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SUMMARY
SRR

The Tihama in the Yemen Arab Republic is a hot semiwarid goagtal plain,

30 to TO km wide, which extends the length of the country, along the
Bed Sea Coaste

In the first part of this report its physiography is shorily described
and the types of soil are indicated. T land types are described and a

map is derived from an existing topographic mapes Based on these land
types the Tihama is divided into 5 landscapesie

a) Coastal landscape with sanddume areas predominantly.

b) CGravel field landscape of the stony and gravelly fans adjacent
to the mountains,

o) Alluvial fan landscape with cultivated fields surrounded by dams
for the spate irrigation systems.

d) Alluvial plain landscape situated between the lower (western) end
of the alluvial fans and the coastal belt,

e) Pocket landscape, along a wadi Bear and in the mountains.

An agricultural evaluation of these landscapesf based on climate, soils,
and irrigation water quality shows that the pocket landscape is most
suitable for agriculture; second is the alluvial fan landscape.

The second part deals with salinity and alkalinity of Tihame soils

After short descriptions of the general principles on soil salinity and
the laboratory facilities in Hodeidah, the chemical composition of

ground water and soilegalinity is discussed.

I% appears that the high salinity waters have high SAR-values but as
these ground waters ocour in areas with light texbured soils the impers
meability hagzard is lowe

Investigations show that salts in the soil accumulate in fine textured
goil layers when theseoverlay coarser textured layerse. This is found
locally in the alluvial plain soils, but being torrent deposifs, there
ig much variation bebween soil profiles even at short distances, and
overall effects are limited. In general it can be said that at present
other factors are more limiting to agricultural production than soil-and

water=galinity.
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INTRODUCTION

The Assooiate Expert arrived in Hodeideh in May 1976 with the following
terms of referenceg-
(a) He will be under the supervision of the Irrigation Practices
Offioer and will carry out soil survey work and applied

researoh work on land reclamation related to alkalinity and
salinity prbblems.

(b) He should be prepared to partioipate in training and extension
aotivities of the Projeot.

Until Decenber, 1976 the assooiate expert worked close togedfhizr with the
Irrigation Practices Offiocer and the Head of the Soil Section of the
Ministry of Agrioulture Hodeidah Directorates In this period the irriga .-

tion trials on cotton and sorghum were executed 0oQ. preparede

In December, 1976 the Irrigation Praotioes Offioer ended his assignment,
Shortly afterwards the Head of the Soil Seotion reoeived a fellowship to
gtudy in the UeSeh. for two years and left alsoe

No alternative oouwnterpart was available and as the Assooiate Expert has
a very limited knowledge of the Arabio language, work in farmers® fields
wag difficulte As a result of thiz the acoent of the subseduent work

was put on researoh to speoific salinity problems.

Contact was made to the British Land Resouroces Development Projeot in the
Mowtane Plains and Wedi Rima (MPWR) and in oomoperation with its ‘environ=—
mental physioist?! and oounterpart researoh was done to soil salinity in

velation to soilewater-movements.

Many trips were made to Taiz to disouss the analyses of our soil samples
in the laboratory of the Ceniral Agricultural Research Organigation
Project. Regarding (b) in the terms of referenoe co~operation was given
40 a training course for extension agents. To increase efficienoy
subseQuent training oourses were held in Zabid with Arabio speaking

ingtruoctors onlye
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PHYSTOGRAPHY AND LANDSCAPE OF THE TIHAMA

Lol

1.2

GENERAL

The Tihama plain in the ¥emen Arab Republic forms a part
completely different from the other parts of Yemen both in
climate and topography.

It is a hot semi arid coastal plains The $opography is an
almogt flat plain dissected by a number of Wadies.  Some parts
are uwndulating with macro and mjoro=dunes of windblown sand.

The plain is 30 Ho 70 km wide and extends the length of the
gountry along the Red Seay

In this report on attempt is made of explainivg its physiography-
A number of landtypes are desoribed and from an existing topographic
map & map of landtypes has been deriveds Indicated is how these
landtypes may serve as high classgification unite in a reconnaissance

goll survey,

' Most of the previous studies deal with a particular wadi.

Although the approach in this report is guite simple and obvious,
it is thought to be important to give a picture of the Tihama as

a whole

THE TIHAMA CLIMATE

The climate of the Tihama is hot and semiwarid, however there ave
some significant differences between some parts of ite In géneral
it can be said that near the sea the rainfall is minimal and
increases fowards the mountains. As example May serve the rain-
fall data in 1976 from the following places in the Wadi Rima.area
and Zabidge

Mishrafah , at mountainfoot s 523 mm

Al Gerubah , 15 km from mountainfoot : 411 mm

Habid ¢ 25 km from mountain foot, 25 km from
the sea, TO mm.

Al Madaniyah, 15 km from the sea s & mm

(Data from ist marterly report 1977, British L.RaD.
Project).
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Data on climatic feadtures from Gumeishs Farm are in Table 1s1
This variation.in ;dinfall has its impact on vegetation, land-
form and soils.

An._other climstic feature which is very important in.the Tihama
is the wind, This has two aspects, lst the damaging influence
of the hot winds on the crops, 2md the effect of the winderosion,
Bepecially during the hot summer months strong winds prevail in
the afternoon, They cause considerable damage to crops and in
particular to fruitetrees, This is a problem of all the Tihamae

The effect of winderosion on the other hand is limited %o the
areas with low rainfall, where vast areas exist with drifting
sand opr moying sand dunes,

TAZLE L

L g

Data on climatic features at Gume%ha Farm

Average 1973 = 1976
2 30 4 5 6 7 8 9 10 1% 12

Maxe Temp.

Mim Tempy, 17.5

‘ A o S
3304 351 37g5 3945 40s9 4009 3960 38T . 3Te5 338 3240
1708 19,8 2048 2249 2401 23,9 2349 2348 21,8 17,7 1Tl

“Mean Temp, 25,5 26,3 2902 31,2 32,1 33.0 3led 3005 29,5 _26p4 2406
MR i SR
Rainfall (mm)r
1973 10.0 = - - 269 “ - 27.0 = - - -
1974 - = 28,0 - S = 8 28,6 1645 - e =
1975 o 48 = 52 1,0 = 1o3 T8 17,3 04 = 0o
1976 o 204 6s8 Opl 355 @ 0e2 w = - 182



Prevailing winddirections for windspeeds exceeding 20 kme h:cJu"I
(hr) (tmgr™)
Month daytime avemaximum speed previailing direction
July 8w13 22,5 b
13=19 48 W
August 10=19 40 W
September Gl 8 23 W
October 1417 29 Sy
November T2 23 SW
December 1315 26 SW
January O3 28 8
February 21wd) 30 SwW
Ol 27 S
March 6B 27
161 22 SW
April 12-16 21 SW
May B 27 SW
624 23 W
June O] 25 W
1le3 VEGETATION

Detailed data on windspeed and direction for Gumeisha Farm are
given in Technical Report C/1, Climatic Feature of Gumeisha
Area, 1972-1975, prepared by Mre B.T. Blagojevice

From this report the data in Table 1.2 are deducted. In this
Table the average maximum speed is related to prevailing wind

direction for windspeeds exceeding 20 km. hz*""”'1

This 20 kme hrw1 is assumed to be the threshold wvalue for sande

movement,.

TABLE L2

The vegetation responds to the variation in climate,; near the
mountainfoot are scrubs and threes (acacia), closer to the sea

the trecs disappear and the scrubs are much smaller. I, many
areag all scrubs heve baen vemoved to use the land for agriocule

ture.
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After these fields have been abandoned by the farmer the scrubs
are mnlikely %o return eapecially in the areas with the lowest
rainfall, These fields turn after a short time jvto an area
with driffing sand and mowing sendduness

In the coastal belt some "oases" exist with datepalms (eege
Duraihimi). These "oases" are often small wadies or wadie
branchese

PHYSIOGRAPHY

The Tihama finds it origin in the riftvally which created the
Red Seas On both sides of the present sea the earth was

lifted while the middle part sank down (ses fige lel)s From
the mountains alluvial material was brought by the wadi's into
this deep vallmy to build alluvial fans, These alluvial Ffans. .
eventually merged together to form the present Tihama.

The discharge of a wadi is cuite unregular and reflects the
rainfall in ites catchment areas It is characterized by floods,
both big and smalle These floods carry all kind of sediments
from silt to gravel and stonese, The flow pattern is jpregular
and differs from flood to floode In this way a pattern of
gedimentation is formed that can be called torremt-depositse

It i® characteriged by a big variation in material, both
horizontally and vertically.

Apart from a number of relatively small wadies there are five
main wadies. From north to south there are Wadi Mawr, Wadi
Surdud, Wadi Siham, Wadi Rima and Wadi Zabide

Important, but smaller, are south of Fabid. the Wadi Nachlah
and Wadi Rashyane

Since centuries the wadi water has been used for irrigation in
the spate irrigation system, By means of dam and canals the
water is diverted from the wadi-bed to the fieldse The gravel
and stones, carried by the watér, are left behind in the bed or
irrigation canal, but huge amounts of silt are deposited on the
fieldse

Due to cultivation the newly deposited silt is mixed with the
underlying soile In this way deep, wniform, silty soils are

formed.
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The alluvial fans; especially those of the 5§ major wadies,
are dissected. The present wadis~bed is lower than the sur—
fgoe of the fan. In this way a number of geological terraces
are formede These are called geological, not to be mixed up

with the manemade terraces for the spate irrigation.

An explanation for this fan disseotion can be round in the
lowering of base level, due to a chnge in sealevel relative
t0o the lande

Also a change in wadi discharge, due to z climatical change,

may have had its impact on this.

In the coastal area sanddunes are formede As rainfall is
gearce and irregular, vegetation is nearly absent and large
areas are covered rith windblown sands and moving sanddunes.
Tn some places a desert pavement has been developeds

After silt and sand have been blown away; the coarser parii-
oles, pravel and stones, remain and accumulate on the new-
formed surface, Over this gravelly surface, gmall l=2 m
high orescent shaped dunes move according %o the direction
of the wind,

Along the coast occur flat salty lands called sabkhae In
the winter season when tides can be higher than normal, they

are occasionally inundated by the seae

TIAAMA LANDTYPES

In the Tihama different landtypes have been developed, due to
physiography, parentmaterial and rainfalle To give an idea
of how these landtypea fit in the Tihama, their distribution,
their approximate area and their relative position, a map has
been prepared, showing these landtypese This map has been
derived from the topographic map 1§250,000 °Froduced for the
Yemen Arab Republic by the Director of Military Survey,
Ministry of Defence, United Kingdom, 19747, by copying the
landtypes shown on this map and with additional information

from own observations,



This map is also not & soilmap, but the mapping units shown
can contribute to a better understanding of the physiography
of the Tihama and they may serve as the highest classification
units of Tihame soils, as will be explained in Chapter 1.7

The landtypes arege

M3

21w

mountainous landg the boundaries are only approximate.

Strictly spoken it does not belong to the Pihama.
Sanddunes, situated mainly along the coast.

Jand and gravel, low dunes situated along the coast
and tongueing into the cultivated areas.

1 e 2 m high, crescent shaped gunes moving over a
gravelly desertwpavement,

Serubs and sometimes low scattered trees on a gravelly
soil

Sablkha, flat salty plaing, occasionally jnundated by
the sea.

wadiewbed with gravel and stones, or sands dissected by

many small bedsg

cultivated lands

This wit can be divided into two subunits

01, alluvial fan §n the eastern part and 03 alluvial
plain; more %o the weste

On the alluvial fan the cultivated land iz derraced for
the spate irrigation. The soils are deep uniform giltse
soilsge

On tﬂe alluvial plain the soils have coarser texture and

are stratified by interlayering of aeolean sands.

South of the Mokha « Taiz road the dominant landtypes are sands,
low dunes and gravel (8) and wadiwbeds and dissected sands (W)e
North of this road but south of Wadi Zabid, relatively small
cultivated areas (C) appear, but low dunes and gravel (S) and

scrubs on gravel (Sc) are dominante
North of Zabid the influence of the major wadies is important
and large cultivated areas (C) are situated next %o vast areas

with windblown moving sands (S and D).
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A very schematic distribution of landtypes is given in Fig.l.2

TTHAMA LANDSCAPES

Based on the description of physiography and landtypes the

Tihama can be divided in the following landscapes:

o

s

Ce

Be

Coastal Landscgpe

A strip 4 30 km wide along the coast with high dunes and
low dunes on gravel, enclosing relatively small agricul-
tural areas. Very low rainfall and much affected by wind-

erosion.

Gravelfield landscape

Found south of Wadi Zabid. Large areas at the mountain-
foot covered by stones and gravel, More or less well
defined wadiwbeds, Floods ocour occagionally and each
flood finds it own way over the fan, leaving deposits of

mixed material from silt to gravel and stones,

Alluvial fan landscape

Found north of Wadi Zabide Well defined wadi-beds
insected in the alluwvial fane Wadiwater is diverted

from the wadi to the agricultural fields {mpate irrigation),
Fields are levelled and surrounded with dikes to form

terraces, Sediments avre mainly sildy

Alluvial plain landscape

This is situated between the lower (western) end of the
alluvial fans and the coastal beltes The area is almost
flat and soils are a mixture of wadi deposits interlayercd

with windblown sandgs

Pocket landscape

Tdem as (c) but situated in small pockets where a valley
in the mountains widens. Small terraces along the wadi

under spate irrigation.
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S0TLS IN THE TIHAMA

In the Tihema a number of soil surveys have been conducted.

Their reports are listed in Table 143

Table 1,3 Soil Survey in the Tihama

FAO Report 69 Howard J¢ Ferris
1953 Report to the Government of Saudi Arabia
on Reconnaissance Soil and Land Classificate

ion of the South Asir Tihama.

UNDP/FAO Survey of the Agricultural Potential of the
1971 Wadi Zabid, Yemen, Soil and Land Capability-
Tesco Viziterv = Vituki, Budapest.
AGL ¢ SP/YEM 1 Technical Report No. 8.

UNDP /FAO HeC» Dewan and BeT, Blagojevice
1975 Soil Survey of Gumeisha Farm, Tihama Region.
Technical Report S1, AGON/YEM/73/010 and
73/611.

Beside these, surveys have been made of Wadi Rima area by the
B ritish MPWR Project and the Wadi Surdud area by Sir William
Halcrow and Partners. At the moment of writing, these reports

have not yet heen published.

The reports covering one particular wadi are fairly detailed and
not useful for a reconnaissance surveye

The report by:Ferris (FAO, 1969) covers a larage area and is not
restricted to one wadi. The South Asir Tihama, described in this
report is just north of the Yemen Tihama and soils and landscape

can be considered comparable.

As mentioned in Chapter 1.5 the landtypes can serve as high uniis
in soilmapping. In order to do this the units used by Ferris will
be described shortly.

B eside 2 miscellaneous landtypes he deseribes 4 soil associations:
Wadi Association, Khabt association, Hazem association and Sabkha
associatione These associations are divided in soilseries accor=—

ding to texture.
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Wadi Associations alluvial soils laid down by stream deposition

is found in the major valleys. The soils are sitratified, like
most weterlaid materials, with texture an@ﬁepth being the differente
iating characteristics.
The series aret
Wadi Silt Loam
Wadi Fine Sandy Loam
Wadi Sand

Khabt Associations Soils in the alluvial plains developed from

gandy deposits and reworked by wind and watere
The series ares

Khabt Sandy Loam

Khabt Sand.

Hazem Association: Soils of stony alluvium on gently sloping

alluvial fans adjacent to the mountains.

S=bkha Associations Saline soils along the Red Sea Coast.

Miscellaneous Landiypes:
Semddimes
Bough Broken Land

How Ferris! soil units £it in the landtypes is shown in Table le4

Phble lof Comparison of Landtypes and Ferris® Soil Units

Soil Unit Landtzge

Wadi Association

Wadi Silt Loam 01 cultivated
" Dunephase 5+D sanddunes and low gand and gravel
" Sandyphase W wadibeds and dissected sands
" Shallowphase 01 cultivated
w Hummockyphase S low sand and gravel

Wadi Fine Sandy lcam 02 cultivated
" Dunephase S+D sanddunes and low sand and grewvel
" Hummockyphase S low sand and gravel

Wadi sand W wadibeds and dissected sands



Khabt Association

Khabt Sandy Loam 02 oultivated
" Hummockyphase 3 low sand and gravel
Khebt Sand S+ low sand and gravel and disseched
sands
JHazem Association Se gravel with sorubs
Sabka Association Sh Sabkha
Sanddunes D sanddunes
'Bough Broken Land M mountainsg

A brief description of 2 soils are given below. flor more
detailed descriptions of soil profiles ig referred to the publicie~
tions in Table 1.3 Profile (a) represents an alluvial fan soil,
profile (b) is a layered soil from the alluvial plain.

Soils in the Tihama are low in organic matter content.  They

have a weak structure. Calcium carbonate content is up to

10%.

as profile from a site near the FAQwcamp in Wadi Zabid (TGSCO
report No, 8 Profile No. 227).

0« 10 cm clayey loam

10 - 28 cm clay

28 = 106 om clayey loam
106 -~ 123 cm silty clay loam
123 « 170 cm silty clay.

'D‘ . .
be profile from Gumeisha Farm (Dewan and Blagojevicy 1975,
profile Nos 21)

0« 15 cm sandy loam

15 - 45 om loanmy sand

45 - 70 cm sand with layers of sandy loam
70 -~ 150 cm sand.

1.8 TIHAMA CROSS-SECTION ALONG SANA®A - HODBIDAH HIGHWAY

The ®ana'a - Hodeidah highway follows the course of the Wadi
Surdud from Manakha to where it enters the Tihama. Here the
road turns south to Bajil and goes via Qutay and Mrawah to
Hodeidahoe
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The cross-—section along this road is also not along a straight
line from mountains to coast,
According to landtype and soil this area can be divided in four

sectionss

Section Lls

Wadi Surdud terraces to Bab El Melek

The terraces are 15 to 20 m above the level of the present wadibed.
They consist of stomy alluvium with boulders of 0.5 m diameter %o
gravel of 0,5 to 1 cm diametere In some places a horigzontal lay—

ering is visible of gravellayers with silty loam layers.

Where the silty loam surfaces a sorghum crop is groun. On other
places the surface is stony and gravelly with some scrubse  Tow
wards Bab El Melek the sildy loam surface layer gets thicker

(+ 1 meter)e The fields are surrounded with + 1 meter high damse
fgriculture is rainfed. VWater is collected from surrounding hill

slopess

Section 23

Bab El Melek to limestone outcrops 5 km southwest of Bajil

(Cementfactory).

Alluvial fan landscape with silty loam soilse Sometimes these
soils are shallow on gravel., Where the silty loam is absent
gravel with scrubs occur.

In a gravel gquarry, 8 km northeast of Bajil, horizontally layered
gravel is visible and the top layer of silty loam has a depth
varying from O to 80 cm, sometimes within 20 m distance. Macro
relief is flate.

Fields are surrounded with 0.5 = 1 m high damse Agriculiure is
rainfed, as this area is too far from the wadi~-bed %o receive
gpates.

In a Quarry near Bajil behind the Highway Authority Camp, also
horizontally stratified gravels can be seen covered with a silty
loam of O = %0 cm thicknesse.

At + 2 m below surface another silty loam layer is present.

Tn this area the alluvial fan is mixed with material from the

nearby rock outcrops, Jebel Ad Darbe



Section 32

Bagil to @itay.

The limestone outcrops west of Bajil are the abrupt boundary
between the silty loam soils and the sandy soils. A brofile

just west of these outcrops shows a loamy sand texture, gradually
changing with depth into sandy loam.,  The marco relief is un~-
dulating, On top of the macrodunes small crescent~like micro-dunes
occur's

Agriculture is limited to rainfed millet and beans planted at the
end of the rain-season, september, with a planting distance of

4+ 1 m or more,
pa

Section-4:

Qitay « Mrawah = Gumeisha - Hodeidah

West of @itay the macro-relief becomes less undulating but more
micro-dunes occure West of Gumeisha macro-relief is flat, micro-
relief is hummocky with some scrubs. '

The road goes over the sandy area that lies north of the Wadi
Sihame On some places a view is possible from this higher sand
plateau into the ¥valley' of Wadi Sihame In this valley soils
are composed of alluvial silt, interlayered by aeclean sand. As
spates are irregular and not frequent, irrigation is from pump

wells.

AGRICULTURAL EVALUATION OF THE LANDSCAPES

For an agricultural evaluation of the landscapes the following

factors are considered: climate, soil, quality of irrigation watere.

as Climate 2 temperature.

Data on temperature are given in Table 1.l Although the
temperature regime is not uniform throughout the Tihama,
it is thought that this variation has a minor influence on

the agricultural suitability of the different regionse

¢ wind. The summer afternoon winds in combination
with the high temperature are limiting factors for agriculture.
Especially fruittrees suffer from thise Hot winds prevail
throughout the Tihama except in the pockets near and in the

mountainse
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$ winderosion. In the areas with the lowest rain-
fall, the coastal belt, the wihderosion is considerable and

sandstorms are a common feature.
¢ Rainfall. Rainfed agrieulture is possible only
in a strip adjacent o the mouniaing, But rainfall is

irregular and changes from year to jears

Soil: In the coastal belt soils are rather coarsetextured

with a high infiltration rate, also suitable for irrigation.

The silty soils have a high waterholding capacity but the
infiltration rate can be very low,
On the gravel fields agriculture is difficult because of the

many stones and gravel.

fhality of Jrrigation Water: Wadiwater has better quality

than the undergroundwatere ‘This is a point in favour of the

spate-irrigated areas. However, wadiwater is not always
available in sufficient quantities and additional pumpwell
irrigation may be necessary. In areas seldom reached by
wadiwater (alluvial plain and coastal belt) agriculture is
completely dependent on pumpwell water. Near a wadibed the
quality of the groundwater is better than further awaye

Also going from the sea towards the mountains the quality
improves, This means that the areas which depend com=
pletely on tubewell irrigation have groundwater of a bad
Quality, whereas this Quality is much better in the spate

irrigated and rainfed areas.

The evaluation of the landscapes, regarding these factores isg

given in Table 1.5

The pocket landscape is most suitable for agriculture,
although limited in areae This area receiveg quite some
rain and good quality irrigation water can be taken from
the wadie Strong winds are absent. Soils are silty

Loam,
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The second best is the alluvial fan landscapes  There
might be some raingirrigation is by spate irrigation with
wadiewater, soils are silty loam, but strong hot winds can

damage ‘the cropse

The stony alluvial fan is less suitable becuase of the

stony and gravelly soils

The coastal belt and alluvial plain suffer from stong hot
winds,; are susceptible to severe wind erosion and have low
Quality underground waters  The¢r suitability for agri-

culture is also limiteds

Table 1,5 Evaluation of Landscapes to Different Factors

Climate Soil  Trrigation water
tuality

rainfall wind erogion

Coastal Landscape - - - & -

Gravel field v oo - -+ - 2

All plain " - con - +/~ -

All fan " dofer - * + s

Pocket " 4 ffe + + oo +

+ = favourable

- = unfavourable
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2o  Salinity and Alkalinity in Tihama Soils

21 General

In section 1 the physiography of the Tihama. plain is shortly
described and the types of soil encounterede
Apart from the Sabkha lands the Tihama soils are nonesaline of

Brdgine  The traditional way of agriculture was twofolds
a) rainfed
b) irrigated by wadispate's

Neither holds hazards for soilsalinisation.

Since about 10 - 15 years a new system is introduced: irrigation
from pumpwellse The quality of the groundwater used is much
less than the wadiflood water. All groundwater used for ipri-
gation contains dissolved saltso After the water has beenzﬁﬁéd
for evapotranspiration the salts remain in the soil. By proper
watermanagement the amount of salt in the root zone can be kept

at a tolerable level.

First the general pronciples on salt movements in iprigated soils
will be/discussed shortly, regarding 3 aspectsy saltbalance,
quality of irrigationwater, tolerable salinity levels in the soil.
After this the salinity in the Tihama soils will be sketched,
giving chemical characterization of salts in irrigationwater and
in soils, experiments on soilsalinity and soilwater movements,

regional distribusion of groundwater quality and soilsalinity.

2ol Principles of soil =~ and water-salinity

20251  The saltbalance
The saltbalance 4§ a theoretical aid to calculate the
long term effec%s of the irrigationwaters For this
calculation several models have been developed from
simple to very complicated.
A simple model reqwires not very detailed knowledge about
water movements in the soil, but tiHp results are not very
accurates 4 more sophisticated model gives more accurake
outcomes but this requires detailed knowledge on soilwater
movements, water uptake by the plant, leaching effiolenoy etoe
In section 2+2,3 is discussed to what degree the salt
acoumulation affects the yield, Apart from soilsalinity

level many other factors influence the yield, as management,
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fertilizer application, pests and diseases etc. Under
the conditions prevailing in Yemen at present, yields
may not be optimal even in the complete absense of sattse
Therefore a very accurate calculation of the saltbalance

is superfluous and the simple approach will be deal@ﬂ
with here.

The soil-water-system may be simplified as in fige 2.1

D
: *FWJA”}W Diw is the depth of irrigation water
E ﬁ>§ﬁ’ Loy ET is the water used for evapotrang-
z | BT -
— piration
Ql%u‘ Dyp is the depth of water draining from

the root zone.
Fige 261

The leaching requirement is defined as LR = Ddr/Diw
If the amount of salts in the soil is to be kept at a
congtant levely the removal of salts with the drainage
water mast equal the supply with the irrigation water and
ECiW &% Diw = Ecdr £ Dy
EC,

iw

ECgr

or IR = where EC is electric conductivity (mmho.cmﬂl)

LR oaﬁ%be calculated from ECe and ECiw ¢

Eciw
IR = TR
5}308 bl :LW seoe (1)

Eciw is the conductivity of the irrigation water

ECe expresses the%conductivity of the saturated soil extract

i

This formula gives the leaching requlrement needed, when
with irrigationwater of EC o the 1evel of salts in the
801f§h§% to be kept at EC o The maximum tolerable Ece

depends on the crop and is given in table 2.2
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Qality of irrigation water
Bvaluation of water quality has different aspects
according to different effects on the plant.

These ares

a) total soluble salt content, By improper water
management the salts can accumulate in the root
zone of the soils As a result of this the soile
water gets a high osmotic value and water uptake

by the plants becomes difficulte

b) amount of sodium relative to caleium and magnee
siume This can cause peptization of the clay
and consequently the soil becomes impgrmeableo
This impermeability has unfavourable effects on
the plants due to waterlogging, salt accumulation

in topsoil, oxygen dificiency etce.

c) specifiction toxicity. At high concentrations
Boron, Sodium and Chloride ions can be toxice
In table 2.1 an evaluation of the waterquality is

given,

The SAR = Sodium Adsorption Ratio is defined ase
SAR = NA /¥ (ca + Wg)/2~

The adjusted SAR value is ¢ adj.SAR = SAR = (1+(8.4-pHCj
pHc is a theoretical pH value. Tables for calculation
are given in Ayers and Westcot (1976)e

Croptolerance to soil salinity

Wateruptake by plants from the soil is an osmotic process
Salts in the soil solution increase the osmotic tersdion
of the water and uptake by the plants is affected.

For purpose of reference the salts in the soil are
measured at saturation, and the BC is measured in the
extract of the saturated soilpaste, EC_.  MWhen 15 - 20%
leaching is observed the saturation extract is l.5 times
concentrated compared with the irrigation water :

ECe = leb & Eciw (calculated with fofmula (1) ).

In table 22 crop tolerance valueiare listed as ECegmgb
and EC, with an allowed yield decrease of O %y TO% and
25 %e

For more detailed data is referred to Ayers and Westcot

(1976).
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Table 2,1 Evaluation of Irrigation Water @Quality

Total soluble salt (expressed as EC, mmho.om”l)

EC < Q.25
0.25 < BC < 0.75
0.75 < EC < 2,25
2,25 < EC 4 5
5 < EC

permeability problem
adj.BAR 7 9
6 < adjo.SAR <9

ion btoxicities

low salinity water
medium salinity water
high salinity water
very high salinity water

extremely high salinity water

severe problem to be expected

increasing problem to be expect

sodium hazard if adj.SAR > 9

chloride hagard if C1 3 10 meQ.l

boron hagard if

B

=],

o s 2.0 meq.lml

Crop Tolerance Table (after Ayers and Westcot, 1976)

Yield decrement

CROP

o% 10% 25%

ECe ECiW ECe Eoiw ECe ECiW
Cotton TeT Hel 9.6 6ad 13 8ed
Datepalm 440 2.7 6.8 465 10.9 703
Sorgum 440 2.7 5,1 3ed Te2 4.8
Sndangrass 2.8 1.9 5ol 3e4 8.6 547
Tomato 22% 1e7 365 203 500 384
Cucumber 265 1e7 363 202 ded 2,9
Cantaloupe 2.2 1.5 3.6 204 567 3.8
Alfa Alfa 2,0 1.3 3ed 262 504 346
Broad Beans 1e6 1s1 2.6 1.8 4e2 3.0
Maize 1e7 1ol 2.5 1.7 368 265
Citrus 1.7 1.1 2,3 1.6 362 262
Sweet Potato 1.5 1.0 204 1.6 3.8 2.5
Sweet Pepper 1.5 1.0 262 1.5 363 242
Onion 162 068 1.8 1.2 2,8 1.8
Beans 1.0 0.7 1eH 1.0 263 1e5



263 The Hodeidah Soil Laboratory

2230l

20362

Bouipment

In the Hodeidah office of the Ministry of Agricule
ture a small (2 x 3 mu) room is set up as soil
laboratorys At present the equipment iss: pH=~meter
(Beckmaun) with glass—calomel combination electrode,
Electric Conductivity bridge, Analytical Balance
(Zaklady, Gdansk), some glassware, Gypsum blocks
(Delmhurst), Stove (Thermolyne), Soilfertility

test kit (Soil Test), Hellige pH-kit, moisture cans.
The Hellige pH-kit did not satisfy as it gives not
enough differentfiation in pH for values larger
than Ts

The goil fertility test kit 4Ad not give reproducible
results with the Tihama soils. Moreover the resulis
are obtained in terms of fertilizer units that are
needed for the tested soile For investigations

to goilfertility it is recommended that results of
s0il analyses carried out in the Taiz-laboratory
are compared to outcomes of the soilfertility test
kite  TFor the test kit the analysis procedures may
be changed slightly and standardized to get reprow
ducible results.

Procedures and Calculations

Soilmoisture

With the moisture cans, stove and balance, accurate
moigture analyses can be donea The disadvantage
of this procedure is that by taking the samples the
g0il profile is disturbed and a repeated sampling,
.80 before and after an irrigation, at exactly the
same gite is not possible.

Calculations

_ moigt weight — dry weight
T dry weight ~ weight empty can

gravimetric moist. %

The gypsumblocks measure the soil moisture in an
indirect waye The resistance over the electrodes
inside the blocks changes with the watercontent in ¥
blocks. This watercontent changes with the tension

of the surrounding soil, A disadvantage is that th
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blocks do not behave wniformly. A trial installs e
tion of 16 blocks close together at one site learned
that their standard deviation is approxe 0.l PP unite
To overcome this difficul+ty at least 4 blocks have -

to be installed together and their readings averageds

It should be understood that the blocks measure

tension which is related to the soil water content

via the water-retention—characteristic of this soil.,

In section 2.8 this water~retention-curve is described
for two representative soilse

pH and EC.

pH and EC from soil samples are determined in 1l:l
soil=water—suspensions, Usually 50 gram soil is mixed
with 50 ml distilled water. The soil is air dry and if
necessary grinded to pass a 2 mm sieve.

The suspension is shaken by hand every 15 minutes
during one hour. Immediately after this pH is
measured, As this soil-water-—suspension is not buffered
> from the
airs Therefore pH should be measured shortly after

the pH is influenced by many factors e.ge CO

preparation of the suspension. For EC this is less
critical as the components which contribute to EC, are
all easgily soluble and the BC of the suspension does
not change much over time.

The standard procedure, adopted internationally, is
to measure EC of the saturation-extracte Because of
the equipment available in Hodeidah, EC is mecasured
in a 131 suspensione For a number of samples the
relation between FBC 1l:l suspension and BC 1l:1 extract
is determined. This is presented in fige 2.2. mThe
relation between EC 1l:l extract and ECe, the EC of the
saturation~extract, depends on the Quantityof water
needed for soil~saturation. This is expressed as
Saturation Percentage, SP, which is the gravimetric
moigsture contm»t of the saturated soil pastece. For a
number of samples the SP has been determined. In

general it can be said thats

Loamy Sand SP = 20 %0 24 %
Sandy Loam SP = 24 to 28 %
Silty Loam SP = 28 %o 38 %
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The 131 extract is more diluted than the saturation
extrdoﬁ. Therefore its conductivity should be
proporticnally lower.

100

ECe = Eglzl % T8

This assumes that the soluble salts are dissolved
congruently in both extracts. Less soluble components
ag carbonates may interfere but the variation due to
this is considered small.
From formula (2) and fige 2.2 the conversiontable 263

hag been prepared.

Table 2,3 Conversiontable for EC, from ECy .4 (mmhoe cmml)
Loamy Sand Sandy Loam Silty Loam

SP = 20 P =24 SP = 28 SP = 38
EC Oy HOypp | BOp,y  BOyy  BG,  BO | EG,  BGp,
exte Suspe ext. Susp. exte Suspe exte Suspe.
440 0480 0.75 0+96 0,950 1,12 1.00 1e52 1.40
2y5 0650 0445 g 0. €0 0455 0,70 0,65 0.95 . 0690
2,2 0;44 0,40 0.53 0.48 0,62 0.57 0.84 079
1.8 0.36 0433 | 0.43 0438 | 0.50 0s45 | 0668 0463
15 0,30 0217 0.36 0e33 0042 0637 0.57 0052
1,0 0620 0,18 Qa4 0e22 0+28 026 0,38 - 0035




The chemical composition of Tihama groundwaters

Data on analyse

£ Tihama groundwaters can be found in
various reports (Dewan and Goodbody, 1975; Tesco, 1971).
Data from the ass.experts sampling are presented in
table 163,

In preparation by the Central Agricultural Research Ore
ganizgtion Project (Taiz

s a report containing all availe
able chemical data concerﬁiﬁg Tihama groundwaters.

From data of the wadi Siham area (Dewan and Goodbody, 1975)
the figs.23 and 2.4 have been prepared.

Between EC and total=soluble~cations the relation is often

assumed as?

total cations (meqyl~l) = 10 & EC (mmho.onfaj
Regression analysis on these and other data shows thats
total cations (meq;l‘l) = 10,88 X &C (mmhoeom"l) + 2073
with a residual standard deviation of the EC = 0.43 mmho.cm—l,
In fige.2.3 Cl and 504 are plotted against ECe It is clear
that with increasing EC, so increasing salt content, both Cl
and 804 increase, but the level of SO4 is lower than Cl.
In fige 264 Na, Ca, and Mg are plotted against EC. At
increasing EC the Na increases but the Ca and Mg increase
is much lesg, This is because of the limited solubility
of Ca and Mg (bi) carbonates.
With increase in EC both the absolute and the relative
amounts of Na compared to Ca and Mg increase. The SAR and
ad justed=-SAR values calculated from these waters are plotted
in fige 265 It shows that with low EC values SAR is low
and with increasing BC the SAR also increases.
Ag a generalisation it can be said that the waters with [EC
less than 165 mmho»cm'"l have adje. SAR less than 10 and/no
related problems are to be expecteds Waters with higher
EC have also higher adje. SAR. The EC analysis, which is
simple to perform, even in the field, can be interpreted
in terms of SAR.
It is obvious that the accuracy of this interpretation is
not very highe If more accurate data are required a

complete chemical analysis should be donee
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The nitrate content of the irrisation water

Much confusiqn exists about the suitability for irrigation
of the water‘frbm the South Gumeisha wells with regard 4o
their high content of nitrate.

From the consultancy report salinity problems of the
Gumeisha Farm of the Lowlands Development Project (Smith
1971), ‘the following is Qquoted:~

"In the neighbouring farm sponsored by the German Democratic
Republic the groundraters .ooeoe. « contain appreciable
nitrates (up to 400 mg. 1~l)".

"The presence of appreciable nitrate, itself a most unusual
constituent of groundwaters, nullifies any attempt to carry

out a systematic fertiliser evaluation DY OgT amme » Purther,
where as such matters can effectively be used +to grow pastures
fodder crops and leafy vegetables, theyindice much vegetative
growth in grains, fibre crops and o0k 566dS cecccssccccose

Ind of quote.

On the other hand however many workers report a response to
Nefertilizers in experiments on field—crops and cotton.

In the following an attempt is made to bring these contradict-
ing views in agreement with the help of the *classical?

theories on plant nutrition by Mitscherlich.

In fige 2.6 Mitscherlich's theory is demonstrated. All
other factors being constant, the yield increases with
increase of a certain nutrition factor, say N-input, until
a maximum yield is reached. When this input is gzero,
yield is zero.

This can be expressed in a formula ass-

M o(1-e% T

Y =
where
Y = yield
M = maximum yield
C = a constant
I = input (kg N.ha”l)

In fertiliger experiments the situation encountered is given
gchematically in figure 2.7. It is assumed that the same
inputeyield-relation exists as in figure 2.6. However

rero treatment gives a yield Z. It can be rearded as if
the yield curve from fig. 2.6 is moved to the left (relative

to the @bseds) in figure 2.7 over a distance R.
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The curve can be formulated ass

Y'—M(l C}E(I+R>)

R represents the émount of input already available to the
plant without adding any fertilizere

In a fertilizer experiment R oaﬁ be determined by extra~
polating the yield curve beyond the zero treatment until
the curve reacheés the abscis.

R is expressed in the same units asg the treatments 11, 12,

3, etce (Kg Weha )

Results from fertilizer experiments are given in figure 2.8
these data were taken from the field crops report 1975-1976
season and the report on the 1976~1977 scasone All were
carried out on Gumeisha Farme. It should be kept in mind
that quantitative interpretation of yield data of experi-
ments is alwvays very riskye

Besides the variable factor, fertilizer application, the
yield is influenced by many other factors which are diffi=
cult to control ass birds damage, insect damage, uneven water
distribution over the treatments, differences in soil proper-

ties etcs

In figure 2.8 the rield data are given as percentage of the
zero treatmente

It is clear that these curves are not completely conform the
theories of Mitschertich, outlined above.

Extrapolation of these curves to the left is difficult but
there is a ccrtain amount of Nitrogen available in the order

of magnitude of 50 to 100 kg Neha .

The irrigation water at CGumeisha contains Nitrates in the
amount of 2.2 meq.lﬂ1 which is cquivalent to 30 mgram N.lwﬂ

or £35 wgram Nitrateum“1. To grow a crop like sorghum about
6 irrigations mre required although the quantity of water
;pplied with each irrigation is very variable, an average of
100 mm can be assumed.

This mesms that 6 x 100 mm which is equivalent to 6 = 1061iter¢
ha,"1 water is applied

This contalns 6 = 30 8 mgram Neha -1 185 kg No ha”!

&f 50 Vo ‘of this amouﬁt is lost due to leaching or denitrie
floatlon & 100 kg N -1 is left per hae

Although many assumptions have been made, this figure is of the
same order of magnitude as deducted from the fertiliger experis

mentse
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The high nitrate content of the irrigationwater is also a
contribution to the plants needg which haS t0 be supplee

mented with Nefertiliger.

For sensitive crops like citrus this may cause pfoblems

but these crops are not grown on CGumeisha.

For drinking water purposes high hitrate content is unfavourable
(Dewan eoas 1977).

Desirablc and maximum levels are given here expressed in various

ways:
Highest desirable level Maximum permissible level
10 mgram. 1"’1 nitrate 45 mgram. 1"1 nitrate
2.2 mgram ].m1 N 10 mgram 1”1 N
0.16 meqwlm1 nitrate 073 meq51-1 nitrate

From the data in Dewan and G odbody (1975) and in table I,3
it appears that ground-water in the western part of the
Tihama has more nitrate than the maximum permissible levele.
Only the water from Garabeh has nitrate below the highest

desirable lecvel.

Chemical characterigation of the salinity in Tihama soils

Much work has bcen done on the chemical composition of the
salts in the Tihama soils. Many data have been presented in
various reports (see references),

In the following an attempt is made to gather general trends
applicable to most soils, from thesc data with additional

data from the ass. expert's analyses presented in table I.2

Saline water percolating through the soil will affect the
cation composition of the exchange complex until this is in
equilibrium with the composition of the soil-waters

It is a known fact that cations are adsd®bhed by particles

smaller than 0.002 mm.
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In figure 2.9 the cation exchange- capacity (CEC) of soils
from Wadi Zabid is plotted versus the clay %e (Data from
Tesco report No. 8). Although the correlation is not very
high it appears that the clay % is approximately the same
as the CEC, expressed in meqe per 100 gram soil. This
leads to suppose that t%eqdoqé@angb?lay mineral'present

in these soils is montmeilbonisd a¥ bhe CEC of momtmoril
lonite is 100 me Qe per 100 gram claye

However, for clay % over 25 the CEC is somewhat less than
the clay %$CEC can also approximately be predicted from
the clay %elMen more than 15% of the CEC is occupied by
sodiumjons (BESP = exchangeable sodium percentage) a soil
permeability hagard exists as the clay will deflocculate,
blocking %ié?pores The ESP is related to the SAR~value
of the soilwater.

For soils in the U.S.A. this relation is empirically set

as $(USDA, Handbook 60)

. (~0,0126 + 0.01475 SAR)
BSP = 100 = sor 5 S50 0,01075 SIR)

BSP in meq per 100 gram soil

SAR is analysed in the saturation extract

For a number of soilsamples from Gumeisha the exchangeable

sodium has been amalysed and BSP is estimated ass

ESP = Exch. Na' / % Clay % 100 (%)
| T /66
Tn figs 2.10 this TSP is plotted versus SiR, . RY &5
SAR in the saturation extract is estimated from the SAR
‘ | /100"
as SR = SAR, ., ¥ |

eCe
There is a certain positive correlation but not very close.

121

For a better correlation accurate analyses are necessary

for exch. Na,+y (EC and SAR in saturation extract.

If Na~carbonates or bicarbonates are present this will rise
the pH values over 8.5
Thus a relation should exist between pH, SAR and totale

salt=~content expressed as LC.
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For Gumeisha soils these data are plotted in f;ga 2.11,

It is clear that an increase in saltwcontent (EC) lowers
PH, due to the fact that an inceasing amount of H+mions is
dispelled from the exchange complex by cations from the
goil-golution, thus lowering pH.

Also is clear that higher SAR values are accompanied by
higher pHe But it is risky to predict SAR from EC and pHe

(see section 2.4 for EC~SAR relation for irrigationvaters)e.

From these data it can be conoluded t%at the salts in the
Tihama soils are predominantly Sodiu@éalts which holds
the possibility of an alkelinity hashrd.

For a further evaluation of this hazard see section 2.9.
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2.7« Irrigation and Salinity experiments at Gumeishas
Cotton:
In cooperation with the irrigation practices
office an irrigation trial on cotton was
carried out. T e purpose of this trial was to
investigate the optial: irrigation interval
under conditions (climate, soil, methods of

water application) valid in Gumeisha.

From this trial field soil samples were taken
and analaysed to investigate soil Salinity. The.
The analygis results are presented in table

I.2 (Annex I). Analysis were dome in the Soil
Laboratory of the Central Agricultural Research
Crganization Froject in Taiz. The treatments

in this trial were

Treatment 1 7 days irrigation interval,
1 2 : 10 days 1 1" s
" 3 : 14 days 1 " ’
" L s 17 éays " " s
1 5 n.:: 21 days 1" i °

Each treatment containced 7 furrows, 70 cm wide

and 80 m long in 4 replications,.
lack of
Due to[labour the care taken of the field was not

sufficient and thinning, interplanting on spots

of bad germinstion, wecoding,etc. was not done

R}

according to plans. dxact yield calculations

t possibleo

In each treatment rows werc selectced for harvest-
ing. The number of plants in these rows was
counted and the cotton was picked and weighed

separately,
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Cue to above mentioned difficulties the numbers of
plants in a row vary considerably from 100 to 300

Nﬁgﬁﬁgelated to treatment. The yield per plant was

calculated and is shown in table 2.4.

Table 2.4 Yicld of Cotton per plant: total of 2
pickingss (gram plant + )

Replication i . 2 3 ) b , Total Averagei
Treatment 1 9 59,4 70.G)1  60.0 g 247,53 61.8

2 4 7l 40.6} 60.1 ‘ 51.% | 204,8 | 51.2

3 56.4{ 57.0 { Bho3 3 197.4 | A9.4

@ 41,31 47.8 ¢ 22,9 | 160.3 | 40,1

5a 29.0' 43,3 | 30,8 g 121.3 | 30.3
I S | | L S | D
Total 216,.8 226.7§ 278.2 i 209, 4 2 93101

L

These data have beon subjected to an analysis of
variance and from a statistical point of view, the
treatments have had a significant effect on the yield

per plant.

P(probability lov 1) less than 0.005,

The optical drrigntion interval can be calculated if
a number of agsuspiions is made, The validity of these
assumptions will affect the validity of the outcome of
these calculations to a great extent. First the number
of plants per ha 1is calculated, noxt costs and
benefits arc cnlcvlated, using cstimated figures from
the ""Plams of Operntions 1976 - 1977 Scason" for
Gumeisha farm.

If row distance is 70cm and plant distance within the
row is 25 cm area por plant is 0.175ﬁ3 or 57 000
plants per ha. For the trceatment 1 - 5 the yield Per
ha can be cstimated as:

sverage yield per plant x 57 000 (gruha"l )



Treatment 1 : 1.8 x 57 000 = . 3524 Xg, ha =1

" 2 3 51,2 ¥ 57 000 = 2918 "
" :.59,4 x 37 000 = 2813 "
¢ k0.1 =% 57 000 = 2284 "
: 30.3 x 57 000 = 1728 n

B W]

\n

The actual yield in the production fields in the

1975 = 1976 scason was 1700 Kge. ha “1u In the 1976

«77 Plan of Operations a yield was expected of 2500
Kg. ha -1,

The following figures are de¥ived from the Plan of

Opemation¥e
A11 figures are per hae
Price of cotton : 1300 YR, per 1000 Kg.

Labour costs per picking : 1,5 ¥TRe per 12 Kg.

Labour costs for drrigation : 15 ¥R, per drrigation,
Other labour costs ¢ 240 YR. |
Irrigation costs:

Pre-irrigation + lst irrigatiom : 240 YR,

Gther irrigations : 88 YR, per irrigatiomn,

Other costs (spraying, fertilisers etc.) s 1270 YR.

In table 2.5 costs and benefits are calculated for

treatments 1 « 5
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Table 2,5: Costs and benefits per ha. for treatments 1 - 8§

Bty S —

of treatment 1 and 3.

B T e————

i

*

s Ireat- Vo, Yie Ine Labour costs erl'“tlﬂncoﬂtsoth Taot Net
3 ment ?f elc coric Ficke irfaelther P ‘e+1st Cthor er —al in-
iryrs ing cas cog come
-ts =tg
1 16 3524 45851 Lh2 2450 187 240 1408 1270 3787 794
11 2918 3793 365 165 187 2°0 968 1270 3195 598
3 8 2813 3657 352 120 187 240 704 1270 2873 784
b 6 2284 2969 286 90 187 2ko 528 1270 2601 368
5 5 1728 226 216 75 187 240 hho 1270 2428 182
[P e aw oY e s S e e S G B O e . D O e S i e S . E G S g S o NS men s A0y T e G e AT D 5 O e G G B e SR G po ST !“é
Plan
of
Oper
ations &8 2500 3250 31k 120 187 240 704 1270 2835 415
These figures arc prosented in fige 2.12.
The yield of treatment 2 is lower than expected from the fisures

Discarding treatment & the net profit is approximntely the same

for tre-tments I and 3,

At dirrigation intervals larger thanm 14 days the profitfecrcasecs

and eventually changes

intervals As thore is a

is thec besto.

into a

loss

shortage of

After this experiment soil samples

the same site asg belfore.

determineced to bce co

From thesc

data are presented in table 2.06.

From these data

it appears that

andc

labour,

samples

at treatment 5

the B

npared with E € before croppinge

3 wecks

the 2 wecks interval

woere tnken at approximatcely
C h=~s been

Thesc

frao.u the nore cezmtensgive data in table 1.2,

there is ouech variation Tfirstly within each

profile in toxturc and

salinity, sccondly between the profiles
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in layering and salinity, althouszh all profiles arec

situated in one Field,

These data are also unsuitable for cxnot calculations
of salinity increase duce to the various treatment
But they have bcon * s e
{(mnhs.em~ 1 ) _
Tahle 2,6.Couparisén of ECe values resulted hefore and after cropping:
21 R2 R3 L
Depth before after before after before after before after
Treat-

ment 1 0v20cm 3,50 1958 2010 220 5,50 3.60 0.98 2,70

Weekly

irrige

ation w20 2025 2.10 2,80 1,60 3.70 Lok 4,90 2. 40
«60 e b7 L,00 3.25 0,50 4,80 6,20 4,55 3.60
=80 1420 1.60 2.3 3.20 2,70 L,30 3.23 2,10
=100 1,35  1.90 2.29  L.ik 3,10  6.00 2.28 1.70

Treate }

ment 3 O=20cm 2.50 2,60 3.35 2,40 175 1,95 1,20 0.58

2weekly

irrigae

tion Y 1.72 2.80 3.60 3.60 2,00 4,50 2,90 3.30
w60 3.80 Lo 3,60 3.20 "L,00 5,60 2.60 2.70
=80 1,46 1.55 2.55 1.60 3,10 3.40 1,70 3. 10
2100 1,32 1.80 1.30 2.6C 2,80 3,50 1.50 2,30
w120 1.80 1.85 0,95 3470 3,00 2.80 3,20 1.55

Treat-

ment 5 O=20cm 1.55 0.89 2.10 2,90 1. 5 1,20 0,87 0671
w20 1,26  1.85 2.80 3,00 3.5C  3.00 3.20 1.90
+60 0s96 Ce73 ko220 3.6C 1,15 ha, 22 3.70 1,80
w80 2.59 D.85 2.35 2.60 2,25 2.20 2,45 1,85
=100 0,89 1.10 2.95 Lo 3¢ 1.7k 2,37 1.5hb 1,95

w120 1,10 1,23 1.45 3,50 2,34 1,30 G920 1,20
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used in the Previous chapter on the chemistry of

the soil swllnltyo The JCe valucs arc oeldw or

““"wmw.m e S

i
B S —

1
b mm ho. cm ) and a 10% locoacthing ruqulrement should
be observed. “or Furiher evaluation see gcction 2.10.
SCRGHUM s

A gimilar experimcent was carried out on Sorghunm: «

The treatments were irrigation intervals of 1 week
1% weck and 2 weeks, applicc in basins of 10 x 10 m

in 4 replications.

Bue to 2 re . sons the crop in this experiment was a
failure.

a) The ecxperimental site happened t» be =~ spot of

high alkalinitye

b) Extensive bird-deomage reduced the grain yield to
almost zero. Thercfore mno yicld calculations have
been made as thoese would have becm vory imaccurate,
Ilerely the crop performance has been estimated in
L classesi~
1, reasonable, 2. moderate, 3. bad, & very bad.

One of the plotits is divided into 3 parts for

different classes (plthB 3) and two of the plots

(plt. 1.3 and plot L.3) are lelﬁeéolﬂégbg parts,
Table 2.7 stimation of &orﬁhun/ln the irrigatio.. ~trial.

(Repllcatlon, treatment) E.C., P.H,

¥ K
Reasonable§ mocerate i Dad : . Very bad

(1.1)50.595,8.90

(2.1.)1.08,7.95
(3.1)0.,785,8.95 _ !
{4.1.)0.620,8.95

{1.2)0.735.8.90
(2.2)0.530,9.10
! (3.2)0,710,8.°7
(L,2) C.685,8.90

(13)0e620, 9,30 {(1.3)0.545,%435
(2:3)0.70055.20 é
! (3.3)0.710,9.30 (3.3:)0.630,9,40;(3.3)0.535,9.6"
! (#:3)0,615,9.£0) " (£:3)0.920,9:0C

T, 4 P
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Uf cach plot, or part of a Plot, a soil sample was
talen from the surface at a site, representative

for that plot. 2C 1 ; 1 anc - werennalavsed. The
data are presentoed’in table 2.7 accordin; to crop
class perlirmanccee as follows: (rdp&ication,troatmenﬁ)
EC 1: 1, p¥F..

12
Replications © 3 cot z ok drri i

P ns from 1 to 4y treatwment 1 :lweek irrigations
treatment 2 ¢ 1% week irrisntion from 1 to Lo

vy A 1 . - 1 5 :
treatment 1 : 1 week irigation interval, fron table
2.7 it can be seen that thoe soil at this site is not
high salinc but alkeline as » H,3 8.5 for rost samples.
Exact yield calculations cannot be made but it is
clear that under alkaline soil conditions a short

irrigrntion intorval is preforable.

To get a hetter insisht in the deovelopment of soil
salinity this has been studicd in rolation to soile

e

water - movoments (sce section 2.8).

o~

2.8 Studies of soil salinity in relation to Soil~ Wanter

P
O3

HMovernen

In cooneration bHetween Dr. 303, Williams of the

British L.3%.D0. =~ Project in Wadi Rima and the associate
expert, irvestigations on salinity were carri®d »sut in
relation to so0il - water - movements. Earlier investig-
ations on salinity by the associate cxpert proved to

give raesults that are difficuilt to interprete.

Gumeisha farmn vhere these invesgstigations were done is
situ~ntcd near the coastal zone in the alluvial - plain
-~ land typc 2f the Tihama. The soils in these arcas
show a lar ¢ variation in IaYrent-material, both
horizontally and vertically. They have a stratified
profile, which consists of gsalty alluvial material
iftterlayerced Dy aeolean sands. The infiltration of
irrvigation water varices cenormously from site to site
even ovaoer a short distance, due to variantions in soil

profile,

Dr, Williams useés a ncutron -~ probe in his crop - water-

reguirenent gtudies:

This ncutron « probe provides detailed information on
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L

the amount of scil water i ety

ER

ey without disturbing the soil profile. Repented
probings at exnctly the sawme site are pogsible., The
meaguring iz serformed by lowering a neutron scurce
into an access tube in th . soil. . Refleoctions of thé
neutrons by pr-otons in the soil are counted. These
are proportional tn the soil » water content. It is
;

also obvious toc combine these data on soil water

with data om soil salinity.

In general the procedure was that after studying the
soil water movenents with the ncutron probe, a soil
pit has been dugy mext to the access tube, to take

syanles for salinit texture, nnd gometimes also
A 3 ki

bulk densitye. In casce salinity is to be compared
before and after irrigation, the first sampling was
done by taking soilmaterial from the hole, drilled

to install the access tubo,

All amal=-ygig results from tube samiles are presented

in Table T.4 = I 8 (4nnex I).
2.8.1. Experiments:
The followins experiments were done:
a) 80il watocr retention charocteristics of Tihama soils.
Water content, measured by ncutron probe, was
compareced with Gypsum blockse.
b) Boil salinity in lavered soils:

A bare ficld in Gumeisha was %}ocdod and next the
RS

water distribuiion in the profile/fobscrved. This was
compared with salt accumulations in the profile.
In Madanivah soil salinity was studied in a layered

soil at” sites of access tubes.

c) Change in soil salinity after irrigation:

30ils salinity was measurcd before and after growing
a Sorghtm crop, in Wadi Zalid T.D.i.Farm and in
Gumeisha Faros
d) Change in soil salinity after excessive floodinge

This wasg done in Gumeisha farme



2.8.2., Yater Retention Chnractieristics of Tihama Soils

Water Retontion Charateristics have been determined
at 2 sites where the soils can be considercd to be

representative for big parts of the Tihama.

These sites are Gunceisha, wacre soils are textured
Sany Loam to Loamy Sand , and 3eit Al Hdabag with its
very uniform silty loam (to Silty clay Eoamn)soil of

the aluvial fomy

2

The water content in thoese snils is measured with
n

the nuutron proble and tha te“siSb\with Gypsum blocks,
The relation between the res%%tance in the blocks and

chegured easily.in the ficide.

The range which the blocks are comsidered to work
correctly is 2.3 Ap P / k.18 or 0.2 / Tension
{(vars) /15 Readings nt hizhor tensions have been
obtaincd by cxtr% polation, but this may nct be

i e

accurate,

In Guneisha blocks have been installed in one profile

at 10cm, 20cm, 30cm, %40cm, 5Ccm. and 60cm. depth,

In Beit Al Habg they have beon installed im 2 profiles

at 20 cm., 40 cm., and 60 cm. depth,

The resulting Yater retontion cuprveg are given in
fig. 2.,13. For the Gumeisha soil it is clear that
this soil is not uniform. The data from the top

40 cm., differ from the 50 and 60 cm. datae The

soil at Beit Habag bchaves more uniformly as expected.

For permanent wilting point the value temsion = 15 bar

r - : . .
{(p = %.2) is often assumed. The corresponding volumetric

moisture percentnges can be read from fige Pei3e &
Gumeish O - 45 cm. PP = 9.5 %
Gumeisha deeper than 45 cm.,P W P =11 %
Beit /41 Habag PYW P =17 %

The Ticld capacity is more difficult to get in this
way., This is definced ng the amount of water that romaine
in the soil when after irrigntion, the gravitational

water has moved downwards. Usually this takes 2 days,
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The water content in the soil 2 days after irrigation
is much more t-an when the Gypsum blocks indicate

0.3 bar temsion( one third atmosphere point). The
blocks gcnerally do not show any tension before 1 week
after irrigation. The wot end of the curves in fig.2.,13
is inaccurate, The water comtent 2 days afiter irrigation
is given in table 2.8 and is uscd to calculate the

available watera.

Table2.8. 4Avallabics water for Guneisha and Beit 41 Habag soils:

F,Ca P.l«Fe available Ho C(4%)
Gumeisha 0=45 15 9.5 5.5
3l deeper than &5cm 20 11 9
Beit A1 Habag 35 17 18
The avallable water in soil depth of 120 cm is also
for Gumeilsha:
5.5 x 45¢ + 9 {1200 « 450) =92.3 mm.
100 > 1007
For Beit L1 Habag:e
18 o ~  oa
o5~ 1200 = 216 mm.

2,8.3 So0il Salinity in layered soilss

In Gumeisha Tarm as well as in other places in the
Tihaiza, locally a hard layer is fourd in thce sodl
profile. This layer is finc teoxtured Silty Loam to
$ilty clay Loam and in contrast to the other soil
layers, has o strong horizontally orientated platey
structurce. It occures at depths varying fréom 30 to

70 cm and its thickness varies from L to 20 cm.

st some olaces 2 to b oem thichr sandlonses occur nd
this lends to suppose that the S8ilty Gtay Loam is of
alluvial origin, while the sandlenses are aclean,

blevn in between successive floodse

In o bare plot in Gumeishn, wherce this layer occurs,

5 access tubes were installced. The nlot was irrigated
twicce The total depth of applicd water isitubo

1 : 251 wm, tube 2 ¢ 212 mm, tube 3 3 282 mm, tube

L s 205 mam, tube 5 : 302 mm. This variation is due

to bad land levelling.
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Hfter this scil surface at 1

tubecs 1,
covered with polythene sheet to prevent
evaporation and to force the soilewator
downwardse The soil moisturec was pbobed
intervalse ..fter 6 we ks s~il pits were

way that the nccess tube coincides with

3 and 5 was

surface
to move

at regular
dug in this

a2 wall\of the

pits

8oil layers were distinguished according to texture.
Soil sounpleg were taken to be annlaysced on EC  and

to,
s

particle scizc, ot selected layers also undisturbed

core samnles were taken to determince bulk densiticese.

2.1%4 to 2,16. The

bulkdensgity figures with 2 decimals are measurcd.

These data are given in figse.

The others arce estimated from lavers with similar

textures

From the bulk density, b.d., and the particle density,

pPe dey the porosity, por., can be calculated as
followsé =
Por = ( 1 = bod. / pede) ¥ 100 %)

- . -3
The p.d. is assumed to be 2.65 grame. cme from
the porosity, por., the bulk demnsity, b.d., and
the T.C. , . 4 the BECe can be calculated,

- 00
=

.
H

ECG 1

= (Vol, 7, 0% ) Sa turation 1 %(Vol,Ha0%) 1:1

.
a<

Vole, Ho0.% Saturation cqualg the porosity.

1 1

~
LA

Ais 1 cm3  soil weighs b.de srams H soil ~ilater

o

mixture contains b.d. ml. water per cm3d soil.

So 1 (Vol H20%) 1 2 1 = b.cde x 100(%)
BCe = 20 4311 ®x b, de ®m 100

l)oro
Tn this calculation it is assurnicd that mno precipit=
ation takes place, This may ant be entirely correct.

On concentrating the soil watcer the carbonates can

precipitate, thms reducing ECaoe

From the moisture data obtained by regular probing,
. . . ~ 1
5 profiles nre given in figs. 21% - 246 to show the

water movencents:

Lo
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a) vow o = - dry profilce on installation of tubes.

b) + - + = + after 2nd water application

c) 0 - 0 « ¢ 1 dny later, showing downwnrd movement of
water :

d) = = = = x 1 weok after irrigation ‘showing drying
Sf profile,

) ¥V - V.9 L wrecks aftor irrication.

o
The curves of the dry profile {a) indicates texture
changes in goil. ~s fine texturoed material holds more
water than coarse textured at the same tension, an
increase in water content in the moisture lines (4 )
incdicates finer texturc. The tubes 1, 3 and 5 were
coverced with polythene nnd the ton 10 cmdriced to
22 = 23%. The uncoverd sitcs, tube 2 and 4 dricd
in the top 1C cm. to 15%.

-igtic
Character for these 5 profiles is the texture change at

60 to 70 cm depth frowm 8i/5iL/C to LS/SL VWater movement

o~

is hampercd at this transition.

Pore sciZe in a coarse textured layer is larger than
in fine ﬁgxturGQ§Water coming from a fine textured
layer can only - i . Se.cnter the peores in the coarse
lover that have apurouximately the samc, small,
cdiameter. The bhirger pores cannot be filled as the
whter is retained by the fine layor with a higher
tensione.

e

Mads dis also reflected in the salt accumulations in
these profiles. “he fine layers have a low leaching
gggégiency as »nly soil wnter from the bigger pores can
s fthe uncerlying coarse layer. On drying the soil water
reatreats to the smallest pores, concentrating the
salts from where they are ha¥:ly to be leached,
Tubes 1,4 and 5 show some wnater movement into the
LS/8L at 70 cm. Lt tubes 2 and 3 this is alm~st nil.
The salt, accumulatic. in the fine layer (20/25 cm
to 60~ 70 cm) is also more preonounced at tubes 2 and
3 than at tubes 1, L ang 5, The hizhest salt accumula-
tions are in the borizontally platey structured

layers (shaded in fig 2.1% - 2.16)



=3¢ snie ZTeatures were met in 2 slayered pPro

Tilces

in .1 Ladariyah, tube 68 and 633 fig 2.17 and 2.18

Two Srofiles were examined at sites wure access tubes

~

2nd beom prohed during 3 yeors in crop=water-reguire-
mente studices. UC irr. = 2 omhs-cm fl « The proc.dure
wags g cescribed aboves ’

£11 analnyges rpoulis are given in figs.2.17 and 2.18

2o was calculated from 2ZC 1 : 1 and bulk density. The
porosity, calculated frowm bulk demsity, is given as
the potential saturation, all morces filled with water,

The moigiurs curve indicated 28 "yet!" is taken after

the last irr 1¢ﬁ€10n of a Borghum crop, when the profile
ou

is et throughk~.The "Iry' curve is taken at the

harvest after the crop nag subtracted water fron all

the profile. In profilc 62 3 more curves are shown

+
H
3
H
B

after flcoding 5 0O =0 « O 2 dnys later
% - % -~ x 1 month later. These show that in the
first 2 drys water is redistributing from *the top
20 cm  to the depth 80 - 138 cm. ifterthis no wmore
waten zoves downward.

Here olge it is clenr thnt wonter movement is iwpeded

accrosc an abrupt texture change from a fine toxtured-
into o ceoarse texturcd layor. This comresponds with
salt accumrzlations in profile 62 at 150/170 cm

2%0cm, 270 cmoe

In profilc 63 thesc 31t nccumulations are legs
pronounced probabilyy €ue to a lesgs impeded drainage.
Here galt accumuvlates at depths below 230 cme. after

being lenched from the zone.

2.8.4, Change in goil salinity resgulting from irrigations
Scdil salinity was meagured boefore nnd after growing a

i
Sorghum crop soil samplces werce taken at exactly the
sane site before and after. This was dome in the

n

arm as Wadi Zabid and at Gupeisha. The soil

at the Tele:o farm is ~ Loam to Silty =
. -1
Clay- Loinme IZrri ation water has IC = 0,72 mmhs cm™ .

In fig 2.19 the moisturc curves and BC 4 ; 1 curves

from tubes 105,106 and 102 are given.



P

The plot around 105 and 106 4ig irrigated twice and
next allowed ¢o dry. Depth »° applicd water for tube
105 = 182 mm; for tube 106 = 159 mm. The following
neisture lines ~ro givens

(2)
(B) + = 4+ = + after first irrigntion

(c) Q «@Q ~0C 9 days after (b)

i
i

dry

(d) X - X = 4 ofter 2nd irric-tion
(e) V = T =« 7 43 “avs after (d)
() A =/ =/ Bweeks after (a)

It co

top 45 cum

second irris tion wots the topw 70 cm (tubces 105 and

106) . .ftor rodistribution the water moves to 90

cm {tube 105) and very 1ittlc moves €o100 em (tube

v

-

8 wecks lntor the profiles arc almost dry.

4s there is mo leaching from the top 100 cm the
increase in salinity is obviouse.

Redistribution nftor the 2nd dirrigation is differont
for tube 105 nnd 106, 4Lt tube 105 much water movew

to 70 cime CGopnihe Ot tube 106 this is much lesse
Salinity inmcrense nt tube 105 is zore than at tube 106,
At both sites the top 20 cme. hnas only slight chonge.,

tube 185 c¢ven smnll decrensce in the top 10 cm,
The plot ot tube 102 has been irrignhted 5 times.
In fige 2.19 the followin; meisture curves are shownt

(a) . = « - xry
(b) + = + = 4+ . after 1st dirrigntion

{(c) O =~ 2 =0 9 dnys after (b)

() X = I = X nfter wnd irrigation.
(e) V=V =7 dry before noext irrigations

(£3 A = A= A wet after next irrigations

"The first irrigation wots the to &5 cm. The sccond
reaches to C5 cm. depth. ‘Toter from next irrigntions
moves below 1 me AHs @ access tube No 102 is only 1 m.

decp uno data from greater depth arc available. The <ry
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and wet curves before and after next irrigations are

also given.

At this sitc there is leaching of salts from the top

meter as is shown by the EC lines,

121
Aithough irrigation water salimity is not very high
at this farm, compared to other ground waters in the
Tihama, a notegufficient water application leads to

increase in soil sali®ity,

The soil salinity at the threc sites imvestigated,
tube 102,105,106,is not very high and in observing the
necessary leaching requirecnents, this can be kept

at a Eolerable level.

. . . . - pe s -1
In Gumeisah the irrigation water has BC = 2,2mmhd.cm

L% 32id beforce the soils v,ry cnormously over short
distancec. 4t the site of tubPes 4S8 and 58, were change
in salirity is studied before and after growing a
sorghum cropys the soil profile is gquite uniform Sandy
Loam to Loamy Sand with very gradual changes between

the layers and without clear layering.

This plot has been irrigated 8 times. Shortly aftoer
the last irrigation an unasual big rain storm (60mm)
flooded the ficlds Also run off from adjacent ficlds

covered the expcerimental plotes

1
A

The moisturce curves shown are ¢

(a) s=-we  dry

(b) 4+ =+ =+ after 1st irrigation

{c) O « O « O after 2nd irrigation

(d) x ~x =x ~before 4th irrigation

(e) ¥ - v = v after big rainstorm

The depth of the first 6 irvigations was as follows:
Ls 53

1 3 imm 7 b

2 6 imm 5 3mm

3 L.Omam 5 dmm

4 6 9ram 50mn

5 3Cram 26mm

6 4 2rm 65mm

It is clear that 55 got more water than 48. This
can also he scen from moisture curve (d) % - % - x

beforc the 4th irrigation. At 10Ccm 4S5 has



19 vol% and 58 has 25 vol% (curveld)) At tube 58
there is a cleaé decrease in salinity in the top

30cm but at tube 45 therc is an increase.

This is also conmectced with the fact th,t tube &S
isg situated on a ridge and 5% in a furrowe. The
top of the ridge is mnot leached through and salinity

accumulates herce

As the irrigation water infiltrates in the furrow
a ¢lcar decrease in salinity in the top soil in

the furrow is obvious.

At b4S there some salt accumulation at 50=-90cm and
150-170cme At 55 at 65«90cm and at 130-160cm,
These are small accumulations that can egsily be

leached towards greater depthe

In &8 at depth greater than 260cm the salt ,ccumulates
after being leached from the root zone. This is

-C
the same feature as encounter in profile No.63 at

Madaniyah (£fig 2.18)
2.85 Change in soil salirity after excessive flooding

At Gumeishﬁ farm a plot with tubes 28 and 38 was
flooded 5 times on the same daye. Infiltration rate

was quite high and is given in tablec 2.9.

Table 2,9 Infiltration rate experimental plot Gumeisha

access-tube 25 access~tube 38
initial 8 3mm hr"i‘1 99 mm hr:i
after 1 hr 73 mm hr 74 mm hr
after 2 hrs 66 nn nu 66 o n
after 3 hrs 62 n n 66 n n
after 4 hrs 58 v n 63 . n

In fige 2021 the foilowing moisture curves are
givemns
(a)

(b) + = + = + after flooding

(¢) 0 « 0 = 0O 1 day after (b)

(d) ¥ = X = X 1 week after (b)

(e) V oV = ¥ 35 week after (b)

From curves (a) aid (b) the total depth of applied

]

« . hefore flooding



water can be calculated for 25 this is 245 mm. For
35 3 195mm, Tube 28 is situated in a furrow, tube
38 on a ridge. This has affected the amount of

water infilirated at thesec sitcos. .

After the flooding water has infiltrated to 120 cm

at 28 and to 97e¢m and 38 , Next day redistribution

has takon placce and 28 is wet to 200cmy 3S to 170cm
Redistribution continues and it can be seen that 1 week
later at 38 the water is moving down to a depth

de per than 250 cm.

This has its cffects on soil salinity, Ec121 data
before and after flooding are given in fige 221,
As result of previous irrigations of sorghum on
%his plot there is some salt accunulation din these
profiles, At 38 there is accumulation in the top
soil as this is situated on a ridge. In both 28
and 38 salt accumulates at 80 ~ 90cm depth these

features are also encounterced in profiles 48 and 58

{scc section 2.8.4).

As result of the flooding the soil salinity has

decreasad,

The salt accumulation in the ridge has been removed
as also this ridge was covered with water. A4t

8C - 90 cm depth the salt has also been removed.

At 284 in the furrow, the flooding did mot change
the salirity in the top soil, Salimity was already

low here duc to the preceding irrigations.

As result of this studies it can be said that in
profiles where the drainage is impeded by abrupt
texture changes from fine to coarse texture, salt
gecumulates in the fine textured layers, This occurs
ibcally in the alluvial plain soils, but as therec is
much variation even owver short distances, the over

all effects arce limited.

When lecaching is not sufficient salt accumulates in
the root zone of the profile, not only in Gumeisha,

where EC.q = 2e2 mm hSoCm“ig but alsc in Wadi Zabid,
iv



wlf5

TDA Parm, where EC, = 0.72 mmohs. om™ 1
Flooding removes the salts from the root zone as

is shown in 2 profiles at Gumeishae.

More detailed onalysds of thege data arce possible
in a simulation study on salt and water movement

in soilss



2.9 7. Regiomnal distribution of water gquality and

s0il salinity

In the foregoing the chehistry of the groundwatcr
and of the soil salinity is discussed, another
very important question however is in which areas
solls arc affucted by salinitye. To get some
ingight in this matter the origin of the soil
galinity should be understood, The soils in

the Yihaua are wadi and wind derosits. The

wadi doeposits arc freshwater gediments and have
a nolm saline origine. 2he soil salinity is a
result from irrigation with high-salinity-
water, The question where to find salt-
affcected~gsoils is also dircectly linked to the
regional distribution of the groundwater gualitv.
The wadl water used in the spate irrvigation
system coa;alns very little salt (IC less than
C.70 mmhs cm ) and no salinity nproblems occur
in these arcas riginally, lands at the lower
(western) end of the wadis were uncer srate
irrigaticii. Increasing sixill in building
diversion shtructurces and in randling wadi

floods opened the possibilities of using the

water more upstream and nowadays the spate
irrigated lands are concentrated in the eastern
part of the wadis. In the western areas the
old spate lands receive only occasionally waddi
water, oncc a year or less. Since about 10 vears
many pumis have been installed here to use
grouncdwater for irvigation. Cutsicde the spate
irrigated areas agriculture depends on rainfall,
where this is sufficient (in the castern part
of Tihamalo. Iso in these areas Tumps have
been installed as rainfall is irregular and
varies fron year to year. Iin fig 2.22 this

is givern schematically for an imagimary wadi.
The groundivater is replenighed with water

infiltrating from the wadi, and it moves slowly

. . . . -~
westward to the sea., The aguifcr consists of
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deposits comtaining salt, Pos3ibly marine sedimentse.
Also underground rocks-1lt formstions cxist. In
bwalif this formation surfaces and the rock salt is
mineda. lioving through this aquifer the groundwater
dissolvesg some salt.  The gencral pattérn of iso-
conductivity lines for an imaginary wadi is given
in fig 2.23. Close to the wadi,also close to the
source of replenishment, the groundwd%er contains
little salt. Jith dincrcasing distance from the
wadi the salt content increases,. In the arecas
which depend completely on pumpwell irrigations

the groundwatcer quality is worse tham in the areas
where well irrigation is additional to spates or
rainfall, llaps of isoconductivity lincs in Wadi
taur, “Jadi Siham and Yadi Zabid are given in

figs 2.2k, 2,25 and 2,26, They have been derived
from data in other r ports (sco rcferences) but

are given heroe for the sake of completeness.

fis outlined in scction 1 the easternpart of the
Tihama comgigtig of alluvial fang with silty loam
soils. The alluvial plain at the lower (western)
cend of the wadis have sandy lecam to loamy sand soils.
This division in snil types combined with the

general pattern of groundwater salinity gives the

following simplified picture.

very high salinity water~ sandy loam to loamy

sand soils.
medium to high salinity water- silty loam soils

Ls described im section 2.4 low salinity of Tihama
croundwater is linked to low values for S5/l and

adj. SBA. In general water with 3C less than 1.5

mhs cm™ L have 2dj. So less than 10, t WithiIegards to
the. goilpermeahility hazard, related to high adj. SAR
values, the following balance ex1sts.

- water with hlgh adga SAR value applled to llght
texturdc coil: o
very low probabiliiyrof incidence of impermeability
problemg hecause of the llwhﬁ 3011 texturo.

- water with low adg. SAR value 1pplled to hcav1er
textured goils . 1 S e - & s
bowbured skl ‘ .
very low pirobAbility of incidence of impermeablllty
problens because of the good water qualitye.



In goneral impermeability problems are not
likely to occur im the Tihama. There may howsver
be spois where the adbove bgntioned balance not
hol and silty sodls are irrigated with water

ds
with high adj. 5S4

Lpart from this, hazards of s0il salinization cexist.
=3

prest

These can be kept in hand with good watcermanagemdnt
i.e, adequate leaching, which is not hampercd by

sodil permeability.

From a number of farmers ficlds soil samples have
been taken and analyzced on total s~1t content.
These fields are demonstration~ fields from the
projects extension gsceciion. They arce located
around the extension comtres -in Law ia, Zaidiva,
Zohra, Gumeisha and 3ajil. Their location is
civen on the maps from fig 2.24, 2.25 as far as
poosibles Analysis data arce pregented in ammnex I,
table Tale Interpretation however should be

donc with much resgervation as .uch variation in

scil salipity exists, cven in one field.

S0il salinity is high in the Law-ia area, particularly
in Le¥W:ia, Assola and Draibmi. Irrigation water

here is extremely-high~salinity-water (EC more

than 5 mmhs. cm"l),\see annex I table I.3.

Groundwater salinity in Yadi Mawr and Wadi Siham

is higheyr than in other wadise. S0il salinity
is high in Murwagh, Zohra and liawr. Irrigation
. . . -1
water in this area has EC 2 to 4 mmhs. cm "o The

fields around Gumeisha (lower end Uadi Siham) show
also high soil salinity, 2C irrigation water herec
is 2 to L mmhs. om.® The other fields, arouad’
Bajil and around Zaidiya, Dhahi and Quravis have

Jow soil salinitye.
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2«10 Management Uractices and Crop Selection

In section 2.2.1 the neccssity of leaching

is explained when irrigating with water
containing soluble salts. The leaching
requircement depends not only on the water
quality but also on the salt tolerance of

the crops under cultivationa In table 2,10
the leaching requirement is given for a

number of crops grown in the Tihama,. This
table has been derived from the crop~tolerance=-
table (table 2,2) and foruula (1) (section 2.2.1).
These figures are only approximate, as also

the 2C wvalues of the irrigation-water are

averages for the mentioned area.

Existing dirrigation practices are of the
basin~irrigation type. In the wadi-irrigated
areas the fields are surrounded with dikes.
When there is a flood a big quantity of water
hag to be held on the field as the wadi spates
are irregular. Farmers are so familiar

with thig.ihat the method used with pumpwells
is basically an imitation of the spate
irrigation. The discharge of a pump is less
than a wadiflood but more freguent irrigations
are posgsible. Much smaller basins

surrounded by lower ridges are sufficient.

2,11 Leaching Requirements for wvarious crops and
water qualities in the Tihama (10% yield

decrease allowed)

area Law ia | Y.Mawr | W.Sibham ! W, Surdud,
i ; V. Rima, W.Zabid

BC iw 5 34 j 23 1-2

(mmbs,
en)

crops :

ggry sallf - » 1
tolerant 7 §

cropss

cotton, 1 ; é

sorghum,  20% 10-20% i 10% ; 5%




area Lawis e Mawr WeSiham We Surdud,
millet, .-
sesame, 20% 10-20% © 10% 5%

date palm

WeRdima il . Zabid

Salt tole,_ i *{ Ehcchters
rant crops: :

groundnut,
tomato, '

cucumber, L40% 20=30% 16=20% 5-15%
cantaloupe,
squash, water-
melon, sudan
grass, alfa
alfa

salt sensitive
crops:

corn,citrus,

mango, sweet = "40=50% ' 20-30% | 10-20%

potato, pepper,
broad beans

very salty
sensitive
crops:

onions,beans

i heyona
econonic -
limit

20~30%

The amount of water applied with cach irrigation

varies enormously. Also the digtribution over

the field is very umnevene. The lower parts of the

field are getting much more water thanm the higher

spots. In general an irrvigation is finished

when the bagin is filled, regardless of the

evapotranspirative demand of the crop. Without

going into details it can be said that this

irrigation method results in big field losses.

Zspecially in the beginning of the growing season

when plants are small much water moves downward

leaching excess salts. The traditional way of

irrigation is such that a certain amount of leaching

is obtained as part of the system. Improvements

in this system should be aimed in the first place

at a better water dist¥ibution over the field.
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This can be achicved in the first place with

good levelling of the lands, dasins can be

made small but this affects the possibilities ot
mechanization, Furrow irrigation provides a gopod
water distribution but farmers and land labourers
are so accustomed to basin irrigation that they
consider the furrows as small basins that need
filling to the top. In Gumeigha farm the standard
lenght of the furrows is 80m., and the irrigation
practices officer showed on a triale-plot that 160m
long furrows arce also possiblc. In these furrows
the water level mever gets high, This is also not
necessary as sufficient water infiltrates the soil
during the time the stream needs to rcach the furrow
end. Jut the labourers, seeing that that the water
level in the furrow remains low, start blocking the
furrows and cutting the ridges, in order to stop the
water from flowing to the ends, In this way the
irrigation systoem evaluates into a kind of furrows-
in-basins system. But as almost always one furrow
is deeper than the other the former ome gets far
more water, Overhead irrigation systems give a
good water distribution on badly levelled fields,
However, the technical knowhow reguired for operation“
and maintenance and the high investment-and operation=
costs make this system less suitable for use in

the Yemen, nlso the use of irrigation water,
containing an appreciable amount of salts may

result in burn or death of the plant leavess

The amount of water applied with cach irrigation

can be measured rather accurately and cxcesses
giving the necessary leaching have to be applied
explicitely. In general when more cfficient
methods of water application are introduced the
necessary leaching reguirements should not be

neglected.

Suitabilityvof arca for certain crops depends on
a number of factors : soil comndition, irrigation-
water-salinity, wind and wind erosion, As

outlined in secctions 1.2, l.7 and 2.9 there is

quite some variation in these factors for
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for different places in the Tihana as example of a

gequence acrosg.the Tihama from west to

cw

east, may servc the lands of the large~lande

owner Boushari who lives in Mrawah. These lands
are situated in the Jadi Siham aren. Their
location is shown on map 2,25, Herceunder a short

description of cach farm is given with the

recomiended cropsge

No. 1: 41 Bousharia, located 2 km west of Mrawah, -
north of Hodeidah~Sana'z road, surrounded
by sanddune area,
soil tTexture: loamy sand
Irrigation water: ECa 2,00 mmhs, cm"lg pH=7.3

Suitable for cotton, sorghum and datepalm

No, 2: Deir al Hgha. located 2-3 km. cast of
Mrawah, southeast of mainroad, surrounded
by sanddune area,.
s0il texture: loam
Irrigation water: EC= 1,26 rushs cmul; PH=7.5
suitable for sorghum, cotton, maige,
tomato.
less suitable for vegetables or onions

not suitable for fruits

0

No. 3 agir, locaied on lowest terrace, next to
the wadibed just behind Jebel Vaqir

soil texturece: loamy gand

Irrigation water: EC=1,15 mmhs. cmf}; pH=743
Ag o incidental high floods may cause
mechanical damage the crops on the field,
bananas oxr other fruit treecs should not be
roecoomended. Suitable for vegetables,

tomato, melon, sweet pepper, onion

No. 4: Wacdi Ciham, located om terrace, + 1.5 km
from wadibed south of mnoe. 3 surrounded
by flat terraced land occasionally
rceceiving spates.
soil texture: sandy loam
. . . - ) =1
irrigation water: BEC=1.93 mmhs cm " 3pH=7.3
suitable for cotton, sorghum,tomato, melomn

less suitable for maize, onion, sweetpepper
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Noo. 5 EKhaza'a, located 3 km cast of Khalifah,
surrounded by filat terraced land occasionally
receiving spate's

soil texture: loam

irrigation water: ZC= 1,32 mwhs cm_l; pH=7+3
Suitable for sorghum, cotton, maize, towatoc

less suitable for vegetables, onion

No., €& l1iihfaya, northbank of ¥Yadi Siham near Jobel
Falafilah surrounded by wadi terraces. Due
to high location flooding is mnot likely
to occur,
gsoil texture: silty loam
Irrigation water: 5C= 1,15 mmhs cm“l; pH=7.6
SBuitable for fruits ( banana, mango) and

vesetableso

CONCLUSIONS AND RRBCCHMMENDATIONS

The agricultural land in the Tihama can be divided into 2
main landscapes: the alluvial fan with silty loam soils and
the alluvial plain with loamy sand to sandy loam soils.
Irrigation on the alluvial fan is by spate irrigation, or
rainfed with additional pumpwell irrigation. In the alluvial
plain mainly pumpwell irrigation occurs. The groundwater
which have high s linity and SAR are meinly used on light
textured soils and permcability haszard is low. To awvoid
salinity hagard the necessary leaching roguiroments should be
observed, Irrigation practice at present is basin
irrigation with wmuch over irrigation giving a certain amount
of leaching, although not well controlled. Improvements
should be aimed at o better waterdistribution over the field
and at reducing field losses, though not mneglecting the
leaching requirementse. The leaching water pnercolates
downwards and will eventually reach the groundwater. In order
to cheque the influence on the groundwater salinity of this
highly concentratced nercolating watcer, the EC of a number

of wells should be chegued at regular intervals e.g. monthly.

Regular cheque of the Gumcisha wells did not show a
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a significant increase in salinity vyot, Investigations

in layered soils show that soil salinity occurs in fine
texture layers, where these overlay coarser textured
layvers, This is due to an impeded drainage at these
texture transitions, It is found locally in the

alluvial plain soils, but being torrent depositsy there is
much variation between so0il profiles even at short distances

and the overall effects arce limitod.

It is shown that if scil salinity has accumulated too much
the salts can be leached from the rootzone by flooding the
lande

From the main wadi areas, Jadi Mawr, Jadi Surdud, tadi
Siham, ‘adi Rima and Tadi Zabid, soil maps or irrigation
suitability maps have been pFBpared or Aré in preparatiofie
Bach of this map is prepared By a differcnt engineering

tontractory to a différent scald and with & different

IO
Oy A

Ll

o

Lo

legend, i e ot

It is recommended that these various soil maps are reworked

to a uniform legend and that a soik survey of alil the Tihama

is conductecda. The land types described in this report may
A

serve as high mapping and classification umnits.

When the soil laboratory in Taiz is equipped to analyze
microelements, soils and irrigation water should be chegqued
not o:ly omn micronutrient deficiencies, but also on boron
toxicity.

At present other factors are more limiting to agricultural

production than soil salinity and alkalinity.
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This annex contains the following tables:

Table I.1 Bata on soil salinity in farmers fields
I.2 snalysis results of seoil sawmples from cotton

experimental field (Gumeisba (1976)

I3 Irrigation water analysis results

Analysis results of samples taken mnear neutron-probe access tubes

Table I.h tube 1-% (Gumeisha)
I.5 tube 62, 63 {(Madaniyah)
1.6 tube 102, 105, 106 (TD. farm, Jadi Zabid)
I.7 tube 48, 55 (Gumeisha)

I.50 tube 235, 35 (Gumeisha)
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Table I.1 Data on soil salinity in farmers ficlds {(sampled Junc 1976)

Exte i o 31 NS o
fxtension Loca- Depth Toz €151 pul Loca- Depth  EC
tion {cm) ture L 1:1 pH
mmh tion
{cm) mrh s
-1
cm -
Cm
Al Morra O30 5iCl .65 8.31 43 Lawria 0-20 1.10 9.2
farm of
- NGE & bl @ L3
6C 5iC Q.31 Sok ibdalla G 1.13 9.1
-90 5iC 1.08 8.2y Uhedid -60 0.85 962
80 2,0C 9.3
~-100 2,10 T 7
P "0-30 3ilL 3,60 8.2
Lawria
-6C L 2. 60 8.2
GO L/OL 1.1h C.h
Al 0-30 L 3.70 &e5
Abbassi
-G SL 0,46 8.8
~G0 SL 2633 8.9
Assola -3C L 2.05 e
V=60 L 1,06 E.7
~90 L/CL 1.3% o7
Al 0-30 5L 16530 8.7
Draihmi i
~60C SL 2,10 8.61
-¢0 8L . 3650 Q. k
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o t 3 - . S P n B
xtension Loea Sample Tex ECl.‘,l pH | Loca~ + Sample Tox- Ecl'l pH
Contre tion Depth  ture mh s tion Depth ture mmhs
{cm) e (cm) 1
Ccr
Zaidiya Dhahi 0=3C L 0.53 87| Zaim~ 0~30 i Osh6 8.6
1 ¥km E diya
- 5 | 8e -60 Si . 8.8
60 SC1L  Ge57 8a7 12 kms 6 SiL 0.27 {
-9 L 0e67 £e9l 2 0of =00 Sil 0,32 8.7
village
Zaidi= O=30 SL  0.52 9, 2| Quinawis0~-30 SL 0.45 9.0
ya
% kms =60 SL 0,46  9.2{% F®S  _eo SL 0.38 9.1
N. of 5. of -
- o . - ; 0.31 .
village 8L/ 0.55 o2 village 20 Sk 3
SCL
Zaidi- 0~30 SCL 0.5h 5.C
ya
2 kmg =GO SL 0.60 8,8
Berof o0 L 1.25  G.9
village :
Zohra lVurwagh C=30 SL 1.44 Seltl Deiral 0~30 SL 0,25 941
] . Sheikh
(‘}]ad'l "‘60 L/ 10 60 Co 3 "'60 SL O 9‘3& 9. 2
SL
Mawr)
—-9C SL 0,04 865 «00 SL  1.50 9.3
Zohra  0-3C  SL 2,80 1.6} AL 0=30 5iL/ 0e32 8.5
" Jubai- SicCL
1 km,W _.60 SilL 2055 805 h —60 L 105? 8;4
riya
of vil- ye
"90 L lGGO ("07 "'90 SiL 0.85 8-5
lage
.00 a.6
Mawy 0=30 L 1.00
% km S " 8
M ,\‘ CL OC - @ M
of vil- ~°° > %
lage 90 L 0,20 9.0




Extension Loca-

Sample Texe EC pH | Loca~ Sample Texw. EC pH
Centre tion Depth ture tion - Depth tare-
Gumeisha Gumei- 0-30C C 1.85 8.6} fm 17 0=-30 SL 13367848
sha .
on Taiz -
o i 85 b
1 km 60 SCL  0.63 8.8 road 60 SL 0658 9,2
East i
=90 SL 0663 9.0 «90 LS/ 0650 963
SL
Dair C=30 CcL 1,46 9.1 Llzaaw 0~30 B8L 1.5 .8
AL faran
(2]
Zogeria ~-60 L 1.80 9.0 -60 SL 1,50 857
=90 L 1.50 9,0 ~90 SL 4,20 862
Bajil Bajil 0=30 L 0u3k £o.6] 3ajil  0=30 L 0,88 84k
60  SL 0,30 8.7 28 E 60 L 0.74 865
Bajil 0-30 Sil, 0.66 8.2
1% kms. N -50 SL 0.29 8.4 Bajil 0-30 L Ce55 8.5
1 Kin B .
«90 SCL 0024 8.4 «60 CL 0655 8.k
«8C CL 062 8k




TABLE I-2

Noa Repli-~ Treat- Depth % sand %silt % clay USDA  ©E ECC CACC‘3

cation ment (cm) iiﬁ; mmhi
cm
1 1 1 0=20 27 57 16 8iL  $.& 3.5)  3.¢C 33
2 40 5 55 20 SiL 8.9 2.23 3.2 1.C 7.0
3 -60 k9 29 22 L £.7 2.7 L,n 3,6 5.7
I3 -80 25 7 8 LS (a9 1.20 1.0 ik L.s
5 -100 75 13 12 SiL Te7  1.35 1.3 2.4 3.6
6 -120 €7 19 1k 5iL 2.7 1.16 1.C 2.k 3.3
7 1 3 C-20 29 55 16 SiL .9 2.8 7.0 1.8 2.8
o ~40 25 57 16 SilL  S.0 1.72 c. 6 0.8 762
5 -60 25 L5 3¢ CL £.5 3.50 6.0 1k.2 5.@
10 -3¢ CL L 12 ] Le2 1,46 1.3 & 363
11 -100 76 12 12 SL 8.7 1.32 1.3 3.9
19 -120 72 12 16 SiL 7.5 1,890 1.5 4,2
13 1 5 =20 Lo Lk 16 L S.C 1.55 5.1 €.6
14 Lo 20 6¢ 20 SiL 9.0 1.26 £.8 £.6
15 60 74 14 iz SiL 9.2 .96 2.2 bo1
16 -0 & 6 10 LS5 S«3 2.59 1.3 2.5
17 -100 76 10 14 SL 2.2 0.09 1.5 2,5
18 ~-120 70 14 16 5L 8.8 1.1C 1.7 2.0
19 2 1 0=20 37 5C 18 5iL 9.0 2.10 6.5 6.5
20 -4o 1k 8 18 SiL S.8  2.80 Ta.u 6.0
21 -6C 27 64 R 5iL 0 8.8 3.25 5.3 5.4
a9 -G0 12 7h 8 Si 8.9 2,43 3.1 Loy




Contdocosocos Table 1.2

.
No. Repli- Treat- Depth % sand Y% silt %clay USD. pH ECe call % Jater S0l Cate. THECH
cation ment (cm) Eex- mmgs 3 neg. 71 Na o
ture -1 ca  Hg T Ha meq/10C!
cnm = gran
23 2 i £0-100 4o 52 g 34l Cal 2,29 Lo 2e¢3 nil 0.25 20,0 L, &
ol -120 38 54 £ 51T 8.4 2,53 2e7 1IC.0 6.2 ¢c.28 17,5 1.9
25 2 3 0-20 26 58 16 JiL o 0.8 3435 A.5 2.6 C.8 0.1 35.5
26 -40 is 67 1k 5i £.8 3.63 6.7 Je2 1.0 0.1C L1,5
27 -0 i3 69 18 SiL T.7 3.63 A.5 5.C C.C 0,10 4o.5
28 -0 L3 Ly 10 L 2.7 2.55 ba 5.5 mnil 0.13 28,0 :
29 -100 o5 7 & SL Te7 1.3C .0 “el 0.0 £o20 21,0
30 -120 o5 7 8 SL "e7 0.95 1.t 2.2 0.6 0,29 14.0
31 2 5 0-~20 21 65 R AL 2.0 2,10 7.lC Ce2 2.0 0.12 27.5 6.7
2 -L0 19 63 18 SiL .9 R.00 A0 1.6 mnil 0.15 4€.5 5.5
33 -60 19 €5 16 SiL (.7 k.20 6.L 1ol C.6 0.12 43,0 5.9
34 -&o 3% 51 10 SiL 8.8 2.35 .2 3.4 nil 0.13 23.C b.C
35 -100 25 5¢ o 2iL 8.4 2.95 5.3 11.4 =il 0.17 29.5 2.7
36 ~120 77 i3 2 1.9 T.7 1.45 1.5 L.0O 1.8 0e21 20.0 C.2
37 3 1 0~20 25 59 16 SiL £s5 5.50 6.2 5e 2.0 ©.30 L46.5 -5
30 ~Lo 19 &3 17 CiL Gof 3,70 7al 2.3 0.0 0.14 37.C 6.7
39 -60 19 £5 16 SiL T.6 h.BO G.0 il.2 =il C.13 42.0 £.6
4o ~80 39 51 10 SilL 5 2,70 .2 5.2 mil C.13 2L&.3 3.8
4i -100 33 59 e SilL £.3 3.1C 5.6 11.6 1.2 C.27 24,0 2.4
4o -120 82 ic & Ls Gak 2,15 Le5 7-- C.1 C.29 15.0 C.7
43 3 3 0~20 26 58 16 5il  $.0 1.75 6.4 Ok nil 0,13 2C.5
LA ~40 20 62 i8 4L Tef 2,00 C.b6 1.6 =il 0.15 32.5
' - - s 0 e oA v o & L .5 C?’;’A' 11 Ao
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Contdeeescesccacces Table Io2
. i Dep % 3 %sil % DA B alQ
ture om™ 1 Eeg :_," mle\]a/
-e g K DNa q
) 00 Grec
L6 -80 2k 62 1L SiL 8e3 3.20 6.1 7.2 046 0.15 25.0 !
L7 ~-100 ik 7L 12 SiL ol 2,00 6.3 10.: 0.6 .18 20.5
L 3 3 100120 L7 36 i6 L De3 3.C0C 4,1 13.F 2.4 0.22 15.5
ho 3 5 ~=-20 32 52 16 SiL 5.0 1.75 S.1 1.k nil C.16 10,0 5,2
50 ~ b 26 50 22 5iLl f.6 3.5 £.5 3.2 2.0 0.15 37.5 b,
51 -E0 20 56 16 SiL Tolt k.15 5.3 14,6 1.2 G.23 32.0 3.5
52 -0 36 52 12 SiL Ce3 2,25 5.5 7.2 nil 0,19 15.5 2.1
53 =100 36 54 i0 GiL Colt 1.7k b7 7.9 mnil C.21 11,5 1.6
54 -12C 20 6L i6 CiL (o3 2.3 L3 10,7 2.0 0.22 10.5 1.7
55 4 1 0-2C 26 57 16 il 9.2 C.90 5.4  C.& =mil C.09 12.0 5.1
56 -4 2k 52 ok 5iL £ hoST 5.2 10,2 nil C.1k  39.0 6.1
57 -60 16 66 18 SiL Sk k.55 548 d2.2 2.6 0.15 36.5 5.1
50 -0 26 61 13 SAL foh 2,23 Moo 7.6 Cef .13 22,5 b3
59 -100 3C 66 11 SAL £.3 2.20 h.3 5.2 1C.C T.16 15.0 1.7
0 -120 16 59 i5 SiL fobh 1,51 6.7 H.4 ril 0.15 12,5 3.5
61 L 3 0=2C 2k 61 15 SiL 2.2 1.2¢ 5.k 1.2 ril 0.18 15.C
£9 -4 %) 39 19 L 87 2,90 L.% 5,2 il 2.27 29.C
63 -650 56 35 9 oL D25 2,50 7.0 5.0 1.0 Ca3hk 21.C
64 -0 6L a7 9 5L £e6 1.70 6.3 2.0 zil 0,27 1h.s
65 -100 56 35 9 SL Calt 1.5 6.5 5.0 350 0.25 10,0
£6 ~120 Lo ko g L Te3  3.20 7.0 15.0 £.6 0,29 13,0
67 & 5 0-20 26 55 19 5il 9.2 0.87 Ya" mnil 1.8 C.1iLk 15.0 b7
68 -40 27 69 2 Wi 8. 3,20 $ef $.2 ril C.15 30.0 4,9
69 ~-60 i8 73 9 Si £eB5 3.70 (.5 1T.2 5.8 0219 27.5 3.8
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Table 1.2

NO. REILI~ TRE,T= DREITH %sand %silt %clay Usn.. pH 2C, Call rater Sol. Ca -
CATION HINT (Cm) TG mmh s "6 . -sl (SR AR
- Na
ture -1 e3. L
cm e
Ca Mg X Ma 1»§Cq}
[ ar.
70 -&o 20 71 9 RE1 8ok 2,453 Te5 5 2.8 0,18 20.0 2.2,
71 -100 2k 67 2 5iL  Go5 1.4% 7.8 Lo 1.6 0,18 1L.o 1e6. -
72 -120 22 69 9 8iL 0 Ce8 0.9 £.0 3.6 nil  G.15 11,0 5,7



“ Table 1.3 Irrigation water analysis resulis

Location pH E C Ca Mg R Na HCCq ce Cc1 5C,, -
v . 3 = Ne 3
nnih s { i - "‘l}
-1 me§~i_,
cra
1. La¥ ia 7.7 k.20 6.5 Co6 0,11 27.5 7.7 nil “a.l 15.3 1.53
2. Law ia 7.6 3.25 7ot 5.6 0,10 21.0 7.9 nil YD Eoh 1.32
3. 4l Gerubah 7ok 0.80 L2 C.C  0.l2 3.C 5.0 nil 2.C okt J.21
Lk, assulah {Law ia) 7.3 b.bo &.o 8.4 0,11 33.5 4.3 nil 9.0 7.3 1.43
5. Maghalisah 7.7 5.5C 5.0 9.0 Q.11 39.0 9.6 nil 36,0 7.5 1.65
{(Law: ia)
6. Maghalisah 7.6 Lk,10 6.6 7.0 0.12 37.0 5.2 nil 21.C 134 1.93
(Lavwsia)
7. Alparbah (Law ia)7.4 7.7C i3.2 16,4 0,17 51.5 7.0 nil 62.5 10,8 157
8. Algarbah (Law ia)7.5 .50 7oL 170 0.15 9C.0 10.2 nil 68,8 12,1 2,07
9. Wadi Makhel 7:6 £.30 3.8 19,0 0.07 €0.,0 5.7 nil 65.5  16.0  1.57
(Law. ia)
10.Taif £.0 L. 30 .5 5.0 G.24 42,5 .1 nil 3L.0 7o C.57 .
11.41 Mangoom 7.6 3.75 7ok 5.2 0.17 2C.5 28.5 nil “3.L 6.1 1,04
(Lawi: ia)
12.41 Draihmi 7.k 5.50 15.5 16,8 .22 55,0 55.0 nil Brian 17.9 1.71
13. 41 Garabeh 77 0.77 5.0 L,2 0,06 2.0 5.2 nil 7ef 1. C.Ch
No. 1
14, L1 Garabeh 7.7 0.77 5¢2 k.o 0,05 3.3 5.0 nil 7el 1.4 c.o7
No. 2
15. kishrafah 7.4 .56 3k 1.4 0,11 2.6 3.4 nil 3.7 0.5 Ca.21
16. Wadi Hachlah 7.6 0.65 Bak ° 0.09 1.7 5.6 nil 5.5 1.2 C.c6
17. North Gumeisha .1 3,70 (.2 5.0 0.14 29.5 5.5 nil 21.0 12,6 3.71
18. South Gumeisha 7.7 2,26 2.5k o6 0,06 21.5 7.0 nil 12,2 6.3 2,27

No. 2

49



COntdoa ca®vsom T/able IQB

LOCATION pH 5 C Ca 2 X Na HCC‘3 603 c3 304
mmh s =3
-1 meg.
[#3 4]
19. South 7.8 2.28 3.0 2.0 Ce13 22,5 6,8 =il £ 8 9.2
Gumeisha No. &
20.5outh 767  2.05 2.2 2.3 0607 18.5 8.3 nil Tols  Eod
Gumeisha No, 5 .
21,South 7.6 2,05 2.2 C.C 0,07 22.5 £,8 nil 6.4 S.h
Gumeisha No.b
22.South 740 2.06 1.8 1.6 0.00 20,0 $e3 nil 6.k Sek
Gumeisha No.7
23.South 77 1.93 2.8 0s2 Coe07 18.5 2.3 nil 5.8 SeT
Gumeisha No,&
24, South 75 .94 2.0 2.0 0.07 18.5 3.3 mid 6" 5.5

Gumeisha No.9

Be 36

204

1.92

2011

0Ok

o



Contdoscoso Table I.3

Description of samples

NC, LOCATICN

1 Law, da pumpwell, farm of Sheikh Vahia 1 Zeghir
2 Law. ia punmpwell, farm of Aldulla ITbheid

3 Ll Gerubah statefarmy, Wadi Rimay pumpwell

b Lssulah pumpwell, farm of Vahceh Wahbah

5 Maghalisah village well

6 ﬁégﬂélisah pumpwell, farm of Salch YJahban

7 Al Garbah pumpwell, farm of .shmed ibdulla

8 A1l Garbah pumpwell, farm of Hassan Kalfoot
9 Wadi Makhel pumpwell, farm of Youssef Ubeid
10 Taif drawwell near the coast

1z 461 Mangoom village well

i2 L1l Draihmi pusipwell, farm of Taha liagbool

13 Al Garabeh statefarmy Uadi Surdud, pump no. 1
1k Al Garabeh statefarmy Wadi Surdud,pump noe 2
15 Mishrafah wadd wator Wadi ilima
16 Wadi Nachlah wadi water Bani Sari area

17 Noxrth Ghmeisha statefarm, pumpwell

10wl South Gumeisha statcefarm, pumpwoll nog2, 4-9



Table I L tube 1-5 (Gumeisha)l

22;€ie" pH . ECl:l CaCOi% % 8 %Si . %C texture Location
0-25 8.9  0.51 1265 34 53 13 511 tube 1
-32 8.5 1,10 12,5 16 59 25 541 "
-3h £.8 0.04 18.0 73 13 9 SL 1
b3 Bk 1.75 11i.5 8 59 33 S4iC1 "
il $e5 1.60 10,0 Lo 39 21 L "
«55 £a3 1.40 15,0 6 67 27 5iC1 "
=60 8ok 0.90 7aC 32 53 i5 Sil "
The77 8,8 0,62 7.5 78 14 8 LS "
9397 8.6 0,75 11.5 76 14 10 SL "
0-20 8.0 0,98 0 TT11.57 30 687 127 T silTT T tube 2
30-40 Balt 2.50 1300 12 66 22 Sil "
4o-lth 8.1 3.7C - 25 55 20 841 "
458 8e3 2070 12,5 12 70 10 Si "
=70 el 2,60 - 12 79 9 Si "
«100 Ceb 0.97 11.5 78 14 it LS "
0-10 9,0  0.65 70 34 52 12 Sike tube 3
21=25 Ga7 1.02 14,0 1h 66 20 5ils 1"
~30 869 0094 125 10 80 10 5i/5ik "
-l f,1 3.60 12,5 8 7C 22 SiLl "
=52 8.3 3.00 11.0 20 64 16 Sil, #
~70 79 2.6C 1265 L 90 6 Si. "
-100 o5 1.52 7.5 &0 36 1k sL " ~
027 9.0 0.72 11.0 78 12 10 S tube &4
-32 8.5 1.75 130 40 46 1k L "
-37/39 8.3 3010 16,0 8 8o 12 Si "
75 b 1okO 11.5 11 39 50 C "
-88 8a5 1.37 70 76 14 10 SL "
«100 8.6 0,95 13,0 8o 12 & LS "
0-30 9.1  0.97 12.5 78 12 10 L5 tube 5
~32 9,0 076 9.0 6 72 22 sil "
=40 85 0.97 12,0 32 54 1k 513 1"
-49 8.0 1.58 15.0 3 55 45 510 "
~58 8.1 4,09 125 11 35 54 c "
~70 8e3  1oh7 740 77 15 8 ST "
=90 o2 1.90 8eC 69 17 1k 5% "
~130 Bolt 1,08 1365 71 17 12 SL "
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Table I.5 tube 62 and €3 (¥adaniyah)
Tube €2 Tube 63

Zzt;}i}];e pH quCl; 1 Z:r;}iio pH ECl: i
0=29 Ba1 0.7k 0=-13 7e5 10,48
=59 Col Ca95 -23 7.6 0,69
-80 el 0e93 -1 703 1.45
-101 a3 0.71 -Gl 703 1627
-126 85 0,58 -75 7.6 Ce575
- 146 a5 Q.59 ~93 7.2 1.03
-158 79 2.53 ~-105 7ok Ca9l
-165 .0 1,61 -115 7al 1.88
~-171 7.9 2,156 ~138 7008 O.h1
~183 8.0 1.53 ~150 76 1.34
«213 7.9 1.34 -158 706 1.55
-227 7ok 5,1 -181 708 Lolh
-265 7.6 057 ~205 78 112
~-281 7.2 3.70 224 8.0 0.66

-298 705 1.27 -241 7ok 3,13 °
~323 7e3 2,00 -277 703 3.70
-294 73 3.81



Table I.6 Tube 102, 105, 106 (TDha farm, Wadi Zabid)
BEFORE CROPIING APTER CROPING
izr;)l;z}l;e pH Ecl: 1 P ECl: 1 Location
5=10 .0 0,54 7a7 0e336 tube 102
15-20 a2 Cok5 ol 06250 "
35-40 8ol 0,56 G0 0,435 "
5560 8.2 Co51 Co? 0. 350 "
75~30 o1 0656 Jal 0.425 "
95-100 8.0 0,62 Gel 0e353 1
115-120 €0 C.74 e 0,60 "
| 510 e De51 Gl 0,358 tube 105
15«20 $e3 2e335 Te3 00370 "
35-40 Col Co59 8.0 0.E£5 "
55-60 768 1.28 Yol 1.50 "
75=00 7.7 1.50 7e7 1.77 b
95-100 77 1.35 - - "
115-120 7.9 0.99 - - .
5=10 8.0 0.57 a0 061 tube 106
15-20 o2 0,405 Co? Ce395 "
35-40' o1 0.63 el 0.795 "
55-60 7.9 1.02 7ol 1.31 "
75=80 7:8 1.24 700 1.22 "
95-100 7.8 1.20 - - "
115-120 709 1.12 - - "



Table I.7 Tube 4S5, 535 (Gumcisha)

BEFORE CROPPING. . . SPTIN CLOITING

3ample pH  EC,. .| Sample o BC,,, #CaCl,) %8 %51 %C  tex- Loca-
epth depth ture tiomn
surface 8.0 1015 tube
4s

3~1o 709 1l.kh2 10~15 Co3 1.065 5.5 63 20 17 SL "

1520 8.0 1,08 20-25 8.4 1.5C 55 77 12 11 8L "

36=40 8a3 0a.66 30-35 Ga?7 Te75 3.0 77 1¢ 13 8L "

55-60 0.3 C.72 bo-L45 Je5 005 365 69 16 15 8L "

75-£0 8.2 Ca71 60-65 £e3 1.02 3.0 67 16 17 8L "

g5-100 8.0 0.87 Bo-05 763 1,02 2.5 69 14 17 BL s

115~ 7.8 1,06 | 100-105 8ok Ca76 4,0 § 61 8 31 S.CL.L "

120 120-125 $.3 1.01 L,o 50 18 23 S.C1l.L "

140-145 8.3 1.03 5.0 59 18 23 8.Cil.L "

160-165 £.1 1633 9.0 76 1L 10 sL "

100-155 a2 Cel6 10.5 § 78 1k & sL/is ¢

200-~205 . 0ok 0.65 9.5 | 76 1k 8 sL/Ls "

225-235 " B.5 0e7C 9,0 "

250-260 L.b 0.5 9.0 "

570=200 o3 123 13.0 | "

C 290-300 T3 265C ; "




Contdevses Table I.7

BEFORE CROPLING ASPTE S0P ING
Sample pH Eclzl pH o 1st %CaCO3 %5 SE4 %C texe L?ca»
depth . ture tiom
surface 769 1.30 tabe
. 58
510 79 1.19 8.8 0,630 3.0 63 25 12 SL "
15-20 862  0.550 a5 Ce29 3,0 79 11 10 sL/L3 v
35-40 Sal Oski2 .6 039 1.5 75 15 10 SL 1
55-60 8e2 0. 510 8ol 0a72 3.0 /1 15 14 SL 1
75-80 8.2 0.63 Coa2 1080 2.0 6o 15 16 SL "
95-100 8.0 0,80 e 3 095 5.5 63 17 20 s(€nL »
115-~120 78 0,88 Tl 1,10 4,0 G1 19 20 s{Iln v
1&5-150 £a0 1e2C 2.0 69 13 18 SL n
170-175 el 1,10 2.0 71 15 14 sL "




Table I.0

Tube 25,

T3

38 {Gumcisha)

BEFORE FLOLJDING

HFTER FLOODING

Sample depth

pH

I1:1 1:1 pH location
0-20 0,30 BN 0.3@ Bol tube 2 S

=30 0.29 Co? Ook3 Solt 1

i %e] 0.29 89 06365 8.6 "

~50 0.31 £60 0,38 8.6 "
—gé; S AR YRR 373

- e 50 Go5 Co k0 8e5

-90 1.10 a2 Coll ol i
~-100 0.80 Cad Qolt3 8olt "
-110 0e75 a2 Do l3 25 "
~120 Ool3 -1 Colths a5 i
0-20 1,90 Colt Ce62 8;5‘ tube 3 8

-30 1.49 $eb 2e55 8.5 "

=40 1.23 Talk Colt15 Se7 i

~50 Co5ib "6 Oa3C "ol "

o) 1.01 Lol 0o 30 2.8 "

70 1.22 Ce3 Col3 8.7 "

-0 1.34 Dot 0e50 8.6 1"

«GO 1.69 o5 OBk fab "
~100 1.40 Bolk C.61 8.6 "
-110 1.30 8a3 0,68 8a5 1
~120 1.28 a3 0.89 a3 "






