.6 7.0
18.8 20.5

24
JUL AUG
87.4 80.4
20.5 19.8

N
SEP ocrT
2.6 0.0
18.8 15.5

DETERMINATION OF CLINATIC REGIME ACCORDING TO

143

(A REEREREE R RS L RS RS R R R R Ny R eI I I I '

QUTEUT :

38.0 46.6

ANNRUAL RAINFALL

SOIL TEMPERATURE REGIME Al
BEY ADDING 2.5C 10 ANKUAL

CALCULATED EVAFC.RANSPIRATION
62.7

65.2
2 39,4 MY
50 C
NEAN Al

83.4 94.0

ANNUAL

8 DE2TH
L REDUCING

ACCORDING 1O

97.5 88.6

THORNTHWAITE

16.7 54.7

EVAPOTRANSPIRATION :

ESTIMATED FROM ALR TEMF.DATA
AMPLITUDE BY A PACTOR 0.66

AR R R LA RN R E RS R R RN R Y R R RN SRR s

* MEAN SOIL TEMEERATUBRES * SEASCNS WHFN SOIL '1EMPEGATURE * *
* (DEGREES CENTLGRADES) # IS HIGHER 'THAN *» *
RENDRINRAED SRR s e rnr ot eeer PIVE DEGREES * EIGHT DEGREES ¢ REGINE »
* DIF- » * . .
HFANNUAL SUMMER WINTER FEREN #4903 200400000000 000000 sstbttinsttttdtdsdsisnidsts
* CE *EEGIN LENGIH *REGIN LENSTH = *
* . (DAYS) (DAYS) * *
* L * * *
* 19,2 21.6 16.8 4,7 + 360 . 360 * [SCTHERMIC *
L E R R R R R R R E R R I R R R R R R R R R R R R R N R R R N R NS N Y R R R Y]
MOISTURE COHD1TION CALENDAR
(1 = DRY 2 = PARILY DRY 3 = MOLST)
DAYS
Jmmemem e P D21 >30
MONTH
JAN 1111111110 1111111117 11111111
FEB A174111111 1111111111 1411111411
MAR TIT1111111 1111114111 11111111
APR TT11111111 1111122222 2222222222
HAY 2222222222 2222222222 2222222222
JUN 2222221111 1141111111 1111113111
JUL 111111111 1111122222 2222222222
AUG 2222222222 2222222222 2222222222
SEF 2222222222 2211111114 1111
ocT 111119111 1111111110 1111114111
NOV 111711211210 1011111111 111111111
DEC 1111111111 111111120 111111

LR R R L N P R R A N R N R Y N Y L P P PR Y PP R 3]

*NUMEBER OF CUHULATIVE DAYS THAT * HIGHEST NUMBER OF CONSE-+#

*THE HMOISTURE CGNIROL SECTIGN *SECUTIVE DAYS THAT HMCS IS*
AR R R R Ry PP PR e

*CUFING ONE YEAG*WHEN SCIL TEMP.#* MCIST IN #* DRY *HOIST * HOISTURE
. 1s * ABOVE 5 DEG. *SCHE PARTS *AFTER #AFTER »*
PREFXSBRDDD P ER SN B R AR DI ISR E A E R R I R R A PR S e A RO IR IRV RRO D2  REGINE

LR B R B B R B BN

* DEY MOIST HOIL * DBY HMOIST MOIL * 1IN WHEN*SUSMER*WLINTER?
* Ok ST # oR ST * ONE TEMP* 50L- * S0L- *
* DRY * DRY *YEAR > 8 *STICE *S1ICE *

Ry Y Y R PN NN S R R R N YR I i
* 2852 108 0 = 252 108 0 ¢ 57 ¢+ 57+ 4 » 0 * ARIDIC *
L R Y Y TR P P TR PRV R TY TY S
COMEUTED EY FCRIRAN EROGEAM VWOH ,BARCH 1976 DATE :10/26/81

NOV DEC
25.1 9.7
4.0 11.6
43.3 32.1
782.8 44
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TABLE A.6: DETERMINATION OP CLIMATIC REGIME ACCORDING TO
SOIL TAXONOMY (USDA,1974)
USING PBANKLIN NEWHALL SYSTEM OP COMPUIATION

STATION : TAILZ2 LATITUDE : 13 40 N
INFUT DATA: JAN FEB HAR APR HAY JUN JuL AUG SEP oCT NOV DEC
PRECIPITATION: 3.0 9.3 14.2 45.6 82.9 67.0 92.0 97.2 76.6 90.7 16.1% 7.6
TEMFERAIUFE : 20.5 22.3 24.4 25.1 26,4 25.3 26.6 25.9 25.2 23.9 23.5 21.0

AR LR AR Ry R TP TP P I R TITIe T
OUTEUT : CALCULATED EVAEQTEANSPIRATION ACCORDING TO THOENTHWAITE
62.4 73.3 108.9 118.6 1449 125.0 145.8 135.5 118.9 104.3 92.4 664
ANNUAL RAINFALL : 602.2 HM ANNUAL EVAPOTRANSPIRATION :1293.3 HM

SOIL TEMPERATURE REGIME AT 50 CM DEPTH ESTIMATED PROM AIR TEMP.DATA

BY ADDING 2.5C TO ANNUAL MEAN AND REDUCING AMPLITUDE BY A PACIOR 0.66
R AR AR AR L L R R R R T Y R P PPy PP I IR,

*  MEAN SOIL TEHEERATUSES * SEASONS WHEN SOIL TEMPEEATURE * *
. (DEGREES CENTIGRADES) * IS HIGHER THAN * *
I ERE R 2 RS RS R RS SES SRS RY ) PIVE DEGREES #* EBIGHT DEGREES * REGINE *
* DIg-~- = » » »
SANNOAL SUMNMER WINTER EEREN ## 82834030 2 ¢3 3303t 50 300000 d0bsbsbdtssbbbs
. CE  *EEGIN LENGIH *BEGIN LENGTH *
» * (DAYS) # (DAYS) » *
» » * » »
+ 26.7 27.6  24.6 3.1 360 » 360 + ISOHYPERTH.®*

R e e P P R R SR I Y
HOISTURE CONDITION CALENDAR

(1 = DRY 2 = PARTLY DRY 3 = HOIST)
DAYS
R >14=mmmmmnn >21====nn >30
YONTH
JAN 1012240411 1221128144 1111111911

FEB M1 1111111111 111man
MAB 11117111111 11111121911 1119831111
APR T111111111 1Ma1111247 41111113019
HAY 111147311111 11143122222 2222222222
JUN 1TMA3111111 1111122222 2222222221
JuUL 111111011 10111122222 2222222222
AUG 2221111117 1111122222 2222222222
SEE 22222201101 1111122222 2522222222
oCT 2222201111 18113122222 2222222222
NOV 2222222222 111111114 1141114111

14111114

1111

DEC 1111114111

‘0‘00‘*‘“#‘#“"#tt““‘#‘#‘#‘t#'#tt‘t'*‘tt‘t‘#‘#“t#‘###“#.‘#“t“‘

*NUHBER OF CUHULATIVE DAYS THAT * HIGHEST NUMBER OF CONSE-#
*THE MOISTIURE CCHIRUL SECTION  *SECUTIVE DAYS THAT MCS IS*
.."#‘##"F‘““#“““#.‘0‘*“"“‘0‘0“““‘.‘.‘.‘#“"“
*DOKING ONE YEAE*WHEN SOIL TEME.* MOIST IN * DRY #HOIST #
’ IS * ABOVE 5 DEG. *SOME PARTS *AFTER *AFTER *
t.#tt#“"‘t#‘“#“'t““*‘#“tt#t“"tt#"“'t‘“‘#t“tt.‘
* CRY MOIST HOI * DRY MOIST MOI # IN WHEN*SUMHER*WINTER®
’ OR ST * on ST * ONE  TEHP* SOL- * SOL- *
* DRY * DEY *YEAR > 8 *STICE *STICE *
.t*.tt""t‘..0“t'#"tt‘.“"‘#“ttt“"#""t“f"00"‘0.“"'#“..'
* 247 113 0 * 247 113 0 25 % 25% 45 ¢ 0 * ARIDIC *
#t"“".“'"‘#tt‘t“t“‘#t““t‘t.“““t"#‘..“‘.##"t“"“..“‘.‘

CCHEUTED BY FORTRAN EROGEAM VW08 ,MARCH 1976 DATE :%0/26/81

HOISTURE

BEGIHE

LR R BE 2N BN BRUSY IR



TABLE A.7: DETEBEMINATION OF SOIL HOISTUBE REGIME ACCORDING TO FPRANKLIN NEWHALL SYSTEM OP COMPUTATION
(COERECTIICN FCE TEMPEEATURE IS 2.5; SEASONAL AMPLITUDE MODIFIED BY FACIOEB 0.66)

STATION:DANBAN
t‘ooavtoovtttttaott:tt'ttttttttttttttt#ttttattvtttttaa.ttttttttt#ttttttttttt#tttttt#tttttttt#ttt#ttttttttttt#tttttttttot
* * YEAN SOIL * TEMEERATURE » CUMULATIVE DAYS MCS * HAX.CONSECUTIVE DAYS THAT HCS IS * MOISTURE =
* YEAFR * TEZMEERATURE » EEGINME * IN * RHEN * H0IST IN SQME PARIS *= DBY * HMOIST = *
* *ANNUAL®SUMMER® *QNE YEAR IS *SOIL TEZHYP >3* IN CNE *LHEN SOIL#*® APTER = AFPTEER = BEGINE =
* * * * *DEY M/D MOI *pERY 4/D HOI = YEAR *TCEP > 8 *% SUNMER * EINIER * *
Y * L * ® L] » * ** SOLST. * SQLST. = *
#“"'3“!‘t‘#ﬁ’#“#“t*.“‘.#'"l““t“#"##‘t““#"#‘#‘t#'t‘@““*'tl'#."““#‘##"“‘"‘"""""t"‘##"#""‘"
= 137% * 17.3 19.8 * ISCTEEBMIC * 0 106 252 * 0 103 252 *+ 380 * 360 *=s 0 = 45 * gSTIC -
* 1977 * 17.3 19.8 * ISCTHESMIC * 0 135 225 = 0 135 225 & 360 * 360 = 0 = 45 & UYSTIC *
L ERNE] ltl030.“#0tlttttt#t"#t‘0'0ttttt*ttttt#vtl“ttt‘##tt#lttl#‘#‘!t#lt‘:t#ttl*#ttt######‘t‘#t#llttttlt'#tt‘#tttt'lttt‘
&  AEAN * 17.8 19.8 =* * 0 121 238 = 0 121 236 = 380 * 360 =% 0 = 45 * QSTIC *
* STAND.DEV. * 0.0 0.9 s * 0 19 19 % 0 19 19 = 0 * 0 =s 0 = 0o = *
* CCEFF.VAr. = 0.0 0.0 » = 0 15 8 = 0 z E = 0 * 0 =¥ 0 = 0 = *

COYPOTEL EY POETIEAN FECGBAY VE13,CCT. &1 DATE A0s04/83

‘L I3JWaAoON

1861



TAGELE A.8: DETERMINATION GF SOIL MOISTURE REGIME ACCORDING TO FRANKLIN NEWHALL SYSTEM OF COMPUTATIION
(COERECTION FOR TEMPESATURE IS 2.5; SEASONAL AAPLITUDE XODIFIED BY FACTOR 0.66)

STATION: EABAT

"“."O"t"t."’"“"l#“"‘O'lt“tt““‘t‘t““'4‘“#“““““““““‘l"“'f““#““‘“"‘##‘..U..‘...ll...#.‘..t‘

* BEZAN SCIL * TEEFEFATUEE * CUBULATIVE LAYS MCS * BAX.CONSECUTIVE LAYS THAT MCS IS * MOISTURE *
* YEAR * TEAPZEATURE ®  EEGINZ * IX *  GHEN * MOIST IN SOME PARTS *%* DEY * MQIST * *
* . SAHNUAL*SUMMER® SONE YEAR IS *SOIL TEMP >5% IN ONZ *WHEN SOIL** AFIER * APTEE * EEGINME =
* * * * *CEY B/D MOI *DEY M/D MOI * TYEAG *TPEP > 8 *% SUMMER * WINTEER * .
* * * * * * * * *¢ SOLST. * SOLST. * *
“O't-“.“#“t"“#t“t'#“‘#“‘#'.‘i““'." l‘t*““*‘““#‘**“t‘##"l't“‘t““. ‘013.“".#.‘#*"‘.‘.l.'.“'.‘....“‘
* 193¢ * 13.9 15.8 * ISCEESIC * 0 102 258 * 0 102 258 = 360 * 316 s 0 = L6 ® USTIC *
* 1576 * 13.9  15.8 * ISOMESiC * 0 22333 * O 22333 % 360 * 316 = 0 = 53 * ODIC *
= 1577 * 13.9 15.8 * ISOMESIC *# 0 35325 % 0 35325 % 360 * 316  *s 0 = 70 * UoIC =
O‘tt‘OO“"O.“““"t"U#““““‘t‘l““““"‘“t##t“““#“““0“.“‘.“".“‘“U.“““.‘.#‘###‘#.‘l‘.‘l.....l.!‘
*  KEAE * 13.9 15.8 » *# 0 53307 * 0 53 307 ¢+ 360 * 316 »» 0 = 56 = ODIC =
* STAND.LEV. * 0.0 0.0 * * 0 42 42 = 0 42 42 e 0 * 0 = 0 = 12 = *
* COEFF.VAE. * 0.1 0.1 * * 36 81 33 % 36 81 13 = 0 * 0 s 78 = 21 = =
‘.8‘00Ot"OO.“'.#.‘“"i““'““““.“““““‘..‘.“‘“.“‘.“‘““‘l““‘““‘l“““‘.‘##‘#####.#.....#‘....#.““
COMEUTEL EY FORIGAN PECGRAM V§Q8,CCT. &1 DATE 10/84/81

ont

2ITENdIY dVHVY NIWIX IHL JI0 XTAYNS TIOS



TABLE A.9: DETERNMISATION GF SOIL MOISTURE REGIME ACCORDING TO FRANKLIN NEWHALL SYSTEM OF COMEUTATION
(COERECTION PCR TEMPEBATURE IS 2-5; SEASONAL ABPLITUDE MODIFIED EY FACTOE 0.66)

STATIOK:BRHIZWA

* * HZAN SCIL * TEMFZGATUSE * CUBULATIVE LAYS ECS * MAX.CONSECUTIVE DAYS THAT HCS IS * MOISTURE *
- YEAF * TEMPEFATURE *  REGIHZ » I *  WHEN * MOIST IX¥ SOME PARTS ** DRY # MOIST # »
* *ANNOAL*SUMMER* *CNE YEAE IS *SOIL TEMP >S% IN ONE S§HEN SGIL** APTER * AFTER * REGINZ *
. * . » *DRY M/D MOI *DRY M/D MOI * YEAR *IEZHP > § *% SUMHKER * WINTER * *
* x  J ] * » * * x% SOLST- * SOLST. * &
“OOQ*Ot""‘##.#‘#“'.'t“.‘!‘l‘??#.#3.“.."3l'##“t&‘.'.#‘#t#lﬁ‘#‘#‘."""J""“#“‘.““‘““#‘#“‘#‘#'*.‘UU"".‘
= 1576 * 17.8  19.& * ISCTHERNIC *160 130 0 *160 430 0 » - $9 * 95 = 45 = 0 * USTIC *
= 1977 * 17.8  19.8 # ISCIZEEMIC * 68 126 166 + 63 126 166 * 252 * 292 #» 0 = 0 = GSTIC *
* 1378 * 17.8  19.8 * ISCTHZAMIC *322 38 0 #322 38 0 13 » 15 =% 120 = O * ARIDIC
= 1375 * 17.8 19.8 » ISCTHEEMIC 289 71 0 %269 71 0 * 44 * 44 = 45 0 * ARIDIC =
* 1380 * 17.8  19.8 * ISCIHERMIC #247 113 0 *247 113 0 = 70 * 70 = 45 = 0 = azircic =
""‘8’.."."l‘.t.‘*#.‘##l"”"‘.‘*’.‘l.‘#"‘#“lt""‘t‘.##‘##‘U'#“t“t‘*"“““*“#'*‘#“l““#‘.““"'*“".""
*  NEAN * 17.6  15.8 * *221 105 33 *221 105 33 = 134 * 104 s 51 = 0 =* ARIDIC +
* STANC.LLEV. * 0.0 0.0 = *100 54 74 =300 54 74 = 108 * 108 = 43 = 0 = x
* COCEFF.VAG. * 0.0 0.0 = * 45 51 223 % 45 51 223 = 403 * 103 s 84 = 0 = -

"ltOOOOtttt‘tt'Otttttt###ttttt‘tttt#t##“tttt‘tttt‘ttttttttt‘ttttt#“tta.tttttttttO‘tttttttttttttttt##t#‘t#ttttt‘tcttat
COMPUTEL EY FOETEAN FECGEAN VH16,CCI. 61 DATE 10/134/€1

L 13qmaaoN

1861



TAELE A.10: DETERMIBATION CF SOIL MOISTURE BEGIME ACCOBDING TO FRAMKLIN NEWHALL SYSTEM OF COMBUTATION
(COERECTION FOR TEHPEBATUEE IS 2.5; SEASONAL AMPLITUDE MODIFIED BY FACIOE 0.66) .

STATIGN:DHAF
".O"".'O’*".“.".OO“"3‘.*3“"'tti“"‘tt""."t"‘.‘#“‘ttt"t##‘t#‘##“###“‘.“‘l‘tt“t‘#“‘.#‘#““t““““
* * MEAN SCIL * TEMEEEATURE * CUMULATIVE LAYS NCS * BEAX.CONSECUTIVE DAYS THAT HCS IS * MOISTURE *
* YEAS * TEMEEEATIRE *  REGINE * IN @*  WHEN * MOIST IN SOHE PARIS ®* DRY * NOIST # .
* *ANNUAL®SUHMER®* SQKE YEZAR IS *SOIL TEHP >5% IN ONE *QHEY SCIL** AFTER * APTER * BREGIME *
. * * * *DEY B/D MOI *DRY M/D MOI * YEAR *TEZHP > 8 *+ SUNMER * WINTER * *
» * * * . * * * ** SOIST. * SOLST. * *
“..l"“.O““.#-‘3"'.##"‘tt#‘##t‘t"‘#".#.'.““.“0“#‘_t‘tt##“‘l##"t“##‘“"#.““tt“##t““t“tt“"“‘#““i‘
*  157¢ * 17.6 19.8 * ISCIBERMIC *313 47 0 *313 47 0 47 * 47  sx 120 = 0 =+ ABIDIC +
* 1979 * 17.8  19.8 * ISCTIHERBIC *267 73 Q #287 73 0 # 27 * 27 »» 53 = 0 * ABIDIC #*
* 1530 * 17.8 19.8 * ISCIEBEERYIC 325 31 0 %329 31 G * 31 * 31 =s 45 » 0 + ARIDIC *
..O..‘...'..‘#“.3‘#“*“#‘3‘#t‘##“t.“#“""t"‘ﬁt#‘.‘“‘t".‘V#t#‘t“#‘“##“#"#t..""tt"#"#‘“t‘#".“'#“"“‘
*  4EaB * 17.8 19.8 » *3C9 50 0 *309 50 0 = 35 * 35  ss 72 o+ 0 =+ ABIDIC *
* STANL.LEV. * 0.0 0.0 * * 21 21 0 *®21 21 Q= 10 » 10 *= 41 = 0 = *
% CCEFF-VAF. & 0.0 0.0 = * 6 42223 % 6 42 223 = 30 . 30 == 56 = 0 = *
‘Ol...i'.‘."“...‘i‘."*“*.‘“‘3.“““““.#“.‘.“““‘“““““#‘##t‘"“““‘“““““‘““““‘“““““"““

COMEUTEL EY PORTEAN EECGEAM VW1§,0CTI. €1 DATE 10,434/81
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TAELE A.11: DZTEZRMINATION CF SOIL MOISTURE REGIAE ACCGRDING TO FRANKLIN NESHALL SYSTEK CF COMEUTATION
(COBRECIION FCRB TEMPEEATOEE IS 2.5; SEASCNAL AMPLITUDE HYODLFIED EY FACTOE 0.606)

STATICN:MA'EAR

“.“l"“““‘t“““““““‘t“““““‘t‘l‘l““‘t.“tt“““““80“‘0“0‘.‘t"-'"‘3#‘“"“"..‘..“““.“.“““
» * _SEAS SCIL * TEMEZRATURE * CUMOLATIVE CAYS 4CS . MAX.CONSECUTIVE DAYS IEAT %CS IS * MOISTURE +
» YEAE * TEMFEGATURE #  REGIME . IN *  WEHIN * NOIST IN SOME PARTS ** GCEY * MHOIST .
= *ANSUAL*SUMNER® *CNE YEAR IS #5GIL T:ZMP >5% IN ONE ®HEEN SOIL** AFIEZ * AFTER * REGINE
* » » * *DEY 4/D HMOI *DRY M/0 MO1 * YEAR *TEZXP > 8 ®% SUN4ER * WINTEE * *
» * » * » = - * *% SOLSTI- * SQLST. = *
t’.""l“’“U‘“'.“‘"“'l“iv""‘"“...88"""'#"'#"3'l"t.b""""."'““"“'3'"""'.‘."""ﬁ““““““
*  197¢% * 17.3 19.8 * ISCIHESNIC *124 156 80 *124 156 80 » 156 s 156  ss 15 = 0 = ysTic *
*  157¢ * 17.8  19.8 * ISCTHERIC 4253 102 0 =253 102 6 = 73 . 79 »s 3z » 0 * ARIDIC
s 1577 * 1705 19.8 * ISCIHZRMIC 258 102 0 #2538 302 3 » 75 » 75  ss 105 o« 0 * ARIDIC =
s 1375 * 17.8 15.3 * ISCTIHERMIC =264 96 0 %366 §6 a9 s 40 * 40 == 51 = C =+ ARIDIC =
* 1980 * 17.8  15.8 » ISOTEERMIC *314 46 0 »314 a6 o 46 » 4 es 45 0 * aSIDIc
‘t‘t."...'.l"l'l“‘t.‘lll““‘."““"“‘“lt‘l“.ll“ll‘““ll.t"““#“ﬁ““#“““""‘..l““““‘“‘.‘.“‘"..‘.
*  Eza * 17.5  15.8 = ®243 100 16 *243 100 16 = 73 * 79 s 53 s C * ARIDIC
* STAKC.LEV. * Q.0 G.0 » *# 70 33 35 % 70 35 35 = 46 » 46  =s 3z = 0 = »
* CCEPF.VAE. * J.¢ 0.0 = * 29 38 223 * 29 35 223 = S8 * 58 e 60 = g = *

COMFUIEL EY FCEISAN EBCGEHAM VW18,CCT. 81 DATE 10/34/82
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TABLE A.12: DETEBMINATION CF SOIL HMOISTUBRE REGIME ACCOBDING TO FBANKLIN NEHHALL SYSTEH OF COMPUTATION
(COBRECTION FGR TEMPEBEATORE IS 2.5; SEASONAL AMPLITUDE MODIFIED BY FACIOR 0.66)

STATION:DAFED
‘ll."‘l"".t‘#‘..‘0t.‘.".O‘#‘.t..‘.."‘.‘“‘ll3"#.'tt'..l..'#“t“.““""t".t"‘.“.“".““".“.““‘.““"“
* * MEAN SOIL * TEMFEEATURE ® CUNULATIVE DAYS MCS » MAX.CONSECUTIVE DAYS THAT MCS IS * NOISTURE #*
* YEAR * TEMEEEATURE *  BIGIME * I *  GHEN * MOIST IN SOHEZ PARIS ** DEY * MOIST * .
* *ANNUAL*SUMMER® *ONE YEAR 1S #SOIL TEMP >5+* IN ONE *GHEN SOIL*% AFPIEZ * AFTER ¢ EEGIME &
* * » » *CEY 4/D MOI *DAY M/D MOI * YEAR *TEMP > 8 #* SUNMER * WINTEE # *
* * * * * * » * ** SOIST. * SOLST. * *
“"t“‘.#‘.#tt‘t‘tttt‘tﬁ‘t.‘#“."t#‘t"‘.‘“.."‘tt“#ttt.‘.t“#‘ltl ‘.t#tt..‘.‘.'“.t“".“l#“3"““..""“"‘.‘"
* 1575 * 17.8  15.8 » ISCI#ZENIC %322 38 0 %322 338 0 = 22 * 22 »» 59 0 * ARIDIC =*
*  133¢C * 17.8 19.8 * ISOTHEENMIC *377 83 0 %277 83 0 = 43 » 48 =% 45 = 0 =+ ARIDIC +
O.ll"ll.-‘O.l-‘.0.ﬁ."..lt‘t.‘.“‘.‘l““.."t‘.t“‘l‘l‘l#““ll““t-"t““‘..t"l..l“‘l“..“‘.‘...‘.l‘4'4."'.“..".‘..
*  NZ)S *# 17.8 19.8 = *259 60 0 %259 60 QO =» 35 * 35  »s 52 = 0 =« ABIDIC =
* STAND.DEV. * 0.0 0.0 =» * 31 33 0 % 31 31 0 = 18 * 18 s 9 = 0 = *
* CCEFF.VAE. * 0.0 0.0 » ‘ * 30 52 223 % 10 52 223 52 . 52  »» 19 = 0 = *
"t"t.0‘!.'.0..#tO..‘ﬁ#‘#‘.."O"!"0".O"l“‘..0“.‘.“‘4“.".t..““#.0.““."“'.."“.'..‘..."‘..‘.“""...'..
CON2UTED EY POBTSAN EECGRAK VW1€,CCT. &1 DATE 10/34,/848
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TABLE A.13: DETERMIBATION CF SCIL MOISTURE BEGIME ACCOEDING TO PSANKLIN NEWHALL SYSTEM OF CONEUTATION
(COFEEZCTION FCE TZMPEEATOBE IS 2.5; SEASONAL AMPLITUDE MODIFIED BY FACIOS 0.66)

STATICN:AD-DARE
AR AR R g R T T L Ll Y L L L e
* * MEAN SCIL * TEMEZRATURE * CUMULATIVE LCAYS A4CS * MAL.CONSECUTIVE IA7TS THAT MCS 1S * MOISTURE =
* 1Z38 * TEMEEBATURZ * BEEGINE * IN b WHEN * HOIST IN SOME PARTIE ** [JEY *  NMCIST = *
L BANNUAL®SUMNNER® *CHNZ YZAR IS *SOIL T:ZIMP >3% IN ChZE *WHEN SCIL®* ArIzZR * AFTER ¢ GREGIAE =
* * * » SLCEY M/D MCI *LCRY M/D KOI *# YEAR *TZMP > & *% SJMMEIR * WINTE:R = *
* » * » * = » * *¢ SCLS5T. * SCLST. =* »
DA AAAE A e R A e R L R
L 1977 * 17.4 19.5 * ISCIEZEzZ:=4IC *245 115 J *245 115 0 = 79 & 739 s 45 = 0 = ARILIC *
b 1578 * 17.8 49.3 * ISC1ozZEMIC *.05 1535 0 =205 155 0 = 59 * 55 * 6 = 0 = ARIDIC *
* 1576 * 17.8 19.8 * ISCTEIE4IC #1832 177 0 #1583 177 C » 52 * 52 *= 23 =+ 0 * ARIBIC *
* 15¢4d * 17.8 15.8 * ISCTHS:Z54IC =*272 88 0 2272 2&s C = 46 * 46 s 51 = 0 =* AEIDIC *
"'ll.3'.."".'."‘.#.‘...0“‘“"3““""8"3."'.#“3".'.“‘.‘F#"'U"‘&“".‘ EICRPXXBIIREIFXEDSEL RS SIVREBESOESSSED S
. 2Za) = 17.¢ 165.3 = *22¢ 133 0 *226 133 o = s * 59 * 41 = 0 * AEBIDIC =
* STIND.TEV. 0 G.Q 0.0 » * 35 36 J * 35 35 q * 14 * 14 b4 12 = 0 = *
* JCIfr.va3cE. = (.C 0.0 = * 17 23 223 * 17 29 223 = 24 * 24 3 30 = 0 = R
A ARAA LA A At At b R R R L L R L T L PO
CO82CT1c0 EY PORTZAN ERCGRAM Vw1E6,CCTI. &1 DATE A0/%4/351
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TABLE A.14: DETERNINATION GCF SOIL ZO0ISTURE REGIME ACCOBDING TO PBANKLIN NEWHALL SYSTZA OF COMEUTATIOQN
(COBSECTIQN PCB TEMPERATURE IS 2.5; SEASQNAL AMPLITUCE BODIFIED EY FACTOZ 0.66)

STATION:DHAYAE
00043-tnttaaazazazcttttaattstn.a'zztattat..z.“t‘t#.az‘t‘.‘t.‘.‘t‘t‘tttt.-tttttttttOttt.ttttttttttttttttttttnttttt“tt‘t
b4 * 8EAN SCIL * TEMEERATURE =* CUMULATIVE CAYS MCS * MAX.CONSECUTIVE LCAYS THBAT MCS IS * MOISTUBE +»
. YEAR * TEMEESATIQRE » BEEGINE * IN * NUHEN * HMOISTI 1IN SOME PARTS == DEY * MOIST » >
* SANNUAL®SUMMER® *CNZ YEAR I3 »SQOIL TEME >5#% (N QONZ *WHEY SOIL** APTER = AFIZ2E = BEGINME »*
* * » * *LFY 2/D MQI #*DEY 4/D NMCI = YEAR *TENP > 8 >* SUEMER * EINTEZE * *
» » * * * * ** SCLST. * SOLST., * *
aa.at.czta.s-at:-t.a.t.ttaz-zszctttsa.t‘.naaa....ot-attttst.ttttatttttttttttt.tttuuux#t‘a:a.ttt-attttttttttttt.ttt‘tt.tt
* 157¢ * 17.8 19.8 » ISCTISZEMIC #1€5 125 70 #165 125 70 = 115 = 119 »s 35 = 15 ® YSTIC .
. 1577 * 17.8 19.8 * ISCTEEBAIC *135 36 189 »135 36 2189 * 225 * 225 == 0 = 0 =* USTIC *
* 1578 * 17.8 19.8 » ISCTHEBEMIC #165 126 65 %169 126 65 s 149 * 145 == i5 = 4 » ysTIc *
» 1575 * 17.38 19.8 * ISQTIEERNMIC *237 123 J *237 123 0 = 102 * 102 = 15 4 0 * YsTIc -
* 13580 * 17.8 19.6 * ISOTHERMIC *241 1319 0 *241 11§ 0 = Su4 » 4 *3¥ 15 = 0 * USTIC *
s l'.’.l"".‘30'."".‘tt.’.t.....‘.“““0‘..‘t“‘l.".“.““““.“.‘t‘."“‘.“““.“.“..‘.““““.f14.“‘.."“
* MZAN * 17.8 19.8 = *185 105 64 *189 105 64 » 137 4 137 *» 16 * 3 * USTIC >
* STANJ.CEV. * C.¢ 0.0 # * 47 39 3F7 *® 47 35 77 = 53 * 53 == 12 = & = *
* “CEPF.VAE. » 0.0 0.0 * * 24 36 119 * 24 36 119 s 38 * 38 s 77 = 170 = -
'v‘.Ot.t‘tt“.t‘ttt.tt‘t‘.tt‘.t‘t‘#t‘“t.t..t‘tlt.‘.“.tt‘t..l“t“‘#““t‘ott“‘l‘“.“‘t'.t““‘.‘.‘t‘:Ot““‘.#‘t‘t..
COMFUTEL EY FGBTS5AN EECGSAM Vdl1E,CCT. €1 DATE 30/14/81
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1981

Novemker 1,

t3/nt/0r 21iva Le "IJD‘8LMA RVESITI NVSLEOA X3 3IILIAROD
“““.‘.tt.“..““..“‘.t#““."t..“‘t.‘.tt.“‘““t.ltitt““t.“‘t"t.‘ttl““tt‘f‘t“‘ttt“‘"t‘tt‘f““".CQUC.C‘
- s QOLt * I'f e eL . oL = 511 65 BL » 6L1 S 91 = s« 0°0 0°C = "O¥A°dIZO0D »
* « 0 « S L S+ * cr ¢ 0 0SS 0SS = 0 (03] 0S5 = « 0°0 00 « “ATITINNIS
* J2ICYIET » O + (9 s 1249 o« 8< - 0 98 E€LTe 0 ac  E£LZx s 2761 oLl « NPIR -
“t"tt'."‘#“‘.‘l'lt“'tt‘t*.l‘.l'—:lt.'t.it.llt-t.‘*&*t#t#t‘lttl‘ttt#t*:tﬁtt.t“"ﬁ“‘t.t.?lﬂlttttttilt'l“‘.lﬁt..t't..
* OIJIEY »« O « 6F e 23 3 £3 « 8 9¢Z=x ¢ he  9fZe« DIFZIFELISTI « £°61L B LL « 0261 *
* JIJTISY = 0 * Gh X ah * s = O LOL €EGT+ O LOL S5G7Ze¢ DIRZIISTIOST & REL g Ll = 5t6L *
» 2IATITY « O * 9/ L Z] 62 * 6¢C « 0 £r  L1fx 0 £n LiEe DIWNTIBLIST o Q°KL 7Ll = 3LEY *
* JQILSHN = 0 « GN L cet - cel « 0 r9L 94612 O hOl 96t+ DIRTIHIOST « S 6L 8 LL » LLer *
* JICISY « O « Gg 2 ak4 * 0z « 0 6€ LZ€« O 6¢ 170« JIRHITLOSY » 2°5¢ B LL = 9L5L *
..“.."“0"“..“‘.l*ﬁ““&“ttﬁ*tt‘etttt“"tﬂt‘tttt#“*tt‘t'tﬁ'l"tﬁ##".tttttﬁtttttettﬁtﬂtﬂtttﬁttttt‘C.#t“‘t"..'......
. * “ISTO0S = “ISTI0S =se - = < * * * Y -
- * FJEILNTIM o« BEIIAINS x2 2 < 2FTTe E¥ZX « YOR Q/W IYCe IOR C/% X370e * - L4 *
* ZRIDIZ « BILIV o NHILIY 2+TIOS RZFE%e 2RO KT #G6< dRII TIOS+ ST GVZX ZNDe *HZRRDS+TVONNY » -
1 * LSIOR » X582 22+ SISVZ ZROS RI ISTIOR « RZEY * KI - IRTIOZIY « ZINIVHEZINIL ER DS *
« TANISIOR » ST SOH 1IVYRI SKVC FATINOIISNOD XYW * SIOK SIVI FATIVIORND « THENIVSIIRIT « TIOS N¥P2IR » *
‘t““““““‘t“#.‘tt‘ﬁ0't!."t‘t‘ttl‘lt‘tt'ttc"tttt#‘“&“'“t"‘&tt‘*t‘t“““'“#"‘.tt!“‘tt“‘k..t“t“““““‘."
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TABLE A.16: DETERBINATION CF SCIL MOISTURE REGIME ACCORDING TO FRANKLIN BEWHALL SYSTEM OF COMPUTATION
(COSEECTION FCR TEMPERATUKE IS 2.5; SEASONAL ANPLITUDE MODIPIED BY PACTOR 0.66)

STATIOK:ASH~SHAGRAB °

“.‘00OO“‘Ot‘t‘.")"t“tt““"t‘tt.“‘O““t"‘#"OOO“""O‘t‘#t#tlt‘lG‘Ollttlttttttittil#)‘#‘)“““““t“““““

- * MEAN SCIL * TEMFERATURE * CUEULATIVE DAYS MCS * ¥AX-CONSECUTIVE DAYS THAT MCS IS * MOISTURE *
. YZAE * TEMPEEATURE *  REGTHE * IN *  WH:2N * HOIST IN SOME PARTS *#%* DBEY # HOIST * *
= *ANNUAL®SUNMER® *OSE YEAR IS *SOIL TEHP >S5+ IN CNE *WHEN SOIL*%* APTIER * APTER *+ GEGIME *
. * * » *D5Y B/D HOI *DRY M/D BOI % YEAR *TEMP > 8 #*% SUMMER * WINTEB # *
* * » * » * * * **% SOIST. * SOLST. +* *
O'“l"'Ol"“t“#i‘.“‘!“‘t.t"8“‘*"““""!""#‘ll‘J‘#t#t‘#‘t“‘t“#““““‘t““""l##“““‘.“#“#""“3"’
* 1376 *# 17.6 19.8 * ISCTIHEEMIC *315 45 0 %315 45 0 = 26 * 26  *x 120 = 0 =+ ARIDIC #
« 1377 * 17.8 19.8 * ISOTHERNIC *3C2 58 0 *302 53 0 # 58 - 58 ** 105 = 0 =+ ARIDIC =
* 1578 * 17.8 19.8 * ISGIEEENIC *337 23 0 *337 23 0 * 23 . 23 e+ 112 = 0 = ARIDIC *
s 1975 * 17.8 19.8 * ISOTHEEMIC *332 28 0 *332 28 0 # 28 * 28 s* 47 * 0 =+ ARIDIC =
* 1980 * 17.8  15.8 * ISCTHERMIC *340 20 0 %340 20 O = 20 * 20 *=« 85 # 0 * ARIDIC =
.‘0000OO’00“'."“““'#“"‘0‘“““"'"0““"“.""“.*.‘.'"‘tl"t“t.‘.‘#“‘##"t“".“."““““#""t“““‘
*  MEAX * 17.8 19.8 » *325 34 0 %325 34 0 = 3 . 31 s 93 = 0 * ARIDIC
* STIAND.DEV. & 0.0 0.0 = * 1€ 16 0 * 16 16 0 * 15 . 15 == 29 = 0 = -
* COTPF-VAE. * 0.0 0.0 » * 4 46 219 = 4 46 119 * 49 * 49 *x 33+ 170 = *
‘.‘#‘.O"#‘.t“.#.“’.‘4..#‘t‘"‘8"ttt"‘t“‘l.“t“‘.‘ttt“‘tt“ttt‘t".lt‘.tttt“tt#“#‘t“ttt“ttt“““t“tt“#t“‘
COBEUTEL EY PCARTEAN EFCGEAM VW16,0CI. &1 DATE 10/34/81
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TABLE A.17: DETEZERMINATION CF SOIL MOISTURE RKREGIME ACCORDING TO PRANKLIN NEWHALL SYSTIEM OFf CCHEUTATION
(COERECTICN FCB TEMPERATURE IS 2.5; SEASONAL AMPLITUDE HODIFIED BY FACTOE 0.66)

STATION:MARAY

I Y R E R R E R R R P R R R P E R R R R E R R R E  E R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R 22 R R AR R R S R R A R R R R R 22 2 2 2 2

* * MHEAN SCIL + TEXEERATURE * CURULATIIVE DAYS MCS * BAX.CONSECUTIVE DAYS TaAT MCS IS * MOISTURE *
* YEAS * TZMFERATUSE *  REGIME * IN = KHEN * HOIST IN SOME PARTS ** DEY * MHOIST * *
* *AKNUAL*SGMAER® *CNE YEAR IS *=SOIL TEMP >5% IN ONE *GHEN SOIL*®* AFTER * AFTER *# BEIGINE *
» * . = »CRY H/D MOI *DRY H4/D 40I * YZRAR *TEMP > & %% SUMYER * WINTES * *
* »* * » »* * * * % SOLST. * SOLST. = *
‘i"l‘0.0"“l#"l0""8.'80'6"vl"t##"#3'3"‘##“'!"‘lv‘l’!'!"ﬂﬁv*'#&l“‘#‘t‘#‘#'“"#"ll':.“#‘#“‘t“"‘."““‘
= 157¢ * 17.8 19.8 * ISCIHEBHIC %285 75 O %265 15 0 = 46 * 46 *x 120 = 0 * ARIDIC *
*« 1977 s 17.8  15.& * ISCIHERNIC %222 133 0 %222 133 Q0 = 55 * 55 a= 45 0 =* AEIDIC =
* 157€ * 17.8  19.5 ©® ISCTHERMIC *311 49 0 *311 49 O = 49 * 4y »s 56 0 * ABIDIC =
&« 1575 » 17.8  15.3 * ISGIHZEMIC *339 21 0 *339 21 0 =* 21 * 21 s= 120 = 0 * ARIDIC *
= 1380 ®* 17.8 19.8 * ISCTHEBEMIC *314 4€ 0 *314 46 O = 46 * 46 == 59 = 0 = 3iISIC *
.'"‘l‘i"".'l"'0"‘"3"""3"""“33‘8l“l‘ﬂl‘""‘ﬂ'“‘tl‘##l“‘#""'#"“###""0#!38“#'#‘#!‘0"#"“#‘4"""#
*  HZAK 2 17.8  13.8 = 264 65 0 %254 65 0 = 43 * 43 == 50 = 0 ¥ ARIZIC =
* STANL.CEV. * 0.0 0.0 * * 44 44 0 * 44 44 O ® 13 * 13 s 36 = 0 = s
» CGEFF.VAE. * 0.0 9.0 = s 15 67 419 * 15 &7 415 = 30 * 30 = 46 = 170 = -
Q.‘Ql##Ql"'#"""‘l'l‘ll"‘#“.““‘t#“‘l“.‘l#“‘l‘l‘““““*‘.“3‘.‘#‘“3“‘##“‘....‘#""ll““."‘..‘0‘.".‘.“
COBEUZEL EY PORTRAN ERCG3AN VW1E,CCI. 61 DATE 30/14/€1
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TABLE A.18: DETERMINATION OF SCIL 40ISTORE REGIME ACCOBDING TO FRANKLIN NEWHALL SYSTEd OF COMPUTATION
(CORBEECTION FOR TE4PERATUSZ IS 2.5; SEASONAL AMPLITUDE MODLPIED BY FACTOR 0.66)

STATION:SANABAN
:ttt:ttqtttttttt:ttttttt:tttttt:ttttvtttttttttttttttttttttttttttt#ttttttt:ttttttt:t:tttttttttttttttttttttttttttttttttttt
* * d4ZAN SCTL * TEMEERATURE * CUMOLATIVE DAYS MCS * BAX.CONSZCUTIVE DAYS THAT MCS IS * MOISTUBE =
* YEAR * TEMAPERATURE * REGIME * 1N * WHEN ¥ M0LIST IN SOMZ PARTS *% DRY * MOIST = *
* *ANNUAL*SUMAER* *CNE YEZAR IS *SOIL TZMP >5%* IN ONE *dHEN SOIL** APTER #* APTESZ * REGINE =
* * * * *CRY ¥/D HOI *ORY %/0 MOI = YEAR *TEAP > 6 ** SUMAER * wINTER * *
* * * * * * * * ** SQLST. * 3SQLST. * *
tttttttUtttt‘tttttttttttt‘ttt#‘#tttttt‘#tttttt‘t#t‘#‘t‘ttt‘ttt#t‘ttttt#t‘tt““‘tt#‘tt#t‘ttttttt“tv#tt#tl‘t‘t#ttl‘tt“t
* 1376 * 17.8 19.8 * ISQTHERAIC *313 47 0 =313 47 0 = 47 * 47 =% 120 = O =* ARIDIC *
* 1377 * 17.8 19.8 * ISCTHEBKIC *215 87 58 *215 87 58 = 75 * 75 = 45 = 0 * ARIDIC *
* 1978 * 17.8 19.86 * ISQTHER4AIC *300 51 3 #3030 51 y x 33 * 38 hhd 67 = 9 =® ABRIDIC *
= 1979 * 17.38 19.8 * ISQTHERAIC *360 0 0 *360 ] 0 = 0 * 0 b 120 = 0 =* ARiDIC *
* 1530 * 17.8 13.8 * ISCTIHERMIC 305 55 0 *305 55 C = 33 * 33 = 53 = 0 * ARIDIC *
ltttttt“t#‘lttt“tltt‘lt‘#t‘#‘#t#tt‘t!‘tl‘t‘l‘lllttttlttlttt‘tttt!vlttllll‘ltttllttltl‘tttlltttt‘tltltttltt‘lt‘!tttt#t‘
* 4ZAN * 17.8 13.8 = %2956 48 13 *298 48 13 = 38 * 38 = 81 = 1 = ABIDIC *
* STAND.DEV. * 0.0 0.0 = * 52 31 25 = 52 31 25 = 27 * 27 =% 36 = 4 = *
* COEFF.VAR. = 0.0 0.0 = * 17 61 188 = 17 64 188 = 63 * 639 *=* 45 = 223 = *
#tt#tt‘ttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttttt‘ttttttttttttttttttttttt‘ttttttt‘t“ttttttt#“““
COdPUTEZD BY POBRTRAN PECGRANM VR138,0CT. 81 DATE 10/14/81
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TABLE A.19: DZTERMINATION OF SOIL MOISTURE REG.LHE ACCORDING TO FRANKLiN NEWuALL SYSTEd OF COSEUTATION
(CORRECTION FOR TEAPEBATURE I3 2.5; SEASONaL AMPLLTIOE AUDLFIZV BY FACIGAR  0.66)
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* *ANNUAL*SUNHER® *ONZ YZAR IS *SOIL TZIn2 >S* 1N QlNZ #4dN SCIL¥** AFTIZIR * AFTZE * REGIHE =
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M * * * * = * x ** 50157, * 5CLST. = *
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* 1365 ¥ 32.1 34.1 * ISOBYFERIH. #3495 11 3 *34y 1 0 = n * 1M *x 75 = 0 = ARIDIC *
* iv73 = 32,1 4.1 » [3CdY¥2EZRTH. #302 12 46 %302 12 4o = 53 * 58 = 75 = 0 =* ARIDIC *
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*  AZaN = 32,1 3u.1 = *319 23 17 *319 23 17 = 30 » 30 == 54 = 0 =« ARIDIC =
* STAND.DEV. * 0.0 0.0 = * 26 13 22 * 24 13 22 = 21 = 21 == 21 * 0 = *
* CGEFF.VAZ. * 0.3 0.0 = *= 8 56 125 % § 56 125 * 71 = 71 == 39 = 223 = *
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Aprendix 2
SQIL DESCRIETIONS FROM 1ESCO-VISITERV~V;TUKI

EEDCN T102 (IESCO-VIZITEEV-VITUKI, 1971)

SITE INFORMATION

Profile number: 102

Series name: Moderately coarse-textured, calcareous, deep, alluvial
soil with two or more silt~accunulation layers.
Classification: Alluvial scilsy calcaric Fluvisols/ Jc/ (Typic

Torrifluvents)

Late and time described: November 12, 1969

Authcrs: I.J. Boros, soil surveyor for Tesco-Viziterv-Vituki
Location: Wadi Zabid Project, in the islet of the Wad: Bira on the
southern part of the Eroject.

Elevotion: Unknown

landform: Relative low relief, deep depression to the southwest

Slope class: Plain, fields are surrounded by big earth banks
Micretcpography: Surface of the land has ridges 4 cn high and furrows
4 co deep, as a result of previous cultivation

Slope: Facing south

Land use: Recently sorghunm SpP. Was grown, some weeds

Climate: Unknown

SOIL INFORMATICN

Farent material: 1rrigation deposit on loess-like materials.

Drainage class: Class 4-well-drained

Moisture conditions: 0-123 com dry, 123-184 cm slightly wet

Depth to groundwater: Unknown

Surface stones cr cutcrops: None

Evidence of erosion: Slight

Salt ccntent: None

Human influence: Very strong, construction of banks and irrigation
canals for flood irrigation.

General Description of the Profile: Very uwmuch stratified soil
profile. The silt accumulation layers improve the water Banagement
properties of the coarse soils.
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Profile Description

Brown, 10YR 5/3 dry, loamy sand, loose, dusty unstable
structure, some silt particles are mixed to the loamy
sand, many fragments of mica, plentiful fine dcad
roots, gradual Lkoundary.

Brown, 10YR 5/3, dry, sandy loam, undisturbed, slightly
compact, a few fine dead roots, many fragments of
mica, unstable, angular blocky structure, some silt
particles are mixed into the 1layer, a ccuple cf white
coatings, gradual toundary.

Brown, 10YR 5/3 dry sandy loam, but it is wore sanmndy
than the overlaying horizon, which is mixed with some
silt paticles, slightly compace, unstakle angular
blocky structure, many fine dead roots, and fragmeuts
of mica, a few white coatings, distinct Lkoundary.

Brown, 10¥R 5,3, dry, silt accumulation horizoan, in

some ©[parts, more sand has mixed, cowmgact, platy,
angular klocky structure, a few fine dead roots, many
fragments of  mica, a few white <coatings, clear
boundary.

Brown, 10YR 5/3, sandy loam, but the medium sand, which
is located in the lower part of the horizcm has greyish
brown, 10YE 5/2 color, dry slightly cemented, unstable,
blocky structure, some silt particles are mixed to the
layer, wany fine dead roots and fragments of mica,
boundary clear, ktut waving.

Pale brown 10YR 673, dry loam, on the right side of
this hcrizon, wmediun sand found, having color of
grayish trown 10YEFE 5/2, in the layer silt is dominant,
the latter is compact and bhas a fplaty —rectanqular
structure. The sand is loose and has a dusty unstaktle
structure. A few fine dead roots, wmany fragments of
mica, boundary distinct.

Greyish tkrown 10YR 5,2 and brown 10YR 5/3, dry sandy
loam, medium sand mixed with silty particles, <slightly
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compact, dusty, unstable, angular, blocky structure, a
few fine dead roots, many fragments of mica, boundary
gradual.

Pale brown 10YR 6/3, dry, this horizon is a mixture of
silt and fine sand In the wmiddle of this horizon, <the
amount of silt decreases, while in the end, it is
increasing, ceumented, the pure silt bhas a Flaty
rectangular structure, the sandy silt has an unstable
angular blocky structure, there is a rusty coating
(iron) on the surface of the silt particles, a certain
part of the aggregates arc porous, many root-rrints, a
few fine dead roots, nwpany fragments of wmica, a few
fine and medium holes, toundary clear.

Greyish brown 10YR §/2, loamy sand, dry, loose,
structureless, many fragments of mica, a few fine dead
roots, boundary clear.

Brown, 10YR 5/3 slightly wet, loan, EQLous, comgacet
angular blocky structure, there is a thin layer of silt
accumulation in the horizon, a few whie coatings, a few
very fine deads roots, gradual boundary. ,co

Brown, 10YR £/3, slightly wet, loess-like material,
Forovs, less compact than the over-lying horizon,
angular blocky structure, a few fine dead roots, thin
patchy white coatings.
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PEDON T147 (TESCO-VIZITERV-VIIUKI, 1971)

SITIE INFORMATIGN

Frofile numker: 147

Series name: Medium-textured arid krown soil

Classification: Arid Brown Soils/(Haplic Xerosols) , (Typic
Camborthids)

Date and time descrikted: Unknown

duthors: I.J. Boros

Location: Wadi Zabid Project, 1400m North of wWadi MAWr, right side of
Wadi Zabid

Elevation: Unknown

Landform: FHelatively high terraces of the area

Slope class: Plain to depressed, fields are surrounded ty kEiq earth
tanks

Microtopography: Surface of the land has 4 cm furrows and ridges fron
Frevious cultivation

Slope: Gently to the southwest

Land use: Recently sorghum and sesame sp. Were grown, nc crop-
rotation

Climate: Unknown

SCIL INFORMATION

Farent material: loess-like material

Drainage class: Class U4 well-drained .

Moisture conditions: Slightly wet throughtout excegt the external
surface

Depth to grcundwater: In the neighkoring well, it is akout 16 &
Surface stones or outcrogs: None

Evidence of erosion: Very strong on the surface of the fields due to
the high runoff speed of irrigation water

Salt content: None

Human influence: Very strong- expressed in the constructicn of banks,
irrigation canals and other hydroloical structures with the aim of
using flood irrigation water

General Description of the FErofile: The profile is cowmpounded of
sandy silt, sandy loam, 1loam and clayey loam. The color varies from
brcwn to greyish brown. According to the results cf the particle size
analysis, this soil can ke called a medium-textured sandy loam. Its
Fotential fertility is good, tfut agricultural wuse is limited Ly want
of irrigation water suggly.
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Profile Description

Brown, M0YR S/3 (dry), silty loam, loose from dusty to
crumb structure, some sparkling fragmeats of mica, a
few leaves of Sorghum ploughed into the soil, a feu
dead roots, gradual ktoundary.

Brown, 10YR 5/3 (slightly wet), loam, slightly comgact,
unstable, angqular Lklocky structure, a few fine dead
roots, gradual boundary.

Brown, 10YR 5/3 (slightly wet), loam, slightly compact,
unstable angqgular blocky structure, in the wmiddle of
this horizon, there is a thin 1layer of silt, some
sparkling fragments of  mica, a few holes wmade Ly
insects, clear toundary.

Brown, 10YE 4,7, (slightly wet), clayey loam bLut
contains a notable amount of silt, compact angular,
blocky structure, a few fine dead roots, some
fragments of cica, distinct boundary.

Brown, 10Y¥YX 5/3 (slightly wet), loam, compact, anguiar
blocky structure, porous, a few fine dead roots, some
fragments of wmica, thin patchy white «coatings, many
rcotprints and root canals, gradual toundary.

Greyish krown 10YR 5/2 to brown 10¥YF 5/3, (slightly
wet), medium to fine sandy loanm, slightly ccwmfact,
unstable angular blocky structure, thin patchy white
coatings, a few fine gravels with a diameter of 2 cnm,
some holes of different size made Ly imsects, <clear
boundary.

Brown, A0YR 5/3, slightly moist loess, compact, EFOIOUS
angular blocKy structure, thin patchy white coatings, a
few holes of different sizes, many termites mounds with
wormcasts, a few fine dead roots.



Novemker 1, 1984 163

PEDON T#7 (TESCG-VIZITERV-VITUKI, 1971)

SITE INFORMATION

Frofile number: 17

Series name: Alkali soil with structural B horizon

Classification: Salt-affected soils (Typic Natragid)

Cate and time described: August 24, 1969

Authors: 1I.J. Boros

location: Wadi Zaktid Project, near Tuheita village.

Elevaticn: Unknown

Landform: Sited in fields on 4-5 m loess-like leposit, located on the
left bank of the ancient flow of Wadi Zabid.

Slope class: Nearly levelled fields surrounded by medium high Lanks.
Microtopography: Ridges and furrows on the soil surface as the result
of previous cultivation.

Slope: Gentle slope towards the southwest.

Land use: Sorghum stukble on the eastern half of the field, second
growth of the sorghum green.

Climate: Unknown

SOIL INFORMATION

Farent material: Loess-like deposits.

Drainage class: Class U-well-drained.

Hoisture conditions: 1Top 50 cm dry, below slightly wet.

Depth tc groundwater: Unknown

Surface stones or outcrops: None

Evidence cf erosion: Very limited, mainly wind erosion.

Salt content: Moderate alkalinity.

Human influence: Very strong-caonstruction of ktanks and irrigation
activity.

General Description of the Erofile: fhe profile belongs to the
mediun-textured soils. As it is moderately alkaline, the formation of
the structural 'B* horizon is oktservable. The presence of silt shows
that there was previous flood irrigation from the Wadi Zabid. Now the
use of pumping irrigation has a certain danger, because the guality of
the water is not satisfactory. Eut throuqh the applicaticn of the
necessary rate of irrigation water and modern agricultural management
methods, all these proklems can ke solved.
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Profile Description

Brown, 40YR 5/3 (dry), loam, compact angular structure,
the particles are very porous, plentiful alive and dead
roots, boundary distinct.

Brown, 10YR 4/3 (dry), silty loam, more compact than
the overlying horizon, sukanqular blocky structure,
vertical cracks, the fparticles are very porous, small
scateered patches of cutan on ped faces, Flentiful
roots. 1The compactness and columns formed by vertical
cracks resemble <the BA1 horizon of alkaline soils
(solonetz tyge). PRoundary gradual.

Dark yellowish krown, 10YR 4/4 (slightly wet), 1loam,
medium prismatic and columnar structure, very ccmfpact,
very porous, fplentiful fine dead roots, moderate patchy
cutans, boundary clear.

Dark brown, 10YR 3/4 (sliqghtly wet), loam, «coarse
prismatic structure, more compact than the overlying
horizon, thick Ltroken cutans, many holes, root canals
and termite mcunds, frequent dead and alive fine roots,
boundary clear.

Dark yellowish brown, ®10YR 4/4, (slightly wet), silct

loan, which looks 1like 1loess, fine prismatic and
columnar structure, coaspact and very porous, thin
Fatchy white coatings (less than in overlying

horizons), a few fine roots.
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PEDON T4S9 (IESCC-VIZITERV-VITUKI, 1971)

SITE INFORMATION

Erofile numker: 4S5

Series nane: Medjum-textured soil, effected by wind erosion, recent
wind deposit 10-25 cm in thickness

Classification: Soils, affected bty wind erosion, Iypic Torrifluvent
Date and time described: Octoker 7, 1969

duthors: [.J. Boros

Location: Wadi Zabid Project, near the Wadi Al-Sharabi and <the
village HMahwa Al-Khelaif

Elevation: Unknown

Iandform: Plain to depressed and the fields are surrcunded by big
€arth tanks

Slope class: Higher terrace of the area

Microtopogragphy: Surface of the land has ridges and furrows of about
4 cm as a result of a previous tullocks cultivatiaon

Slope: Ihe slope of the field faces gently SW, The next terrace
beyond this bank is about 2m lower

Land use: Recently, Indian cotton was grown, the plants were in very
Ecor conditicn, nearly dried out, some were tlossoming

Climate: Unknown

SCIL INFORMATION

Farent matverial: Loess-like material

Drainage class: Class 4~well drained

Moisture conditions: Dry throughout

Depth tc grcundwater: \None

Surface stones or outcrops: None

Evideace of erosion: Wind erosion considerakle

Salt content: None

Human influence: Very strong, construction of banks, irrigation
canals and other hydrological structures for flood irrigation.

General Descriprtion of the Profile: Originally, this profile
represented gquite a good soil, but wind erosion has ccaonsiderably
lowered the fertility of the tor horizons. Hind erosion control is
indispensable. 1The latter comkined with water supply ard a reasonable
irrigation practice gives the frosgect of getting enough high yields
cf cash crogs.
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Profile Descrigtion

Brown, A0YR 5/3 (dry), sandy loam with a great amount
of dust, loose, fine angular blocky structure, Rmany
fine dead roots and decomposed residue of cottoan, wany
fragments of wmica, boundary gradual.

Dark brown, 10Y¥R 3,4 (dry), loam, in the lower parct of
the horizon some leached in the tounges of sand, e€ncugh
loose, fine anqular tlocky structure, many fine dead
roots, in some parts there is an accunulation of silt,
at the end of the horizon, thin patchy white coatings
scattered, a few groundnuts of nusher, some hcles wmade
perhaps Lty termites, koundary gradual.

Brown, 10YR 5/3 (dry), silty loam, slightly cgapact,
angular blocky structure, porous, many patchy white
coatings, there are some sand tounges, many fine dead
roots, a few termies holes, boundary clear.

Dark brown, 10YF 3/4 (dry), loam, Forous, CORfact or
slightly cemented, angular blocky structure, a few
gravels, having the diameter of 1 ca, wmany fragments
of wica throughout the horizons, a few fine dead roots,
thin patchy coatings, Loudary distinct.

Brown, 10YR 4y3 (dry), 1loam angular blocky structure,
porous, a few very fine dead roots, thin patchy white
coatings, some holes wade by insects, a few gravels
with the diameter of 1 cm , many fragments of mica.
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