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ABSTRACT

Soll survey end land classlfication activities
formed an important part of the UNDP/FAO SF/YEM 1-3/LA
Project entitled: "Survey of the agricultural potential of
the Wadl Zabid" subcontracted to TESCO/Organization for
International Technical and Scientific Cooperation in
Hungexy/, with the aim of investigating the soil and water
resources of the Wadi Zabid area of the Tihama Plain, Yemen
Arab Republic,

A semi-detalled soll survey was carried oub
between June 1969 and June 1970/ the first 12 months of
the Project/ on the area controlled by the proposed diversion
gtructure at Ma’ath covering 20 000 hectsres of the irrle
@&%im@ scheme. Based on the interpretation of aerisl photo-
graphs, morphologlcal descriptions of 301 moil profiles,
field examinations, as well as labovatory analysis of the
samples taken from the representative profiles, soils and
land capability maps /scale 1320000/ were prepared. The soil
forming factors /meteorological, geological,geomorpholo-
gical conditions, surface water and ground-water hydrology,
relief, vegetation, human sctivity/ were analysed and the
main soil forming processes were described. The solls were
claggified into four main gwwmpm as followss

1 Alluvial Soils 30 %
2 Soils affected by wind erosion 22 %
3  Arid brown solls 47 %
4 Salt affected soills 1%



iw

The soils, formed on fluviatile and asolian sedl-
calearsous [1,5=7,5 % CaC04/, have alkaline reaction

h 8,0-8,4/, low humus and total N, PQ@%W and K,0 content,

ate,

o

i8 a large range in their grain-gize distribution

Jtexture/, field capacity, infiltration rate and permeability.

low plaant nuterient content, shortage of irrigation water and
in some parbs of the area the stoniness or salinity and/ or

aglkalinity.

Pive major catvegories of potential land-use have
been established. Two-third of the project avea is sultable

for irrigated cultivation /from the viewpoint of seils/ and
one-third has restricted irrigation potential.

Based on a detailed soil survey soil and land
capability maps were prepared at & scale of 1:1000 covering
an area of about 35 hectares for the Experimental Farm.

On the basgis of soil studies recommendations wers
glven for the soll wtilization, fertilization and irrigation
to establish investment feasibility and permit the develop-
ment of irrigated agriculture.



ACENOWLEDGEMENTS

Istvan J. Boros, the soil sclentist of the Hungarian
TESCO-Team is greatly indebted, beyond the Hungarlian lManagement
to W@, Titov, FAO Resident Engineer, Dr.A.K. BEl=FEryanl, Rep-
resentabtive of the Yemeni Government for providing the neces-
pary information and facllities, for their help, advice and
suggestions as well as for the comstructive crxiticism, which
were of invaluable assistance at this work.

Many thanks are due to Prof.Dr.l.Szabocs, director
of Research Institute of Soll Science and Agricultural Chemistry
of Hungarian Academy of Sciences and R.Gy. Védrallyay, head
of Department of Salt-Affected Soils in the same Institute under
supervision of whom the laboratory analyses were carvied out,
who promoted the completion of this work in every way. Their
direct help, criticism and suggestions were of great value
for this worke

A spscial word of thanks is also due to Mr.Hagsan
Hussein, senior soil technician of Wadi Zabid Project foxr his
pelf-gacrificing work and versatile help.

Istvdn J.Boros wishes Lo express his appreclation
to all Yemeni people, who collaborated with hin during his
assignment in Wadi Zablid Project.



vi

PTable of contend

Explanatory Note
Glossary
Abbreviations
Chaptexr 1
1s1 Origin of the Projsct
1.2 ObjJectives and Scope of Activities in
Relation to the Project
1.3 Previous Investigations
Chapter 2
2ol Survey Methods
2,2 Natural Conditions
Chaptex 3
3el Solil Formation Morpholgy, Chemical
and Physical Properties ‘
302 The Soil Map
363 Description of the Soils Classification
units
Chapter 4
4ol Land Capabllity Criteria
4.2  land Capability Classification
Chapter 5 Experimental Farm
Chapter 6 Recommendations

Page

yidid
xid
sxlv

61

61
73
80



Appendixes

Appendix

Appendix

Appendlix

Appendix

Appendix &

Appendix

Appendix

s
2

=

8
T

o=}

vil

Page

ratory Methods for Solls and

Water Analyses 86
Refersnces and Bibliography 91

Tables of Detaills on the
Soil and Land Capability
Clasgification 95

Description of the Represens
tative Soll Profiles 106

Hesulte of Soil and Water
Analyses 126

List of Mape

List of Photographs



viid

Brohangs Capacity

goill can adeorb by catilon
Liiequivalent

{‘»

3 per 100 grammes.

P

ﬁ?S§ e Medium salinity low sodium water. BExample

@

ication of dirwvigation waters € denobes slectrical
g a
i

of classgli

B

;e scblve mumerical qm&li%y classesg,

low sodium waterp

getivity deteriorating soll ferdi

@ﬁm&ﬁlﬁzﬁﬁﬁﬁiﬁﬁ”ﬂf The weciprocal of the
The resistivity is the resistancs
metallic or electrolytic, which is

a

has a crosg=sect:

2

area of 1 cife Hence,
sonductivity is expressed in reciprocal ohms per

3

le Sodium Percentage « The degr:

1 i
the soil exchange complex with sodium. It may
be calculated by the formuleas

Exchangeable sodium /mBg/ 100 g soil/
Cation exchange capacity Jmhig/ 100 g SoLl

ESPm

25 podium adsorption ratio /SAR/S classes;
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Pield Capacity — The moisture conbent of goil 1in

wullss o
5

the Tield 2 or 3 deys after a thorough wetting of the soil
profile by rain or irvrigation water. Pield capaclty is
expressed as a moisture percenbage, dry-weight basis.

Germen Degree of Water Hardness /N°%/ - 1 %% 10 T
Cal per litre or 7.19 mg Vg0 per litre.

Infiltration Rate = The rate at which a soil will
adsorb water ponded on the surface at a shallow depth /10 cm/,
when adequate precautions sre taken to minimize the effect of
divergent £flow at the borders., It is the volume of water
passing into the soil per unit of area per unit of time, and
hag the dimension of velocitys. The average infiltration vate
during the first hour of observatlon is taken as a characterige
tic figure for these soils.

Mapping wnlt = A single soll name stands for s
gpecially defined unit din the taxonomic system of clagsificas
tlon and ildentified on the map by symbol. In this case the
mapping or clasgification units are grouped in decimal system
in brackets with the aim of distincetion from the chapter
divisions. For istance: /1/ Alluvial soils: /2/ Soils affected
by wind evosion; /3/ Arid brown soilsy /4/ Salt-affected
soils etc.

lliines = Lainé Apparatus = Small portable field
laboratory equipment named after constructors for filed
permeability studies.

Normality of solution /n/ = 1 n= equivalent weight
of a materisl /compound/ dissolved in one litre of solution.
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coloury, too low in organic matter and too thin o other

eplpedons. They mey have rubbed colour veluss lowser then
55 when dry or lower than 3.5 when moist, provided they
are essentially no darker than the C hordizon,

Pallid A horizon - 1t is the layer which is too
light in colour, too low in organic carbon or too thin to
be melanic, sombric or elce

Peeudomycelium - neoformation of Oabﬂg in a soil
profile which has the appearance of veins or mycelium of
fungl.

Peoeudo=sand dunes - material with the character
of sand dunes but consisting of loam or clay, cemented to
gand-gize gralng.

Salic horizon = layer of 15 cm ox more in thicke
ness with secondary enrichment of salts more soluble in cold
water than gypsum. It contains at least 2 per cent salts.

Sombric A horizon = it includes those thick dark
surface horizons that have a base saturation less than 50
per cent /by the NH&@A@ method/ or that are both hard and
massive when drye.

Xerophyte = drought - resistant plants.
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ABBREVIATIONS

Ammoniun=lactate
Alumdndiion

Cation Exchange Capacity
Blectrical Conductivity measured at thse

temperature of 25 centigrades

Ethylenediaminetetraacetate /Versenate/
ixchangeable Sodium Pexrcentage

Zramme

grammes of solutbe
hour
International Soclety of Soil Science
litre ,
milliequivalent or one thousandih of an
eguivalent

milligrammne

millimetre

mS or millisiemens

Nitrogen

German degree of water hardness
normality of a solubion

SSP or soluble sodium percentage
Sodium Adsorption Ratio
Saturation Pevcentage

micron fl@m@M@%Wwﬁ

per cent or percentage

less than 1

mors than 1
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Chapter 1
INTRODUCTION

ORIGIN OF 9HE PROJECT

In accordance with the request of the
Goverment of the Yemen Arab Republic in December 1967
the Plan of Operation for the Survey of the Agriculburel
Potential of Wadi Zabid was signed by the Government of
Yemen, the United Nations Development Programme /Special
Fund/ and the FPood and Agricultural @m@%mm&&%imm of the
United Wations, as the Execubing Agency. The cooperating
Government ageney is the Ministry of Agriculbure and the
Project was implemented by a sub=contract to TESCO -
VIZITERV - VITUKI of Budepest, Hungary. The project
became operational on lat Wovember 1969 and the field
work started on lst Jure 1969, with a planned duration
of two years.

The Wadi Zabid is one of the seven major
wadis which drain to the Tihama, an arid coastal
plein some 25-45 kms wide which extends along the length
of Yemen between the mountains and the Red Sea, The
mean anmial reinfall on the plain ranges from aboutb
100 mn at the coasst to perharps 300 mm at the foothlills
of the mountains. The rainfall is subject to marked
anoual vearistion and falls in summer as widely scattered.
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of 500 to 800,
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ine Bach of the wadis has formed a sube
she plaine Only in excepbional cases
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flows of the wadig are
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rec
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ls has become increasingly
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According to the Plan of Operation, the

whe ®

e 3&%@“@&@&%@ the lrrigation
bid and to prepare designs for

particular the project willls

the Govermment of Yemen, over a period
years, in investigating the irrigation
potentlal of the Wadl Zabid by surveying the land
and water characteristics of the area.




1.2

be/ Design the structures most appropriate for a
flood drrigation system covering a projected
20 000 hectares.

cef  Prepare a feasibility appraisal in terms of +he
organisation, operation and economics of alternetive
investment projects in the area.

At the end of the project a Feasiblity Report, a Pinal
Report and a series of Technical Reports an investigations
are to be submitted.

Thisg paper is omne of the Technical Reports
titled Soils and Land Capability written by Istvéan,Boros,
Agric.Eng. ;Research Institute of soll Science and
Agricultural Chemistry, of the Hungarian Academy of

. Sciences, Soil Scientiast of TESCO.

OBJECTIVES AND SCOPE OF ACTIVITIES IN RELATION TO THE
PROJECT

With speclal reference to the activities listed
in 1.Be/1.5, of the Plan of Operation the objectives and
scope of activities in relation to this Technical Repowrt
described asg

1o/ Soil studies based on aexrial photographs and filed
investigations with some laboratory wmwk@ probably
performed outside Yemen. The soil survey will
involve soill classgification and determination of



£ dreigetion
le for £lood 1lrrie

Thae
atly covered by barrven, stéep rocky mounbaing and
hidl Agricultural preduction has besn carried oul for

xles in these places which -
population with the minimum food
of agriculture in Yemen has a potent
marily in the Tihawa Plain, since on 1
fluviatile deposits of the Tihaws PL
diy climate, crop-growing can be
out with the help of irrigation.

tarritory of the ¥

Reputlic

”I”
3

having hot and

Ly carried
practice of flood irrigation wasltes water and make iryie

gation possible only in a velatively small area and
during the short and rapsodic flood periods of the wadis.
One of the mogt extbtensgive and oldest irvigated areas of
the Tihama Plain is the Wadi Zabid arves.

The task of the Wadi ﬁ&biﬁl?ﬂgmﬁ@ ig to estins
the agricultural pontential of the Project Area, to find ¢
the possgibilities and conditions of its agricultural
utilization and finally, to work out the agricultural
development programme of the terriltory. Since under the
given climatic conditions the succegsfull
production basically depends on the adegquate artifical
water supply, the fundamental questiong of the @@V@Em@mmmm
of agriculiture are as follows:

agricultural
t

Bef Whether the soil conditions of the territoriss,
which can be supplied with wat are suitable
for a more-up-to~date irrvigational farming if they




[
] ‘;) s

guarantee the soll conditions of an eff

irrvigetion,

[Py How and from where can the quaniti ty of we

and expecially more even than at present - ba
procured,

co/ How can the available water be distributed on a
larger territory and how can the present low effecti-
veness of irrigation be increassed.

In accordance with the United States Department
of the Interior Bureau of Reclamstion Manual /26/ a semi-
detailed soil survey had been carried out, on the avea
ded by the proposed diversion structure at Ma’ath
covering 20000 hectares of the irrigation scheme,

The soll survey was based on the aerial photog-

approximately 1:25000. Aerial photograph was interpreted
gimuitaneously through checked them in the field. On the
“characteristic spote soil pits were sexplored and examined
with and average density of 3 profiles per 2 sq km and
it was completed by the necessary amount of intermediary
auger borings,

Representative profiles were sampled and
subsequently subjected to the detailed laboratory
analysis whilst the other soll profiles and boreholes
were identified by macroscopic field exaninations.
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PREVIOUS INVESTIGATIONS

The Wadi Zabid Project aims at @@%@&@im@ a

design Tor an improved gpate-irrigation supported by a
technical~sconomie feasibllity sbudy. T F
Development Project aims at experi
tration and extension for com
uging groundwater. It also inbends %o x
depth of the agro=-economic problems %%%%@i&%@& WQ%®
groundwater development for iz The Wa
and South Gumedsha Projects are run under Sovied and
German Democratic Republic bilateral assistance Tespec
vely., The Sovdud Scheme is aimed at settlement through
land clearance, and exploitation of groundwsai The

South Gumeisha development is highly mechanised commerci
ivrigated farm which thas i@@%&% relationship to the farw
systens existing in the Tihama. Up Ho now no surveying
and no detailed soll mwv&&y?ﬁmﬁmmx% have been done-
apart from one or two minor projects - iun the Project
Area or on the ferritory of the Yemen Avab Republic,

&

Iowlands Pg

Foart
@




Chapter 2

NSRS

AREA SURVEYED

The arsa surveyed 1s a part of the Tihama
Plain in the Yemen Arab Republic, which is situated
on 45 longe and 15 S. lat. in the S. W. of Arabiae The
Wadi Zabid Project Area covers aboubt 25000 heectares
and soll surveys was carried out om about 20000 hect:
[Map 1/

SURVEY METHODS

For locating the place of the characteristic
soil profiles and for plotting the boundaries of the
mapping units aexrial photographs /estereo=pairs/ at
scale 1¢12500 and 1$25000 and aerial photo-mosaic /montage
at scale 1325000 were used. They successfully substitub
the base topographycal maps.

301 soll profiles were dug, examined and de-
seribed /1,5 profiles per kf/ and 28 intermediary bo-
rings were made fo characterize the soil conditions of
the area. The morphological description of the charac-
teristic profiles can be found in the Appendix 4 attach-
ad to Reporte
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aqua reglia soluble ?2G5wcan@@nt 113 tests
aqua regis soluble chacenteﬁt 113 w
lactate soluble nggmeeﬂtenﬁ 158 W
lactate soluble Kgcmcon%ent 155 W
pH determination of saturation extract 112 w
Na~content of the saturation extract 41 e
electrical wmmﬁu&tivi%y of the saturation

extract 112 i
total chemical analyses /hydroscopic

moisture content, ignition lessQSiﬂgg

ﬁgmﬁg &&Eﬁgﬁ @@2039 Ca0, MgO, Kegf

N@Q@§ Faﬁﬁg S@3§ MG/ 48 "

analyses of 1:5 water extract /dry

regidue, ignition residue, pH, EC,

carbonate, hydrocarbonate, chloride,

gulphate, calcium, magnesium, sodium,
pottasium/ 65
water analyses /dry residue pH, Ec,

total~, carbonate-~ and residual hardness,

soda equivalent, carbonate, hydracaf%@ﬁam

te, chloride, sulphate, calcium, magnesium,
podiuwm, pottasium, nitrogen/ 63 0

=
=

The methods for laboratory analyses are
sumuarized in Appendix l. The results of the laboratory
anglyses are given in Table 1-10. Appendix 5.

Tabless

1./ Horizons and sampling depths

2./ Analytical date

3./ Particle~size disitribubion of soils

4o/ Salinity and alkalinity status of soils

5./ Results of the analysis of 135 water éxtract of solls
6./ Results of the total chemical analysis of soills
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minations of qualitetive chloride, sulphate and soda
can be carried out in this laboratory. Out of these
primarily the measuring of pH, of total salt content,
and informative chloride sulphate and soda examinat
have been done.

NATURAL CONDITIONS

Between the hilly areas at 2500-3500 m above
gea level of the Arab Peninsula and the deep tectonic
graben of the Red Sea stretches a long, narrow /30-40
kn/, velatively flat, lowly situated subsided tery
that is the so=called Tihams Plain. The Wadi Zabid
Project Area ls located on this terrvitory in the southexn
part of the Yemen Arab Republic, at the south-eastern tip
of the Arab Peninsula /north latitude 14010@9 and easkt
longitude %39159f§'25 km east of the Red Sea. The Tilhama
Plain is cut by seasonal currents, wadis flowing from
east to west, from the hills towards the sea. Out of
these the most important one is the Wadi Zabid. The terwi-
tory of the Project Area is about 25000 ha. On more than
20000 ha of the territory soll survey was carried oub.

The territory under consideration lies on both sides

- of the "Russian Road" /Hodeidah-Mocca junction/ south

of Zabid, on a territory approximately 28 km long /east-
west/ and 15 km wide /north-south/ surrounded by the
Zabid-~El Tuheite~Husseina=El Subailta~Mahwa El Turba-ia®ath-
Augbi-ElL Maukher-El Habil-El Turaibah- Zabid lines,
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ture is extremely big,

bemperaty
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Monthly
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alluvial deposite /sendy eilt, eilt/
wadls &mﬁf or of cenbury-old flood irrigation.
rme the base material of the soil forming
procesges. At the pame time in the wide beds of the

ol

3 the coarse gravel is on the surface in certain
x The coarse @w&v@ bed of the detrital cone

i &@m@W&&ky gituated 0-9 m under the finer deposite
on the bterritory of the Project Area and it serves as
a naturel drainage of the tervitory.

Area is flat, the delrital cone slightl: X

towards the sea in easgt-west direction. Ibts altitube
above sea level is 2T0=280 m at Matath, 95-100 in the
vicinity of the Zabid, TO0=80 m at Tulhetia.

According to the macrorelief the Project
- glopes
1

As against the reletively uniform nsa
pattern of the territory wnder consideration it
microrelief ig rather verxied, with an wundulating mosaic
like lay-out. This is partly due to natural causes
/Pormation of dunes, ravines of the wadis ebe./ bubt
wmainly the result of human activities. The farmers
inhabiting the territory have been striving for
centuries to save as much water as possible during

the uneven, unsystematic, sudden and rapide f£loods

of the wadis by ingenious but simple means, without-
structures, pumps, machines, and technical squipments.

A specific system of water manasgement, wabter distri-
bution and water righits has developed an and intricate
gysten of high dems was built. These dams are frequently
as high as @m? m and as a conseqguence of this the
difference of level of the neighbouring fields is great

GOLe L
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and crop cultivation., The thickness and materiel of
the sediment layer on the ares under consideration
depends on the suspended matter content of the Wadi
water and also on the way, the distance and the time
the water is taken from the Wadi to the field, on
the quantity of water and speed of its flow. Since
irrigation water is in most cases not taken in canals
but led directly on the field the eroding /wash-away
nd sediment forming/ effect of the water, which is
big in guantity and quick in flow, must be taken into
conglderation. The horizontally layered profiles of
the alluvial soils in the Project Area have been
formed accordingly. In the course of irrigation the
speed of the water used for flooding decreases to the
minimum, end thus its suspended matter deposes in the
form of a characteristic silt layer. These silt layers,
can eaglly be perceived in the profiles of the
alluvial solls in certain cases even on the surface.
It is especially in microdepressions that 20-50
cm sild lmy@m accumulates. Its particle-~size distrie-
bution is generally as followss

‘ Size of particles in mm
Loag in HCL Lo 0,25 0,05~ 0,002

procegsing 0,25 0,05 0,002
% 13 - 1 58 28

Their permeability is low, they
shrink and crack considerably. For this reason the
thick silbt=-cover on the surface is undesirable
but this gilt layers in the profiles of soils of
course texture, raise the water capacity and water
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holding capacity of the soils and favourably lnflue
ence thelr water management properties and ferbi
lity. The recurvent silt eover may have a ceriain
fertilizing effects Concerning this the data of
tests regarding nutrient content of a silt crusit
and of the neighbouring soil are glven:

Total N Agua Regls smoluble Lactate soluble Total humus

% Py0g % Ky0 % PO “ngg{? %
0,15 0,150 0,640 m%il@@ g gg@k "
0,06 0,060 0,400 40 35 0,9

There is no difference in the available
ﬁﬁmg but K0 content and especially the mmus and
H=content are significantly increased by the silt
cover. Altough it is highly probable that the favourab-
le effect of ailt accumulation layers shows itselsf
in the deflation control and in the improvement of
water management properties.

The water of the Wadi Zabid is suitable
for irrigation. According to the data of Table 8/
Appendix 5./ water samples No 42-44 the total water
soluble salt content of the K&mﬁﬁﬁgy Cl, 30% = bype
water is 500 mg/lit, its chemical reaction is
slightly alkaline, its soda content is insignificant,
its SAR value is low and the Na per cent is not high
either. According to the USA classification of
irrigation waters /7/ this water belongs o the
0,8, category /medium salinity, low sodium water/
and as such, it can be used for irrigetion without
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any speclfic salinity control, especlally if the
drainage conditions of the soil are satisfactory
and if the crops grown here are not too sensitive

t0 salt Jor Wa/. The quantity of the residual sodlium
carbonate is in every case under the 1,25 mBq/lit
threshold values 0-0,6 mBqg/lit.
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These results of laboratory analysis pertain

i durdng low water periods and so durd:

-]

tion of we is even

: chemical composl
moye favourable: its salt content and

Na % are lower.
The soluble salt content of the water does not actua
change while being led from the wadl to the field
[Appendix 5, Table 8, water samples No 36-41/. The

conditiong of the present irrigation practice, the

favourable natural drainage /slope towards. the sea,
water table in the gravel layer, etc./ prevented salt
accumulation, and alkelinimation, the big quantity of
flood irrigation water provides a good leaching effect.
But in the fubure, under the conditions of an up=to-
date irrigation practice applying far lower quantities
of water this leaching effect - especially in the case
of soilse of lower water permeablility - will decrease,
and transform into moisture migration. Under such
conditions unfavourable salt accumulatbion and alkalinde
zation procesces may take place as a result of intengie-
ve evaporabtion under hot and dry climate /perhaps only
after a few years of irrigation/. For this reason the
control of the water regime and salt dynamism is of
primary importance. To realize this profiles 8, 9,

12 and 13 on the territory of the Experimental farm
give very good possibilities since these soils are to

a certain extentsalt—afifected at present, too and in
the area of the farm different up-to-date irrigation
methods are being tested. The examination of this
ghould be the wost important btask os the small soil
gcience laboratory established here since facilities
are available and the data obtained can be used not
only for the Project Area but they can be successiully
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Bind of sualysis

dyy residue

electrical conductivity
carbonate
hydrocarbonate
chloride

sulphate

calcium

magnesivm

godiwn

gf1lit
g/1it

potasgivum
Na %

SAR

pH
nitrogen

The intrusion of the salty sea-water
under the surface is limited because of the specifie
gtructural set-up of the detrital cone /solid basement
of the basin, both gravel layer and water table slope
towards the ses/, and even in the case of a more
intensive exploitation of the ground water by pumping
irrigation from the tube wells there is no danger of
its increase.

regent the ground-water has no effect

on the goll :;?'ﬁﬁg procegnas, since, it is positioned
at a congid gtands in a gravel deposlition
dayers: &&@h@vw table must rise significantly

during the floosd p@%&@&u Jwhich follows the periods,
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turbed flow of the gro
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irrigation /ireigation
on the whole Tihsowms
ares. The expe

very favourable,
is rich, fresh-green,
Appendix 5, ¢
of the ground
of irrigation waters is nob
total moluble salt conte
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to the NaHCO4 type may be

and their Wa % 50«55 %, For NET:

the chemical reaction of
alkaline, the res
also lower than -
the SAR value is also
utilization may result
after a few years of irvigatio

the surroundings of profiles 17 and
accumulation and slkalinis
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the ground water resources of the whole Tihawma Plain
for irvigation, and through this it could help Ho
outline the possibllities of the agricultural deve-
lopment of the area.

It should be noted here that these data
Justified the hypotheais which explained the beneficial
effect of the well waters /promoting the growth of
rich and freshe-gresn vegetation/ with the Wecontent of
waters. The ground=water in the Project Area has an
avarage 5=-10 mg/lit. Necontent. This value is as
high as 20 ng/lit. in certain places. Calculating
with an irrigation water wate of 500 mm, the guanitity
of ¥ totals up to 25-50 kg/ha, which is rather signie-
ficant in case of solls deficient in bhumue and nubrienv
content, even if the @vﬁpmwa%iam and leaching logs is
congiderable., This is the only artificlial Nesupply
in Yemen at present,
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Vegetation

The natural vegetatior
can be found only in the non-cultivated desert areas.
It is scattered and has s limited effect on the soil
forming processes., Regarding the type of the vegeta-
tion the greatest part of the territory belongs to
the Somali-Arab vegetation formation of the {troplcal
deserts. Ite minor part belongs to the Somali-Yemen
formation of xerophyte arborescent-bushy-shrubby vege=
tation of dry tropics. The characteristic representati-
ve of the grass vegetation ares Chryysopogon aucherii,
Paspaladium desertorum, Coelachyrum praeflorum, Maerus
gragsifolis, Buphorbia gp., etc., shrubs are represgen
ted by Helitropium bicolor, Croton cliffordii, Olea
chrysophylla, Tarchonantus ceamphoratus, Juniperus
procera, Calystegia sepium and soldanella; cacta=
ceous plants, Lactarius volemus, BEuphorbia s8p.,
etcs., among arborescent plante Acacla asak, mellie
fera, spirocarpoides, and trotilis; Cammifora dpwm
balsamum, Pistacia sp., Tamariscus 8p., Rhododendrum
8pe, palusg, etce

of the Project Area

1

The mogt important crops grown on the
irrigated and cultivated lands ares among cereals
the Sorghum species /durra/, Pemnisetum species /duba=/,
on territories evenly supplied with waterg maize,
among leguminous plants cowpea /digira/, among
industrial plants the local perennial and American
one~year varieties of cotton, the oil-peed sesane,
among vegetables radish, carrot,cabbages, tomato,
capsicum, lady’s finger, garden egg-plant, pumpkin,
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cucumber, melon, onion, lettuce, molochia, among frulis
banana, date, mango, papaya and cactus~frult. The
characterigtic weed-vegetation of the above listed

plants has also developed on the wvultivated lands.

Although the root system of the cultivated
crops, especlially that of the rich durra stands
produce a significent quantity of organic matter in
the soll, but this quantity of owrgenic matter rapidly
decomposes under the given climatic condition, and i%
hag & limited sffect on the Formation of the humus
layer of the soil., But irrigation and vegetation play
and undoubtedly important part in the chemical weath-
ering of the parvent materials, anf for instance in
the migration of the calcium carbonate content of
the soll profile.
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Chapfer 3

5011 PORMATION, MORPHOLOGY, CHEMICAL AND PHYSICAL
PROPERTIES

Under the given nstural conditions the
conditions of the soll formation are very limited.
The solil=climate is extremes the solls are dry and
hot /the surface layers often warm up to 60-T0°C/.
The precipitation falling unsystematically during the
sumney months in the form of rapid showers make ounly
the thin surface layer of the soil wet for a short
time, but the major part of the soil profile remains
constantly dry /dead horizon/. Physical weathering
is strong, primarily caused by the significant daily
fluctuation of temperature, and specific geochemical
systen of the territory developed.

Due to the aridity, the vegetation is scarce
in certain places totally missing. The root volume
of thorny xerophyte herbaceous plants, of the bushes
and short trees having deep roots, is small, their
organic metter production is insignificant, it is
digtributed evenly in the soil profile. No signifi-
cant clay or Ca003 migration takes place in the profile
either, Thue the profile of the developed solls is
homogeneous, no genetic horizons cen be percieved in
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them, and only layers of different texture diversify

them, Wind srosion played an ix ant part in b1

BalE
tling of the latter layers above each other. It

+
is wind that forme the characteristic dune formabic
of the deserts, e.g. on the bervitories to the west,
north and sast of the Project Avea. The so-called
psendo-gand-dune formation is also characteristic of
the territory. They can be met at the marginality of
nearly all deserts, on territories more or less blown
up with sand. The pseudo-sand=-dune behaves exactly like
coarsge blown sand /even strong wind does not 1ift it
high, dams of even 50-60 cm height give protection
against the demage of sand storms etc./, but its
granules are not coarse, elementary particles, but
8ilt aggregates of similar size cemented wi%m“ﬁmﬁwﬁw
This is the explanation for the wvelatively high
quantity of the asilt fraction of the deflational sands
covers among the data of the particle-size distribution
determined after HC1 processing. /Table 3, Appendix 5/.

Apaxrt from dune-formation, the wind played
and does play an important rcle in the traunsport,
shifting and stratification of Line texbured weatbhe-
ring products as well. Thus the loess-like gediment
layer is primarily of aeolian origin which isg as
thick as 5-8 m jn certain places of the Project Arves
and serves as the parent material of the formation
of tropical arid brown soils on the major part of
the cultivated area, This sediment matter exhibits.
macro- and microstructure quite similar to that of
loegss it forms steep walls /where the beds of the
wadis cut deep into the loose material/, it is
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porous, soft, and spherical lime concretions can bs
found in it, etc. The greatest part of its matexrisl
sop from the rock materlal - weathered to
ifferent degrees -~ of the surrounding hills, which
was bransported to the tervitory under conglderailon
by the wind. Probably, human asctivities also played

a part indirectly in ite accumulation since, the

fine aeolian sediment of irwvigated vegetation covered,
~wet solls could not easily be blown away by successive
wind storms,.

Sediment formation, fluviatile sedimentation
is a very important geogenetic process in the formatiocn
of soils, since s consgiderable part of the Project Area
Jabout 30 %/ is covered by different alluvial soils.
Actually the whole area under considewvstion is the
detrital cone of the Wadi Zabide. The early phass of
gedimentation is the settling of the coarse gravel
material of the drifted matter. In the past this
activity on the given tevritory had been much move
intense than it is at present, and probably it effece
ted much more exbensive territories /the floods of
the Wadi are now lower than in the past, as part of
the hilly catchment area was tervaced where signie
ficant quantity of water is retained for the water
supply of the cultivated cropss The lines of the
ancient wadi beds even their geological history can
be traced back on the basis of the analysis of the
deposition conditions of the gravelbeds located under
the present surface or right on the surface. Today
this activity is restricted to the main bed of the
Wadi Zabid and it has no direct sgricultural impor—
tance.
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The sedimentation of the suspended matt

..‘

is much more important. In this respect the following
vrocssses and their effect can be obsevrved on the
wrltorye

1. On territories regularly effected by the Wadi wa
in the past/ or by irrigation water originating
from the wadi and led there by human activity/but
have not got water cover and consequently sedi-

ment cover for a long time, soil formation star-
ted on the accumulated alluvial sediment f@W® on
territories irrigated from tubes wells and q
against deflation/, but in most cases the
was blown with sand.

2., On tervitories where Wadl water / or irrigation waj
originating from it/ still reaches the territory,
but neither its eroding nor ity sedimenting effect

is significant, soil forming processes slowly
start on the fluviatile or asolian sediment.

fu

« On territories which are reached by not only the
Wadl water for irrvigation water originating from
it/, but by its considerable sediment matter, soil
forming processes are limited by the recurrent
8ilt covering. Similarly,no soil forming process
can start in parts where the eroding, wash-awsy,
drifting-away effect of the wabter prevails.

It has to be noted here that the major part
of the sediment forxmation in the Project Area was not
brought about by the Wadl but by the practice of the

flood irvigation and thus the deposits occuring here
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alluvial, bub so-called %“ix

If there is no deflation, ex

ailon, or sedie
mentation on the territory and the growth of the
plants ls guarenteed by the artifical water supply, s
glow goll forming process starts: slight humus accoue
miletion and formation of sbructure in the root-zmouns,
certain carbonate leaching ocubt and sccumulation under
the root-zone. All these factors are not sufficient to
form characteristic soil horizons and soll profiles.

Although the extent of salb-affected soils
is
process of galt accumulation and alkalinization. A
was demonstrated by the description of the climatic
conditions of the Wadi Zabid area the constant high
temperature and the low humidity result in a potential

not great, attention has to be given to the

i
o

o

o

evaporation and the quantity of precipitation is ine
significant. The strongly negatlve water balance
promotes the rise of the concentration and asccumulation
processes. The water table is located at a considerab-
le depth under the Project Area, the ground water

stands in the gravelly sediment layer and it does not
generally reach the finer sediment layer even in the
cage of maximum water table. Thus the water and salts
cannot reach the soil layers above the water table with
caplillary movement. The slope of the water table towards
the sea is quite significant and since the ground waber
gets fresh water supply from the debris-slopes of the
food of the mountains and from the Wadi and from the
irrigated lands, its flow is significant and no deanger
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of the intrusion of the salty sea water. These facts

guarantee that no salinization from the ground water

will take place, not even in case of incrsasing the

irrigated territoriess

8o dirrigation from tube wells lowers but in no case
raises the water table ) :

be the same applies to the modernization of irrigation
with Wadi water, retalning the water of the Wadi
decreases the supply of the ground water with Wadi
water, and replacing flood irrigation with up=tow
date methods of irrigation /decreasing the infiltrae
tion loss/ lowers the supply of ground waters on
the irrigated territories.

The possibility of the salinizing effect
of irrigation water cannot be ignored in spite of the
good natural drainage conditions of the territory /coarse-
textured soils, gravel subsoil, deep ground water table/.
This is justified by the salinization of the surroundings
of profiles 17 and 18, the salt and exchangeable wa*
accumulation in the deeper layers of the profiles 8, 9,
12, 13 on the territory of the Experimental farm, etc.
The salinizing effect of irrigation can be realized in
two ways:
g. ‘through promoting local weathering and the accumulae
tion of the products of weathering in site
b, through accumulating the salt content of the
irrigation water

If it is consiered that the material of the
soil of the main part of the area is composed of
partly weathered Na-containing minerals /olivine,



orthoclase feld spar/ of basic volcanle rocks/ ande~
gite, basalt/, it 1s easily comprehensible that
irrigation water promoting weathering directly or
indirectly/faciliting the growth of vegetation/ and
accumulating the products of weathering in site may-
bring about the increase of the salt and/ or exchangeable
Na' content of the soil and alkelinization and salie
nization there., BEven if the guality of the irrigetion
water is excellent. And +this is not the case here as
it was shown in detailed desgeription of the hydrological
condition - and sometimes not only the water of the tube
walls but that of the Wadi too, are not of excellent
gquality. And still extensive terrvitories zfter a few
centuries of irrigation did not become salt-affected,
thig can be explained by the fact that the quality of
water during the flood periods of the Wadi /when most
of the irrigations take place/ is good, and on the
second hand the large guantities of floed irrigation
water were sufficient for leaching the accumulated
saltg. This is not guaranteed by the up=-to-date prac-
tice of irrigation /low irrigation rate for flood
irrigation, other ways of surface irrigation/ which
means the rational water balance and econonic use
of water/ distributing smaller doses on larger terrie
tories/. For this reason the constant quality testing
of irrigation waters and irrigated soils is vital
when modernizing the irrigation system /at least
in the early period of gaining experiences/. If it
is not done so irveversible damage may be caused
by extending the irrigated territories. But establishing
a proper control system, irrigation /mainly from tube
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wells with ground water/ can be carried out on more and
more exbtensive Yemen territories of the Tihama Plain.

Begldes natural conditions, human activities
had an important and sometimes decisive influence on soll
ﬁmmmim@ processes in the Project Areasirrigation, building
of canals and dams, growing crops, protection against
ﬂmfl&%imm@ etc., The result of irrigation . wasg that instead
of the demert soil, which is a characteristic zonal
soil type of berritories, under similar climatic condifi-
ons, tropical arid brown soils, characteristic of more
humid climate, developed, the material of which ig for
instance, far more weathered. The differences in the
frequency of irrigation, regularity, intensity and as
a consequence of this the differences in the vegetation
are reflected in the divergence of the soils, too. Dam-
system built up for water regulation and smaller dams
for protection against deflation make the soil cover
more heterogenous and complex, as well as mosaic=like.
The eroding effect of the flooding water ig also a
glgnificant factor.

Common properties of the soils found on the
territory of the Project Area as Tollows /excepting
the salt affected soils/s

- /1/ Chemical reaction of the soils is alkaline, the

pH raenges betweem 8,0 and 8,4 /Table 2, of Appendix
5/« The reason of the relatively high pH value is
partly the Ga@@B'mmm@@mm of colloidal dispersion
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in the soils, partly the Wa-conbent of the weat :
feldspars of wolcanic rocks. The chemical reaction
is gimllar in the whole soil profile indiceting
only an insignificant fluctuation. Because o 3
gtrongly alkaline chemical reactlion alkali hazard
has to be taken into consideration.

The soils are calcareocus, btheixr @&Qmﬁm content
varies between l.5 and 1.7 per cent averaging
around 5 per cent /Table 2, of Appendix 5/. The

ﬁaﬁﬁﬁm content of the individ layers often
differ but is not the consequence of soil forming

processes [leaching Ca-redistribution/, bubt it is
the result of the differences of the originel
Gﬂﬁﬁﬁw content of the deposits. The main reason

of the swmall amount of @&ﬁﬁgwmigmaﬁimm is that
the COy=production of the w@@ﬁﬁﬁ and thus the G@Qm
concentration of the soil solution and soil air is
small. The majority of the ?&603 ig present in the
goil in fine distribution, e.g. the lime cubans
covering with white coat the structural elemenis

of the sgoil layer under the cultivated horizon or
the pseudomycelium developing in the canals of

dead roots. Lime nodules, however, occcur only
rarely.

The water soluble salt content of the soils is

low., The tobtal salt conbtent of the saturated soll
paste is 0,1 per cent, the electrical conductivity
of the saturation extract measured on GY 25 is

1 mmhos/cm /Table 4, of Appendix 5/. The guanbtity
of moluble salbts in 135 water extract is 1-2 mEq
100 g soil, among the cations, besides Wat J0, 2w
=0,9 mBqg/ thexre is a considerable quantity of Ca

im “é
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ot is less/ 0,1 mBq/ and only a

f‘?{}ﬁ;l“"{;jﬁs mEq/, Mg
small quantity of K" /0,1 mBq was found/ Table
5, of Appendix 5.

B

The cation exchange capacity of the solls

JCBC/ depending on the particle-size distribution is
10-30 mEq/100 g, the extent of Na' -saturation /ESP/
is small / 7 per cent /Table 5, of Appendix 5/,

/47

/57

Humus content of the soils is very low, it is
below one per cent, generally 0,4-0,5 per cent
/Table 2, of Appendix 5/. The cause of the low
humus content evenly distributed in the soil
profile is the scarce vegetation producing a
small quantity of roots, and that organic matter
produced under the richer vegetation of +the
irrigated ‘areas is quickly decomposed under the
given conditions. The soil has no other sources
of organic matter. The manure of the scarce livee
gbock is not used for manuring either, and the
organic matter producing effects of repeated silt
coverages have been only partly proved by our
tests. The low organic matter content is also one
of the causes that the structure of the soils is
generally not well developed, the soil surface
becomes silted after the rainsg and irrigations
and subsequently forms cracks and soil crust
while drying, the water capacity of the soil,

the infiltration and permeability is less than

it could be expected on the basis of the particle-
gize distribution.

N—content of the soils is also low, 0,01-0,04

per cent and changes generally parallel with
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the humus cowbent. Thus the C: N prope
around 10 /Table -

P

B2

» of Appendix 5/, It is

remarkable that despite the low N-conte
vegetation of the irrigat

ed tery
not show symptoms of N-deficiency,moreov
iz often bright green, rich and has abuy

in other experiment executed within the
of the Project, 30 kg/ha N active substance of
urea and amnoniumnitrate has had a rather favoes

urable effect on the development of sorghum,

and millet. Presumably - as other auvthors
also reported about this fact-in some place

Necontent of irrigation water that is not

gible and easily available, covers, the compara
vely low nitrogen needs of the plant species
grown in Yemen at present as in the case of usl

big doses of irrigation water bthis quantity is

gignificant /counting with 500 mm water dose it

i8 .80 25=50 kg W /ha/. There isg wno artifica

fertilization in Yemen alt present morveover, all
&

H

&

kinds of experiences in this matbter are completely

lacking. But it is obvious that in the case of
up=to=date agriculiural production, the introduction
of suitable species and harmonious use of mrbrde
ents the adequate Wesupply of the plants will

be one of the key questions, as under the present
humue conditions natural ﬁ%wwlﬁaa@ cannot be
expected and with the decrease of the irrigation
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as thieg Negource will also de
soluble %gﬁgm
5 between 0,60, 2!
> 0,1 per cent /Table
butlion in the soil pr .

any definite tendency. The very high values of
profile 165 are remarkable and they can only be

of the

o N

dose not show

explained by certain local accumulation and cannod
be taken as characheristic of larger territories,
Agua regia soluble Kg®w@mm%wu@ is moderate, fluce
tuating between 0,3=0,6 per cent /Table 2, of
Appendix 5/. Its distribution in the soil prof
igs even,there are no %agmx” ant differences aw

the values weasured in the case of solls with
different texture.

JT7/ The soluble P mrw@mmﬁ@mﬁ « defined by Al-method
JEgne wwﬂwwhmm@mmmn%mf of +the soils in the Project
Avea is remarksbly high, ranging between 30-90 ng/
g soil. In gome cases it is very close to the "itotal®
aqua regia soluble P, 0% quantity. In the upper
layers of the soil the values measured are usually

higher, ygmgwﬁwﬂ@%mﬁ generally decreases with depth.
Though according to the European limit-values these
soils are considered to be well supplied with
phosphorus without exception, but is should be
taken into consideration that under the present
conditions the Al-method messures also part of

the Ca-pilicate-phosphates, the aluminium and
Fe-phogphates that are found in the soil, though
%@wmw can only be taken up by the plants %o a
limited extents As the soils under consideration
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have never recelved artificial P-supply, it is
possible, that = despite the m¢&b,% 0 values
measured = a favourable phosphorus - @ii@b% will
be experienced particularly in the case of
adequate Nesupply. But analytical date regarding
this are not available.

It can be stated on the basis of the elemental
anglysis of the soils /Table 6, of Appendix 5/,
that in the various layers of the different soils
the element composition of the soils is rather
similar. The quantity of 8i0, is 45-50 per cent,
A1203 - content is 13-18 per cent, the quantity

of Cal0 is 4=9 per cent, Mgl is 3-8 per cenl, the
amount of K20 is 1,2-2,0 per cent, the quentity of
Na,0 is 0,1=1,5 per cent, that of @20% is 0,2-0,4
per cent. This refers to the similar origin of the
goils and parent material and supports our geolo=
gical observations and exewminations of the fine
gtructure. It should be noted heve, that the
particle density of all the soils examined is
vemarkably highs 2,8«2,9 /Table 3, of Appendix 5/,
This is caused by the significant quantity of
magnetite present in the material of the soils,
therefore the ﬁmﬁ03mmmnﬁ@mﬁ measured is rather
high. Al,0;~ content is also significant /aluminivm
gilicates with different degrees of weathering and
also the MgO content /Al-Mg silicates/. On the
other hand the guantity of Si0
low,

o is comparatively
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The clessification of the soills found on the
of the Project Ares is
ix 3, Table II of Appendix 3 indicates the berx
b 3l extension of the individual unites of soll
claggification whereas in Table III of Appendix 3 it
is Indicated what kind of laboratory examinations were
carried oul on the different goll profiles. The data
of the laboratory examinstions are given in Tables 1~10

@

of Appendd

marized in T

&

5,

% 5 as it has already been indicabed in +the

introduction. The geographycal extension of the soils

is indicabed on the soil map abt a scale 1220000

A more debailed description of the occurriang

o

soils is given below.

DESCRIPTION OF THE SOILS CLASSIFICATION UNITS

Alluvial soils /17

According to the classification of the FAD/S
UNESCO World Soil Maps Calcaric fluvisols /Je/, /6,19/.
According to the Tth Approximation 1960%¢ Entisols=0Orthic
orthustents, and Tth Approximation issued in 1966 /17/.
Entisols = Calearic torrifliuvents.

On $he territory of the Project Area alluvial
goils are found in the response regions of Tthe main
/Wadi Zabid/ and the canals - Canal ale-Ain, Canals

8, Canal al-Buney, Canal al-Mawi, Canal aleJusfi

|
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I and II, In ﬁh@ sout
parte of the Project Area older gravel alluvial soils
are found often with shallow soil profile that were
developed in the past due to more intensive wadi=actie
vities and from the upper portion of the huge detrital
cone of the Wadi Zabid. /These goils from and extrem
big territory beyound the Project Area up to the slopes
of the foot of the hills, they are covered by scarce,

soerubby vegetation and are only legs suited for agri-

oo u

cultural cultivation/.

The common characteristic of the alluv
goilg is that because of the seasonal floods and
repeated sedimentation soll forming processes could
not begin, thus the specific diagnostic soil horizons
do not occur, or at the most, a pallid A<horizon can

be found on the surface, with low organic matter content,
Different layers gtratified one after the other in the
profile -~ having different particle~size distribution

and @&mm% - content- derive from the itransported material
of the Wadi, or more often from the sediment of the

flood irrigation water, thus the soll can be considered
as

"iprigational goil" /3/

The alluvial soils are generally fertile,
their fertility is primarily determined by their
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The original gravel

bed of the Wadl is

v covered with thinner sediment layer, morsover,
gravel occurs sporadically on the surface and fox in
¥

r8 near the surface. The gravel layer near
the suwrface limits the development of roots and also
the water capacity of the soils, it increases the
infiltration losses and makes the solls particulariy
sengitive to aridity /drought-sensitives.

fertility and capability /utilization/
these soils is primarily d ned by the depth of
cccurence of the gravel layer, therefore this
>bor consitutes the basis of fww@h@m classification
of Appendix 3./, The morphological
profile 2 is presented hsre a8 an

The

oy A0
(e NN

@X&m@&@@

It can be observed in general that soils
. layer near the surface /l.1l, l.12/have
m%mw@ /coarse and moderately coarse - textw
soils/, whereas solls, the gravel layer of which is
ery, /ls13/ are medium - btextured.
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alluvial solls

In their profile there is no gravel I

n of 150 cme Thedir

luenced by the

properties are pavrtly int
Pt gegize=distribution partly by the number
gequence of the silt belis to be found in the

/thickness, distance from the surface, ete./s

surface silt cover is disandvantageous from

the point of agriculture /cracking, soil crust Fformati
on the surface, hard cultivability, etc./, 8ilt belts
¥ into alluvial matter with coarse bexture

A ; their water capaciby, and water regime of the
soils. But silt belts bedded in mediume—textured soils

et b s

vantagous as they decrease the infiltration

The morphological descripition of profile
102, 18 presented here as an example.

The main soil-physical and water management
parameters of the soils are as followss



Mapping Silt Clay  Hygremoist SP CEC Field Infiltr. Perme=
unit mgqf capa-  rate m/h
o, o P 7 7 100/ ecity 1

79 e < 7 g 5@ I@fﬁl

cn

l.21 20=25 10=15 2,5=3,5 30=40 15 - e =
le22 25=30 10«15 2,5=3,5 30=35 15 130 50 20
1.23 35=50  15=20 3,0=4,5 35=45 15=20 150 40 15=35

124 45=55  30=35 4,0=6,0 40=60 25=30 = = ==
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Such soils oecur in the western part of

desexrt, bebtween

and Zab
atern

BleTureibah, and

bordering the

er layer of desert
tropical avid

il fer ofben

ases coarse, deserd
alled pseudo-sand
egate cemented with Ca W@3 of the gize
is in this
ly determined by the thickness of the
1

more often the

granules/ e ﬁ@w@i&iﬂy of the scoils

SI

is primari

' = ‘&jﬁ 4 §‘TL y}» ’ﬁ@

g

by the extent of deflation, but also
by the texture of the buried soil, The detailed classi-
the soils grouped under this heading was

ot

carried ¢ % in accordance with these facts. The fisld
morphological description of profile 49 ie gilven hers

ple, Some goilephysical and water-managementd

ameters of the solls are as followss
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Mepping Silt Clay Higr. moist 3P CEC Field Infiltr. TFerme-
: 4 mBg/ capa= rate ability
LY 100 g ¢ity mm/h m/h
% % % % 50 cm
221 35 15 2,0=3,5 30=40 10=15 140 60 20=35
2022 35=50 15=20 255=445 35=45 18=23 170 50 17
2032 40=50 15=20 240=4,0 3545 18=23 = = =
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intended to expre
here the degree of
intengitye

the Project Avea,
occur to &
ensive lime

is not cemented into hard pan

Eh

and Bl Turaibah

are only partly

ification of the
Xerosols /Xn/
he Tth Approximetion: Aridisols -

Mollic Camborthids /17+/

erritories. South
goils of the wadis
W erosion, primarily

with coarse ”;@%;:@ /3e1, 3.2/ occur,
Llon of the A - and Al=Turaibah it




is their medium textured varieties /3.,3/ and in the
eastern part of the Project Avea/ on the two sides
of the alluvial territories of the Wadi/ the variety
with fine texture prevails /3.4/.

In the regions, where the erosion or
sediment forming activity of the Wadi or the flood
water and the effects of wind ercmion have no consge=
quence or they are negligible, but artifical water
supply facilitates the existence of richer vegetation,
& rather modest soll forming process has begun. This
process is not sccompanied by a major formation of
hunmus and sceumulation as the organic matter of the
dead roots quickly decomposes. Structure forming ls
not noticable either, and no significant clay movement
and ﬁﬁOQmei%m&@&@m can be obgerved in the profile.
Therefore no sombric, or melanic A-=horizon develops,
only & more ox less developed pallid A-~horizon occurs
/Ochric epipedon/: with pale colour and low organic
matter content. No salic, calecicy, or gypeic horizons
develop elther, at the most a weakly developed cambic
B=horizon appears /transition layer, with a thin lime
coatings/, As this initial soil formation itself only
takes place under irrigated conditions the tropical
arid brown soils found on the territory of the Project
Area can be congsidered as the artifical outcome of
the century old human activities /Irrigational soils
/3/. Under natural conditions /without irrigation/ this
soil type can only develop on territories with &
climate of more preclpitation.



RS 5 g i)

& soll formation 1s at its early stage
the parsent materlals meinly cheracterize the soils.
This in this case, is chlefly of aeolian origin e
lossg=-like matter, colluvial=proluvial sediment

o alluviim.

The fertility of the tropical arid brown
solls occurring is primarily determined by their
water management properties as in cther respects
they are similar. Water management properties on the
other hand are determined by structural conditions
and texturse. On the basis of the latter feature the
tropical arid brown soils were separated and divided
into the following categories:

Coarse and moderately coarse-~textured soils
/sand, sandy loams and loamy sand/ /3.1/

are found on & relatively small tervitory.
Thelr permeability is good, but their field capacity
ig low.

Their fertility is moderate.

Medium~textured soils /loams, silty loams/

[3e2/

cover extensive bterritories. Their permeas
bility and field capacity is good., Their great potential
fertility is by no means well exploited. Their present

Tertility can be successfully increased by introducing
& more up-to-date agro-technique fertilizers, suitable
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soll culbtivation, inbtensive species, etc./ and irrigetion
Bystems,

The wmorphological description of profile
147 is given as an example in Appendix 4.

Moderately fine-textured soils /eclay loam,
Bilty clay loam with less than 35 % of clay, sandy clay
loam /3.3/.

are found extensively mainly in the eastern
part of the Project Areas. These soils have a fairly
good permeability and field capacity. Thelr fertility
can be characherized by the same features as given
at the previous type /3.2/. But their soil cultivation
may cause difficulties.

Pine textured soils/clay, clay loam, silty clay loam
with more than 35 % of clay /3.4/

are Tound in the eastern part of the Project
Area., JfThe tendency can be generally observed that the
soll texture becomes finer from west to east/, These
solls have moderate or low permeability and high field
capacity. Their potential fertility is moderate, Their
irrigation regquires great care/ suitable doses of watber,
even distribution of water, over-irrigation should be
avolded/, . their soil cultivation is difficult.

The morphological description of profile
227 is given a8 an example in Appendix 4,

Some soll-physical and water manasgement
paraneters of the above categories are as followsg
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Mapping Silt Clay Hygr.moist SP CEC Field Infilt. Permea~

unit mEq capa=  rate bility

Noe 100 g city mm/h mm/h

) mm/ 50
% % % % em

301 25=35  15=20 2,5=3,0 30=40  15=20 130 50 25

3e2 35=55  15=30 2,T7=4,5 35=50  18=28 150 40 18

363 40=55  25=35 4,0=5,5 45=55  23=30 170 35 15
364 35=45 35 50 28=32 180 25 8
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accumulation and alkslinization can be @b%@mW%ﬁ a3 o)

the territory of the Experimental farm characterized
by profiles 12 and 9 and aleo in the deeper layers of
profiles 8 and 13. As the territorial extension of
salt affected soils is small, they are important as
they call attention to the potential possibility and
bazard of salt esccumuletion and alkalinization and
this has to be tal

in the fubure at the agriculturel utilizssbtion and

ongideration by all means

irrigation of

As
of the soil forming @XQ%@%%@H the possibility of

been stated at the description

salinization and alkalinization from the ground water
i8 particelly non=existent on the territory of the
Project Avea, It is also proved by fact that on the
territories whevre the:

sig no irwrigation no salt
acecumulation and alkalinization can be observed, The
major sources of the salts are/or the accumulated

pxm&mmtw of local we ing and the irvgation water.
Here the effects of the two factors arve realized jointlyls

8o Irrigation, the repeated seasonal processes of
moistening and drying, the wricher vegetation,
the more intensive growth of roots, the bigger

s &ll result in the intens

L

CO,=production, etce
gification of weathering and particularly the
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~hemical one on the reglions under conslderation,
which leads to the production of a certain.
quantity of soluble Na=compounds and the
appearance of Nat ions in the solid and/or
liqued phases of the soils depending upon the

" mineral composition of the given parent material

of the soils/andesite, basalbt, and olivin,

k.

ortholcase Ffeldspars, etc./.

Irrigation water Jeither the water of the Wadi
or ground-water/ also gives Na=saltls, Vet ions
$o the solls and often not of a negligible
quantity. /Table 8, of Appendex 5/,

On the tervitories where Na-salibs
deriving Lfrom the above sources and the leaching
of Nat - ions through ground-water and their
transport from the field are hindered, they
accunulate and result in salinization and alkalie
nization processes, Az The majority of the
Project area hasg very favourable natural drainage
conditions /soils of coarse texture, gravel
gubgoil, deep water table horizontal flow of
ground=water/such accumulation processes have
not occurred under the present practice of flood
irrigation, using high dose of water becauss
the leaching reguirement of the soil is abundantly
guaranteed by the big quantity of water, The
situation is different if the drainage conditions
of the profile are unfavourable /poor water
permeabllity, impermeable layers in the profile
etc./, or the quantity of water used is not




enough for leaching
salts. In such ce
where the water accumy

regilons, processes of
alkalinization can be
urable processss can be \
jmprovement of the water mansgement properities

of the soils /deep loosening, growth of crops
with deep roots efec./ by the even dis i

of water and the continuous
the irrvigation water and

ﬁm&%;%w
i

morphological &m%mw&wﬁx“J
here for the character:

17 is gi

goils in the Project

Ag it can be ‘
of the profiles, in the the salt
affected soila of the weglon, characterized by
profiles 17 and 18, a B horizon /solonetz hori-

zon/ with columnar sitructure can be observed,
thus they can he class 2d according the Sube

commision of Selt Affected Soils of the IS5SS
ag "Alkeli soils with gtructural B horizon" type.

These soils have a strongly alkaline
chemical reaction, their pH value vreaches and
even exceeds 9/Table 2 of Appendix 5/ Their
water soluble salt conbtent is not highs
salt content measured in the saturated soll

“'g

paste is 0,10-0,15 per cent, the el

actric

conductivity of the saturation exiract on



ontent of the

3 mlig/1i%
F0,2=043 m&wfﬁwﬁ g goil fﬁ&h&@ 4 of Appendix 5/.
The electrical bivity of the 135 watex
extract is JEC 25°C/ 0,2-0,3 mmhos/cm, its salt
content is low 1-2 mBg/l00 g soil. OFf the cations
¥at is dominant /1-1,5 mig/, Ca“t and X' are
insignificant. Of the anions H&@m is dominant
J1=1,2 mBg/ and the quantity of ﬁhw chlorides
/041=0,3 mBg/ and particularly of the sulphates
ig small /0,1 mBg Table 5 of Appendix 5/,

o

conduc

Contrary to the low watbter soluble
of the soll the malit-affected soils

salt conte
with 18=20 mik
are gtrongly saturated with Na, their BSP values
reach and even exceed 20 per cent., The quanbtity
of the water soluble salts is the highest in the
deeper solil layers, the guantity of exchangeable
Na¥ is the meximum in the B=horizon., The texture
differentation /illuvial B horizon/ that is
characteristic of the solonetzes ocours primarily
in the sgilt fraction. Their weber management
characteristics are unfavourable, available
moilgture content that can be utilized by plants
is low,permeability is weak,

q/100 g cation exchange capacity

Frofiles 9-12=13~8 of the Experimental
farm have a decreasing bendency of salt accumulation
and alkalinization in this order of ligting.
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lo profiles 9 a significant salt sccumula—
tion can be observed, water soluble salt content incre-
ases with depth. The total salt per cent of the satu-
rated soil paste is 0,2-0,5 %, the saturation extract
has BG 1,5-6,5 mmhos/cm, the NaT-content of the sa-
turation extract reaches and even exceeds the 30 mBg/
1it/1«3 mEq/100 g so0il/. The 1:5 water extract exceeds
Ec % 25 2 mmhos/em, the quantity of salts in mBg 100 g
s0il exceeds 10. Of the cations Na™ is dominant, wheres
ag of the anions HG@E dominates in the upper soil
layers /with lower salt content/, and deeper/ with the
increase of salt content/chlorides and sulphates occur
in the biggest quantity. The ESP value in the upper
soil is 6,6 per cent, increasing with the depth up
to 20 per cent. The chemical reaction is only moderately
alkaline and decreases with the increase of salt
contentd.

In profile 12 salt content is the biggest
at about ome meter’s depth: the total salt counbent of
the saturated soll paste is 0,25 per cent, the satu-
ration extract EC 925 is 2,5 mmhos/em, the Na’content
ig 14 mBg/lit. The composition of the salts can be
characterized by the tendency observed at profile 9.
The Na-saturation reaches its 15 per cent maximum
at 80-~100 cm depthe

Ne. saturation is small in profile 13, a
moderate accumlation of salts can be
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observed in the deeper layers /0,24 per cent -
2,2 mnhog/em « 15 mBqg/lit. On the other hand

in profile 8 a mild process of solonetization
can be observed ESP 13 per cent in the dseper
layers, but the salt content vemains low in the
whole profiles Soils that are sodic and alkaline
to varying degrees in the Bxperimental farm,
offer good opportunities fTor collecting data
for continuously observing the changes, of the
salt dynamism and balance of the irrigated soils
of the Tihams Plain. Such dats do not exisgt at
present, but to the survey of the agricultural
potential of the Tihams Plain in Yemen, to the
exploration of the possibilities of agriculitural
development and irrigation and to the forecast
of the salt accumulation and alkalinization
processes to be expected as the consequence

of irrigation and also for the elaboration of
the preventive measures, such information is
indispensables
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Chapter 4

THE LAND CAPABILITY

LAND CAPABILITY CRITERIA

The survey of the agricultural potential and
land capability of the region wes executed is accordans
ce with the regulations of the "United States Department
of the Interior Bureau of Reclamation WManusl, Volume
V Irrigated Land Use, Part 2 Land Classification /24/%.
Thus, besides the direct soil factors /physical, water
nanagement, physicochemical,chemical, biochemical
propexrties/ other natural factors /relief, its articu-
lation and undulation drainage conditions, etc./ and
certain economic points/ wabter supply and the facili-
ties of distribution, culbtivability, potential fertili-
ty, expected yield of the crops, ete./ have also been
taken into consideration.

LAND CAPABILITY CLASSIFICATION

The geographical situtation of the land
capability classes is indicated on the attached
map at scale 1320000, Soil types belonging %o the
individual land capability classes and theixr



tereitorial distribution have bsen sum
Table IV of Appendix 3.

Berore glving the detailed (
the individual land capability classes it is necessaxry
to state the followings

ae/ On the territory of the Wadi Zabid Project Area
irrigation has been carried out for centuries,.
The farmers have tried to rebain the possible
greatest amount of water during the times of the
brief floods of the Wadi all without machines,
structures and technical skill, and to supply the
water to the planits. This effort has developed
the specific practice of flood irrigetion and the
characteristic system of waber wights, management,
and distribution of water. The fundamental characs
teristic of this system is that canals arve usually
baking the water from the upper stream of the
Wadi Zabid at Ma’ath or near to Mahwi Matea
/ramification of canals/ aimed at leading the
irriga%ion water to a certain place, then fields
are irrigated by the so=called "ifrom field to
field" methods, when the irrigation vate is regulee
ted by special spillways built up from bricks and
cements, or by simply cutting the dykes throughe
The fields are surrounded by high banks, reaching
the height of 7 metres, which can be called dams,
If the level is further increased by adding wmore
water, Then the water reaches the upper "lands®
through the opened dame spillways. Consequently,
on the irrigated fields of the Project Avea an
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%m@wi@&%@ natwork of «

"ggwpwﬁ and

upon the mmﬁg&m of its wate

hand it means that turning gilons undeyr

flood irrvigetion culture sultable

for large-scale farming and ate surface

@

irrigation, would require great land

levelling work than is not only expensive bub
its economy is also a matter of dispute. This
naturally does not mean than the irrigation
practice of the regions discussed

be modernized fe.ge by the implementatic
& o :

mechanized water Liffting,
or by the distridution of s
water on bigger territories, ebc/
it represents a hindrance in the way ol up=to-
date large-sgcale farming, Prom this point the
conditions are somewhat more favourable in reglons
/esgo on the western part of the Project Avea,
etce/ which can be supplied with water from the
Wadi to a rather limited exbent and where the
irrigation water is mainly obtal
In these regions the fields are la

ined from wellse

=t

ar, there 18

t

no, or only a small difference of level among

them and the dama are lower Joften not serving
water control but protection against deflation/s

Under the given climatic conditions /high
temperature and potential evaporation, few preciple
tation/ and irrigated conditions the p@%@ﬁﬁm&&
galinity and alkalinity hazard prevail all over
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the verritory of the Project Ares,Processes of
salt accumulation and alkalinization can only

be avoided if the leaching of Na-salts deriving
from the loeal products of weathering and/ or
from irrigation water is artificially guaranteed.
Therefore when introducing up=to-date iryigated
cultivation and extending the size of irrvigated
territory it is necessary to control continuously
the water used and the soil irrigated, to define
the changes of the soil, to forecast +the expecied
changes and subseduently %o teke the necessary
measures with the view of preventing harmful
procesges in the soil, Without this irrigation
wmight become hazaprdous.

The characterization of the land
clagsges may be briefly summerized as followss

Clags l=Arable lands /Excellent for irrigated
cultivation/.

Wo found on the tverritory of the
Project Area. The causes are not primarily in
pedogological but rather geomorphological and
economical at Cnes the marked geographic sturcture
undulation of the region /the systems of dams
mentioned earlier, the small size of the fields,
with a big difference of level among them, etc./,
the difficulties of introducing up~to-date, large
seale irrigation/ demanding significant land
regulation, etc, fand large-scale mechnaized
cultivation,
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Class 2-Argble lands /Suitable for irrigated
cultivation/.

Approximately 50 per cent of the
territory of the Project Ares may be clasasified
undeyr this heading. Soils with the best water
management properties and with satest
potential fertility belong to this class’s the
mediwm-textured, deep layered alluvial soils
/1,23, 1,24/, deep alluvial soils with coarse
texture but with several silt

accumulation
layers /1,22/ and the majority of the medium
textured and fine textbured tropical arid brown
soils /3,2, 3,3s 3,4/ provided their irrigation
water supply comes from the Wadi and their
economic conditions /distance from the road
facilities of transport o and from, etc./ are
not unfavourable,

In the case of alluvial solils the
potential fertility is limited by the silt-layers
that are bedded into the medium textured alluvial
matter and decrease Tthe drainage conditions of
the soil profile, whereas in the casge of the
tropical arid brown soils with fine texture the
difficultd cultivability is the limiting factors

We have classified under this heading
gome of the tropical arid brown soils with
coarse texture /1l.21/ and of the alluvial solls
with 8ilt cover on the surface /1l.25/ as their
water supply and economic co ﬁ tions are



o B

The difficulties of up-to=-date large-
scale mechnaized cultivation and irrigation
prevall here as well as in the earlier cases,due
to the undulation of the region, The land undexr
consideration ls suitable for the irrigated pro-
duction of all agricultural crops that may occur
in the region. Because of the advantageous supply
of irrigation water and the good water management
properties of the soils it is advisable however
to give preference to the cultivation of plants
that require more wabter /vegetables, maize,
sugar-cane cotbon, banana, ete/, that are more
difficult to grow slsewhere., These field do not
require smeloirative interference /besides land
levelling/, The high potential fertility of the
soils can be realized by irrigation, by the
introduction of suitable species, by s harmonious
uge of organic manure and artificial fertilizer
/primarily by application of N/ and by up~to~date
deep cultivation, Because of the high water capa-
city of the soils and their good water holding
capacity the number and frequency of irrigation
can be successfully reduced by using higher doses
of water for irrigation.

Clags 3-Arable lands /Suitable for irrigated culti-
vations

Approximately 27 per cent of the
territory of the Project Area mey be classified
under this heading,
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Such soils belong to
have good water mangement pWWWV@%?
potential fertility /1,22, 1,23,
but their water supply from the Ve ficul
are digtantly situtated from the road and from

clasp which

inhabited regions, thus their economic conditions
are relatively disadvantageous.

Deep alluvial soils with moderate water
mansgement properties and moderate potential
fertility, with coarse texture and one silt-accu=
mulation layer /1,13, 1,21/, some of the alluvial
soils with surface silt cover /1,25/ the majority
of medium~textured soils slightly affected by
wind erosion and covered with thin sand mantle
/2,32, the majority of tropical arid brown soils
with coarse texture /3,1/, and also the neighbour-
hood of soil profiles 12 and 13 that are salt
affected and solonethic respectively in their
deep layers, also belong to this class,

The potential fertility of the sodils
is decreased by the gravel layers occurring deeper
in the soil profile of alluvial soils /1,13/, by
the low field capeacity and the danger of deflation
/2,32/ in the case of soils with coarse texture
/1,21, 3,1/ and the slight accumulation of salts
and the tendency of turning solonetzic in the
deeper layers of goils in the region characterized
by soils profiles 12 and 13.
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The difficulties of up-to-date large=
scale mechanized cultivation and irvigation prevall
here ag well as in the earlisr cases due to the
undulation of the region., The lands under considera-
tion are suitable for the irrigated production of
all agricultural crops that may occur in the reglon
but because of the difficulties of waler supply
and the less advanbageous waber management propertie
eg of the soile it is recommended to give prefew
rence to the cultivation of crops that demand less
water fdurra, uha, sesame, etc/. In regions exposed
to sand storm, protection against deflation is
important /to surround the land by dammﬁ the
fixation of moving sand/. Other ameliorative
intervention/ bezides the levelling of land/ is
not required. During the course of cultivation the
disturbance of silt layers that improve the water
properties of the solil profile of alluvial soils
should be avoided, Deep cultivation /mixing deseper
soil layers with the upper ones/ can be particularly
succesaful in soils having s8ilt or sand cover on
the surface, The increased supply of organic matber
would be important for these soils, When using
mineral fertilizers the application of Neig of
particular significance and medium doses can be
recommended, In the neighbourhood of profiles
12 and 13 particular attention should be paid to
the continuous control of the salinity and alkalie
nity status of irvigation water and irrigated
s0ils,
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Class 4-limited arable lande of special
use /Suitable for irrvigated cultivation only
tentatively/.

Approximately 7 per cent of the terriw
tory of the Project Ares maybe classified under
this heading.

Mediuwm deep alluvial soils /1,12/,
goils moderately damesged by wind erosion and
covered by a moderately thick sand mantle /2,21,
2,22/, soils of coarse texture and only slightly
damaged by wind erosion /2,31/, and salt affected
goils around the soil profile 17, solonetzic solls
and soils solonetzic in their deep layers,
occuring around profiles 9 and 8 respectively,
belong to this class.

In the case of alluvial solls potential
fertility is limited by the gravel layer occumpe
ring in the profile, by the low water capacity
and the danger of deflation of the soils covered
with sand mantle, the Wa-gall accumulation, the
Na~gaturation of the exchange capacity of the
soil and the unfavoursble walter management properities
have the same effect in the salt affected soils,

At the irrigation of moderately deep
soils the infiltration losses are high and water
held in the relatively thin sgoll layer can
provide the water supply of plants only for a
short time, therefore smaller doses of water and



more frequent irrvigation is recommended. O the
plants preference should be given to crops that
have shoilow roots.

In regions damaged by wind erosion

prervequisite of succesful cultivation is protectlior
againgt deflation. Against the damage caused by
sand sbtorm coming from the nearby desert suitable
earth dams culisses of plants with thall growth
nay vrender sufficient protection, whereas the
fixing of sand can be achieved by keeping the
gurface moist and having permenently a densge gro

of crops. It also can be of good results if by

deep culbivation the thinner surface cover of san
ig mixed with the deeper soil layers that have a
heavier texbure, Of the plants preference should
be given to those that are less sentitive To sand
gborms and offer more permsnent and denser vege-
tative cover,

In salt affected soils the leaching
of the accumulated salts should be guavanteed.
Por this purpose permeability of the soils has
to be improved /deep loosening/ and water necessaxry
to the leaching of salbts provided., The cultivation
and ilrvigation of these soils should be done
with special carsand the necessary measures bo
limit the strengthening, deepening and spread of
palinity end alkalinity should be elaborated. The
cultivation of crops sensitive of salts should
be avoided,
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The use of orgenic metbter and modersts
doses of mineral fertilizers can be recommended
in the case of soils belonging to Class 4.

Class S5-Tentatively non-arable lands /At present
not suitable for irrigated cultivation/. Approxi.
mately 10 per cent of the territory of the
Project Aresa may be classgified under this heading.

Gravel alluvial soils with shallow
profile /1,11/, soils covered with thick sand
mantle and strongly deteriorated by wind erosion
and soils at the border of the desert /2,1/ helong
to this class,

The prerequisite of the asgricultural
utilization of the latter ones ares the pmwﬁ@@%i@m
against deflation and a suitable amount and
guality of irrigation water. The water that may
be obtained is primsrily from tube wells is not
always of good quality particularly in the western
part of the Project Area /in the region of Tuheita/.

Class bG-Non=—arable lands and inhabited aress.

Approximately 2 per cent of the terrie
tory of the Project Area may be classified underw
this headinge.

The Wadi=beds covered with deposits,
the stondy lands with trees, bushes and thickets
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lands turned into desert /eand-dunes/, iuhabited
and other lands not used for agricultural purposes
/cenetry, caravan road, etc/ belong to this class.

Wot suitable for agricultural
cultivations
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EXPERIMENTAY, FARY

The aim of the Experimental farm is to offer indie
ion of the possibilities and methods of the agricultursal
developument of the Project Arvea and in & broader sense to the
Tihama Plain with the help of the experimental data
ybbained and to sexve as a model ofe-up~to-date large=scale
ated farming., The Experimental farm offers facilities fox
¢ substantial and continuous study of the effects of

igation on the soils, for the analysis of the harmful proce
of salt accumulation an lkalinization, for the clarification
of its causes and circumstances and for the elaboration of
preventive measures. The Experimental Farm besides presenting
and publishing the results that may be achieved in agricultural
development, may function as the basis of a network of
agricultural advisery service in Yemen.

e

In accordance with these the Experimental farm can
successfully achieve its aims if ite own climatic, geological
geo=morphologlcal, hydrologicel, reliefl and soil conditions
well w@pﬁ@w@mﬁ the conditions of the Project Area and the

whole PTihama Plain of Yemen,

The Experimental farm is situated on the south
sastern part of the Project Area some 700 m south of the
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Labid, and some 300 m north of the PAO Caup. Its area
about 20 hectares.

Its soil conditions and land capabilities ave
presented on the attached map at scale 131000, It should
be nobed that six intermediary borings wexe made on the
Experimental Farm and 15 soil profiles were dug of which ten
have been characterized by d@tailﬁd~l&bom&%oiy’t@mtw@ In the
case of three profiles field teste of water management /field
capacity, imfil%r&%ion'ratay permeability/ have also been
execubed, '

The bigger scale of the maps has made the more
detailed claggification and maerking of the various solls arve
possible, Types of soil, their terriftorial extension, the
land classes and their territorial distribution have been
summarized in Table Vo, of Appendix 3.

The characteristics of the types of solls occourring
in the land of the Experimental farm can be briefly summarized
as follows,

Calcareours shallow alluvial soils f1l.1/

Cover about 18 per cent of the territory of the
Bxperimental Parn, Debailed descripbion is given in the
Chapter 3.3 of the present Reporte

Of the soils belonging to this group about 30
per cent have shallow, 15 per cent medium and 55 per cent
moderately deep soil pmofil@@ This regilon-bordering the
Project Area and characteristic of very big territories -
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acilities to the elaboration of the systems of
, organic and mineral fertilization and ivrig
goils with shallow soil profile and also to

of the facilities and economy of largs
bed farmings

Alluvial soils with shallow profile /fl.11/ have
grouped under land class 5, alluvial goils with medium
deep profile /l.12/ into land class 4, alluvial soils with
moderately deep profile /1l.13/ into lsnd class 3, in
sccordance with their potential fertility.

Tropical arid brown soils /3/

Cover about T4 per cent of the land of the Fairme
Their detailed description is given in the Chapler 3,3 of
the present Report.

0f the soils belonging to this class about 62 pex
cent have mediwm /3.3/, 38 per cent /3,4/ fine texture. These
poile are characteristic of extensive regions of the Project
Ares and of other Wadis of the Tihama Plain, They offer facilie-
ties to the elaboration of the methods and peossibilities of
up=to-date irrigated cultivation to be introduced on the
goils of the highest potentitel fertility of the region,

The soils under consideration have been grouped
under land class 2 in accordance with their high potential
Tertility.

Salt affected soils 4/



Cover about 8 per cent of the territory of the
Parme Detailed descripbtion is given in the Chapter 3,3 of the
proesant report.

The larger scale of the map mede it possible to
claspify more detalled the soils affected by differenc degrees
of salinization and to plot their boundaries as well, The
classes are ap follows's

,  Soils with moderate alkalinity in deeper layers
Jprofile 8/ f4e1/e

The salt-content of the soll is low in the whole
profile's %0@&3 salt percentage of the saturated soil paste
is 0,1 % BC %5 of patursation extract is 1 mmhos/cms The
Na~gaturation /ESP/ grows with the depth and below one metre
regches ite maximum with 13 per cent /Table 4 of Appendix 5/,
Alkaline medium~textured soils /pH 8,3=8,4/ their B=horizon
ig nolt developed.

These soils have been classified under land
claes 4, Amelioration is not needed but their irrigation
vequires special care,

Soils with moderate salinity in the deeper-layexrs /profile 13/
mﬂg‘:}j
F @ o,

The salt-content of the soil increases with the depih
in the profile and at one metre the total salt content of the
saburated soll pasta is 0O, 2& per cent, the saturation exbract
EC®25 is 2,2 mmhos/cm, Nat-content is 14 mBq/1it/0,8 mEq/100 g
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11/ OFf the cations N%%% of the anlons ﬁﬂﬁﬁ are domlnant
the quantity of chlorides is &1@%‘@&@%&@&&&&%@ whereas

; hates occur only in smaller quantities. Their Na-gaturation
tg low /ESP T %e /o Alkaline pH 8,3 =« 8,6/, moderately fine

‘ pred soilse Their B=horigon is not developed, These soilius
e bheen classified under land class, Amelioration is not
neadsd bubt their irrigation requires special care.

Joils with moderate salinity and alkelinity in the deeper
layers /profile 12/ /f4,3/

Their salt—content and salt composition are similar
to the earlier one /4.2/ but their Wa-saturation up to 60 to
100 cm reaches almost 15 per cent /Table 4 of Appendix 5/,
Strongly alkaline pH 8,4-8,6/, medium textured soils. Their
Behorizon is not developeds

These soils have been grouped under land class 3.
Amelioration is not needed but thelir irrigation requires spe-—
cial care.

Soils with medium salinity and alkelinity /profile 9/ /4.4/

Their salt content increases with the depth in
the profile and lower than 80 cm it is more than 0,3 per cent
/3 mmhos/cn/. Of the cations HGQ? in the upper layers, in
the lower ones it is chlorides followed by the sulphates
that occur in bigger quantity. The ESP value is 6,6 per cent
in the upper soil horizon increasing up to 20 per cent
downswards in the soil, Chemical reaction is only moderately
alkaline and with the increase of salt content the pH value

decreases, Their B-horizon is not developed.



These solls ave grouped under land class 4, It is
> fortunste that a great variety of the soils with diffe-
t degrees of salinity and alkalinity are found in the terii-
vy of the Bxperimental Parm as it ensures farm facilities %o
study the effects of irrigation and agrotechnique on the salt
dynanism and balance and to draw conclusions that are valid
for the whole land of the Project Area and slso for the whole
Tihama Plain regarding the expected effects of irrigation on
the goils,

o

On the territory of the BExperimental farm land
levelling has been carried out for the sake of large scale
irvigated cultivation following the field soil survey. The
exigting smaller dams and microrelief differences have heen
levelled end the land has been equipped for surface irrvigation.
Ground-water obtained by tube wells ig utilized for irrigation.
The quality of the irrigation water is favourables its dry
reaidue is 450 mg/lit, electric conductivity on °¢ 25 is 0,7
mnhos/cmes Its chemical reaction is moderately alkaline pH 8,3«
8,4/ its soda content is low / 0,5 m mBg/lit/, its Na per
cent remains below 50 and the SAR-value is also hardly above
2s According to the USA standard for water quality classificia-
tion the water belongs to category Cgslj mediunm salinity low
godium water/ and as such it can be ubtilized without special
salinity control particularly if the drainage conditions of
the soil apre suitable. As the salinity and alkalinity
conditions and water nanagement properties of the soils in
the Experimental farm are different valuable experisnce can
be obtained by the utilization of this water regarding the
limit values on the Tihama Plain.

Summing up it can be stated that the Experimental
Parm represents the natural and soils conditions of the region



yand thus offers facilities to establish the
the eagricultural utilization of different solls
to the elaboration of agrotechnigue and also the methods

atlion to be used.



Chapter 6

RECOVMENDATIONS

On the basis of a semi-detailed soil survey the
llowing congolidated recommendations are made to estabe
lish investment feasibility and permit the development of
8 more up-to=date ivrigated agriculiure:

1 Whe pre-conditions of implementation of large-scale
ivrigated faxming on the project avea is the levelling,
&b@\fQMM&%imn of fields of proper size and configurations
Levelling on the areas of present, inbtensive ivrigabtion
ig uneconomic, because of the high banks. The problem is
gimpler on territories /for instance in the western part
of the project avea, etc/ysupplied by water not from the

Wadi but from ground-water /tube well irrigation/. Here
the fields are K&rg@wé the topographic differences between
the fields asre smaller and the banks arve lower, The deepexr
gtrata can come up to the surface afbter levelling /aeolian
fluviatile sediments/ have favourable physical and chemical
pmw@@m@imﬂg neither saline nor alkaline,

& Cultivation on the soils does not need applicatbion of
any special wmeasures, but the large-scale mechanized soil
cultivation is hindered by the uneven relief of the area,
swall size of the fields and their irrvegular configuration
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In course of tillage of elluvial soils the disturbance of
the 8ilt sccumulation layers, improving the water mana-
gement properties of the soil profile, should be avoided.
The deep ploughing /mixing the subsoil layer with the

top horizons/ might be especially promising on the suilu

with 8ilt scecumulation or sand cover on thelir surface.

The deeper tillage and subsoil loosening can be recommens
ded for the soils of fine texture.

The water erosion control of the area can be provided
thorough exchanging the wild flooding and the so-called
"from field to field" irrigation methods by more up=to=
date methods of irrigation. On the areas damaged by wind
erosion pre-conditions of the agriculitural crop producs
tion is the deflation control. Proper earthbanks, cullisess
of high growing, wind-protective plants can serve as a
protection ageinst the demage caused by sand storms coming
from the adjacent desert area, Fixation of the shifting
gand can be reached by maintenance of the soil surface

all time wet and providing suitable dense and permanent
crop=gtand on the soil surface. Among the plants preference
should be given to the more sand storm-resisptant varieties
and to those plants able to give more permanent and

denser cover on the respective lands.

At the present time soils of the area do not require any
kind of amelioration methods except the levelling, Small
salt-affected spots can be reclaimed by supplying the
leaching requirement and simultaneously by the limprovement
of vertical drainage of @oils /deep ploughing, subsoil
loosening, culbtivation of deep-rooted crops/. The produc-
tion of the salt-sensitive plants should  be avoided on
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these soils.,

Ag the total orgenic matter and plant nutrient content of
the soils are very low, elaboration of the system of
organic and mineral fertilization is of great importance.
Increasing the amount of organic manure is possible only
through the development of the livestock and modermnization
of keeping animals, as well as using the increased farmyard
manure oubtput directly for manuring /not for fuel/. But
these posgibilities, because of forage problems, are the
function of the gﬁmﬁfal development of irvigated crop
productions '

Besides the good water aupply of plants the
other key-problem of increasing soil fertility is the
proper end harmonious plant nutrient supply. In addition
to the application of Nefertilizers of vital importance
the phosphorus and-in special cases /for instance culti-
vating potassium-consumptive crops, like vegetables
fruit trees, etc/ -~ the potassium are imporbant, as wells
Concerning the optimal assortment and application rate of
the fertilizers more detalled data will be obtained by
obgervations and field experiments /supported by soil
laboratory tests/ being carried out on the Experimental
farm of the Wadi Zabid Project.

The kind and sort of the cultivated plants fivst of all
depend on the possibilities of water supply. On the
areas of good water supply and on eoils having favourab-
le water management properties /Land capability class

« 2/it is reasonable to grow water consumptive planta/
vegetables, corn, sugar-cane, cotton, bananag etc./,
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the production of which is move difficult on the other
territories. On soils with less favourable wabter mansge
gement properties and on aveas of insuffiecient water
gupply 1t is recommended to cultivate less walber=consumps
tive crops/durra, duha, sesame etc/. On soils having
ghallow profile the cultivation of deep—rooted crops and

. the galt-affected spots the growing of salt-sensitive
slants should be avoided.

The two sources of irrigation water are the Wadi-waber
and the ground waber,

&o The wadi-water is a medium salinity-low sodium watex,
can be used for irrigation without any special
practices for salinibty control, especially if the
drainage conditions are favourable and the cultivated
crops are not salt- Jor sodiun/ sensitive,

be The ground-water under the project area is "mediume
salinity-low sodium" or "high salinity-los sodium®
water and can be used for irrigation of not salte
sensitive crops, on well drained territories and
on permeable soils, In some cases a special management
for salinity control may be required. The natural
dreinage conditionsg of the project area are favourable
/deep ground-water table, gravelly subsoil ete/,
therefore especlially on coarse textured soils the
extension of tube well irrigation is recommended. By
this way Tthe lrrigated area can be enlarged to a great
extent in the Tihama Plain. The water supply can be
gtabilized and establishment of agriculture on huge
farms can be set up. In addition, the fertilizer, effect
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of Necontent of the ground-water camnot be neglected,

Bivet the irvigation of dterritories classified into the
Land capability clasg = 2 and 3 is recommended/ covering
aboutb %@wmm& 27 per cent of the tobtal arvea=respecitvely/.
Here the potential fertility of the soil and the effie
ciency of irvwrigation water arve high and the economic
conditions are favourable as well., On the soils of high
field capacity and relatively good permeability /land
class « 2/ usage of high dosage of irrigation water makes
it possible to diminish the number and frequency of
irrigation, which ultimately results in economic farming.
On soilg of low field capacity, low permeability, or
ghallow soil profile /Land class 4 and 5/ more frequent
irrigation is advisable with smaller doses of irrigation
water. The most effective irrigation method can be
gelected on the basis of the pracitical experience of the
Experimental farm of the project. Instead of sprinkler
irrigation /high investment requirement and evaporation
losses/ the border system of flooding or furrow irrigation
are recommnended,

Though there is no actual danger of salinization and
alkalinization due Hto the ground=-water and the natural
drainage conditions are favourable, the salinity and
alkalinity hazard due to irrigation water cannot be
neglected, The present wild-feeding provides the leaching
requirenents of soils, but the more modern irrigation
practice /less irrigation water rate~ reasonable from

viewpoint of economy and water management/ will not provide

it so unanimously,
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That is why permanent and regular quality countrol
i drvigation water and irrigated soils/at least in the fivet
period of the new watber management practice/ required., At

the same time, the improvement of the water management
properties of soilsg and uniform distribution of irrigation
water are necessary.The Experimental farm and the Soil
gcience laborstory of the project provide good pogsibilities
for obtaining data regarding the galt regime of irrvigated
soils and quality of irrigation water /unot available at
pw@ﬁmmﬁf in the Tihama Plain, which are indispensable for
surveying the agricultural potential, exploration of +the
development possibilities of the modern irrigated farming,
for predicting the salinization and slkalinization processes
due to irrigation and for the elaboration of proper preventive
measnres. against harmful s0il processges,
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vLA%ORA@ORY METHODS FOR SOILS AND WATER ANALYSES

pH determinations were done electormetrically
with Metrohm E=366 apparatus, with BA l2X-type glass
electrods in 1:2,5 soil suspension, in saturation
extract, in 135 water extract and in waters /10/.

GaOOB content was determined by Scheibler®s
Jvolumetric calcimeter /method /10/.

The perticle=gize distribution of +the soil
was determined by the pipette method of Robinson=Kgte
ginsky., NaOH was used as dispersive matter after HCL
processing of G&GOB@ Coarse skeletal parts /gravel/
and coarse sand fraction /1=0,25 mun/ were separated
by dry sieving, fine sand /0,25-~0,05 mm/, silt /0,002
0,05 mm/, and clay / 0,002 mm/ fractions by sedimens
tation /2/. Simultaneously the particle density and
hygroscopic moisture content of the soil were also
determined,

SP/saturation percentage/, electrical
conductivity and the total salt content of the
saturated soil paste were measured with portable tran-
sistor apparatus, On the basis of these determinations
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Appendix 1/cont?d/,

saturation extracts were prepared from the soil samples
containing considerable quantity of salt their pH and
electrical conductivity /with a OK~104 conductometber
made in Hungary by Radelkis, and 0K-902 fype platinmum
bellelectrode/were measured, Na-conbtent of samples

with the electrical conductivity higher than 1 mmhos/cwn

was debtermined with flame photometer. .

The exchangeable Wa'~content of the soil
was determined by Richards®method /7/ as the differens
ce between the Na'=content extractable with 1 n pHeT
ammonivm-actate solution and the Na'w content of the
saturation extract.

Cation exchange capacity /CEC/ was measured
by Richawds?® method. BESP value was calculated from
the data of the above two determinationg,

135 water extracts of 7 soll samples were
analysed to characterize water soluble salt contents Dy
and ignition residue, pH/electrometrically/, elect-
rical conductivity /with condnctometer/, and GQ%M
Jacidimetrically/, with titration with sulphuric acid
&g&in3® phenolphthalein, H@®§ Jacidimetrically/, with
titration, with sulphuric acid against methlyred, CL~
Jargentometrically, with precipitation titration with

pilver nitrate against p@%ﬁ&sﬁiumwehwmma?@fé Sﬁgmwf

gravimetrically in the form of BaSO, f3&2+ and MgdWX
EDTA +Fitration against murexid and Eriochrome black,
Ty ¥a¥ and KXY/ with flame photometer/ content of the
extracts were determined.
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Similar methods were applied for determining
the dry residue, the pH, the electrical conductivity,
the carbonate, the hydrocarbonate, chloride, sulphate,
calcium, magnesium, sodium and potassium content of
the waters as well, Besides, the total hardness of the
waters /with EDTA $itration ageinst Eriochrome black
T/ in German degrees of hardness /N°/ 1 N°= lmg Cad/
1it ox 7,19 Mg0/1it/, the carbonate hardness of waters/
with scidic titration against methyle-rved/, the residual
hardness/ btotal hardness minus carbonate hardness/, the
goda~equivalent = carbonabe-hardness-total hardness

298
o
. e
s per cent = - - - 5 mEq/14t
Ha' + K + Ca + Mg
, 4
Na,
SAR walue % mBq/1it
gmﬁ* - ,’ | m@£+ \Y
7/ Potal N~content /with Kjedahl®s method/
were also debtermined,
/87 The tobtal humus content of soils was deter

mined with Tyurin’s method /2/ from digestion with
chromic acid, with Kjeldahl®s aqueous vapour distillation.

79/ The total Ppﬂﬁ and K,0 content wae

determined from digestion with agua regia.
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Appendix 1/cont®d/.

The quantity of available Pgﬂg K0 with the

R

Igner=Rishm=-PDomingo Al=method, ?ﬁwﬁ content was measured
colorimetrically/ with Spekiromom-360 spectro photo-
meber, made in Hungary/, K,O-content was determined
with flame photometer.

In the course of the elemental analvysis
the hygroscopic moisture content and ignition loss
of the air dried soilwere determined, The Siozwcontan$
was determined in hydrochloric acidic extract after

alkali~carbonate fusion /gravimetrically, after repate

ed evaporation to dryness hydrochloric acid/. From
the filtrate conbtaining no Siﬁ? the following compos=
nents were determineds

‘R0 3 gravimetrically, after precipitation with

NH40H ‘

Fe203 ¢ colorimetrically with KSCN

P205 ¢ colorimetrically, based on the molybdenuse
blue reaction /Arrhenius-method/

¥nO colorimetrically, with potassium perV

o2

sulphate
Cal '3 gravimetrically, from the filtrate aftex
precipitation of Rgga with ammonium oxalates

Mgl ¢ gravimetrially, from the filtrate after
precipitation of Cal with NaH2P04
SO3 g gravimetrially, from the filtrate after

precipitation of R803 in the from BaSO4

A1,05 3 calculation /Ry04/ Fé803+?265%Mn0/¢
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Appendix 1/cont®d/,

Colorimetric measurings were carried out
with Hungarian mede Spektromom=360 spectro-photometer.
The quantity of alkalis /K,0, Na W was determined
with the lawrance-Smith me:%lm& MW after digestion
by ma%m% Cl with flame photometers
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Table I

Clasgification of the Soils for the Soil Map

1. Alluvial Soils /Calcaric Fluvisols /Je/, Entisols -
Orthic Orthustens, IEntisols - Calcaric Torrifluventa/
1.1 Calecareous Shallow Alluvial Soil

1.11 Gravel at a depth of 0-50 cm, coarse and moderately
coarse-textured soils /1, 3, 228, 252, 254, 256, 277/

Lol2 Gravel at a depth of 50-100 cm, coarge and moderately
coarse textured soils /2, 4, 5, 6, 255, 272/

1.13 Gravel at a depth of 100~150 cm, medium-texitured soils
/15, 111, 143, 176, 183, 201,235, 243, 253/

Calcareous Deep Alluvial Soils
1 Conyse and modevately coarse - bexbured goils /sands,
loamy sands, end sandy loams /with one silteaccumulatilon-
~layer /72, 83, 88, 90, 94, 100, 107, 108, 109, 120,
161, 168, 266, 286, 289, 290, 291, 294, 296, 297, 300/
Coargse and moderately coarse-textured soils /sands, loamy
sands, sandy loams/ with two or more silt~accumulatione
layers /36, 50, 79, 82, 101, 102, 118, 131, 133, 135,
142, 160, 180, 190, 268, 281, 282, 285, 287, 299/
1,23 Medium=textured solls with one silt-accumulation=layexr
/75, 76, 77, 104, 105, 144, 148, 152, 167, 173, 174,
175, 192, 198, 237, 238, 270, 276, 279/
1.24 Medium~textured soils with two or more siltesccumulation
layers /116, 156, 182, 184, 185, 206, 208, 223, 225,
233, 236, 251, 257, 258, 271, 278/

[3
o

P
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2o ooils Affected by Wind Brosion

2ol Soils covered by recent wind deposits thicker than
/21, 73, 295/

2.2 _Solls covered by recent wind deposits with the thickn

LE 25-50 cm

20 ol

2.21 Coarse and moderately coarse~textured soils /23, 25, 30
34, 35, 38, 41, 43, 42, 47, 48, 53, 61, 71, 74, 86/

2,22 Medium-textured Soils /24, 26, 32, 33, 44, 45, 58, 59,

60, 63, 114, 140/
2.3 voilg covered by recent wind deposits with a
of 10«25 cm

2,31 Coarse-textured soils /19, 20, 27, 31, 51, 56, 69, 85,

141/
2,32 Medium-textured soils /29, 39, 46, 49,
98, 127, 128, 129, 166/

&

2, 70, 96, 97,

2.4 Coarge and moderately coarse-textured soils with & Limee

—gecumulation-layer at & depth of 50-150 cm /87, 112
113/
3. Arid Brown Soils /Heplic Xerosols /Xh/, Aridisols-C
and Mollic Camborthids
3.1 Coarse and wmodevately coarse-textured golls

sandy loams, and loamy sands /22, 37, 65,
103, 110, 119, 124, 283/
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Me e ctured soils /loams, silty loams/ 28, 40, 52,

55, 57, 64, 66, 67, 68, 78, 91, 95, 99, 106, 115, 121,
122, 123, 125, 126, 130, 136, 138, 139, 145, 147, 155,
157, 158, 162, 165, 169, 171, 177, 178, 179, 181, 187,
189, 197, 207, 217, 224, 241, 245, 250, 284, 293, 298,
301/

3.3 Moderately fine textured soils fclay loam, silty clay

loam, havine lesg than 35 % of clays sandy clay loan

7, 10, 11, 14, 16, 132, 149, 150, 151, 154, 159, 163,
164, 170, 172, 186, 188, 191, 193, 195, 199, 200, 202,
203, 210, 220, 226, 239, 242, 244, 248, 249, 262, 263,
264, 265, 267, 273, 275, 280, 288, 292/

Fine~textured soils /ela clay loam, 8ilty clay ,loan
having more than 35 % of clay/ 194, 196, 205, 209, 211,
212, 213, 214, 215, 216, 218, 219, 221, 222, 227, 229,
230, 231, 232, 234, 240, 246, 247, 259, 260, 261, 269,
274/ | |

4. Balt affected soils /8, 9, 12, 13, 17, 18/

s
o
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Table IL

erritoriel Distribution of the Spil Types

Symbol of the in hectares percentage
soll types

1.11 172,0 0,85
1.12 48,4 0,24
1.13 212,0 1,95
1.21 1925,2 9,58
1.22 1231,4 6,12
1.23 1165,8 5,80
1.24 797,6 3,97
L.25 300,6 1,49
2ol 286,4 1,42
2,21 1936,0 9,63
2,22 78L,2 3,88
2,31 438, 4 2,18
2,32 513,6 2,55
24 293,2 1,46
3el 941,0 4,68
3.2 3518,2 17,50
3.3 2726,8 13,56
3a4 1531,6 7,62
4. 62,0 0,30
Total Netto 18881,4 93,93
Wadi Beds 758,6 3. 77
Inhabited Avea 281,6 1,40
Non~arable Lands 181.2 9590
Total Gross - 20102,8 100,00
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Table IV

Teyritorial Distribution of the Lend Capability
Clasges

Land Classes Symbol of the soll types In hectares Percent-

age
Class 1 - o -
Class 2 1.22, 1.23, 1.24 /paxrtly/

3.2, 3434 3.4 /partly

3.1, 1.21, 1.25 /partly/ 9984. 4 49,66 %
Clasa 3 1.22, 1.23 /partly/

362, 303, 3.4 /paxrtly/

3.1, 1.21, 1.25 /parily/

1.13, 2,32 /partly/ 5439, 4 27,06 %
Ulass 4 L.12 ‘

2,21, 2.22, 2,31, 2.4

4, 2,32 /paxily/ 1459,6 7,26 %
Clasgs 5 1.1, |

2.1 1998,0 9,94 %
Clasas 6 - 281,6 1,40 %
Wadi beds - 758,6 3,77 %
Tohabited area - 181,2 0,91 %

Total 20102,8 100,00 %




w JO3 -

Appendix 3 /cont?d

Table V

Clagsification of the Soils on the Experimental PFaym

1. Alluvial soils

1.1 Calcareous Shallow Alluvial Soils

Lell Gravels at a depth of 0~50 cm, coarse and moderately
coarse textured soils /254/

1.12 Gravels at a depth of 50-~100 em, coarse and
moderately coarse~textured soils /255/

L.13 Gravels at a depth of 100=150 cm, medium~textured
goils /15, 253/

3e Arid Brown Soils

3.3 Moderately fine textured solls, clay loam, s8ilty

clay loasm, having less than 35 % of clay; sandy
¢lay loam, /7, 10, 11, 14, 16/

3.4 Pine textured soilas, clay, loam, silty clay
loam, having more than 35 % of clay /230, 231, 232/

4o Salt Affected Soils

4ol Soils with moderate alkelinity in the deeper
layers /8/

4,2 Soils with moderate salinity in the deeper layers
/13/

4.3 Soils with moderate salinity and alkalinity in the

deeper layers /1/
4.4 Soils with medium salinity and alkalinity /9/
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Teryitorial Distribution of Soil Types in the
Avea Surveyed for the Bxperimental Farm

Symbol of Soil Typesn Hectares Percentage
1,11 1.9 565
1.12 1.1 c 3.1
lwl:ﬁ 3«33 9&3’5
3.3 ' 16,0 46,0
3.4 9.7 27,8
4,1 0,6 1.7
4,2 0.4 1.2
4,3 0.8 2.3
404 1,0 2.9

Total ' 34.8 100.0

Territorial Digtribubion of Soil Type within the
Bxperimental Farm

Symbol of Soil Types Hectares Percentage
1,11 1.9 8,72
1.12 1.1 5.05
1.13 0.9 4,13
343 6.8 31.19
3.4 B8sH 38.99
4oL , 0.4 1.83
4,2 0.4 1.83
4.3 0.8 3,67
4 1,0 4,59

Total 21.8 100,00
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Tervitorial Distribution of the Land Capability Classes in the
Area Surveyed for the Experimental Farm

Clagses ' Symbol of Solil Types Hectares Percentage
Class 1 s - - .
Class 2 3.3, 3.4 25,7 74,0
Class 3 1,13, 4.2, 4.3 405 12.8
Clase 4 1.12, 4.1, 4.4 2,7 . T
Clasg 5 1.1L 1.9 55
Class 6 - e =
Total s 34,8 100,0

Classe Symbol of Soil Types Hectares  Percentage
Class 1 e - : o
Clags 2 363, 304 : 15.3 70,18
Class 3 1.13, 4.2, 4.3 201 9.63
Class 4 1.12, 4.1, 4.4 2.5 11,47
Class 5 1.11 1.9 8.72
Class 6 - o s

Total 21,8 100,00
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DESCRIPTION OF THE REPRESENTATIVE
SOIL PROFILES
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Profile Wumbers 2

amg; Moderately coarse-textured, calcareous, shallow,
alluvial soil /l.l.2/
Higher Category Cl: ong Alluvial Soiles /Calearic
Fluvisols /JC/.
Bntisoils-0rthic Orthustens, BEntisols-Calcaric Torrifluvents/
Date of Examinations: 28 July 1969,
Author: Istvan J. Boros

Locations Y. A, R,, Wadi Zabid Project, about 500 m to S from

the FAQO-Camp. Distance from the profile No 1 is 313,3 m, from

the Arge tree in direction of N 82,85 m and to the big bush

in direction of NW is 40,4 m,

Land Forms

i. Fhysiographlic Position: Plain divided hy the earth
banks to irrigated fields.
ii. Surrounding land form: Flat cut up by smell water-ways,

made by the run-off-water.

iii., Microtopography: Surface of the lands has »idges /4 om
high/ and furrvows /about 4 cm deep/ as a result of
previous bullocks® cultivation.

Slope on which profile ig sited: Gentle slope facing NE,
Vegetation and land-ugse: Scarce weeds as zegf, nusher, wobel
ete, Meld is not cultivated because of lack of rainfall,
Parent Material: Gravels and stones, covered with river
deposits,

Drainage: Class 4 - well drained.

Moisture condition in profile: Slightly wet throughout the
profile,

Presence of surface stones, rock outcrops: Nome
Tvidence of Bromsions Very limited,
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Presence of salt oy alkali: None

Human dufluences Very strong expressed in the coustruction

of banksg, irvigation canals and other hydrological styuctures

with the aim of utilizing flood irvigation. immig@%imm water
has plenty of fl@&%ﬁmg depoaitse,

Brief Deseription of the Profile: Shallow soil with weakly

developed genetic hovizons., As the gravels and stones are

very neayr to the soll suweface 1t has & limited sultability
foyr ivrigation and agricultural use., These lands are out of
intensive lrrigation and can be called the rain-fed area.

Land capability class - class 5,

Effervescences From the surface up to 95 cm it is strong.

Deepexr it becomes weaker. Along the lime~containing stones

the reaction to the diluted HCL is very strong.

Profile Degcriptions 4

0 = 5 cm Brown /5/2 7.5 YR/, dvy, sandy loam, loose,
e few plant roots found, it seems to be
a plough layer.

5 « 29 cm Strong brown /5/6 7.5 YR/, slightly wet,
sandy loam with a few fine gravels, having
the diameter of 2-3 cm, weak engular blocky
gtructure, a few fine dead roots, the layer
from 16 cm up to 79 cm is covered with
white coatings. Boundary is gradual

29 «~ 56 cm Strong brown /5/6 7.5 YR/, wet, sandy loam,
angular blocky structure, some fine roots,
boundayry clear,

56 « 85 em Brown /5/2 7.5 YR/, slightly wet, sandy loam,
some fragments of gravels, weak angular
blocky structure, the aggregates are covered
with white coatings end break essily under
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presgure of fingers, & few L£ine and very fine
dead roots, boundary is well distinct,

B85 «~ 95 om Dark brown /4/4 7.5 YR/, slightly wet sandy
loam, blended with fine gravels, weak platy
angular blocky structure, some white coatings,
a few very fine roots, plenty of insects,
mainly termites, boundary clear,

95  « 150 cm Brown to dark brown /5/2-4/4 7.5 YR/,
glightly moist, silt with rounded fine
gravels and bilg stones, having the largest
diameter of 15 ~ 20 cm, the s8ilt particles
have platy rectangular structure, the
gravels and stones are deeply weathered
and crush eesily by touching, a few vexry
f£ine plant roots found.

Sampling from the laversg: O~5 cm, 5-25 cm, 25-29 cm, 29-50 cm,

50«56 cm, 56-79 em, 79-85 cm, 85=95 cm, 4

Brofile Number: 102

Soil Name: Moderately Cosrse-Textured, Calcareous, Deep,
Alluvial Soil with Two or More Silt-Accummleatlons
Layers /1.22/

Higher Category Classification: Alluvial Soils /Celcaric
Fluvisols /Je/, Entisols - Orthic Orthustens,
Entisols - Calcaric Torrifluvents/

Date of Examinetions 12,11. 1969,

Authors Istvédn J, Boros

Locationg Y.A.R., Wadi Zabid Project, in the islet of the
Wadi Bira, on the southern part of the FProject
the distance from the profile to the Tamarix sp.
tree in direction of SW is Tl m and to the Axge

%%

tree in direction of E is 90 m.
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siographic Position: Relatively low element of the
relief, there is a deep depression in dirvectlion
of SW, partly planted by Sorghum sp.

ii, Suerounding land form: Plain, fields ave surrounded by
big earth banks with a great number of bushes on
it /soul, arge, sudad, tor, coconut etc.,/

iii. Microtopographys: Surface of the lend has ridges /4 om
high/ and furrows /about 4 cm deep/, as a result
of previocus bullocks? cultivation.

Slove on which profile is siteds The gentle slope of the field
is facing S,

s

Vegpetation and lend-Uses Recently Sorghum sp. was grown, The
are some weeds guch as: sourage, mohader, alga,
gushrok, kubiz, zekf, towail, labna.

ent Materials Trrigation Deposits on loess—like matervials,

inasges Class 4 - well dralned.

S

oigture Conditlon in Profile: O-123 em dry, 123--184 cuo slightly
wet, .
of Surface Stones, Rock Outcropss None

nce of Brosions Slight
of Salt or Alkalis None

Human Influences Very strong, expressed in the construction of

b=

banks, irrvigation canals and other hydrological
structures with the aim of utilizing flood
irvigation water, The lvrigation wabter has plenty
of floating deposits,

£ Description of the Profiles Very much stratified soll

profile, The silt-accumulation-layers increase
the water management propevties of the coarse-
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textured solls. Under the condition of a good
water supply this soil is capable of giving High
yields of crops. Land capability class « class 2,

Effervegcences Very sitrong from the surface up to the parent
materialg, except the horizon, which is at
depth of 115«123 cm.,

Profile Degcription:

0 = 14 cm Brown /5/3 10 YR/, dry loawy sand, loose, dusty

ungtable gstructure, some silt-particles are mixed

gs

to the loamy sand, many sparkling fragments of
mica, plentiful fine dead roots, boundary gradusal.

12 - 25 cm Brown /5/3 10 YR/, dry, gandy loam, undisturbed,
glightly compact, a few fine dead roots, many
gparkling fragments of mica, unstable angular
blocky structure, some sgilteparticles are mixed
into the layer, a couple of white coatings,
boundaxy graduals.

25 « 35 em Brown /5/3 10 YR/, dry, sandy loam, but it is
more sandy than the overlaying horizon, which is
mixed with some gili-particles, slightly compact,
ungtable angular blocky structure, many fine dead
roots, and sparkling fragments of mica, a few
white coatings, boundary well distinct.

35 « 40 cm Brown /5/3 10 YR/, dry, silt-accumulation-horizon,
in some parts more sand has been mixed, compact,
platy rectangular structure, a few fine dead
roots, many sparkling fragments of mica, a few
white coatings, boundary clear,



40 = 52 cm

52 =« 59 cm

59 = 70 cm
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Brown /5/3 10 YR/, sandy loam, but the medium
pand, which is located in the lower part of

the horizon has greyish brown /5/2 10 YR/ coloux,
dry, slightly cemented, unstable angular blocky
structure, some silt-particles are mixed to the
layer, many fine dead roots and sparkling
fragments of mica, boundary clear, but waving.
Pale brown /6/3 10 ¥R/, dry loam, on the right
gide of this horizon medium sand found, having
colour of greyish brown /5/2 10 YR/, in the
layer 8ilt is dominant, the latter is very
compact and has platy rectangular structure. The
sand is loose and has dusty unstable structure.
A few fine dead roots, many sparkling fragment
of mica, boundaxry distinet.

Greyish brown /5/2 10 YR/ and brown /5/3 10 YR/,
dry, sandy loam, medium sand mixed with silty
particles, slightly compact, dusty unstable
angulayr blocky structure, a few fine dead roots,

cmany sparkling fragments of mica, boundary

gradual,

70 = 115 em Pale brown /6/3 10 YR/, dry, this horizon is

e migsture of 8ilt and fine sand as the flood
blended upside=down the sediments. In the middle
of this horizon the amount of the silt is getting
less, while in the end it is increasing, comented,
the pure silt has platy rectangular structure,

the sandy s8ilt has an unstable angular blocky
atructure, there is a rusty coating /iron/ on

the surface of the silt particles, & certain pari
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of
8 few fine dead

the aggreg:

of mica, a few

. m:gm ﬁﬁ&:@? @
115 « 123 cm Greyish brown fﬁ
looge, structureles

of mica, a few fine @&&@ @Mmad %@mmﬁ%mg
digtinct,

123 «~ 149 cm Brown /573 10 YR/,
compact, angular blocky

loam, porous,

ructure, there is a

thin layer of sili-accumulation in the horizon

pet
@

a few white coatings,

Fine dead

boundary gradual,
149 =184 cm Brown /5/3 10 YR/, sli
material, porous,
lying horizon, angular blocky structure, a few
fine dead voots,
Sampling from the lavers: (14
cm, 40«52 cm, 52-59
7887 cm, @?W%B @m%
115=123 cm, 12
165175 cm.
Exofile Number: 49

Date of Bxaminations 7. 10. iﬁﬁwﬁ
Author: Istvdn J. Boros

Locations YoAsRe, Wadi Zabid Froject, ne
Sharabli and the willage Mahwa Al-K

+ to the Wadi Al-

aif. The
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distance from the profile to the sayal tree on
the bank in divection of NW is 46 m and to the
bush, being in front of the SW bank is 34 m,
ie Physiographic Position: Higher terrace of the

area

ii. Surrounding land forms Plain to depressed and
the fields are surrounded by big earth banks

iii. Microtopographys:s Surface of the lands has ridges
/4 em high/ and furrows /about 4 cm deep/ 88 a
result of previous bullocks?® culitivation.

Slope on which profile ig siteds The slope of the field
faces gently SW., The next terrvsce beyond this
bank is about 2 m lowexr,

Vegetation and Tand-Use: Hecently Indien cotton was grown.
The plants were in very poor condition, neaxly
dried out, some plants were blogsoming.

Parent Material: lLoegs~like material,

Drainages Clasg 4 - well drained

i ure condition in profile: Dry throughout the profils

Presence of Surface Stones, Rock Outecrops: None

Evidence of Evosion: Wind ervosion considerable

Presence of Salt orx Alkali: None

Humen Influences Very sitrong, expressed in the construction
of banks, irrigation canals and other hydrological
structures with the aim of utilizing flood
irrigation water.

Brief Description of the profiles Oviginally this profile
represented quite a good soil, but later, due to
the wind erosgion, the fertility of the top
horizons was considerably lowered., The wind erosion
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M%iwavww@&mmw@ Very strong from the
of the pit.
Profile Descriptions
0 = 20 cm Brown /5/3 10 1
great amount of

up to the bobtton

andy loam with &

fine angulayr blocky

structure, »ote and decomposed

residue of cotton, wmas fragments of
mi@a boundary gﬁm&u&iw
20 = 48 cm Dawh brown /3/4 10 YR/,

part of the horizon gome le

l@&mﬁﬁ in the lowey

T

d in tongues of

the sand, anough looge,

W

angular blocky
fine dead roots, in some parts
at the end of

the horizon thin patchy white coatings scattered,

gtructure, many

£

there ig an accumulation of silt,

a few groundnut of nusher, some holes made
perhaps by the termites, boundary gradual.

48 — 88 cm Brown /5/3 10 YR/, dry silty loam, slightly
compact, angular blocky sitruciture, porous, mamy
patchy white coatings, there are some sand-tongues,
many fine dead roots a few termites?® holes,
boundaxry clesr.

88 « 107 cm Dark brown /3/4 10 YR/, dry loam, poxrous, compact
or 8lightly cemented, angular blocky structure, &
few gravels, having the diameter of 1 cm, many
glittering fragments of mical troughout the
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horizons, a few fine dead roots, thin patchy
white coatings, boundary distinct.

107 - 160 em Brown /4/3 10 ¥R/, dxy, loam, angular blocky
structure, porous, a few very fine dead roots,
thin patchy white coatings, some holes made by
ingects, a few gravels with the diameter of
1 cm, meny glittering fragments of mica,

rom the layerss 0-10 cm, 10-20 cm, 20-35 cm,

3548 cm, 48-62 cm, 62-76 cm, T6-88 cm, 88~107 om,
107122 cm, 122=138 cm, 138=153 cm.

Humbex: 147

g3 Medium-Textured Arid Brown Soil /3.2/

Higher Category Clessification: Arid Brown Soils /Haplic
Xeresols /Xh/, Aridisols = Orthic and Mollic
Camborthids/ ’

Authors Istvéan J., Boros

Location: Y,A.R., Wadi Zabid Project, right side of the Wadi

Zabid, 1400 m to Worth from Wadi Mawi and 2100 m
to NE from village Al-Qurrayyah., The distance
from the profile to the Arge tree in direction of
North 59 m and to the second Arge tree in
direction of E is 46 m.

Physiographic Position: Relatively high terwacs
of the area

ii, Surrounding land form: Plain to depressed, fields
are surrounded by big earth banks
iid. Microtopographys Surface of the lands has xidges

/4 cm high/ and furvrows /about 4 cm deep/ ag & rew
sult of previous bullocks® cultivation,
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Slope on which profile is siteds The slope of the field is

RS

facing gently SW.

. _ _ Recently Sorghum and sesame 8p.
were grown. Now after hervesting the field is
tilled. No crop-rotation. Thim field is irrigated
from the Wadi Al-Mawi once & year. Some weeds

found such as: zegf, wobel, sourage, moteln,
haggarx, arive, nusher, bokem,

Farent Materisl: Loess=—like material

ainages Clags 4 - well drained

Moisture Condition in Profile: Slightly wet throughout the
profile except the external surface,

Depth of Groundwater Table: In the neighbouring well is about
16 m.

Pregence of Surface Stones, Rock Outcropss None

Bvidence of Erogion: Very strong on the surface of the
fields due to high speed of irrigation water

Presence of Salt or Alkali: None

Human Influence: Very strong expressed in the construction

' of banks, irrigation canals and other hydrological

structures with the aim of utilizing flood
irvigation water,

Brief Degcrivption of the Profile: The profile is compounded
of sandy silt, sandy loam, loam and clayey loan,
The colour varies from brown /5/3 10 YR/ through
greyish brown /5/2 10 YR/ to brown /4/3 10 YR/.
According to the yesult of the particle size
distribution analysis this soil can be called as
a medium-textured loamy soil. Its potential
fertility is good, but the agricultural use is
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limited by want of ilxrigation water supply.
Because of these engineering and merketing as
well as of economical considerations this soll

is clasgified as a clags 3 in the land capability
groups,

Bffervescences Very sirong from the surface up to the parent
materials,

0 - 15 em Brown /5/3 10 YR/, dxy, silty loam, loose, from
dusty to crumb structure, some sparkling frage
ments of mica, a few leaves of Sorghum ploughed
into the soil, a few dead roots, clear boundary,.

15 = 44 em Brown /5/3 10 YR/, slightly wet, loam, slightly
compact angular blocky structure, a few fine
dead roots, gradusl boundary,.

44 - 63 cm Brown /5/3 10 YR/, slightly wet, sandy loam,
slightly compact, unstable angular blocky |
structure, in the middle of this horizon there
is a thin layer of silt, some sparkling frage
ments of mica, a few holes made by insects,
clear boundary.

63 « 75 cm Brown /4/7 10 YR/, slightly wet, clayey loam,
but contains a notable amount of silt-fractions,
compact, angulaxr blocky structure, a few fine
dead roots, some sparkling fragments of mica,
distinet boundary.

75 « 87 cm Brown /5/3 YR/, slightly wet, loam, compact,
angular blocky structure, porous, & few fine
dead roots, some sparkling fragmenits of mica,
thin patchy white coatings, many rootprints
and rootcanals, gradual boundary.
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ii, Surrounding lav
surrounded by

iil. Microtopopraphys Suxie

Jabout/ 5 cm high Jand

ag a result of previous

on which Profile is Siteds
field is facing UE,

Vegetation and Land-Uses Recently
grown, Lt was harvested 2
was ilrrigated half a year befove
weeds such as: wobel, manfsa, nusher, kurensa,

Parvent Materisls Loess~like deposits

Drainages Clags 4 - well drained

Molsture Condition in Profile: Uppex 30 om is dry, deepex
alightly wetb.

Presence of surface stones, rock outcrops: None

Bvidence of Frogion: Slight water and wind erosion detected.

Presence of Salt ox Alkali: None

d, fields are
st banks

g hag yidges

&

S

g

about 5 cm deep/
cultivation

Human Influences Very sirong expressed in the construction
of banks, irrvigation canals and other hydrological
gtructures with the aim of utilizing flood irrigation
water, which has plenty of floabting depogits.

Brief Desgcription of the Profile: Pine-textured soll, whilch
is getting heavier dependent on the depth. In spite
of the heavier mechanical conmposiition and fthe compact-
nesgs, the potential fertility of the soil is high
ﬂep@ndent on adequate water supply. The fine texture
needs application of the subscil loosening and the
heavy doses of organic matter /farmyard manure/.

Ed

Land capability class - clags 2,

Lffervescence: Very strong from the surface up to the
parent material
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sriptions

Brown /5/3 10 YR/, dry, clayey loam, medium
asubangular ‘blocky structure, compact, plentie
ful roots, some arkling fragments of mica,
gradual boundary.

10 =

8

0
0
=

Brown /5/3 10 YR/, dry, clay, very compact,
angular blocky structure, the solil particles
are eagily friable, many holeg of different
gize, a few patchy white coatings, some sparke

B

B

Exm& fragments of mica, a few fine dead and
alive roots, many bermites® holes with worme

caste, some silt particles scattered, clear
boundary.

28 - 106 cm Brown /5/3 10 YR/, slightly wet, clayey loam,
compact, angular blocky structure, many holes

of different size with wormcaste, they are

perhaps termites? mounte, some sparkling
fragments of mica, a few fine and mediuvm dead
and alive roots, a few thin and patchy white
coatings, gy“@%ij boundary.

106 « 123 cm Dark brown /4/3 10 YR/, slightly wet, silty

bx
clay losm, @mmp@mﬁg angular blocky structure,

£

many fine holes

with some wormcasts, the

aggregates areecasily friable, some sparkling
fragments of mica, gradual boundary.

123 = 170 em Dark brown /4/3

clay, more compact than the overlying horizon,

é

10 YR/, slightly wet, silty

angular blocky structure, the soil particles
are hardly friable, many holes, a few very fine
dead roots, some sparkling fragmente of mica,
many fine gravels with the diameter of 1l=2 cm
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are scattered,
- from the laverss 0-10 cm, 10-13

28=43 cm, 43-58 cm, 58-T4 cm, T4-90 cn, 90=106 cin,
106=123 em, 123-138 cm, 138~154 cm, 154-170 cm.

28 on,

29,8

§p%lwﬂameg‘ Alkali ﬁmxl With gtructural "BY horizon.
High, Salt-affected soils /4/.

Date of Bxamination: 24 Amguﬁt 1969,

Authors Istvén J. Boros

Locations YeA.R., Wadi Zabid Project, 1300 m to S from Tuhelta

village and 300 m to N from the pumping station.

Land forms

ie Physiographic Positions The profile slted in the
field, being on the 4-5 m high loess~like depositle
on, which is located on the left side embankment
of the ancient flow of the Wadi Zabid about 100 m
away from the point of contact of the desent
gand hills and shrubs with the sgricultural lands,.

ii. Surrounding land forms Nearly levelled fields
gsurrounded by medium high bankss
idi. Microtopographys Ridges and furrows on the soll

surface as & result of previous bullocks?®
cultivatlion. In some parts of the lands small
irrigation furrows are made,

slope wgrwhiwh profile is siteds Gentle slope towards south-
gouthwest.

Vegetation and land-uses Sorghum stubble, on the Bastern half
of the field second growth of the sorghum green.,
Weedss arive, sourage, feswa, walka, arayn.
Irvigation cropping by means of pumping station.
Certain croprotation is used., After sorghum cotton
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Drainage:

m e P\ ot e

Moigture condition in prof

ile: top 50 cm of profile dry,
below 1t slightly wet.
Presence of surface stones. rock outcrops: None

Evidence of BErogions Very limited, mainly wind erosion.

Pregence of salt and alkall: Moderate alkelinity.

Human influence: Very strong expressed in the construction
of banks and irrigation activity.

Brief description of the Profiles The profile belongs to the
medium-text ; g8, A2 1t is moderately alkalie

gtructural "BY horizon is

obgerveable., The presence of silt shows that

previously here was flood ilrrigation from the

ne the fom

Wadi Zabid. Now use of puuping irrigation has
certain danger because the guality of thewater
is not satisfactory enough. Bui through the
application of the necessary rate of lrrigation
water and modeyn agriculitural management
practice all these problems cen be solved. Land
capability class -~ class 4, but in spite of 1t
the farmers get adeguate yields of crops because

of pumping

iryrigation. By lowering the land
clags we tried to point out the
possibllity of further deterioration of the soll
fertility status.

’%fﬁ‘é

capabllity

‘fervescences Very strong from the surface up to the parent

[ e

materials.
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Brown /5/3 10 YR/, dry, loam, compact,
angular atructure, the pa
very porous, plentiful al
roots, boundary distinct.

a
rhticles are
ive and dead

Browvn f4/3 10 YR/, dry, silty loam, more
compact than the overlying horizon,
gubangular blocky structure,vertical
cracks, the particles are very porous,
gmall scatered patches of cutan on ped
faces, plentiful roots., The compaciness
and columns formed by vertical cracks
regsemble the Bl horizon of alkaline moils
/solonetz type/. Boundary gradual.

Daxrk yellowish brown /4/4 10 YR/, slightly
wet, Lloam, medium prismatic and colummar
gtructure, very compact, very porous,
plentiful fine dead roots, moderate
patchy cutans, boundary clear,

Daxk brown /3/4 10 YR/, slightly, wet,
loam, coarse prismaiic structure, more
compact than the overlying hoxizon, ;
thick broken cuteans, many holes, rootbtcanals
and termite mounts, frequent dead and
alive fine roots, boundary clear.

Dark yellowish brown /3/4 10 ¥R/,
glightly wet, silty loam, loam, which
looks like loess, fine prismatic and
columnar structure, compect and very
poxrous, thin patchy white coatings



o, 11-22 cm, 2239 cm,

{189 cm, 89-118 cm,
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RESULTS OF SOIL AND WATER ANALYSES
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TABLE 1.

HORIZONS -AND SAMPLING DEPTHS
WADI ZABID PROJECT

. | |
Profile Horizon Sa(ri“ e Profils Horizon | Sampiing Profile \ Horizon Samgling
No. er epth No. gy I depth Nl iz depth
CIm | cm i ! Ccim
1 2 3 1 3 1 2 1 ‘ 2 | 2
2, 0— 5 6~ 5 g, O~ 18 0— 16 13 D 5 0— 9
5— 29 5— 29 16— 86 16— 31 S 14 G 14
29— 56 30— 50 31— 46 14— 67 Ld— 32
56— 85 56— 79 46— §1 AWe— 17
85— 95 85— 94 61— 76 A1 57
76— 86 67---105 07— 4H
4, 0— & 0— 6 86-—124 86—101 85 —105
6— 22 f— 22 101—116 105150 105—128
29— 63 22— 42 116—124
42— 63 124—154 124139 14 0 12 O— 12
63-—150 93—104 139—154 19— 48 12— 30
20— 18
5. 90— 10 00— 10 10. 0— 15 0— 15 48-- 85 48— 61
10— 35 10— 35 15— 30 15— 30 61— 73
35— 58 35— 56 30— 63 30-— 45 72— 83
58— 81 60— 80 45— 63 85150 B5—100
$1—125 §0—100 63— 98 63— 78 100—115
78— 98
6. 0— 10 0— 10 98—150 98—115 15. 0— 16 G6— 16
10— 55 10— 30 115—130 16— 42 16— 30
30— 50 130—150 30— 42
55— 70 55— 70 42— 58 19— 58
70—150 70—150 11. 0— 12 0— 12 Sl 92 58— 75
12— 25 12— 95 75— g2
7. 0— 16 0— 16 25150 95 40 §2-—150
16— 26 16— 26 40— 55
26— 80 26— 43 55 70 16. 0— 16 0— 16
43— 59 70— 85 16— 33 16— 33
5g— 80 33—106 33 48
80—154 80— 98 12, 0— 18 — 10 48— 63
48—115 10— 1§ t3— 79
132—152 18— 96 18— 33 79— 92
33— 43 02106
8. 00— 10 0— 10 48— 65 1N6—150 106-—122
10— 23 10— 23 §3—m T8 122--140
23— 78 23— 32 78— 86
39— 52 96—111 96—111 17 0 11 U— 11
5%— 78 111—126 11— 22 11— 22
78--110 78~ 95 126—-141 99— 56 22— 29
95—110 39— 56
116 150 110—127 111—155 56-—118 56— 71
127150 71— 89
86—118
118104 118—136

136150



HORIZONS AND SAMPLING DEPTHS — Continued
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TABLE 1.

WADI ZABID PROJECT

. ) i
Profile Horizon Sagégiglg Profile Horizon Saénplt‘é‘g Profile ' Horizon | Sampling
No. em, o No. cm gf}n No. } em { dg:nth
& i
1 2 3 1 2 3 1| 2 3
18. 0— 10 0— 10 19, 0— 20 0—- 10 102, 0— 14 O 14
10— 18 10— 18 20— 48 20— 35 14— 25 14— 25
18— 47 18— 32 48— 88 62— 16 95— 35 25— 35
32— 47 88107 88107 35— 4 35— )
AT 92 47— 63 107—160 138—153 40— 52 10— 52
63— 79 52— 59 32— 59
79— 92 59. 0— 13 0— 13 59— 70 50-— 70
GU120 Q%] 06 . 13~ 25 13— 25 T0—115 78— 87
106120 25— 51 25— 38 93-—106
120—154 120140 38— 51 115123 115—123
51— 83 51— 67 123149 134140
19. 0— 24 O— 12 8§3—137 83— 99
12— 24 115—125 135. (— 12 0— 12
B4r 48 24— 36 137—160 187—152 12~ 21 12— 21
36— 48 21— 34 21— 34
48— 88 48— 62 58, 0— 7 00— 7 34— 61 34— 50
62— T4 T 27 T 17 §l— B4 bl-— 73
74— 86 27— 42 27— 42 B4 98 B 0
86—137 86—101 42— 94 42— 56 96—112 98—112
101—118 Tl— 82 112—124 112—124
116137 94155 94—-100 154—137 124—137
137—150 137—150 115—130 137142 187142
25, 0— 3 f— 3 77, 0— 10 0— 10 141, 0— 11 O— 11
3— 24 12— 24 10— 31 10— 21 11— 21 11— 21
24— 66 35— 54 31— 57 31— 44 21— 37 21— 27
66— 98 66— 79 57— 87 57— 72 57— 68 37~ 83
98—119 98106 87— 94 87— G4 68100 68— 83
119—193 119134 94133 107—120 100—116 100116
133—155 133—144 116-—136 116—136
29. O— 12 B 12 136—165 136—153
12— 20 12— 20 86, 0 10 0— 10
20— 35 20— 35 10— 32 10— 16 147. f— 15 o 15
35— 45 16— 32 15— 44 15— 29
45— 64 45— 64 32-— 81 52— 47 44— 63 14— 63
64— 92 81— 92 47— 62 63— 75 63— 75
92115 107—115 81107 81— 94 75— 87 75— 87
115—120 115—120 107—117 107—117 hT—114 87—102
120—150 120140 117—138 128—139 114—180 114—129
114159
36 0— 12 0— 12 91, 0— 12 0— 12
12— 23 12— 23 12— 39 12— 27 153. t— 6 O— 6
23 51 23— 51 27— 39 f— 23 §— 23
51— 57 51— 57 39— 54 39— 54 23— 43 23— 43
57— 64 57— 64 54— 95 §5— 30 43— 63 13— 65
64— 78 64— 178 95—110 §5—110 65—106 50— 92
78133 93108 116--175 128—150 106—134 106—121
183—143 133143 134—153 134—153
143—160 143—158 97, 0— 13 0— 13
13 92 13— 22 158. H— 16 0— 10
20 50 29— 37 10— 24 10— 24
50 G4 5 64 A 57 P4 40
64— 80 G4— 80 $T— 87 57— 77
80111 80— 95 37~—115 87101
111126 111—126 115—127 115—127
1%6—155 141—155 1T 147 127147



TABLE 1,

HORIZONS AND SAMPLING DEPTHS — Continued
WADI ZABID PROJECT

B ! ;
Profile Horizon Sag;gltglg Profile Horizon Saggg?}?g Profile | Horizon f Sampling,
No. cm cm No. cm o No. § em E d :‘gi h
I 2 3 1 2 3 L e Ty
165, 09— 9 0— 9 198, (— 13 06— 13 0— 10 O 10
G 35 9— 23 13~ 31 13— 31 10— 28 10— 14
23— 35 31— 44 31— 44 19— 28
35— 68 35— 52 44 65 44— 65 28—166 28— 43
68— 99 68— 83 65— 80 65— 80 58~ 74
69142 - 99-—113 30— 99 80— 89 90108
. 128—142 99—121 114—121 106123 106—123
142167 154167 121—152 121—152 125—170 138-~151
173. 0— 10 0— 10 200, 0— 8 6— 6
10— 21 10— 21 6— 26 6— 16
31— 45 21— 30 ’ 16— 28
45— 72 45~ 58 26— 47 26— 36
72— 90 79— 80 47— 61 47— 61
90110 90110 61— 99 73— 86
116155 125-—140 $9—150 98—114
128—144
176. 0 7 O 7
7— 43 T 22 206. 0 11 0— 11
22— 32 11— 22 11— 22
32— 43 22— 75 22— 39
43— 68 43— 57 39— 58
68— 82 68— 82 75— 86 75— 86
82—108 82— 95 86-—109 95—109
106—115 108—115 109—117 109—117
117—131 117—131.
178, 0— 8 0— 8 131—158 144—156
8— .28 8— 17
98— 40 20— 40 209. 0— 15 0— 15
40— 57 40— 57 15— 35 15— 35
57— 77, 57~ 87 35— 53 35— 33
77106 . TT— 93 53—132 53— 70
106--128 106119 80—110-
198—155 - 128140 132—166 132-—148
153 0— 9 f— 8 214, 0— 16 0— 16
G 21 g— 21 16— 34 16— 34
91— 61 21— 35 34— 57 34— 45
49— B1 45— 57
. Bl-— 94 87— 94 57—131 57— T3
94165 110—130 90—110
) 150—165 131—145 131—145
197, 0— 14 0— 14 220, 0— 10 0o 10
14— 48 14— 25 10— 31 10— 20
36— 48 31— 42 31— 42
48-—162 63— 78 42— 61 42~ 51
108—123 61-—136 61— 76
138—153 G0~—105
136—182 136151
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TABLE 2,

WADI ZABID PROJECT

ANALYTICAL DATA OF SOILS

o Sam- Agqua regia soluble T o t a |l Soluble
O~ . e = e T T e e
file | PN | pn | PO t K0
No. cgn CaCO; P04 ELO N Humus C . R -
%o % %o % % %, C:N mg/100 g
of soil
1 2 3 4 5 6 7 8 9 10 11 12
2 0— 5 818 2,48 0,087 0,387 0,022 0,525 0,302 14,5 47,8 21,2
5 25 8,10 1,64 0,075 0,356 0,022 (0,345 0,200 9,1 42,3 11,2
30— 50 8,10 2,48 (3,049 0,362 0,030 0,470 0,273 9,1 33,6 IOtO
56— 79 4,10 3,20 ‘
85—~ 94 8,10 1,75
4 60— 6 8,20 2,11 0,120 0,368 0,024 0,396 0,229 9,5 60,4 7.0
B 22 8,20 1,86 0,083 0,334 0,032 0,637 0,370 11,5 49,6 13,4
22— 42 8,15 2,38 0,083 0,331 3,034 0,628 0,362 10,6 34,8 9,0
42— 63 8,15 1,94
93104 8,00 1,34
5 0~ 10 8,35 2,97 0,089 0,344 0,028 0,426 0,242 2,3 61,2 23,0
10— 35 8,35 2,46 0,086 0,359 0,020 0,325 0,187 9,3 47,6 12,0
35— 56 8,05 2,47 0,056 0,281 0,022 0,382 0,222 10,0 404 g0
60— 80 8,20 2,67 v
80—100 8,30 1,54
g 06— 10 8,10 1,76 0,104 0,425 0,031 6,640 0,369 11,9 61,6 32,0
10— 30 8,35 5,80 0,086 (0,494 0,017 0,160 0,092 15,3 64,0 16,2
30— 50 8,05 1,87 0,062 0,293 0,019 0,358 0,195 10,2 28.8 a0
55— T8 8,00 3,01 0,082 0,312 0,032 0,745 0,433 13,5 19.6 8.4
T0—150 8,00 1,%5
T 0— 15 8,25 4,12 0,104 0,500 0,046 0,572 0,331 7,2 72,0 424
15— 26 8,25 5,04 0,091 0,544 0,035 0,483 0,279 7,9 68,8 34,8
26— 43 8,20 2,16 6,118 0,515 0,034 0,549 0,317 9,3 52,0 33,0
43— 59 8,20 5,25 0,091 0,544 0,023 0,451 0,261 113 49,8 25,0
50— 80 8,15 5,89
80— 98 8,20 5,25
98—115 8,30 6,90
115-—132 8,25 8,94
1852152 8,30 7,17
g Q- 10 8,45 473 0,154 0,475 0,012 0,148 0,085 71 74,0 28,4
10— 23 8,30 5,15 0,065 0,418 0,022 0,606 9,352 16,0 49,6 14.8
23— 32 8,40 8,10 0,126 0,412 0,020 0,501 0,289 14,4 55,2 23,0
32— 52 8,30 6,83 0,078 4,365 0,041 0,869 0,502 12,2 46,8 24,0
59— 78 8,25 6,34
78— 95 8,40 4,42
95110 8,35 5,78
110—127° 8,30 7,34
127—150 8,45 7,17
9 0— 16 8,40 4,74 0,113 0,456 0,047 1,005 0,580 12,3 82,8 36,4
16— 31 8,35 5,78 0,162 0,412 0,030 0,463 0,267 8,9 77,8 24.t
31— 486 8,30 5,55 0,143 0,406 0,027 0,501 3,289 107 74,0 224
46~ 61 8,30 5,78 0,086 0,450 0,036 0,629 0,363 10.0 70,4 24,0
$1— 76 8,35 5,02
76— 86 8,30 6,25
86—101 8,30 6,97
101—116 8,20 7,48
116—124 8,10 8,45
124139 8,00 7,27
139—154 7,95 7,07



TABLE 2.

ANALYTICAL DATA OF SOILS —~ Continued
WADI ZABID PROJECT

o Sarm- Agua regia soluble T o t a l Soluble
o : I
file | Ping pH » Pi0; ¢ KO
No. clan CaC0y POy K0 N Humus [ . v e e
% % % % % % Cn mg/100 g
of s0il
1 3 3 4 5 6 7 8 9 10 1, 12
10 0— 15 8,30 4,51 0,157 0,412 0,038 0,478 0,276 7,2 88,0 37.4
15— 30 8,25 4,82 0,158 0,462 0,017 0,427 0,247 14,5 91,2 36,8
30— 45 B35 5,02 0,145 0,389 0,018 0,328 0,189 10,5 912 27
45— B3 8,30 4,81 9,150 0,453 0,019 0.419 0,242 12,7 80,8 57,6
63— 78 B30 5,33
78— 98 8,45 5,43
98—115 8,30 471
115~-130 8,30 5,12
130—150 825 5,64
1 0— 12 8306 - 481 0,082 0,359 0,039 0,647 0,374 9,5 71,6 31.6
19— 25 8,40 5,44 0,155 0,384 0,018 0,322 0,186 10,3 63,2 28.8
25— 40 8,40 6,59 0,128 0,412 0,022 0,480 0,277 12,5 49,6 54,6
40— 55 8,40 6,50 0,138 0,375 0,016 0.331 0,191 11,9 48.0 358
55— 70 8,40 6,08
70— 85 8,35 5,68
12 0— 18 845 4,88 0,127 0,381 0,039 0,716 0,413 10,5 70,0 20,8
i0— 18 8,50 5,09 0,190 0,359 0,022 0,504 0,201 13,2 70,4 26.4
18— 33 8,40 5,69 0,161 0,363 0,038 0,695 0,401 10,5 57,2 21,2
33— 48 8,40 5,69 0,148 0,359 0,025 0,565 0,328 13,1 50,8 16.
48— 63 8,40 5,39 0,108 0,406 0,038 0.758 0,438 11,5 436 15.6
63— 73 8,40 6,30
78— 96 8,50 7,12
96—111 8,55 713
111—126 8,15 6,41
1%6—141 8,55 6,20
13 0— 5 8,40 4,27 0,106 0,406 0,030 0,486 0,280 9,3 79,6 38,0
5 14 8,45 4,21 0,107 0,474 0,028 0,466 0,269 9,6 7.6 30,4
14— 32 8,30 5,70 0,177 0,609 0,032 0,435 0,251 7.8 77,2 28,8
30— 47 8,20 6,51 0,205 0,594 0,028 0,601 0,347 12,3 74,0 25,2
— 87 815 5,20 0,117 0,564 0,034 0,561 0,324 9,5 68,8 23,2
67— 85 8,20 4,89
85105 8,15 5,19
105—125 8,60 7,34
14 0— 12 8,35 2,36 0,108 0,466 0,025 0,427 0,246 9.8 74,0 29,2
12— 30 8,30 4,28 0,133 0,511 0,021 0,246 0,142 8,7 68,8 25,2
30— 48 8,25 5,30 0,42 0,511 0,017 0,207 0,172 10,0 57,2 20,0
18— 61 8,20 5,02 0,184 0,486 0,019 0,361 0.208 10,8 488 1640
61— T3 8,30 470
73— 85 8,05 2,64
85—100 8,30 4,28
100—115 8,40 4,59
15 0— 16 8,40 6,25 0,168 0,474 0,016 0,109 0,236 12,7 63,4 26,0
16— 30 8,35 3,74 0,214 0,534 0,019 0,391 0,227 11,9 66.0 334
30— 42 8,30 3,06 0,302 0,526 0,010 0,475 0,274 27,4 57,2 2.0
42— 58 8,35 5,82 0.146 0.369 0,022 0,427 0,246 1.4 34,4 17,6
58— 75 8,30 6,75
75— 92 8,30 4,47

92120 8,30 2.49



~ 133

TABLE 2.

ANALYTICAL DATA OF SOILS — Continued
WADI Z&BID PROJECT

Agua regia soluble T o t .a |} Soluble
) Sarn- - )
Pro- X .
file | PR oy . | PO, | KO
No. | P! Y lcaco, | Pos | mo | 0N |mumus| o | oo F oo
% o % % %o %% ’ .mg100 g
( of soil
1 2 3 4 5 6 7 8 9 10 11 | 12
16 0— 16 8,45 4,15 0,178 0,444 70,4 22,8
16— 33 825 5,19 0,186 0,481 0,053 0,455 0,262 7.8 66,6 29,2
33— 48 8,30 5,31 0,288 0,537 0,029 0,507 0,204 10.0 60,8 27,0
48— B3 8,30 7,72 0.286 0.526 0,029 0,609 0,354 12.2 62.0 252
63— 79 8,30 5,42 ’
79— 82 8,20 5,31
92106 8,25 4,59
106—122 8,25 4,90
122—146 8,25 6,05
17 6— 11 8,55 5,63 0,228 0,474 0,041 0,588 0,339 8,2 59,6 25,6
11— 22 8,90 5,06 0,210 0,493 0,027 0,633 0,365 13,5 54.8 18,4
22— 39 9,05 6,05 0,270 0,466 0,014 0,357 0,206 14,7 57,2 15,8
36— 56 9,00 6,57 0,196 0,459 0,027 0,323 0,186 6.8 50,8 19.3
56— 71 9,00 6,49 ‘
71— 89 895 5,84
89—118 9,00 5,42
118—136 9,00 5,42
136150 -~ 8,95 4,90
18 0V—.10 845
10--718 "+ 4,55
18— 32 9,00
32— 47 9,05
47— 63 9,00
63— 79+ 8,90
79— 92 905
92—106 905
166—120 885
120—140 8,50
25 0— 3 835 3,57 0,107 0,426 0,051 1,02 0,59 11,6 57,2 236
12— 24 845 3,16 0,085 0,318 0,043 0,82 0.48 11,2 52,0 23,2
39— 54 §,40 3,31 0,074 0,456 0,049 0,85 0,55 11,2 12,4 14,0
66— 79 8,45 4,27
98—109 8,40 5,10
119—134 8,45 4,89
9 G— 12 8,55 3,57 0,073 0,546 0,026 0,45 0,26 10,0 49,2 228
12— 20 17,95 4,07 0,080 0,528 0,047 0,80 0,46 9,8 53,2 26,0
20— 35 8,10 6,31 0,080 0,516 0,033 0,56 0,33 9,9 48,4 26,00
45— 64 8,20 5,31 0,225 0,558 0,058 0,94 0,55 9.4 40,0 13.0
81— 92 2,15 5,31
107—115 8,40 4,28
115—120 8,45 4,79
120—140 8,20 5,51
36 0— 12 8,00 5,08 0,115 0,624 0,045 0,85 0,49 16,8 56.4 54,6
12— 23 8,10 4,08 0,080 0,540 0,053 1,06 0,62 1 0,6 0,1
23— 51 8,30 3,08 0,085 0,472 0,031 0,56 0,32 10,3 51,6 19,4
51— 57 8,25 5,10 0,122 0,564 0,052 0,87 0,50 9,6 16,6 224
57— 64 8,35 4,59 0,097 0,555 0,040 0,85 0,50 11.5 52,0 238
64— 18 8,35 5,10
$3—108 8,40 3,66
133—143 8,35 6,63
143—158 8,35 5.51
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TABLE 2.

WADI ZABID PROJECT

v

Aqua regia soluble T ot al Soluble
5 pling o i Py0s } K0
file | gepth pH :
MNo. em CaCQ, POy KO g Humus c C:N
Yo % %% % % % ; mg/100 g
of soil
1 2 3 4 5 6 7 8 9 10 11| 12
49 0— 16 8,05 5,73 0,237 4,516 0,078 1,20 0,69 8,3 61,6 50,2
20— 35 8,35 4,49 0,150 1,492 0,030 0,54 0,31 10,3 49,2 346
62~ 76 8,30 6,12 0,187 0,660 0,033 0,58 0,33 1070 61,8 30,0
88106 . 8,35 5,31
106122 8,35 5,59
138—153% 8,35 6,63
Silt-1 8,10 7,12 0,130 0,648 0,149 1,74 1,01 6,8 34,4 29,4
8,10 7,02 0,155 0,836 0,146 1,68 0,99 6,7 30,4 28,0
59 0— 13 8,20 5,14 0,067 0,308 0,026 0,40 0,23 8,8 30,0 18,3
13— 25 7,90 6,26 0,006 0,433 0,072 1,08 0,62 8,6 34,6 27,8
25— 38 8,10 5,54 0,091 0,405 0,029 0,42 0,24 8,4 18,2 25,1
38— 51 8,20 8,22 0,070 0,350 0,019 0,37 0,22 11,4 324 21,4
51— 67 8,20 5,85 ‘
83— 99 825 5,54
115—126 = 8,30 5,65
137152 8,30 5,85
68 0— 7 8,20 5,03 36,4 44,0
q— 17 8,10 8,00 30,0 36,2
27—42 8,25 5,95 28,4 17,5
42— 56 8,20 6,57 13,8 22,3
71— 82 8,20 5,64 43,8 22,3
94—100 8,20 6,15
115—130 8,20 6,15;
71 0— 10 8,10 8,77 52,4 47,4
10— 21 8,00 4,62 51,8 44,6
31— 44 8,20 4,51 44,8 34,0
87— 94 8,20 5,84
107—120 8,25 5,32
133—140 8,20 5,02
86 0— 10 8,25 3,51 0,078 0,424 0,013 0,30 0,17 13,4 51,0 34,0
10— 16 8,10 3,02 0,083 0,424 0,025 0,45 0,26 10,4 57,8 400
16— 32 17,90 6,19 0,133 0,467 0,036 0,54 0,31 8,8 55,8 39,0
32— 47 3,00 5,98 0,102 0,462 0,028 0,58 0,34 11,7 55,4 40,0
47— 62 8,20 4,83 0,091 0,525 0,031 0,52 0,30 9,8 55,4 37,0
81— 94 8,10 5,12
107117 8,20 2,77
126—138 8,15 2,71
91 0— 12 8,10 6,45 0,091 0,438 0,069 1,05 4,61 9,7 39,6 23,9
29— 38 8,10 5,21 0,071 0,395 0,042 0,80 0,46 11,1 37,2 21,2
36— 54 8,20 6,02 0,071 0,381 0,027 0,55 0,32 11,8 39,6 21,2
65— 80 8,30 8,06
95—110 8,25 7,04
126—150 8,25 7,55
97 0— 13 835 4,60 632 418
18— 22 8,20 2,47 67,2 37,2
22— 37 8,30 3,70 62,4 29,2
50~ 64 8,30 2,17 37,4 17,0
64— 80 8,30 5,25 37,4 17,0
80— 95 8,30 5,46
111—126 8,30 4,40
141—155 8,30 4,39
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TABLE 2.

WADI ZABID PROJECT

Aqua regia soluble o Soluble
Pro- S?m; - T t a 1 S
file ge‘ﬂ?;l pH P0; | K0
No. | “°F CaCO; | P05 | KyO N | Humus | C B
0/ 0/0 0/0 0/0 ()/0 (,/0 CiN meil00 g
of soil
1 2 3 4 5 6 7 3 9 10 1] a2
102 0— 14 810 4,40 22 40,0
14— 25 7,95 5,75 39,2 33,2
95— 35  7.95 6.29 27,2 348
35— 40 7,90 8,70 28,0 23,7
40— 52 8,10 3,71 23.6 17,4
52— 59 8,20 4,54 26,0 19,7
58— 70 8,20 5,92 26,0 16,7
78— 87 8,20 7,54
93—106 8,20 4,69
115—123 8,30 4,49
134—149 825 5,20
135 0— 12 8,20 5,10 37,6 28,8
12— 21 8,15 4,81 37,2 25,3
21— 34 8,10 7,98 28,8 26,0
34— 50 815 4,14 21,2 23.6
61— 73 8,10 5,17
84— 98 8,25 4,66
99—112 825 455
124—137 8,20 6,00
137—142 8,25 4,24
141 0— 11 820 3,72 50,0 35,8
11— 21 825 3,62 414 32,0
21— 37 8,35 4,97 43,4 23.4
37— 53 8,35 3,10 4209 20,0
68— 83 8,30 3,30
100—116 8,10 3,20
116136 8,00 3,52
136—153 17,95 3,10
147 0— 15 810 4,97 0,060 0,419 0,063 0,89 0,52 8.3 43,4 39,0
15— 29 8,20 5,17 0,085 0,409 0,051 0,90 0,56 11,0 11,6 32,4
44— 63 8,20 5,98 0.028 0,399 0,013 0,19 0,11 8.8 18,6 12,8
63— 75 8,20 5,16
75— 87 8,20 5,36
87T—102 8,20 4,54
114—129 8,20 6,19
144—159 8,15 5,78
153 0— 6 7,90 5,67 314 32,0
6— 23 17,90 5,88 28,4 29,2
23— 43 8,00 5,36 30,0 24,2
43— 65 8,05 5,57 25.6 20.6
80— 92 8,20 4,54
106—121 8,25 5,57
134—153 8,25 5,36
158 0— 10 7,95 5,36 35,8 446
10— 24 515 6,60 342 246
24— 40 820 474 e 234
51— 72 8,20 5,57 238 246
87101 8,20 5,78
115—127 8,15 5,88
197—147 8,20 474

y
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TABLE 2..

WADI ZABID PROJECT

' Sam Aqua regia soluble T o t a 1 Soluble
Fro-- - . den e
No. | “00 CaCOy | P05 | Ky0 N | Humus | C N

% % % % % % G mgff 169 . B
oL 501
1 b 2 3 4 5 6 7 8 9 10 1 | a2
165 0— 9 810 4,74 0,102 0,429 0,045 0,75 0,43 9,7 8,0 188
9— 23 8,20 4,11 0,125 0,409 0,026 0,62 0,36 10,0 92,0 41.4
23— 35 5,20, 3,40 0,500 0,650 6,038 0,69 0,40 10,8 196,0 117,0
35— 52 8,20 4,62 0,449 0,520 0,040 0,85 0,49 12,4 3i1.0 78,0
88— 83 8,30 3,90 ‘ :
99—113 8,30 3,80
128—142 8,25 3,90
154—157 8,20 4,77
173 0— 10 8,15 5,18 34,2 39,4
10— 21 8,20 4,15 28,8 25,1
23~ 30 8,15 6,22 34,8 930
45—« 58 B,20 5,29 34,2 17,8
79— 00  B,25 6,29, .
90—~—110 8,30 5,67
125—140 8,30 6,62
176 00— 7 8,05 7,04 0,129 0,418 0,112 1,61 0,92 9,4 34,7 37,0
7— 22 8,15 6,21 0,097 0,405 0,086 1,46 0,85 9,9 28,8 28,4
29«32 8,05 6,22 0,104 0,376 0,088 1,31 0,76 8,7 28,0 1.1
3% 43 8,05 6,22 0,107 0,371 0,087 1,46 0,85 9,8 31,6 24,4
43— 57  B805 5,18 0,117 0,284 0,038 0,64 0,27 9,8 16,8 12,8
58~ 82 7,90 4,97 '
82— 95 7,80 4,97
108115 8,15 3,11
178 0— 8§ 8,085 5,47 42,0 36,2
g— 17 8,20 5,47 38,4 34,6
29— 46 8,15 5,15 29,2 20,0
if— 57 8,20 5,68 34,2 17,5
57— 67 8,10 5,05
TP §3 8,20 4,42
106—11%  B,20 4,73
128—140 8,20 . 4,84
193 6— % 820 3,68 59,2 37,0
' 9— 21 82 378 568 312
21— 35 8,30 3,90 65,2 29,2
49-2 8 8,25 4,52 56,2 22,1
68— 94 8,00 5,26 -

110—136 7,80 5,47

150—165  B,05 5,68
197 O 14 8,00 5,86 38,4 ST

14— 25 8,10 5,68 36,2 %;ée
36— 48 8,20 5,47 34.6 226
63— 78 8,25 5,68

108—123 8,15 4,63

138—153 8,20 5,26

198 0— 13 8,00 5,47 0,054 0,289 0,031 6,53 0,31 8.9 19,8 1;’“
13— 31 810 5,99 0,038 0,352 0,080 1,28 0,75 9,4 28,4 {L’z
31— 44 8,15 4,84 0,035 0,332 0,028 0,40 0,23 8,4 22,8 oo
14— 85 8,85 5,89 0.075 0,472 0.030 0,44 6,25 8.6 58,8 .
65— 80 8,20 5,05 '
80— 99 8,15 5,78
114—121 8,20 5,89
121152 8,00 6,52
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TABLE 2.

WADI ZABID PROJECT

Aqua regia soluble T o t 2 1 Soluble
Pro- Sam- - e e
y pling POy ! K,0
file depth pH | 2
No. Cﬁ’n CaCOy, P05 K0 N Humus C o B
% 5 0/, %, A %, : mg100 g
of soil
1 2 3 4 5 6 7 8 g 16 ST
200 06— 6 8,10 5,89 0,053 0,347 0,062 1.12 0,70 11,3 34,6 32,0
6— 16 8,00 5,78 0,053 0,409 0,072 0,98 0,57 8.0 38,4 37,8
16— 26 8,15 5,47 0,068 0,366 0,048 0,81 0,47 8,4 30,4 46,8
26— 36 8,15 4,94 0,068 0,371 0,046 0,74 0,43 9,4 30,4 25,3
47— 61 8,20 5,47 0,042 0,347 0,036 0,61 0,35 9.7 27.8 18.1
73— 86 8,20 5,89
99—114 8,20 5,89
129—144 8,30 5,89
206 0— 11 7,05 4,94 0,200 0,376 0,083 1,28 0,75 9,0 36,4 42,4
11— 22 8,10 4,20 0,095 0,352 0,073 1,24 0,72 9.8 28,2 32,4
22— 39 8,05 5,05 0,125 0,366 0,069 1,14 0,66 9,6 25,0 26,2
39— 58 8,10 5,36 0,098 0,356 0.078 112 0,65 8.4 27,8 218
75— 86 8,10 4,63
95109 8,15 5,89
109—117 8,10 6,41
117—131 8,15 5,57
144—156 8,10 5,47
200 O 15 8,10 5,05 41,6 36,2
15— 35 8,20 4,84 36,8 22,1
35— 53 8,30 5,89 51,0 20,0
53— 70 8,35 5,68
g0—110 8,80 6,35
132—148 8,95 6,45
214 0— 16 8,20 3,54 0,086 0,399 0,026 0,42 0,25 9,6 83,6 36,2
16— 34 8,25 3,94 0,125 0,409 0,029 0,40 0,23 9.6 60,0 30,4
34— 45 8,15 3,94 0,076 0,462 0,027 0,42 0,25 9,2 59,2 27,4
45— 57 8,20 3,33 0,133 0,467 0,025 0,38 0,22 8,8 59,6 26.2
57— T3 8,35 478
90—110 8,15 5,62
131145 8,20 4,99
220 00— 10 8,05 5,41 66.0 14,8
10— 20 8,15 5,41 50,2 26,0
31— 42 8,25 5,62 26,4 14,0
42— 51 8,15 5,62 27,2 13,2
61— "6 8,10 5,83
§5—105 8,25 4,99
136—151 8,30 5,83
227 0— 10 8,30 6,14 0,049 0,385 0,030 0,45 0,26 8.8 36,0 13,6
10— 19 8,30 6,35 0,077 0,347 0,031 0,48 0,28 9,1 34,6 12,6
19— 28 8,23 6,76 0,083 0,364 0,038 0,55 0,32 8,8 27,0 12,6
G 43 8,15 7,07 0,062 0,351 0,039 0,82 0,48 12,3 23,6 11,2
58 T4 8,20 5,83
90—106 8,40 5,20
106123 8,20 6,03
138154 8.30 5,93
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TABLE 3. '

PARTICLE SIZE DISTRIBUTION OF SOILS
WADI ZABID PROJECT

Loss in Particle size in mm
Prof, | Samplng | IVEr 1 payele | HCL 1— 2 025— | 005~ | _ggp | Gravel*
No. cfn o, density procoessing 0,25 0,05 0,002 e <1 mm
! -
o
o
1 2 3 4 5 6 | 7 | 8 | 9 [ 10
2. Q= 5 2,17 2,80 4,63 6,11 50,22 14,42 3,1
§r 25 2,76 2,80 4,64 10,14 43,48 16,65 9,41
30— 50 3,29 2,84 5,07 14,80 36,47 19,998 17,60
56— T9 3,88 2,84 7,01 17,74 31,68 22,12 21,44 57,19
85— 94 3,42 2,83 4,95 25,06 34,22 20,03 15,74 54,82
4, O0— 6 2,03 2,80 4,84 5,03 50,29 277 12,08 4,75
G 22 2,713 2,81 4,47 7,04 4453 2977 14,19 6,11
22— 42 3,18 2,81 5,05 14,43 37,48 24,36 18,68 6,63
42— 63 3,48 2,81 4,93 12,25 43,76 20,49 20,57 11,16
93—104 2.53 2,85 414 39,42 35.39 11,66 9.19 62,51
5. 0— 10 2,23 2,82 471 7,57 51,20 23,04 13,48 6,54
10— 35 2,94 2,83 5,19 9,44 38,74 30,37 15,06 7.00
35— 56 25 2.80 5,30 10.63 24.91 24,31 14,75 9.22
60— £0 2,30 2,30 4,63 12,09 50,50 21.55 11,21 1110
80—100 1,97 2,69 402 40,44 33,33 12.87 9,54 69,63
8. G— 10 2,51 2,82 4,28 5,75 54,58 21,97 13,42 3,59
10~ 30 4,18 2,83 9,78 1,28 13,64 45,54 2476 3,13
30— 50 2,82 2,83 4,34 10,73 50.83 18,95 15,05 12,95
55— 70 371 2,87 5,86 16,78 35,30 19,67 22,42 87.26
70—150 3,22 2,84 4,18 85,74 32,57 16,23 11,18 84,02
7. 0— 16 3,21 2,83 8,08 0,99 30.59 38,46 21,88 1,27
16— 26 4,14 2,86 16,08 0,79 18,08 43,93 27,12 1,09
26— 43 4.55 2,96 9.82 1,03 15.59 4194 28,62 0.87
43~ 59 4,63 2,64 10,91 1,13 13,02 45,22 29,72 0,69
59— 80 5,14 2,81 10,62 0,68 3,05 4907 30,58 2.32
80— 98 5,07 2,87 10,35 0,83 7,38 405,42 33.02 0,79
98—115 5,25 2,85 11,23 0,89 11,28 45,67 30,93 0,40
115—132 5,46 2,79 13,21 0,96 3.50 43.62 38,75 1,11
132—152 5,21 2775 12,46 1,02 7,29 43,79 35,43 0,92
3. 0— 10 2,88 2,77 7,718 0,57 36.03 37,85 17T 1,01
10— 23 3,86 2,85 8,72 3,35 35,04 24,50 28.39 4,01
23— 32 4,53 2,85 10,67 0,68 15,06 45,46 28,12 0,30
32~ 52 5,48 2,87 11,79 0,48 11,32 43,61 32,80
52~ 78 5,46 2,89 11,43 0,36 7,89 4578 34.54
78— 95 4,80 2,86 8,84 1,88 20,84 40,45 27,99 3,51
95—110 5,12 2,88 10,48 1,02 12,32 46,22 29.96 3,51
110—127 419 2.86 12,15 0.64 15,84 48 55 92 g2
127—150 3,97 2.86 11,32 0,23 21,19 50.68 16,58
9. 0 16 3,77 2,78 8,74 0,27 25,84 42,07 23,08
16— 31 5,00 2.86 9,47 0,22 15,70 39,99 34,62
31— 46 4,80 2,86 a.51 0,23 17,39 38.38 3448
46— 61 5,70 2,83 7,31 0,21 13,29 44,74 34,45
61— 76 5,50 2,84 941 0,2 12,40 39,80 38,11
76— 86 5,35 2,85 11,02 0,38 10,19 43,32 35,08
86—101 5,61 2,83 9,51 0,30 14,08 40,93 35,18
101—116 5,41 2,86 11,96 0,39 7,13 48,22 31,70
116124 4,48 2,84 11,27 0,57 12,10 46,97 29,09
124139 5,49 2,86 12,25 0,26 3,49 4552 38.48
139154 5,81 2,88 12,44 0,23 5,33 40,41 41,79
10. 0— 15 3,51 2,81 8,43 0,32 23,61 50,05 17,59
15— 30 3,75 2,83 8,70 0,42 18,77 43,95 2%-}6
30~ 45 4,10 2,84 9,10 0,70 14,53 50,21 2546
45— 63 4,55 2,84 9,48 0,55 10,37 52,97 26,63
63— 78 413 2.84 9.65 0,34 16,27 49,13 24.61
78— 98 4,65 2,86 10,70 1,09 17,25 50,23 2073
98~-~115 3,90 2,84 8,75 0,33 18.95 50.16 21,81
115—130 5,10 2,84 10,04 0,48 7,84 51.64 30,00
130—150 471 2,83 10.75 0.35 7,60 56,61 24,69

Note: *Gravel percentage (in this case the finer fractions expressed in the %, of gravel-free material)
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TABLE 3.
PARTICLE SIZE DISTRIBUTION OF SOILS — continued
WADI ZABID PROJECT

) Particle size in mm

Sampling Hygr Loss in ' | on N

prof. | P e VEr | Particle HCl 1— 0= | 0s— | o0y | Graver

No. ég} mots density | processing 025 | 005 0.002 ¥ <1 mm

0 0“0 N —
0
1 2 3 4 5 6 1 v i s 1 9 | 10

1L 0— 12 3,35 2,80 9,26 0,35 22,47 48,34 19,58
12-- 25 3,85 2,83 9,63 .37 20,92 49,16 19,92
25— 40 4,32 2,84 10,33 0,46 14,85 46,12 28,24
40— 55 4,38 2,83 10,41 0,46 14,90 46,83 27,44
55— 70 4,56 2,82 10,79 0,45 12,16 48,47 25,13
70— 85 4,94 2,86 10,73 0,41 6,53 48,75 33,58
12, 0— 10 3,51 2,81 8.70 0.58 26,00 40,60 24,12
10— 18 3,74 2,83 7,70 0,57 23,66 435,02 24,85
18— 33 4,74 2,85 10,18 0,50 13,55 43,56 32,61
33— 48 5,42 2,82 10,47 0,10 7,31 17.87 34,25
48— 63 5,60 2,82 11,10 0,2 4,35 46,43 37,84
63— 78 6,07 2,86 10,91 0,18 1,66 41,44 45.81
78— 96 4,58 2,84 10,83 0,60 9,31 47,35 31,01
96—111 3,86 2,82 12,77 0,83 8.11 38,05 30,24
111126 4,30 2,81 9,99 0,42 9,01 15,62 3446
126—141 3,14 2,81 9,89 - 248 17.68 51,75 18,20
13. 0— 5 2,99 2,79 7,72 0,93 34,26 39,04 £.05
5— 14 3,22 2,81 7,89 0,39 29,56 41,75 20,21
14— 32 4,83 2,82 9.64 0,26 11,24 145.26 33,60
39— 47 5,01 2,82 8,93 0,2 7,47 45,17 3,10
47— B 5,32 2,84 9,32 0,34 9,21 43,65 37,98
67— 85 5,07 2,81 9,72 0,22 8,98 45,75 35.33
£5—105 4,93 2.83 9,31 0.45 10.09 45,93 33,72
105—125 4,25 2,81 11,29 0,60 15,33 53,19 19.65
14. 0— 12 2,64 2,85 7,16 0,67 34,16 41,96 16,05
12— 30 3,57 2,83 8,23 0,33 24,88 43,44 22,62
30— 48 2,90 2,81 9,36 3,38 23,11 44,68 19,47
48— 61 3,56 2,84 8,55 4,54 23,37 42,65 20,89
61— 173 3,96 2,83 9,22 1,92 2271 43,73 22,42
73— 85 3,83 2,80 4,24 7,38 39,35 31,37 17.66
£5—100 3.63 2,81 9,06 1,35 21,7 41,74 20,15
100—115 4,58 2,80 8,25 1,78 19,60 41,30 28.87
15. 0— 16 2,42 2,79 8,71 1,54 36,17 42,39 13,19
16— 30 3,61 2.83 7,75 1,53 21,96 44,80 23,96
30— 42 3,62 2,82 7,68 1,78 24.85 42,61 21,13
42— 58 3,22 2,85 10,12 3,87 25,10 41,15 19,76
58— 75 3,36 2,80 10,78 1,68 21,06 47.67 18,31
75— 92 3,24 2,84 8,35 0,75 24,97 45,42 20,51
16. 0— 16 3,21 2,86 8,36 1,08 21,73 43,81 19.02
16— 33 4,15 2,82 10,31 0,47 16,02 55,59 23,61
33— 48 3,95 2,87 9,68 1,21 16,84 46,91 25,36
48— 63 4,18 2,84 9,87 1,18 15,00 46,31 27,64
63— 79 5,20 2,87 10,67 0,81 8,93 44,15 35,44
79— 92 5,49 2,83 10,58 0,59 8,55 41,61 38,32
93—106 5,18 2,83 9,94 0,94 11,98 42,36 34.28
106122 4,05 2,83 9,32 2,3 18,24 44,32 25,77
122140 4,23 2,81 10,55 1,82 12,84 47,24 21,55
17. 0— 11 3,23 2,88 11,37 0,63 27,59 38,65 21,76
11— 22 4,15 2,87 10,57 0,15 10,52 56,01 22,75
22— 39 3,18 2,89 9,66 0,11 19,06 54,18 16,99
39— 56 3,03 2,83 10,82 0,10 15,63 54,97 18.48
96— 71 3,68 2,85 10,29 0,13 18,24 49,08 22,26
71— 89 3,57 2,87 9,89 0,17 92,25 45,31 2238
89118 3,42 2,85 9,33 0,53 28,52 41,92 1970
118—136 3,54 2,88 9,22 0,21 23,95 49.86 16.76
136—150 2,80 2,85 8,78 0,73 33,81 40,13 16,55
18. 60— 10 2,57 2,78 8.69 1,73 45,96 27.19 16,43
10— 18 2,12 2,82 8,68 1,83 46,42 29.91 14,16
18— 32 4,36 2,84 10,70 0,41 17.31 43.90 27.68
32— 47 4,12 2,82 10,20 0,18 21,36 38,79 29,47
47 63 3,91 2,83 10,04 0,61 29,16 35,24 24.95
65— 79 4,36 2,87 9,15 1,25 28,41 30,63 30,56
TG 92 3,13 2,82 9,33 2,39 34,31 30,69 22.28
92106 2,43 2,81 9,01 6,69 48,00 25,37 16.93
106—120 2,76 2,82 8,78 6,56 37,61 30.80 16.16
120140 3,30 2,81 9,86 3,31 31,19 34,30 21,34
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TABLE 3.
PARTICLE SIZE DISTRIBUTION OF SOILS — continued
WADI ZABID PROJECT

. Particle size in mm
S . Loss in - - . et
Prof. Saj;zgi‘;g Hyer | particle HCI 1— | 02— | 00— [ _ | Gravel
No. om 0 density proct(?ssing 0,25 L 005 | 0002 | : <1 mm
74 0 ,0
1 2 3 4 5 6 | 7 j £ | 9 i 10
19. 0— 12 1,87 2,82 6.90 8,57 66,13 1001 9,49
12— 24 1.66 2,82 6,95 12,87 59,08 10,91 10,19
24— 36 2,88 2,83 8,42 9,01 38,82 26,30 17,45
36— 48 2,81 2,81 8,52 12,70 35,66 25,6¢ 1744
48— 62 2,12 2,82 7,96 6,85 45,26 27,44 12,18
62— T4 2,76 2,84 8,87 4,19 32,50 39,40 15,04
T 86 3,03 2,85 9,61 4,03 24,75 42.07 19,54
B6—101 3.67 2,84 0,32 5,23 27.53 33,08 24,84
101--118 4,03 2,83 9,63 5,94 26,41 30,29 27,73
118—137 3.04 2,77 8,78 10,76 35,49 23,75 21,22
137150 3,02 2,81 7,98 14,54 33,23 24,61 19,64
25. Dem 3 1,68 2,81 6,83 16,38 55,37 1225 817
19— 24 1,42 2,80 6,29 18,00 64.81 3,12 7,25
30— 54 2,31 2,85 10,65 0,53 52,18 31.01 5,65
66— 79 2,22 2,79 8,31 0,59 59,75 24,34 7.03%
98—106 2,78 2,83 9,89 0,57 37,43 34,41 17,70
119—134 2,50 2,83 10,00 0,28 36,74 40,76 12,22
29 0— 12 2,10 2,84 7,11 11,18 41.20 27,98 12,55
12— 20 2,85 2,82 8,57 1,02 33,64 43.65 13,12
20— 35 2,68 2,82 10,58 9,39 23,74 42,24 14,05
45— G4 4,55 2,83 11,59 0,19 9,11 57,80 21,31
81— 92 3,81 2,84 9,75 2,82 21,92 46,38 19,13
107—115 3,01 2,82 6.84 2,68 49,46 24,92 16,12
115120 3,10 2,81 8,25 4,92 42,31 25.03 17,49
120140 4,05 2,62 10,18 1,63 15,95 58,23 13,07
36. 0— 12 2,81 2,83 9,19 0,89 57,67 23,25 14,00
12— 23 1,93 2,81 8,19 1,89 61,56 19,32 9,04
23— 51 1,92 2,84 7,54 0,07 69,32 15.35 772
51— 57 3,41 2,83 9,81 0,02 24,25 51.67 14,25
57— 64 2,65 2,82 8,47 0,01 54,13 24,75 12,64
64— T8 3,97 2,85 9,94 0,05 30,18 38,35 21.48
93—108 2,47 2,85 7,66 242 52,77 25,03 12,12
133148 4,08 2,86 11,53 0,19 8,59 64,49 15,20
143—158 3,27 2,85 9,56 0,34 25,02 54,45 10,63
43. 0— 10 2,19 2,81 10,36 1,60 56,93 22,91 8.20
20— 35 2,74 2,86 9,50 2,20 26,97 45,75 15,58
62— 176 3,81 2,83 11,03 0,74 14,00 50.86 23,37
88107 2,50 2,80 9,11 6,38 30,67 42,46 11,38
107—122 3,19 2,84 9,60 1,81 27,96 42,14 18,49
138--153 3,87 2,81 11,52 6,39 13,35 47,72 20,82
Bilt-1, 5,13 13,44 0,10 0,04 56,24 30.18
Silt-2. 5,05 13,39 0,03 1,28 59,15 26,15
59. 0— 13 2,39 2,84 7,6 —_ 48,4 34,3 12,7
13— 25 2,92 2,82 8,6 — 33,6 41,3 16,5
25— 38 3,24 2,83 7,2 —_— 37,6 36,7 18,5
38— 51 2,86 2,83 7,4 _— 34,5 45,3 12,8
51— 67 4,21 2,82 9,3 _ 21,7 38.4 30,6
83— 99 3,86 2,84 7.9 e 33,3 40,1 18,7
115—125 4,32 2,65 9,0 - 17,1 52,8 21,1
187—152 4,48 2,85 8,7 — 16,9 54,6 19,8
86. 0— 10 2,18 2,79 6,2 - 748 12,0 7,0
10— 16 2,69 2,79 4.3 — 60,1 25,7 9,9
16— 32 2,98 2,80 4,9 — 54,3 31,0 9.8
22— 47 3,75 2,79 8,0 — 40,0 33,5 18,5
47— 62 3,60 2,82 49 — 36.1 41.3 17,7
81— 94 4,23 2,83 9,1 _ 354 36,2 19.3
107—117 2,30 2,85 3,4 17.8 53,6 10.2 13,0
128139 1,91 2,83 5,4 7,0 74,1 13,6 2,9
91 0— 12 4,42 2,79 7,6 0,7 10.1 59,6 22,0
12— 27 4,63 2,82 7,6 0,7 12,2 50,9 28,6
9T 39 4,02 2,82 6,2 — 18,9 47,0 27,2
39— 54 3,26 2,81 6,2 e 28,3 46.3 19,2
Hdee 95 4,15 2,84 6,2 — 22,2 42,3 29.3
95—110 4,67 2,84 5,6 0,7 27,5 29,9 26.3
110.-170 3.97 2,83 6,2 - 32,4 38,3 231
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TABLE 3.
PARTICLE SIZE DISTRIBUTION OF SOILS — continued
WADI ZABID PROJECT

. Particle size in mm
. Loss in i e Sl [
Prof. Saé’;pi?g 13%%; Particle HCI1 3 x 0,25~ 2 0,05~ < 0,002 1 Gravel*
No. cxPn ", i density proc{gssing 0.25 0,05 0,002 ! Sl <1 mm
90
[EE— R 0/0
1 2 3 4 5 6 7 | 8 | g x 10
102. 0— 14 2,86 2.82 6,2 0,7 49,5 25 4 18.2
14— 25 3,14 2,82 5,5 0,7 47,8 27,4 18,6
25— 35 2,23 2,83 6,2 1,4 1.9 16.8 13,7
35— 40 3,23 2,84 8,2 1,4 31,9 877 20,8
40— 52 2,16 2,81 5,4 48 59,2 20,1 10,5
52-— 59 3,12 2,83 6,9 2,8 38,7 35.0 16,5
59— 0 2,96 2,84 6,2 2,1 45,0 36,3 10.6
78— 87 4,88 2,83 8,5 — 16,2 50.5 24,9
93-—106 2,58 2,83 6,9 — 53.7 21,0 18,2
115123 2,22 2,85 8,1 —_ 69.6 17,5 6.8
134—149 4,48 2,83 71 — 23.2 13,4 25,7
147. g 15 3,73 2,30 7.6 — 30,0 50,7 21,7
15— 29 4,29 2,81 7,0 —_ 20.3 45.7 27,0
44— 63 2,20 2,86 6,8 — 63,2 19.8 10.2
63— 75 4,53 2,82 7,0 — 22.1 404 30,5
75— 8T 3,29 2,82 9,0 2,8 27,1 36,9 24,2
§7—102 2,53 2,83 7,5 48 43,8 38.0 5.9
114-—129 2,96 2,83 10,3 2.7 34,1 29.0 13.9
144—159 2,93 2,82 9,6 6,2 33.1 36,8 12.3
165. 0— @ 2,86 2.78 8,9 2,7 37,2 32.8 18,4
g 23 2,89 92,71 8,2 41 37,1 31,3 19,3
3— 35 3,36 2,76 7,0 4,2 34,3 33,5 21,0
35— B2 2,68 2,81 7.7 11,3 32,4 384 10,2
68— 83 3,29 2,80 6,9 2,8 29,3 426 18,4
99—113 2,71 2,83 6,4 3,5 44,6 28,8 16,7
128—142 2,98 2,82 6,9 3,4 36,1 39,2 14,4
154—167 2,38 2,80 6,9 7.6 45,1 24,9 15,5
178, 0— 7 478 2,80 11,3 — 20,5 44,5 23,7
7— 22 4,93 2,80 10,6 — 19,7 50,1 19,6
22— 32 4,26 2,82 10,5 —_ 20,2 50,0 19,3
32— 43 4,60 2,83 10,6 —_— 17,7 43,3 26,2
45— 57 3,02 2,83 8,3 — 32,6 50,4 8,7
68— 82 2,98 2,82 7,5 - 40,7 42,9 8,0
82— 95 4,34 2,83 9,8 — 12,8 51,6 25,8
108—115 1,38 2,85 5,4 12,2 70,9 9,3 2,0
198. 0— 13 2,43 2,81 7,5 - 41,2 46,0 5,3
13— 31 4,42 2,81 9,8 — 15,7 49,5 25,0
31— 44 3,08 2,84 7,6 — 477 24.4 10,3
44 B3 5,28 2,85 9,2 — 13,7 55,6 21,5
65— 80 2,52 2,82 7,5 — 49,5 35.5 7.5
80— 99 4,39 2,83 10,5 — 171 58.0 14,4
114—121 3,29 2,81 9,0 — 25,2 49,0 16,8
121-—152 3,66 2,82 7.6 — 19,0 58,1 15,3
200. g— 6 4,07 2,83 9,7 — 16.7 48.9 24,7
§— 16 3,97 2,82 9,7 —_— 13,5 52.2 24,
16— 26 3,97 2,82 9,0 — 18,9 49,9 22,2
26— 36 4,02 2,77 9,6 — 16.8 51,5 22.1
47— 61 3,70 2,62 9.6 — 19,4 51,9 19,1
73— 86 497 2,81 6,7 — 14,0 53,1 23.2
09—114 4,68 2,80 10,5 — 7.0 43.3 29.0
120—144 4,70 2,81 9,8 - 8.1 54.1 28,0
206. 0— 11 4,65 2,82 8,4 — 14.0 43,0 34.6
11— 22 4,10 2,84 10,5 — 38,2 17.2 34.1
22— 39 5,85 2,85 9,9 —_ 4,5 50,9 34,7
39~ 58 5,06 2,86 10,6 — 11,6 47.0 20,8
75— 86 471 2,84 10,5 —_ 8,1 54,8 26.8
95-—109 4,56 2,83 10,5 — 15,7 46,3 27,0
109117 5,19 2,85 12,0 - 8,1 48,8 31,3
117131 3,96 2,35 9,0 — 19,2 53,4 18,4
144156 5,35 2,77 11,8 - 70 39,7 40,8
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TABLE 3.

PARTICLE SIZE DISTRIBUTION OF SOILS - continued
WADI ZABID PROJECT

. ) Particle sizne in mm
: Triree T 1 T i e P ——
Prof. Sal{f(;pltjglg ;I}V{"lt Particle HC IS ‘ 0,25~ 0,05— i <0002 | Gravel*
No. o o density | procossing| .35 | 005 0002 | Y] <1 mm
i o‘/“ o o o
_.,‘A../U R s i 4 s 1 S 2 L mpmrn
1 2 3 4 5 6 | 7 | 8 ‘; 9 I 10
214. 0— 16 3,30 2,81 6,2 — 31,7 36,4 25,7
16— 34 4.04 2,83 6.2 —_ T2 437 20,9
34— 45 5,34 2,84 7.0 — 15,1 44,8 35,1
45— 57 5,72 2,83 6.3 0.7 17,7 37,2 38,1
57— 73 5,97 2,86 6,4 0,7 16,3 38,1 38.5
90-—110 5,76 2,82 8,4 1,1 14,1 37,7 38,7
131145 5,16 2,80 7,0 1,4 12,8 48,9 30,2
227. 0— 10 8,09 2,82 7.8 0.1 15,2 36,5 39.8
10— 19 7,03 2,34 9.2 0,7 18,4 31,4 40,3
19— 28 6,17 2,83 121 1.1 6,0 38,3 42,5
28— 43 5,63 2,84 11,3 07 8,4 42,3 373
58— 74 5,87 2,84 - 9,9 0,7 12,7 37,4 30.3
90108 5,16 2,84 9.8 1.4 1,5 41,3 36,0
106123 5,17 2.80 9.9 2,7 11,3 42,6 35.5
138154 4,2) 2,82 8,0 0,7 20,8 40,7 28,8
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TABLE 4.

SALINITY AND ALKALINITY STATUS OF SOILS
WADI ZABID PROJECT

Saturation extract Exchange
. able T
rof. Sampllmg Total ' > Nat CEC ESP
No. depth salt Y 0., Na N
cm ' SP 25°C pH
mS mEqlit |mEq/100g mMEQ/100 g soil

! 2 3 4 5 6 7 8 9 w11
2. 0— 5 0,02 31,2 0,43 8,3 0,29 13.55 2,14
o= 25 0,04 33,2 0,58 8,3 0.41 17,45 2,32
30— 50 0,04 34,0 0,39 8,3 0,48 21,00 2,27
56— 79 0,04 0,70 21,58 3,22,
85— 94 0,02 0,58 19,53 2,96
4. 0— 6  0.01 34,4 0,26 8,2 0,35 12,57 2,75
§— 22 0,02 33,6 0,39 8,2 0,41 13,76 2,94
92— 42 0,05 36,8 6,57 8,0 0,53 18,83 2,80
42— 63 0,04 41,3 0.61 8,0 0,53 19.55 2,81
93—104 0,05 0,74 15,78 4,69
5, 0— 10 0,02 32,8 0,50 8,4 0,35 15,28 2,26
10— 35 0,03 30,8 0,59 8,3 0,59 18,33 3,23
35— 56 0,03 32,0 0,44 8,4 0,68 14,27 4,78
60— 80 0,01 29,6 0,41 8,3 0,66 11,73 5,63
80--100 0,01 0,74 11.13 6.62
8. 0— 10 0,04 34,0 0,52 8,0 0,49 18,25 2,66
10— 30 0,08 49,4 0,92 8,2 1.01 24,63 4.08
30— 50 0,03 34,0 0,43 8,3 .49 18.68 2,64
55w T0) 0.69 20,28 3,36
70—150 0.70 18,46 3,76
7. 0— 15 0,06 37,2 0,74 8,2 1,10 18,10 6,08
15-— 26 0,11 47,2 1,20 8,5 1,55 23,90 6,49
26— 43 0,07 489 0,68 8,3 1,39 29,70 4,68
43— 39 0,07 472 0,71 8,2 1,34 24.26 5,50
59-— 80 0,07 50,4 0,74 8,2 0,97 28.25 3,43
80— 98 0,08 50,8 0,62 8,0 1,34 29,70 4,51
98—115 0,07 50,8 0,53 8,1 1,32 30,00 4,40
115132 0,07 53,2 0,57 8,1 1,59 30.43 5,23
132152 0,05 52,2 0,47 8,3 1,12 29,70 3,77
B. 0— i 0,06 36,0 0,71 8,3 1,21 16.66 7.21
10— 23 0,06 40,8 0,62 8,2 1,25 21,73 5,73
25— 32 007 45,2 0,59 8,2 1,70 26,80 5,34
32— 52 0,09 53,2 0,71 8,1 1,99 28,93 5,87
52— 78 0,08 52,4 0,88 8,0 2,17 30,78 7.0%
78— 95 0,11 46,8 1,37 8,2 1,61 27,16 5,93
95110 0,09 47,6 0,92 7,8 2,10 28,25 7.43
110—127 0,08 44,4 0,74 8,2 3,739 0,166 1,71 18,46 0,25
127150 0,07 41,1 0,79 8,2 4,261 0,175 2,58 19,53 13,20
9. 0— 16 0,07 34,8 0,62 8,2 1,304 0,045 1,34 20,28 8,50
16— 31 0,11 46,0 1,02 8,2 2,182 0,127 2,19 24,26 9,02
31— 46 0,14 48,4 1,34 8,1 7,217 0,349 2,55 22,45 11,25
46— 61 0,18 53,2 1,58 7,9 7,936 0,417 3,17 25,00 12,63
61— 76 0,2 54,6 1,79 7,8 9,993 0,516 4.09 25,08 15,68
76— 86 0,30 55,4 3,20 8,0 23,212 1,286 4,72 25,71 18,35
86—101 0,34 53,8 3,82 7,8 26,152 1,408 4,83 28,25 17,06
101—116 0,40 57,2 3,94 7,8 25,148 1,437 5.00 25,00 20,00
116—124 0,46 52,8 5,30 7,7 30,875 1,623 4,18 24,26 17,23
124—139 0,55 58,8 6,41 74 34,454 2,019 4.21 25.08 16,14
139154 0,50 66,0 5,67 7,9 29,130 1,823 4,59 25,35 19,28
10, 0— 15 0,06 36,8 0,14 8,2 3,740 0,138 Q.78 21,00 371
15— 30 0,05 36,8 0,71 8,2 3,910 0,144 0.73 21,73 3.36
30— 45 0,06 43,1 0,55 8,2 2,390 0,117 0.01 24,63 3,69
45— 63 0,05 44,1 0,41 8,2 1,930 0,086 1.04 24,53 4,92
63— 78 0,08 46,0 0,48 8,2 1.12 23.90 4.69
78— 98 0,06 48,0 0,45 8,1 1,18 27,38 4,24
98—115 0,06 42,0 0,49 8,2 0,88 24.63 3,57
115130 0,07 50,8 0,64 8,2 1,14 2753 4,14
130150 0,07 52,0 0,48 8,1 1,18 28,61 4,12
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TABLE 4,

g

SALINITY AND ALKALINITY STATUS OF SOILS -~ continued
WADI ZABID PROJECT

Saturation extract Exchange-!
; able Y o
Prof. Sa(;nptlgng Total Na+ Nat+ CrC ESP
No. ep salt 9, EC _
om SP 35°C pH
ms mEq,/lit |mEqg/100 g mEq'100 g soil
1 2 3 4 5 6 7 8 9 | 10 | 11
1l p— 12 0,06 36,8 0,52 8,1 0,83 18,83 4,40
12— 25 0,05 38,4 0,52 8,1 0,98 21.73 4.51
26— 40 0,06 49,6 0,43 8,0 1,05 23,39 4,39
40— 55 0,06 47,6 0,42 8,0 1,09 23,89 4,54
55— 70 0,06 46,8 0,39 8,0 1,16 26,42 4,38
70— 85 0,06 57,2 0,31 8,2 1,30 31,87 4,08
12 0— 10 0,08 38,4 0,42 8,2 1,09 21,87 4,97
10— 18 0,06 42,8 0,59 8,2 1,34 21,87 6.12
18— 33 00,8 50,4 0,71 8,1 1,85 27,52 6,70
33— 48 0,11 59,6 1,04 8,2 2,39 25,71 9,29
48— 63 011 61,2 1,11 8,1 5,913 0,372 2,79 29,68 9,40
63— 78 0,18 62,4 1,60 8,0 8,174 0,510 3,58 30,77 11.63
76— 86 0,19 58,4 1,97 7,9 9,739 0,568 3,56 25,34 14,04
96—111 0,25 57,6 2,59 7,9 16.956 0.976 3,51 24,99 14,04
111126 0,16 54,4 1,60 7,9 5,478 0,298 1,51 24,99 7,24
126—141 0,23 48,0 2,28 7,7 13,478 0,647 3,15 21,95 6,96
13. 0— 5 0,06 34,0 0,79 8,0 2,304 0,078 0,79 14,19 5,56
5— 14 0,06 40,0 0,68 8,0 2,739 0,109 0.83 15,92 5,91
14— 32 0,11 48,4 1,08 7.9 3,478 0,168 1,35 21,57 6,25
32— 47 0,13 55,2 1,23 7.9 4,556 0,237 1,49 24,62 6,05
47— 67 0,14 60,0 1,23 7,8 4,739 0,284 1,52 27,52 5,52
67— 85 0,14 60,0 1,33 7,8 4,913 0,295 1,63 24,99 6,52
85—105 0,17 56,0 1,60 7.1 5,826 0,328 1,59 23.17 6,86
105125 0,24 54,4 2,22 7.1 14,783 0,804 1.03 17.37 5,92
14, 0— 12 0,084 36,2 0,86 8,0 2,870 0,104 0,54 12,67 4,26
12— 30 6,050 40,0 0,56 8,1 0,76 16,79 4,52
30— 48 0,050 41,8 0,53 8,3 0,94 18,09 5,20
48— 81 0,052 46,4 0,49 8,4 1,01 19,54 5.17
61— 73 0,048 47,2 0,31 8,4 1,23 20,64 5,96
73— 85 0,045 37,6 0,53 8,3 0,37 14,17 5,29
§5—100 0,050 44,8 0,47 8,3 1,27 19,91 6,36
100—115 0,062 51,2 0,52 8,2 1,52 20,99 7,24
15. 0— 16 0,050 37,6 0,64 8,4 0,72 13,0; 5,35
16— 30 0,060 44,4 0,52 8,4 0,98 20.27 4,81
30— 42 0,065 46,0 0,59 8,4 1,01 20,4 4,95
42— 58 0,060 46,0 0,63 8,3 0,83 17, 4,89
58— 75 0,050 44,4 0,53 8,3 0.83 18,0 4,60
75— 92 0,065 46,0 0,48 8,3 0,76 17,22 4,41
16. 0— 16 0,050 38,8 0,47 8,2 1,05 15.56 6,75 _
16— 33 0,050 53,2 0,42 8,3 1,02 23,90 4.27
33— 48 0,058 48,4 0,42 8,4 0,90 21,73 4,14
48—~ 63 0,063 50,4 0,44 8,4 0,95 22.45 4,23
63— 79 0,070 60,0 0,59 8,4 0,95 24,56 3.86
79— 82 0,075 62,0 0,53 8,3 1,16 31.15 2,72
92--106 0,078 59,2 0.52 8,2 116 27.53 4.21
106122 0,035 47,2 0,59 8,3 0.48 21.00 4,19
122140 0,060 49,6 0,60 8,4 0,88 22.60 3.89
17. 0— 11 0,120 42,0 1,23 8,4 6,261 0,263 1,97 18.83 10.46
11— 22 0,095 51,8 0,96 8,4 4,287 0,221 2,01 21,00 9,58
28— 39 0,075 42,4 0,63 8,6 2,956 0,125 4,13 18.09 22.83
39— 56 0,075 42,0 0,61 8,5 2,956 0,124 4,51 20,64 21,85
56— 71 0,115 44,0 1,13 8,6 6,608 0,291 4,67 22,45 20,80
71— 89 0,130 42,0 1,18 8,7 6,608 0,277 4,42 22,72 19.45
89—118 0,130 42,0 1,18 8,7 6,608 0,277 3.7 18,75 19,73
118—136 0,090 440 1,0 8.6 4,903 0,216 3,16 18,91 19,88
136—150 0,180 32,0 1,66 8,5 8,478 0,271 3,10 16,60 18,67
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TABLE 4.

SALINITY AND ALRALINITY STATUS OF SOILS — continued
WADI ZABID PROJECT

Saturation extract Exchange- ,
o1 — able CEC ' ESP
Prof. Sadmptl;lng Total Na+ Na+ i |
No, €Dt salt 9 EC o |
cim SP 25°C pH |
mS mEq lit EmEqﬁlOOg mEQ/100 g soil
{
1 2 3 4 5 6 7 | 8 o | 1w | n
25. 00— 3 0,01 30 .76 13,78 5,51
12— 24 0,01 30 0.62 11,58 5,36
39— 54 0,03 36 0,74 13,50 5,49
66— 79 0,02 35 1.01 13,80 7.1
88106 0,06 39 114 15249 7.43
119—134 0,06 38 1,00 14.36 6.95
28, Q— 12 0,02 31 0,87 14,85 5,85
12— 20 0,12 35 1,35 7,8 0.8 18.3 4,65
20— 35 0,14 37 1,59 1,7 1,52 17.38 8,75
45— G4 0,06 50 1.12 27.53 4,07
81-— 92 0,11 44 1,23 1,9 23 21,36 5,76
107—115 0,03 34 0,87 17,38 5,01
115120 0,05 33 1,08 20,28 5,35
120-—140 0,06 50 1,19 3,35 5,053
36. Q- 12 0,04 35 0,73 15,83 4£.62
12— 23 0.08 32 0,55 11,85 4,63
23— 51 0,01 30 0,72 12,30 5.85
5l 57 0,03 43 0.87 19.20 4,56
57— 4 0,02 35 0,77 16,60 4,59
G4— 78 0,04 43 0,77 20,45 3,79
93-—-108 0,02 32 0,58 17,38 3,35
133143 0,02 47 0,95 25,33 3.75
143158 0,02 39 0,77 18,83 4,07
49, Q— 10 3,10 31 1,08 ~ 8,3 0,53 11,26 4,74
20— 35 0,03 40 o 0,73 16,50 4,44
62—~ 76 0,03 42 0,87 22.45 4,45
88107 0,02 36 0,77 16,51 4,63
107122 0,02 40 0,78 18,00 4,33
138--153 0,02 46 1,01 24,63 4,10
Silt-1 0,08 80 1,11 38,25 3,92
sit 0 % 1,35 37,10 3,64
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TABLE 4.
SALINITY AND ALEKALINITY STATUS OF SOILS ~— continued
WADI ZABID PROJECT

5N ange
Profile |  Sampling Total salt <p fxchngeable CEC ESP
No. depth cm U e i
R mEq, 160 g soil
L 9 3 4 5 | 6 | 7
39. — 13 © 0,045 34,3 1.15 18.1 6.37
13— 25 0.080 40,4 1,14 19,6 4,83
55— 38 0,070 40,9 1.33 21.2 6.29
58— 51 0,045 36,4 1,29 19.5 6,63
57— (7 0.080 46,5 1,78 27,4 6.29
83— 99 0,050 40,5 1.1 23,7 4,99
115123 0,055 44.0 1.4 a3 6.03
137132 0,065 48,3 L 24,6 6,74
88, 0— 7 0.055 39,1
T— 17 0,058 39.0
27 42 0,045 46,0
42— 56 0,040 38.7
71— 82 0.038 38.6
94—100 0.050 49,7
115130 0.058 38,4
77, 0— 10 0,096 36,6
10— 21 0.060 36.0
31— 44 0,028 30,4
57— T2 0,020 33.4
87— 94 0.030 38.8
107120 0,038 38,3
133—144 0.038 38,8
g6. 0— 10 0.030 31.0 0.78 11,9 6.38
10— 16 0.070 32.8 0.73 12,9 5.63
16— 32 0.110 34.2 0,79 15.3 5,15
32— 47 0.088 35,1 1,08 19.6 5,52
47 62 0.065 39.3 0.85 16,1 5,29
§l— G4 0.065 40,2 0,82 20,5 4,00
107—117 0,020 29.4 1.00 13.8 7.90
128—139 0,028 319 0,90 14,1 6.38
1. 0— 12 0.080 46.0 1.66 26.8 £.20
12— 27 0.040 48.0 1.43 26,8 5,04
27— 39 0.045 414 1,27 22,4 5.67
36— 54 0,035 39,5 1,19 20,2 390
65— 80 0.042 427 1,31 23.2 565
£5--110 0.045 41,3 1,38 26.1 5.29
125—150 0.035 o 38.8 1,43 26,4 5,34
97, 0— 13 0.035 28,9
13— 22 0,058 28,0
29— 37 0.040 27,0
50—~ 64 0,022 25,7
f4— 80 0,040 35,4
80— 95 0,042 423
111—128 0,024 31.2
141153 0.010 28,4
102, O 14 0.050 34,2 1,04 16.8 .19
14— 25 0,090 35,2 0,71 16.3 431
25— 35 0,080 30,0 0.49 14.2 3.42
35— 40 6.098 41,5 0.94 %3.2 4,03
40— 52 0.038 32,0 0,65 14.5 4.49
52— 59 0.034 35,3 0,72 16.2 4‘51
B3~ 70 0.030 35.6 0.65 174 NE!
78— 87 0.050 444 1,11 21.6 4.‘31
93106 0,044 36,6 0,84 £0.3 4,13
115—123 0.030 33.0 0,58 15.2 2.81
134—149 V 0,042 48,2 0,99 24,6 4,03



SALINITY AND ALKALINITY STATUS OF SOILS ~ continued
WADI ZABID PROJECT
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TABLE 4.

Profile |  Sampling Total salt Exchangeable CEC ESP
No. depth cm %% sP
_____ N mEq100 g soil
el
1 2 5] i 5 G "
135. 0— 12 0,046 414
19— 21 0,038 425
21— 34 0.022 436
34— 50 0,005 38,5
61— 73 0,030 52,5
24— 98 0,020 39,4
98112 0,018 39,1
112124 0,030 445
124137 0,030 52,5
137—142 0,020 21,2
141, 0— 11 0,050 31,0
11— 21 0.040 34,3
21— 37 0,042 34,0
37— 53 0,040 9.8
68— 83 0,060 26,9
100—110 0,080 38,5
116—136 0,150 40,8
136153 0,110 38,6
147. f— 10 0,058 43,6 1,02 23,0 414
15— 26 0,042 46,5 1,04 245 4,95
44— 63 0,020 33,0 0,51 13.7 3.72
63— 75 0,052 46,0 0,97 29,7 3.26
75— 87 0,048 41,0 0,37 25.4 3.42
87—102 0,030 33,7 0,58 16,2 3,58
114—120 0,035 40,9 0,62 18.6 3.34
144—158 0,038 39,5 0,73 18.1 4,04
153. 0— 6 0,115 61,8
6— 23 0,105 67,4
23— 43 0,055 52,6
43— 65 0,055 61,0
80— 92 0,018 40,0
106—121 0,022 35,3
134—153 0,040 45,3
158. 0— 10 0,070 484
10— 24 0,025 44,0
94— 40 0,025 39,7
57— 172 0,020 38,2
B87—101 0,035 445
115—127 0,038 472
127—147 0,035 47,2
165. 0— 9 0,065 35,5 0.87 20,3 4,28
9— 23 0,030 36,6 0,73 20.4 3,58
23— 35 0,050 39,3 1,47 21,4 6.85
35— 52 0,030 33,0 LIt 20,6 5,40
66— 82 0,050 40,3 0,93 18.6 5.01
99—113 0,030 36,6 0,71 19.6 3,94
128—142 0,035 37,3 0,71 19.1 3.74
154167 0,018 34,3 0,60 16,3 3,71
173. 0 10 0,045 36,0
10— 21 0.025 36,0
31— 30 0,050 44,6
45— 58 0,055 51,2
72— 90 0,055 57,17
90—110 0,050 50,0
125140 0,052 49,0
176. 0— 7 0.070 45,6 0,57 24,9 2,21
) 0,038 52,4 0,82 24.9 8,30
29— 32 0,038 49,5 0,65 25.9 2.51
32 43 0,035 50,7 0,86 28,0 2.95
43— 57 0,005 38,6 0,75 20.3 3,70
68— 52 0,001 37,2 0,47 18,8 2,51
82— 95 0,040 54,2 0,75 30.2 2,48
108117 0,001 28,0 0,36 10,5 8,48



= 148

TABLE 4.

SALINITY AND ALRKALINITY STATUS OF SOILS — continued
WADI ZABID PROJECT

Profile Sampling Total salt 5 E ‘\Chﬁ"geab“’ CEC ESP
No. depth cm 0/, SE av
lO
BRSPS [ . . ~ mEq/160 g soil
: 2 2 4 5 l 6 3 7
178. f— 8 0,058 384
p— 17 0,015 36.5
26— 40 0,018 42,0
40— 57 0.037 39.0
57— B7 0,040 46,6
Tr— 93 0,038 39,4
106—119 0,031 38,0
126—140 0,038 38,5
193. 0 9 0,050 33,0
g— 21 0,040 34,6
21— 35 0,060 35,4
49— 61 0,065 46,0
T G4 0,083 48,3
110—130 0,115 45,1
150165 0,090 45,3
187. 0— 14 0,078 52,8
14— 25 0,038 48,3
36— 48 0,050 46,3
63— 178 0,035 44,4
108—123 0,050 45,3
138—153 0,065 42,0
198, 0— 13 0,030 43,0 ) 0,75 15,8 4776
13— 31 0,045 48,4 1.04 26,7 v 3,88
81— 44 0,018 42,0 0,83 18,0 4,61
44— 65 0,095 65,0 0,52 31,8 2,57
65— 80 0,018 40,0 1,01 16,1 6,19
80— 99 0,030 48,7 1,46 95,2 5,79
114—121 0.030 41,6 1,29 17,3 7,48
121—152 0.075 51,2 1,51 21.6 6,08
200, 0— 6 0,055 45,2 1,18 S48 4,96
6— 16 0,078 46,4 1,46 24.2 6,03
16— 26 0,035 43,7 1,33 23.1 5,7
26— 36 0,045 44,2 1,58 21,6 7,29
47— 61 0,018 44,4 1,46 71.2 6,87
73— 86 0,030 45,6 1,43 26,2 5,44
99—114 0,058 487 1,13 26.9 4,20
120144 0,055 51,2 1,54 26,0 4,75
208, 0— 11 0,115 : 51,3 1,06 %69 3,94
11— 22 0,055 50,0 0.81 25.7 3.17
22— 39 0,058 59,2 0.56 33.4 2,87
39— 58 0,042 57,3 0,96 26,0 3.68
75— 86 0,025 50,8 0,87 27.8 3,13
95109 0,050 50,4 0,98 28.2 3,48
109~117 0,040 55,1 0.96 31.9 1,59
117131 0,032 45,2 0.81 22,4 3.63
144—156 0,055 56,3 0,05 31,0 3,05
209. 0— 15 0,078 7.2
15— 35 0,050 480
35— 53 0,075 ‘ 46,2
53— 170 0,070 433
50—110 0,080 480
36—148 0,105 62,3
L o214 0— 16 0,055 42,0 0.73 21.9 3,34
16— 34 0,058 46,0 0,92 23.9 3,83
34— 45 0,070 50,5 112 28,6 3,90
45— 57 0,058 54,6 0.99 29,7 3,33
57— 173 0,065 55,8 1,09 30,0 3,64
90110 0,090 53,3 1,21 30,7 3,94
131—145 . : 0,075 52,7 1,37 28,2 4,86
220. g 10 0,110 48,5
10~ 20 0,052 45.2
31— 42 0,048 49,7
49 1 0,058 5.0
G1— 76 0,058 48,7
00105 0.065 49,2

136151 ‘ 0,055 46,1
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SALINITY AND ALKALINITY STATUS OF SQILE ~— continued

WADI ZABID PROJECT

. Exchangeable
Profile Sampling Total salt SP Nat © CEC ESP
No. depth cm /W R R R
, S __mEQI0 g soil
1 2 3 4 5 | 6 7
221. 0— 10 0,110 51,0 1,89 30,7 6,16
10— 19 0,035 52,1 1,74 33,1 5,26
15— 28 0,09 56,5 1,83 32,4 5,65
28— 43 0,070 57,1 1,67 31,1 5,36
58— 74 0,070 57,9 1,33 30,1 4,49
901013 0,085 54,7 1,45 28,2 5,15
106123 0,062 49,8 1,61 29,0 5,54
138154 0,055 46,8 1,66 26,1 6,40
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TABLE 5.

RESULTS OF THE ANALYSIS OF 1:5 WATER EXTEACT OF SOILS
WADI ZABID PROJECT

i EC A n i o n s C a t i o n s
7 ; onit — 5 T T ¢ e ; i
ry | gnition 23 C o - i - ! 9. 24 24 ( | -
Profile | Sampling |————— """ o [T COo, HCO, § C ‘ 50, Ca Mg | va ! K
No. cepth em esidua —_— ’ , ? ‘ S I
l\:sé/ ue S _.m,,_,__«,g 0 ~
/0 mEq 1¢0 g soil
. 2 B 4 5 6 7 | 8 ? 9 | 10 | 11 | 12 ! 13 I 12
) i 0,0516 0,0057 0,0025 0,003 0,0023 0.0155 0,0023
9. 0— 16 0,008 0,035 7,1 0,25 - 0,859 0,1605 0,0521 0,2854 0,1891 0,6739 0,0585
X . _ 0,6575 0,0078 0,0045 0,0054 0,0015 0,0240 0,0012
16— 31 0,089 0,057 78 0,33 0,9426 0,2197 0,0057 0,269 0,1223 1,043 0,0207
_ 0,0567 0,0173 0,0049 0,00350 00017 0.0325 0,6013
31— 46 0106 0060 w 042 0,295 0,4873 0,021 (2195 0,1398 1,4120 0,032
4 _ 0,0626 0.0244 0,0107 0,0016 0,0020 0.405 €,0015
46— 61 0,134 0,108 7.9 0,51 1,0262 0,6573 0,2229 0,2295 0,16 4 1,7608 0,0334
0,042 0,0338 0,0205 0,0037 0,0025 0,0520 0,0017
61— 76 0,162 0,128 w1 0,64 1,0524 0,521 0,4271 0,1846 0,2055 2,2608 0,0435
, . _ 0,0534 0,0529 0,0262 0,6041 0.0015 0,0680 0,0013
76— 86 0,206 0,163 79 0,84 0,6754 1,4901 0.7541 0,2045 0.1233 2,9565 0,0332
0,0383 0,0580 0,0427 0,0041 0,0017 0,0760 0.0014
86—101 0,225 0,208 8,0 0,86 - 0,9557 1,6338 0,3896 0,2045 0,1398 3,3043 0,0358
) 0,0558 0,0639 0,0563 0,0046 0,0025 0,0815 0,0014
101—116 0,249 0,216 w8 0,99 - 0,9147 1,8000 1,1729 0,2295 0,2055 35434 €,0358
0,0457 0,0710 0,1401 0,0128 0,0106 0,005 0,0019
116—12¢ 0,383 0,360 w1 1,36 - 0.7162 2,000 2.9167 0.6287 0.8717 42820 0,086
, 0,0554 0,0872 0,1833 0,0154 0,0194 0,1060 0,0029
124139 0,468 0,439 w5 1,54 - 0,5663 2,4563 3,8187 0,7684 15953 4,606 0,0742
. B 0,0411 0,1136 0,2889 0,0162 0,0445 0,1330 10,0031
139—15¢ 9,700 0,639 7,6 2,28 - 0.6738 3.2000 6,0187 0,6083 3,6595 5.7825 0.0792
” 0,0205 0,0041 0,0033 ¢,0021 0,0017 0,0110 0,0015
12. 0—10 0,067 0,040 7.8 0,12 - 0,5000 0,155 00687 0,1048 0,1208 0.4783 0,0281
. 0,0337 0,0044 0,0029 0,0029 0,0012 0,0155 0.0014
10—-13 0,07 0,034 07 0,15 - 0,5524 0,1239 0,0501 0,147 0.0387 0,539 0.6333
0,0291 0,0041 0,0045 0,0591 0,0012 0,0180 0,0010
16— 33 0,084 0,045 78 0,18 - 0,646) 0,1155 0.0937 0,1048 0,0887 0.7825 0.0255
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33— 438
48 63
63— T8
78— 86
96111
111126
126141
0— 5
5 14
14— 32
32 47
47— 67
87— 83
85103
105123
0— 11
11— 22
22— 39
38~ 56

0,111

0,138

0,158

0,123

© 0,157

0,063

0,067

0,104

0,085

0,105

0,000

0,008

0,081

0,089

0,115

0,105

0,066
0,070
0,111
0,002
0,089
0,101
0,087
6,0-36
0,040
0,061
0,052
0,044
0,067
0,081

0,093

=3
W

7,9
8,0
8,1
7,8
7,8
0
7.8
8,0

8,0

0,31

0,42

0,33

0,49

0,25

0,26

0,30

0,0034
0,1133
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0,0344
0,5638

0,0445
0,7285

0,0212
0,5114

0,0322
0,5278

0,0334
0,5475

0,0344
0,5629

0,0238
0,5557

0,0249
0,5721

0,0750
1,2495

0,0064
0,1602

0,0118
0,3352

0,0189
0,5605

0,0263
0,7464

0,0277
0,7602

0,0213
0,60¢0

0,0279
0,7883

0,0048
0,1252

0,0040
0,1126

0,0085
0,2294

0,0087
0,2451

- 0,0007

0,2020

0,0148
0,2083

0,0214
0,4458

0,0189
0,2837

0,0287
0,5562
0,0197
0,4104
0,0258
0,61¢66
0,0045
0,0837

0,0033
0,0687

0,0036
0,1791

0,0135
0,2812

0,0139
0,2895

0,0173
$,3604

0,0168
L3300

0,0263
0,5479

0,0070
0,1458

0,0057
0,1187

0,0053
0,1104

0,0037
0,0771

-0,0017

0,0848

0,0021
0,1048

0,0021
0,1048

0,0021
0,1048

0,0021
0,1048
0,0052
0,3092

0,6021
0,1048

0,0041
0,2045

06,0037
0,18486

0,0041
0,2045

0,0054
0,2864

0,0058
0,2894

0,0056
0,2495

0,0058
0,2894

0,0071
0,5543

0,0021
0,1048

0,0021
0,1048

0,0058
0,2654

0,0029
0,1447

0,0017
0,1398

0,0010
0,0822

0,6010
0,6622

0,0020
0,1644

0,0023
0,1891

0,0015
0,1223

0.0012
0,0987

0,0005
0,0411

0,0015
0,1233

0,0002
0,0205

0,0205
0,8913

0,0270
1,1739

0,0295
1,2828
0,02
1,32

0
&

O W

0,06011
0,0281

0,0007
0.0178

06016
0,0255

0,0012
0,0306

0,0008 .
0,0230

0,0013
0,0832

0,06209
0,0230

0,0022
0,0563

0.0016
0,0409

0,0014
0,0358

0.0008
06,0202

0,0007
0,0179

0,0008
0,0202

0.0307
0,0173

0.0005
0,0153
0,0008
0,0202

0.0602
0,0051

0,003
0,0127

0.0033
0,0076



TABLE 5,
RESULTS OF THE ANALYSIS OF 1:5 WATER EXTRACT OF SOILS — continued
) WADI ZARBID PROJECT
o EC A n i o] n a t i [+) n s

Dry Ignition 95 O e | _ i B . ot - - : -

24 wred T i L 3 :

Profile | Sampling ! - co, } HCO | Cl SO, Ca Mg Na % K

No. depth cm . : , i
resg/aue ms %%
/o mEg 100 g s0il

i 2 3 4 5 6 7 8 | 9 10 I 1 12 13 14
) i 0,0723 0.0088 0,6045 0,6041 0,0002 0,0295 £,0004
56— 71 0,100 0,065 8,3 0.23 tr 1,018 0,2478 0,0027 0.2045 0,0205 1,2826 0,0102
0,0750 0,0085 0,0029 0,0021 0,0002 0,6295 0,0004
71— 89 0,104 0,063 8,2 0,25 i 1,235 0,2394 0,0604 0,1018 0,0205 1,2826 0,0102
. 0.0733 0,0069 0,0041 0,0037 0.0095 0,0285 0,0004
89—118 0,109 0,085 8.2 0,25 tr 1,2016 0,1944 0,0854 0.1846 0,0411 1.2391 0,0102

0,0735 0,0064 0,0025 0,0017 0,0002 0,0275 0,0004

118136 0,101 0,044 83 0,23 t 1,049 0,1803 0,0521 0,0848 0,0205 1,195 0,0102

N 0,6647 0,0055 0,0049 0,0017 0,0002 0,0255 0,0003

136—150 0,086 0,035 8,2 0,22 tr 16526 0.1549 0.1021 00843 0,0205 1,1086 0.0076

. . 0,0210 0,0052 0.0025 0,0027 0.0001 0,0073 0,0014

86. 0= 10 0,051 0,027 7.8 0,10 - 0,0569 0,1464 0,0521 0.1350 0,0062 0,3391 0,0358
0,0264 0,0080 0,0066 0,0063 0,0015 0,0070 0,0623

10— 16 0,081 0,042 7.6 0,17 - 0.4327 0,2253 0.1275 0.3150 0,1233 0,2042 0,0716

. . 0,0224 0,0200 0,014 0,0120 0,004 0,0150 0,0052

16—32 0124 0,071 .3 0,44 - 0,6048 0,5632 0.2082 0,650 0,390 0.6520 0.1526

- 0,0512 0,0160 0,0124 0,0126 0,0024 0,0152 0.0052
52— 47 0,110 0,071 [ 0,31 - 0,8552 0.4506 0.2382 0,6800 0,197 06603 0,1330
. - . , 0,0227 0,0044 0,0033 0,0023 0.0912 00 0.0020

41— 62 0,065 0,035 7.9 0,14 - 0,4520 0,1239 0,0687 01650 0,0557 0,50 0,0311

. , 0.0274 0,0056 0,0023 0,0037 0,6029 0,0089 0.0015

l— 94 0,089 0,049 w8 0,18 - 0,4201 0.1577 0.0687 0.1850 0.16 0,209 0.033

. 0,0217 0,0048 0.0008 0,0037 0,0015 0,0032 0,0011

W=7 0,043 0,028 w9 0,09 - 0.3557 0.1352 0.0166 0,185 0,1223 0.1201 0,028

. 0,0201 0,0052 0,0008 0.0033 0.0012 0.0040 0,0000

126—130 0,060 0,033 80 0,10 - 0,294 0,1464 0.0166 0,160 0,0987 0,1739 0,023
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TABLE 6.

RESULTS OF THE TOTAL CHEMICAL ANALYSIs OF SOILS
WADI ZABID PROJECT

Profile | Sampling | 178rosc. | Ienition | qih R,0, ALO, Feu,O, Ca0 MgO K.O Na.0 P.O; SO MnO
moisture | residue 0/ G/ 0% 0 0/ 07 o7 Py S0 ~3 -
No. epth cm A A 70 ] i0 10 /0 10 e 0 10 % Y%
86. 0— 10 1,934 4,377 59,550 24,660 17,168 7,203 4,420 3,595 1,300 0,304 0,289 0,412 0,147
10— 16 2,460 5,355 57,460 24,640 17,278 7,242 4,518 3,443 1,422 0,677 0,280 0,748 0,153
16— 32 2,845 6,088 56,650 25,180 16,346 8,506 5,458 3,885 1,188 0,585 0,328 0,401 0,138
32— 47 3,551 7,058 55,150 26,192 16,908 8,782 4,471 3,703 1,357 0,642 0,502 1,241 0,209
47— 62 3,585 6,903 53,850 26,295 16,476 9,540 4,905 3,625 1,465 0,627 0,279 1.211 0,253
81— 94 2,517 7,240 51,420 24,4770 13,914 10,137 4,545 4,513 1,552 1,030 0,419 1,211 0,255
107—117 1,906 4,174 56,630 25,246 15,772 9,183 5,917 3,905 0,593 0,526 0,296 1,033 0,366
126—139 1,474 3,464 59,910 24,568 15,807 8,496 5,453 3,387 0,794 0,355 0,265 0,802 0,291
147, 0— 15 3,122 7,095 50,930 26,400 15,412 10,578 6,372 4,535 1,748 1,031 0,410 0,624 0,258
15— 29 3,375 7,282 52,280 24,437 14,217 9,836 6,623 4,620 1,665 1,021 0,324 0,445 0,245
44— 63 1,780 4,259 8,600 24 050 14,815 0,543 6,420 4,875 0,910 0,472 0,242 A7 0,210
63— 75 3,290 6,576 50,760 27,669 17,704 9.8C9 7,083 4,534 1,486 0,906 0,23 ,374 0,215
75— C7 3,176 6,128 52,190 26,220 17,551 8,323 6,967 4,782 1,202 0,559 0,344 0,668 6.214
87—102 2,187 5,051 53,770 25,166 13.566 11,030 6,966 4,387 1,038 0,640 0,300 0,400 0,264
114—153 2,475 5,942 52,030 24,997 14,547 9,902 8.985 4,069 1,017 0,472 0,348 0,770 £,235
144—159 2,420 5,479 53,660 25,246 13,017 6,505 6,872 3,939 0,946 0,362 0,324 0,749 0,197
176. 0— 7 4,474 9,883 48,970 24,860 15,088 9,315 5,674 5,026 1,875 1,247 0,387 1,874 0.249
T 22 4.597 9.107 47,270 27,190 17,646 9,132 6,726 2957 1,806 1,163 0,412 1,225 0.203
2 32 4,008 8,482 49,250 24,078 14,271 9,391 8,026 5.020 1,591 1.338 0,416 1,001 0,177
S9— 43 4,366 8,808 47,590 25,217 15,998 8,805 8,530 4,515 1,604 0.872 0,414 2.994 0,215
49— 37 2,463 5,814 52,590 25.377 16.759 8,300 6.884 4,548 1,743 1,452 0,318 0.461 0,146
60— 82 2,557 5.654 52,490 3,05 15,531 8,033 8,466 4,071 1,841 1.633 0.295 €.230 0,183
82— 93 3,718 7771 50,900 24,048 14,661 9,026 7,815 5,289 1,569 0,829 0,261 1.650 0,197
108—115 1,148 7,204 56,110 22,012 14,078 7,573 7,613 3,598 1,227 0,229 0,261 0,227 0,162
198, 0— 13 2,105 5,379 54.510 21,485 13,214 8.014 8.407 4,145 1,742 1.331 0,257 1,44 0.301
12— 31 3,589 8,212 49,75 23,172 15,252 7.543 9,973 4,710 1,906 1.200 0,377 1,615 0,267
31— 44 2,340 5,625 52,210 23911 15,622 7,590 8.740 5,676 1,546 1.322 0.339 1.350 0.2683
24— 63 4,977 6.670 £9.100 25,617 16,323 8,500 6.935 5,383 1,473 0,933 0.292 0,290 0,321
65— 80 2,163 5,559 53,450 21.220 16,498 7.471 7.268 4,333 1,850 1,048 0,751 0.360 0.234
gt— 99 3.409 7.718 48,660 24,292 14,554 9,024 8,033 5.058 1,732 1,224 0,314 0.339 0,316
114—121 2,640 5,950 52,590 22,936 14,124 8.551 8.406 4519 1,787 1.317 0.281 0.538 0,258
121—132 3,149 7,421 50,240 24,504 13,435 10,846 7,010 4,677 R 1,233 0.313 0,780 0,321
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6— 16
16— 26
26— 3
47— 61
73— 86
95—114
120144
0 10
10— 19
18— 28
28~ 43
58— 74
90—106
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0,337
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0,383
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0,510
0.660
0,860
0,450
0,230
0,530
0.830
0,540

0,58

0,590
0,380
0,300
0,810
1,320
0,930
0,282

208 LI e W

O3 0D b L) T et

FPoooo oo o
[ TR e Y SN

0.173
0,264
0,296
0,262
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TABLE 7.

WATER MANAGEMENT PROPERTIES OF SOILS
WADI ZABID PROJECT

(Field measurements)

Bulk Field Infiltration
. e f - s Depth of the
So.ll\yéype Profile No. density | capacity rate P%’;?ﬁ?:}:,ty wamx::g;n front
mm/50 cm mm/hour

1.1t 254, 1,3 124,64 244 13,4 90

1.13 176. 1,34 179,55 28,3 17,4 4553

1.22 102, 1,33 127,67 48,2 18.6 90

1.23 1. 1,36 125,03 5010 34.8 130
1.23 198. 1,40 175,74 274 16.8 80

2,21 53. 1,42 136,36 70.1 35,4 45

2.21 86. 1,44 148,28 20,3 21,0 100

2.22 59. 1,30 170,77 51,4 17.4 90

3.2 1. 1,38 135,16 39,2 18,0 85

3.2 147, 1.27 163,72 6,8 16.2 85

2.2 1635. 1,45 137,80 40,5 18.8 a6

3.3 200. 1,35 167,40 38,3 15.6 90

3.4 214, 1,50 162,90 30,1 108 20

3.4 227, 1,55 186.60 20,1 8.4 60

3.4 231. 1,52 181,75 29,2 7.2 a0

4.3 i2 1,45 147,73 33,2 11,4 5
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RESULTS OF WATER ANALYSIS
WADI ZABID PROJECT

. ” Degree of hardness . c @i- - CO; o S‘OZ— Caz+ i Mgi'%- "Ngj‘ § K+ S%ilim ol
resoi/gue vt 21?150 total C‘raxﬁg‘ residuat)  Fet 4 o /lit ? ng: S mgliﬁ
- N e &
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i5

18

17

18

ig

20

21

22

23

o
[#}

-1

o]

28

29

S0
31

33

0,602 8,1 0,82
0,622 8,2 0,90
0,582 7,8 0,88
4,586 8,2 0,85
0,500 B,2 0,75
0,528 7,8 0,78
0,554 7,9 0,81
0,602 17,8 0,89
0,584 8,0 0,86
0,594 8,1 6,81
0,618 8,1 0,86
0,578 8,1 0,84
0,622 8,2 0,88
0,610 8,1 0,80
0,640 8,4 0,77
0,602 8,1 0,79
Well is being buiit
0,572 8,0 0,80
c,624 8,2 0,80
0,630 8,1 0,86

14,94

15,23

14,10

13,60

13,86

14,70

14,00

14,70

13,60

13,60

14,63

14,01

13,02

8,55

0,31

1,22

0,58

5,31

0,23

0,0045
0,1499

0,0080
0,2666

0,0039
0,1289

0,0080
0,2666

0,0027
0,0899

0,0080
0,2668

0,0099
0,3299

0,0139
0,4466

0.0080
0,2666

0,0086
0,2866

0,0097
0,3226

0.0266
0,6873

10,0242
0,80¢6

0.0104
0,6453

0,0145
0,4840

0,0218
0,7260

0,3186
5,2250

02,3051

5,0040

0,3213
5,2690

0,2835
4,6490

0,1863
3,0550

0,2862
4,6940

0,2808
4,6050

0,3348
5,4810

0,3186
5,2250

0,3213
5,2650

0,3564
5,8450
0,3429
5,6230
0,5645
5,8230

0,3321
5,4442

0,3271
5,3622

159 =

0,0643
3,2085

0,0617
3,078

0,0751
3,7475

0,0428
3,5197

0,0564
4,6381

0,0510
4,1940

0,0344

3,1003

0,0297
2,124

0,0282
2,3190

0,0258
2,1052

0,0261
2,1463

0,0211
1,7351

0,0930

4,0434

0,1030
4,4782
0,0980
4,2608
0,0940
4,0869
0,0788
3,4347

0,0780
3,3013

0,0920
3,9999

0,0940
4,0869

0,0960
41739
0,0980
4,2608

0,1000
4,3478

0,0930
40434

0,0950
41304

0,0960

4,1739

0,0980
4,2608

0,0980
4,2603

0,0380
3,8695

0,093
42408

0,0950
4,1364

0,0034
0,2148

0,0058
0,1483

0,0058
90,1486

00058
0,1432

0,0080
0,2046

0,0082
0,2097

0,0067
0,1719

0,0138
09,3529

90,0132
0,3375

0,0074
0,1892

0,0076
0,1943

0,0066
0,1687

0,0058
0,1483

0.0074
0,1892
0.0076
0,1043
0,0038
0,2199
0,0086
0,2199

0.0066
0,2199

0,0108
0,2762

P
<
=4

42,3

40,3

40,6

2,38

2,59

2,54

2,39

2,18

2,09

2,52

10,75
11,68
4,39
8,92
8,28
7,04
8,16
9,64
8,28
6,98
7,72
8,59
9,83
8,59
16,99
6,55
6,18
3,58

4,87



RESULTS OF WATER ANALYSIS ~ continued
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TABLE 8.

WADI ZABID PROJECT

: { e
, 2— - 2~ 2+ 2t + + .
Degree of hardness co |mco | ¢ | so | ca Mg " | Na g | Sedium
Dry EC ‘ i Soda 3 3 4 pel: SAR Total
No. jresidue] pH 25°C carbo~ | . Ea. . cent- N
% s total | nate residual ! it age mgflit
{ ..-.___—-_——’s-—-———" 0/0
ne mEq/1it
1 2 3 4 5 | 6 | 1 8 9 10 | u 12 | 13 14 15 | 16 17 18 19
— 03025 00823 00723 0,0884 0,023 00830  0,0084
3¢ 0336 75 654 1500 1390 1,19 - 49530 23183 15062 34131 19407 23,6086 02148 S90S 2,21 0,93
N 00218 02002 00832 00657 0,0542 0,0256 0,0810  0,0084 -
85 0490 81 069 1357 1333 024 Q7260 47573 19850 13687 27045 21052 35217 02148 52 243 1,38
y , 0.0169 02164 0,0850 00838 0,043 00231 00910 00078 .
36 0472 82 076 IL4G 99 LB = gheig 5573 23943 L7458 21656 18996 39565 01998 oL BTE 589
00073 0,2385 0,0769 00781 0,0467 00226 00880  0,0086
37 0458 80 064 11,81 10,96 0,85 - 0,2420 30114 21661 16270 23303 18585 38260 02199 S0 2,65 1,17
) , 0,0145 0,312 00729 00761 00484 0,026 0,0830 00072
89 0464 82 052 1228 1062 166 —  gueap o7oor 20535 15516 24151 19407 36086 oag41  cn8 245 303
) 0.002¢ 0,193 00864 00873  0,0375 00206 00030  0,0090
300462 gl 0™ 1006 893 113 —  gogeg  31gsy 24338 18312 1,8712 L6940 40434 o231 oMO 303 403
N . 00007 02233 00691 0,0945 0,0458 0,0231 0,0930  0,0094 .
40 0,296 81 076 11,82 1023 154 - 05226 3.6006 25098 1.9687 2.290% 18096 41739 02104 00 2,88 0,68
, ) ] o — 02558 00837 00896 00484 00271 00030 0,0084 ., , s o
41 6,002 7.8 0,50 13,10 IL7 L35 - 41097 23577  1,8666 24151 2,328 4,043  0,2148 =09 2,10
. . i o 00073 02140 00850 O0,6604 0,0425 0,0241 00890  £,0078 N N
2 0472 80 074 L33 883 LTS T Q%0 35081 23043 18833 21207 10819 38695 01994 19 289 4,02
. . - . - , — 02214 00837 0,0012 0025 00241 00800 00078 . )
S 074 1L38 lolT o 1 - 36205 23577 18600 21507 19819 39130 01992 408 2,12 4,88
e o 00973 0,2001 00810 0.0012 00417 00236 00920  0,0078 . e
040 80 014 1L 9 LTS - g 34278 29816 19000 20808 19107 39099 01994 o0 2,82 3,34
< . . - oo 0022 03148 00783 0,090 0,057 0,046 0,030 00189 .
050 B3 063 O3S0 L6 = 023 i sTgg smoss 10210 28743 20230  adre2 oarst oo BET O BE
. - . 00218 03075 00720 0,0781 0,050 0,307 00840 06,0070 . .
. o = 119 o ) : s 1 2 5
86w sz 0 AT sz 0 07000 5,009 20085 16271 2509 25246 3,625 01790 28 et



2

fvii]

= 161 -

. 0.0168 02001 00972 0,0945 0,0567 0,0377 0,050  0,0108 o
& Lo “ ; . - 39,\1 2 40 ‘i lé‘
6,80 16,73 1378 2,95 - 05646  4,9596 27380  1,8687  2,8293  3,1003 4,1304¢  0,2762 ’ ;
0,010 02779 01458 00764 00617 00221 01070 0,0088 .. 508 Lo
0,92 13,81 1277 1,04 - 06453 45557 41070 1,5916 3,0788 1,8174 46521  0,2250 =4 g ;
00218 02853 00756 00723 00526 00271 00810 00076 096 Ll
0,78 1369 1311 0,58 - 077260 46770 21295 15062 26247 22286 35217  0,1943 = ; ;
00121 02214 00783 00882 0,0492 0,0236 0,070 00058 oo 013 5 55
0,72 12,40 10,17 2,23 - 04023 26295 22056 1,4208 2,4551 1,9407 31304  0,1483 =Y : ,
— 02052 00931 00846 00567 00256 01020 00088
06 1392 1356 0,36 - 48353 206225 17625  2,8203 21052 44347  0,2250 46,2 2,82 6,06
00194 03198 01012 0,0928 00434 00312 0,1030 00252 ) .
036  13,3¢ 1469  — 048 p'6i53 52426 8507 19333 21656 2,5657 4,4782  0,6445 45,4 2,90 0,5
— 02075 01053 0,078l 00451 00362 0,030 00098 8.00
0,86 1474 1412 062 - 50100 29661 16270 22505 2,0769 44182 02508 0 %11 :
. 00160 0.3345 00756 00772 0,0325 00427  0,0890  0,0080 s 1044
081 1451 1587 — 031 Gy 54626 21295 16083 16217 35115  3,8695 - 0,2046 42,0 24 s
’ — 02922 00795 0,937 00501 00246 0,1070 00102 o 5.00
085 1375 148D — 0.37 52819 22422 19520 25000 20230 4,651  0,2608 49,3 3,0 :
. 0.0125 05050 0,0742 0,074 0,0551 0,0246 00850 00120 .o, 2.3 s6n
676 1235 1401 — 0,50 gumad 50000 206301 14041 27495 2,020  3,6956  0,3069 22 S
) 0.0218 03270 00810 00797 00542 0,0307 0,0860  0,0082 . 2.30 545
059 1478 1503 — 00 gus0 55622 22816 16604 27045 25246  3,8260  0,2007 41,3 3 g



ORIGIN OF WATER SAMPLES
WADI ZABID PROJECT

- 162 =

TABLE 9.

%Ithgf Depth f’f Water Mct_h.c‘d‘.of use Duration of Irrigated Near to the
samples Table for irrigation irrigation area Hectares Profile No
1 2 3 4 5 G
1. 20,0 m Pumping 3 Years 14,6 20
2. 8,0 m Bullocks g 0,73 18
3. ? Pumping 0, 21,8 21
4. 27,0 m - 3 ., 18,3 23
5. 80 m Bullocks 4 0,73 19
6. 16,0 m Pumping 2, 20,1 17
7. 15,0 m Bullocks 2, 0,11 25
8. 17,0 m Pumping 11, 14,6 23
9. 18,0 m ” 2, 18,3 24
10. 21.0 m ” 2 . 13,1 28
il1. 16,00 m » ¢ Months 18.3 27
12. 25,0 m " 1 Year 21,8 31
13. 15,5 m Bullocks 3 Years 0,11 23
14. 28,5 m For drink 200 —_— 37
15. 220 m Pumyping 3, 21.8 40—33
186. 11,0 m Bullocks 2 o, 0.11 43
17. 12,0 m - 1 Year 0.73 4%
18. 20,0 m Pumping 3 Years 11,0 46
19, ? For drink 150, —— 52
20. 3,0 m » 71, — 61
21. 7,0 m Pumping 4 Months 14,6 84
22. 16,0 m N 3 Years 14,26 85
23. 15,0 m » 1Y, 21,8 62
24, 12,0 m " 2, 9.1 86
25. ? o 11/, Year 7,3 89
26 ? » 1 . 14,6 107—108
217. ? Bullocks 12 Years 0.73 111—112
28. ? Pumping 6 ., 7,3 112
29. 18,5 m Bullocks 2, 0.4 114
20. well is Leing built.
at. 21,0 m Bullocks 1 Month 1.3 211
32. 31,0 m For drink 20 Years —— 217
T3, 28.0 m - 0, — 244
34, 29,0 m ’ 39 ., e 263
35. 22,5 m 6o . — 261
25, From thz field irrigated ty the water of canal Al-Bunei
a21.
59, Trom the field irrigated by the water of canal Al-Girba
20
41.
49. Frem the and of the {lood in Wadi Zabid
as. From the middle of the flood in Wadi Zabid
44. From the flood of Wadi Zabid at Ma’ath
a5, Al-Hima
near the rcad — for drink out of use 113—114
46. Morshedia
nearby the mesque — for drink
47, Al-Qurra nearby the mosque — for drink
n Al-Moeicher in the center of the village, for drink
0. . Al 823d Ahmed well near m. Al-Senif for drink
o, Camp well near the read
£, Suleyman well near tae road of M. Al-Moukher
R Al-Shesaker well 26,5 m for drink s 214215216
53. M. Al-Nudaah well for drirk
54. Dahi-Talka well for drink N. frem Zabid
55. Al-Shugun well for drink
56. M. Al Girbeh near emall mosque for drink

Beit Tanks

240
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TABLE 10.

RESULTS OF ANALVSIS OF THE WATER SAMPLES TAKEN FROM THE NEWLY DRILLED
DEEP TUBE-WELLS
WADI ZARIB PROJECT

1 2 3 4 5 G
Dry residue g/lit 0,568 0,526 0,468 0,448 0,450 0,460
pH 8,3 8,4 8,4 8,4 8,3 8,4
ECys o mS 0,76 0,74 0,73 0,70 0,69 0,71
Degree of hardness
Total e 14.76 13,72 14,51 15,23 11,96 12,71
Carbonate 12,53 12,34 12,63 12,34 10,47 10,37
Residual 2,23 1,38 1,88 2,89 1,49 2,34
ot g/lit 0,0190 0,0226 0,0190 0,0180 0,0148 0,0144
3 mEq/lit  0,6320 0,7520 0,6320 0,6160 0,4960 0,4780
HCO™ g/lit 0,2731 0,2689 0,2752 0,2689 0,2282 0,2261
e mEq/lit  4,4777 4,4080 4,5120 4,4081 3,7409 2,7065
1 g lit 0,0843 0,0817 0,0621 0,6607 0,0820 0,0789
4y mEq/lit 2,096 2,3368 1,7736 1,7205 2,5447 2,2556
so? g/lit  0,0731 0,0550 0,0476 €,0403 0,0383 0,0603
>y mEqg/lit  1,5212 1,1479 0,9916 1,0279 1,2145 1,2566
calt g/lit 0,0659 0,0639 0,0601 0.0616 0,0388 0,0592
A mEq/lit  3,2904 3,1886 5,0000 3,0820 2,0071 2,9588
el ~ g/lit 0,0239 0,0222 0,0263 0,0283 0,0161 0,0191
A mEq/lit  1,9654 1,3250 2,0806 2,2292 1,3240 1,5707
_ glit 0,0740 0,0720 0,0680 0,0560 0,650 0,0600
a mEq/lit  3,2174 3,1304 2,9565 2,8693 3,6000 3,0000
k™t g/lit 0,0032 0,0031 0,0034 0,0032 0,0027 0,0026
mEq/lit 06,0843 0,0818 0,0895 0,0843 0,0690 0,0664
25
Fe — — — - o o
3
Fe — — — — — —
24
Mn — J— — —— — —
4 2 2.
Na /et g’ Na T 4T o 37,6 38,1 36,5 34,7 40,9 39,5
SAR 1,96 1,94 1,88 1,76 2,05 1,99
Total N mg/lit 17,36 16,72 28,77 29,14 20,46 18,11

No. 1 == Well No.
No. 2 = Well No.
No. 3 = Well No.
No. 4 = Well No.
No. 5 == Camp-well
No. 6 = Camp-well

o WL
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Appendix 6

LIST OF MAPS

Map 1  frontispiece
Map 2-5 in a separate pocket



w LBT

Appendix 7

LIST OF PHOTOGRAPHS
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9, Bullocks irrigation

10, Durra- one of the main crops in Yemen
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1ls Corn on the field with
permanent water supply





