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Soiie Problecs ol beonouio Geopraphy in Lcrthern
Tripolitenin -~ A atudy ol spriculture g
irrigation on the Jefars Platn.

S IO R e e e

Iibyo bas few regsources ond poverty is rife grong its
1¢ cilldon inhobitents. It i1s not suxprising thorefore that it
has a permsnont adverse trade balanee ond budget defieit, both
bosng govered by foreipn eld. Agrieculture seecs To offar the
only proopeat of oversoning these finnneial difficultics and at
the sone tine raleing the living stondards of the population.
The soudy plain rownc Teipoll $s the nost inportant ogricultursl
o¥ec ond heore the eonditions are rost faworadle for an extenalon
of agriculture.

This pleir inoun by the Libyons as the Jafars, is eorvaned
rpinly of uneonsolideted deposits of Tertiery, Pleistosons ond
Racont ages: thesa al: dip pently porthwards ond sonetines
eontalin reserves of underpround water. They sfford very sondy
soile which aro dufieiont in organia matorisl, olay and plent
nutrients. The alimete is o very dry ..editerrendan type and
Saheran infiuenses result in high tetperaturas ond unraliedle
rainfall.

Prior to the 1939/45 war there were two busic typoes of
sgricultures Argb ond Itnlian. Arad subsistence sgrisulture
was ¢ither irripeted cultivetion 4n the asnall constal osses
or shifting cultivation of barley further inlond. Iteldisn
Agrieulture wus lorgely eoncantroted on the groving of dryland
tree arops, such as olivas, vines and almonds, snd usvally



sasouiated with vinter ceresls.

Thare bot Soen a racicsl shange An She gpriecnlture) nattorn
in reeant years. This has been due lorgely to the increaded
ioportance of Srrigation wvhich 1s dependent on underground water.
Groundnuts, todbatso, sdreals snd potatons, olive and oitrus
traos, oxe a#ll isrigeted. The nurbers of dryland trao eprops,
porsiculorly alronds and vines, are deolining.

The sapongion of Aryigotion hag increpsed the productivity
of the plain and irrigetion now forms an intepral port of
Jeforan agriculture. Jvature developtant should be o coubinetion
of dry and 2irrigoted forcing with both fileld onéd tree crops.
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PREFACE

I arrived in Durham in September 1956 with a view to visiting
one ot the Arsb countries in the :.iddle Hast. Libye was chosen
for three main reasons: firstly, as an under-developed country
hoving recently gained its independence, it faced many prohlens
because, with its sparse population and linited resources, it was
finding considcroble difficulty in maintaining its economy without
foreign aid; secondly, there was 2 great need for basic reseorch
in meny rields; ona finaslly it was politically steble and wes
little affected by the Suez Crisis.

t:any difficultics had to be overcome. At the outset the
initial plan of work wss very broad and a more defined topic for
study had to be worked out as quickly as possible. It was found
that only a limited quantity of general literature was available
in the United Kingdom end even this was difficult to tracej; in
Libya, very little source materisl existed snd most of the few
statistics available were estimates and largely unreliable. In
addition the language barrier proved a hindrsnce in establishing
contacts snd appraising local conditions. Thus a slow rate of
progress was inevitable.

I made two visits to Libya. During my first stay in the
country, which lasted from April 1957 to April 1958, I spent a
certain time gaining genersl impressions by travelling in
Tripolitania, Cyrenaica and rfezzan, and st the same time collecting
literature and reports and compiling a bibliography. Later I

confined myself to field worlz in various agricultural aress,
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collecting statistics and commercial information, reading relevant

reports and consulting some of the many experts at work in the

couubry.

1y seconu stay was Ior the month ol August in 1956,

vhen I distributed questionnaires to farmers.

I wish to thank the many people in Libye who have shown an

active interest in my work,

and I am particulsarly indebted to the

following who gave me much valuable assistance:-

Gox ng pr_

nie L1ne?
S di mesri

United NMations

Istituto Nazionale della
Previdenza Sociale

State Tobacco lonopoly

Consorzio Agrario

Development Council

U.S.0.ne Experts

Libyan finance Corporation

he.eSiceley - former Director of
Agriculture.

Sadik Sghaier - Assistant Director
of Agriculture.

Khairi Sghaier

ruftah Ettumi - Statistics Section.

Jiumaga Jigddul and other forestry

officers.

Locust Control
Cfficer.

KewoGuichard

)_I
C

t.r. Van Ver Ploeg ~ dead of wiss
ur. Laston - Administration.
Drs. i.artin & Carraro - Plant
Protection.
S.G.l.azzocchi - Horticulture.

H.E.Caustin - in 1957 Chief conomist

now Head of the United Nations
1ission.

ine Corroy - Documents Officer.

Dott. Attilo Rompietti - Director.

G.A.F.Rands.

7

Cultivetion manager.

R.B.Lamboglia - Crops.
A.Amilcare - Pumps and Irrigation.

N.Horsley and others.
E.Sirra - Extension Officer.

D.lorrison - Extension Officer.
D.J. Cederstrom and others.

Dott. Carlo Barberis - Director.
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British Council .o’ Jerrom & liré. D.L.Stephens.
uitehell Cotts nr. Carabot.
Iibrnries Toncil Alned Sueialy aud viiers -

Governrient Library.
Beshir Giawab - Agricultuyral Library,
Sidi mesri.
A.Budri - Antiquities Library.
Dott. T.Provasi - Director of
Natural History lwseum snd

Library.
Government neteorological
Service Drs. Lea and hagazzini.
Farmers Aisd Lafi and many others.
Questionnaire liohamed Bulugma.

Considerable help wes given by the British Army, and I gretefully
acknowledge the assistance in the form of transport, which was
rendered by Brigaodier G. Laing, District Commander. lnajor Sher-
gold of the Service Hirings Department gave me invaluable advice
during my early days in Tripoli. iy thanks are slso due to the
Royal Air rorce at Idris, which accommodated me during most of my
stay. The Commanding Officer, Wing-Commander Btapleton and all
the other officers were nost helpful to an academic civilian in
their midst. Flight-Lieutenant D.i". Townsend and IFlying-Officer
E. ¥Wigllis actively supportcG ne in my travels in Libya.

In Durham I have to thank the three Libyan gradustes, Hadi
Bulugma, Mukhtar Buru, and kshmud Khoja, who gave me pstient sdvice
on language and other problemns. I"inally I must record my
anpreciation of the work of Dr. J.i. Clarke has afforded me in his
role as supervisor, and my gratitude to “rofessor W.B. Fisher, who

gave me the opnortunity of going to Libya.
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Introduction

Libya, with a total area of 680,000 sq. wiles, is wedged
between the naghrep in the west ena rgypt in the east, and about
90% of its land forms part of the Sahara Desert. Its population,
which according to the 1954 census was only 1,091,830, subsists on
cereels, dates and animzl products, and it has a per capita income
reported to be berely one-fifth of that in Egypt (4). The people,
who are largely Arabs and Berbers, are sbout 90\ illiterate and are
mainly limited in distribution to coastsl sreas in Tripolitsnia and
Cyrenaica.

The country is accustomed to foreign donination. At the time
of Christ the Romans ruled nuch of the land and even ventured south
into the Fezzanj; they established a thriving civilisation along the
coast based on an agricultural economy in which cereals and olives
were dominant. The country was overrun in lazter centuries by two
successive waves of Arabs, sbout 700 and 1100 A.D., and both invasione
particulorly the latter, brought a decline in sedentary agriculture
and an increasse in pastoralism. ‘he Turks arrived about 1600 and made
Libya a part of their empire, but their control was very loose and
the general stagnation of local agriculture was osllowed to continue.
The Italians, who arrived in 1912, expanded sedentary agriculture
with a view to colonisation, but when they had to renounce sover-
eignty following their defeat in the 1939/45 War, their programme
had not been completed. Bventually, as decreed by the United

Nations, Libya emerged as an independent state on December 24th,1951,

beconing a united kingdom of the three states Cyreneica, Fezzan




and Tripolitenie, under the rule of Idris I, the Sanusi leader from
Cyrenaica.

Cyrensice., which is the Tergest province in cize, hes an 2
of 333,000 sg. miles. Its population of 291,328 which is predo-
minantly tribal in structure and having a nomadic or semi-nomadic
life, concentrates on raising livestock. Tripolitania, although
snaller in area, has a larger population which is much more sophis-
ticated and economicslly advanced. rezzan which has only 55,000
people is mostly desert and the small population is generally
concentrated in a few small depressed oases.

Agriculture is the basis of the Libyan economy and about 804
of the inhabitants are engaged in some type of forming, whether
growing irrigated crops near the coast, tending olives in the hills
or wandering miles over the desert in search of pasture for animals.
The sedentary element of the population which numbers about 400,000
is economically much the most important.

Immediastely after the last war, scrap metal was the chief export
but this has now been exhausted; the next most important export
used to be esparto grass, which is needed for meking high quality
paper such es is used for bank notes, but this spontaneoﬁs Crop was
over-exploited and its collection is now rigidly controlled and the
anount exported has been reduced to a more sensible level. All
other important exports are derived from agriculture and since mych
of Libya is so arid their value is usually low and it is not surpris-
ing that there appears to be a permanent adverse trade balance. The

following table summarises the balance of payments position between

1951 and 1955:- (7 p.21)



Iable 0.1 Libya's balance of psyments 1991-55 £L'000
1991 1952 1953 1994 1955

Imnorts 11,842 11,566 11,294 11,286 14,282
Exports 3, ,090 ! 363 3,322 3, 479 h,jMO
Visiple balance -8,752 -7 203 -7,927 -7 807 -9 o942
Net fvisible income h 110 5 820 5 305 974 4,239
Official economic aid 1 458 2,918 3,121 9,003 8, hll
Surplus or deficit -3, 2184 +l 535 +454 +260 +2 707

In every year imports exceed exports, but the deficit is made good
by the net invisible income (the smount spent locslly by British
and American forces personnel) and official economic 2id. It
these tvo sources are taken into account there is usually a surplus
in the balance of payments.

Internally Libya also experiences financial difficulties,
because since the population is so poor and the taxes so few, there
is usunlly a deficit in the tederal budget, as for instance in
1956/7 (1 p.1103 when income was £L8,709,620 and expenditure
£L9,174%,620. In this year the deficit was covered by a reserve
fund. It is important to remember that the visible deficit does
not necessarily reveal the actual deficit for in 1956/7 the income
side included a direct grant of £L3,000,000 paid by the British
Government for direct budget support.

In addition to the trade and budget deficit, all economic
development is financed by foreign money. In the period 1913/42
the Italian Government spent $159,000,000 on developing Libys and
table 0.2 below indicates the amount of money made available to the

Libyan Government for development in recent yesrs:-
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Table 0.2 Financial Resgurces svgilable to Libya for
Economic Development (11 p.lkh)
in g'000

Source 195%yY2 1952/3 1953/4 195u/5 1955/6 1956/7
U.S.A. 1,537 1,343 3,149 10,574 12,939 15,400
United Kingdom 1,200 1,621 2,800 2,800 2, 800 2,800
Italy 196 532 0 28 28 28
France 36k 476 280 210 420 658
Turkey 0 0 160 28 28 28
Egypt 0 0 480 868 868 868
United Nations 713 852 763 639 750 750

Total 4,010 4,824 7,632 15,148 17,832 20,532

Libga is a country of deficits snd when it became independent
many observers thought that its future as a2 sovereign state was very
insecure. 'At the best it might become another Jordan and live
out a shabby political future on foreign subsidiesj; at worst it
sould fall apart and the pieces be left for the neighbours to
squabble about's  Today Libya still meinteins her political unity
but she hes not, however, achieved economic independence. Her
strategic value in the eyes of the major powers in the Western Bloc
has declined and already grants in aid are showing signs of shrink-
ing, particularly from Britain. ost people in Libya look to oil
for the country's salvation and several recent oil strikes have
been encouraging and lead one to think that reserves must be
considerable. At the moment, however,; olil seems to be flowing
freely from other areas in the iiddle FEast snd the compsnies appesr
to be holding Libyan o0il in reserve for future development. Too

often, however, there is the cry '0il to the rescue' and the fact

® 'Libya - o0il to the Rescue'.

The Economist,
p.21.

January 2nd 1960,




that agriculture could be the foundation of o viasble economy is
forgotten.

The present high level of imports 1s due partly to the nced to
import certain food commodities, and partly to the need to satisfy
the luxury demsnds of a large Europesn element temporarily resident
in Tripoli. If we disregard the imports for DBuropeans, then the
adverse trade balence could be eliminated by an expansion of
agriculture. In order to bring in additional foreign revenue the
export of groundnuts should be expanded to 10,000 metric tons and
citrus to 30,000 metric tonsj; in order to avoid the import of
foodstuffs, the wheat ares should be expsnded to 35,000 ha., and
a further 500 ha. added to the potato ares, and in addition sugar
beet should be grown 5o that the local consumption of sugar (about
2~3,000 metric tons) could be supplied by houme production.

Three aress seem to offer scope for agricultural expansion:
the Jefara Plain round Tripoli with possibilities for both dry and
irrigated farming; the Eastern Tripolitanian Jebel especiaslly esst
of Gharian where dryland tree crops cultivation could be further
developed; and the Jebel Akhder in Cyrensica where dryland field
and free crop cultivations could be expsnded and improved on the
Barce Plain.

Tripolitanian agricultural products, over 50% of which come
from the Jefara Plain, dominate the present export trade of Libya
and it is worthwhile to study the balance of trade in recent years,

divorced from grants in aid snd net invisible incomes and the like.




Table 0.3 Libyan imports and_exports __ £L'000
1995 1956 195
Total voluc of civil imports 1,848 16,601 28,076
Total value of exports 4,595 4,154 5,415
Total value of domestic exports Tkh 80551 3,805 4,752
Total value of re-exports 210 349 663
Trade deficit 9,743 12,447 22,661

These figures show that imports are increasing at o foster rote
than exports ond as the trade gap steadily widens so Tripolitania's
share of the export trade increases from about 64% in the period
1947-50 to 74 in 1957. The =dded predominance of Tripolitania
is due to the decline of screp metal exports from Cyrenaica and
the incressed exports of groundnuts from Tripolitanis. In 1957,
three items from Tripolitenis - olive oil, groundnuts snd castor
seed - made up almost 50% of Libya's total exports, compared with

1955.

share of totel exports increases so Jefaran products attein greater

only 31% in It is therefore evident that as Tripolitania's

significance. The main Libyan crops and allied products exported

from Tripolitanis in 1957 were as follows:-

Table O.4 Exports of Agricultural crops and products
from Tripolitania in 1957
Olive 0i1* £11,170,628 Almoends™ £L6k , 516
Groundnuts' 847 228 Citrus' 59 995
Castor Seed” 215 303 Tobacco! 474
Sansa o0il ® 146, hOg Vegetables,
Potatoes 76,64 ligize' and
Tomatoes' 12,667

# Partly irrig

Total £12,627,585
ated crop, i.e. some trees.

' fully irrigated crop
e Supplementary irrigated crop.
- Dryland crop.



The export of olive oll weos abnormally high in this year and in

1955 and 1956 groundnuts were the leading export. The production

e - N ). RN AT~ %
avle O, eucept tobacco, could be cupended.
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The Jefara Plain, which is shown in black in the frontispiece,
is the leading economic region in Libya and it offers the best
prospects for the expansion of commercial farming. Here there
are resources, which with careful development, will outlast the
perioG of foreign sid and even a possible oil boomn. In studying
this area an attempt has been mede to discover the potential of
the natural resources end also to establish the types of agricul-
ture to be found: each crop has been studied, snd cropping trends
have been analysed to try and show how, in response to physical
and economic factors, many farmers are finding it more profitable
to grow irrigsted crops. There has been a2 phenoménal increase
in the world production of agricultural crops in the first half of
this century as s result of the widespread introduction of ferti-
lizers, and the second half of the century is likely to witness
a similar trend but this time the result of an expansion of irri-
gation. It will be interesting to assess the importsnce of
irrigation.on the Jefara Plain. The informetion presented in
this study will help in deciding the type of future development
that is required, whether the eizphasis should be on dry or irriga-~
ted cultivation or 2 combinetion of the two, and whether field
crops or tree crops should be developed for supplying hone demands
and exportv requirements.

The thesis is presented into two parts. Part One contains



the texts, mans and diagrams end photographs; Part Two the

references and appendices. The actual text is divided into

. I L T S e B I | v ~ ey AT A 7 4~ ~ | o
sections: Oection I describes the area, its lend-usc and form typecs

[ah
3

v

Section II studies the physical resources; Section III is devoted
entirely to the study of water use, since water is such on
important factor; Sections IV and V deal with the crops - how they
grow, where they grow, yields, production trends and popularity;
and Section VI, which is only one chapter, briefly summarises a
few of thé more important points made in the text, and then draws
some conclusions. Part Two contains a-list of references and
numerous appendices. References are given by chapter and are
numbered, the numbers being bracketed in the text. Some sources
of information are givenh as Iootnotes and occasionally they may
be coded such as B/96. In this exsmple reference to page 96 of
'A Bibliography of Libya' by R.W. Hill, Research Papers Series
no. 1, 1959, Department of Geography, Durham Colleges in the
University of Durham, will give the required information. The
appendices are rather long because they include 40 farm studies and
a considerable amount of statistical material which is referred to
in the text.

A map is included (fig. 1) which shows the location of the
major place names; other localities and places of lesser importance
are generally to be found on the G.S.G.S. 1:200,000 War Office Ikap,

sheet 1 Zuars and sheet 2 Tripoli.
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SECTION I

THE JEFARA REGION
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CHAPTER 1

lorphology: a descriptive and genetic study.

Iniyroduciion.

A brief explanatory study of the morphology of the Jefara
Plain is fundamental to a study of agriculture. It is necessary
to know the nature of the terrain, the type of soil perent-material,
and the underlying structure of the rocks. The agricultural
geographer is keenly interested in slope and aspect, the nature
of the soil, and the availability of water resources, and it is
with this in mind that chapter 1 has been written. It is sub-
divided as follows:-

Description of major morphological features: Evaluation of
structural and lithological geology in order to explain
present large-scale relief features and general structure:
Consideration of palaeogeography of Tertiary and Quaternary
times: Division of the area into morphological units: signi-
ficant conclusions.

Degeription of major morohological features.

The Jefars is a well-marked morpholégical unit both in Libya
and in Tunisies, and Brichant (6 p.5) refers to it as constituting
'a geographical entity on either side of the frontier'. In
general, the Tripolitania Jefara gives the impression of being a
flat sandy plain, bounded to the south by an abrupt wall of lime-
stone, and with a gentle gradient seawards of 3:1,000. In plan

it has a triangular shape, with an apex towards Khoms in the east,

a base of some 150 kilometres along the Tunisian border in the west,
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and the two sides along the coast in the north and the escarpment

in the south respectively (see fig. 2). It has a total area

approachinz 20,000 sa. kilometres.

1. The escarpment. From Khoms, a crenulate escarpment about 400
kilometres long stretches westwards to the Tunisian border; this
is the eastern half of 2 crescent-shaped feature which contihues
into Tunisia as far as Gabes. The Jefara Plain rises gently
southwards and attains an average height of 250-300 metres at
the base of the Jebel. The foot of the escarpment, however,
is not constant in height throughout its length and there is
a general decline eastwards. This igs evident from studying
fig. 3.

Although the escarpment is an impressive feature which
rises abruptly from the lnner Jefara, it is not continuous,
and only in the east is it straight. It is breached, gullied
and ravined by innumerable wadis, resulting in a very scalloped
appearance with numerous projecting spurs. The amplitude of
relief of this cliff-like feature is usually about 300-450
metres, being greater in the central and wvestern sections.
The height of the top of the escarpment varies; it reaches a
maximum of over 800 metres above sea-level between Gharian
and Yefren, falling to 300 metres in the east and 600 metres
in the west.

2. Pre-Jebelic Hillg. There are certain relief forms which
interrupt 'les plaines @beine ondulees de la monotone et plate
Djeffara' (16, p.9). Zaccagna (34) calls them the Pre-Jebelic
Hills.
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A study of the selected profiles (fig. 3) shows that the
plain narrows and steepens to the east until it is finally
obliterated by the front of the cuesta. Profiles 3 & 4 indicate
a break in the scarp's symmetry, this being &%;Z to a secondary
bench in the Gharian area and to the El Mgnshar Hills between
Yefren and Bir el Ghnem. Profile 4 has an isolated residual,
a8 relic of the scarpls former position, while profile 1 has a
small break towards the Jebel which would appear to be related
to the subsidiary features just mentioned.

These secondary featureé are clearly indicated on the
morphological map (fig. 2). In the south-western part of the
Jefara there is a series of small cuestas which start at Ras
el Manfes and Gasr Tekut and then pass eastwards into a low
discontinuous bench approximately along the line of settlements —
Tiji, Jaush, Shakshiuk and Gasr el Haj. Near Gasr Tekut in
the west, the minor c@estas are 20-30 metres high and up to
16 kilometres from the escarpment, but in the east the bench is
almost indiscernible since it has nearly disappeared beneath
the main escarpment at Shakshiuk. However, another 20 kilo-
metres to the east the bench appears again, but this time it is
larger and takes the form of gently rounded hills, known as
El Menshar by the Libysns (S.S.E. of ¥ in fig. 2). Ioving
still further east this relief form recedes southwards and
finally merges with the escarpment, although at Gharian it re-
appears again as a minor bresk in the scarp face.

Besides these extensions and irregularities of the main
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cuesta there are many small isolated hills in whgt can be
called the Inner Jefara zone. These are 200-250 metres and
occasionally 300 metres above scs-lavel and often have shrimes
or tombs on their summits. For the moment it is Sufficient
to point out that the hills are somposed of consolidated rock.
Inner Jefara. Amid the Pre-Jebelic Hills is an area of basins
and flats largely covered by alluvial material deposited by
the wadis as they leave the Jebel. '
Dune Jefara. Dunes cover the larger part of the Jefara Plain
(see fig. 2). When flying over it, the sandy nature of the
land is readily seen, and this inherent Sandiness encourages
many people --particularly the Tripolinos — to call it ‘'As-
Sahara' (the desert). Generally speaking the sands are of two
types: coastal and continentals the former sre much whiter and
coarser than the latter (see chapter 3).

East of the Wadi liejenin, the Jefara Plain is almost
colnpletely covered by sand and in many places the dunes are
well-developed and high enough to affect contouring of maps
(see fig. 8). Bernet emphasises this (5 p.386): 'Ailleurs
encore et surtout dans les environs de Tripoli les sables donnent
naissance a des dunes, qui s'étendent de Gargarech & Sayt-
Bemealemmet atteignent le bord de la mer a Karabouli, couvrant
ainsi une surface de plus de 50,000 hectares.' Such large
areas of sand seem anomalous with a rainfall of{Q-12".

From Tajiura eastwards, dunes border the sea but in the

opposite direction the coastline is rocky and only beyond
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Sabrata does the consolidated materizl disappear in favour of
coastal dunesy; these then stretch almost continuously to the
Timisian hgorder.

Not only the eastern cormer of the Jefars is sandy, since
to the south of Tripoli there is a menacing zone of dunes. The
irain sané aree starts a few kilometres south of the town and
continues to the neighbourhood of Gasr Ben Gashir, and when
travelling from Tripoli to Idris airport, unfixed dunes can be
seen barely & kilometre from the road. This wide belt of sand,
lying south of Libya's largest towm, extends westwards and a
considerable area of dune-land had to be levelled when the
Italians established their agricultural settlements in the
Azzahra (formerly Bianchi) region. In this latter area 2znd
also a little farther west the dunes are smaller, but even so
there is still a generous sprinkling of sand; this i1s well seen
along the Zawia-Bir el Ghnem road.

Sandy conditions prevail over most of the western Jefara
but are more severe in the south-west, where dunes are evident
north of Bir Zigzau. Here, howvever, in contrast to those in
the east, the higher dunes are underlain by solid rock, probably
of Triassic age. This south-western area is the territory of
the Siaan people and also a favourite breeding ground of the
desert locust, when there are invasions from Tunisia and Algeria.

Quite large unfixed dunes extend from Tripoli westwards
right up to the Tunisian border. These lie a few kilometres
inland from the coast on the south side of a continuous band

of salt marshes.



18

Amid the Dune Jefara are depressions which fall into two
categories: on the one hand salt marsh or swamp areas (sebkh
in arabic) and on the other the normally dry depressions which
may hold water for a time, following winter rains. The sebkh
are confined to the western part of the Jefara and are usually
found in basins which run a few kilometres inland, parallel to
the coast and between two lines of dunes. There are low-lying
areas, which have saline characteristics, in the central part of
the western plain, but these are better developed in Tunisia.
Saline regions will be given a more detailed consideration in
chapter 3.

With certain exceptions, the Jefars Plain constitutes a
vast expanse of sand, thick in the east but thinning westwards.
Only a vpelt 1% kilometres wide running 2zt tine foot of the
escarpment (the Pre-Jebelic hills snd basins), the sebkh and
the rocky coastal area around Tripoli interrupt the monotony
of this pattern. Despite the abundance of sand, the menace of
moving dunes is only a real danger south of Tripoli in the
neighbourhood of Ain Zars, in the S5idi Ben Nur end Garabulli
districts, and along the western coastal oases. A vigorous
planting end fixing progranme hss been sterted in these
localities over the past few years.

. Wadis. (For names of major wadis see fig. 13). The morpholo-
gical map (fig. 2) clesarly shows the wadi pattern and it

reveals several interesting facts. In the eastern psrt of the
Jefara at least six wadis flow to the sea, but west of the Wadi

hejenin none flows beyond the Inner Jefars zone. Again in the
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east, several wadis rise behind the escarpment and have
slizeable catchment areas in the Jebel. These, since they are
so near base-lgvel, have captured large parts of the upper
Soffejin system, but capture of this nature only occurs once
in the west. This readjustment of drainage patterns can be
attributed to a past »luvial phase in Pleistocene times when
headward erosion in the upper reacines of the eastern wadis was
accelerated.

As the wadis of the eastern Jefara have large drainage
basins in relation to their length and also a steep gradient
to base level, they flow to the sea in most winters ond manage
to maintain their chennels through what has already been

urthermere, since they

o

=

escribed as an extensive sand areas.
are striving to attain a graded profile, downcutting is in
progress and incision of @p to 10 metres is evident in some of
the wadis both in piedmont and coastal areass. Wadis Raml and
Turgut, since they are fed by springs near the coast road, have
g perennial flow for a few miles snd their channels are quite
deeply incised into unconsolidated material.

The wadi Rpea has a small catchment area and is easily
defeated by the Dune-Jefara. Not far to the west, however,
the Wadi kejenin flows 60 kilometres across the plain and still
reaches the sea during the majority of winters. It achieves
this because it has the largest drainage basin of all the wadis.
The Wadl el Hira, lying immediately to the west of the liejenin,

has a catchment area of a similar size to its neighbour, but it



fails to reach the seaj instead it spreads its water over the
Inner Jefara.

In thc west therce is only cne wadi which collcets water
behind the escarpment. This flows on to the Jefara east of
Jaush and at some former and more humid time captured the
headwaters of a dip-slope stream. When arid conditions developed
this was probably the last wadi to flow across the western
Jefara since there is an interesting alignment with sebkh in
the north, which appear to mark a former wadi channel.

So far we have seen that in the east there are major wadis
which, because of their large cstchment areas and nearness to
base=-level, easily flow to the sea after periods of heavy winber
rainfall. Most of the other wadis, with one exception already
mentioned, are different. They are short, obsequent streams
which start on the scarp face and having a small volume of flow
soon lose themselves by percolation and evaporation in the
Inner Jefara® lMost of them collect water from the northern
side of the Jebel and from springs at the foot of the Nalut
limestone. A few wadis rise several miles north of the escarp-
ment (see fig. 2)3 these are definitely related to the small
bench and cuestas already discussed and are nourished by inter-

mittent springs which usually only flow in the winter.

*
Bernet (5) suggests that there has been warping in the inner
zone of the western Jefara with the result that wadi beds
slope southwards instead of northwards. Wadi flow is there-
fore easily defeated.
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TASLL OF GEQLOOICAL WISTORY

SYSTEM STAGE DEPOSITS NOTES
Alluvial and Aeolian Siight ingression, Continental cenditions
VIOLOCENE FLARDRIAN for nost of the Jefarn.
Red caloargous crust with silicess
e acolien clements
woR Sandy, reddish cloyey aaterial Mainly Continental
5 which is slightly ferrugineus
E Rarine sand
3 VLEISTUCERE RISS Argiilaceous and reddish sand. Cantinental h
TYRRIENIAN Almast continueus thin clay iayer. Harine
1MAKDEL ? ?
PLIOCCENE - SGefarjco® Continental, morine regression
PONTIAN Sand and clay '
TORTOMLAN Thite ond yollowish {imestones arine
MIOCERE
{CLVET IR Green and very foasiliferous claye
E ond oaris. Harine
E. LANGILIAN Sond, sendstones, gruveis and .
i shingle. Varine
OLIGOCENE - “Gefeorico” Continentol
EOCENE - SGeforico® Continental
DANIAN Retrenling Sea
SFERONIAR Yarls, chnlks, lipestones end cry- Transgressive and oscillating movements of the
line limgstones. sen, Uoming of the Jefara and A, M .~S,.E,
faulting near Tarhuna.
Lassive Li {Kolut L an
the west).
2IDDLE CPETACLWS TURGNIAR Soft morls with lesser yellow, red and Morine
white lLinestones (Tigrina formation in
the enst),

Tufaceouy limestones, voriegated marls
and sandutones. {(In the Gharion area
CENUP"ALLAN Christie divides the deposits os Total immersion of land by the sea.
Gharian Dolomitie Linestone
Tobi Limestone}

i so0zo0o1C.

Sandstones, quartz, conglonerates, Continental. Depesits than and disappear
ALDIAN eemented sands to the enst.
LUJER CRETACEOUS Yarls and Clays Continentol, Ueposits in the enst more of o
WEALLEL sondslone and conglomeritic nature, Albien ond
“enlden rocks form sanll cotes In the west,
BAJUCIAL v Ghejlnn Dolomstic Liunestone. »arine ond lagoon conditions.
JURASSIC
LIAS Bu Sheba Sarndstone .. Conglomerates. Deposats make up much of the £l Kenshar llifls.
Uir el Ghhea Gypsua.
Grey to dork grey, buff conjuct . Jorine.  Outcrops evident-at Azizin and Sidi B
TRUASSIC TUSCUHELZALK licestone. Argub,

After Archonhoult (4) planche |
Brichant {6) p.8
Christie (9) p.G
Despois {18) p.16
Lipparini  (21) pp.226, 227, 248 ond 260




. Structure and ILithology.

Outcrops of the solid geology are limited because @Quaternary
deposits cover most of the plain. The table of geological history
shows that Jurassic, Tertiary, Quaternary and Recent deposits are
found above the Triassic sediments which are the oldest rocks of
the Jefara (Table 1.1).

1. The Escarpment. A brief study of the geology of the escarpment
and the Pre-Jebelic hills will facilitate an understanding of
the general build of Northern Tripolitania. This is essential
for a thorough appreciation of the structure and distribution
of Tertiary and Quaternary deposits, within which a1l important
aquifers are found.

In Tunisia Pervinguiere (25) has shown thst the escarpment
is Middle Cretacecus: mainly Cenomanian and Turonian, but some
Albian. A section at Kabao in the western part of the Tripoli-
tanian escarpment gives a succession from Turonian to Jurassic

as follows:-

Table 1.2 Geological Section at Kabao.

Thickness from top downwards Deposit Age
0-40 metres Nalut Limestone Turonian
40-80 metres Gypsum Cenomanian

80-120 metres Limestone n
120 metres Sandstones, marls
some sand. Wealden
Dolomite Jurassic

(Supplied by Compagnie Francaise des Pétroles)
The Nalut lLimestone is massive here in the extreme west and has
a spring-line at its base; it dips gently to the south. but

at the same time kises gradually to the east —- at Nalut its




upper surface is 600 metres above sea-level but at Gharian
700 metres.

Lovever moviig easlwards Lhe situatlon changes since the
sedimentary beds vary laterally both in thickness and lithology.
The Nalut Limestone loses its importance since it is less
compact and homogeneous. Even south of Jaush it has disappear-
ed from the top of the escarpment and at Gharian it lies well
south of the escarpment. At this latter place the structure
of the Jebel is more complicated than elsewhere due to the
disruption of the normal cuesta form, but at Bu Gheilan the
picture is fafrly clear. Here Lower Cenomanian forms the
top of the cliff with outcrops of Wealden and Jurassic lower
downn its face. To the east there are two major K.W.-S.E.
orientated faults with their downthrow side to the east (see
fig. 2); these bring Gharian limestone, which is Upper Cenoman-
ian, to the top of the escarpment, but only temporarily,
because north of Tarhuna snd Breviglieri the escarpment is
Lowver Cenomanian again?: This state of affairs persists
until the Cretaceous finally disappears below the Miocene
between Kussabat and Khoms.

The escarpment in Tripolitania, as in Tunisia, is thus
largely composed of Middle Cretaceous, but Lower Cretaceous
is more evident in the 'cliff' face in central regions than

elsewhere. The sedimentary beds of the Jebel have a gentle dip

#®

As evidenced by the work of the D'Arcy Exploration.
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southwards of 1—30, but they 2lso dip slightly east and west
from its highest part between Gharian ancé Yefren. This
geuneraiization naturaily omits irreguliarities which are not
relevant to this study.
Pre-Jebelic Hills. The structure of these hills is intimately
related to that of the Jebel. We have noted certain small
cuestas and bench features in the south-west of the Jefara, not
far from the escarpment and a spring-line was discovered in
association with these. The bench is described by Zaccagna
(34) as follows:- 'A Giosc tant, due villagi componenti
l'abito, che il castello trovasi sopra uno scaglione roccioso
pianiggiante formato dalla stesso calcare giallastro, sabbioso,
siliceo che abbiamo trovato a Gasr el Hag e Scecsciuk sormanta
la formazione lignitifera'. Zaccagna dates the rocks of the
bench as Wealden and Christie (9) confirms this. Bernet
(5 p.390) is much less precise and vaguely writes of a zone of
gypsum stretching continuously from the north of Nalut east-
wards for 150 kilometres to Shakshiuk. According to Despois
(16 p.14) the festoon of small sandstone and marl cuestas round
Gasr Tekut is also Wealden. The south-west dip of the cuestas
contrasts with a southwesrd dip of the bench in the east and
it is interesting to note that the Wealden rocks which form these
small cuestas are found near the top of the escarpment at Bu
Gheilan.

Between the Yefren spur and Bir el Ghnem are the El

Menghar hills. These are largely Jurasssic sediments but there
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is a trace of Wealden and even Cenomanian on their summits.

North of the central part of the escarpment, the Inner
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Jefsra is more complex than elsewhere; this is
able faulting (see fig. 4a). West of the Azizia-Bu Gheilan
road the isolated Pre-Jebelic hills are Triassic (see fig. 4¥),
but to the east they are remnants of younger rocks — Jurassic
and Cretaceous, except to the north where Triassic is upfaulted.
The C.0.T.H.A. report (20) gives the best description of the
area 'les pointements crétacés, dans notre hypotdbse et étant
donné la structure quasiment tabulaire de tous les affleure-
ments de la zone piedisont, pourrait etre considérés comme les
buttes-témoins laissées pour compte sur le substratum
triassique par 1'érosion fluvisle des uedis avant 1'effondre-
ment de la 2zone'. The Triassic hills are composed of
Muschelkalk which is well exposed at Azizia, Ras Ben Sehe.and.
S5idi Bu Argub; the younger rocks are lithologically similar

to those of the same age in the escarpment. The Muschelkalk,
which belongs to the Middle Trias, is the oldest rock to out-
crop on the Jefars and indeed in the whole of Northern
Tripolitania. Upper Trias, which occurs as a thick series of
gypsum in the Tunisian Jefara, is absent in Tripolitania and
Cretaceous and Jurassic rocks rest directly on iiiddle Trias.
Archambault (4 p.8) is convinced that this largely accounts for
the better quality of groundwater found in the Tripolitanion

Jefara.

. General structure. The structure of the escarpment and the
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Pre-Jebelic Hills suggests that northern Tripolitenia is the
eagstern half of a breached pericline, the core of wvhich is
Trisssic and outcrops as indicated in fig. Lb. The core has
been modified in certain central regions by heavy faulting,
sinking and minor doming associated with igneous activity (see
fig. %a). The southern limb of the pericline is the escarp-
ment plus the dip slope of the Jebel, the eastern limb is the
eastern end of the Jebel, and the northern limb lies under the
Jefara plain north of the Triassic core. The western 1imb
begins to appeararound Nalut where the dip is already to the
south-west, and emerges clearly in Tunisia as the escarpment
swings northwards. Ahlmsnn (1) gescribes the grcat block of the
Saﬁ&a as terminating at the Mediterranean like a wave, but
Lipparini gfé—géiggg is more definite: 'le formazioni meso-
zoiche del Gebel tripolitano costuiscono una vasta intumenscen-
za anticlinalica con l'asse orientata N.W.-S.E.! The map of
the simplified geology of the whole Jefara (fig. 5a) also

seems to indicate an elongated domal structure which may be
tilted to the north-east. Extensive work carried out in
Tunisia by the French gives further support to this theory

and can be summarised thus (17, p.32): 'Les Matmatas, le Dshar
et la Djeffara font partie d'un vaste ddme a pendage tres
faible; celui-ci dont le flanc Nord est masqué, se continue

ver 1'Est en Tripolitaine jusque su dels de Tripoli. Le coeur
de ce d0me est formé par les affleurements de Trias de Kirchaou,

Ksar lorra et Sidi Toui. L'ensemble est affecté de tres

faibles ondulations'.
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L. The Jefgra Plai

a) ldiocene. Tertiary, Quaternary and Recent matedal cover

mi

h of the Jefara. Of the Tertiaries, lilocane sediments
are by far the most important, but they do not outcron on
the plain except in the extreme east, where, as fig. 2
shows, they appear over the Cretaceous deposits of the Jebel.
As a result of drilling for artesian water along the coast,
miocene has been recognised beneath the Quaternary. A
typical section (4.) is given in the table of geological
history. DBasically this gives three sub-systems: Tortonian,
Helvetian and Lenghisn, although Amato (3) suggests a
further one, the Pontian. Fig. 6b shows how the hiocene
is divided into two by 2 thick band of clay and marl, above
which is mainly limestone and below, sandstones, sands and
gravels.

It seems that the liiocene deposits thicken to the west,
since Castany (8 p.130) quotes clays with lenticular sands
400-800 metres thick at Ben Gardane just over the frontier
in Tunisia, while Brichant (6 p.8) maintsins that Miocene
deposits never exceed a thickness of 500 metres in Tripoli-
tania. For the eastern Jefara this is probably true since
at Es-Sbabil they are only 170 metres thick (3). The
sediments were deposited under transgressive conditions
and the idocene sea wes halted by Triassic hills in the

south, about 30 kilometers south of the present coast line.

The liocene layer is 31 metres thick at Suk Es-Sebt but at
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b)

c)

3l

Bir Sbea it has disappesred (21).

Along the northern rfdge of the Jefara the upper sur-
face of the kiocene slopes down distinctly westwards as is
shown in fig. 6a and confirmed by the following figures

which are in metres below the surface.

Eg-Sphabil Hashian Casa Cantoniera Garabulli
80 72.5 3H 28

Since the land also falls to the west, the slope of the
itiocene must be considerable.

Other Tertiaries. It is often extremely difficult to

differentiate between some of the Tertiary, Quaternary and
Holocene deposits since fossils are ususlly absent and
lithological charscteristics are so very similar. Lipparini
attempts 2 solution by calling them all "Gefarico. This
Gefarico series is composed of the following: peds of sand-
stones and molasses, aeolian sand, limestone cements,
fluvial breccia and conglomerates and other alluvial
material. Eocene, Oilgocene and Pliocene deposits are
represented by this Gefarico series. Eocene and Oligocene
systems occur as marine facies in the Sirte area and are
easily dated; but not so on the Jefara where the facies are
continental. All the Tertiaries dip gently north or north-~
west.

Quaternary and Recent. The continental Gefarico series of

Holocene, Pleistocene and Pliocene (?) overlie marine

lijocene rocks in the north, and Triassic, Jurassic and Lower

Cretaceous rocks in the south. These are the real surface




deposits and consist of crusts, sebkha, dunes and alluvial
sands. Solid geology is obscured by these superficial de-
nosits excent where the Pre-Jebelic hills manage to break
through them.

The thickness of the material is very variable but
averages 50 metresi for instance on the flanks of the El
hEnshar Hills it is 47 metres, at Sidi Jilani 20 metres,
and on the piedmont plain between Sidi Bu Argub and the
Jebel 100 petres.

The piedmont plain is very interesting and hss been
studied in some detail by C.0.T.H.A. as it lies in the
diversion zone of the Wadi l.ejenin (see fig. 4a and refer-
ence 20). To the north it is bounded by the_Triassic horst
o' Azizia and Sidi Bu Argub aund {o the south by the
Cretaceous escarpment. This basin, which is largely strip-
ped of its Jurassic and Cretaceous deposits, is now filled
with unconsolidated material washed and blown from the Jebel.
Arab wells have failed to reach the base of the Quaternary
at 80 metres. As we shall see later this downfaulted area
is significant when considering movement of water in the
{nappe phreatique' because Pioger visualises a considerable
flow of underground water towards Azizia.® In the Gefarico
there is one small but very important clay lsyer which is

the result of a brief marine transgression in Tyrrhenian

£ B/44 May 1952.
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times: 'Nella serie pleistocenici si intercala verso la
parte superiore la panchina marina del Tirreniano' (21 p.230).
This thin clay layer which is found up to 35 kilometres
south of the present coast, occurs south of Tripoli as a
band 8 metres thick and 54 metres below the surface; it
outcrops principally at Ain Zara and at the base of the
fringing reef west of Tripoli (see fig. 7).
D. Paslaeogeography of Tertiary and Quaternary times.

The sea, which covered much of the Jefara in lMiocene times,
retreated as a result of an uplift of up to 100 metres and during
the Pliocene period continental conditions prevailed. The
glacial phases =-- kindel, Riss and Wirm — occasioned negative
base-levels. During the Riss glaciation in Europe there was a
major negative eustatic change of sea-level in Tripolitania and
the sea retreated even farther north than the present coastline.
In the Mindel-Riss Great Interglacial (Tyrrhenian) there was a
positive eustatic movement and the sea moved inland about 25
miles south of Tripoli to Suk Es-Sebt, the remainder of the Jefara
experiencing continental conditions. In the Wirm glacial period
continental steppe conditions developed again and many of the
present superficial deposits were accumulated, even some of the
coastal dunes. Since the Flandrian marine transgression of
immediate Post-Glacial times there has been a minor drop in base
level accompanied by a weak marine ingression giving rise to small
cliffs along the coast; at the same time coastal dunes and inland
continental deposits have been augmented (21 p.260).




Following our study of morphology and structure the area under
consideration may be divided into the following units:

1) Rocky coastal littoral round Tripoli where consolidated

Quaternary and Tertiary material is exposed.

2) Coastal dunes to the north and south of lagoon sebkh.

3) Sebkh: lagoon gnd inland.

4) Dune Jefara stretching from Gasr Khiar to the Tenisian border
and divided into two by the Wadi kegenin:-

a. Bastern Jefara - area of exoreic drainsge.

b. Western Jefara - area of endoreic drainage.

5) Inner Jefara:-

a. Alluvial outwash zone of plains and basins at the foot of

the escarpment.

b. Faulted piedmont zone in the viecinity of the Wadi kegenin--

infilled basin.

c. Pre-Jebelic Hills.

6) The Escarpment.
F. Conclusions. _

A plain srea of nearly 20,000 sq. kilometres would appear to
have good agricultural possibilities but the study of its
morphology has already revealed extensive negative areas such as
sand and salt marshes.

The area of sedentary agriculture, which is shown in the
frontispiece is mostly confined to the Eastern Jefara. The relief
of this area, as shown in fig. 8,is that of a .gently undulating
plain inclined seaward; there is no steeply sloping land. From

the point of view of slope and aspect the whole of the Jefara
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Plain, with perhaps the exception of the higher dunes in the

east, is suitable for cultivation, but unfortunately relief is

T nnA
LdidL e

not the main determinant of the digkribution o

=

cultivated
In many ways the flattest and best land is in the waterspreading
zone of the Inner Jefara.

1ost of the Jefara consists of Tertiary and Qusternary sedi-
ments which have been deposited on the northern flanks of a dome
formed in Upper Cretaceous times. ILithologically they are largely
pervious and porous, making excellent aquifers; furthermore they
dip gently northwards so that any underground water within them
will flow in this direction. Conditions are therefore favourable
to the accumulation of groundwater. The hydrology of these young
deposits is also closely related to the wadi systems. lost of
the eastern wadis flow directly to the sea and very little of
their water finds its way underground, but to the west there is
a considerable amount of natural 'épandsge' and a certain percent-
age of water percolates downwards to supply the Tertiary aqd
Quaternary aquifers.

Finglly it is quite clear that superficial formations
(Gefarico) of Quaternary and Recent age are the dominant parent
material of Jefaran soils. Outcrops of solid rock are few and
are usually limestone, rarely mrilsfor clay. Soils will therefore

be of a sandy nature rich in calciun carbonate but deficient in

clay.
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CHAPTER 2
Agriculture snd Lend-Use

roduction
In Libya, estimates of land-use areess ere very approxinate,
anc¢ since they are based usually on unreliable statistics they
should be used with caution. The Jefars Plain only covers about
% of Tripolitania'stotal arees but it has 20% of the productive

lano. <figures for Tripolitenis are as follows:-

Total ares covveveenens . 35,000,000 ha.
Productive .evveevennnnn 10,000,000 ha.

The productive land is composed of €,000,000 ha. of rough grazing,
1,600,000 ha. of shifting cultivation patches, and 400,000 ha. of
sedentary agriculture. The area of sedentary agriculture can be
broken down into 127,000 ha. of Hawaza farm land, 103,C00 ha. of
Demographic settlement land, 50,000 ha. of irrigated saniya lsnd,
and the remainder, which is dryland Arab farming (mainly in the
Jebel)zma small afforested area.

Although well organised statistics are availasble for land-use
areas in Cyrenaica, it is difficult to make comparisons with
Tripolitania becsuse the two provinces use a dissimilar classifi-
cation. However, statistics supplied by Kroeller™ appear to
indicate that the area of productive land in Cyrenaica, 1,902,000
ha. is much less than that in Tripolitenia. Other figures given

by Kroeller are:-

Arable land 420,000 ha.
Land under tree crops 30, OOO ha.
Forest land 450 000 ha.
Irrigated land 1,000 ha.

The only conclusions that can be drawn from these figures are that

% B/97 Kroeller - Land utllisation and crop production estimates
for Cyrenaica, 1956/7.



the area of forest land is nmuch larger in Cyrensica but the ares
of irrigation is much smaller and almost insignificant.

Land-use on the Jefars_ Plain (see fic.9)

About 2-3% of the plain is irrigeted lznd, ebout 15% drylend
whether sedentary or shifting cultivation, about 604 is grazed
and the remainder is waste. The mein lsnd-use divisions are:-

Unused land

Forest land

Shifting cultivation

Grazing land and grazing lend with cereals

Areas of sedentary agriculture (see frontispiece)
which include Libyan private and demo-
grephic saniye farms, Italian concession
farms, leyan hawaza farms, derographic
Italisn farms, sne01ﬁ11sed cormercial
farus, and Government faorms.

Ungused Land: Afforested Areas.

The unused land showvn in fie. @ can be related toc the scblzh
(salt narshes) snd the dune lends which are shown in fig. 2. The
salt marshes offer very little prospect for development except for
the better control of grazing and a possible introduction of impro-
ved varieties of salt-tolerant grazing plants. The dune lands,
particularly those in the east, could be utilised when they hove
been fixed by the Forestry Department.

The areas of forest land hove not been measured, but the
following estimstes give an idea of the distribution pattern:-

Table 2.1 Lstimates of state forest land on the Jefg;g?

Ain Zsre 1,000 ha. Abu Salim 723 he.
S5idi Ben Wur 2,300 ha. Tripoli (Suani B. Aden-

Bl Gues 1, 250 ha. Azizia road) 3,102 ha.
Bir Bl Ferhian M,O”S Sghedeida 250 ha.
Victory ir'orest near Jialo Barracks, Tripoli 900 ha.

The Italians started planting trees soon after their arrival

# Jiumaa Jiaddui, Forestry Officer.
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becsuse of the need to protect the coastal oases, 2nd by 19:0

2,000 ha. vere under trees. Unfortunately seversl of the Italian
forests werc cut down during the 1939-45 wzr, as {or example
between Tripoli snd Gasr Ben Gashir. Today it is estimated that
each ycar private farmers are planting about 1,000 ha. of eucalypts
anC acacias, end at the same time the Forestry Department, which
procuces seversl nillion seedlings per annum, is 8lowly fixing
dunes. In 1956/7, 1,700 he. of ssndé dunes and stepve were planted.
t is presumed that it will take 2% least 30 years to fix the most

important dune oress in the esastern Jefara.

D. Pre-Italian pattern of agriculture and land-use.

Today, despite the development of agriculture during the last
30-40 years, the old form of traditional Arab farming is still
evident; the superimposed Italian system has failed to destroy it.
1. Ssniya Farms. The Libyan speaks of two types of farmsj the large

farm known gs hawaza and the small farm known as saniya. Fig. 9
shows that the saniya farms are mainly confined to coastal area,
although a few are found inland in the Dune Jefara and occasion-
ally near the Jebel.

(a) Coastal Sagniya. The farms are generally confined to
several oases which are found in areas of lower relief
where the first water-table is very near the surface. With
water so accessible it can easily be lifted by the dalu
(skin bucket). Agriculture is very intense because the
oases have to support a crowded population which sometimes

reaches a density of 7 and even 10 persons per hectare.
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Farn holdings are often fragmented, land ownership is
vague, methods of cultivstion are very primitive and as a
result the standard of living is low. (Barm Studies 41,
42 and 43 are examples of coastal saniya).

In gummer, the moin crops are pumpkins, water-melons,
groundnuts, vegetables, millets, tobacco, henna, pepper,
lucerne (ssfsfe); in winter, berley, wheat, potatoes ond
broad beans. Trees abound on most farms and gre slways
closely spaced; they are nearly oll fruit trees and the
rost important sre dates, olives, citrus, peaches, epricots,
almonds, figs, pomegranates, medlars, and mulberries. The
Tripoli~Suqg El Jiumag-Tajiurs oases are the best endowed
with water and here cultivation is the most intense.

The coastal oases have been studied in detail by the
Itolisns snd their work can be summarised thus (3,15 & 21):-

Toble 2.2 Libyan Ssniya rarms 1932

Locality Total Irrig. Dry
area ha. gardens Orchards Wells Palms Olives Other Other

No. no. no. no. no. fruit trees
trees no.
— no. —
Tajiura 1626 1229 58 1242 54991 1631 11629 280
Tripoli)
Menshia) 5102 4017 210 4053 227314 53669 8893 1759
Sahel) )
Gurji 55 29 20 40 412 2246 1977 31
Gargaresh 82 65 - 65 2282 L06 361 9
Zanzur 2243 1681 228 1702 167131 15110 9762 15
Zawia 3590 2406 207 2465 177127 34714 14294 18
Sorman 1490 1007 271 1031 77629 10015 2009 89
E1l Alalga 1850 1237 365 1261 74315 3844 2506 -
El Ajelat 1780 616 60 623 38802 537 1433 -
iuara 2825 47 2895 2766 _ 83657 9108 111907 -
porox.

totals. 260643 12334 4856 15257 903660 131280 244871 2201




The total number of wells in the coastel oases is 15-16,000,
and of the tree crops, palms are by far the most important
and thenﬁolives- The average size of the saniyas farm is
1.5 ha.[' The date palm is most aumerous in the Tripoli

and Zanzur srecs vhere densities approach 100 per ha.,

compared with 46.3 per ha. at Ajelat and 43.8 per ha. at

w

Zuara. Olives reflect the gare pattern 2lthough densitie
are lover - Zuara 2.0 trees per ha. and Zawia 14.2. liany
of the saniys farms in the western oases do not grow any
summer crops and they rely on winter wheet and barleys; this
poorer state of agriculture in the western areas is due to
the limited quantity of fresh water that is available for
irrigation. The importance of the vorious tree crops in

the western oases is illustrated in table 2.3:-

Table 2.3 Percentage of Palms,olives and other fruit
trees in the Western Coastal Osses

Qasis Palm 0live Others
Zuara 40.8 L.k N7
Ajelat 95.1 1.3 3.5
Alalga 92.1 k.7 3.1
Sorman 86.22 11.12 2.66
Zawia 77.873 15.24 6.98
Zanzur 87 .04 7.86 5.084

The high percentage for other fruit trees at Zuara is due
to the large numbers of vines that are grown there.
According to Theodorou date palms only made up 47% of the
trees in the Zawia ares in 1952 compared with 77, approx.
given in table 2.3, which refers to the early 1930's. The

decline in the percentage of palm trees is brought about
’ #
\
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by an increase in the number of olive trees, which in 1952
amounted to 42, of the trees in the area.

Theodorou (32) carried out detailed work in the Zawia
area in 1951/2 snd he discovered several important facts
about land ownership in the oasis zone. He calculated
the average size of farms in the Zawia area to be 50.1 ha.,
most of which is not located in the oasis zone, because
nany of the farmers who run saniya farms slso own land in
the Dune Jefaras and Inner Jefara up to 70 kilometres to
the south. On page 16 of :his report he gives the follow-
ing table which indicates exactly where the Zswia farmers'

land is located:-

Table 2,4 Distribution of land belonging to_ coastal
formers at Zawia
Kind of land %  Average per farm (ha.)
Irrigated land in the oasis 2.6 1.3
Dry farmed land in patches
around the osses 9.9 5.0
Pasture land 2.1 1.0
Land in Inner Jefara 17.2 8.6
Land in Dune Jefara 68.2 4.2

(b) Inland Saniva. These have been developed since the
Italisns arrived and particularly since the last war, but
they have been included here because they are a traditionsl
type of farm. They are found in small clusters in the
Dune Jefara and along the Wadi lejenin in the Gasr Ben Gashir
area. The Bir Langar district eash of Ben Gashir is an
example where prosperous small Libyan farms have been

developed at the edge of the dunes. In this area the first
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water-table is about 25 metres

was introduced by the Italisns

down and when the wina pump

in the 1920's and 1930's, it

3
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smgll farms. diesel punps are scattered here
ana there, one sometimes being shared by several farmers.
One of the most enterprising fermers, who was visited, has
installed an 11 h.p. diesel-generator to drive an electric
pumnp vhich is cepable of raising 35 m3/hr. New saniya
frrms are constontly being developed in the Dune Jefars.
One farmer south of Zawia sold his sheep in order to buy »a
pump and with encouragement frow American extension officers
has gradually expanded his smsll farm in the dunes. Parm
Study no. 44 is an excellent example of a new saniys farm
whicih lies a few kilometres N.X.W. of Suani Ben Adem.

In many respects the inland saniya have the same
appearance as their coastal counterparts; the same crops
are grown and water is distributed by the same jedawl method;
but the deeper water-table means a different technique for
1ifting water and fewer palm trees. There is likely to be
a steady but small increase in the number of inlsnd saniya
in the future.
Scattered saniya. In fig. 9 these appear in the eastern
corner of the Jefara. Here the first water-table is much
deeper because of the increased zltitude of the land, and
very few summer crops are growi. The escarpment is diffi-

cult to trace and there is an extension of Jebel o0live
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cultivation almost dowm to the sea. 1108t ol the farmers

rely on the olive and to a lesser extent winter cereals.
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Di-line saniya. dn Lite west, not fer irom the foot of

the escarprnent, are several groups of springs which have
been mentioned in chapter 13 they can be seen guite clearly
on air photographs. These give rise to small oases at
Rabto, Gasr el Haj, Shakshiuk, Jaush and Tiji. Sometimes
the water-table is not cguite ot the surface and then only
palm trees are evident. iione of the springs gives a3 large
quantity of water. 1038t of the orses grow lerge numbers
of date palr wihich yield poor quality dates, snd have small
patches of irrigated lond where millets, melons, pepper,
onions, barley, and chickpess are grown. The sap of many

of the date palms is used to make a fermented local drink

known as lagbi.

2. Shifting Cultivation. Fiz. 9 suggests that a large part of
the Jefara Plain is devoted to shifting cultivation but this
is misleading, for only the more favourable patches of land are
in fact utilised, the remsinder, if it is not bare sand, being
used ror grazing enimals which belong to farmers in the coastal
zone. DBarley and wheet are the two crops grown in this area,
the former which is much the most important is found almost
everywhere, the latter is limited to the heavier lands (Tin).
When the first substantial autumm rains fall, the shifting
cultivator arrives and broadcasts his seed by hand over the

land and then ploughs it in with a primitive scratch plough,
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vhich is usually pulled by a cenel. He generally leaves the
sovwnt land during the growing season and then returns for the

fiiiter raing llave been suillcient to give

—l

Aarvest, 3D tae
some sort of crow; at harvest timc the whole fanily may come

to the area. The nane shifting cultivstion stems from the

icdea that the farmer travels to sn sres wvhere there nss been

2 good rainfall and then sows his seed, with the result that
different areas of lond may be cultiveted from year to year
depending on the distribution of rainfall (see chapter 4 for

the patchy distribution of rainfall each year on the Jefara
Plain), although ii one ares has heavy rains three years running

then it will often be cultivated three years running. The

ch

noture of the wmovement of peopnle in the ares of shifting

m

xac
cultivation during the spring and sutuwm hes never been studied,
and the ownership of land in the Dune and Inner Jefars seems to
be very complicated. Some reports on agriculture state that
the land in the shifting cultivetion zone is tribal ond is
allotted out to the various heads of faimilies each year. It
does awnnear that people belonging to certain tribes move to

arees within the tribsl limits (these usually coincide with the
nudiriyah boundsries which are showm in the frontispiece), but
that the actusl lend is privately owmed. It is knowvm thet
neople in the oasis of Zawia own lend in the Dune Jefara, but
mgny never make use of it personally, insteod they rent it out

s ., LK
to anybody that wants to graze it or sow barley on it. In

— —— [ ———m——

%
Personal Communlication, isdi Bulugma, Durham.
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the frontispiece certain prrits of the Jefars ere sinown outside
the linits ol Tripoli anc Vestern Province, and it is to these

35, porticuivlly oliuse ol Guacian ana Tarihwng districts,

ct

hat sone of the Jebel tribes cone to sow wheat ané barley.
Shifting cultivation has several disasdvantages. The
shifting cultivator scatters his seed very widely in order to
malie best use of the limited moisture aveiloble; he is interested
only in a large nultiplicstion of his seed and his yields per
hs. are very low (see plate 28). Only in years of very good
raintall, wvhen the Inner Jefero is one mass of green in the
late sutumn, is o satisfactory harvest gathered. The shifting
cultivetor is using the land that would produce the best grezing
nlants and he is also constently destroying much of the bush
vegetation when he ploughs.

Grazing and Semi-Nomadisin. Reliable figures for the number of

livestock on the Jefara Plain are not avsilable and estimates
tend to be meaningless because numbers fluctuate so sharply from
year to year. It is probably reasonable to assume that the
totals of livestock in Tripolitania fluctuate round the follow-
ing figures: Sheep 200,000, goats 330,000, camels 50,000, cattle
40,000 and donkeys 30,000. On the Jefara Plain cattle, camels
and donkeys are inainly used as-ggggg of burden and for raising
water, and sheep and goats, which probably number 130,00C snd
200,000 respectively, are the msin grszing animals. lkany of
the coastal farmers own sheep and zoats and pay shepherds to

look after them in the Dune Jefars.
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The isolated area of grozing lend in fig. 9 is the terri-

vory of the El Hod tribe who live in the Dir 1 Ghnen mudiriye

(sce noe 11 in frontispieces. Tiie large area o. grazing lend
in the wegst is the territory of the Sisan seni-nonodic tribe.

tost of its 9,500 members have no permanent place of residence
anc. they are continually on the rnove in sn area of about 2,000
Sqe miles. In the winter they live in black tents 2nd in the
sumnier in palm frond huts knovm as khus. They d¢epend almost
entirely on livestock and in 1957 they had 18,500 goats, over
6,000 sheep anaG over 6,000 camels. In the winter they travel
to o few areas of land, mainly in the morth-west, where they
grov patches of berley: in autumn they may ro to the coast to

help with the dote harvest; at other times they travel in search

(Y]

of pasture, occasionally colling in at the oases of Tiji and
Joush on nmarlet days to sell animals and buy fooa (6). The
area of grazing land witn a little ceresl cultivation in the
vadis, is often used by certain of the Jebel tribes. The
terrain is very rough because of the many boulders that are
brought down by the winter floods, but it is possible to grow
berley in s few of the moister and flatter areas.

Overzrazing is s serious problem on the Jefara Plain and
a rigid programme of range manacement is needed. The goat,
wnich 1s the most numerous animal, will eat almost anything and
at the saiie time it grazes the vegetation sc.low that it easily
kills it. Over the centuries, overgrazing has bcen one of

the factors causing the formation of large dune aress in the



j.ore hunid dostern Jefora. Secause nuch of the grazing lend
is furnished with too few wells, the vegetation within a radius

of nhou* 10 M lametrec of eoc

fa)

Vo

o} xigting vwells 1s over-
grazed in the surmer, when the animals hove to be watered
frequently

Italian and Post~-Italisn Pattern of Aegriculture.

By 1921 the Italians occupied Tripoli snd the western oases,
by 1922 they had captured all the western Jefera, and in 1923 they
took control of the whole plein when the eastern Jefara region
finslly surrendered. Thus from 1923 %o 1939 they had couplete
freedon to develon the ores in whatever nanner they desired.

1. Itsglian Concession tarmg. The Itslisns obtained land by

general expropriaticn; they rcvised iwslim law end then declared
that 211 land for which private ovmership could not be proved,
should autometicelly become state land. By 1925 the Italian

state had taken over the following areas of land on the Jefara:-
Table 2.5 Land on the Jelara y Plain expropristed by the

locality Area 1n hectgres
Gasr Garbbulli 10 ,172
Gasr Khiar 5 2%9
Tajiura 7, 100
Mellaha 100
Ain Zara L 4,500
Gasr Ben Gashir iy ,831
Suk Es Sebt - Fondgk esh Sherif 3, 310
Er Regiat 16 190
Khetna 6 088
Gurji - Suani Ben Adem , 587
Aziziag - Bir ldiani 17 45%
Azizia - Wadi E1l diras 12,311
Sidi kesri 3,600
Porta Benite 16
Porta Azizia 9
Zanzur 9,000
Zawia-Sorman 11,700
Sabrata 6 000

nellita 2 000
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soite private farmers arrived in Tripolitenis in 191k, but then
immigration wes suspended until 1920 cue to hostilities in
murope. By o concession scheme, which was estsblished by
decree in 1925 and later renewed in 1928, farmers were granted
1snd by the state with the right of perpetual owvmership on an
immediate nominal payment of 40-50 Lirs per hectare, but subject
to then beilng able to raise the state mortgage on the concession
when the lsna had been developed. The stete also subsidised
sore farnmers until the land started to yield cro»ns. This type
of rigid control, narticularly the rule that a farmer nesd to

vay for the larger part of his concession only when he had
developed it, killed any dcsire for speculation.

By 1937 the total number of concession farrs in Trinoli
and Western Prowvince had reached 592 covering a total area of
96,429.85 ha. (14) as follows:-

Number of farms in concession 332 area 86,605.66 ha.
Number of farms in full ownershin 235 area 7,2085.30 ha.
Number of farms part-concession
and part-ownership 15 area L4,249.91 ha.
Number of farms in state owmer-
ship 10 area 288.98 ha.
At this time sbout 604\ oi the concessions were under 75 ha. in
size, 20y were 75-400 ha., and 20;. were 400 ha. to 1,000 ha.
and over. These were the kind of private farms that were
established by the Italians before the war and most of them are
still in operation todey, although some have been taken over
by Libyans.

It is necessary to also study the type of agriculture that

was developed on these concession farms before the war, because




the crop combinetions of todey have chenged very little fron

those that were originally established. wvryland tree cultiva-
tion formed the basis of the concession farms and figures for
the orea planted to the various trees in the whole of Libys by

1935 are given below:-

Table 2.6 Iree Plantings on Italian Concession Farms in

B il bl

Libya by 1935.

Olives alone 29,483 ha.
Olives in association 20,535 "
Almonds alone 1,991 "
Almonds in associstion 4,658 "
Vines slone 1,105 "
Vines in association 6,501 "
Varied fruit trees alone 266 "
Variea fruit trees in association 252 "
Forest trees (not on dunes, 1,556 "
wilberries alone Y70 ©
rilberries in association 109 *®
Irrigated culture (mainly citrus) 2,799

In the above table Olives, almonds and vines are the most
important, the majority of them being planted in association
with each other. The irrigated area is very small indicating
that few forms plamned to grow summer field crops, although
nost of them cultivated dryland winter cereals between the trees.
The Italian concessions were laid out in the areas shown as
hawaza in fig. 9.

Today the cropping pattern on many concession farms has

not changed — see for example farm studies L-11. In the

3]
W

nstern Jefara, an area not covered by farm studies, concessions
El Allus (formerly Calo) ond ~.A.T....A., both about 3,000 ha.
in size, still rely on dryland olives and almonds. The farmer

on the neighbouring Variani Concession, however, drilled an



abttesian well before the war and is now irrigating a substantial

area of citrus snd groundnuts. In the far west of the coastal
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’ abrats Gisveici, Lie concession Iarms have changed
very little, but elsewhere, where underground water is more
copious and of better guslity, changes are evident. lany olives
and winter cereals are now being irrigated, Wines are being
destroyed in large numbers, and not all the arable land lies
fallow in the summer for an increasing aree of groundnuts and
lucerne is bheing growm. In the heicsht of the summer with the
temperatures over 100°F. extensive, rich green patches can be
seen between the olive trees on the Azienda Agricola de liicheli
Concession; the groundnut has transformed much of the summer
cultivated landscape. nost of the concessions can boast 2-4 hs.
of irrigsated land, but the olive still remains the most impor-
tant crop, making up sbout 75% of the trees on many farms.

2. Libyan Hawaza.

lost of these were originally Italian concessions so bhasic-
ally the psttern of tree crops is the same. It does appear
that the new Libysn owners have less faith in the olilve and have
mnore enthusiasm for irrigsted field crops -- see farm studies
13-23. Farm study no. 12 describes one remarkable farm that
was not formerly an Itaslian concession. This is 82 ha. in size
and is found in the oasis of Ajelat; the number of trees is
sizall and the farmer tends to favour winter cereals and groundnuts.

3. Specislised Commercial I'grms.

+08t ol these farms concentrate on the production of certain
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comaercial crows for export. Today, as in pre-war days, most
of them grow citrus (see chapter 11 for classification of
eitrug foree), but new councreisl types of foras are spveseriig;

farrz study no. 1 describes 2 comtercial farn, financéd by »
trading company, thot hos eppeared in the lsst few years; this
endegvours to produce high quality crops for the United Kingdom,

particulerly groundnuts, early potstoes, asnaragus and carrots.

venographic vares. These are so called because they were
developed ior the purnose of settlins or resettling farmers.
During the late 1930's, thc Italian vascist Party began to
tronsfer to Libyes forniers from the depressed prits ol Southern
Itoly snd frow Sicily. Since the ‘ar the Libysn Government
as so for made onc trial attewpt to resettle locel fermers on

the Jefars Plain.

() Italion Demogrephic Farms. The latest information on the

denoszranhic settlements is as follows:-
O £




Table 2.7 State of Italian Demographic Settlements in 1957

ttlement Nare

Agency Total Orig- Pres- HMo,of No,of Mo.of Wo.of Av. Av, Remarks
Pop. inal ent hold- hold- hold- hold- size area
area area ings 1ings ings 1ings of under
. for ha. originin still trans-hold-~ trees
byan Ttalian devel- ally priv- being ferred ing per
opment ate devel-to ha. hold-
ha. ownexr oped G.O0.L. ing.
ship he.
}zia Azizia Ente 171 1510 1090 30 9 13 9 40 ? 5 families
transferred
hduk Fonduk Ente 142 810 810 27 27 - - 26 ? All private
uddaim Oliveti Inte 281 1470 1470 49 50 - - 30 ?  All privaie
gghra  Biaachi INPS 867 6121 5982 167 - 170 2  34.6 8.7 Still being
developed
rabulli CastelverdeIlTPS 8 25717 90 58 2 - 56 45 21.5 Abandoned
anima  Corradini INPS 171 2973 2331 64 - 52 12 43.9 21.5 Still being
developed
nasire Giordani TMPS 776 5207 4747 193 - 184 17  25.6 4.% Still being
developed
shian  Hashian TuPS 94 356 356 20 19 - - 18 9.9 All private
iria Tiicca INPS 597 4833 3555 148 - 141 18 26 6.4 Still being
developed
nddaim Oliveti INPS 475 1397 1397 T2 T4 - - 18 14.8 All private
Totals 3582 27254 21828 828 181 560 114




Demogrennic feoriis were generally estoablished later than concess-

ion farms, mostly in 1937, 193¢ oand 1939: they are smaller in

Fe A vT A ra e s o o me e e o L2

gire DUt hove o lorgor svergge aves of irvrigsgbed lund. Usually
the farms are 25-3C hectares with 20-25 ha. of dry land and

5-6 hectares of irrigated lsnd; dry land consisting of 12 ha.
of olives, 5 ha. of almonds, 3 ha. of olives and vines; and the
irrigated land of 1-2 ha. of citrus in addition to small areas
of wheat, fodder and industrial crops. Seweral of the settle-
ments, namely Bianchi, Giordani, sicca and the Olivetis, had
electricity installed when they were developed.

Two out of the three agencies settling people in Libya,
operated on the Jefara Plain: Ente per la Colonizzazione della
Iibia and Istituto Nazionale della Previdenze Sociale.

Ente per la Colonizzazione dells Libia was constituted by
royal decree in June 1932 for the purpose of coloniging
Cyrenaica, and in 1936 its activities were extended to Tripoli-
tanis. It derived its finsncial resoureces frorn the state and
other organisations in Itely, particularly banks. On the
Jefara it took over land that hss been confiscated from the
Turkish Gévernment. The land thug acquired by the agency was
sub-divided into holdings, on which were constructed houses,
outbuildings, wells, storage tanks and other fsrm necessities.
Village centres were built by the state and remained state
nronerty. When the settler first moved into his farrm he was

given a subsistence allowance for five years, and curing this

time a8ll his produce wes handed over to the Agency and credited

—— i ————— .. . T e e e e

% 'gllowing informstion supplied by kr. Hvans, Department g
of State Promerty.
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to him. After the initial five yesr period the settler had

to buy all his own seed, manure and eniumals etc. znd at the

sal.e Gll'e pay Dpack 2 proportion or the capital expenditure on

his holding, plus a certain percentage of the senerel running

evpenses of Ente. ¥nte's officisl policy decreed that all
noldings on tne Jefars Plain should be legelly transferred to
the settlers after the elapse of 20-24 yesrs. The Asency was

-

still intect when the British 1ilitary Adrministretion took cver
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wor apd 1t continued to operate uader the zuldance

T

or the Director oi Asgriculture. It is nov winding un its
activities.
Istituto NWazionele delle Previdenze Sociele (II'PS) started

in Italy in 189E, os o national nrovident institute for sickness
b L

f‘l\

and ola age, gnd in 1919 it becale o socilal insurence institute.
It comnenced its insursnce activities in Tripoli in 192€ and
later entered the field of demogravhic colonisation, for which
purnoses a @eparate orgenisastion was established vith its
headquarters in Romne. The Agency took over stste lond, or
private land that had been exnropristed by the state agoinst
paynent by LiPS. holaings were develcoped on similar lines to
those of Ente, and it wes intended that they should be trans-
Terred to farmers after 24 years, with asny outstanding farmers
debts being converted into a iwortgage. As table 2.7 indicates
ost farns belawirg to both sgencies nra been transferred into
private ownership in 1957; today 8ll Ente forms have been

hsnded over and within the next two years IUPS will have




relinguished control of 211 its farnms.

At Azizia 0ll Torms vere in private hands by the end of
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crc noldings sveioge %9-50 hw. in size 2né ore slightly
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larger thon those on nany other settlements. When the Italian
and Libyen Governments drew up their agreement in 1956 (33
Allezato He) 13 forms still remained in the agency's control
endé needed further developing. Tocay these farws are complete
and ghould have , on average, 500 almonds on 10 ha. 600
eucalypts on 3 hz. and 50 irrigeted olives. Ceresls are grown
in the winter and¢ tobacco, groundnuts, tometoes and lucerne in
the suiuier. :.o0st Tsros hove a 4-6 h.p. electric pump and 100
m3 storage reservoir; some however still have wind pumps.

All fsriis on the inte settlenent at Oliveti were in private
ovmership even in 1957. Blectricity is 1lsid on to every form
(see fig. 20) and enoughﬁmter is raised by each electric pump
to irrigate at leest 3 ha. of land — for detesils of cropoing
see farm studies 35, 36 and 37.

All the farms on the Ente settlement of rfonduk Et-Togar
are slso in private ownership. Water is scarce here, not
because the underground water reserves are poor, but becsuse
only wind pumps sre available (or were avallable originally) to
raise water; only about one hg. of land is therefore irrigsted.
Every holding was esteblished with a wind pump, but today some
formers are instolling electric pumps. Three examples of

arims on this settlement sre given in farin studies 38, 39 and

40. Farms 38 and 39 still retain the wind pump and only have




2 ha. of irrigoted land each; relying mainly on the dryland
cultivation of olives, almonds ond vines; farm 39 storted with
the same drylsnd cropns, but now with an electric pump, 12 ha.
of the farm are irrigable. -

r.any of the IkPS farms were still controlled by the sgency
during the writer's stay in Libya snd nmuch of the detailed
information, which was available, is incorporated in later
sections of this study, perticularly sections IV sna V. Accord-
ing to the 1956 agreement (33) the remaining IMPS settlements
were to be made economicelly independent within four years. In
the Bianchi, Glordani and idcca areas this was to be achieved
by ensuring that every form had, on average, 300 plive trees
(mainly Tunisian), 100 almonds, 1 ha. of vines, 150 citrus,
5-600 eucalypts and other trees and 24-3 ha. irrigated land.
further information about INPS at Bianchi and Oliveti is given
in farm studies 23-31.

Ghanima is the youngest of the INPS settlements snd trans-
ference of owvnership will take place here last of all. Since
the water-table is up to 40 metres down, only dryland cultivation
was developed, with olives, almonds, vines and dryland cereals
the main crops. Originally 29 wind pumps were installed but
today only 23 remain, some even being shered by several holdings.
The farms on this settlement are the largest demograﬁhic farms
on the Jefars and they average about 50 hs. There is to be an
expansion of irrigetion st Ghanims becsuse in the 1956 agreement

(33) provision was made for the construction of 15 new wells and
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storage tanks, with a new generating plent to provide the power
for electric punps. About 1 ha. of land is to be irrigated
SR LLllili olluiidig wudiiduionb WLEO L LU WE ELOUWL LUL LAWLLY
consumption and sufficient forage for the animals. When
development is complete the average holding will have 450 olives,
450 almonds, 5 ha. of vines, 350 forest trees, and 1 ha. of
irrigable land. In addition Allegato H. of the agreement
stated that 1500-2000 olives 2nd fruit trees were to be distri-
buted so that each farm should have 50 irrigated trees. Farm
studies 32, 33 and 34 describe three typical holdings in the
Ghonima area.

Libvan Demographic Saniya rarms at l.aamoura. The Government

settlement scheme at in.gamoura is unique, and represents the
Department of Agriculture's only attempt to develop and settle
an asres of the Jefara Plain. If it is successful there may be
similar development in other districts. The ares in question
was chosen by the Italians for the resettlement of Libyan
soldiers who had supported the Itzlian cause, but plens and
developnent were not completed when the 1939/45 was started.

The Italiasns originelly divided the land into lLasmoura A and

tasmoura 2, and for the moment the Libysn Guvernineni nas counceun-
trated on developing the former. Work started in 1954 and

fermers were soon settled, st first to be under contract and
supervision but later to become owners il considered suitable.
At lwamoura A about 628 ha. of land have been developed

and 462 hs. remain ss sand dunes. Of the developed land, 500
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ha. have been divided into 125 farus, each of 4 ha. Wells
heve been dug at 200 metre intervals ana there is one on each
Tari. Vater is taken fram the first acuifer which ia nanaliw
6-C netres down, and is raised by 1.25 - 1.8 h.p. electric
punps, which Fee bought hy each fermer st a cost of £L110 each
snd being peid for in asnnual instelments of £L22. dach pump
nos a discharge of 20 nm3/hr. and it punns water into a 25 m3
storege tank; irrigation is by chonnels and jedawl and enough

w
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ter is available for the irrigation of 6-8,000 jedowl.

One half of the farm is cultivated each yesr and the rest
lies fallow. The main summer crops are groundnuts (usually
4-6,000 jedowl), luccrne, tomstoes, maize and peppers; the main
winter crops are wheat (4 ha.), barley (4 hs.), beans ({ ha.),
autunn sown potatoes (¢ hs.), and spring sown votatoes (% ha.).
Tree crops are very varied ana mixed bhecause of the srisll size
of the farm; citrus and olive trees are dominant ond each farm
has an average of 50 citrus trces and 100 olives (local and
Tunisiaen which are all irrigated).

Farn practices are controlled by the Lazsra of Agriculture
ana they are therefore of a higher standard than on any other
saniye farns. Land is irrigated every 7 days if ha. need
watering, ond every 10 days if 3 ha. need watering. VUinter
crops are irrigated ond wheat receives 2-3 irrigstions. It
no fertilizers are applied then the rotstion is groundnuts,
wheat ond three years fallowy 1f fertilizers are used then 2
cron of beens follows wheat.

nesults seem most promising by local standards and other



schemes should be started as soon as possible in other parts
ol the plein.
OO Vi iiugan agasoe n purvey UL agllicuLlilure LS 10T colplete without
o brief mention of the four main Government farns at Sidi ..esri,
Gasr Garabulli, 41 Gues sna Bir E1l Ghnem.
Sidi i.esrl is easily the oldest and it was established in
Turkish tines. Of the totsl oreo of 160 ha. about 50 ha. are

irrigoted. The nine wells on the farim, each with o capacity of
b P

oa

60-100 m3/hr., tap the seconé aquifer, snd water is distributed

over the lan¢ by all wmethods, sprinklers, jedawl and furrows. The

Hy
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1 is strictly coxperiuental and msny tyones of crons ond onitols
are to be IounC there. Hgtablished local veriecties of crops and
trecs are testeC under verioug conuaitions to see how ylelds
iluctuote, end new varieties are tried to establish whether they

T

can adapt theuselves to locsl conditions. This Government farn
is very aliferent from the private forms.

The newer faris sre more importent to this study because they
illustrate how certein experts consider that agriculturasl lend
should be developed. On the Government Sheep Rancih at Garsbulli,
amid the remnants of the IIPS settlement of Castelverde, water from

] L)

jell, drilied by cile Itaiians, was running to waste,

cn ar
ahd it was deciGea to develo» an area of Iland oround this well for
the growing of lucerne and other forage crops. It was assuied
that lucerne needs on irrization of €0C ni3/ha. every L4-5 desys in

the sumuer and every 10-12 days in the winter, and vith this in

ind 16 ha. of land were developed for this cron. Altogether
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about 20 ha. were developed for irrigetion. 11.5 he. were

levelled gund 2,500 netres of lined canals were constructed ior
LU VA Uy SLligdULUL DaU BPLALBLEL S WELE LLLLIUUUCEU L0 U e LOUDY
tnc farn 1s still Cevoted entirely to forasge but it now has two
artesian wells.

At 31 Guea, onotiner far: has been develoned for the production
oi fodder Tfor livestock at the Government Sheep Station. Two
artesien wells were drilled by L.A.T.A.3. near kilonetre 47 on the

Tripoli-Garsbulli road; hoth these hove a capscity of about 250

for 5-6 ha. The main crops growm
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n3/hr. snd supnly enouzh w
are lucerne, vetcihes oand osts. Therc are =t preseint 4 artesian

wells and the develovment is 25 follows:-

Grav1tj ;rrlbatlon ené syphon tubes .4 ha.
Gravit vy dirr 'g—AUJ.OxA gnd gatet pipes 4,1 i3
Sprinklers for full 1rr1gat10n €.9 ha.
Sprinkler for semi-irrigation 13.3 ha.
Dry farming 27.6 ha.

Recently a seed multiplication farm hss been built at Kilometre
52 on the same road. This has two artesian wells and a2 shallow
well and has the low cost cansl tyve of irrigstion.

At Bir El Ghnen is a very significant farm. This was started

in harch 1959 snd is located in one of the hottest and driest parts

oif the plain vwhere therée is hvu sedelivary culitlvation. water is
found in the first water-table about €4 metres below the surface

ond is raised to a 500 n3 capacity storage tank. The farm wsas
tablished for two main reesons: firstly, to grow standard local
crons anc see hoivs they rescct to the adverse conditions oi neat and

ariditys; secondly, to investigete the feasibility of irrigation
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Cevelopnent froim deep wells regquiring high 1lifts of water. Doth
fieldé gnd tree cronec are grovm. A large part of the ferm is de-
vUuLn U gluwilg; Colreglny wydluly OdLs AuUU palley, LOT The 2ninals
at Sidi hesri, but other crons, such a2s potatoes, lucernme, naize,
chiclipeas, pesnuts, weter-melons ond cucumbers afe grown %o

~roduce seed. Cotton wans even tried in 1956. Tree crops include
peoches, pesrs, plums, anricots, oranges, olives, vines ond castor.
The Governiment owns about 3,600 he. of land in this district, but,
although further expansion is enticipated, so fer only about 30 ha.

have been developed, largely devendent on loiu cost canal irrigatvion.
-t



SECTION II

SOIL & WATER RESOURCES
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CHAPTER 3.

Soil and soil material

At the outset we are confronted with the problem of what
is a true soil. Strictly speaking, soil is the medium in which
plants grow and should not be confused with weathered rock, which
is nothing more than parent material. Due to the aridity, plant
and animal activity, which is necessary for true soil formation,
is often lacking in wany parts of Libya. However, much of the
Jefara Plain has some measure of vegetative cover and animal life,
even the drier western parts. so true solls are to be found.
Only where there is overgrazing or excessive aridity is vegeta-
tion deficient, and even in these areas soils will develop if
the density of grazing animals is lowered or water introduced.
In this chapter, the polemics of soil definition will be avoided
and consideration of soil material will be detailed in order to
understand the problems hesetting agricultursl development. In
the first half of the chapter one must comstantly bear in nind
that in aria countries physical rather than cherxical processes
of rock weathering are dominant and soils have a close relation-
ship to geological parent material.

Water, either from rainfall or underground supplies, is the
critical factor affecting agriculture in Tripolitania and this
Getermines the general boundaries of sedentary cultivation
(frontispiece). Tarming of this nature is only found in the

Eastern or Coastal Jefara where there is either a rainfall of

over 200 mms., suificient for dry farming, or an abundant
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supply of good quality underground water, permitting intense
irrigaticn. Within the general limits of sedentary agriculture,
soil can have an important control on the types, yield and
distribution of crops grown and can also prohibit cultivation
when saline cr crusted. Scil is slso very important when
considering the shifting cultivator, since it may determine
whether he grows wheat or barley and sometimes whether he harvests
a crop, for in drought years it is the heavier land which retains
the most moisture.
Problems of classifying Jefaran soils

W.l. Davis, the great geomorphologist, emphasised that
landscape is the function of "structure, process and stage'".

"his formuls can be applied to soils, snd pedologists (26) use
this genetic approach to classify the Great Soil Groups: zonal,
intrazonal and azonal.

Zonal soils are closely related to climatic belts and their
profiles are an expression of this reletionshipj; they can he
broadly sub-divided intc Pedalfers and Pedocals. In Pedalfers
the dominant direction of translocation is dowvmwards from the
surface, with resultant leaching of bases etc. from the A.
horizon and deposition of sesquioxides and humus in the B. horizon
Pedocals ariée from the reverse process; since they are found in
dry areas, the dominant movement of soil water is upwards, giving
deposition of calcium carbonate and perhaps soluble salts at or
near the surface under true arid conditions, and below the

surface under semi-arid conditions. Zonal soils are a true



function of structure, process and stage, since environmental
processes are agctively at work on parent material and the scil
type depends on the stage of develooment reached.

Most of the Jefaran soils are Pedocals and theoretically at
least, should be intrinsically fertile. The plain is a semi-
arid area with a rainfall round Tripoli of 350 mms., decreasing
to 100 mms. in the extreme westj this dryness plus high summer
temperatures results in water constantly being drawn to the
surfasce by capillarity. Usually, this water is 2 solution of
calcium bicarbonate, and as it nears the surface carbon dioxide
is given off and caslcium carbonate is deposited in the soil.

This addition of calcium earbonate to the soil profile is known
as calcification; it may be hard or soft, a continuous pan or
concretionery layer. Somme oif the calcium compounds brought up
conbine with colloidal substances and encourage a granular struc-
ture in the soil. It is difficult to decide if a true zonal
Pedocal is found on the Jefara Plain, but the Intermediate type
soil, which will be discussed later, may fall into the Suborder 3
'Iight coloured soils of arid regions'. (26) —perhaps a
Sierozem, Red Desert or Reddish Brown soil.

Intrazonal soils are anomalous in that because of some local
factors, they are found in more than one of the Zonal belts.
Their profiles have distinctive characteristics whicii 2re ot those
to be expected under the climatic conditions which prevail. The
local factors which operate zre three:-

Calcimorphic; Halomorphic; Hydromorphic.

Jefaran soils are either calcimorphic (crust soils) or



halomorphic (sebkh soil).

In Azonal soils the locel processes are allowed to operate
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the development of a profile characteristic of a zonal soil.
Azonal soils, which are representec¢ in the area under study by
dune and detrital materisl, are immature snd sometimes called
skeletal.

Thus the Jefares Plain hss examples of all three orders of
soll: zonal, intrazonal and azonal. Parent material is derived
partly from the weathering 'in situ' of superficial Quaternzry
Tormations an¢ l.esozoic sediments (rainly limestone) of the
Prejebelic Hills, and partly aeoliasn material transported from
source regions in the south snd alluvium vhich is composed of
weathered fragments of the Jebel formations. Taking into
account the éreat S0il Groups classification already indicated
and given the type of parent materials just mentioned, it is
possible to make a tentative classification of the region's soils
andG soil material:-

1) Cosstel and inland dunes znd sandy areas - A4zonal regosols.

2) Alluvial soils of the Inner Jefara, known as the 'gattis'
(flood lands) by the shifting cultivator - Azonal.

3) Intermediaste type of soil which is perhaps a Pedocalic
zonal soil, 'terre de la Gefara' of COTHA (20).

4) Intrazonal calcimorphic crust soils which are found in
the west where intense calcification is evident at the

surface.
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5) Halomorphic intrazonsl soils, knowvm as Solonchaks, or
white alkali soils and in their extreme form are called
teohirh! ho the Tihrane

6) Skeletal eroded soils of the Pre-Jebelic Hills - Azonal.

7) Detrital soils found skirting the Jebel front - Azonsl

lithosols.

C. Studv of sonil and soil-material types.

1. Coastal and Inlsnd dunes and sandy areas.

As the morphologicel mar (fig. 2) shows there are large
areas of sand covering the Jefara Plain and in many cases the
mantle is of considerable thickness. There are two types of
sand: continental snd marine.

Continental sands are by far the most important. The sand
grains are reddish in colour if coated with irom oxide (hematite)
ana brownisﬁ ip colour if coated with hydrated oxide of iron
(limonite). They are finely grained with s diameter generally
less than 0.5 mm., largely composed of quartz with a notable
absence of mica, ana they are polished and rounded by attrition.
Bverywhere profile developument is lacking and the sands present
an unstratified and homogenecus mass. Organic materisl snd
colloldal elements are deficient and there is little cohesion:g
the sands are therefore easily eroded by water flow. Sands which
occur as dunes are very unstable and are ceaselessly moved by the
wind, resulting in a soil which is undeveloped and permanently

irmature and therefore belonging to the azonal order. The

continental sands can be divided into three types:-
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a) Lunes proper: in these arcass %the sond completely covers the
land to a depth of several metres and in places even more
than 20 metres. These are the moving sands which according
to Principi (22) are found in s belt 10 kilometres long,
stretching from Zenzur in the west snd rcsching the cosst
at Wadis Raml and Turgut.

b) Intermediste dune land: in these areas there is a much
thinner sprinkling of sond, with small dunes of one to two
metres sverage height. In the eastern Jefara the small
dunes usually overlie the Interme@iste soil type, but in
the west they are a thin veneer on top of a crust soil.
Intermediate dune land is well develoned in the Azzahra
(Bianchi) region, in the area marked 'mainly sandy' on
fig. 2, and also on the southern morgins of the dunes proper.

¢) Calcite sands: in Tripolitania there are numerous earth
walls in coastal arcas which have been built by dampening
and beating these sands. Varying degrees of calcification
sre evident in most continental dunes and in the coastal
zone the sands sre highly cemented to give an almost solid
formation. Principi (22) mentions such sn area hear
Tripoli between the Isrsel cemetery snd the submarine cable
station. The results of intense calcification will be
studied in no. % soil type.

arine sands, on the otier hand, give rise to lsrge dunes
along much of the shoreline. Because they are derived frou

narine shells such sands are usually much coarser and lighter
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in colour than their continental counterpsart.

As diancs, they

are found along the west coast beyond Zawia, associated with a
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absent round the town of Tripoli but appesr again in the esst

beyond the Wadi Raml and finally attain their greatest develop-

ment towards kdisurata well beyond the confines of the Jefars

Plain.

2. Alluvial soils of the Immer Jefara.

iost coastal dunes are cemented in their lower layers.

These soils arc found at the foot of the Jebel and further

north along the wadisj; they vary from fine grovel to silt and

limon.

for instance, above the barrage of Wadi el Hira soils ore

heavy, but along the Wadi Snennant, below Bir Bragen, they arec

light and sandy.

Wadis lesve the Jebel heavily chorged with

material eroded from the hills ond as they emerge on to the »nlain

velocity of flow is sharnly checked.

As a result their traction

lond is deposited on the northern margins of the escarpment and

their suspension load in the basins and depressions of the Imner

Jefaray in the latter aress flooding occurs following winter

rains.
since as the flood-water brcaks out from
the coarsest part af the load
when the water is static an¢ spreac out,

the suspension loaC settle on the land.

The heavier soils are usually found away from the wadis,

the noin wedi channel

I

iret, but

?

the finest

This finsl

deposition gives limon - thc clayey lands which the

formers call 'tin'.

elements
phose of

Libyen

In zeneral the alluvial soils have an
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interstratified structure oif gravels, sends, silts and clays;
sucih profile development is the resilt of varying conditions of
wepUaiiulivu 85 wauls chiange thelr course irom year to year. With
a process of continuing deposition soils remein permsnently
imnature.

Lirnon hss a more compact structure than any other soil
material in Tripolitania and this is due to its inherent clayey
guelities. Usually it is only a few centimetres thick and can
overlie sand, alluvium or Intermediate type soit; its distribution
is patchy and always coincides with present or former zones of
natural ‘'épendage' (water spreading).

3) Intermediate type of soil.

This soil type has been given this name since it is composed
partly of alluvizl and partly of aeolian materisl. It is a
very similar soil to that found in Southern Tunisia and Despois
(12) waintains that this soil is the nearest to loess in Tripolit-
ania. It is, however, very difficult to define it precisgely as
previous studies oiten give differing interpretations, which have
led to some confusion of thought.

COTHA (2C) gives the most specific description of the
Intermediate soil type. It is a tine, grey-brown, sandy soil
with a 1ittle clay end limon, and it is occasionally covered by
small dunes of about one metre height. It is usually about ten
metres thick, low in organic matter (but not so impoverished as
the sandy soils) and it has some measure of cohesion. In the

northern parts of the lInner Jafars i% zives a vast monotonous
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surface, broken only by limestone buttes (Sidi Jilani and Sidi

Bu Argub) and small mounds covered by Zizyphus lotus. There is
10 True prorile development but there is a hint of stratification.
The grey to grey-brown colour is diue to the presence of illuvial
layers of calcium carbonate at varying depths. The slightly
stratified sppearance of the profile also reflects the nature of
the parent material which is derived from three sources:-

(a) Breakdown 'in situ' of the Quaternary Gefarico series (see
Chapter 2).

(b) Imported aeolian material, either sand from the extreme
south o wind-sorted limon from the alluvial lands in the
southern part of the Inner Jefara.

(e) Alluvial material of varying particle size from sand to
clay, which is occasionally spread out by the wadis.

The parent material has some form of stratification before
the pnedogenic processes start to operate.

In distribution this Intermediate soil is gencrally confined
to the Imner part of the DIastern Jefara where wsdis have at least
some flow across the plain (see fig. 2). It lies between the
Dune Jefara in the north and the true alluvial soils in the south
and it is best developed just south of Azizia and Suk es-Sebt,
where it has been studied in some detail by COTHA (20). There
is flooding as some of the wadis flow through the dune Jefara to
the sea and very fine silt or clay is deposited; the F.A.0. Report

(14) quotes soils of higher clay content at Ben Gachir, Azizia and
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Gasr Chiar, and Willimot has reported similar deposits at Sidi
«iesri. The Intermediste soil type therefore also stretches
gortuwaras in narrow tongues irom the margins oi the lnner Jefara.

4) Calecimorphic crust or cemented soils.

i e -2

The processes of calcification are at work throughout most of
Northern Tripolitania but only in certain areas are they evident
on the surface. In order to fully understand the complicated
pattern of illuwial layers it is first necesssry to refer to
certain observations made by various workers in this field:-

Principi (22) describes s crusty, rocky, tan-coloured soil
which is found in the south-western part of the vefara Plain
beyond Shekshiuk; the actual crust which is rich in irom oxide,
is formed of quartz particles cemented withcalcium carbonate.

The same kind of travertine-like crust even appears around snd on
some of the rockyPre-Jebelic Hills, snd reference has already been
made to Principi's observations on the calcite sands.

Caswell (5) refers to a deposit of calcium carbonste or mixed
calcium magnesium carbonate, which usually occurs at a depth of
20-30" in the Central Jefara region. Sometimes this deposit,
which appears as one or scveral layers, becomes hard and cemented
and is then known as ‘caliche' or 'calcrete' by the Americans.

When this occurs, adverse drainage conditions will develop.

Christie ° reproauces several well logs at the end of his

- -

% Personal communication, Dr. S.G. Willimott, Dept. of Geography,
burham Colleges.

® B/36.



76
report on geology, and the sections for Sghedeida, Bir el Ghnem,

and Garabulli testify that calcium carbonate is accumulating at

a) Sghedeida: a finely-grained, sandy limestone, which is
overlain by brown sand and which is undoubtedly o hardpan,
is found 8 to 14 metres below the surface.

b) Garabulli: at 14.3 to 16.1 metres from the surface there -
is a hardpan made up of fragments of porous limestone
admixed with sand and brown compact limestone. This is
overlain by brown sand whose grains are composed of 90%
quartz.

¢) Bir el Ghnem: from the surface to 43 metres down there is
a fine grained brown sand, which since it contains some
brown sandy limestone is undoubtedly calcified. A crust
is evident at the surface.

COTHA's observations (20) are limited to the hegenin area of
the Inner Jefarsj they can he summarised thus:-

In many parts of the main wadi bed the alluvium and gravel
give place to rocky-brown outcrops (platiers de croute). These
have developed over a considerable period of time and are now being
crecded owvay by wadi Llow. Their thickness varies from 15-35
centimetres and they are hard, rocky, very ceslcareous, sometimes
conglomeritic, have a stratified profile and are found on top
of clayey limon. These 'platiers de croute' are thicker towards
the Jebel (up to 35 centimetres) than near Sidi Jilani (15-20

centimetreg) .
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The writer's own observations, made in dunes south of
Tripoli, confirm the presence of not one but several zones of
seuimentation. Un the Suani Ben Adem backroad to Tripoli (that
is along the railway) a section is exposed where there is
quarrying in sand dunes. The face of the section reveals a
whitish layer 3'6" to 6' thick, with sand juxtaposed sbove and
below 1it. Within the whiter zone the illuviation of calciuw
carbonate increases upwards until at the top it becomes solid and
hard and very mnuci like limestone in appearance.

On the Ben Gashir to Tripoli roac snother interesting section
is seen alongside a lime-kiln. Here, from a bed 6' thick,
workmen can be seen levering out blocks of what would appear to be
limestone. 12" of sand lies on top of this hardpan and then
there is a thin concretionery layer of only 6" which is in turn
overlain by sand.

Frow the above observations it seems there are several zones
of illuviation in many of the Jefara soils and only when one of
these appears at the surface is the true crust met. The normal
process of calcification, which has been discussed in an earlicr
part of this chapter, does not really give an adequate explanation
for these numerous illuvial layers. Thus far we have to account
for the following types:-

(a) Crusts found along the bed of the Wadi hegenin.
(b). The main hardpan layer which is found below the surface in

the east and at the surface in the west.

(¢) The several layers of calcium carbonate, which are found
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at greater depth and may be fossilized.

Having made this classification it is interesting to examine
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(a) Wadi Megenin crust. This crust, which has the appearance

(b)

of a limey sandstone, is formed by the capillary upward
movement of water containing cslcium carbonate, followed
by intense evaporation. During the winter heavy rain may
fall in the Jebel and wadis course out on to the plain
(flash floods of the Americans)j; since the Jebel is mainly
limestone it is not surprising that the floodwater is
heavlily charged with calcium carbonate. As it sinks into
the ground more calcium carbonate is dissolved, so that
when the heat of the summer brings the solution to the
surface a crust is socn formed, eventually to become
impervious. This process accournts for crusts found in or
near beds of most Jefaran wadis.

l.gin hardpan laver. Its position is the result of an
equilibrium, which is established under given environmental
conditions, between downward leaching in the winter and
upward leaching in the summer. In the central part of
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is found aboui one

metre below the sur%ace but it may be revealed in sandy
areas 1f there is excessive deflation; in the east it may

be fourteen netres below thg surface (Garabulli for example).
hoving westwards it gradually rises and comes to the

surface and as fig. 7 shows a considerable part of the
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Western Jefara is crusted land. Since much of this area

has less than 6" of rain, the amount of eluviation is

o B T e L T L Tty S P S N L — R T T Y .
STIZly ZUDCIRITINZIC CLIZl Lo Gwnbl uUbLoliLu pad'v Ua uill JvGadia

during the summer. All these factors encoursge intense
capillary movement of water to the Surface and subseguent
evaporation. Water may also be drawn up from the first
water-table in the west, since as fig. 15 shows, it is
often less than 10 metres from the surfacej this cannot
happen in the Wadi kegenin area since the first water-
table may be up to 80 metres below the surface.

(¢) Calciurm carbonate lavers at grecater depth. Examples of
several concretionery layers in sand dunes have already
been quoted. How can these be explained ? Principi (22)
argues that if the water-table remains fixed over a long
period of time the sand may become highly cemented by
calcium carbonate or sulphate; a fluctuating water-table
in Quaternary times would explain these zones of cementa-
tion. However, it may be that the dune or sand area has
grown in size or moved its locationj; the varying hardpan
levels may then be related to the calcification processes

L] 3 ) . 4= - CRNTN | A
which arc cdjusted to prcesont onvironmental conditions anc
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may therefore be of midch more recent origin.

5) Saline sail - Solonchaks.

The solonchak or white alkali soil is s halomorphic
intrazonel and is well developed in the Western Jefara. Here,

surface and/or underground water does not drain away satisfactorily



and evaporation leads to the accumulation of soluble salts, such
as sodium chloride and sulphate, at the surfoce. There is
livile evidence oi stratirication an the profile and the
fevelopment of a structure is limited. At the surface there
is a thin greyish-white salty crust, which in turn overlies a
fine granular horizon snd then s friable salty soil. However,
many of the saline areas marked on the morphological map (fig. 2)
are salt marshes (sebkh in Arabic) rather than soils. These
swamp areas ususlly have a white crust at the surface and then
beneath it a soft zone with almost 'quicksand' qualities. It
seens there are threc main reasons for the occurrence of saline
soils and sebkh:-

(a) The coastal sebkh, which are often below sea-level, are
found in depressions which lie behind a line of coastal
dunes. There has been longshore drift along the west
coast of Tripolitania for some considerable time and this
has been associated with spit dcvelonment in the same
direction. Lagoons have been formed only to be cut-off
from the ses and silted up. Seawater still seeps into
some of themj; in others groundwater accumulates because the
cemented coastal dunes prevent it from percolating
further northwards to the sea. The presence of substantial
quantities of largely saline water at or very near the
surface encourages high rates of evaporation and in summer

wonths leads to severe salt impregnation.
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(b) In the Vestern Jefara the land only rises gently to the
south and the first aquifer is never more than a few metres
below the surface (see fig. 15). Canillarity can eagilw
bring this groundwater to the surface and if it is charged
with salt, a saline soil will develop.

(¢c) Some depressions in the west may not be near the phreatic
vater-table so water is not dravm to the surface from this
source. However, winter rains sometimes fill these
depressions with water and when this has continued for a
long time an impervious floor develops. Any subsequent
water flowing into them is bound to collect and not
percolate underground. If such conditions persist,
halomorphic tendencies are inevitable.

Principi (22) quotes a case which is a combination of (b)
and (¢). In the Ain Zars and Tajiura regions there is s flat,
low-1lying area, where during the rainy season the phreatic water-
table rises above the surface and pools are formed - probably on the
top oi' Tyrrhenian clay. These sheets of water only dissppear
by evaporation leaving behind sodium chloride and sulphate, which
can be clearly seen on the surface.

6) Eroded soils of the Pre-Jebelic Hills.

rost of these hills are so eroded and bare that even soil
material is scarce. The parent material of limestones, sand-
stones and arenaceous marls and shales, gives rise to small

pockets of coarse shallow soils amid the denuded slopes; even

these are imnature and therefore Azonal. Caswell (5 p.38)




classifies this type of land as no. 6 - non-arable, steep, rough,
broken or badly eroded, with soils coarse in texture and very
shallov. Soils of this category have no agricultural value.

7) Detrital Soils.

These are Azonal and are termed lithosols by the Americans.
tlhen the wadis leave the Jebel they build up fans of boulders and
coarse gravel, these subsequently coalesce, giving a narrow belt
of very coarse material at the foot of the escarpment. To this
is added angular scree which falls from the scarp face. This
detritus 1s continually being augmented and the resulting soil
remains permsnently youthful anG has little agricultural
potential. However, if the water-table is near the surface, then
an occasional palm may grow.

Soils in relstion to agriculture.

Of the soils and soil materisls described in the first half
of this chapter, only types 1, 2 and 3 are utilised for agricul-
ture. The agricultural significance of these depends on physical
characteristics, organic content, salt content, nutrient status
and chemical availability at existing pH values.

Physical characteristics of Jefarsn soils and soil material.

It is important to study these physical characteristics
since they influence irrigation and water-spreading, and also root
development of crops. Conditions of porosity, permeability and
drainage all influence water movement and affect aeration of the
soil. nost Jefaran soils are 6pen, friable and granular.

1. Coastal and inland dunes and sandy areas.

These sands are composed of single grains which are generally



less than O.5mm. in diameter. The following figures for sand
at Bir Freuan sre typical (20):-
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Particle size % of dry earth
less than 0.002mm. (clay) 0.4%
less than 0.002mm. (silt) 1.6%
greater than 0.05mm. (sand) . 3%

Of the grains greater than O.o5mms., 50% are 0.05 to 0.08ums.,
43.5% are 0.08 to O.lmms. and 2.6% are 0.2 to O0.5mms.. The
particle size is therefore predominantly 0.05 to O.lmms. which
puts it in the "fine-sand" category. Such soils are extremely
permeable and infiltration rates are high, usually over 100
centimetres per hour; this does not encourage evaporation so they
tend to act as a grealt water trap. The clay fraction is almost
non-existent.
2. Alluvial soils of the Inner Jefara.

lost of the alluvial soils have similar physical character-
istics to those of the Intermediste type but limon is quite
different. This has up to6 30% clay, about 60% silt and only
5-10% sand (20), with the result that it is impermeable and does
not favour artificial water-spreading, since water remains at the
surface instead of percolating underground. To avoid this a
percolation rate of 5-6 centimetres an hour is needed. COTHA's
figures (20) show that limon percolation rates are generally

lower than this:-
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Table 3.2 Percolation rates in limon.

Vater absorbed before Infiltration time of Speed in centimetres

measuring. : 8mms. of water. per hour.
0 8 seconds 6
8 20 min. 44 seconds 2
16 27 min. 25 seconds 1.75
24 34 min. 18 seconds 1.k
32 48 min. 1

Only by mixing limon with a lighter sub-soil can adequate percola-
tion rates be achieved.
3. Intermediate type of soil.

The particle size of this soil is rcughly the ssme as that of

sand; a sawuple from Bir Gurji bears this out.

Table 3.3 Composition of Intermediate Soil at Bir Gurii.

Particle size w of dry eanti
less than 1.002mms. (clay) <3
less than 0.02mms. (silt) : 19.1
greater than 0.05mms. (sand) 64.5

The dominant grain size is 0.05 to .lmms., the same as for sand, but
the vercentage of grains over 0.05mms. has dropped from 94%.3 for
sand to 64%.5% for Intermediate soil. Although the clay content

of this soil is slightly higher than sand, it is still very

perous, having a porositvy of 50, and a retention capacity of

15-205 of dry earth. Infiltration rates are still very high (20),

Table 3.4 Percolation rates in Intermediste Soil.
vms. of water already Time of infiltration Speed in cms.

absorbed before measur-__of 8mms. of water. per hour.
ing.
0 20 seconds 14
8 40 " 72
16 51 " 58

2k 59 " L7
32 70 v 1



This rate of percolation is constant throughout the profile.

All three types of soil are composed largely of fine sand
JiXl Use VEIy puroiis guG permesvle.  +he clay content is generally
low: sandy solls less than 5%, Intermediate and alluvial soils
5-10%, limon 104+. Infiltration rates are often excessive and
when irrigating through earth chamnels by gravity flow water losses
imust be considerable. However, good drainage helps to prevent
the accumulation of salts and also facilitates the leaching of
them if they are already present. limon, with its higher clay
content, may present drainage difficulties, but since it usually
occurs as a very thin deposit it can easily be mixed with a
sandier sub-soil. Hardpan layers of calcium carbonate may be an
asset in very permneable soils, provided they impede and not
prevent drainage. With this check on infiltration, irrigation
water or rainwater is held in the upper part of the soil long
enough for plants and trees to take full beneﬁit. In much of the
eastern part of the Jefars the first water-table is usually over
10 metres below the surface snd water rapidly percolates downwards
to it.

All three soil types offer unlimited scope to root develop-
ment of plant crops, but tile presence of concretionery layers of
calcium carbonate may affect the growth of tree roots, although
most experts think that the calcified layers are not hard enhough
for this to happen, not in the Lastern Jefars anyway.

Organic content of soils and soil material.

Soils vary in colour from yellow-grey to brown, but none is



a dark rich browm. Bince the red and the brown are due to

coatings of hemastite snd limonite respectively, it is quite clear
thet the Jdahdk peolovy oF "ofor 0 L0010 CJlCC65 o Guinciuolly Lid
organic material. Figures vary from 0.3%. for sandy soils to

2.5% or occasionally 4; for the alluvial soils of the Inner
Jefara because the intermediate soils are no better endowed than
the sandy soils: a good average for the whole area would be about
lw.

Cultivated soils are also very low in organic material.
Borzi's study (2) at Gargaresh gives a virgin sand 0.9% and a
cultivated sand 1.25; COTHA's snslyses of citrus grove soils
indicate even lower figures: Zawia - 0.3%; Zanzur - O.5%;

Azizia ~ 0.9%; Tajiurs - lw; Ben Gashir - 0.3%.

As it is one of the main sources of nitrogen in the soil,
the near absence of organic materisl will encourage deficiencies
of this element.

Salt content of soil.

Generally speaking the Solonchak soils cannot be utilised for

agriculture, although they do support a halophytic vegetation which

provides limited grazing. The three soils which are cultivasted

are rarelyselir

C

e but with the introduction of irrigaliow, the
chances of a salt problem developing are increased enormously.
The principsl salts which accumulste in Jefaran soils are
sodium chloride, sulphate and carbonste and magnesiun chloride.
Some of these hinder the absorption of water by osmosis, others

are toxic. COTHA (20 p.57) gives useful information on the salt
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content of the three important soil types:-

Table 3.5 BSslt Content of sandy, slluvial and Intermediate

Soils.
Conductivity in Salts: total mngr./lit.
_micromhos/cm.
1. Sand 0.133 133
2. Alluvium (1imon) 0.22 189
3. Intermediate 0.119 140

The salt content of soil tyomes 1 and 2 is very similar and
does not vary much with depth and distribution. Caswell's work (5)
in the Inner Jefsra zone gives a very similar picture and reveals
no serious salinity problems. Like COTHA, he finds that the
limon has a higher salt content, énd this ties in with the minor
drainage problems mentioned in an earlier section. For the
Eastern Jcfara it is sale t0o assuwe an average salinity figure of
120-125 mmgr. per litre (a concentration of 1.3% is not toxic).

In the Western Jefara the water-table is often less than
two metres below the surface, drainage is bad and the content of
soluble salts increases enormously. In the same area the hard
compact ‘'caliche' layer is more evident and tends to hinder
drainage, particularly so when trying to leach slightly saline
soils with irrigstion water. Caswell (5 p.56) gescribes serious
salinity problems developed near a well drilled at Bir el Ghnem
and continues "if the 60 foot caliche layer, present at 7' below
the top-soil, is quite extensive and impermeable, satisfactory
leaching of harmful accumulations of salts will be very difficult,

if not impossible'.

In summary, the soils of the Eastern and Central Jefara are
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lov in soluble salts and have excellent drainage; with good

quality water, no salt problem will develop. In the North-
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contain harmful quantitics of salt, and drainage is poor. In
certain inland areas of Central and Western districts the salt
content of the soil is not too high and given good quality
irrigation water snd drainage, sufficient leaching can be effected.
slovever, in this rather marginal area (from the salinity point of
view) the hardpan layers are likely to be a great nuisance.

The quality of irrigetion water is intiwately related to
soil salinity problems and this will be discussed, in detail, in
a later chapter.

Yor later rcference, it is worthwhile to include here a
table showing crop tolerance to salt constituents in the soil.
This is tsken from Thorne & Peterson (25 p. 57, table 9). TIrees
and plants are arranged in order of decreasing tolerance.

fruit Crons

Good Salt Tolerance lioderate Poor
Date Palm Pomegranate Grapefruit
rig Pegr_
Grape Almond
Olive Apricot
Peach
Plum
Apple
Orange

Lemon



Good Salt Tolersnce

Snear heet
Garden beet
Idlo
Rape
Kale

Cotton

Important Jefara crops are underlined with s solid line and minor
crops with a broken line.

Nutrient status of the soil.

Certain elenents are essentisl to satisfactory plant growth

field and truck crons

Lpoderate

Asparagus
foxtall millet
Sorghum (grain)
Barley

Rye (grain)
Qats (grain)
Rice
Cantaloupe
Lettuce
Sunflower
Carrot_
Spinach
Squash
Onion
Pepper

Vhcot

Poor

ST .
P Lwsaas

Peas

Celery
Cabhage
Artichoke
Eggplant
Sweet potato
Potato

Green beans

and they can be divided into threc groups according to the




quantity needed by the plant:-

a)

wajor nutrients
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soil in that it is derived from the air, not the parent
material. In virgin soils the nitrogen which is present
is generally combined with orgenic matter snd it can he
naintained by adding manure or growing certain nitrogen
fixing legumes.

According to ~s.A.C. (14 p.317) and Vivoli (27 n.5) the
average nitrogen content of Jefarsn soils is 0.05% resching
O.1% in some alluvial and Intermediszte soils. Sandy soils
have a very low content with Tigures often well below 0.05%.
The following informetion which is taken frowm Borzi (2),
Caswell (5) and Vivoli (27) helps to clarify the picture:-

Table 3.7 Uitrogen content of Soils.

Sandy soil Sidi wesri 0.037%.
E1l Guea 0.035%
Gargaresh  Trace

Alluvisl soil Azizia 0.984%
Bir el Ghnen O.llz
bir el Behera 0.104%

Intermediste Ben Goshir 0.0L4-25.
Azizia 0.09%
Bir el Behers 0.09:
Gasr Chiar 0.1%
El Guea 0.15%

Irrigation farming along the coast is usually developed on sandy
golls which are inherently low in nitrogen and since very little
organic menure is applied and few deep rooted legumes are grown,

nitrogen deficiencies are to be expected.
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2. Phosphorous. As most of the soils in the Jefara region
have pi. values of over 7, phospliorous occurs in complex
colmpounds of tri-calciun nhosnhate with nnToinn.hyﬁrnviﬂn
or calcium carvonate and organic phosphorous mey be up to
10% of total phosphorous. According to Thorne and
Peterson (25) the phosphorous content of the soil varies
from O.4% to 0.2, with an average of 0.1.. vefars soils
are very poorly endowed with this elenient snd slthough
percentages reach 0.01., 0,007, is a2 tiore @isugl figure
(14 ».317) and (27 n.5). durther details are provided by

the following figures (2) (5) (@7):

Toble 3.8 Phosphorous content of Soils.

S e —alt - AT e el i

Sandy soil Bl lisis 0.008:
Tadidiura Q,007:
—Tgaa G v e/ /w
S. Ben Adene 0.007%
0idi Lesri 0.0124%
El Guea 0,006%

Alluvial soil Azizis 0.013%
B. el Behers 0.02¢%

Intermediate Azizis 0.018%
B. el Behers 0.016%
Gasr Chiar 0.006%

It is quite clear that all the three types of soil sre intrinsi-
cally deficient in phosphorous. Borzi (2) quotes a much higher
phosphorous content for the sandy soil type at Gargaresh (0.166%
for uncultivated land and 0,111% for cultivsted land) and also -
for the some soil at el Gues (0.1137.). These figures are well
above those of more recent workers snd hence may be considered as

suspect.



As with nitrogen, it is the alluvial soils of the Inner
Jefaras which have the highest percentages.

3. Potassiun. In arié arens the naensl matach nankant < -

0.15. for sanG, rising to 4. for clay. In the area under
study, sandy soils at Sidi hesri have 0.075. votash (27 ».30),
poorer soils at Azizia 0,04 - 0.056i. and the heavier clay
lands Ot - 0,9% (5). These figures would appear to be low.
ilowever, there is no resl deficiency since potassiur is
readily available s water-soluble salts and slso ss the
notassiuii absorbed in exchangesble forr on soil colloids.

In sandy soils, where the initial potsssium content is low,
irrigation msy lead to a further reduction, since the
irrigation water may be low in soluble salts (few irrigation
vaters contain sufficient smounts of potassium). But
besring in mind that many of the arid soils of Asia and

Asia linor show little response to potassium, wven though
they have been farmed for perhans several thousand years,
deficiencies of this nutrient are unlikely.

Y. Calcium. There are aunle supnlies of calciuwr in all three
types of soil. It is usually represented by calcium carbo-
hate, and the quantity of this compound increases from east
to west - Caswell (5) reports 4.33% in soils at Gase Chiar
and up to 15 at Bir el Ghnem: COTHA has analysed soils in
citrus groves and lists the following:- Tajiurs 4%, Azizia
8%, Zanzur 6% snd Zawia 10%.

b) inor nutrients.

Sulphur and magnesium are plentiful in nost Jefara



soils. Irrigated soils rarely suffer from a deficiency of
sulphur because irrigation water generally contasins reason-
able quantities of this element.  nagnesium, which is
usually closely associated with calcium, occurs in the
colloidal complex and, if the soil is saline, as part of the
soluble salts. Taking this into account a deficiency is
unlikely. Little is knownn about the iron content of the
region's soil, but it should not be abnormally low.

Trace nutrients. Unfortunately in Tripolitania no research
work has been carried out on these vital nutrients, but by
studying observations in similar arid environments certain
conclusions may be drawm:-

Copper - ssndy soils are likely to be deficient if fruit
trees and vegetables are grown; this problem tnas been
experienced in florida.

Zinc - Zinc deficiencies occur principally in sandy and
siliceous soils. They are rare in irrigated areas where the
soil is calcareous, but they may arise in some of the Jefaran
sandy soils if deep-rooting tree crops such as apricots, peach-
es and citrus, or crops like corn, tobacco and tomstoes are
growm.

Boron - Deficiencies of this element are not common in arid
and irrigated areas.

rolybdenum - Very little is known about this but deficiencies

have been recorded in voouth Austraslia when the lend is

cropped with lucerne and clover.
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nanganese - It is well known that deficiencies of this
element occur in slkaline, calcareous soils and very ssndy

Erar s B

[

ph _values and availability of plant nutrients.

08t solls in the area being considered are alksline and often
have pH. values of over 8. Broc (¥p.£3) quotes a pH. of £.7 at
Suk es-Sebt and £.6 at Garabulli snd COTHA's figures for citrus
orchards are all eight or over: Tajiura 8, Ben Gashir &, Azizia
€.3, Zonzur £.2, Zawis 8.2.

If calcareous soils are free from soluble salts, pH. values
cannot exceed &.4 but unfortunately this is not the case for the
Jafaran soils. However, as most of the soils of this region are
very open znd well aerated, the amount of carbon dioxide in the
soil air is high and this tends to keep down the pH. value. The
result of the interaction of these factors is a high pH. figure,
but rarely, if ever, does it ezceed 8.8 - the point at which
alkalinity becomes toxic.

The solubility of a given element in a certain chemical
solution is referred to as its 'chemical availability'. The
chemical availsbility of plant nutrients at high pH. values is
r

hal
ia

pcer, snd ze Gifficully iu absorbing enough

phosphate, iron, manganese, boron and other trace elements. The
iron content of the three main soil types studied is not accurately
known, but the iron that is present is not likely to be available
when pH. values ore €.2 - 8.4: this arises particularly when an

illuvial layer of calecium carbonate is within 12" of the surface,

R, o




as uiay heppen in the Western and central Jefara. It is probable

then that beans and fruit trees will be chlorotic (iron deficient)

AV MreAaVirs -11-_1-3-»

cocACline Lrrslgaueld ouLan.

With a pH. of € or over plants will also suffer from phosphate
starvation, the most insoluble range of this element being 8.0 to
8.5; 81l trace elements will suffer the same solubility problem
in the high pH. range.

With the intrinsic low nutrient status of many Jefaresn soils,
plus the fact that many nutrients asre insoluble in the ecological
conditions prevailing, deficiency diseases are imminent, particu-
larly if the monoculture of cash crops continues to increase.

Synptons of deficiency diseases (25)

Iron. Plants turn bright yellow (chlordsis).
vifrogen. I'oliage a uniform light green colour, with the

lover leaves lighter in colour than the upper
leaves. Leaves may turn light brown colour snd
drop offy growth stunted.

Phosphorous. f'oliage is dark green in colour, lower leaves may

be yellowish or purpled between veins. Leaves may
drop early, growth is stunted.

otassium. Yellowing starts at the margins of the leaves and
extends to the centre. In advance stsges the
leaves turn brown and drop off.

monoanose, Plants go » yellowish brown colour.

Crust soils and sebkh (see figs. 7 and 2) plus eroded and
detrital soils cover large areas of the Jefara Plain and offer no
opportunity for cultivation. The three remaining types of soil

or soil material - aeolian sand, alluvia@ and Intermediate soil -




often give a false impression of fertility when first given water
and brought into cultivation. Crop yields, however, soon decline.

21118 cnapter has shown that the améunt of nitrogen and
rhosphorous is inherently low in the three soil types and
furtherwore this is aggravated by hish pH. values, which result in
phosphorous, manganese, iron and trace elements not being readily
available to crops even if these elements are present in appre-
ciasble quantities. This low level of fertility is significant in
several ways. Jirstly, to ensure sustained high yields, soils
need heavy apnlications of chemical Tfertilizers to overcone
nutrient ceficlencies, snd slsc heavy spnlications of organic
manure to raise the organic andéd nitrogen status of the soil.
This only adds to production costs, which are already high due to
the expense of raising irrigation water from underground. Secondly,
land needs careful rotstional cropning becsuse continuous mona-
culture may lesad to disastrous yiclds and the appearsnce of
deficiency diseases of sufficient ragnitude to curtail prcduction.
Thirdly, nitrogen deficiency can be overcore by planting more
nitrogen fixing plants, but such crops usually have high water —
consumption rates. Finally, as the alluvial soils of the Inner
Jelfara are generally much more fertile than most of the poor sandy
soils already in cultivation, the possibilities of further agri-
cultural development in this zone need further investigation.

The physical characteristics of the three soil types have
been described in detgil and their permeability and lack of

cohesion has been emphasised. This is important in two respects:
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firstly, since infiltration rates are so high, the system of
gravity irrigstion through earth furrows into Jedula would seem
& most uneconomic use of undereroind water. Seamdlu  hha Fook
that the soils are so frisble and loose means that they are
susceptible to wind and water erosion. The greatest danger is
wind erosion in the hot dry summer, and the growth of a cover

crop instead of fallow would seelr advisable during this part of

the year, but this is only possible with irrigation.



CUAPTHR 4
Climate and Asriculfure..

The climotic regine of the Jefara Plsin is typically hediter-
ranean, with moist, mild winters and hot, dry summers. However,
because of the heot and aridity in the summer and the low and
unreliable rainfall in the winter, the sedentary formers in this
part of Tripolitania have to overcome a2 climatic sdversity
unparallelled on the hediterrancan littoral of kuropean countrics,
anG only encountercd along the lorth African littoral east of
Gabves. This difficult and uustable climate stems mainly from the
interaction of BSaheran snd l.cditerranean influences. Libya, unlike
Lorocco, Algeria and Tunisia, hos no mountains of over 3,U00' ¢o
act as a barrier to the northward surge of descrt winds. These
vinds known as the 'Ghibli' (south wind) by the Libysns, frequently
invode Yripolitsaniz in the spring end scorch many of the crops.

Rain 1s usually brought by the north-west winds which accom-
pany castward moving depressions. Sccouse these Cepressions are
very fickle, plus the fact that they usually follow o northern
rather than a southern peth across the mediterranean, rainfall
asiounts fluctuate shwrply ifrom yeer {0 year, and Irom month to
nenth. Severc droughts, oiten of two years' duration, occur about
every te years, andéd crop failures are the incvitable result. A
éry wintoer followed by o spate of Ghiblig in the spring, cen

transforn the Jefare Plain into o veritable descert. With such

clinatic vagories cven dry subsistence farming becomes almost




iupossible, and the comwercisl farmer is cithcer teupted to leave
his lenc¢ or to turn to irrigation.

Thiz Zhiiibes Jemoalibeo wodoiiia LunGLuLis, PLOLYSes cliuatic
Tluctuations and finrlly considers tiueir ceffects on agriculturec.
It is sub-divided as follows:

1. Pressure systens ond sir messes affecting the Jefere Pleing
wind directions.

2. Clirotic rezions of the Jefers Plain.

3. Tenpmeraturc and relative humidity.

L. Precinitetion.

5. Clincte, eagriculiure, wotcr rosources and irrigation.

1. ¥ressurc systens, pir mosses pidG winds.

a) Hintor. <srom late Septe.ber onverds the i.editerroneen ore

)]

cones undcr the influcnice ol eastward noving depressions,

whicn develop over the Atlentic. In the sunr.er thesc
depressions travel across llorthern Burope, but as hizh pressure
builds up over fussie with the advent oi winter, the disturb-

Kal

oncce are forced to

cllov o norc southerly path. Those thot
nove throush the s.editerranesn area cnter by vorious gaps

such as the Straits of Gibraltar, and the Gate of Carcassonnec;

9
they moy then meve through the Guil of Iyous sud ciie adrigtic
towcrds the Block Sco, or follow the north coast of Africa

anc. pass over Sicily to the eastern i.eoditerroneon littoral.
It 1s the depressions on the southerly noth thot bring nost

rein to tiae Jdcefere Plain, norticularly wvhen they travel

between Tunisio and Sicily. The nain rein bearing wvinds are
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Th wesuver.y onc they travel over Funisie before recching

tlc Jeoinrn. winec thils latter oree lies
DTS ZLUO LU Lo s vumaeily LU GLLUDL PULL UL LR
nlain., The nunber oi depressions travellinzg along the southern
traci: in the nediterroncen veries from winter to winter, and
ot the scrnie tine feow of then arc os octive os those which move
in the northerly track. These are the fundamentnl roasons
for o fluctunting rainfall snd o high frequency of droughts.
Sometiiles denressions forim over dorth Africe ond are
oiten referred to ns Uhibli denressions. These, like the
Atlontic cepressions following the southerly track across the
sediterranesn, araw air from the south. The path of both types
is olonz the north coast of libya and winds ot the front of the
depression cre from the south, veecring to north-west os the
depression posscs. Ghibli depressions snd shallow local depres-
sions gre most frequent in spring snd early summer, that is
fcbrusry to June, and two to three way be expected from msrch
to dpril. All depressions rovins esstwards ezlong the North
African coast give rise to Ghibli winds of varying intensity
ond durstion. such winds may, of course, occur in the autumm,
but at this fime they ore usuplly the result of widespread low
pressure, and since gradients ore weak tne associsted winds arc
light. If south winds are drawn into the front of a deep
ona active depression, they recach gole force and becousc they

often trovel over large dunc arees, sand is frequently lifted

scveral thoussand feet ond corried northwords in the form of a
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Depressions in the south iediterronean attroct oair messes
from tropical iaritime, poler nmaritine, crctic ond tropicsl
CuLLLlGLILAL source regilons.  Lthe actual intermixing of warm
and cold sir is not so well marked os 1t is in depressions which
move across Western Burope, and warm fronts seldom develop. It
is the cold front and the cold unstable air mass behind it,
which brings most of Tripolitania's rain. As the front passes
by there is a short but violent rainy period, which is followed
by showery weather, with the freqguency of the showers dcpending
on the dezreec of instability of the air mags. Rainfall on the
Jefoara Plein is nearly always intense ond is ncver the gentlce
drizzle, which we in Britein associate with warm fronts.

The ﬁinter months provide all the rainfall, but the actual
rainy periodas ore brief, and fine spells of clmost cloudless
weather are regulorly experienced. Showers ray persist until
mid-kay ond occasionally even into early June, but then fine
weather is the rule until about mid-September.

Sumaer. Summer conditions are much more stable than thosc of
of winter. Tripolitania lies between the semi-permanent high
pressure of the sub-tropical Atlantic and the seasonal low

1 -~

urc over

PIrCSo North-Wesl Indis and Persia and over the southern
Sahara. The liediterranean is an area of descending air and
pressure is high. The North-East Trade Winds which move south-
wards over Tripolitsniz to the thermal RWlow in the southern

Sahara region, are steady but light in force, rainless but

humid. Along the coast they are strengthened by sca breezes,
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which naturally modify temperatures; Tripolil usually hass a
daily mean of almost 809F., whereas inland it is usually around
EEOP. Cloeta Shils amua wrlguo suusualiue agre experienced day
after day, and occasionally a southerly wind may raise tempera-
tures to a maximum of 100°F. along the coast and 120°F. inland.
Avay from the coast temperatures drop considerably at night,
because the cloudless skies permit the maximum radiation of
heat; lond breezes move nathwards to the coast.
Winds, particulsrly those from the north-west and the south,
are extremely important factors affecting crop production and
for this reascn they need closer study. At Tripoli, during
the winter month of December, only 12% of winds come from the
north-west, compared with about 60% from the south, south-east
and south-west. The rain bearing winds are therefore infre-
quent. In March also, nearly all the winds come from the south-
east, south or south-west as the following table shows (12):-

Iable 4.1 Frequency of wind readings at Tripoli (%)

N. N.E. E. S.E. 8. S.W. W. N.W. Calm.

December 6 2 1 5 22 33 16 12 3
March 3 2 8 16 22 25 7 14 3

Ghibli conditions are clearly more likely to develop

¥

during the spring than sny other time of the yesr. Graif
(page 8) has worked out the frequency of Ghiblis in the season

October to May, during the period 1928-38 as follows:-

4
Graif, G.L.: 'Contributo alla cerealiccltura libica’.
Agricoltura Libica, Jan. 1941, no. 1 pp. 1-31.



October 0.2 0.0 1.8 2.¢
November 0.0 0.3 0.2 1.

December 0.0 0.3 0.0 1.0
January 0.0 0.2 0.2 0.1
February 0.0 0.1 0.4 1.2
lorch 0.1 1.4 0.4 2.4
April 0.3 2.1 1.8 L
bay 0.2 2.0 1.8 3.9
Average 0.9 73 6.8 13.7

For the 10 year pecriod, Zawis, a coastal station, barely
nanaged to average one Ghibli a winter season, but further cast,
S5idi mesri, only about 5 kilometres inland averaged 7.3 and
Castelverde, also foirly nesr the cosst, 6.8. Azizio, on the
other hand which is farther to the south and more cxposed to
the southerly winds, suffered on average of 13.7 Ghiblis. The
spring months have the highest incidence with October the only
other month worth taking into account. As will be shown later,
the desert wind from the south brings high temperatures and
these can have disastrous effccts on winter and summer field
crops, and also tree crops. Ghiblis in June arrive just when
the young groundnut plants arce establishing themselves, and
more frequent irrigations are needcd. The certainty of

scorching winds in the spring is one of the factors encouraging
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the use of supplementery irrigotion for winter crops, particu-
larly the second crop oi potatoes.

Along the coast the general nattern af wind Airsptian 4w
summer is obscured by lend and sea breezes, and it is therefore
unwvise to use figures for Tripoli. The figures for Idris air-
port for the month of August give a better picture of the winds
%0 be expected. They show that 42 of the winds are north-
eost end 174 from the north:

Table 4.3 srequency of wind readings ot Idris Airport (12)

N, JUPRU E. S.E. S. Selle . MW Celm

=

17 L2 9 10 2 L L 11 1

Climetic Regions of the Jefara (sece fig. llc).

On the basis of rainfall 2nd temperature it is possible to
divide the Jelara into three climatic regions (4 pp. 9 ond 21):
maritime, steppes and pre-~desert.

a) Coastnl matitime. This is a narrow coastsl strip stretching
from the frontier near Pisida to Ghanima, where the eastern
Jebel impinges on the coast; the strip is rarcly more then
8 kilometres wide. The annual curve of daily mean monthly
temperatures is similar in pattern to that of Sicily, but e
shade higher. haximum monthly mecan temperatures rarely
cxceed lOOOF., but when a Ghibli blows temperatures increase
ond the sbsolute maximum for the last few years is 116°F.

As to be expected in on area of maritime influence, August
is the hottest month ond Jenuary the coldest; furthermore

daily ranges of temperatures ere small, ond never more than
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8°F.; seasongl veriotions bhetween Janurry ond August rarcly

o) . }
exceed 12-14"v.. “he annuel isothern for the whole ares is
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70, (Tripoli 71%). Roinfall is over 200 ums. everywhere,
but is less in the west thon in the eastj relotive and
absolute humidity are constantly high snd the former averoges
605
Steppe zone. <‘his includes most of the Jefara. In this area
desert influences begin to supersede mediterranean morine
influences, although suturn teuperaturcs are still higher
than spring temperatures. July, not August, is the hottest
nmonth, but Janusry still remains tinc coldest month. Diurnal
and snnual rangces of temperature are higher than in the
coastal zoney ond evaporation is usually four to five times
greater then rainfall. As the hot southerly winds lecve
the Jebel and descend to the plain they are compressed and
further heated; these account for the ecxtreuwe high tempera-
tures and evaporation rotes exnericnced in the Steppe Zone.
Un the basis of rainfall it is possible to divide this
climetic zone into threce sub-regions:-
i. Bastern Jefara with over 300 mme. of roinfoll.
ii. Contral Jefara with over 200 mms. of rainfall.
iii. Western Jefars with over 125 mmas. of rainfell.

Pre-desert or Semi-desert. Continental conditions are best

developed in this region and the diurnal and annual ranges

of temperature are the highest on the Jeofara Plsin. However,
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raginfell, not tcmperature, is the determinent of this climat-

ic region and the whole erea is extremely orid with generally

£y
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considers it desert steppe, with an aridity index constantly
below 10. It covers on arce surrounding fHebilia and El
Vlotia, stretching south to Tiji ond Joush, north almost to
E1 Agsa and westwards across the Tunisian border.

3. Lemperature ond Relative Humidity.

a) Temperpture. Detailed teomperaturc fipures for o ten yeor
period ond over, arc not available for all psrts of the
Jefora. However, figures for Tripoli (57 years), Idris Air-
port (22 years), Azizia (13 years), Zuara (16 years), kl
Votiz (11 years) and Gorabulli (6 years) will suffice to
give the general temperature picture.

Azizia is reptited to hold the world's highest recorded
temperature at 136°F.. The figures in Appendix IVa certainly
show that this station is sited at or near the hottest part
of the Jefara, for its yeorly mesn is 70°F., compared with
69.37°F. for El Wotis, 69.04°F. for Garabulli, 68°F. for
Idris, 67°F. for Tripoli and 66.92°F. for Zuara. Theoreti-
cally one would expect the central part of the western Jcfars
to be the hottest place, but figures for El Wotia fail %o
reach those of Azizia, Bl Wotia being slightly cooler in both
summer ond winter. The yearly mean for Zuara is the lowest;
that for Garabulli is surprisingly high, being due more to

warm winters than hot summers.
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Vuring the summer months Tripoli and Zuasra ore typically
maritime stations with their highest means in the month of
suglioty 7;”:. e /7./hr. respeccively. Lloris airport hos
its highest mean in two months, 82°¢. for both July and
August, 2 hint of continental influence. Surprisingly howvever,
Azizia hsas its highest monthly daily mean in August. il
Wotio shows its continentality with » maximum of 83.3°F. in
Julys; Garabulli is very similar to Idris Airport in that the
figures for July and August, §0.78°¢. and 80.96°F. respect-
ively, are olmost the saue.

Winters ore nild for the l.editerrsnecan snd mean monthly
daily means never f2ll to freezing pdint. For every station
except Tripoli,the lowest mean is in January: Idris 53OF.,
Azizia 53°F., 1 Wotis 51.98%F., Garobulli 55.4°F. and Zuera
52.52°F.. In contrast Tripoli has a double low of 5hoﬂ. in
Uecember and January.

The figures Tfor monthly maximas and minims are valuable
(Anpendix IVa ) since they give some ides of temperature
conaitions when hot or cold spells occur. The Ghibli winds,
account for the warm spells and along the coast give averages
of 95—1000F, in the gummer snd 70—75°F. in the winver.
Inland, summer temperaturcs hover around 110°%'. snd winter
temperatures approach 75°F. and even 80°¢. In the critical
months of October and liarch Tripoli has rccorded 102°F. ana
95°7. respectively, Idris 109°F. and 113OF., Aziziao 115°F.

and 112°7. and Zuars 106.26°F. and 98.8°F. Generally
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speaking Ghibli winds mske up only 16% of totaol winds, but
their significence is trowendous. When they first appeer
1]
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the evaporating copacity of the atmosphere is greatly
increased. When cereals for instance are at the milk stage,
a few wecks before harvest, a scvere Ghibli will ruin a
potentially gooG crop; likewise a Ghibli ot the time of
almond pollination will have disastrous effects on yiclds.
The scorching Ghibli is likely to aoffect the yields of all
dry-lena winter crops, ond nlso necessitate frequent irriga-
tion for summer crops. Only the date palir thrives in the
burning heat brought by this wind, and s Ghibli in the

autunn rapidly ripens the dates.

Average temperatures for the winter months, as we have
already seen, never fall below freczing point anyvhere on
the Jefors Plain. Along the const monthly minima average
40-45°F., so that even cold spells fail to bring frost.
Inland, conditions can be slightly cooler and cold snaps
bring temperatures down to the upper thirties; mild frosts
occur very occasionally, with Idris Airport experiencing sn
absolute minimnm of 25°F. in danuory and Azizia 327
December. These mild winters mean that crop growth is
continuous throughout the year (42°F. being the limit).
Autumn, spring and summer sowings are possible, so that three
crops con be harvested in a ycar. Under averoge temperature

conditions, farmers arc in a position to produce early crops
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for overseas morkets. “he iicditerraonecan is 2 noted area

for supplying vegetables to the Buropean market during the
LoTe winter anu eariy spring, oua 1t 1s 1Ngerestlng to
compare Tripoli and Azizis temperature figures with those for
other agriculturael arens in the Lediterrancsn region:-

Table 4.4+ Temperatures in the liediterrsnean Region.

wonthly mesns for the winter holf of the yvear in degrees F.

Station Get. HNov. Uec. Jan. ieb. rareh
Trinoli 73 65 5 oL 55 60
Gibraltor 67 60 56 55 56° 57
Oran 66.5 61 29 53 o5 575
Algiers 68 62 57" 53 55 58
bizerte 70 61l.5 59 52 53 56.5
Alexendria 75 _QH é_? 5% __x §3:
tiarseilles 59 51 L6 Ll 46 50
muolta 69 62 6™ 53 55 59
Palermo 67 5% 53 51 52 55
Athens 66 57 52 L8 LQ 52
Azizie 75 65 55 53 55 61
5¢ figurc highcr than thot for Tripoli.

5C" figurc higher thon thot for Azizis.

#or the period October to iarch, Tripoli and Aziziz are
wormer in cvery nonth then :.cditerronesn -rsnce, Sicily and
Grecce; of the other wediterrsncan ereas, Oran, Algiers,

rolto end Forthern Tunisis only have one monthly mcan
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(Deceuber) nisner tiaen those for the Jefersn stotions.
Alcxandric is guite cleorly wormer throughout the whole
CLITOl g v Jibacdueda g wiliUs 4 DAL UCCLUL DY SLLIOLY LI0T1TINE
inTluences, also hns very wild winters. Table L.t does
illustrate thet the Jefars Plain is generally warmer in
winter than most otiner agricultural arcos fringing the
r.etiterrenesn sea nnd therefore autumn sovm crops should
nmature 20 doys or so esrlicr thon clsewhere. Tripolitania
would seci: well pleoced for the production of cerly vegetebles,
although the hisher winter telperaturcs ~rc often the rcsult
of Ghibli influences, ond thls, o5 we hove secn already,

con be o 'blessing in disguise'.

Relotive Humidity. Svoporotion rates depend on the saturation

deficit of the air, which in turn is a function of the
humidity, temperaturc and rate of novement of the air. It
hos already becen established thot much of the Jefara has high
teuperatures, with 8 yearly nean exceeding 65°F., ond onc of
the characteristic features of ILibya is the limited nuuber

oi calm deys. Tripoli has the equivalent of about 22 days
(6%) a year which sre colm, Ben Gashir 12.5 (&%), and Azizia

o (e

- g S ey ) DU I
25.5 (f: ). domperoiurc and wind coidl

ions favour nigu rates

cr

of evaporation. Relotive humidity is the third factor which
must be considerecd.
Aelative humidity is the omount of water vapour in the

alr at o given temperature, divided by the total amount of

water vapour that the air can assimilate at that temperature;
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the result being cxpressed os a percentage. Relative
huwidity is thereforc an cxpression of the dryness or wet-
ness o1l the air. lI' the retative hunidity or che air 1s

very low and the temperature high, cvaporstion rates are
enormous, as the following figures for Helwan (south of Cairo)

show™: -

lnepn daily eveporation 1,ean annual cwaporation

month with nost wonth with lenst

10.3 mms. (June) 2.8 mms. (December) 2387.6 uns.
Helwan has an annual sverage tcluperature of 710F. end an
annual average relative hunmidity of 47%; these are very
similer to Azizia's figures of 70°7. and %49uw.

Studying the meons of relative humidity for the few
stations for which figures are available, we find that the
coostal areas average about 60, and over, while inland

stations, 20-30 miles from the coast, average just under

50;00

=z

Kendrew, W.G.: 'Climatology', p. 237. '
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Table L.5 Relative humidity %
Tripoli Ben Gashir Azizia Zuara
Mean |9 a.m.|3 p.m. | Mean =9 a.Mme| 3 pom, Mean Meéﬁ_
Sept.| 63 55 68 L7 59 37 47 69
Oct., | 60 55 59 50 63 L3 L7 66
Nov, | 61 59 56 57 67 48 53 66
Dec, | 62 62 54 60 72 53 61 65
Jan, | 62 58 68 57 69 L2 61 69
Feb. | 61 63 57 55 69 Lhy 60 68
Mar. | 60 57 61 51 62 39 53 65
Apl. | 59 54 61 L3 53 31 L3 6L
May 62 61 - 69 L3 50 33 Lo 70
June | 63 59 70 Lo 48 33 36 72
July | 65 63 71 41 53 31 40 73
Aug. 65 62 69 U5 59 30 U3 71
Mean | 62 60 63 49 60 39 49 68
Notes. 9 a.m. and 3 p.m. figures for Tripoli and Ben Gashir are

taken from reference 12 (pp. 26-28).
The mean figure for Azizia is ¥ (0900 and 1500 and 2100)

(19 »n »nal
\ Ao

Be. =0

The means for Tripoli, Ben Gashir and Zuara are taken

from reference 1§.
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The means for the sumnmer nmonths, particularly the 3 p.i.
readings, are the most important. ror Azizio, June has the
Tovrond mombii- oo LIl S0 Lelubive Lumiuluy du e
Goshir st 3 p.m., the driest psrt of the day for inland
stations, is only just above 30 from April to August inclu-
sive, and only from October to February does it exceed 40%.
In the sumner nonths therefore the air is extremely dry in
the early afternoon. wigures for 9 as.m. gre much higher and
sugzest satureted air conditions during the night.

Coastal station present s totally different picturc.

The mean for each month fluctuates just nbove or below 60%

and only in the months Wovember, December and v'ebruary is

the 9 a.m. relative humidity higher thsn the 3 p.m. Along the
coast in the summer the North-esst Trades give relative
humidities at 3 p.m. of 70%, ané sometimes cven 80 or 904.
This is very significant because if a farmer intends to
irrigate & crop during the doy, the afternoon is the most
suitable time; inland, in contrast, the afternoon is the
driest part of the day and irrigetion at this time should be

avoided.

)

The Jefar ive humidities

throughout the yecar, with peak figures during summer after-
noons. The rest of the plain lies awsy from the immediate
influence oi the sea and dry sir is the rule, except in the

wettest months. Taking into account temperature, humidity

and gir movement, conditions clearly favour hishrates of
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cvaporation, perticulorly in the stcppe end semi-desert
climgptic zones.
4. Precinitation.

Precipitation in Tripolitania is mainly in the form of
rainfall and dew, although hail is not infrequent. Snow is
almost unknown but in february 1939 therc was a three day
blizzara, which swept ocross the Jebel and left snow a metre
decp. Hail is usually small in sizc, but occasionally, as in
1955, it can be large enough to kill animsls and damage crops.
It is sufficicent here to confinc our attention to rainfall and
dew.

a) Dew. Very little is knowmn about the amount of dew deposited
on the Jefara Plain and no.figures arc svailable. Only
estimptes, based on the work carried out in similer environ-
ments in other countries,can be nnde. Dew is most copious
auring clear, cloudless and calu nights. The amount of
cloud cover at Azizies during the summer months is given
below; the figures orc the mcans of observations at 0.900,

1,500 and 2,100 hours (12 p. 28).

ront} Cloud amount %
Jine 27
July 9
August 10

Cloud amounts are low during these months and clear night
skies predominate: conditions are thereforec ideal for dew
formation. It isnot uncommon to find the vegetation absolute-

ly sosked in dew, and the amount of moisture which drops
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frorn the trecs is often sufficient to give the inpression
that rain has fallen. Urivers, who leave their vehicles

out overnignt, lina them covered with condensation when they
collect them at 6 a.u. in the morning. The rising sun soon
evaporates the thin film of moisture deposited during the
night, and many people are unaware that it ever existed.
When depressions traverse the country during the winter,
little dew is deposited at night, but the advent of one of
the fine sunny spells, that is likely to appear between
depressions, brings clear still nights, and copious cmounts
of dew are agein deposited.

Went (21) describes experiments which have been carried
out along the coast of Israel. These show that squash ond
corn grow almost twice as rapidly when they receive dew
during the night. Dew is common in the FNegev, the northern
part of which is very similar climatically to the Jefara
Plain, and the emount deposited is greater in the dry summer
than in the wet winter. The quantity of dew involved is
small, averaging about one nillimetre a cloudless night ond
about 25 mms. a year, although favourable areas may receive
up Lo 250 mus. ol dew per year.

Fortunately dew is precipitated at night, when plants
arc growing, and it is therefore absorbed by the leaves and
foliage. Vhen the dew is heavy, however, it drips from the
leaves to the ground, and because it is in such small

quantities, it is unable to percoloete underground and be
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used by the plant, instead it is evaporated as soon as the
sun appears. If dew could be concentrated in sufficient
guantities to allow percolation, then it would be a useful source
of so0il moisture. This is tried in a primitive way in Tripoli-
tania and parts of the liliddle East, where stones are piled
round olive trees; molisture condenses on these stones, trickles
to the base ol the tree and then into the soil.

Dew, an occult form of precipitation is commonly formed
during summer nights and occasionally during winter nights.
Even though total amounts may be small they are very important
on the Jefara, much of which has less than 10" of rainfall.
Natural vegetation and crops must benefit from a nightly soaking

in dew.

Rainfsll.

i. Distribution. Water is the critical factor over the greater

part of the Jefara Plain since rainfall amounts are generally
so0 small and unreliable. The pattern of rainfall distribution
is well marked (see fig. 5 b. and table L4.6), reflecting

distsnce Trom the sea and rain shadow efiects.
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The further one travels southwards across the plain and away
from the sea, the lower the rainfall. Tripoli averages 368 mms.
oLl aszlzly iy Jums.; Llikewise moving westwards along the coast
rainfall decreases; Zhara, 216.8 mms. has a rainfall almost

the same as Azizia. The dominant rain bearing winds are from
the north-west, and only Tripoli and the eastern Jefara,

which are the extreme east and northern psrts of the plain,
catch these winds after a long passage over the hediterranean
sea. Fiost of the moisture is dropped in the coastal zone

and there is little left for the Inner Jefaraj; it needs the
orographic effects of the Jebel to raise rainfall figures to

300 mms., as for example at Gharian. These higher figures
for the eastern Jebel are indirectly of great importance, since
it is in this area that many of the Jefaran wadis have their
catchment areas (see chapter 52. The western Jefara is an area
of low rainfall, pasrtly because it is in a rain shadow zone, and
partly because much of its area lies so far from the coast com-
pared with the rest of the plain. in this area the only two
stations with records of 10 years or more are Bir El Ghnem and
Tiji; the former has an average rainfall of 109.8 mms. over a

¢riod of 16 years, and the latter 140.4 mms. over 10 years.

ol

The dryness of the north-west winds as they pass over the
western Jefara is further borne out by the fact that when they
rise up the Jebel front at Nalut, rainfall amounts do not

increase appreciably as one would expect; Nalut only has a

rainfall of 138.3 mms. The most favoured area on the Jefara
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Plain therefore is a small region in the east, around Tripoli,
Tajiura and Garabulli, where the rainfall is 300 mms. and over.
Tavle 4e0 aiou Eapresses Lie average rallilsall amounts ror
certain Jefaran Stations in cubic metres per hectare. These
figures are interesting because they can be related to the
needs of the two types of irrigated farming. An average of
figures for Zuara, Tripoli, Azizia and Bir E1 Ghnem, selected
stations from varying parts of the Jefara, is 2,279 m3/ha.; this
figure is almost the same as Ahmed's™ estimate of 2,000 m&/ha..
According to Ahmed 2,000 m3/ha. is roughly one sixth of the
requirements of irrigated farming and half the requirements of
semi-irrigated farming, the deficit being made up by the use
of underground water. The relationship between the water needs
of crops and rainfall will be considered later in more detail.
Rainfall varies in 'time' as well as 'space', and amounts
fluctuate from season to season and year to year. The Jefara
has a typical Mediterranean regime with rain falling in the
winter only. Rainfall usually starts as showers in September,
the beginning of the agricultural year, and finishes in the same
manner in May. During December and January the rainfall is
h meore continuous and torrential. i
show that 97.7% of i¥s rainfall falls between September and
April. The autumn months, September - November, with 30,55%
of total rainfall receive more than the spring months which
have 20.86%. L6.4% of the total rainfall falls in December
and Januvary, and the most rainy months in order of importance

are: December 65.5%, January 20.9%, November 17.9%, February

®¥ Ahmed, A.A., B/85.
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11.64%, October 9.91%, March 6.69%, September 2.7% and April
2453%.

A rpicf ztud
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variation from the Tripoli pattern. In the period September
to April 97.6% of total rainfall is recorded; this is the same
as for Tripoli. The rainiest months in order of importante
are: December 23,3%, January 21.9%, February 15.3%, November
12.5%, March 9.72%, October 7.48%, April 4.43%, and September
3.04%, This means that 23.02% of the total rainfall falls
between September and November, 45.2% in December and January,
and 29.L% between February and April. Along the coast more
rain falls in the autumn than the spring, but inland, as at
Azizia, the situation is reversed.

During the wet season the rainfall is not evenly distri-
buted over the months and intensities are very variable. As
has been noted already, rain is usually brought by a cold front
or the cold air mass behind it. At Tripoli rainy periods are
generally 3, 4, and b days in duration, although they can vary
from 1 to 12 days. Periods of three days and over occur on
average 5.4 times a year. The intense nature of the rainfall
is brought ont hy Fantoli's figures for the frequency of rainy
days at Tripoli (L4 p.76):-

s. 6 N, D. J. PF. M. A, M. dJ. J. A. Year

No. of days 1.8 4.6 7.4 105 107 6.7 5.1 2.8 2.2 0.9 0.3 0.3 53.3
% 3.4 8.6 13.919.7 201 2.6 9.5 5.3 L.1 1.7 0.5 0.6 100
With 53 rainy days a year and a total rainfall of 368 mms.,

an average of almost 7 mms. falls each rainy day. Azizia with
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an average of 43.6 rainy days and a total rainfall of 217 mms.
has just over 5 mms. per rainy day.

ii. Reliability. In semi-arid areas such as the Jefara, the

rainfall is not only low but unreliable. One year the farmers'
crops may thrive and give excellent harvests and the next year
they may fail completely. A brief study of rainfall reliability
will emphasize the unstable foundations of dryland agriculture.

Appendix IVe gives the rainfall amounts for certain Jefaran
stations in recent years and indicates the annual and regional
variations in the period 1949/50 and 1955/56. By comparing the
isohyet patterns of wet and dry years (figs. 1lla and 11b) with
that for the average year (fig. 5b), several anomalies can be
noted. 1952/3 is taken as a dry year, since in this year
Tripoli's rainfall was 100 mms. below average. The isohyets
confirm that whilst the rainfall in the Tripoli~Tajiura area
was well below average, in the western Jefara it was only
slightly below average and in the eastern Jafara in the Ghanima
region it was at least 50 mms. above average. In the 1954/5
season Tripoli's rainfall was almost 50 mms. above the mean,
but rainfall was deficient in the western and eastern parts of
the Jefara. Rainfall distribution is therefore very pabchy
and varies from year to year; a drought in one part of the
Jefara may contrast with abundant rains elsewhere. The 1947/8
season 1is quoted as one of the severest droughts of recent
times, Tripeli only receiving 141.6 mms. and Azizia 70.3 mms.
In the previous wet season, Tripoli's rainfall was average

but that for Azizia was sadly deficient at 71.6 mms.. Azizia
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and other parts of the Jefara experienced two severe droughts
in succession, The average rainfall map should therefore be
treated with circumspection for it conceals many irregularities
which have adverse effects on agriculture.

It is interesting to look at Tripoli's yearly rainfall
amounts for the last few decades. These amounts are tabulated
in appendix Ivd and they range from a maximum of 653.2 mms. to
a minimum of 141.6 mms.. However it is the most frequently
occurring amounts, rather than the extremes which are really
important. Figure 10c shows that the most frequently occurring
annual rainfall at Tripoli is in the range 250-300 mms. (23%),
that is just below the mean, and then the next most frequent
350-400 mms. and LOO-450 mms., that is, just around and above
the mean. Of the 78 totals given in appendix ‘Vu, 36 are
above the mean and 42 below the mean.

The fluctuating behaviour of Tripoli's and Azizia's rain-
fall is graphed in figure 10d4. Sometimes the two stations
have the same trend, sometimes the reverse trend and in 1951/2
Azizia actually had more rainfall than Tripoli. Dryland crop
yields are bound to fluctuate from year to year in response to
changing moisture conditions. An attempt was made to plot
the yield of dryland crops on the graph of Tripoli's rainfall,
to see if there was any relationship between the two. This
was not successful for two reasons: firstly, as already proved
rainfall figures for one station do not neeessarily give a true

indication of rainfall on the rest of the Jefara; secondly,
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many ofi tne crop statistics orc suspect as they often
represent calendor years, not ogricultural ycars.
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fall sraph, 5 year running mecans were worked out for the

35 year period 1913/14% to 1947/&; these sre given in
Appendix IVe and plotted in fizure 10a. The general trend
of rainfall seems to be brolken up into the following periods:
ary, wet, obout sveroge, dry, average ond slightly above,
faoirly dry. Curiulative graphs are anotcher neans oi showing
tyclic fluctuations in reinfall. Accumulated ceficits for
Trinoll for the soue 39 yerr period as above ore graphed

in figure 10b. gnd listed in Appendix IVf . There seenms to
be o sequence of 9 dry yeors, 7 wet, 2 dry, € wot, 2 dry,

6 wet ondé one dry, nmaking a totel of 14 dry and 21 wet. Over
35 years there is likely to bc onc long dry pneriod, two short
ary periods, and tarcc interrediate wet periods. These wet
onG ¢ry periocds will be releted to woter-table lovels,
olthough 2 waster-tavle takes time to resnond to a chenge
fron 2 period of moisture deficit to onc of surnlus. It is

during the dry periods thot the aquifers heve their lowest

a}

A

recharge and grestest dischorme (inerccscd fcmeonds for
irrigation). in the 35 yeor periol¢ onalysed reinfall

dericits below the nean oare aporoxiiiately balanced by the

wnter surnluses above the meon, so thot the water-table

shoulcd be static over this length of tiue. However before

satisfactory conclusions czn be drawn sbout the stability
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of the undcrground vater-levels, 2 longer period than 35

years must be studied.
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scrutinised, but like those for Tripoli, they fluctuatc
sharply. 0f the figures ovailable, the highest is 336 nus.
ond the lowest 70.3 nms.

Averages of nonthly reinfall have elrcady been studicd,
but it is important to renenber that the actuel reinfall for
ony month bears little relationshin to thc averazc for thet
vonth.  tantoli (I p.065) lists Loxinum and ninimus figurcs

recordéed for Tripeli in o 70 yerr period

Table k.7 .onthly cxtremes of rainfall - Yripoli.

o

voxinum  sdnipun
Scptember 23.5 0.0
October 196.1 0.0
Fovember 293.7 0.7
Deccmber 3777 1.0
January 209.6 4,6
rebruary 161.9 0.0
MNarch 260.4 0.0
April 61.2 0.0
Hay 34.0 0.0
June 15.0 0.0
July 10.7 0.0
August 28.1 0.0

Bvery month except Movember, Vecember and January nos
recorded no rainfoall and at the other extreme, more than the
mean snnual rainfoll fell in one Jecember. A study of
standard devletions, rather than extremes, gives o liore

adequate picture of the variability of monthly roinfall.




Teble 4.6 ronthly standnrdé dcviotions for Trinoli

nonth

September
October
Movember
Lecember
January
February
lzarch
April
Hay

June
July
August

September
October
Lovenber
Decenber
January
rebruery
grch
April
Liay

June
July
August

Durine
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2na_ Az1z1a

Tripoli 35 years - 1913/1% to 1947/M4&

iean Stancerd aeviation Coefficient of
(b Uc,d Of

10.46 nrs. 19.21 nus . 18k,
31.88 " 34.38 107.5%
69.71 " 59.01 " 84 . 6%
87.27 " 65.77 " 75430
72.01 ™ 42.9 " 58.5%
3¢.08 v 25.7 " 674 5%
28.93 " 45.8 " 159.2%
g.c9 " .39 " 105.3;.
L,73 © 6.21 " 129.4%
1.55 2.33 " 150.0%
c.60 ® 2.49 1 415.0.

O3 M .24 " 268.0

(rfor monthly rainfall see Appendix IVh

izia 1k years - 1926/27 to 1939/40

7.83 ™ 12.17 155 5%
12.01 " 12.86 v 107.0%
25.04 © 16.62 " 66.5%
45,16 " 4.5 76.0%
56.06 " 33.71 " 60. 0(
32.94 0 23.02 " 70 .07,
23.09 " 14.35 " 61. 8p
11.24 o 12.79 " 113.5%

2.35 " Iy M 116.0.

0.77 2.85 371 0y

o.bly M 0.1& ¢ 450,04

0.0 ™ 0.1 " 111.04%

(vor monthly rainfall sce Avpendix Ive)

mean

the rainy season Sentember fo April, the fisures for

the two stations are genernally comperable gnd in every instance

they ore high, all exceeding a 50j deviation. January

rmost relioble month both for Tripoli and Aziziag
October are wholly unrcliable for both stations;

ble for Tripoli but less so for Azizia.

is the

Septerber and
t.orch is unrelis-

It is fortunate that
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tinc wettest nonths, December, Januery and rfebrusry are the
rost reliable, but it must be remembered that a veriability
D000 Jun Talpoil o ia danusry renresents a large quantity
of rainfoll. The high percentages for the summer nonths can
be ignored because the smount of rainfell involved is so snall.
Rainy pcriods end rainfall intensity hove alrcady been
nentioned but their variability was not described. The
averagce number of rainy days for Tripoli is about 53 a yeor,
but in the winter 1947/& there werc only 36. Iantoli (4% 0.77)
worked out the relationshiv of rainy days to the eamount of

rainfall as follows:-

4.9 Rainfeoll 2nd rainy days - Tripoli and

Agzizia.
Place . of reiny dsys anounts received.
Yrinoli 63.96 0.1 to 5.0 rums.
27 .39 5.0 to 20,0 "
.65 +20.0 u
Azizia 71.0 0.1 to 5.0 "
24,0 5.0 to 20.0 "
5.0 +20.0

According to the above table nearly 64y of Tripoli's
reiny deys have 0.1 to 5 rms. of rainfall, yet with s yecarly
mean of 368 mms. ond 53 rainy days, the average amount of

roinfall

Yoy Aaes S o e
PCr roilly Gay is Lieid

Tly 7 wws. Tihls anomaly can only

f‘n

be expleincd by the fact that some rainy deys rececive very
heavy falls. The moximunm recorded precipitation st Tripoli
occurred during the period 1=6th Decenber, 1938, when 233 mms.
fell, 122.3 nms. falling on the 2nd Deccmber alone. In

contrast to this period of intense rainfall, Azizis experienced
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e prolonged wet period, lesting from the lst-12th December
1932, an¢ cduring this tinme only 30.7 mms. of rein fell. The

L . I s s T ] o - ~L, -~ ' [ t
B P U T S - - Lans ML W e a MlANS LA slan/Aa VA WY

Tripoli is as follows:- (& p.80)
Sept. Oct. Wov. Dec. Jdan. feb. war. Apl. ray June July Aug.
81 86 130 122.3 72 125 151.8 k9.7 20 3 - 2C.1
It is clear thet pcriods of violent snd intense rainfall cre
likcly each winter both on the dgefera Plain ond in the Jebel,

ond conditions will therefore Tfevour flooding (see chapter 5).
®

Reinfsll fisurces clone do not zive o true indication of
aridity, end only by combining rainfall and tecmperature can the
effcctiveness of roinifoll rcelly be ascerfteined. De lartonne's
forrulo, which divides the precipitation in millimetres, by the
tcupcerature in degrees cehtigrade plus 10, is one of the

| carliest attenpts to estobligh an index of aridity. Ve :artonne
‘ clossifies his yearly incex as follows:-

Greater than 20 - usxoreic, drainage to the sce.

| 10-20 - kndoreic, water flow to inland basins.
‘ Less thon 10 - Areic, no surface flow.
mdices for selected stationg hove been worked out, ond they

show that 1f the above claossificaotion is cmployel, then the

my

whole Jefara is either endoreic or oreic. ne figures ore:
Zuare 7.4, Tripoli 12.L4, Azigzis 7.1, Ben Gashir 9.5 ond Gherian
12.2 (2 Jebel station). The inGex of 10 is approxiwmately the

boundary betuecn stepve and desert. .

] r;éger.f37¥§“p714 uscs_Je wargoing's index of gridity to ealcu-
late irrigetioh naeced. In section avove this index 1s used
4 K n = ] . « «
solely to relote temperoture and rpinfall but in cectign 6 more
up~to-date formulac are used to work out irrigation need.

B m e Gt e eE e e -~




Yeorly indiccs of aricity ore however nislesding becouse

o the nerked scasonel neturc of the rsinfall. .onthly indices

P N LA - PR - - - 7 2n

ey v Wumaree MU wa o UL LULMULY -b‘.:.i-b_ g VigLre poe
monthly reinfell in milliretrcs ond t = nmonthly temperature in
legrees centigrode.

Lable 4,10 wronthly indices of aoridity for Trinoli.

sept. Oct. liov. Dec. Jan. t'eb. rmar. Apl. nay June July Aug.

3.0 13.5 294 49,7 k1.9 21.7 11.C 4.1 2.0 0.6 0.2 0.3

A11 the six months April to September nrve an index below 5, ond
sune, July ond August arc in fact bclowv 1. There is 1lilely to be
wadi flow in ey of tie wonths Ifroi: Uctober to ..awch.

Winter aridity indicos for the Cctober~iarch period are the

wy

rost useful. These orc listeé bclow in order of na ngtUQC-
otice how the roainfall fisures do not neccsserily follow the

ne orcer »s aridity ficuresy Zucra hos o hizher index but less

1)
o)

e
e

1
98}
|_1

211 then Azizisa. The inclusions of Jebel stations enpha-

sizces that oridity depends oun tel:peroture ass well rs reinfall.

e et et et it v B Em € B B cr B B e e s - e o agm— —— - e L S

x

After Dr. G. uDgOZZID“, :.eteorological Bervice, Lnitcd
Lingcoi: of Libyo.
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Toble 4.1 Jinter Indices oi Aricity
Stagion dindex dninfall
LT1POoLL 2040 30L.U 1ms.
Gharion 25.6 291.6 "
Gerabulli 25,6 302, o
Sen Geshir 20.9 2C8.C v
Yefren 20.9 243.2 "
Zowio 19.2 25l.1 "
Jiado 17.3 195.2
Zuare 15.8 216.0 "
Azizio 1he3 217.0 "
Piside 13.7 164.0
i.alut Q& 113.h "
ol Asso S.h 118.1 0"
41 votie Ge2 113.5 V
Sir 51 Ghnen 7.8 10¢.£ "
Joush 7¢3 95,2 "

These Tizurces indicete the favournble ond uninvoureblc oreas.
The Tripoli, ven Goshir ancd Gorabulli triongle offers the best
nrospects for the cultivator but the western Jefcre is extreilcly
arid. All welis with catchmient nreos in the Jcbel which have

2 vinter eridity index of 20 or over, will flow out on to the
Jefare Plain.

Climnate ané Asriculture.

0) Drylané Crops. These crops depend entirely on netural roin-

fall. vr. G. megozzini's calculeotions of the precipitation
necessory for givean yiclds oi cercsls ond olives rre as

followg:-
Teble 4.12 Reinfoll ponc¢ Cron-yields

Crons noture of Yield :inimwi rainfall necessaky
Olive Good 30C rnuis.

Jdoir 250 "

Poor 160 M

o cron -150 *®
Wheat nné Barley Goed 30C¢ ¢

dairp 250 "

Poor 200

l.o crop -200
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Accordinz to table L4.12 the olive is hardier than cerecls +nd
will even give & crop, poor as it ney be, with a2 roinfall
uncder 200 rnis. The figures for wheat anc¢ berley heve been
used to Greow figure 11d¢, which shows the distribution of the
vorying yields in an average yeor. Good cropns con only be
xpected in the Tripoli ond Gerabulli districts, feir cropé
in the Zawvia ond Azzoshrs arecos, =nd no crops cen be cxpected
in the Jir el Gonecn, sl Wotis -nd rehers regions.

Azizin lics within the zonc ol Arab shifting cultivation.
In this area during the 15 year vncriod 1926/7 to 1940/1,
there werc 4 good crops, 2 frir crops, 2 poor crops ond 7
failurc crops. liowever, round Tripoli, where woisturc condi-
tions cre infinitely better anc where the Italion grows

cercals uncer dry cultivotion, crop yields for the sarie 15

Hy
]

years vere € gooG, 4 foir, 2 poor ond only one ilure. The
nrea of land suitable for drylenc farming is nevertheless

very limited 2nd even on tils land cron failurcs are unavoida-
ble in soiie yeors.

Yhe winter aridity index of 20 is considerca the lower
1liwmit for good drylanc forning »nd reafforestation. The
Lripoli aistrict ond the castern Jafars are the best suited
arens, with Zawia oncd Azizis very morzinel. According to the
1952 +.4.0. Azricultursl Reportﬁ, the linit of olive cultiva-

tion is sonevhere between the 10 andé 15 winter indcx, and

the boundary of shifting ceresl cultiveticn coincides

X

8/90.
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approximately with the 10 index:. ileloting this to table
L,11, it is obvious that the shifting cereal cultivotor in
the Inner JToffara, martianlerl- 2 Shc 0000, Lbblt seup peuiial
returns ycar after ycar, even in favourable orcas such as
wadi beds.

Dryland cereal crops arc more critically affected by
the fickle gutumn and spring rains, than by the nore reliable
winter reins of December and January. The shifting cereal
cultivetor sovws his barley with the first sutumnn roins, ond
the heavier and morce orolonged the rains the larger the area
he sows. However, o heavy cutumn reinfoll is often followed
by o nmeagre rainfall in the spring and the resulting crop is
poor. The sutumn rains thercfore determine the arca sown,

but the snring rains determine the harvest.

Threc conclusions can be dravm from the above obscrvations.

rirstly, only o very smzll part of the eastern Jefara is
suitable for satisfactory winter drylond farming; secondly,
within this orea yiclds fluctuste radicelly from year to

year and only 8 good crops can be expected in 15 years;
finolly, it follows that there is only one way of stabilising

thot

5 T A
> 1 by giving suppleoncn-

(=]

the yields of drylisand erons on

G"\

tary irrigetion.

Irrigation, evaporation, evapo-transpiration and soil moisturec.

In recent years several cmpiricasl formulac have been worked
out for mecasuring aridity, which hove more practical value,

especially agriculturally, thon that of De martonne. Some
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attenpt to measure the duration, ond others the severity of
arought conditions.

MfAatriemmna 177) P I S D S LT JRRPRC R L v ' « =
N 4 . s 7 _ . e v e Memes e e e eV Mears Ve Liadas VAL VW VG

monthly precipitation in millimetres, for a given month, is
less than twice the mean centigrade temperature for the some
month. This dictum was applied to Sidi mesri and is plotted
in greph form in fipure l1l2a. In the Tripoli area there is
o moisture deficiency at the end of Scptember, which is not
made good until about the first week in Movember; there is
then a moisture surplus until about the third week in i.arch
and then drouzht conditions decvelop anc persist throughout the
sulmer . from the end of liarch until early Iovember the
moisture content of the soil i1s sadly ceficient and only for
2 short veriod Novenber to -'cbruary is there o noisturc surplus.
The picture is much the same for Azizia, except that the
period of drought is longer and more severe and the period of
water surplus shorter. All irrigation rates are therefore
necessarily higher in the Azizis ares than along the coast.
Thornthwaite uses his moisturce index ss s means of

s . . . e e 100s =~ _60g
classifying climate; he derives this from his formule ;% or need

need equals potentisl evapo-tronspiration. Potential evapo-
transpiration can be determined by osnother cnpirical formula
which he suvplies. According to Thornthwaite, a moisture
index of -40 to -20 signifies a semi-arid steppe climate, and

onc of -60 to -40 on arid climate. One would expect Sidi kesri



temperature °C

millimetres
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APPLICATION OF GAUSSEN FORMULA
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L

to be o uerginel semi-orid stepne clinmote, but applying the

Thornthwaite foriules, with :dtchell's ..elte figure for cvapo-

Farmnent natdAm (10Y O P N S T R
- - . - L - -~ —_——— e = e ae (VIS N e Nk e hid N b W Gl - L dad e )

-2, gquite clearly in the arid catecgory. The severity of
the aridity is further emphesized by the fact thet only

Vecenmber ond Jonuory have a moisture surplus (index of + 26.3)

(o]

and that from Apnril to oceptember there is e severe surmer
drought with en ince:x of -97.1. The cultivetion of sunmer
crops is only possible with irrigetion, znd toliing into account
the overell oridity of the cJcfars Plgin, it is doubtiul if
there can be ony repid sgriculitursl develomment without intro-
ducing or extending irrigation.

Willrtts™ hos shown in Polestine that, of the rain falling
on lands c¢raining to the wediterronern, 70, is lost to cvepo

]

otion rnd evapo-transpirotion, 2k percolates underground

anG 6. flows to the see as storm water. That disappearing
uncergrouna providces e rescrvoir of woter which can be used

for irrigotion, but that flowing to the scs is lost. The
nydrological aspect of the Jdefara's rainfsll will be discussed
in chapter 5, but it is neccssary ot this point to make further

o

)

1

- - &

Py

briefl obhservationa on evanorati néd eveno-tronsniraticn.
Jater 1s lost to the atmosphere in two ways: direct
eveporation from water surfaccs, c.g. pools in the Inner

oo

Jefeora ofter reins, irrigotion storage tanks, canals and
sprinklers: cond evepo-trenspiration frowm the nlant cover.
Whenever the moisture is available, rates of evapo-transpiretian

arc high. However there are no measurements aveilable in )

Jillotts, BeC.: 'Sollc g Fcogr aphical fectors in the Paiestine
Problem'. G.J. 19L6, v. 108, pp. 146-179.
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Yrinolitenia, cither for cveporation or cveno-transnir~tion.
“he C.C.7.H.4.% rcport guotes a formuls for cnlculnting
CVEIULQ ULULle GVAPULHLLOL = YGecz & Lewporature LU UELTees centl-
gracCe. Using this formuls the evaporation ~t Tripoli is
90 mms. per snnuii, thst is almost three times the reiniall,
and ot Azizio 10C0 nmums., cbout five times the roinfall. Thesc
would appcar to be conscrvative figures becnusc Helwen, as
alrecady stoted, has a mean annual evaporation of 2387.6 rms.
In order to avoid high rates of evaporation, the time ond the
rmethods of irrigetion must be corefully choscn if water is to
be used efficiently.

lith optimum soil water conditions, evapo-tironspirastion
is deternined principally by climetic factors and is referrcd
to as potentiol evapo-tronspiration. Hetes of cvapo~trans-
pirstion orc very hizh in the lote spring when woter in the
soil is et field copocity and teupersturcs arc increesing.
Work on potential evapo-trenspiration has been carried in
severnl ports of the worla but the necarest csna perhaps the
nost relevant to this study, is that of idtchell (14) who has

taken negsurements at Hol for in lalta. Lo0ltn is situeted

only 200 nilcs rorth of Tripoli and comnditions are only
little more humid and cooler than those on the Jefaraj further-

more kitchell claims o slight over-reading Ffor his station.
dig figuresyvwhich con be considered minimsl when anplied to
Sidi wmesri, arc os follows:-

3/45, Sept. 1954.

*x
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foble 4,13 Potentipl syepo-trongpirntion ~t Hal Jar
{wolta) ond rainfpll ~t Sidi uesri.
(in millcmectres)

Lonth Vokhonbdodl cumng tx-nemdm-tioo  Do2af-11, 2102
Hal far Lesri
Septenber 172.7 10.0
October 121.9 27.6
Novenber 137.2 69.8
December 78.7 106.0
January 63.5 734
February 762 38.9
arch 83.8 23.3
April 99.1 10.1
June 165.1 0.7
July 177.8 0.9
August 210.8 0.6
Year 15%6.S 65.2

The relstionship between these two sets of fizures is showm
vividly in figurc 12b. Only in two months do the monthly
rainfell amounts at Sidi l.esri oxceed potential evapo-trans-
piration. A noisture surplus is built up in the soil during
thesc two months, but for most of the remasinder of the ycor
therc is a moisturc deficit. It is covident thst summer crops
will nccd frequent and copious irvigotions, and that winter
crops should be given some form of supplementsry wetering.
Sumnary and Conglusions.

The obscrvations made in this chapter have revealed high
sumnier tcomperatures and aridity, end an unreliable and unevenly
distributed winter rainfaoll. nild winters should encourage the
growing of early vegetables, but the dessicating effect of the

Ghibli is troublesomec. Throughout most of the Jefora the yields

of dryland crops arc diseppointing, ond only the introduction
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of supplementery irrigation gives better returns. The adverse
sunmer conditions can only be overcome by employing full irri-
gation, but it must be remembered that fthe water neede Af nlante
are very high and therefore the demands on the groundwater
reserves are substantial. The amount of water available for
irrigation will be discussed in chapter 6.

The underlying theme of this chapter has been to try and
snow how climate is unfavourable to the farmer. It seems un-
likely from the evidence given, that a stable agricultural
economy can be cdeveloped without some form of irrigation. How
much water is needed for irrigation? Climate can be used as an
index of the water needs of crops and at this point it is useful
to tabulate figures for lucerne, citrus, natursl vegetation and
potatoes. ¥hese have been calculsted from the formula given by

Blaney and Thornthwaite (3):-

Table 4,14 Irrigation reguirements of selected crops

Crop Consumptive Use Irrigation need Actual water
(Potential evapo- (Consumptive use-needed from
( 7RA¥spIRATron) Precipitation)  underground,
with ZO%
efficiency of

distribution
Lucerne 14,060 10,408 17,300
Citrus 9,930 6,278 11,000
Natural Vegetation 20,010 16,358 27,050
Potatoes
Sept .-Nov. 3,210 3,102.6 5,140
Oct.-Dec. 2,705 2,501.6 4,160
NOV.-Jan. 1,815 1,565.8 2,600
Dec.-Feb. 1,682 1,463.7 2,439
Jan.-liar. 1,918 1,782.4 2,970
Feb.-Apl. 2,765 2,692.7 4.480
I"iar.".-l‘iay 3,020 2,98207 Ll".970
Apr.-June 3,675 3,660.3 6.100
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several importont conclusions can be drawm from the ~bove table.
Lucerne is an annual field crop, whichcan be considered under
full irrigation all the year. Assuning sprinkler irrigation is
used, then this crop will nced about 12,000-1%,000 m3/ha. per
annun (irrigstion need of 10,408 plus an allowance for the
inefficiency of the sprinkler). If canals, earth ditches and
jedowl are used for irrigotion, then at least ég,ooo m3/ha. will
be needed. Citrus needs less weter then lucernc. Potatoes neced
irrigating even when they ore grown in the wettest period between
Deceomber and february, although only about 2-3,000 m3/ha. are
required, (perhops 2-3 waterings). Cereals and olives also
should doubtless benefit from an occasionsl irrigation. tuch
of the sgricultural lond on the Jefars is under olive trees,
with intercultivotion of field crops in the winter. The winter
field crops need 2-3,000 m3 of water per ha. given os a supple-
ment to the roinioll; the tree crops need an occasionel irrige-
tion in the sumier. Such lend is clossed os scmi-irrigated and
needs about 4,000 m3/ha. per annusn. Lend which is under a ficld
crop in the summer as well as the winter, is classed s fully
irrigated and requires 12,000-1%,000 m3 of water per ha.. The
anount of water nceceded depends in lorge nmeasure on the method

of irrigntion; the sprinkler is by for the most efficient means
of distributing water (chapter 8) and with this method only
about 2,000 m3/ha. nced to be oGiGed to the 'irrigotion need'

given in table L.1k%.
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CLAPTER 5

surface YWater - a ncglected resource.

Sasua UUUS UL U e

Groundwater is being used very rapidly and yet at the some
time surface water is running to waste and is doing considerable
damage. Water is scarce in Northern Tripolitania snd every
effort should be made to ensure that all surface flow is
utilised. BRainfall is scasonal, falling only in the winter
months, and is often torrential; it is not surprising thercfore
that flow in the wadis indicated in fig. 2 is violent. The
Americans refer to the short periods of wadi spate as 'flash
floods'.

The amount of run-off on the Jefars is very limited because
the whole plain is so pervious and flat that it acts like a

giant sponge which sucks in the rainfall as soon gs it rcaches

the ground. All the wadis flowing across the plain rise either

in the Jebel or the Pre-Jebelic hills. As cxploined previously,
nearly all those to the east of,and including the hkejenin, flow
to the ses, but in the west they spread out at the foot of the
Jebel and lose themselves in their own deltaic material and in
the numerous arcas of sand. The eastern wadis, particuleriy
Raml, Turgut, Saris snd lsid, are degrading their beds and tend
to be incised in the plain, but from Wadi Er-Rbea westwards, the
wadis are aggrading and easily flood. The eastern wadis
discharge an cstimated 5-104% of their catchment area rainfall

to the sea and 6% underground. The western wadis lose about

15% of thecir water underground in the Inner Jefara and the rest




WO SIS MO O
D= WAD OFITIO W0 DR HA

@ WAL wTRerEAen

! AR

(= T e
D rosums AR wIDv SvATe
4 =K oF AosAR DaM

—%— OVERDON s

142




143

to the atmosphere.

fhe nature of the catchment area.

The reilnrall in the Jebel veries Irol Under 1Hv mns. in
the extreme west round Nalut to 300 mms. in the Gharian region
and 250 mms. farther east. In the east the wadis arc near
the sea and because they have captured parts of the div-slopc
drainage of the Jebel, they have large catchment areas. 1n
the west the wadis arc very small and with the low rainfall
existing in that region, they only have very low discharges on
to the plain. wost of the Jebel 1s composed of bare, denudcd
slopes, corved out of almost tabular Cretacedus sediments which
are mainly limestones. At one time it used to be clothed vwith
a woodland for Langx has shown that between Malut and Joush
for example, the communities of Haloxylon salicornicum, Cale-
cotome intermedia and Periploca are relics of an open forest.
The disaoppearance of the vegetation has left the soil and
superficial material exposed to the raging torrents which cas-
cadc down the steep slopes. In the catchment arcas shown in
fig. 13, it is a depressing sight to see the think blanket of
Quaternary material - the very lifeblood of the country -
rapidly being washed away. In the west the smount of presenti
day erosion is less because the rainfall is lower and most of
the soil and superficial material has long since disappeared
lcaving the hills absolutely bare. The fact thot the catchment

areas arc so croded and devoid of vegetation means that much of

X

B/49.
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the rainwater fails to sink into the Cretaccous sediments of
the Jebel, instcad, heavily charged with scdiment, it bursts
ot wialoently an to the JTefars Ploin. Plate 7 oives anme iden
of the turbidity of wodi water.

In the eastern Jefara, which is the best developed part
of the plain, wadis ¥reak heavy dawage to land and property,
deposit tons of sediment, and ¢arry large quantities of precious
vater out to sea. Along many of these wadis the locals have
attompted to conserve somec of the surface flow by building
cisterns. These, although very commendablc, only provide water
for domestic use and are very small (sce plate 10).

The guality of the water.

Quality is good, because water flowing across the surfacce
of the land has little time to dissolve appreéiable quantities
of toxic minerals. The proportion of dissolved solids,
porticularly chlorides, is low and the water can be used for
any purposes. The following figures, taken from C.O0.T.H.A.

(& p.96) indicate the high quality of the water, thercby

emphasising the need for its conscrvation.

Table 5.1 . Quality of surrace water
Specific conduction Dissolved solids,
DeD.Nl.
Wadi nejonin water 360 246
mejenin cistern 539 358
Artificially soread watoer 360 246 (total salts

237)

The water, which has becn stored in a cistern, is of sligntly

inferior quality.
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Boinfall end flooding in the sostern Jebel and Jefnra_with
snecinl emnhasis on the Wadi Mejenin.

The emount of rainfall is so smoll and its distribution
so seasonal that there is no percnnial flow cxcept from a few
springs near the coost olong souie of the esastern wadis.
C.0.T.0.A. quotes 2 formula taken from on oarticle by lL..A.
Coutagnee in Revue de l&téorologie 1935, x=0.6 (15+t)2 vhere
t = average terperoture in degrees contigrsde ancé x = the
rainfell required for pcrennial flov. If the tempcrature for
Tripoli is token as 20°C, then a reinfall of 735 mms. is nceded
to sustain o constant flow of surface woter. To achieve De
vgrtome's aridity index of 20, which marks the boundary
between ¢ dry end himid climate, Tripoli would need a rainfall
of 600 mms.s; Tripcli oectuclly hos o roinfell of 368 mms. It
is in the Jencl, however, where water can be concentrated in
sufficient auantities, that seasonal flow can be expected.
henever De uartonne's nmontnly aridity figure cxcceds 20 for
the Jebel stations, as it does in MNovewber, December, Jonuary
and februery, wadi flow is possible.

The mean rainfall in the eastern Jebel is around 250-300
mms., of which over 80% falls between October and rarch.
Generally there is an average of 45 rainy days per year. 77%
of these have amounts of less than 10 mms. and are not likely
to cause floods; 1h4yw (6 days) have over 10 mms. and could give

flood if the rain falls intensely during the night and over

a large part of the catchment arca, and 9% (4 days) have over

20 mms. which is almost certain to give a flood.
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Roiny periods arc more likely %o give floods during the
carly part of the roiny season then later, becausc the first
auiuntl LrdaLlIls 2re O4 GG GAC nOsT invcnse ana they rail on land
which is partially impermcable duc to the hcat znd evaporation
of summer. An autumn rain of 15-20 mms. will cause a small
flow in the iwcjonin, but if 30 mms. fall in a night the hejenin
may even flow across the plain to Tripoli. Dr. hogazzini, the
director of the Government metcorological Service, has, however,
knovn rainfalls of 50 mms. which have not produced a flood.

What hopoens to the rain that falls in the Jebel catchment
ares ? 3-4 floods of varyving intensity can be expected in
many of the eastern wadis during thec winter scason and C.0.T.H.A.
cstimates that 10% of the rain falling in the bMejenin catchment
area (i.e. 30 mas.) flows in the wadi as it leaves the Jebelj
of this about 9% rcaches the sea. A higher perasentage of water
reaches the sea in the eastern wadis because they are shorter
and have a steeper gradient; percentages there arec roughly as
follows:~

Run~off to the sea 10%

Infiltration P

Evaporation 85%
Of the ruln falling in Lie catchment areas of the endoreic wadls
up to 15% infiltrates underground in the Inner Jefara and the
rest evaponrates.

Today it tokes less rainfall in the Jebel to give floods
than it used to only a few decades ago. Before 1920, if 100

mms. of rain fell in a single storm in the catchment area of
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the kejenin (a situation which only happens once in 25 ycars
apparently), therc would be a run-off of 7-8 mms. (5 million
m3); if 100 mms. falls in thc seme area and period of time today
there would be a run-oif of 15 mms. (10 million m3.). Further-
more it is probable that each flood today now carrics 4-5 times
the amount of silt and sand per m3. of water than in the pre-
1920 period. Conditions are certainly deteriorating in the
catchment areas.
The Mejenin:This wadi has a catchment area in the Jcbel of
650 sa. kilometres, which receives an average rainfall of 300
mms.. According to C.0.T.H.A. (8) the annual smount of rain
falling on the catchment area is 195,000,000 m3., of which
13,000,000 is lost to infiltration (6.7%), 19,5000,000 f£lows
rom the Jebel snd the rest evaporates The mejenin has the
largest discharge of any of the wadis flowing from the Jebel.
The water flowing in the kejenin from the Jebel is composed
approximately of 2 floods of 6 million m3. lasting 3 daysj; 1
flood of 4 million m3. lasting 48 hours, snd 1 flood of 2
million m3. lasting 24 hours. Dr. Magazzini has listed the
recent rainfalls which have resulted in floods in the environs
of Tripoli as follows:-
Table 5.2 Rainfall and Flooding

Iocality Dec. 1938 Dec, 1945 26— 2% Apl. 52272 lﬁ-%é

1955 195
Gharian 8lmms.(10 days) 100mms(6d4) 4lmms. 90mms.  33mms.

Tarhuna  90mms.(7 doys)  6Omms.(8d) 55mms. 93mms.  30mms.
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In 1945 there was a very bad flood and the heienin flowed to

the sea for 3 days, discharging about 5,000,000 m3. In 1953

vile waul Lloweu al marablio DrLuge \a iew kiiometres soutil oL
Gasr Den Gashir), twicce at 20-30 m3./sec. and once at 9 m3./sec.,
but no water reached Tripoli. In April 1955 another large
flood struck Tripoli, the largest since 19453 in December of
the some year there was another, but although the rainfall was
higher in the Jebel, the flood was smaller because 6-8 hours
flow was scnt into the Amiot snd Sidi Jilani diversion canals
(cvidence that the French scheme, which will be mentioncd later,
is having some c¢ffect on the flooding at Tripoli). Stewart
(18 writes that in lharch 1956 therc was a medium sized flood
which reached Tripoli and broke away from its channel for

about 12 hours. The total volume of water reaching the town
was in the order of 3,000,000 m3., half of which flooded an
area of 280 ha.. This flood he estimated left behind %
million tons of silt and recharged the Quaternary aauifers

with 1,000,000 m3.; of the rcmainder of the water twd thirds
approximately went out to sea and one third evaporated. Therec
was scrious flooding again in the outskirts of Tripoli in

-~ e - / .
1957/8 e¢ plates 5,0,7, aud O.

wn

Until the great dewvastations of 1945, thc floods were
welcomed by the Tripolinos. Like the Nile in Egypt, the
lejenin floods had distinet advantages; they were small and
gentle, they rechorged Tripoli's aquifers, they irrigated 1lsnd

and deposited a fertile blanket of fine clay. Their character
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has now changeG cdue to the activities of mon and his aninsls
in the catchment area. Today the floods represent something
T TN o JUbw us voluzwle water to the sca, because the
hejenin, unlikc the smaller wadis in the east, threatens a town
and valtuable agricultural land. In the Inner Jefsra there is
up to 15,000,000 m3. of Mejenin flood water to be controllcd
ammuglly, and the answer is not to try and divert some of it
out to sea, for this would mean a loss of 5-6,000,000 n3.

Today the picture in much of Tripolitanis is one of domaging
floods, scvere erosion, dcposition of tons of scdiment in down-
stresan reegions, and westage of water. In Romen times, dry-land
agriculture prospcred ond there were lorge cxports of cercals
to Romec. The Romans achieved this by conserving water and
preventing soil erosion. By constructing fortified forms snd
other buildings along thec line of the 'limes', the Romans were
able to cstablish a balance between the sedentary cultivator,
who tended trecs and grew cereals, and thc nomads. The latter
along with their animals were kept away from the unstable slopes
of the Jebel and the vegetation was not destroyed and the soil
did not disanpear.

The dangers of erosion and the scaorcity of water were as
acute in Roman times as they are today. To overcome these
difficultics a series-of small compact check dams werc constructed

in the eastern Jcbel. These were built primerily to check the

velocity of flow, but also to trap sediment and to store a little
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woter. In cddition to these, diversion dans werce conscruciteG

alonz the woadis in the Inner Jefars wherdever solid rock out-

AMATreaa A A e I R - -~ . Y ome o= C . . -
Ll E g memee— A tse ML e s kD) Tl ML (g MU Raldlle LlElld

and Aboter. The eastern Jefars and Jecbel must have becn almost
like a miniaoture T.V.A. The Romans realised the power of wadi
flow and repoired all dams and channecls at the end of the rainy
season.

The break-dovn of the Romon System.

It has been argued that the Rowens did not fully appreciate
local conditionsj likce the Amecricans in Oklahoma, they extended
the 'sown' well into the 'steppe' ancé cultivetcd dry-land
cereals in areos susceptible to wind and water erosion. The
Romens did, however, understan¢ tne dangers of arable farming
in a dry environment an¢ furthermore therc was nothing inher-
ently wrong with their mecthods of conservation. The system
which they introduced broke down and disappcared because dems
which were demsged by floods, were not repaired and the process
of their disintegration was of coursc culmulstive. Political
factors, in form of the lgpslewm invasions caused the decay of
the North African civilisation. The firstwave of hkiosloans
did not disturb the Romen system for they brought with thom
citrus and hemns and encouraged irrigation. The second Arab
gonguest, this time by the Hilsl nomads, brought with it lerge
numbers of sheep and gosts and cverything was subordinated to
pasture. 'The trces, the garden, the forest and intensive

cultivation, rctreated everywhere snd the climate deterioratedxﬁ)
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The Romen dens fell into disuse, crosion was accclerated in
the Jebel; the Jefares, cxcept the conastcl oeses zone, becane

AalTmAac+ o maa AP AAAr AvmTe Al .l g 7 B e oI _—
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csteblished the ascendoncy of sedentery agriculturc, but the

appeaorance of the Itelians in Libya augnented the amount of
erosion because they took the best land on the Jefars Plain,

forcing many of the locezls to retrest to the hills and stort
ploughing and grozing the stecep slopes. Therc seems little
doubt thet the Arabs brought about the destruction of the Roman
efforts at weter conscrvation, for cven the great Arab historian,
Ibn Khaldun refers to the Arsb nomads as 'lawless destroyers

and plunderers who ruinced the settled ond intricate cvivilisations
of Yemen, of Persia, of Syria and of North Africa'.x

Weber Spreading.

Having established that there arc periodic floods in the
eastern Jefara which result from heavy storms folling on the
bare hills, the main problem in this chapter is to dccide how
to prevent these woters from flowing into the sea. This can
be done to best advantage by water-sprcading. However the
problem just mentioned is closely allied to the much greater
problem of conscrving resources in the Jebel, for the morec soil
ond vegetation therec is on the hills the smaller and less
violent the run-off and the easier it is to control it. The

Jefara is well suited to water-sprcading because it has very

— ~— - w—m—

x

Ibn Khaldun, 'The lugaddimah - An Introduction to History'
%ragslated from Arabic by F. Rosenthal. Routledge and Kegan
aul.
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pervious Quaternary sediments at the surfoce, gentle slopes
averasging around 10%, and a geological structurc which favours
ToI Iotlicd'ge us duualvis upduridw iu Lde nyaraullc gradient.
Water sprcading work, which has been carried out widely
in the U.S.A., consists of a scries of earth and rock dikes in
the wadis to show dowm the flow of water, reduce erosion,
sprcad the diverted water over o large arcéd end thereby increase
the amount of infiltration and help to recharge the underground
aquifers. The rock dikes grc designed to blced and to be
overtopped by the water checked behind thom. Whercver ground-
yater reserves arc utilised for irrigation, oartificial recherg-
ing by wetcer-spreading is desirable if not essential, and
provided that watcer is available for spreading, underground
reserves of water should be depleted during the dry_season.
Bxperts of the United Statrns Operations iission have been
working on water-sprcading problems in Tripolitenia for several
years past. One of them, Davis (2) points out that during
Roman times mony wadis in Northern Tripolitonia had their beds
stabilised by rock dikes ond terraces, 2nd he considers that
this network should be restorecd as soon as possible, so that

cereals can be The preseut

oTrALTN n
= O Viaa

v in yoadi beds rather ix
areas of shifting cultivotionj; these latter areas should be
managed and improved for grazing. A programme has beecn
initiated which consists of two types of water sprcaders:-
a) Public work type involving earth and rock dikes in
the major wadis.

b) Self help type, comprising community dikes in wadis,
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hillside terracing and cistern improvenent.

Woter spreading has masny advantages. It helps to re-
Casliape Ll Wwidurgruunu aquilers, it aliows the horvest of crops
in areas which arc normally too arid for cultivation, it can
help to overcome the problem of crop fasilures in drought years.
Natursl water-spreading is taking place in the eastern Jefaro
between Wadi hejenin and Wadi Raml, where therc are a series
of endoreic wadis which rise in the Jebel and peter out in the
Inner Jefara. Most of them rise where there is a rainfall of
at least 250 mms., and working on the assumption thot 15% of
the water.falling in the catchment area will flow out on to the
plain and:%iltrate, one can expect 375 m3/ha. to disappcar
underground each year. The F.A.C. Agricultural Report 1952 (&)
evaluates the benefits of storing water in the castern Jcbel,
particularly during drought years, in an area of 250 sq. kilo-
metres between the Ben Gashir-Tarhuns road and Cussabat; the
aim being of subseguently spreading the water to some specified
locality on the Jefara Plain. In the agricultural year 1946/7
Tarhuna, which is thc station tsken as typical for the area,

hsd 175.4 mms. of rainfall and in the following year 146.6 mms.

=

the rainfzll had been cunserved, In the first year with a

»

10% flow and a 504 efficiency of distribution, enough water
would have been avoilable to supply the needs of 1,248 ha. of
dry-land cercals or olives, or 14,600 ha. with one supplementory
irrigation of 300 m3/ha. and in the sccond year enough to supply

the needs of 840 ha. of ccreals or olives, or 1,203 ha. with
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one supnlementory irrigetion of 300 m3/ha. -There is obviously

solle casc for storing water for it would cither allow the

cultivotinn Af mAra TanA in tha Trepae T2 n -
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existing crops in drought ycars. In the two years being
studied Ben Goshir hed two months without rcin in both winters;
a supplementary irrigation of 300 m3/ha. would have saved many
of the crops. The distribution of smell quantities of wedi
watcr for supplementsry irrigotion would probably be impracti-
cable however.

The C.U.T.4.A. report suggests that the kejenin wator could
be spread ond uscd for the growinz of dry-lsnd crops such as
ceregls end olives. Assuming that thesc crops nced 2,100 m3/hso.
and that the efficiency of distribution of wadi water is 504,
then 4,200 m3. will be nceded per hcctare; the hejonin, with a
discharge of 15 million m3. in the Inner Jefora, occurring in
2-k floods, could be used to develop 3,600 ho.

he Americens hove constructed a rock dike in Wadi Beni
Ulid (#late 9). Although this is many kilometres sway from the
area at present under consideration, it is a region with a
similar rainfall to that of the semi-arid VWestern Jefara. With
water-spreading at least two erons of Bermuds groce
three, plus one of barley arc possible. In 1955, for cxample,

a gooG crop of gross was horvested alter the first autumn rainsg
in the colder winter months the Bermuda grass was dormont and

the barley matured and wes harvested. If there is a spring

rainfall in hkarch or April as there was in 195A, another crop
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of “Beriuda can be hervested. (L& 3) vilies increasc the depth
of imoisture penetreotion from 18 to 36" ond as lons as a penetre
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grown.

The difficulties of sprendins the water of the castern wadis
which flow to the sca

As rig. 13 shows, the wadis immediately east and west of
the i.ejenin seern ideal Tor the cevelopnent of water-spreading
the i.cjeonin hos been partially dewwed by the vrench and further
work hes recencly been carried out by the Americons. The
western wadis, which are all endoreic and sprcad thersclves

neturally, prescnt no real problen. In the cast are numecrous

wadis which ore discharging to the sca cach year, and C.0.T. H.A.

(@) hos madec o study of thesc with 2 view to dcveloning them
ror water spreoding. Along the wadi Ranl the lsnd is not

really favoursble for weter-spreading; in the upstrcam areas

in the piedumont zonc there is good land but the wadi is too
incisodgknmmtrram spreadGing 1s impossible in the dune-~lands.
Like the Raml, the Wadi Saria is incised about 10 mctres below
the surface of the 1and at the foot of the Jebel, but further
downstream sbout 8,000 m3. could be stored nesr the Sheep Ranch
(6,000 m3. after evaporation). The Wadi iisid offers better
prospects, for 9 kilometres south of Garabulli o canal could be
built to take 60,000m3. of water to an area of about 300 ha.
which igs showvmn in fig. 13. Upstreamn hovever it is too inciscd

to be utilised. ‘adis Abeter, Lerua and Sret are sll encorecic

and have inlend deltss with natural water-spreading, but there
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is an area bvetween wadis Lilgo and Abeter which could be uscd
for artificial water-spreading.

In contrest to the eastern wadis. the 1 Tirn. which hae
a catchment area almost as big as the mejenin, is ideal for
spreading and although the Italians constructed a 100 metre long
dam, this place has been silted up and leaks, and the water is
ot being utilised to the full st the moment (13). further
wvest the Wadi Etel, with over 3,000 ha. of natural épandage,
would scoil to offer scope for develonment.

Conclusions.

In the weatern psrt of the Inner Jafaors there is no necd
for artificial water-sorcading becausc the wedis all spread
thenselves naturally. However, in this region, much of the water
flows on to poor, hard and compacteé lond which has little
agricultural value; to overcome this, weirs could be constructed
to daivert the water to better land. An attempt was made in
1951 to divert the water in a wadi near Tiji, to better soils
but nothing has becen tried since except the primitive construc-
tions of the local population, one of which was seen at wadi
Zigzau in Autumn 1957.

In the east there is an urgent need for a comprehensive
plan for soil and water conscrvation, associated with reaffore-
station. A series of small check dams to slow down the flow
of water in the eastern Jebel, must be built as quickly as
possible, and at the same time trees must be planted and the

grozing of animals prevented; in the Inner Jefara more diversion

dams should be constructed. Because there is so nuch soil
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erosion all dams arc clearly going to silt up very rapidly;

this fact must be accepted at the outset end the under-employcéd

local labour used for eleanine ant nnrnngee ~ftrm Arnh meing

season. Hater which is diverted in the Inner Jefara can either

be used for an expansion of cultivation in that area, or allowed

to infiltrate 'in situ' or taken farther north to a place like

Gasr Ben Gashir, and there used either as a supplementory

irrigation or for the direct recharge of a falling waster-table.

In some sreas of water-spreading it may be nccessary to break

up the fine clay layer which is somectimes evident ot the surface.
The main advantage of water-spreading on the Jefars is

that it encourages water to go underground and flow into a

natural rescrvolir which is the nost efficient available in an

arid environment.
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CHAPTER 6

Groundwyater BResources

L

Introduction.

It would appesar from chapter 4 that only by using full or
partisl irrigation can stable crop yields be obtained. At the
present moment water for irrigation is only available underground,
and sny agricultursl development is limited by the size of this
reserve. It haos alrcady been established that the geological
structure favours the accumulation of underground water and it now
remgins to determine whether water exists in large quantities and
at the same time is of good quality. Is the amount of water

sufficient to sustain the present rste of agricultursl developuent

still allow lor incressea future demands?

ou

an

Briefly reviewing the structure of the Jefars, it is evident
that much of the plsin is composed of Tertisry and Quaternary
sediments which dip gently northwards; this is clearly shown in
figs. 4b and 6b. host of them are continental deposits of
seolian sands, alluvium, grevels, conglomerates and crusts, and
are given the gencral naite of Gefarico by Linparini. Lying
beneath the marine deposits of iiocene age are further continentsl
deposits which are also referred to as Gefarico by Lipparini.

The geological section across the Jefara (fig. 4b) clearly
shows the general structure; the sandy plain of the north made up
of the Gefarico series and the Inner Jefars in the south, which is

largely composed of Triss. T'he Inner Jefara is an interesting

area lesrgely because in many places it is disturbed by faulting.
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fig. 4b is a typical section where the Triss is upfaulted giving
rise to low isolated hills which arc surrounded by a montle of
superficial material; further to the west the Trias is covered
in the southern part of the Inner Jefors by Jurassic and Lower
Cretaceous rocks which give 2 line of small cuestas, but in the
north it outcrops extensively; to the east around the iejenin a
part of the Triassic dome is downfaulted giving g basin-like
gtructure which is filled with think beds of alluvium and gravel
and is referred to as the Piedmont Plain (fiz. Y%a). The Inner
Jefara is a very important area because wadi water collects in
tnis zone after leaving the Jebel and much of it infiltrates
underground to the Triassic substratum.

fig. 6b is a diagraommatic section which is very simplified
end not true to scale, but it adequstely summarises the main
aquifers beneath tne Jefara. Within the Quaternary material are
twvo main squifers which are referred to ss First or Phreatic and
Second or deep HQuaternary; being separated by a thin clay layer.
In the wiocene strats there is a2 minor and a major aquifer; the
first is in the Upper Tortonian Limestone and the second ot the
base of the rjocene in sands, gravels and sandstones of Langhisan
age.

Not every locelity has this basic pattern of aquifers as the
diagran of water-levels of selected wells indicates (fig. 14).
The Italians drilled a number of wells before the last war
primarily to investigate the possibilities of artesian waster, and

at the time of drilling, well logs were conmpiled giving the type

oi' rock through which the bore was passing snd the various water-
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levels, with heads onéd cepacities. The information recorded is
suik: arised in Appendix vb and fig. 1k, It is obvious that
recording was not standardised and that meny static levels and
yields sre missing; furtheriore no attempt was made to record
fossils and date rocks. Despite these limitations the details
are nevertheless valuable. Each well has numerous water-lévels,
nany of which are under »ressure to the extent of 50 metres;

well no. 4 2t Oliveti for instance, has nine aquifers with static
levels varying from -1£.55 to+ L3 metres and capscities ranging
from 1.86 w3/hr. to 13€ m3/hr. The Quaternsry msterial is very
varisble in composition with beds of sand or other water-bearing
strata often being lenticular in shape; in one locality an aquifer
riay be thick and yield large smountsol water but elsewhere it umay

be thin an¢ be of 1little value or even CGisappear pltogetiler.

C

escription sna_lLocation of Aquifers.

| o

. Quaternary Aquifers.

This is found throughout the Jefars Plain from the
Tunisisn border in the west to Ghanima in the east and it
has been exploited for years by the sedentary Arsb cultiva-
tor slong the coast and the pastorsl Arab in the interior.
The fact that this was the only water-table used prior to
the srrival of the Itslisns is s reflection of its accessi-
bility. The average slope of the ground from the coast
inland to the Jebel is cbout 0.3% as alresdy stated, whereas

the average slone of the first water-table is 0.2u.

m al 2o > . .
iherefore, the first aquifer will 1lie deeper in the Inner
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Jefara than along the cozst. rowever, accessibility vaeries with
the configurastion of the land s well ¢s distance from the sez.
In order to illnatyrate fhic, o mon Af 4ho apocesihilis. o8 o
first aquifer was drawn (fig. 19). This shows that 2long the
coast, and in much of the Western Jefars, the first underground
water is usually met less than 10 metres below the surface,
examples being Bir Zigzsu 2-3 metres, Pisida 0.8 netres, :ellaha
anG Tejiura 3-5 metres, Gargaresh &.8 metres. In the west the
water-table spproaches snd even appears at the surfoce in many
places; the line of 'sebkh' parsllel to the coast and those
stretching inlsnd are evidence of this, os is the spring line ot
the foot of the small cuestas. The Tripoli area is fortunate in
naving the first water-level readily accessible st 95-15 metres,
but moving esstwards conditions change and the 20 metre iso-line
is much neasrer the cosst; this deepening of the first water-table
to the east is also brought out by well-Jogs 11, 12, 13 and 1k.
woving south from Tripoli the saue pattern is observed. Just
south~east of the town for exauple there are high sand dunes wvhich
result in the water-table being 30 metres down; sections 4,3,C,
and X,¥,Z (Vig. 14) also indicste s deepening water-table to the
south desnite the fact that it is surprigingly shallow at Susni
Ben Adem; at Azizia one has to go down 40 metres to finé water.
West of the £l lenshar Hills the first aquifer is rsrely more than
40 metres below the surface but in the Inner Jefaras zone to the

east it is always more thon 50 metres deep and in places even

10V metres, particulerly in the Piedmont Plain; even at Bir el
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Ghner: aluost on the eastern Tlanks of the ¥l lLenshar hills it is

02 metres. There is no water-table in the Inner Jefars which is
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To summarise, the first water-table is nesr the surface along
the coast from Tripoli westwards and also in nuch of the western
Jefara, but elsewhere it is less sccessible and is particularly
deep in the bastern Jefara towards the Jebel, where the local Arab
is unable to reach it snd instesd has to build cisterns to collect
run-off water (see fig. 7).

In order to understand -he movenent of waster in this first
water-toble o map was drawn showing its height above sea-level
(fig. 16). “he information for this map was derived from numerous
sources: the 1:1C0,000 War Uffice maps of the esrea, Italian well-
logs, well-logs coumpiled by the Watural fesources Vivision of the
Libyan Auerican Joint Services, wells listed in the F.A.0. 1952
Report on Agriculture, questionnaires and personal observations;
in rmost cases the altitude of the well and the depth of the water-
table were known, so it was quite simple to work out the height
of the water-table in relation to sea-level. In general the

contour lines show a seaward gradient which is steep in the east

- pr il Vgt )

anG ncor the Jebel, but gentle in the wecst. Underground water
flows at right-angles to the contours snd down the gradient, so
in the eastern Jefara it moves quickly to the ses but in the
western Jefara, where the water-table is near the surface, the
flow is very slow and it is not surprising that saline conditions

soon develon. In the central part of the plain, however,
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rarticularly between the Zswis-Bir el Ghnen roasd and the Vadi
negenin, certain irregularities appear in the contours: these
Aare well markad and wveyu ejonifinont Ma +hea nanthonnct AF
Azizia the water-table rises to 85 netres sbove ses-level and then
descends in the south-esst to 65 metres; to the west of Azizia
it falls from 95 metres td 80 metres in the south; further to the
east there is snother depression in the contours south of Sidi
Ben HNaama and not'far fron the Jebel. The normsl seaward gradi-
ent is interrupted snd wster moves southwards instead of north-
wards. 1t may be that therc is sone relstionship between these
anomalies and the Trias, high water-table altitudes occurring
where there sre Triassic outcrops and low ones where the Triss is
fissured or faulted. The main depression of the contours to tihe
south-east of Azizis is in the downfaulted Piedmont Plain. ‘tlater
which flows seswards eventually springs out on the shoreline oxr
under the sea, if under sufficient pressure; but what hapnens to
the groundwater which flows tc the inland 'bgsing'? It must
disappear more deeply underground by additionsl perceclation snd
certain psrts of the Inner Jefara south of Tripoli can be
considered definite zones of infiltration. This is one of the
nmain facts bornein mind when a hynothesis for aauifer recharge
is presented later in this chapter.
Impermegble Lsyer.

The phreatic water-table just considered, which is either
one solid mass of water-bearing strata or several thinner water

layers, depending on the nature of the devosits, occurs within




167

the GQuaternary Gefarico Series. Iowever, in the Tripoli ares the

Gefarico is interrupted by a thin clay band which was deposited
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The boundary of this impermesble layer starts in the west between
Sabrata snd Sormsn, swings south of Azizis, then northwards just
east of Ben Gashir, and finally eastwards to Gasr Gerabulli and
Gasr Khiar (see fig. 7). The first aquifer proceeds above the
impermeable clays from Azizis and Sul: s Sebt and supnlies the

shallow wells in the Tripoli area.

€3]

b. ond or Deep Quaternsry Aguifers.

This is found 20-25 netres below the firat water-toble, as
indicated by well-log 11 at Tajiura for instance (fig. 14), and
is in ola Guaternary and even Pliocene deposits, the msin aquifer
being 2 15-40 metre bed of sandy grovel. Somectimes the Upper
riocene rocks of Tortonian age are composed of limestones and
sands ana it is often daifficult to distinguish hetween the deep
Quaternary cnd the minor idocene water-levels. Naturally the
second water-table is less accessible than the first snd is found
66 metres deen at Ssbrata, 53 metres at Concessione Ingegnoli, 36
retres at Hashisn, 36 metres at Gargaresh, 32 metres ot Sidi ..esri,
32 netres at Ain Zara, 22 nmetree ot Tajinrs and 36 nretreg ot
Garsbulli. Inforration given by nunerous revorts is often
conflicting end not based on original work, sné further research
is necded before the exact relatiomshin between the first and

secont: water-levels can be thorouzhly unéerstood. The 7.A.C. 1952

deport on dgriculture raintains thet they are not indevcndent and
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tint puiipine ox one lowers the level of the other; 'Hydrolosically
speeliing they constitute naluiost o single weter-tavle flowing in
SLLats oL Varylne vemlepnility with o non-continuous strste
between them' (F.A.C. 1952 p.l67)x- There seers to be some truth
in this generalisation for when the second aquifer is tapped in
some places, its water is under pressure snd rises to tihe static
level of the water of the first water-table or perhans o Tfew
centimetres above it, this is the case in well-logs 3, 5, 9, 1C,
X,Y,A.(fig. 14 and AppendixzVb). lorthwards from Azizio rnd Sulk

4s=uebt the second pauifer nocces bencath the !yrrhenien cloy

&

2ud gives Uripoli two freshwater layers, wut in soe arens the

clay is extrenely thin or asbsent so that the deeper aquifer

cammnot e Gifrerentisted ond seeciis to be absent in well-logs

4, 6 206 -, oliveti, Zengur suC Sueni Len Adem. Cederstron (11)

hes carried out pumpinzg work on the 1itchell Cotts farm at kn. 24

on the Tripoli-Zawia road snd is convinced that there is no

connection between the first and second aquifers in this locality.
To suutiarise, in much of the area covered by the Tyrrhenion

ses there is a seconé Quasternary water-lgvel which was not

exploited by the Arabs becsuse of its greater depth. slowever,

nee Lhis Ges beell Gopped Lie waler rises Lo 8 stalle level-wuuci

[al]

the same 2s that of the first water-taoble, therefore costs of
roising the water are not unduly high.
2. Artesian Adguifers.

The riocene deposits were laid dowm by o transgressive sea

which invoded the Jefars aslmost as far south as Agzizia - see

= e et B e e AmEet——— e & cmeen & -

% B/90.
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fiz. 2. As fig. 6a shows they Gin to the north-west with their
upper surface sbout 500 metres below ses-level near Tripoli, and
oU e suldg Liiug Lut:y dls0 LILLChE guu yilel wesiLwarus. 1T was
stated earlier that there are two aquifers in the wniocene, one at
the top and one at the bottom; in the western Jefara this is
generally true but not in the east. Laurenti (24), Desio (18)
and Archambsult (5) divide the artesian water resources of the
Jefars into two regions; and the information given in the summsry
teble of artesian wells (AppendixVe) snd in the notes on the
Itelion well-logs (AppendixVb ) fits this division ressonsbly well:-
a) To the west of Trinoli and in particular between Sorman and
Zanzur there appear to be two artesian levels. The first is
usually found in arenaceous limestone up to 250 metres below
sea-level and has a static level approximately +23 metres;
exariples are Pisida 22C metres below sea-level, Zuaraz 239,
Oliveti 225 and Zanzur 234%. ‘he second level is usually
more than 600 metres below sea-level, is found in the lower
rniccene and has a static level of around 65 mectres; it is
deeper in the west as vroved by the following examples:
Ajclat 765 metres below sea-level, Sabrata 572, Zawia 532.

Iac e T7 e o =
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castwards Lo Guuuiwy Lile mlocene deposits decrease
in thickness and the two artesisn aquifers of the west seem

to merge into one, which is found st depths varying from
250-%50 metres below sea-level. Water is found in a 50

metre thick complex of ssnd sand limestone which is reported

to the Lower hiocene, so that in the eastern area it is
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probably more correct to say that the upper artesien aquifer

of the west disappears sand the lower and more important

~ ey s A ' -

cguifer Lersiloto. Hcausd ud wdielr averdge 03 metres avove
sea-level and the aquifer rises to the easst as evidenced by
the following depths below sea-level; Sidi resri 426,
Tajiura 420, Es-Sbabil 210, El Guea 180 and Gargbulli
(Variani) 135 metres; it slso rises to the south and at Suk
es-Sebt is only 208 metres below sea-level.

Thus, there seems to be a genersl pattern of thick
ijocene deposits along the west cosst which have a3 major
aguifer st considerable depth asnd snother less important one
nearer the surface, snd thinner deposits in the east holding
only one aquifer, which gradually rises in relation to sea-
level. There are, however, variations which will not fit
into this pattern particularly in the west where there are
several siigll aquifers which have water under sufficient
pressure to give a small flow at the surface, and also in more
central areas where there seems to be more evidence of
faulting in the Mioceﬁe (see fig. 69 .

C. The potentialities of the various aguifers - yield snd guality of

water,
waner.

a) Yields of First or Phreatic water-table. The indigenous

farmer makes good use of this shallow water layer and exploits
it by delu, wind pump and more recently small electric pump;

Laurenti estimates the number of wells at 8,5C0 (25). The
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i'ap of ecxmloited water resources (fizs. 17 and 1€) shows the
distribution oi wells over tue Jefore Ylein and rcvezls en
e CLihal, LULILLAZUL L LLULE Ll LMV Ll UULL=TLdJLiure UUSLd dhl L
the oosces farther westv. In these arces the equifer is
narticularly good ond according to Shotton (37) will give
yiclds renging from 4.5 - 13.5 w3/hr., although the local
Ifarmer is content to draw 3-8 m3/hr., with his delu end only
irrigete 2 snell ares of -1 ha. In relstion to larze scele
irrigetion, nowever, o yield of 13 m3/hr. is totslly inade-
quate but higher yields could only be extrocted frou the
first watcr-tablc oy drestically reducing the density of
wvells in the arees of Aresb gerden cultivetion; if clectric
punps ore installed in any gquantity snd en effort made to

step un the cepscity of the wells, water reserves will soon
be cxhsusted. In certain narts of the Jefare the first
wvater-table is slmost as rich os the sccond and largo-scale
irrigsation hos veen introducec by Itelian snd s few Arasb
forrmers. 4in the ol Lsoia resion the woter is only 2-6 metres

below tine surfoce and yields up to 20 w3/hr. are possible.

in the ven Gashir-bir longar ares water is found at 19-25
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even 40 m3/hr. 9llow the irrigation of citrus, pcanuts,

lucerne and potatoes.
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Table 6.1

Sample wells in the first ggquifer in the Ben Gashir region

T AT .4 Wotnrmal Rmacprece Vvicion

Iocation & Crops elev-|Depth |Type |Water|Datel|Yield, ha.| Est.

owner ation| of level m3/hrlirrlsnn.
vell below discly

surf, orge.

l.4kms.S.B. of Lucerne

Ben Gashir Peanuts ov.

Aiad Lafi Potatoes - 36m. |[Drilled| 21lm.[1956] 30 54 |145,80C

1o3kms- So Of

Ben Gashir t - iL4ém. u 26.2m{ " 11 |1 -

Aiad Lafi

le7kns.E.5.5. of {Oranges

Ben Gashir Peanuts

Egtrillo idcheld |Potatoes | 77 |47 " 18wl v Lo |6 |15,200

lkm. S. of

Ben Gashir

Petrillo hicheli L 78 |54 mo |30.md " | 42 |9 h&1,000

l.9%ms. S. of Lucerne

Ben Gashir Peanuts )

Auguliaro Dimaro |Potatoes - |56 " 27.5 | " 30 Ik 197,200

3.61(1’!18. E- Of

Ben Gashir Jan.

1aj kohamed Addsla " - a7 " 19.8511957( 15 |% {35390

2.91{1."50 &de of

Ben Gashir eb.

Iomed Addale " - 47 " "121.1211957 | 4O 8 h%pOO

In the extrene esst of the Jefara the first water-table

is used occasionally by the Libysns at Garabulli asnd Gasr

Khiar but rerely for irrigation.

At Ghanimns the water-table

1s deep and yields from the windbumps sre low,-2-4 m3/hr.

(13 . . ~ ] T
The low capacities of the wells in the eastern Jafara are riore

a result of the inaccessibility of the aquifer rather than the

paucity of water stored in it.
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In western coastal ané central areas the srount of good
quality water availeble is limited. Survey work carried
out by the firm of Robert H. Ray in the Pisida area (3%)
shows that the groundwater is at 1-6 metres below the
surface and lies at approximately sea-level; shotholes south
of Sidi Ben Mur, Pisida and Zelten yielded freshwater but
elsewhere the water was seline. The areas of freshwater
are very limited and are ususlly found at slightly higher
altitudes within sand dunes; only s few cubic metres an hour
can be extracted because of the danger of salt water intru-
sion and water supplies are barely adequate for domestic
requirements, without even considering irrigation.

In the west, at the foot of the Jebel, the water-table
comes to the surtasce as 2 line of springsy this is the land
of the semi-nomadic tribe known as the Siaan. This area
was visited in June 1957 in connection with locust control
and then in September 1957 with Dr. J.I. Clarke who was
making a study of the Siaan people. Fig. 7 reveals small
clusters of springs, & few kilometres north of the escarp-
ment, which sre found in the settlements of Tiji and Jaush.
At Jaush Kebir there is a totsl of 18 springs of which only
7-8 are fully utilised; st Jaush Seghir only one spring out
of 25 is clean and fully utilisgd. At Tiji the springs are
better and 9-10 are used, one of which has been opened up
by the government and provides the domestic water supply;

one farmer is even copying the government scheme and has
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himself a3 small storage tank to conserve the meagre flow of
water and thus grow & few irrigated crops. Between Tiji ond
Couwis UNELE diT o Lfeu WULc al_u.'.;.u,:,:; LfUuL cluug o Sl il WiTdh
of slope of sbout 10 metres. At Ain oSattar therc is a fair
flow from springs, psrticulsrly a new one recently built by
the Nazarat of Agriculture and water is lying in pools and
running to waste. At wadi Lurmmazir about 9 springs are to
be seen, although only one was in use in September 1957 since
the rest had dried up.

In 311 these small scttlenients o little irrigation is
practised but the only crops grown are sorghum (gseb in
Arsbic), peppner, melons and the date-Palm. Each spring is
only sufficient to irrigate a few jeduls, and those at Tiji
do not flow st the rate oif more than 7 cubic metres an hour.
It would be possible to incresse the flow of water by driving
tunnels or trenches further into the break of slope which is
the spring-line, thereby msking sure of tepping the water-
table, even when it is at its lowest at the end of the sumner.
r.any of the present springs are choked with fallen earth end

are useless gnd there seems to be little chance oi develop-
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The springs farther east st Shsakshiuk, Gasr El Haj, and
Rabta have higher discharges, sllowing more irrigation; pelm
trees are more humerous and at the last mentioned oasis there

is enough water available for the State Tobacco lhonopoly to
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authorise the planting of 5 hectares of tobscco in 1958 (not

planted, however, becnuse oi the availability of the water

1, . N - T R R L ) B R I R Ade dalem
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foot of the eastern Jebel beyond Bu Gheilsn, springs ore
noticably absent although sowe may be found further south,
such as that 4 kilometres north of Tarhuna which has a flow
of about 152 m3/hr., but unfortunstely disappears before
reacning the plain.

The map of spring distribution shows that there are only
two other areas of springs that have not been considered. In
the extreme west therc is 2 series of springs found in the
escarpuent at the foot of the ralut limestorie; these are small
and only previcde encugh water for domestic requirements and
the few tree crops amid the terraccs on the lower slopes of
the escarprent. Finally in the eastern coastal region several
of the through flowing wadis have incised channels in the dune
vefars and near the coasf they cut the first water-table
giving 9 perenniasl flow of water to the ses. This wastage of
vater has not been measured and little if any is used for
irrigation by the Libyan. There is perhaps scope for develon-

the main diffi

(@]

1M1t 9e the
ntrty s ne

i

act that the vater

L.

lies at the bottom of the wadi channel and needs 1lifting on to
suitable agricultural land;
Our brief snalysis of the capacity of the first water-

table clearly indicates that only in the coastal oases and

the Suani Den Adem - Ben Gashir region is it sufficient to
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allow worthwhile irrigation. Alsevhere it berely neets
doilestic and stock mquirements.

Vinlde Fuanvy Goannd Am danan Mpatarnnane Tatanotahla
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As we have seen this water-table is confined to an ares
within 2 20-3U lilometres radius of Tripoli but because of
its high yields it is of treicendous inportance. Yhe sriount
of water which caon be extractec is generslly 1C80-150 m3/hr.,
(well-log 1C st Tajiura gives 150 m3/hr. for exawuple), althous
figures of 30C n3/hr. sre not unknowm. As the waoter is so
abundant and of excellent quolity both for sgricultural and
domestic uses it hes forred the besis of nucenh Itnlian arricul-
tursl develonnent. dlonz the coast nost ol the fariers with
larze holdings favour the use ol this deeper rcquifer rndc
1.ony of the cdeonogrephic fari s such as those st Azzahre (Giauchi)
ecen have uﬁ to U4 hectares of irriceted lond and a well
supplying 25 w3/hr., all dependent on the second aquifer.
Theodorou gives a table on page 52 off his report which
clearly esteblishes the pronortion of wells in the various

aguifers on 70 Libyan ona 7¢ italisn fari's in the Zawia sres:-

Wells Libyen Italian
firat aqnifer 174 26
Second aquifer 0 129
Artesian 0 2

The Libyan is content to ton the first and most accessible

e v w— — — e. we e - w eer——— e - — -
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water-toble, whercos tihe Itnlinm telies noct ol aiz water fron

2

the second water-table excent alons the coast. Artesisn wells
ore of little iumortance.

The wells whichexploit the lower water-level are usuaslly
built in two stoges; first there is an open well about o metre
in diauneter anc¢ about 15 rietr:s cdeen, when there is o narrow
tube-like hole, these are respectively celled availpozzo 2nd
trivellezione by the ltaliens. At the base oi the ovampozzo
4-25 h.n. puips are ususlly installed, anc 5-10 hectores iiay
be irrigsted froi: one well. (vor Turther detoils see chanter
g.)

The secont water-table is the nost important one on the

vefaro. it is useu extensively by large-scale coruiercial
forning enternrises, by the Itelisn cemozrenhic farms, by

the town of Tripoli for its douestic water-supply, by the
Royel Air Force ot Idris ond olso at the American air basc,
Wlheelus rield. Laurenti (25) estimetes there are 1,50C wells
drawing on this reservoir of water: this is z pre-war fizure
ond toGay therc are probsbly almost 2,000 wells.

‘ields from ortesi

;
‘0

n aquifers.

Lost of these aquifers have good yiclds and it is the
guality of their water which has so far hindered their full
exploitaetion. In the west the upper or minor aquifer gives
woderate yields of 2(-50C n3/hr., Pisida for exsnple 30 m3/hr.,

and these can be raised to 100, 20C and even 3CC n3/hr. by

opumping, although the piezdmetric head may drop 6-10 metres.



178

11y

Line lower equiifer hes slightly nigher yields, svcraging
60-250 m3/hr., Ajelat 120 n3/hr., Scbrate 100 m3/hr. cnd
PLivovi (LTI 270 WSuie (See appeualaViy

The eastern artesier sauifers orc for richer in water
anu the copacity of wells in this ares is in the order of
300-350 m3/hr., both thosc at Ll Gues 2nd Concessione Vaoriani
yield 300 m3/hr. Sub-artesian vells src found where the land
is higher to the south and cast of Tripoliy with pumping some
of thenn will yield laorge cuontitics oi weter, as for example
the well on the aicheli Concession ot Azizis which hes a
~umped flow of 380 m3/hr.

2. Quelity of undersrounda water.

Q

UnGerground water sccumulates over a long period of time and

[K)

it is not surprising that it often contasins meny salts and is of
noor quelity. rfhe most harmful mincral substances which are
found dissolved in the water are, in order of decreasing toxity:
magnesium sulphate, magnesium chloride, sodium carbonate, sodium
chloride and sodium sulphate; in order to ascertsin the quality
of the water it is necessary to know the total amount of

dissolved solids present, particulsrly sodium chloride which is

- demeat ma AT oL -
the most cormon of the ¢ vSrfia puLusds uvie

(8]

- et
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hcse s
water's specific electrical conductonce, which Thorne and

&
Peterson maintain is the best measure of the teoxity of the salts

present, the undergroun¢ waster of the Jefors Plain can be

Y
Irrigated Soils, Philasdelphia, 1949.
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classified. This classification is derived nartly frow that
quoted by Ll.u. Houk in his article 'Standords of Irrigation
Water! in Irrigation dngineering, Denver, 1951, and partly from

rarroni's pamphlet on the utilisation of saline water (28).

Table 6.2 yuality Classsification of Undergsround Yater

Specific Conductsnce Dissolved solids  TaCl.
Closs of water in micromhos at 25 C. Do olile DeDelle
1. Good Below 2,000 Below 1,400 Below 1,000
2. fair 2 - 3,000 1,400 - 2,10 1 - 2,0CC
3. Poor to
useless Above 3,000 Above 2,100 Above 2,000

Class 1 water can be considered suitable for all crops, class 2
dangerous if used on certain sensitive crops such as citrus and
tobacco, and class 3 can only be used for the irrigetion of sslt
tolerant crons although some o. the wster ray be too saline even
for this. In evoluating the effect of a3 water on crops in a cer-
tain area, consideration should be given to the type of soil
solution in thaot area; in chapter 3 it has been pointed out that
a large nurber of the Jefaran soils are sandy, permeable and
vell GraineG, devoid of chloride and rich in calcium carbonate,
therepy allowing the use of sorie poor quality water for success-
ful irrigetion.

9) Ruality of water in the Wuaternary deposits. All the water

from the first and second squifers in the sres bounded by the
Tyrrhenian deposits is of good guelity, specific conductance
is below 2,000 nicromhos and total dissolved solids are

usually less than 1,500 p.p.m. The qualityof water in this
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area 1s not likely to deteriorste because the rainfall of

the region is generally over 250 imms. and the groundwater

Lo vuLLLNUgLIly UL LUE LIOVE especially at the present monent
with the high rotes of discharge for irrigation, however,
overpumping along the coast may lead to the intrusion of sea-
water. The second aquifer yields the best water on the
whole Jefara snd as slresdy mentioned supnlies the domestic
piped water supply for Tripoli.

In other parts of the Jefara Plain the water in the first
water-table is often of doubtful quality. In the western
central areas water sauples wvere taken by the Libysn Arericen
Joint Services in 19957 and analytical statements are ovsilable
for Hl Viotia, Sidi Abdalls and &l llebilia:-

Table 6.3 Guality of water in wells at Il Wotia,
Sidi Abdalla and Bl Hebilis

Well Specific Conductance  Total dissolved solids
L micromhos at 25 C. DeDelo_ .

Bl votis 5,900 6,078

Sidi Abdalla 5,000 5,610

¥l IHebilia 4,950 5,723

This water is obviously very saline, a poor class 3, and is

3

1~
Al et

irrigation, alilbwoughh 1L may be used Ior stock,
particularly that at bl Hebiliaj it is typical of the water
found in the western Jefars and most of the wells in this
region are marked as saline on the 1:100,000 War Office maps.

noving eastwards the situstion does not change very much

as the following figures for water at Bir el Ghnem illustrates:-
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Table 6.r Luelity of woter ot Bir el Ghnem

Pepth opecific Jissolved aCl.
} vonductance s0li€s DeDells DeNeiie
71 metres 4,563 2,0C0 1,499

187 netres 6,435 7,123 L., 500

187 ictres (sfter
puaping) 3,276 34337 2,100

In this well, woter of the first aquifer is found from 71-1€7
netres below the surface, its quality is poor both at 71 metres
anéG at 1C7 netres but after pumping it inproves and is only
just in the class 3 cetegory ond therefore could be used for
the irrigetion ol salt tolerant crons.

The quelity of weter in the Imner Jafers south of Tripoli
shows o distinct improvement over that in the west, a2ithough
even so o few wells contain water with o heriful snount of N
1issolved solids. In Amnexe 1, p. 96 of the C.C.T.ii.4. Repor%t
the results cf analyses nade of water in the phrestic water-

table arc given:-

Trble 6.5 WQuelitv cof waster in thce Inner Jefars (Piedmont

T e — LT LN BT

Ploin
Well Snecific Conductonce Dissolved solids
Bir Freuan 3,515 2,527
Bir Baabsa 1,972 1,%50
Bir Gurgi 2,465 1,610
Bir Jdid Dardur 1,633 1,070
Bir Bs-Solalno 1,611 ?
Bir'Braga 2,935 ?
Bir Ben Hommadi 3,675 ?
... Bir Souweme __ . _ ... 674 . S S

£ Sept. 195% 8/A45
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Only two of thc wells heave closs 3 unter 2né even this is not
terribly poor, tie rest arc ¢iviccd up into four class 1 and
two class 2 and 9ll could e uscd for irrigotion if sufficient
cuantity of water werc availoble near thc surface. This of
coursc is not the cose.

The quslity oi water in fhe extrere enst of the Jefnra is
lorzely cless 1 and 2 but, a2s we have sceeir olready, is found
too fer beleow the surince to per. it ~onrecinrblie irrig~tion

1 puining cgulpwient cmnleoycl oy drcoente.
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L vater in thc sdocenc Conosit
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The suriwory table of artesiaon wells and the notes which

@

nccompony it, (AppendixVd ) can be used to Geternine the

guolity of the water in tac .docciic strote. -.0st of tine figurcs

-
L

rfor tewperoture, specilic conductonce, a0n¢ towhesl Clssolved

Ja -

solids are tolien Yronl Auericon sualysces 1953 (26), Vnerens
those for sodiw: chloride rre Tron It-li-n cnnlyses (13D both
scts ol Tizures ore sowetiites susneet. It hes 2lrcody been
noted tnrc the oriesisn aguilfers yilcld comsicerable guantitics
or water in so.e locolities rud it dis Cepressing to find thot
thls water is of such low guality thot in =Zeny instances 1t
hns no agricultural vsluc. Of the Y44 wells listed, only
fifteen nre used (nos. 12,13,15,18,25,29,30,31,32,33,3%,35,35,

37,30), oixd only a hondful of these are fully exploited. The

wells nove been clossifiied by the writer as follows:-
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Table 6.6 Classification of artesian wel

Class 1 o wells

" 2 Three wells Water snitabhle Tor the ivri.
getion of 2ll types of crops.

" 3 Good Six wells Generally water is suitable
for tne irrigation of all
crops if drainage is good.

n 3 noderate  Three wells Water can be used to irrigste
all but the most sensitive
CTops.

" 3 Fair Thirteen wells This water is suitable for
irrigatine salt tolerant
crops or other crops, if it
is first mixed with sweet
water from a shallow aguifer.

" 3 Poor Six wells Water is of 1little use to
agriculture and con only be
used for irrigation orf salt
tolerant crops if mixed with
sweet water and apnlied to o
well drained soil.

" 3 Very poor Ir'our wells Useless water, doubtful even
for snimals.

Unclassified wells - kine.

| The quality of the artesian water is quite clearly
superior in the eastern Jefara, particularly east of well
! no. 29 at #s-Sbsbil. West of this well, the water in the
upper and less important riocene aquifer is better than thst
of the lower, but even so it is safer to mix it with sweet
water belore putting it on the land. Un the southern and
western fringes of the Trivoli ocasis the quality of the water
is sbove average for the western region, for instance at
Gargaresh and Collinas Verde, ané further inlsnd st Azizis.

The terperature of the artesisn water is always over 75F.,

but genersally does not present any problem unless over 1o0r, ,
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as in wells nos. 6, 21 snd 23, then the water must cool beforec
being used. The existing low quality of the artesiasn wester
can he further ageravated vy pumping, figures for conductance
and dissolved solids often increase after a well has been used,
s in the case of the first well drilled at the Government

Sheep Ranch, Gersbulli:-

Conductance Dissolved solids
Initially 2,358 1,993
After use 3,6UC 2,328

Generally speaking class 3 waters are unsuitable for
irrigation in arid areas because of the danger of salt

b |

occutuulation, but since it hos already been pointed out that
Jefarsn soils are permeable and well-drained, and also rich
in calcium, - particularly gypsum (calcium sulphete), the
better quality class 3 waters may be used without detrimental
effects. At Bl Guea and Garabulli Forage qums class 3 Jair
water is being used for irrigeting lucerne with notable
success; at the Variani form (Garsbulli) a claoss 3 Good water
is being used for all purposes, even citrus, and the sane
applies a4t Es-Sbabil on the Ostuni farm snd at Gargsresh,
olthough st the latter the artesian water is mixed with water
from s shallow aquifer.

Compared with the Quatérnary aquifers, those in the
riocene yield poor quality water, but nevertheless this could
be put to better use than it is at the moment, if the right

rniethods are adopted, such as odditional mixing of artesian

vater with sweet water snd judicisl choice of salt tolerant
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crops. The exsunle set by tne five farms st Collina Verde,

lis-Bbabil, Guea, Sheep Ranch andé: Variani, plus the results

Al ArviAd st el AAT S A cradk A Fea A, [ PR PRI B KR ] -
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mentioned in o later section on the use of saline waoter,
suggests that tThere is still scope for further exploitation
of artesian resources.

Hater Supply Regions of the Jefars Plain.

Haoving studied the vsrious aqguifers in turn, their locations,
their yields and the guality oi their water, it is now possible
to put forward a tentative division of the Jefsrs Plain into
water supply regions, but before doing so 1t is necessary to
make a few observations on fig. 17. At the moment all water for
irrigation comes from underground, and the water collccted in
cisterns is kept solely for domestic ana stock requirements.

Fig. 17 shows the distribution of first, second and artesian
squifer wells but unfortunstely does not differentiate between
the first two. The information used for compilation was taken
largely from the War Office 1:100,000 maps, but when drawing the
map it was reslised that the density in the coastal oases wes too

low because these maps do not show every well. To get over this

o R =]
~ g~

2
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problem Targer seale mans of 1:50 000 were empl
not cover all the western oases so that densities are too low
from Zawia to Agelat.

In the Tripoli-Taijura region there is a remarkable concen-
trotion of wells with densities of 25, 30 and even 40 per square

nile; these are mainly Arab wells in the first aquifer. The
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density of wells in the wvestern coastal osses is slightly less

and the area they cover slightly siialler; the large number of

nhreatic hich vielddine walle 9 s 2o O LLli-Chasa Deu adew-

Fonduk Et-Togar ares is evident, as is the concentrstion of
second aquifer wells of the demogrcphic ferms in the Azzahra
(bisnchni) district; in the eastern Jefars there sre a few small
sroups of wells sbout 10 kilonetres inland from the coast. zslse-
vhere the wells are very sparsely distributed except in the Dune
vefara south of the coast between Zswia snd Zuars where they are
about two miles apart.

Artesian vells arc sprinkled alonz thc cosst, with just a
few in the west 5 higher concentration round Tripoli and even
flore iIn the east round Garabulli where there are Government ferms.

The following water supply rcgions (see fig. 17) are in 3
sense a summary of the information given so far in relation to
weter resources.

1. VWestern Coastal Region - phreatic water-table snd the western
artesian type with two aquifers:
8) Pocliets of freshwater in the dunes along the cosst.

b) Saline wster st the surface (Sebkh).

c) Western osses zone - freshwater is generally found in the
areas of slightly higher lend and overlies ssline waterj; the
wvater-table is always near the surface. nore water 1is
available here thon in 1ls, but is nevertheless still
limited in aumounts snd discherges of nore than a few cubic

metres an hour are not possible without the intrusion of

solt water.
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2. Central part or the Western Jefara - although the water is never

rore than 1C metres below the surface the nunber of wells in

- - -

Vhidw ULLG dw VOL) OO LA UMU LIUSL UL LG 0L C DOLLLT ¢l Uiy
used occasionslly for stock.
3. Soring-lihe zone:-

3) From Tiji eastwerds to Gasr el liaj there are groups of
springs with smsll flows of noderate quality waterj; these
are found soproxinstely slong the base of the Jurasssic
rocls.

b) Bast of the &l wensher ilills this spring-line is egain

<o

1

evident froi: Raebta to Su Gheilan, this time it is not so
well marked becausce the springs have o very vatchy distri-
bution. Supplies of wster are much the saile ss for 3a.

c¢) This sub-region lies between 32 and the Jebel. In the
north therc are no wells worth mentioning and in the escorp-
nent to the south there is 2 spring-line st the foot of
the ralut limestone.

4. Western Cistern Zone - this is an interesting area becsuse
although rainfall figures src low there is s large number of
cisterns built to collect and store the sgrface water flow.

Wead ~
LA Nl W)
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S ve diver
have been observed in Wadi Zigzau whicn is only s few kilo-
rretres to the esst, but the smount of water involved must be
sragll. Hhiowvever, wells an¢ s»nrings are absent so the local
population undoubtedly has to conserve what little surface

flow there is.
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lestern Dune Jdefera - in the sandy lands to the south of the

coast fronl Soriian to Zuara there is an even distribution ox
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repsonable cuality anc generslly less than 20 metres below

the surioce.

Inner Jefers srcuinC the Il i.enshar Ifills the water-toable in

this region is 30-LC metres dovm 2nc wells sore aliost absent.
The water is class 3 bhut nay be avoilaoble in reasonable
quantities, for at Dir el Ghner: water is being brought tc *lLe
surface from about 80 metres down to be used on the Government

cxperimentsl farnm.

Central an¢ liastern Jdefla es Celinited by tihe distribution
cl the Tyrrhenizn depositsy founc largely in the Dune Jefors

and hoving tvwo Quaternery vater-tables in places:

2) Gargoresh-Sabrote rezion. “he Tirst water-table is feound
everywhere pnd is exploiteC in the oases by the zarden
cultivator; in soue localitics it yields large amounts of
woter and the Italians have nade use of it (licotti Citrus
orchards for example .Jart: study Lo. 2)3 occasionally the
secont water-tavle provides water for irrigation. At

e

]

ter denth

ot

he +igcene stroto etill hoe two 1ifere.
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ar i
b) The Azzshra (Bianchi) rezion and the area imrediately to
the west wvhere the seconc water-table is extrenely rich.
c) Tripoli-Ytaijura resion which has a2 hizh yielding second
water-table and also & valuable first water-table; this

region is aglso part of the eastern artesisn type with only
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d) Suani 3en Adem, Azizise and Ben Gashir region which hos a
rich first water-table, occasionallv a seconc water-iable
ané a few sub-artesien wells.

e¢) sastern region - here the esstern artesisn type with one

aquifer provides more weter for irrigstion than the two

ousternary woter-tables. There is a liuited nunber of

wells exploiting the first souifer which is at lesst 20
iretres down in nost aress and soumetimes even irore, the
second asgulfer necs o very pateny distribution snd is only
topned sporadically. In the eost there are o few springs
in the chsnnecls of deeper wadis, not far from the coast.
€. wastern Dunelend: This is o region very much like 5 with o
uniforr. sprinkling oi wells in sandy lasnd, but which exploit
the Tirst water-table at a grester depth of 30-40 metres.
There are no cisterns.
9. Zone of deep phreatic water, where wells are scareely evident
aind surface water flow is collected in numerous cisterns.
E. Oyverpumping and the rechgrge of aguifers.
Underground water is s limited resource and great care should
be exercised when exploiting it. In water supply region no. 7
irrigated farming has develoned very rapialy since the last war
and cash crops such as groundnuts, potatoes and citrus, 2ll high
water consumers, have grown in iiportance: the denandson the
aroundwvater reserves have increassed and consequently the water
level in Guaternary wells has droovped seriously in the last 20

years.
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The ratural Resources Uivision of the Libran American Joint
vervices has made an extensive survey of the Guaternary wells

in the Trinnld Rean Nachdin and Qommd Bamm AAam cman~ (10) s

’ —- - —mm e e wtie b e e e [ PO

there are sonie 750 wells which are discharging an average of
570,000 m3/day, enough water for a city of s nillion people
accoraing to Cederstrom, ond each well has a pump with a diesel
or electric motor of up to 20 h.n. It is estimated that the
570,000 m3/day represent about €0. oi the discharge of the area.
Concumption of water is probably considerably higher than this
st the noment because Cederstrow mentions in his Terminol Renort
(12) of July 1957 that 125 new wells werc planned in the 3en
Gashir district slone.

1. syidence of Overpumping. Wherever useful qusantities of good

guality Guaternary water exist, irrigotion is increasing, and
it is quite clear that in certain arecas water levels are
dropoing alsrmingly. Cederstrom quotes a drop of 15 metres
at Ben Gashir and 5 nietres at Ain Zara, liazzochi” remarks that
in the intensely irrigsted coastal zone the water-table has
dropped 6-& metres since 1936 and Lewis in his Ind of Tour
Reporte gives evidence from his groundwater investigation
nrogramme of overnumnineg alone the coset associoted with o
falling water-table snd salt water intrusion. There are two

ngin areas where the f£sll in the Quaternary water-tables is

F.A.0. llorticulturalist.
e B/91



193
cangerous: ihe wen Goshir-Susni sen Adem arez and the
Azzahra orea.
sroc in his book fOrchardine in Trinolitoni»™ states that

in the Suani Ben Adem ares the first water-table was st the
surrace 20 years ago and that duck could be hunted there; a
few years later it was found 3.5 metres down and it is now

6 nietres below the surfocce. On the De i:srchi Concession
vhich is ebout 1 km. west oi the 16 kms. stone on the Yrivoli-
Suani Ben Adel road, the initiasl static level of the first
water-table stood at 3 metres below the ground surface but by
Cctober 1951 it had fallen to 10 metres below the surface.
iowever, the foll in the first water-table is most marked 1n
the Ben Gashir region and even now equilibrium has not been
achieved. Between 1940 snd 1951 the water levels in wells
west of kiloumetres 25-27 on the Tripoli-Tarhuns rosd dropped

L metres, an averoge of 0.35 metres annuslly, and this has
occurred in most wells within s 15 kilimetres radius. (34 0.169)

In the Azzahrs (Bisznchi) region there are about 5C0 wells

on the demographic ferms each extracting 100-200 m3. a day from
the second Quaternary aquifer, plus about 20 other wells
mainly being used by the Libyans. Irrigation increases and
the water-table declines 0.2 - O.4 metres a year; the .A4.0.
Report (34) gives figures for the period 1938-1951 which show
this decline, and answers to quesstionnaires put out to
farmers in this same ares all indicate the same trend in more

recent years. (Farm Studies 27-31).

* B/94
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Iable 6.7 declining ilater-table at Azzahro
Vepti of weter below zround-level in netres (34)
23 aZsL Y L%
Slenchi, farm 150 11.1 o2 13.9 1.5

bBianchi, Tarn 55 .5 17.5 17.9

2. fthe siznificance or declining weter-levelg in wells. +what
does the decline of water levels in wells rcelly rean % Two
nossible interprctations ore given by Cederstrom (12) and
Solignac (40).

CeCcrstrom is very pessimestic stouc the woter sunwly
situation of the Jefers Plsin, hc thinls that retes of
Gischerge are dsngerously hizh and probsbly exceed tihe smount
or local and surrouncing arce recnsrge; the cones of depletion
arounc cxploiteC wells expand in orcer to establish an
cquilibrium between inflow anc¢ outflow ond they do this at the

xpense of neirhbouring undeveloped aress wnere the water-
table in turrn is subsequently lowered. He thinks the

problen is one of a general lowvering of the water-table, which

is going to becoune more disgstrous becatse 'the Italian water

Tawr hoao hnann A
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install hcavy puwiaps as fast as the more cosmopolitan Arab and
4 nl H
the Guropean'.
Solignec is more optiudistic about the present exploiteotion
of the water resources of the Jefara Plain, and 2lthough he

only paid 2 short visit of a few weeks to Libya in order to
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investigate the need for an emergency water law, he makes one
or two useful theoreticel observations. At the outset he is
convinced that groundwster reserves are not being impoverished
and discharge does not exceed recharge over a wide area,
heither is he worried about the 3-4 metres drawdown in the
Bianchi, Giordani and¢ wmiccs ares or the 6 metre drswdown in
tne Ben Gashir ares. fdis optimism is besed on the following
ressoning:-

The nuniber of wells in the area studied in dctoil by
Cedcrstronm is not excessive - there are reputed to be some-
thing like 75C in o quadrengle 30 x 30 ims., that is 90,000 ha.
Lven sllowing for the fact that only sbout 32,0CC ha. ere
actually cultivated snd only 22,320 are irrigsated, the number
is still not high. Experiinients carried out by Visli show
that the radius of the influence of s well on the water-table
is only 20C-250 metres, an area of 13 ha.; if this is the
case then the 22,320 ha. of irrigated land should be able to
support morc than 1,700 wells instead of 700. Viali's

xperiments were carried out at lkdcca where the first water-
table was found 1U metres below the surface; after pumping for
some time the static level settled dowm at -1 metres and
when another well was sunk 250 metres away the wster-table was
still found at its originsl level of =10 petres; at 250
netres distance the main body of the water-tsble was not
affected.

There are thus two conflicting views on the state of the

underground reservesj Cederstrom thinks the water-table is
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falling over wide areons and Solignoc maintains thet felling

wvater levels in wells src merely cones of cCepletion which

Anec Marrine va mAaaTl APPAnd A Flhha camAamal TAavAaTl AR kA vradeamn,
AN - - R AR PR A L A e A b S A

table. Solisnac's argument does not tslie into sccount the
very slow ratces of percolation of the underground water in
nuch of the Jefara region snd it is quite possible that cones
of depletion may afiect the water levels in unexploited arcas
over a long perioG of time. Lewis (26), however, propounds
g similer argument that declining water-levels only represent
local overpunping with sssocisted cones of Ccepletion, because
curing hie stay in Tripolitonie he could Getect no perceptible
decline of the upper surface oi the Tfirst waster-teble down
the hydraulic gradient from an intensely irrigated srea.
There seems to be some grouncs for arguing that the
groundwater reserves, although probably over=-ecixploited iIn
certoin areas, are not es near exhaustion as Cederstrom would
have us believe. The real crux of the prohlem is the rate
of natural recharge of the underground aguifers.
Origins of the undergrouné water benesth the Jefars Plain.
ocome writers and research workers regard the underground
water resources of this area =28 fasgilized remmanta af a farmer
more pluvial period, probably Pleistocene, while others think
hey were
that #H—es trapped 'in situ' wvhen the deposits in which they
are found werc laid dowm; neither of these hypotheses seems

convincing however.

The first and second water layers - It is sometimes argued
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that very little of the rain which falls on the plain
manages to percolate for enough underground to feed the
taternary aguifers; this can soon be disproved, becsuse
without pumping the static water level in o well will
fluctuste from sesson to season and year to year; the connec-
tionl between roinfall smounts and the height of the water-
table cannot be denied. Tﬁo wells have been observed by the
Natural Resources Division of the Libyan American Joint
Services, one at Ben Gasndir and one further souti in the Wadi
nejenin zone. In the latter the higher maximum is in warch,
then there is a drawdown until the end of April, snd then a
rise to a lower meximum (O, - 0.45 metres lower) sometime in
gy, followed by another fall. At Ben Gashir the higher
maximunl occurs likewise in narch, but the lower is in December.
Both wells have their highest static levels after the winter
rains, but the next highest follows the spring rains in the
lejenin well and the antumn rsins in the Ben Gashir well,
obviously related to the rainfall distribution pattern, for
in the north of the Jefara there is more rain in Autumn than
Spring and in the south it is the other way round. There is
always a time lag between the time of maxinum rainfall and
highest water level because the rate of movement of under-
ground water is determined by the permeability of the strata;
percolation rates are often slow in the Quaternsry sediments
and sometimes the water has to travel some distance, for

instance, the wells at Giordani are fed by water which flows

from the high first water-table region to the south around
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£] liasnioura and Ras el Ambet.

1ost reports written since the last war a2gree that the
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f2ll, either directly or indirectly; in the Dune Jefara and the
coastal sreas the reinfall soon infiltretes through the loose
sandy soil; in the Inner Jefara water from the mountein wadis
spreads out and percolates underground subsequently to move
northwards. In the greater Tripoli ares Cederstrom (12)
estimates that 15-20 millimetres of rainfall per annum penhe-
trates to the first water-teble. Archambault (§) points out
that infiltrastion of wadl water ir thc Inner Jafora at the
foot of the Jebel is encoursged by the very vervious nature

of the coarse alluvial fans (cones de déjection) which the
wadlis themselves have deposited there. de also notes that
east of Bu Gheilan there is a noticeable absence of springs at
the foot of the escarpment, snc he attributes this to the
castward movement of the underground water.in the Crestaceads
sediments of the Jehel, which are themselves in fact dipping
in the some direction; as thesc waters move castwsrds there
may be some ieakage northwards into the Quaternary and wmiocene
sediments of fhe Jefara.

The artesisn aéuiig;g. These as yet have not been exploited
sufficiently to give s decline in piezometric heads or yields,
but it is worthwhile to make a cursory study of their recharge

in order to establish their hydrological cycle. Professor

Vinassa Regny (3‘) waos one of the first to speculate as to
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the origins orf the artesian water. e suggested that it

wos plutonic and the result of volcenic action but although

there ie evidence of wleanieity dn +ha Frantnnadnanimal
parts of the Triassic dome and in the Jebel, this suggestion
seens highly improbable. Desio's theories sppesr much nore
convincing (16, 17 and 18) and are supported by the writer's
own rcscerch. Basicslly the Itslisn considers that the
artesian water derives from roinfsll gs in the case of the
other two aquifers in the Quaternory materisl. The infiltro-
tion zones haove already been located on the mep of the upper
surface of the first water-table (fig. 16), snd water dis-
appears here into the nriocene strota and then flows north-
words within it to the coasty here it is under pressure which
roughly corresponds to the height of the fitrst weter-table
above sea-level in the infiltration zones. These are found
along or a little to the south of the southern limits oi the
1jocene deposits vhere the latter are neor the surface; some
vater nust 2lso enter the iiocene via the upfsulted areas of
Triassic muschelkalk limestone. Water takes 2 long time to
nove through the Tertiory roclis and the artesian water which
flows today fell as rain meny, lany vears ago.

It has now been established that tne underground reserves
of water are in all probasbility being continually replenished
by annual precipitation; Ahmed is nore dogmestic and maintains

that 'rainfsll is sufficient to maintoin 2ll water-tables!

(3 p.27). lle 2lso argues that sssuming sn aversge roinfall



for the Jefare Plein and Jebel of 200 nns. a year, a vast
aquontity of weter seevs into the sub-soil even sllowing for
hich matos oF 29222220000, Cuuugii 1u LeUGL LU rESULL L @
continual wastage of woter frowm littoral and sub-nmarine
springs: the totsl anount of groundwater used for irrigotion
(80 million m3) is only a small part of thot which is accunu-
lating each year (3 p.40). It does apnear frow: the evidence
availoble thet water levels in both the first ond second
gquifer wells are falling ond thot this nay subsequently lecd
to @ gencrel lovering of the water-tables over a widéce ares.
novever, thic process Goco ot represcnt the eoxhaustion ol on
irreplacable reserve Lecauce, s we hove scen, rechsrze contine-
ues cvery yesr fron roinfell, end in chepter 4 it was noted
thot over o long period water-tebles will remain static.
There is no nced for undue alarm in areas of falling water-
tebles because some reduction in comsumntion would soon give
cguilibrium between dischorge and recharge; this could
probably be best echieved by a reduced density oi wells. In
unexploited aress which have sdequate supplies of zooé¢ wotcr
there is no renmson way irrigsticn should not be expoanded.

Dapgers of =salt 1grn+.n_1'_' introein:

In nany respects o falling water-toble 1is rore Gangerous
with regord to the possibilities of salt ireter intrusion than
as evidence of depleted water reserves. It hos aslrendy been
eriphasised thnet in much of the Vestern Jefara the Guaternary

water is alresdy saline ond 21l along the coast of the
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Jefara wuch of the aitesian water is poor. Lvery effort must
Le maGc to see that there is no deterioration of the quality of
underground water.

The twvo main aress which are susceptible to wmalt water
intrusion if there is overpumping, are water supply regions
1l a2 and c and the coastal zone of water supply regions 7 a and
c. In regions 1 a and ¢ there are only limited pockets of
freshweter overlying brackish woter; these will constantly
yleld a small amount oi water if carefully exploited, but any
well that is overpumpeG soon becomes unusable. However, it is
in the coastal zones of wster supnly regions 7 a #nd ¢ thot the
danger is really threatening because, unlike the western coastal
zone, large farms with intensive irrigation are found wery neasr
to the sea; overpunping here mesns that the denser sea-water
gradually moves inland.

fortunately o detailed study has been made of one particu-
lar case of salt water intrusion (11). About 23 kilometres
vest of Tripoli slong the Zawis road there is the Ricotti-Prina
citrus orchard, where there sre some 100 ha. of lsnd devoted
to oranges, lemons and tangerinesy some parts of the farm have
been under these tree crops for more than fifteen years and
have heen irrigated all this time from the first aquifer. The
Ricotti orchard is situated between the cosst road and the sea.
A few years sgo Concessione Ingegnoli, which lies immediately

oo ~ o . \ .
south of the coast road, was purchased by Societa Agricoltura

Libica (5.A.L. - a cover name for hitchell Cotts), and the new



owners quickly rechabilitated the ole wells on the farm and

puilt new ones so that the irrigstion of extensive areas of

mAATd - cmpateate A m ~en Al P N N L T L .Ut B, R e e T B SO ey S
Jrom e me ey R N - m———— e mbe D SR A R R R A

Soon after the wells on the Concessione Ingegnoli began to
operate Ricotti alleged that the water-level in his wells
dropped ond at the same tine tihe quality of the woter in then
deteriorated. The question was asked whether the increased
demands for water were interfering with the hyaraulic gradient
with the result that sea-water wss moving inland. (<or nore
details about each fari: see farm studies 1 and 2).

+ig. 16 shows that there is 2 stecady slope of the first
water-taﬁle towaras the cossty despite this, however, there is
some intrusion of ses-water inland at depth due to its greater
density. If 3 cone of depletion exvands sufficiently to
reach the freshwater-saltweter boundsry the norrtsl hydrsulic
gradient is reversed and sa2lt-water flows into the depleted
arca. This has in fact hapnened at the Ricotti farm but since
it takes years for salt-water to penetrate haglf s kilonmetre
northwards it would appesr that the recent numping on the

neighbouring farm hes no real connection with the problen.

¢

Cederatrom carried ont numning tests ond anslveses on the
two farrms in march, 1956. The wells at the Ricotti farm are
in the first aquifer and water is about 17 netres helow the
surface and rarely more than 6 metres below ses-level; in

contrast the wells on the other farm are in the second aquifer

and the water is found 14-30 metres beclow sea-level. The
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quality of water in the Ricotti wells as represented by the
sodium chloride content is 177, 145, 120, 100, 300, 200 and
38T Burie pod miililuy bliv leot ulise Jiguled CulLuy LrUl Lle
wells nearest the sca. During puuping tests a combined
discharge of up to 20C m3/hr. from certain of the Ingegnoli
wells had no effect on the water-levels in the Ricotti wells,
thereby proving that there is no hydraulic connection betwveen
tne first and second aquifers. There has obviously been
continuous overpunping on the ltslisn concession for many years
and s cone of depletion has grown until it hes reached the
salt-water freshwaoter boundary o few hilonretrcs to the north.
This intrusion of sea-water is likely to occur anywhere
along tne cosst of the Jefars Plain where the Quaternary
aguifers are heavily pumped, and the only way to overcome this
problem is by the casreful control of future exploitation snd

by a reduction of water consumption on farms of the Ricotti

type.

E. Sunumary and conclusions.

The study of the groundwater resources has revealed that

within the boundary of the Tyrrhenian deposits there is a sur-
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Quaternary zTial.
has been realised by the local agriculturslists and as a result
there hes been a tremendous incregse in irrigation in post-war
years and cash crops are now being produced even by former
subsistence-type Arab farmers. Demands for wster have naturslly

grown and the water-table is falling noticeably in some districts
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and here there is very little scope for the further development

of" irrigetion on most of the farms. At the present moment the

P-

dcehorge fron owcllo iz zimzzoding inflcoyr ond there de ma oeian AT
an equilibrium being established, but the water reserves are not
fossilized remnants of the Pleistocene pluvial period so there is
no casuse for immediate slarn. If after snother ten years or so
the water-table has dronped still further snd yielas from wells
begin to decline with consequent higher cost for raising the
wvater, then some action nust be taken to curtail consunmwtion so
that the aquifcrs canreplenish themselves. Vithin the confines
of the Tyrrhenion deposits certain undeveloped arcas coulc¢ be
exploited for an extension of irrigsated forming, such as west of
Azzohra and the cune zone irmediately south of Tripolij; however,
the sgnd in these sreas will tske many years to fix.

Blsewhere on the Jefara the Quaternary water is either
inaccessible or too saline and the artesian wells, which often
nave large capacitices, generally yield s poor quality water.
Develonment away from the core region of the Jefara largely
depends on finding a cheap means of raising the deep Quaternary
water in the east and making better use of the higher quality

nlnoe
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3 d artegian sonrces.
He Greenex, in his book 'Using Salty Land', emphasises that

the use of saline water on permeable well drained land is not as

#*
#.A.0. Agriculture Studies ¥o. 3 ~ Section on Irrigation.




dengerous as in areas of heavy solly therce is less chence of
wvater-logging and the leaching of salts is easier if good quality
watopr ie Aavnailahhln Hhan a oalpinr alaco R3S AmmS ek Al e At
water of high sodium content thec sodium tends to take the place
of the calcium and the soil becomes szline; this can be corrected
by the application of calcium sulphate (gypsum) which is plenti-
ful in Northern Trinolitanis. It would seem that there are
distinet possibilities of utilising some of the class 3 water of
the Jefera and this view 1s substasntiated by experiences with
such weter in the wisurats region in the east.

The use of brackish water at the Itelien settlement of
Crispi, south of iisurata, is Gescribed by werroni (28).  In the
eestern. part of Tripolitania, particularly rounc wmisurata and to
the south, most of the underground woter is of poor quality,
both from Guaternary and artesian sources, and the farmer is
forcea to use it if he wants to irrigate; for instance at
tisurata phreotic wator with a sodium chloride content of 2,000-
3,L00 pepemes is being used for irrigation purposes. At the
Inte settlement of Crispi poor quality artesian water is being
used, 2nd the following two wells are typical:

Parts ner millinn

Total solids Chlorides
Well no. 3 Crispi 2,392 1,100
Well no. 2 Crispi 2,524 1,368

It is interecsting to study the policy adopted by Ente at Crispi
since, as has already been stated, one of the means of expandaing

irrigation on the Jefara is by the increased use of saline water.
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At the outset the agcney decided thet only seri-irrigation
shoulC be prectised ond crops witin their whole life~cycle in the
summer should be excluded, furtherwore onlv crons with snme dncron
of salt tolerance should be cultivated. On a 10 he. holaing,
olives werc planted well apsrt at 15 x 30 metres (almost dry
cultivation spacing), lesving space for 4 ha. of cereals, 4 ha.
of pulses (beans and vetches), 0.5 ha. of lucerne, 0.5 hs. of
spring-shimmer gresses (sorghum asnd gseb) and a small ares for
industrial end horticultural crons. With only one rifth of the
farm irrigated and the land resting for periods of up to three
years results hove been most encouraging. Some crops such as
lucernce suffer if irrigated with the sartesian water during the
corly phascs of germinetion, but this problen can be overcoue by
sowing during the rsiny semson. Olives and date pelms have done
well but the fruit trees, particulerly citrus, are disappointing;
wheat, barley, pulses, sorghum zsnd gseb seer: to thrive; tomstoes,
asparagus and cabbage succeed in some arcas; tobacco, potatoes
and groundnuts are not ot -a2ll happy with the brockish water.

On the Jefera there is scope for development along these
lines. The soils are suitable because it is possible 'ee.o..e
to use the brackisn water on those soils which are permeable
ond rich in Cs CO3, and where the groundwater level lies deep,
as the excess salts can easily sink to the sub-soil' (L2 p.18);
furthermore freshwater is availsble for mixing on many localities.
Careful selection of salt-tolcrant cromns from the table given

in chapter 3 should give worthwhile results. Psntsnelli once
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remnarlkied that 'tiore extensive ultilisetion of brackish watcer
will be 2 strong weopon for land reclsnstion anc settlement in
nediterranean countries! (2€). »nda what annlies to +the . editerran-

ean as a whole also apnplies to the Tripolitonien Jefareo.
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CHAPTER 7

Water Consumption

A considerable amount of underground water is used every year
but no attempt has been made to estimate the actual quantity
involved. Most of the water pumped from below the surface is
used by the agriculturalist, Wheelus Field Air Base and the town
of Tripoli.

A, Estimate of the present consumption of water.

The largest water consumer on the Jefara is the farmer who
irrigates his land. In 1956 Lury (2) estimated that there were
13,628 ha. of irrigated land on the Jefara Plain; today this figure
lhas probably increased to about 15,000 ha.. Ahmed® concludes,
from his study of the consumption éf electricity, that in a normal
year 12,000 m3 are required for the full irrigation of one hectare
of land, and in a drought year 14,000 m3. If we take 14,000 ha.
as the present area of irrigated land and assume that it is all
under full irrigatian (a doubtful assumption as some of this land
may only be semi-irrigated), then the amount of water used on the
Jefara Plain is about 168,000,000 m3 per annum. This represents
a maximum estimate.

The town of Tripoli, with a population of 130,000 people, is
another large consumer of water. This comes from underground and

Is pumped from three localities:-°

¥ Ahmed, A.A., B/8L.

® Information supplied by Signore Fumagalli of the Municipio.
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l. Fournaci - here there are six wells having a total
hourly capacity of 1,200 m3. Each well is about 50
metres deep, has two electric pumps, dnly one of which
is usually operated at one time, and draws all its
water from the second aquifer. In January 1958
15,010 m3 were pumped every 24 hours making a monthly
total of 434,500 m3.

2. Bu Meliana - here there are two wells having an hourly
capacity of 320 m3. One well has an electric pump of
80 m3/hr. capacity, and the other, two. electric pumps of
m3/hr. each. The output per 24 hours in January 1958
was 6,600 m3 and the total for the month 17,760 m3.
Water from Fournaci and Bu Meliana is stored in two
water tanks; one at Dalra with a capacity of 2,000 m3,
and one in the o0ld city with a capacity of 1,800 m3;
it is then fed into the mains.

3. At Bab Ben Gashir there are two wells, which like those
previously mentioned, are about 50 metres deep and have
an 'avampozzo' of 14 metres. The maximum total
capacity of these wells is 80 m3 an hour. This is all
used locally and is not fed into the general mains.

In 1957, 10,37L,726 m3 were pumped from the second aquifer
to supply the domestic and industrial needs of Tripoli. This
of course does not include water raised from the many wells in-
the 014 QGity.

Wheelus Field consumes a large quantity of water in
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supplying the high luxury demands of the United States Air Force.
It is difficult to obtain precise information either from the
Air Base itself or from the many American water experts working
in Libys. Agnese N. Lockwood, in her book 'Libya-building a
desert economy'x quotes the amount of water used as 1 to 1.5
million gellons daily, that is 1,379,000 to 2,070,000 m3 per
year. Since these figures relate to 1956 it is probably safe
to assume that the present consumption of water at Wheelus Field
is in the order of 2,000,000 m3 per year.

The British army barracks in Tripoli take all their water
from the municipal town supply, but the Royal Air Force at Idris,
twenty miles south of Tripoli, has its own pumping installations.
There are five wells altogether on the camp but at the moment
only three are used. The actual station itself is supplied by
two wells which are pumped on alternate days from 7 a.m. until
midnight, each being pumped seventeen hours in forty-eight. The
wells are about 120 metres deep and water is found at 35 metres
below the surface; they are each fitted with electric submersible
pumps with maximum capacities of 21 m3/hr.. 75 m3 are usually
pumped per 24 hour period. Away from the camp are the married
quarters, where one well usually supplies about 46 m3 of water
per day. The whole camp is therefore using about 121 m3 per
24 hours, maeking a yearly total of nearly 45,000 m3. This is a
minimum consumption figure because the information was collected

in the winter when the demand for water was at its lowest.

% International Conciliation, Carnegie Endowment for International
Peace, March 1957.
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The biggest problem is to try to assess the domestic con-
sumption of water for the rest of the Jefara. This is extremely
difficult. The population of the whole Jefara is approximately
as follows:-*

Table 7.1 Estimated population of the Jefara Plain

Tripoli and Western Province 383,504
Tiji Mudiria 2,747
Jaush Mudiria 2,680
Gasr Khiar Mudiria 11,986

Parts of the Inner Jefara with
population included in Central
and Eastern Provinces 3,000

Total 393,917

The population of the whole Jefara can be taken as 400,000
and since Tripoli's water consumption has already been considered,
130,000 can be subtracted leaving approximately 270,000 pecple on
the rest of the Jefara. The problem is now to decide how much
water is used per head of the population, and the figures for
Tripoli cannot be used because they include water used for
industrial purposes. The F.A.0. Report on Agriculture, 1952e
describes how the town of 7nara; with a peopulation of about 8,800,
has two wells which together supply a daily total of 195 m3..
70,175 m3 are used in a whole year working out at 8.77 m3 per

head (that is 5.37 gallons per head per day). This seems a

®  General Population Census of the U.K. of Libya, 1954.

® B/90 p. 190.
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reasonable figure for people living in the towns and villages
along the coast, but is probably too high for the inland areas;
in the latter areas, however, there are a large number of sheep
and goats all of which need water, so that the figure calculated
from the F.A.0. Report will suffice. The total domestic con-
sumption for the whole Jefars Plain, exclusive of Tripoli, is
therefore approximately 2,370,000 m3 per year.

A maximum estimate in round figures of the present consumption
of water is probably as follows:-

Table 7.2 Egtimated Water Consumption on the Jefara Plain.

Irrigation 150,000,000 m3 per year
Tripoli City 10,500,000
Wheelus Field 2,000,000
Royal Air Force 50,000
Domestic =+ Jefara 2,250,000
Total 164,800,000

91.5% of all water consumed is for irrigation, 6.1% for Tripoli
City, 1.22% for Wheelus Field, 0;34% for the R.A.F. and 2.2% for
domestic purposes outside Tripoli. Note that Wheelus is using
almost as much water as the rest of the domestic consumers, and

one fifth of the amount used by Tripoli City.

. The location of the most heavily irrigated lands.

Electricity is the main source of power utilised for driving
pumps and the Tripoli Electricity Undertaking (formerly S.E.C.I.)
tries to encourage the farmer to use electricity by offering him a

low tariff. The following are the reigning prices in February
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1958: -
Table 7.3 T.E.U. Electricity Rariff.

Price mms./unit.

Type of Consumer ~ Outside Tripoli Iripoli
Eled¢tric Light 29 27
Domestic Power 29 27
Industrial Power 23 23
Agricultural Power 8 8

The farmer can buy his electricity for irrigation far cheaper
than any other customer.

Fig. 19 shows the main transmission lines on the Jefara.
Since they are found in water supply regions 7a, b, ¢, and d
where good quality groundwater is readily accessible their
presence encourages irrigation.

It is difficult to establish the actual present distribution
pattern of irrigation equipment because the necessary information
is not available. However, farmers are eligible to apply for
customs free diesel o0il and to obtain this they have to fill in
forms giving details of the machinery on their farms. These
forms are held by the Nazara of Agriculture, and it proved
impossible either to see them or have them snalysed or translated.
Fortunately Iury (2) studied the 1955 forms and produced a few
interesting and very valuable figures, which will suffice to give
an idea of the irrigation equipment in private ownership only a

few years ago:
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Table 7.4 Distribution of pumping equipment by province,

Equipment Tripolitaniag Trip. & West Eastern Central
ko bor ) 215 199 16 -

) diesel
Electric ) 150 143 7 -
Petrol machines 23 22 1 -

These 1955 figures indicate a distribution pattern which is still
the same today. Tripoli and Western Provinces have 92.5% of
Tripolitania's motor pumps, and 95.3% of the electric generators;
Bastern Province has very few motor pumps and none are listed

for Central Province. It is quite clear that irrigasted farming
is confined almost entirely to the Jefara Plain. Most of the
puinps are medium sized, 5-20 h.p., although the largest is over
70 h.p.s most of the generators are also 5-20 h.p.,but there are
a few at all sizes up to 130 h.p.

How are the pumps distributed ? The following table gives
the number of motor pumps and generators by locality in 1955, with
the underlined figures indiceting areas where irrigation is most
intense, i.e. Bianchi, Collina Verde, Gasr Ben Gashir, Oliveti,
Sorman, Suani Ben Adem, Zanzur, Zawia and Tajiura. Most of the
areas listed lie within the bounds of the Tyrrhenian deposits and
tiie electricity grid.

Table 7.5 Distribution of pumps gnd generators by

locality, 1
Iocality . Motor Pumps Electric @enerators
Ajelat - -
Ain Zara 5 L
Azizia L 2
Bianchi 16 1.2
Collina Verde a8 o
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Gasr Ben Gashir

>

Garabulli
Oliveti
Giordani
Gurji

Sabrata
Sorman

Suani Ben Adem
Sug el Jiumaa
Tajiura
Tripoli

Zawla

Zuara

o LB ufolB~wvn o
1 1 OO F~3H VO O

Increasing Consumption of Water.

The Government's general agricultural policy seems to be one
of encouragement for the irrigatéﬂﬂfarmer. It has already been
pointed out that a low electricity rate exists for the agricultural
consumer, and a further incentive for the expansion of irrigated
cultivation is the fact that irrigation eguipment can either be
imported without payment of duty or, if payment is necessary, at
a very low rate. The following are the amendments of the 1952
Customs Tariff:- (3)

Tariff No. 265 Machinery, apparatus snd detached parts
used for artificial rain installation —
Customs Duty Nil.

Tariff No. 266  Pumps for liquids (Jet, centrifugal, rotary,

pressure and otvhers;- aind detact
thereof --Customs Duty Ad Valorem 2%.

Hachinery producing and generating electr-
ical current, electric motors and detached
parts thereof, including electric pumps —

Customs Duty Ad Valorem 2%.
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i. There are no figures available which show how the
consumption of water is increasing, and this can only be
inferred by indirect means. The Tripoli Electricity
Undertaking supplied the following figures which give the

number of agricultural motors in Tripolitania which use

electricity:~-
Table 7,6 MNumber of electric motors in Tripolitania
1991 to 1957
1951 1,095
1652 1,105
1953 1,222
1951 1,256
1955 1,334
1956 1,359
1957 1,%10

Numbers steadily increase each year.
ii. The sale of electricity to the farmers by the T.E.U. has
shown a general increase in the period 1951-57.

Toble 7.7 Sale of Electricity for agricultural
motors. K.W.h.

User

%ﬁ;écnls 6,431393 6,425545 6,817863 7,703279 8,780877 9,052731 8,572668

Oliveti 605160 595440 642600 743010 795240 624,:24,0 873600

%%%chi 1,893920 1,918960 1,910320 3,173556 3,382167 2,791200 2,732400

01;v§ti 227520 237120 264480 333600 407520 480960 518765
Azizia 118800 99000 131400 147600 167400 187800 224,700

Total 9,276793 9,276065 9,766663 12,101075 13,53320% 13,336934 12,922133
The two Oliveti settlements and Azizia have been using

increasing =mmounts of electricity each year as the area
under irrigation has been steadily expanded; elsewhere and

at Bianchi the installation of irrigation equipment seems

to have reached a peak and the consumption of electricity
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has declined slightly and now appears to vary with the
rainfall.

iii. It is quite clear that more water is used in drought years,
particularly in the spring and Ahmedx is the only person
who attempts to measure this. He compares the amount of
electricity used per day per hectare in a drought year,
1947, with that used in an average year, 1949; his figures
are for the INPS settlements in the Bianchi area. In HMgrch
1949 the daily consumption of electricity was 2.2 K.W.h.
per ha. as opposed to Y.t K.W.h. in 1947 (expressed in
terms of water - 20 and 40 m3/ha. respectively). The
water given in February 1949 was 8 m3/ha. and February 1947

12 m3/ha.

iv. Another means of establishing the extent of the expansion
in irrigation is by studying the loans made available by
the various financing houses in Tripoli. Money is loaned
for the purchase of irrigation equipment by the Libyan
Finance Corporation, the Agricultural Bank, the National
Bank of Libya, other private banks, and plus, of course,
the moneylender. No information could be obtained from
the Agricultural Bank because when the records of loans
are compiled no sttempt is made to differentiate between
the nature of the loans. On the other hand, the Libyan
Finance Corporation produces an annual report (1) in which
details are given of the type, number and value of loans.

Of the money loaned by the Libysn Finance Corporation for

B/84, 1952.




the development of irrigation, about 60% is for motor

pumps, 30% for pipes and low pressure sprinklers, and 10%
for oddments. Loans are usually for 3-5 yvears and at
5¢5-6% interest. The Corporation started its first
financial year 31st lMarch 1953, and for the first four years
of its operation until 31st larch 1956, over £L30,000 were

loaned each year.

Tgbié 7.8 Summary of loans made by the Libyan
Finance Corporation.

Year No. of loans Value
1953/ 28 £136,520
1954/5 21 £132,875
1955/6 27 ' £I45,143
1956/7 32 £140,180
Total 108 £1154%,718

The figures for 1995/6 include six loans, total value
£17,268, for the installation of irrigation equipment at the
Maamoura settlement. The amount of investment in irriga-
tion is considerable and according to Dottore Carlo Barberis
the Director-General of the Corporation, enough money was
loaned in the three financial years 1953/4 - 1955/6 to
convert a thousand hectares to irrigation.

Other than the National Bank of Libya there are seven
banks in Libya: Bank Misr, Crédit Foncier, Banco di Sicilia,
Banco di Napoli, British Bank of the Middle East and

Barclays D.C.0. In 1957 all banks, except Bank Misr,
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loaned money for the purpose of agricultural development,
and records of these transactions were despatched monthly

ES
L

for ite record filea. Bank
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b
m

lianagers were naturally reticent about divulging the
details of their loans, so the records of the National
Bank had to be studied. These records are very general
and the details given are limited to the following three
headings:

1) Loans for citrus groves and/or fruit.

2) Loans on or for livestock.

3) loans on or for agricultural bodies.
The loans for agricultural bodies include money set aside
for the development of farms, particularly with regard to

irrigation. In the year 1957 they are as follows:-
Table 7.9 Loans made by private banks 1957.

Total amount No. of Av. amount per
Bank. loaned cuftomers customer
Crédit Foncier £L89,123 46 £L1,940
Banco di Sicilia £L1,154,702 481 £1.2,390
Bank Misr - - -
Banco di Napoli £L745,635 274 £L2,710
Banco di Roma £I4,096,339 940 £k, 348
British Bank of the
Middle East £L776,733 yy £L16,0'0
Barclays D.C.0. £1873,290 286 £13,050
Tatal £L7,735,822

In 1957 nearly £L8 millions were loaned by the private
banks. Some of this money was used as an advance on crops

but most of it was invested in irrigation equipment. The
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British Bank of the liddle East, with an average loan

per customer of £L16,070, would appear to have financed

The continuing expansion of irrigation can also be proved
by the sales of irrigation equipment. Two firms predomin-
ate, F.R.E.I. and Consorzio Agrario, and both were visited
by the writer to obtain details for 1956 and 1957. The
sales season usually runs from November until lay when
irrigation is least required; each firm surveys its
customer's farm, advises on the type of equipment required
and then installs it if requested. The installation of
equipment during the last few years has been largely geared
to groundnut production.
In the period January 1956 to February 1957, F.R.E.I.

sold 7,748 six metre lengths of movable quick coupling
sprinkler pipes: a total length of 46,488 metres which is
almost 50 kilometres. In the same period 27,834 metres
of concrete and asbestos mains pipes were sold. The same
firm has several pumping units which it offers for sale:

2 24 h.p. diesel with a centrifugal pump, a 5 h.p. diesel
1igal pump, and a 10 h.p. diesel generator
with an electric pump. In 1956 and 1957 a total of 1,200
units were sold.

The information gleaned from Consorzio is more

detailed and also points to brisk sales of irrigation

equipment.



Table 7.10

equipment by Consorzio, 1957.

Nature of
Eguipment

1)

2)

3)

4)

5)

6)

7)

Electric centrifugal
pumps 2-7 h.p:

Diesel engine pumps
for pushing water
along irrigation.
pipes 638 h

Generators from 5
Kvampere to 16
Kvampere

Diesel engines for
well pumps, usually
428 h.p. although
up to 36 h.p. 80ld

Zinc pipes, diameter
80, 100 ahd 120 mms.
(5 m. length).

dia-
150

Asbestos pipes,
neter 100, 125,
and 175 mms.

Sales of spares and
accessories

Amount

295 units £L12,334.105

22 "

55 1"

107 "

34,419

metres

25,746

metres

Value

£11,005.705

£13,555.815

£1.20,898.7

£127,,144.88

£118,240

£15-6,000

Amount

197

units

40

units

61

units

133

units

33,374

metres

14,577

metres

Sales of selected types of irrigation

Value

£18,998.715

£L1 464 870

£112,78k4

£L23,723

£127,359

£111,355%9

£15-6000

In 1956 approximately £98,179.205 worth of equipment was

sold by Consorzio and in 1957 the value dropped slightly

to £L90,685.49k.

1956 was a bumper year for the

groundnut and this led many small farms to increase their

irrigated area, hence the high sales of small electric

pumps.

In 1957 there was an increase in the sale of

diesel pumps and diesel generators indicating that the

ares of irrigated land has been stabilised within the

limits of the electricity grid but that expansion is still

continuing elsewhere where sufficient water is available.



Many farmers seem to have installed their underground
distribution pipes in 1956 and then bought their surface

pipes the next year.

D. Summary and Conclusions.

It is clear that there has been an accelerated expansion
of irrigation in Tripolitania during the last few years, which
has taken place largely on the Jefara Plain. There are signs,
however, of changes in this trend and one can expect less
capital investment in irrigation during the next few years.
Slower expansion will be the result of three main factors: lack
of rotation almost to the point of monocultivation of groundnuts,
resulting in disease, poor quality nuts and low yields; increased
competition on the world markets from other groundnut producers,
particularly from countries whose governments are subsidising
exports; and finally a declining water-table in many parts of the
Jefara which is raising the cost of production, already at a
high level.

It is difficult to assess the amount of water gither falling
as precipitation on the Jefara or flowing on to it from the Jebel.
By averaging the rainfall for the stations Zuara, Tripoli,
Garabulli, Gasr Ben Gashir, Azizia, Bir el Ghnem and Tiji, it
would seem that approximately 2,350 m3/ha. falls over the whole
plain, a total of around 47,000,000 m3. ‘The—estimate—of—tire

L of wat 1 for irpication is hidd " 1w thpee



A considerable guantity of water flows on to the
Jefara from the Jebel but it is impossible to
esbilEie Uit amowil willivul KNOWLLE g ralilall
and the areas of the wadi catchment basinsy it is
unlikely however that more than 100,000,000 m3.

of water leave the Jebel dw ing a rainy season.

One can estimate thererfore that the plain receives
in total about 4,800,000,000 m3. per average rainy
season, of this possibly 10% disapvears underground
(probably 15% in endoreic areas) - a total recharge
f'or aquifers of 480,000,000 m3,

It was shown in table 7.2 that total water
consunmption on the Jefara Plain is sbout 165,000,000
m3, per annum, well under half the total recharge.
This does seem to suggest that there is no cawmse
for alarm, but it must be borne in mind that although
there is a theoretical surplus of water accumulating
underground much of it is in unexploited western areas
where viater soon becomes saline, Where intense
irrigation is localised within the limits of the
Tvrrhenian deoosits, consumotion of water may at

least equal 17 no exceed recharge.
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CHAPTER &
Methods of Raising and Distributing Water.
A. Introduction

nethods of raising and distributing water in Tripolitania
are varied, depending on such factors as siz. and location of
farms, the extent of the irrigated area, capital available and the
attitude of the farmer. It is important to know how the water is
lifted from the underground reservoirs, because the type of pump-
ing equipment employed determines how much water is likely to be
used; as will be shown later the dalu is capable of raising much
less water per hour than the electric pump. It is also important
to know which method of irrigation is the most popular. The
sprinkler seems to be ideally suited to the Jefaran environment,
and concomitant with the expansion of irrigation in the last few
years has been widespread in¥roduction of this technique.

With the exception of a few springs (see fig. 7) all irriga-
tion water used on the Jefara Plain has to be pumped from wells.
The main types of wells built to exploit underground water are
shown in fig. 6b. Along the coast are the littoral phreatic
wells which tap the water of the first aquifer a few metres below
the surface; further inland are other wells which draw on water
from the same aquifer which msy be up to 80 metres deep. Below
the Tyrrhenian clay layer there is the second aquifer which is
usually 20 to 30 metres below the surface; sometimes the water in
this aquifer is under pressure and rises to the static level of

the water in the first squifer, but in many cases it has to be
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pumped. Artesian wells flow at the surfsce but the sub-artesian
wells generally have to be pumped from s depth of up to 40 and 50
netres.

Before the arrival of the Itsalians, the Arabs were content to
take water from the first aquifer by mesns of the dslu and oaca-
sionally the Persian Wheel. The Italisns started an intensive
search for water and the second and artesian aquifers were soon
discovered. A% the outset, however, the Italisns established dry
farming end on many of the large concessions the wind pumps which
were instelled, were sufficient. Lhe Libyans soon apprecisted the
value of the wind-pump and msny were introduced on their small
farms, particularly away Irom the coast where the first aquifer is
deeper. Gradually the Italians realised that the deeper water
reserves were quite extensive and that potentially at least they
could form the besis of a memi, if not fully, irrigated sgriculture.
l:ore mechanical pumps were imported into the country and a small
pover station was constructed by S.E.C.I. iiany of the demographic
farms already had electricity and electric pumps when the farmer
moved in (see fig. 20), The trend towards more emphasis on
irrigation started in the late 1930's, and has been accentuated

since the end of the 193945 war pavrticularly in the last five

[0

.

years. Today mechanical pumps abound everywhere both on Italian
and Libyan hawaza farms; there are electric, diesel-electric, diesel
and petrol pumps. Eyen on the small saniya farms which are located
within the grid system, the farmers are introducing small electric

centrifugal pumps. In the agricultural year 1952/3 Theodorou™

.3
B/96_p.57.
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found that only 9% of the Italian farms, in contrast to 99% of
Libyan farms in the Zawia area, were without pumps. Today most
cf thc romaining Italian Tacwers will have installed mechanical
pumps and some of the Libyan farmers will have discarded the dalu
in favour of some sort of mechanical iifting_device.
B. The lain Types of Mechanical Pumps Available.
Piston pymps are declining in importance and most pumps in
use throughout the world today have a rotating impeller. This
is built into a casing which is designed to direct the water
through and away from the impeller. The shape of the impeller
and its enclosing case determines the classification of centrifugal,
mixed flow and axial flow (propeller pump). Mixed flow pumps have
the upward thrust of axial flow and the outward thrust of centri-

fiagal flow.

Table 8.1 Clagsification of pumps.

Type Suction head Type of impeller Total Head Capacity
Centrifugal redium Enclosed high + 3m. Low-medium
Mixed flow Low-lledium Semi-enclosed medium 2-8m. ledium-high
Axial _

(Propeller) Low Open Low - 3m. High

Centrifugal pumps with enclosed impellers are capable of high

-

~ TSR
epeeds and are generally sblc to 1ift

siiail yuentiiies ol water to

[
O

considerable height. Since a large bumber of Jefaran wells have
a total head above 8 metres, most pumps installed are of the

centrifugal type.

C. rethods of raising water on the Jefara Plain.

1. The Dalu - The dalu is the traditional method of raising water

in Tripolitanis. Along the coast there are shallow masonry



wells of.3 metres diameter, which have 1ifts not exceeding
9-10 metres; inland there are similar but deeper wells which
are used Lor tie watering or stock. Skin buckets are used to
raise water from both the wells, but along the coast they are
of the self-emptying type, whereas those inland are a simple
bag-shape. The self-emptying dalu is ingenious and effective
in its own smsll way, and its distinct and fascinating charac-
teristics con be best studied omong the palm trees of the
saniya farms of the coastal oases. Only no. 43 of the farm
studies has a dalu.

Plate 1 shows the structure of a Libysn well in the coastal
zone. At the top.of the well are two masonry pillars (some-
times these are wood) which support a pulley in a wooden frame-
work over the centre of the well. The large wooden pulley
wheel takes the main rope which is attached to the leather
bucket. At the discharge side of the well is a roller which
is positioned approximately in lime vith the base of the
pillars. The secondary rope which is attached to the spout of
the dalu, travels over this roller. The dalu itself is funnel

shaped with a narrow spout-like tube at its basej it is open

4+
L

at botih ends. When it is dropped into the well itsoon fills
wvith water and is then ready to be lifted. In order to

prevent the loss of water during the lifting operation, the
spout, which is very flexible, is pulled up tightly alongside
the main body of the dalu until its mouth is above the top of

the bucket. When the dalu reaches the top of the well the
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bucket part continues upwards to stop just short of the pulley
vheel, while the spout is pulled down and out towards the point
of Giovharpge wy Ule secondary rope wihilch 1s running over the
roller. When the dalu is fully raised the spout is trailing
dovmwvards to the side of the well, so the water automatically
discharges into the canal or hollowed palm trunk which leads
it to the storage tank. The two ropes, the main one attached
to the bucket part of the dalu, and the secondary one attached
to the spout, are pulled by an animal that walks backwards and
forwards on an inclined plain which usually disappears into a
pit. A minimum of one man and an animsl is needed, although
some wells have two dalus which can be operated at the same
time and then more animals and men are required. The animals
ugsed are bullocks, cows, camels, and sometimes donkeys. The
top of the well and the storage tank are found on artificially
raised ground so that water can be distributed round the farm
by gravity flow.

The capacity of the actual dalu is small, somewhere between
0.09 m3 and 0.2 m3, and the whole process of raising water Is

very laborious. The dalus easily wear out and two to three

)
Ty

have to be bought eachi year.

4]

Several research workers have estimated the amount of
vater that can be raised by a dalu per hour. On page 40 of
his report, Lewis™ lists 36 wells which have an average depth

of 12.5 metres. The average depth of water in these wells is

4
Lewis, R.H.: 'Irrigated Land-Use and Irrigation Report',
L.A.T.A.S. Libya.



2.9 metres and their average discharge is 2.6 m3/hr., the
latter probably derived from figures whichmnge from 2.5 - L

m3/hr.. Prinzi and Neeretti (11) anzeest thot th

D

dalu con
raise 3.6 m3/hr. It seems reasonable to assume therefore
that dalus generally raise 2.5 - 3.6 m3/hr.

By raising water with the dalu the farmer imposes obvious
linitations on the size of his irrigated-area. Incerne for
example needs at least 10,000 m3/ha. of water per year, even
allowing for natural rainfall (see chapter 4): this works out
at about 28m3 per day. Even if a farmer works 10 hours a day
he will only raise 25-35 m3., sufficient water for only one
hectare. riost farmers raise water for a few hours in the
morning before 10 a.m. and then again in the evening, but rarely
do they spend more than six hours at this task. In the middle
of the summer it is doubtful if the average dalu irrigates more
than 4 ha. of land; Theodorou reckons 4 ha. and farm study
mo. 43 shows 0.3 ha.

The dalu clearly has a very low capacity and only a very
small patch of land can be irrigated if this method of raising
water is used. The Libyan farmer in the coastsl oasis zone can
buy a small electric pump of 1-?2 h.p. for a modest sum, and with
this he can raise up to 10 m3 of water an hour compared with
the dalu's meagre 2-3 m3/hr. Even if the dalu operater works
all day and all night he can only raise a total of 72 m3/hr.
With the dalu there is always the danger that the farmer will

grow too large an area of an irrigeted plant or tree crop, with

the result that there is too little water given at each



irrigation; furthermore with the dalu the fiarmer can only
exploit the first aquifer, and as long as this method of raising
wdaler ls tetalnea, 11O change oi croppilng can be expected.
However, it is necessary to point out that despite the extreme
density of wells in the coastal zone , particularly in the

Sug el Jiumaa and Tajiura districts (see fig. 17), the water-
table has been stable for many years and there is no evidence
of over exploitation. The widespread introduction of small
electric pumps in this area would soon exhaust the limited
reserves of the first aquifer.

The wind pwap. The 1949 Foreign Office Working Party Report

stated that there were over 249 wind-pumps in Tripolitania and
it is reasonable to assume that about 200 yere on the Jefara
Plsin. Today numbers are declining rapidly but the wind-pump
is unlikely to disappear for many years to come. In the early
days of Italian development the wind-pump was a common feature
of the landscape, especially before a generating plant was
installed in Tripoli, and even now is widely used in areas
beyond the limits of the grid-system. liost of the dry hawaza
farms are scrapping the wind-pump, but on the small Libyan farms
awdy Lrowm the coast which have been developed over the last
20-30 years, it is still invaluable because it allows the
farmer to raise as much water as his coastsl counterpart does
with the dalu, but from a much greater depth.

lhost of the pumps on the Jefara are of the windmill type.

The rotary movement of the sails is converted into a vertical
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movement which in turn motivates a piston; the piston creates

a vacuum and water is drawn up from below. Ahmedxstates that

a modern oil bath wind-pump starts to rotate with a wind
velocity of 7 me.p.h. and any speed above this can be utilised
for pumping. However, his studies of wind velocities in the
period 1924/34% shows that the average velocity is between 9 and
20 m.p.h. and this he considers unfavourable. Today Consorzic
Agrario has a small stock of Italian made wind-pumps but sales
are very low. The folldwing table gives an idea of the
capacities of selected wind-pumps with a wind speed of 15-18

me.p.h.

Table 8.2 Capacities of selected wind-pumps sold by
Consorzio Agrario in M3,

Lift eveces. Digmeter of windmill in metres e.eeee.
2.0 2.4 3.0 3.65 E.,25 4,85 5,3

8 metres 1l.6 2.5 3.3 - - - -

22 metres O.45 0.75 1.2 2.1 3.0 4.0 L4,1
40 metres - 0.3 D.5 1.0 1.5 2.2 2.6

The amount of water that can be raised by a wind-pump is very
small unless a very large windmill is used (18 metres diameter)
and strong winds are frequent and steady. The pumps listed
above represent a good cross-section of those sold by Consorzio,
and the table shows that one can rarely expect to raise more
than 3-4 m3/hr.

Two demographic settlements on the Jefara were estabtished
with wind pumps: Fonduk Et Togar and Ghanima. Both of these

will be discussed in more detail elséwhere but it is important

x B/34 p.1C5



to make a brief reference to them at this point. Fonduk is
situated within the bounds of the Tyrrhenisn deposits where
abundant water reserves lle below the surlace; these having been
untouched until guite recently. 411 the farmers now own their
farms, and being aware of the underground water available, they
are naturally eager to dispense with the wind-pumps and install
electric pumps in their place. Reference to the farm studies
shows that farms 38 and 40 can only irrigate 2 ha. of land
because their wind-pumps can only rsise 5 m3/hr. In contrast
farm 39 has 2 5.5 h.p. electric pump with a capacity of 28
m3/hr. and 12 ha. of land can be irrigsted. At Ghanima several
farmers often share one wind-pump so there is no possibility of
irrigation.

Unless several gre installed side by side, and a large
storage tank constructed, the wind-pump has such a low capacity
that it is of 1little value to the irrigator. It is likely to
be retained on dry farms where only a small domestic supply of
water is required and on small semi-irrigated farms away from
the electricity grid (as at Bir Langar). Probably the greatest
disadvantage of the wind-pump is its unreliability: its opera-
tion depends on the vagaries ol the wind.
hiechanical Pumps and Power Units. It should be remembered
that a pump must be capable of lifting water from the lowest
pumping level in the well to the highest point to which water
is required on the farm, and at the ssme time overcome hydraulic

friction in the pipes and perhaps even supply water at



sufficient pressure for sprinkler irrigation. When the Italians
tapped the first aquifer near the coast, pumps could be placed
at tihe suilave, wul wiiu Lie exploitation o1 the deeper aquiters
this was not possible because suction 1ift is limited, and

pumps have to be sited not more than 5-6 metres above the water.
llost of the deeper wells in the second aquifer, as at Azgzahra,
and  inland in the first aquifer, as at Gasr Ben Gashir, have a
masonry well 1.0 to 3.5 metres in dismeter and 20 to 30 pmetres
deep. This part of the well is usually excavated to about one
metre above the water-table and is called the 'avampozzo' yy -
the Italiauns. Below the avampozzo a tube of 100-200 mms.
diameter is drilled for several metres into the water besring
stratay this the Italians refer to as the 'trivellazione'. Many
of the farm studies give information on the depth of the
trivellazione and avampozzo (see for instance farms on the ENTE
settlement of Jiuddaim). Plate 1€ shows a well under construction
at Gasr Ben Gashir. On the Jefarz Plain most pumps are of the
centrifugal type and are placed at the bottom of the avampozzo,
and sometimes even submerged; they are of 211 sizes but usually

in the range 5-25 h.p. Two types of power are used to drive

hese pumps: €lectilc mvlurs and the internal combusticn engine.
The former power has many advantages; with a turn of a switch
water is supplied at a constant rate, speed can easily bhe
increased to maintain the same discharge with a greater 1ift,

and the eléctric motor needs little maintenance and in fact no

attention during its operation. The latter form of power hss
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many disadvantages; because of the danger of fumes the engine

cannot be sited in the avampozzo and therefore a long rotating

Lrahioni 85400 sltal L s wetessary, sud lfurthermore, Iuel ana

maintenance costs are high. The internal combustion engine is,

however, independent of the electricity grid and it is essential

to remember that many parts of the Jefara are without this facility.

The water-lifting units offered for ssle by F.R.E.I. give an

idea of the equipment that is being installed. They are as follows:-
i. Electric pumps.

a) Submersible - These are populaer on the large irrigated
forms particularly those with their own grid system and
generating plant (Ferm Studies 1 and 3). An electric
motor and a centrifugsl pump are coupled together in a
tube-1like casing and are then submerged below the pumped
static level of water in the well, no attention being
needed for many years. Five sizes of pumps are sold,
from 7 to 20 h.p.; they have cepacities of 15-42 m3/hr.
with 1ifts of 15-140 metres. The minimum diameter of
well to take these is 230 millimetres.

b) For fixing at the base of the avampozzo two ranges of

: : . . n . b ~ ) - -y
lectric centrifugel puiwps ave supplled:s O.4=1.7 hep.

(¢

which will raise 1.2-8.4 m3/hr. with 1lifts of 11.5-55.5
metres, and 1.7-5.5 h.p. pumps which will raise 2.4-21
m3/hr. with 1ifts of 14.5-895 metres. An example of the

small type of pump is mentioned in farm study 45, and of

a larger type in farm study 30.




ii. Diesel pumps.

a) Where the water-table is near the surface in the coastal
oases areas which lie outside the Trinoli egrid, » small
diesel pump is valuable. F.R.E.I. sekl a 24 h.p. Petter
diesel engine which is coaxially coupled to an Austrian
centrifugal pump. This has a capacity of 27 m3/hr. and
a total 1ift of about 3% metres. It can be used for
irrigating small aress of 1-1% ha. An example of this
unit is seen in farm studies 14 and 42.

b) Where the water-table is deeper or more water is required
a 5 h.p. Petter diesel is coupled to a German Reiz pump.
This has a capacity of 72 m3/hr. and total 1lifts of 45-50
metres.

iii. Diesel Electric Pumps. These sre generally employed when

the 1ift is over 50 metres. F.R.E.I. offers a 10 h.p. diesel
generator (74 KvA) which can 1ift 30 m3 of water 75 metres
and discharge it at pressure of about 2 atmospheres.

From the information given above and from observations made
on many Jefaran farms it 1s possible to draw several conclusions
about the suitability of the varying types of pumping units.
Whenever the grid is available, the electric pump is the most
efficient, submersible if the water is very deep but otherwise the
normal electric motor and pump in the avampozzo. In areas where
electricity is hot available, because the electric pump is so
efficient (80%), a diesel generator with electric pump gives better

results than a straight-forward diesel or petrol engined pump. If



there is a group of wells on a farm outside the grid, then a
localised power system is the most efficient (as on farms 1 and 3
of the Farm Studies).

The mechanical pump has opened new vistas for the agricultural-
ist. If for instance a pump with a 40 m3/hr. capacity is worked
for 7 hours a day, the total annual amount raised is 64,800 m3 --
sufficient for about 6 ha. of lucerne. A 10 h.p. diesel or 7 h.p.
electric pump_will raise this amount. [Further information on how
much land is irrigated by given pumps can be gained from the Farm
Studies. The dalu and wind-pump cannot compete with these powered
means of raising water.

Irrigation Technigues.

Few arid areas in the world rely entirely on groundwater to
supply the needs of irrigation. It is important to realise that
large heads of water, as exist in the diversion canals of Imperial
Valley of U.S.A. and along the Euphrates in Irak, are not encoun-
tered on the Tripolitanian Jefara; instead there is a small flow
of water from numerous wells. This is one of the many factors
which has encouraged the widespread introduction of sprinkler
irrigation.

1) Traditional method of irrigstion. For many years, probably
ever since the Arabs first srived in North Africa, the land on
the coastal saniya farms has been irrigated by flooding. Each
field is divided into squares or rectangles known as 'jedawl’
(singular 'jedula', which are flat but have banked edges. The
water that has been raised by a dalu is collected in a storage

tank, and when sufficient head is available, irrigation
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commences, the water flowing slong earth ditches (swagi in
Arabic, sing. sagia) to the jedawl (see plate 11). On most of
the saniya Iarms the sagla dltches are SU-1UU metres 1n Llength
for each well; they are usually dug out of the soil but some-
times they may be concrete (see plates 2 and 16). Iost of the
Libyan farmers who use the windpump to raise water, also irri-
gate by the jedula system. Sometimes, as is shown in plate 13,
each jedula has a series of furrows within it; this would appear
to be related to the type of crop grown, since it is usually
associated with cereals or perhsps potatoes. American extension
workers have been desperately trying to introduce the furrow-
line system in place of the jedawl. The jedawl method of
distributing water is barely 60% efficient.

Gravity Irrigstion on the Hawaza farms. Where gravity irriga-
tion is still retained on the present and former Itslian Con-
cessions, there is a network of canals, plus furrows and corru-
gations for the field crops and usually jedawl for tree crops
which are irrigated. Water is led to the fields by main and
secondary distributory canals, hoth of which are generally made
of sections of pre-cast concrete. Plate 30 shows an example
of Italian gravity irrigation of artichokes; in this particular
instance the water was taken to the field by underground pipe
and then brought to the surface by s hydrant, subsequently to
be led on to the land in simple earth ditches hoed out by the
Libyan labourers. Citrus trees are usually irrigated by

flooding andé around each tree there is either a square or
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circular shaped depression (see plate 14). The sguared system
used in the Italian citrus orchards has been introduced from
Sicily. Ricotti (see farm study 2) uses the Sicilian method

of irrigation for his o0ld orchard snd hopes to introduce the
American furrow system for his new orchard, although at the
moment the latter area is irrigated with sprinklers.

In addition to the loss of water to evaporation, there is
the serious problem of water leaking from badly repsired sec-
tions of the concrete canals, plus the fact that water is lost
from earth ditches snd from flooding. Ahmed® claims that if
concrete pipes and canals are neglected then 10-20y of water
may be lost in transit. U.N.E.S.C.0. claims that with unlined
canals in sandy soils the loss of water per 24 hours, in m3
per sq. metre of water covered surface, is O.4t5 to 0.533 i.e.
182.5 m3 per sq. metre of water covered surface per year;
furthermore by using the flooding method of irrigetion on very
permeable soils there may be up to a 25% seepage of water below
the root zone. Losses from seepage are also encouraged by the
fact that most of the canals carry a small ¥olume of water at
a slow velocity - about 0.4 m3/sec. to 0.9 m3/sec.

American system of lined canals and syphons. The development
of new government farms has been largely financed by American
money asnd supervised by American technicians. The main farms
are at E1 Guea, Garabulli and Bir el Ghnem, and all except
the last one take their water from artesian aquifers. The

artesian wells have some of the highest discharges of any wells

% Ahmed A.A. B/8L.




on the Jefara Plain and some aversge 300 m3/hr. At Bir el Ghnem
the phreatic water-table is deep but water is plentiful and

a considerable quantity is stored on the surface in a larsge
tank. With these big heads of water (by Libyan standards) the
Americans decided to develop a system of lined canals, such as
are used in many drier parts of the United States. In the
initial stages of developing the new government farms the land
had to be cleared, levelled and then gently graded, this being
done at considerable expense. wnajor distribution canals were
constructed throughout each famm, with gradients of 0.5 to 1.5
metres per 1,000 metres, and capacities of 200 m3/hr. In sone
cases lined lateral canals were also constructed 50 metres apart
and with capacities of 150 m3/hr. (see plate 12). The crop
land is ploughed into furrows or corrugations, and water is
trensferred to them from the canals by means of syphons (see
plate 15). Fig. 21 shows the initial plan for the develop-
ment of the Garabulli Sheep Ranch. Water is taken round tﬁe
farm by lined canal and cement pipes and feeds into basins;

from these basins it flows along lateral lined or earth canals,
then to be put into furrows by syphons.

At the outset the main difficulty of establishing the new
farms was to discover a cheap means of building effective canals,
because the normal rsw materials and equipment needed for their
manufacture are scarce in Libya, and hence expensive. The
Americans developed a 'low cost mixture' for lining canals
composed of 75¢ celiche, 154 gypsum, 5% cement and 5% sand;

this 1s plastered on the walls of the canals and after a day
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or so is sprayed with s layer of bitumen.

Although this method of irrigation looks very impressive
it is not really suitable in Libya and it is doubtful if any

of the larger private farms will adopt it. It has severel

serious disadvantages:-

i. Land needs extensive levelling before development is
possible, and this is expensive.

ii. Only 2 few wells, mainly artesian, have large enough
discharges to supply the head of water necessary for flow
along the main canals.

iii. The control of water in the canals and through the syphons
is more complicated for the labourer than looking after
sprinklers.

iv. The canals may be cheap in cost but at the same time they
are cheap in quality; they soon break cdown and need fre-
quent attention, ond furthermore they are constantly
filling with sand.

v. Irrigation of this type has to be an integrzl part of a

well planned scheme snd when completed it laclczs flexibility.
- Canals often lie idle.

vi. Evaporation from the water flowing in the large open canals
is considerable.

. W) -Sprinkler Irrigation. Once constructed, canals remain perma-
nently 'in situ' but the sprinkler has a mobility which is one
of the most important points in its favour. The expansion of
irrigation on the Tripolitanisn Jefara has been conjoined with

the introduction of sprinkler irrigation, and there are few




areas in the world today where this artificial rain method
nolds such an important place in irrigeted sgriculfure as it
doeg in thic port of Tripelitoniz.  (The editer, writin
the sprinkler in the editorial of World Crops (5 p.205),
remarks: 'This system has been mainly used on small properties
with market gsrden or orchard crops, but its application to
annual field crops has hitherto not made much progress'. In
Tripolitanis, however, the sprinkler is wicely used for the
irrigation of field crops)

luch of the equipment used is of Austrian manufacture, and
most of the farms with a few hectares of irrigated land appear
to manage with 200 metres of mains:pipes anad 1,200 metres of
movable pipes. The quick coupling movable pipes are usually
in 6 metre lengths and have a diameter of 8% mms.; a %" screw-
in nipple is fitted to each one. The mains pipes have a larger
diameter of 108 mms. and they are generally made of asbestos
or concrete. Each sprinkler covers s circular area of 24-3
metres radius and supplies 1.8 m3/hr. of water at a pressure
of 1-1% atmospheres; these low pressure sprinklers are more
economical and better adapted to Tripolitanian soils.

iinst of the electric numns have suffiecient 1ift to pump
water from the well directly into the sprinklers,.but some
farmers, however, collect the water in storage tanks and then
employ surface pumps to push it into sprinklers (see farm study

no. 3). There is scope for further investigation of the use

of artesian water directly in sprinklers (plate 4). For

examples of sprinkler irrigation consult plates 17,19, and 20.




E. liethods of storing water.
There are two main methods of storing water in use on the
Selura fialus Lle stolsge tank (ATapic - Jiabila) ana the
cistern. The former only stores water for a few hours, the
latter for seversl months.

Storage tank. Today many of these csn be seen on the Jefara

Plain on all types of farms (plate 2 for example), but many of
thei are not used; they vary in size frem a few m3 to 300 m3.
Whenever the capacity of g pump is limited to a few cubic

rretres per hour, then discharge is too low for direct irrigation
because most of the wster would be lost in transit to the land.
However, if water is pumped several hours and then stored there
is sufficient gvallable to allow a high rate of flow along the

o

canals. Storage tanks are therefore essential for the dalu
and the wind-pump, but not for an electric or diesel pump, a
simall diversicn basin of a few m3 capacity will suffice. Also
farmers using sprinkler irrigation and pumping water directly
from the well into the pipes do not need any storage facilities.
It would appear that only with the more primitive gravity
methods of irrigation is the storage tank necessary, but this

1. -

T Tue LeCause cerball Larms with large areas of

ck

is not guive
lrrigated 1lsnd are finding it necessary to store water. Some
of these farms have such an extensive srea of land under irri-
gation that sufficient water cannot be pumped during the day

to supply irrigation requirements, and in order to avoid

irrigation at night, water has to be pumped during the hours
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of darkness and stored. Farmer no. 3 of the Farm Studies,
although employing storage tanks has such a large irrigated

alf¢a Ul Le Las w lrrigate continuaitly, even during the night.
Cisterns. The Romans were probably the pioneers of the cistern
in Tripolitania and msny constructions are still evident today
and even in use. As fig. 7 shows cisterns are concentrated at
the foot of the Jebel, particulerly along wadis, where the first
water-table is deep; the major concentration being from Yefren
to Ghanima. Stone or earth walls are built on slopes where
there is run-off following rains, and water is channelled into
sedimentation basins and then into cisterns of a few m3
capacity. ©Some cisterns are located in a wadi bottom, a good
example of which is shown in plate 10. This cistern has a
small hole at the top which ig plugged and padlocked. Cisterns
keep the water cool and clean and there is little evaporation,
but they have many disadvantages and they never provide the
main water supply of any settlement. Water taken from them is
used for domestic consumption and for watering stock, but rarely
for irrigation because the quantity stored is so small. iuch
larger cisterns would be needed to store water for irrigation
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prospects of these Leluy bullv are swall because oI the
problem of leaskage. Since cisterns depend on the rainfall

for their supply of water they fail to help during the

critical drought periods. Numbers are not likely to be increas-

ed but many are in the process of being cleaned. They have

little agriculturel significance.



F. Conclugions.

Sprinkler irrigation will continue to increase in impor-

Casice iu tile fulure because 1ln tie velara region it nas many

advantages over the gravity flow system:-

1)

2)

3)

4)

Sprinklers give a more even distribution of water (see plate
17). However, since each sprinkler irrigates a circular
shaped area, overlapping is necessary if s piece of land

is to be completely watered, certain areas recciving twice
the amount of water. Farrows of England now claim to have
overcome this problem with rainers which can irrigate in
squares.

With sprinklers the rate of application of water can be
adjusted to sult the infiltration rates oif the soil, thereby
avoiding puddling, leaching, erosion and disturbance of the
top soil, which often result from applying water by the
other methods. Dr. H. Hartin argues that in order to awvoid
disease in groundnuts water must not stand on the land,
hence his remark 'l'irragazione a pioggia e preferibile all’
irrigazione per scorrimento’.®

Sprinkler irrigation can be used on the undulating Dune
sra with ease, and no levelling is necessary.

With sprinkler irrigation there is no need for a metwork

of canals and ditches. Dr. Lazzocchi® the F.A.O.

* halattie ed insetti nowivi all'arachide in Iibia; F.A.O.
Tripoli, 1956, p.13.

® Personal communication.



9)

6)

7)
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horticulturalist, maintains that the canals and jedawl at
Sidi iiesri have to be rebuilt every 2-3 months. This is the
case on any farm that has this system of irrigsftion, and
the labour necessary for rebuilding is often difficult to
find, for usually men are working in the Inner or Dune
Jefara when they sre needed. It is argued that frequent
cultivation between a crop will reduce evaporation, but if
the lsnd is broken up by canasls and jedawl, such cultivation
is impossible
Soluble fertilizers can be applied to the land through
sprinklers.
Dry soil can be irrigoted and made fit for cultivation much
more easily with the sprinkler method than any other (see
plate 4).
Sprinkler irrigation saves water. A.G. Lownde estimates that
'spray irrigation is probably four times more efficient in
water use than flood irrigation'.E lngzzocchl considers that
with canals and jedawl, citrus need irrigating every 1l2-14
days with 800 m3/ha., a total of 12-14%,000 m3/ha. per year;
in contrast with sprinklers an . irrigation of 400 m3/ha. is
needed every 10 days, a total of only 9,000 m3/ha. Reference
to farm study no. 30 shows how less water is given to
groundnuts when sprinkler irrigation is used.

Sprinklers are ideal for farms which have 3=-5 ha. of

irrigated land devoted tc field and vegetable crops between

trees (see plates 19 and 20), and it is not surprising therefore

that nearly every farm on the irrigated Italian demographic

# Symposium on 'Water in Agriculture' Australian Ipstitute of
Agriculturel Science and Men of the Land Society (5 p.209).
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settlements have installed this method of irrigstion. A

considerable number of Italian and Libyan hawaza farmers have
abandoned gravity irrigation, and even many of those who still
tetain canals express the desire to install sprinklers (see
farm studies 7,8,9,10,11 and 28). All the specialised commer-
cial farms, with the exception of a few small citrus orchards,
rely on sprinkler irrigation. It has even been suggested by
W.T. Harris that artificiel rain irrigation could well bhe
introduced on the saniya farms in the Suq E1l Jiuma'a areaj; this
would permit the use of animal drawn tools for planting, culti-
vation and harvesting of crops.® It may have been more satis-
factory if sprinkler irrigation had been installed at the Wadi
Caam settlement scheme, instead of the large American canal
system.

It is argued by some experts that sprinkler irrigation
requires greater capital outlay and higher payment for labour
and that with this method too little water is applied to effect
deep penetration, with the result that root development is
limited and salt tends to accumulate within the root zone;
furthermore, that soils sometimes seal over with the impact of
water drops and that evaporation rates are nigh. The popularity
of the sprinkler method in Tripolitania challenges the validity
ol these arguments; few farmers find fault with it and some,

sucih as Gargour, enthusiastically praise it (see farm study no.3)

e Terminal Report - Feb. 1955 - June 1957. Extension
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adventages that its adoption can bring, are constantly stressed,
but there is little referencc to the cost of irrigeticn, which is
one o the most importent factors to be considered. dow luch
Goes 1t cost to buy a pump, or to install sprinkler irrigetion ?
The 2pplication of water to cropns only incresses production costs,
anc¢ i1t hos been shown elsewvhere that water costs make up 17-204k
ol total production costs in the cese ol grounanuts and 305 in
tlie cose of Dbarley. Becouse 211 the water hos to come from
underground it is necesssarily expensive, and the irrigestor has to
besr the capital outlay for punping and irrigstion equipment,
plus overhead charzes such as interest ancd depreciation, and

S

operation costs. Copital outley per hectare on the Jefero Ploin

is probably one of the highest in the world, ana it would appeer
that the Jefara is a merginal srea for irrigeted cultivation as
vell as dryland cultivetion, with only hign income crops being

profitable.

+3

e cosy ol gelected irrigstion eguipment sold by Consorgio

All tyves:of equipnient sre sold by this co-onerative. If a

Libyan, who owvms o soniye feri: in the coasstel oasses zone, decides

4
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revlace his dalu, he cen buy s snell 1i h.n. Italien electric

pusp vhich is capoble of delivering 10 m3/hr., with 1ifts such as



2re encountered in tne Gelu wells. oucly o puin, wiich can be
bour;int Tor XL2C onn an instoloent or crop-poyi.cut bosis, is
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the pumn, the fsrmer reteins the jeduls method of irrigstion, ona
tne cost of lifting the water and then nutting it on the land
depnends on the amount ol electricity usel, the cost of which is
probahly less than that necessary to feed two bullocks, which
would be needed to rasise a similar amount of water with the dalu.
or a smsll outlsy therefore snc with no higher operating costs,
the dalu can be replaced, end it is not surprising that many of
tihhe saniye farms are making the change.

The larger electric pumps of about 6 h.p. such as are found
on many of the demographic farms have 2 capacity of 30 m3/hr. and
cost about £IM0. However, if sprinkler irrigation is to be
installed one of these electric pumps is sometimes insufficient
to both raise the water and distribute it round the pipes. To
overcome this Consorzio sells an Austrian diesel pump in the range
5-10 h.p., which costs £L180 and has a capacity of 40 m3/hr. The
approximate cost of the pump, plus the rest of the sprinkler
equipment necessary in relation to its capacity (this includes

200-250 metres of =zinc pi
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depending on diameter, underground asbestos pipes at 44-67 piastres,
and sprinkler nozzles and joints, which are needed every 5 metres,
35 and 50 piastres respectivelj}is £1L500-£1600.

Small 5 k.w.h. generators, which are used in diesel electric

instellations, are sold at £I450.



C. Approximate cost of developing 12 ha. of land for
irrigation.

m

The Libyen Ffinance Corporation, which has loaneé o large
amount of money for irrigation development, has investigated
irrigation costs in order to ensure that their loans are used to
tine test advante f'ron the equipnent point of view, 12 ha. is
considered the ontimui' ares to develorn for sprinkler 1rf190t10n.?

Jith such 2n srea the cenacity of the well is fully utilised and

the sprinkler equipnient is constontly in use.
Table 9.1 Cost of developing 12 ha. for shrinkler irrigation.

Well £1400
rotor (sorietimes two) £L200
Generaotor £L300
Purn £L100
Underground pipes <L250
rovable pipes £L300

Totsl £L1,550

In the toble obove, 2 diesel generator is included, but i the

r

YemoU. grid is ovolleble, then only an electric punn uneeds to be

bought and costs are lower. Generslly the cost of equipnent

—

worlks out et L£L100-£L120 per hectare. It is 1wch more econoric

to develop a lerger area for irrigotion, as reference to the

A

capital outlay for the ::TE settlements of Oliveti and fondulk

illustrates (6).  An enorious amount of utioney vwss spent on

+

Geveloping irrigstion on these ferms and the cspital costs for
woter instolletions per hectare at Oliveti (see fig. 20 for lay-
out) were £L222 and at ronduk £L5CC (these arc pre-war costs and
in present dey terms would be higher). On these two settlenents

the ratio of irrigeted lond to each well wvos too sizall since

¥ Personsl communlcaulon, 1957 Dottore Carlo barberis, Director-
Genersl, Libyan Finance Corporstion.
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only an average of three hectares were intended to be irrigated
on Oliveti farms and only 1 ha. on Fonduk farms. Today, now that
all farms are in private owvmership, the area of irrigated land is
being expanded.

Cost _of developing Government Farms.

Two irrigation techniques have been associated with the
expansion of the irrigated area on the Jefara Plain: on privste
forms the sprinkler ond on Governilent farmg grsvity irrigation
with low-cost canals (see chapter €). The development costs of
certain of the Governnent fariis are given in the Terminal Report
of Lewis (3):-

Table 9.2 Cost of irrigation development on Government farms
at Garabulli and Bir el Ghnem.

Garabulli <L Bir el Ghnemn £L

Land levelling 720 Well and casing 1,950
Irrigated structure 657 Pump and notor 3,000
Lined canals 1,113 Pump house 250
isc. expenses 235 Storage reservoir 1,800
. Irrigation development 2,200

Total 2,725 &,220

An ertesian well drilled by the Italians, wss alresdy flowing when
the Americans started their work at Garabulli, so that the expense
of o Qrililuy rig was avolded. Nevertheless the total cost ol
development was £L2,275, averaging out at £L136 per hectare. At
Bir el Ghnem, where 25 ha. were developed, costs were far higher
and amounted to £L329 per hectare.

Lhe new Government seed multiplication farm at El Guea may

prove even more expensive than Bir el Ghnem, for st the time of
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writing his report, Lewis stated that 7 ha. of lanéd had been
developed for gravity irrigation ond 6 ha. for sprinkler irriga-
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devecloping the Government farms certainly seems high.

Comparison of irrigation costs with different methods of raising
water.

It is very difficult to compare costs of raising water
because of the problems of equating conditions uncer which the
various nethods operate. However, it is possible to draw a few
general conclusions.

Prinzi and liegretti (5) were the first workers to try ond
assess the cost of reising water. Their figures bear little
relationshir to present day costs but they still have a relative
value, because they show what are considered the cheapest way of

raising water.

hethod Cost _per m3 in Lira
Dalu 0.22
Wind pump 0.22
r.otor Pump 0.10
Electric pump 0.1k4

The fuel and electric pumps have the advantage.

Ahmed (1) considers that irrigation should be based on the

= e .

3. 1- -~ P DL . . . . 2L
Ll S dliFul.clly v guc

)

PR WS TR
usce O W3Cx Uj

s -I“
L) e

A s
uclL U

Q

cf clce ¥ a“q in
3 detailed study of the costs of raising water, so as to show that
electricity is the cheapest form of power. The results of his
work can be summarised thus:-

Table 9.3 Cost of raising irrigation watef (Ahmed)

Dalu 7.5 n.A.L. Electric pump 1.0 lh.A.L.
Wind pump 1.4 n Electric pump

Diesel-Electric 1.3 " (localised grid) 0.85 "
Diesel 1.1 " Artesian 0.33 "
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Artesian weter is obviously the cheapest, 2lthough electric
numps, driven by power from a local generating plant, are capable
of rsising water at a low cost. Comparing the capital costs per
well for each of the different methods, the localised grid is the
rost expensive at 695,000 i..A.L., then diesel-electric at 670,000
leA.L., then the direct diesel at 600,C00, and the electric pump
driven from the T.&.U. grid at 370,0CO. The cost of wind-pump
installation, which one would expect to be low, amounts to 370,000
.A.L., nearly as much as the electric pump. Ahnied does not give
any figures for the artesian well or the dalu; the former will be
fairly high but the latter will be low.

Bologna's estimstes are the most recent available (2). He
bases his calculations on a theoreticsl area of groundnuts, which
ne assumes are given 22 waterings, each of 800 m3/ha., making a
totel smount of 17,600 m3/ha. and a daily rate of about 133 m3/ha.
His costs for the dalu are 41.7 milliemes per cubic metre, and
for the diesel-electric pump 8.1-8.5 milliemes per cubic metre.

If the Government establishes a series of small farms associated
with a2 settlement scheme, he maintains that the construction of a
small generating plant will allow water to be raised by small
electric pumps at a cost of 5.55 milliemes per cubic metre.

In his general report prepared for the f.A.0. (4), Mholenaar
compares the dalu with an electric pump and finds that if 1,000
m3 are raised the cost of raising water by dalu is $0.00173 per m3.
and by centrifugal pump g0.0028 per m3.; however, if-the electric

pump raises 5,000 m3 then one cubic metre costs only £0.000148.
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All the costs quoted fror. the above sources include capital
costs. Details concerning the ccst of water is given in some of
the farm studies, but normally these are only operating costs,
since the farmer tends to disregard or forget rmoney that is used
on capital expenditure. On most of the concession farms, which
have 6-8 h.p. electric pumps, the cost of water seems to be about
2 milliemes per cubic metre; costs on other farms appear to
fluctuate between 2.5 angd 5 milliemes per cubic metre. lany
farmers do not differentiate between the cost of water at the
well head and the cost oif water on the landj; farmer 29, however,
is an exception, and his water costs 2.0 milliemes at the well
head and 5 milliemes in the sprinkler. It ig interesting to note
that on the two farms 38 end 40 which have wind-pumps, water is
reported to cost 5 milliemes per cubic metre.

Both farms 1 and 3 have their own generating plants, although
they could take their power from the T.E.U. grid. The managers
argue that with their own generating plent they are independent
and at the same time their power is a little cheaper, if anything,
than that supplied by the Undertaking. Confining our attention
to farm no. 1, it is seen that ten wells are in operation at
present with the possibility of three more being built in the
near future. The power plant, which was installed at a cost of
£L23,000, consists of two 275 h.p. diesel generators. Electricity
is distributed round the farm by a high tension grid of 3,000

volts, and then reduced to 380 volts at each well by a transformer;

each well hss a 35 h.p. submersible pump which is used to raise




60 m3/hr Tyenty hours running of the generating plant takes

1,000 litres of oil at & cost of £L20, and during its operation

it needs attention, for which the lspou¥ costs £L2. The

electricity produced is sufficient for 6 wells, and during the

20 hours they raise 7,200 m3.3 four men are needed to attend to

the sprinklers at each well and they have to be paild at least

£L5. Total operational costs are therefore £L27 for 7,200 m3

and the cost per cubic metre of water on the land is 3.7 milliemes.
It would appear reasonable to assume that in running costs

it takes 3-5 milliemes to raise one cubic metre of water and

apply it to the crop. 100 m3 therefore cost from 30-35 piastres,
and for a crop like citrus, which needs something like 10,000
m3/ha. water costs are £L30-£L50 per ha.

Conclusions.

From the point of view of cost the dalu and the wind pump
are the least attractive means of rasising water,and electric
pumps seem to be the cheapest particularly if they are located
on a farm which has many wells and its own generating plant. Of
the methods of distributing water on the land the sprinkler is
the most economical. For an area of 12 ha. the movable surface
pipes and the underground distribution pipes of the sprinkler
system cost about £L550, but the land levelling and lined canals
of 12 ha. of a Government Farm cost £11,080, sbout 90% more
(cost calculated from 20 ha. at the Government farm at Garabulli

i.e. 1,800 x 12y,
20.

The capital autlay for the canal system of irrigation which



is practised on many farms, is probably low because the pre-cast
canals which are utilised are faily cheap and also because many
earth aitches are used. Operational and maintenance eosts,
however, are high and the loss of water is great, so in the long
run this method is probably more expensive than sprinklers.

Although cepital outlay per ha. is high and is usually more
than £L100 this is not really important; what is important is
the relationshin between the water costs incurred with the growing
of the crop and the price that is likely to be received for that
crop. High income crops should be grown and should be given
heavy applications of fertilizers and msnure to ensure that yields
are good.

Once irrigation equipment hass been installed it should be
given maximum use so as to derive maximum returns on the capital
invested. Semi-~irrigation requires only one third of the water
needed for [full irrigation, but at half, not a third of the cost;
capital costs of semi-irrigstion are about 60% of those for full
irrigetion. The less frequently irrigstion equipment is used,
the more expensive it becones. Once s farmer turns to irrigated
cultivation he is encouraged to grow crops all the year round

and water as many as possible in order to obtein high yields.



‘Plate.d
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_ This type of well is found in the 'saniya’ (small
garden). farms in the coastal oases. The. "dalu', a
pecullarly shaped, sejtf-emptying skin bucket is attached

to the rope seen dangling -in the ‘well, filled with water -
and theshauled to the surface by a cow which is ‘harnessed _
to the rope lying on ‘the- ground. This method of raising '
water can only-be used where the water-table is not .more

than a few metres below the surface and even.then discha:gGS-

are rarely more than- 3 m3/hr.

.Eiatg,z"

Re 111t ted. Well nd & o e

Some wells, which at one tlme were - allowed to fall
into a state of disrepalr, are now . being brought -back into
- uge as irrigated farming ‘becomes moré popular. A small

-electrically driven centrlfugal pump has been installed at
- the base of ‘the 'Avampozzo' 'and the shallow.storage tank
of about 50 m3_capacity has been restored: sufficient water .

is raised to irrigate 2~3 hectates. = In the foreground is .

a badly damaged cement irrlgation canal.







Plate 3

There is much good quality class 3 artesian water
beneath the Eastern Jefara and at the El Guea Government
Forage Farm this water is being used to irrigate lucerne
with good results. The Libyan in the photograph is
demonstrating how the water flows from the well to
supply three gravity irrigation canals. The tamarix
hedge along the track shelters the farm from the hot
sandy winds.

Plate 4

Sprinkler Ir:igation at E1 Guea

One of the attesian wells on the El Gtiea: Farm is used
for sprinkler irrigation. The water is under sufficient
pressure to be used directly in low pressure sprinklers
and pumps are therefore eliminated. Although construction
costs are high, operation costs are low. In this

photograph fallow land is being irrigated prior to
ploughing.
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Poslulyr wgdl riegenin gy U BSen uashi

Despite vallant efforts during the last few years
to divert the Wadi Megenin into basins in the Inner
Jefara, it has repeatedly flowed to the sea and much
valuable water has been lost. From this photograph

it is not difficult to visualise the wadi when it is
in full spate.

Plate 6

Flooded Olive Groves near Tripoli

In a country as arid as Libya, one would not expect
to see land under water, but nearly every year scenes
like this are evident during the winter season. Provided
the water does not do any damage and does not remain on
the land for a long time, it has two beneficial effects;
firstly it deposits very find clay-like alluvium which.
‘helps to make the sandy soil heavier: secondly some water
intiltrates underground to recharge the phreatic aquifer.
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Plate 7

Wadi Floods and Communications

Few bridges exist on the Jefara Plain and roads and
tracks are soon cut when a wadi is in full spate. This
track across the Megenin, a few kilometres south of Tripoli,
was impassable when the flow of water was at its peak.

Every time & wadi flows, roads are damaged and in this
photograph parts of the foundations are on the point of
being washed away-. The water is very turbid and carries
much materisl which is either deposited on the land or
washed out to sea. After the Wadi Megenin has subsided
bulldozers are called out to clear the roads of silt and the
sea just west of Tripoli is a reddy brown colour over many
square kilometres.

Plate 8

The Power of'tne Wadi in Spate

The flow of water in the BEastern Jefaran wadis is often
considerable and as a result does untold damage to land,
property and. limb. After heavy rains have fallen in the
Jebel, !'flash fldods' tear across the plain washing
everything before them. In the winter of 1957/8 the car shown
in the photograph, was picked up by one such sudden flood and
was eventually le%t propped against a tree. The floods are
of short duration but very intense. :
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: ck Like at Beni Ulid

. .In Wadi Beni Ulid a rock dike, financed and designed
largely by the Americans, has been built to check the _
seasonal flow of water in. the winter. - This construction,
by checking the wvelocity of flow and thereby encouraging
infiltration, conserves. water that would otherwise be lost.
There is an urgent need for rock dikes of this type in the
eastern Jefara and Jebel, where precious water is allowed
to flow to the sea. : '

Plate 10

Libyan Cistern

This cistern, sited in a wadi bed, is typical of
those found in the inner zone of the Eastern Jefara where
the phreatic water-table is inaccessible. - The top is
about. 5' across and is plugged with an old piece of palm
trunk, which incidentally is padlocked. When watering
stock the plug is taken out, and water, which is raised in
a skin bucket, is poured into the hole to the right of
the plug, eventually tinishing in the trough at the base
of the cistern. :







Plate 11

"J dula" - Irrigation Sguares in the Coagstal
F Ogglg Zone -

The coastal oasls zone stretchlng from AJelat to
Tajiura is characterised by a profusion of date palms
and fruit trees, with interplantings of herbaceous crops
such as potatoes, groundnyts, maize, millet, water melons,
pepper, tobacco and lucerne. As shown in the photograph, -
the land is sub-divided into squares which are supplied
with irrigation wabter from the well in the palm trees. The,
water is distributed by earth channels and losses through
seepage are colisiderable..

Plate 12

Americen System of Gravity Irrigation at the
- Garabulli Sheep Ranch .

: It hsas been discovered that "caliche" (calcified
sand) can be used to make low-cost cement canals and that
'by spraying these with bitumen, seepage can be avoided.
This system of irrigation has therefore been adopted on the
new government farms. There seem to be three main =
dlsadvantages. flowing water has to be transferred from the
canal to-the crop; evaporation is encouraged; and finally
the canals soon dlsintegrate and therefore need constandé
attention.







" Plate 13

Furrow Irrigation on a Small Inland Libyan Farm

Although the Libyan usually divides his land into
'Jedawl' for irrigation, he sometimes uses a series of-
short furrows, particularly for vegetables snd small
grains. In this photograph the main channel lies on the
right with subsidiary channels at right-angles. The very
gsandy soil is easily moved with a hoe and channels can
soon be blocked or opened. The efficiency of water
distribution by this method is very low.

Plate 14

Jedula Irrigation Pattern in an Italisn Citrus Oprchard

Citrus trees need irrigation in all but a few of the
winter months, and the flooding method with squares, brought
over from Sicily and southern Italy, has been retained on
many farms despite the competition of sprinklers. The use
of squares, ridges and furrows in the very sandy soil is
only possible where there is a continuous drought over a long
period of the year: heavy rain soon destroys them.






. " Plate 15

Uging Syphons to Irrigate Lucerne

, A11 the new government farms on the Jefara Plain -
_E1 Guea, ®srabulli and Bir El Ghnem- have a network of

irrigation canals of American design. One of the
difficulties of this method of 1rr1gat10n is the transfer
of water from canal to furrow; this is overcome by the use
of syphons. - The water is dammed in the canal by a canvas
- obstruction which can be seen in the extreme foreoground;
the baskets lying aroung are used at the furrow end of the
syphon to prevent soil wash. In this photograph too much
wvater has been allowed into the canal and flooding has
resulted. Labourers need coénstant supervision with this
method of irrigation.

Plate 16

Raised Libyan Irrigation Canals

This photograph was taken on an inland Libyan farm
near the Wadi Megenin, south-east of .Gasr Ben Gashir.
This farm was established before the last war and the trees
are bigger than those in plate 29 (young maize plants).
Beyond the canals and amid the fruit trees is a winter crop
of broad beans. The canals, which have been placed on
darth banks to permit the gravity flow Af water over the
whole" farm, are made of cement; they are in a poor state
of repalr and much water is lost through seepage.
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Plate 17

Distribution of water by Sprinkler

. The development of irrigated farming over the last decade
and a half has been largely the result of private enterprise
and has been made possible anly by the widespread introduction
of sprinkler irrigation. This close-up photograph of a
sprinkler has been deliberately taken at a slow shutter
speed to accentuate the falling drops of water. The
sprinkler gives a more even distribution of water than any
other method of irrigation.

Plaote 18

Sinking of a New Well

Many new wells are either under construction or
planned, particularly in the Gasr Ben Gashir area. This
‘team of Libyan workers hss already dug the 'avampozzo' and
-at the moment is engaged in drilling the ‘'trivellazion®!'.

A pump will be placed at the bottom of the 'Avempozzo',
water will be raised from the first aquifer, and peanuts and
winter cereals will soon be growing between the olives in
the background.






Plate 19

Sprinkler Irrigation of Barley

. Ever since the early days of colonisation the
Italians, practising dry-land cultivation, have grown
winter cereals between olive trecs. Barley, needing the
least moisture of agll the winter crops, is here being
irrigated on an Italian concession farm just south of
Gasr Ben Gashir. The spray is often blown by the wind
. end in this picture the olive tree in the foreground is

deriving some benefit from the irrigation.

Plate 20

Sprinkler Irrigation of Potatoes

The potato has hecome an important winter crop during
the last few years snd én some farms is now grown for
export. Having higher water requirements than cereals,
ifr is rarely grown without irrigation. Sprinklers are here

.in operation on a Libyan farm, formerly an Italian :
concesskon, south of Gasr Ben Gashir. This method of
lrrigalion is easlly adapied Lo iuter-cropping of tle

. type shown in this. and the above photographs.






