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PREFACE

Minister of Agriculture
Kingdom of Libya
Tripoli, Libya

Excellency:

This report has been prepared at
the request of you and some of your
staff. The report is bound under a
cover as a service to you for ready
reference and for use over a long
period of time.

The report is based on facts
supplied by the Libyans and Americans
who were assigned to this activity.

However, the recommendotions represent

individual views of the American
advisors and do not necessarily re-
flect American or Libyan government
policy objectives.
to the Ministry of Agriculture under
the Joint Libyan-American project,

"gsistance to Minister of Agriculture".

We hope that you will find this anal-

ysis of the water and soil conservation

development problems useful to your

own important work and that of such

other Libyan officials as may profit
from its content.

/K"‘*

Lindsey A. Brown

Chief Agriculture Advisor
U.S.AID

They are furnished .
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WATER and SOIL
CONSERVATION
in
LIBYA

| Statement of conditions, including

existing problems and suggested
solutions for the purpose of

. providing guidance to those
~ responsible for formulation plans

of work entailing activity in the
field of Water and Soil Conservation

in Libya.
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THTRODUCTION : ¢ L sl

The areas of principal agricul- et | s3] J)“}‘J“"U@J‘-‘L“J'Ol '
tural sources of Libya are generally ) AN :ub)m,,_j_._,:; o L}d pi] S RMI

contained in a strip bordering the ) . o . ..
Mediterranean Sea. Topographically, Ghldlsdayby Lilas ¢ Jausld ld-"*‘-w,,f"’“"

these areas consist of a narrow iS¢ JoLad) Gof G o I A S

east-west coastal plain, rising . e i ot A
sharply to a wider area of steeply s dp i Lon e 1 “*"*“‘94"-5“_ ?-"“"“"B
rolling hills of 150m to 300m it kal il e Laas blis iRy e Jl Vo

elevation incised with short steep . A
northbound drainages discharging into ,f«e.#.w)-w.” o Led Lo Spum Gy ol P A
the.Medi'berr.'anean §ea :fmd long southboundé)w|d)a~uw|1&>u| Jyb '_,h)-h—q"'-ﬂ—”
drainages discharging into desert areas :

of undulating topography. ¢ Q“‘-‘J Phbsalhe 15 4y Ll b—bw 'u’l—v-Q Lo

The amounts of rainfall in these o<y GbLldl ¢in u-"’)lb"wc’l:‘sd)'- .

areas vary widely tending to increase . Ubaul ks, tiobldl |J_=.~; K J{
with elevation and decrease with “ B J "‘Jn "J 70

distance from the sea. Maximum Jhaes (U1, LYl o 4 il I dgpand 185 Ll
annual rainfall may be 350m while some ; bl g Wt foda Yoo o 5 Ly

areas receive little rainfall in some

years. ."B“-Jlf""u’d'l‘-\fu)'b“il'\"-‘-’d‘h“‘:

The water and soil resources of o sbldlsda Giabdl 401 0,k o)
these areas are extremely limited. The . o g ey -
soil mantles are very thin, with a o Jalis ¢ lar Gl LG o 4y
few exceptions in the coastal and hill | s =« s b Ll L | shbldl e tlezuy)
plain areas. Large portions of these 7 J b2

areas are eroded down to parent rock wl)l-?*"“ o“ l‘\':“.ﬁ‘“""‘?“.‘.Jlé'bh‘Jvl“;g o
and contain only sparse pockets of o ezt G e b e 5 5 1oy dalo Y]

soils The solls are generally of . £ - .
limestone origin and highly susceptible e L 2 LSJ:"J" Foe l“)“"__“‘-f“” a0 o!
to both wind and water erosion because o §; L sLadl L3 SE JasYy las
of their high transportability. The ) Us T 5 *=IC ) . '9
soil moisture of these soils is il s dn dphy ol 0 LS ¢ uJ‘ )
iélmte?d primarily by :‘Lack of storage L ky ¢ sl 6,05 SHEsY Gl 3_')';«6-"53
apacity and secondarily, by water- . R ol )
proofing of the soil surfaces through J-ﬂ')‘ ')—?C)‘ oLdl 1 dpmbaud] a P andl S

action of erosive agents. . J______.{I':JI

Agricultural pursuits include 3;‘:—"“0”@5““ Y K delplelaml! Jats

snpall :irriggted farrp units on the ol ]|L$)]?,‘° o9 9 P D d)_‘,__Jlu_;JJJL:J”:
coastal plains and in northbound .. TR I E T
drainages. Well water is used for PO H ) IZN I A ) S N FECSCIIR ) 1) R SER )

plains irrigation while spring water is ;_Mils, 5 Jestasopaadlole L., Js'i J1 s
used for hill irrigation.. Non-irrigation’ i o V‘i’ - o | B
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croping is engaged in at the higher 2o (Il daisal | 2‘*”"‘” 35 o B s s
elevation and to some extent in the Ll GO o2 had 182 o) o Jsed Taidan (5 L
plains area. Nomadic livestock operations b e b lad s SRCIN RY
are prevalent in all areas, and are the o oy o G o Bl Iy
only agricultural pursuit in the Lo e I hapaed] skl u—5 L e
southern most areas of lighter | e - ¢
rainfall, Surface runoff water b s I dpmd o L L "JﬁbJLl"“l
1mpounded in underground cisterns is 4_.&.0\”\.‘,_—» el oo s ¥le s 4.9_9..\,,” C;.’,l,‘.da]l
second in importance to springs as a .

e Lladl Gy oA Pl sas el and L

source of domestic and livestock

water. Cisterns ari the only source Fe——>bLlall oLl a el aadl o G._',_L(.aJlj
of water in the southsrn dryer areas. . I il € N . .
: ~ 4——J..>-‘:JC—B|,45:J|4..S¢>)‘JQ' 'thl"W_'_ |

The amount of indigencus vegetative
growth varies with rainfall, soil and dL——A)L—LB—\.&JB Ll Y Joho o ol

livestock water supplies.
e \-'J—————AQJ'
Erosion damage in all areas is e 5 3L BEK s JSth)),a ol
extreme, Erosion damage <o most T J N
farmable soils is being accelerated wl%’“’”""“‘u L l.“JSLJll)‘"’Q' :_ f"“““
by unwise farming practices. Erosion d.-&:-}s.'d' L 3y basg G jpd | 5 5450 dDlal

damage to range land is severe wherever
overuse has occurred or is occurring. 'WK bl wand e hald il Jgh”))ﬂ ol

Erosion has been retarded only in those ,_..>L.L9 Jfl...;l ol dots.aj'j\.ﬁ A H] BN AR C
areas which have been practically d_‘p” Le N l .E»th ings el ”

denuded of soil cover.

PAST DEVELOPMENTS: STRUCTURAL: a.;L-.,Jl s Goldle ),.h:Jl
During the Greco-Foman period, Ja—s Gale ol Jia u_:l;,.dl).an_ll 45

a very large number of underground o Lal

water storage clsterns wsre constructs d 'd;'a’ ¢ 4"? “L,L:JJI' d""" “*’tﬁ” o f""{

which are far irn excess of present “"’}J o oF oY

needs of the reraining agricultural le,g.!loa):.,f .J..LoJ J)Lbl A2g5 ¢ Agiiial 12 )3

number of farmsseads and rural
communities whic: present resources
could not suppors.

resources., Remains exist of a large ) . L e
’ i . 'l—wf-‘-"'d-.a.“alld,ydl@bwﬂ Sl iy, Jlsly

Many springs were extensively de- o Bk Gpaicn = o '1‘5

veloped which tocay comprise one of ¢ A5 Ll 1o, 5-4”«5 Ay Yl 5
the more importart resources of the = _
country. :

At many sites we find remains EYS rU::.., eloy 45 Lboy b‘” o o 1z
zo:n.l and water resaining dike systems, dlj_—.oY\.—]L..Jla,ua wu).n.a.” . MU'PB_:Jl
few are still ir use., Most of them eV Y e Lv-—“f‘*gj‘ 1

failed for one or nore of the following
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reasons, listed in the order of their

importance:

e

Increased surface runoff water and

S
¢ Ll Judo oo o i)y

salyy Ladedla LI s ioly; o) i

increased water-borne soil materlals, h)___S'LJIL,(_‘M.,.‘ aLJ) Lo upJ'LTJl Iy

caused by accelerated erosion in
the watershed above these systems,

resulted in their destruction.

bs

Ce
heavals resulted in their
abandonment.

Higher maintenance requirements and
lower yields due to upper watershed
erosion resulted in their abandonment.

War and other social-political up-

L,L._S'..‘.Jla_x_eul;l.sl,..]lcg,., ,,luav,“n
P e

§dsy Lk oy, Cloal le Lk
oLl ) WIMIJSM?Q#JMI
s LSp s ol
JJ_.;JA“L—.QUW‘J«.B;)_,J;J' —_—
. L___—__«Sr(Jsbﬁumu

k)c\.—v...u Jl

—
g

s s 5 A | ]
Most areas under spring irrigation [~ L «)7‘"“ sl sy p UG bL r"-"“c

have been terraced in varying degrees.

A large percentage of these systems,
though in disrepair, are of great
present value.

In areas containing dry land
farming and in some areas of lesser
rainfall, remains of terraces exist

which were used for impounding water on

grainlands. These utilize water
diverted from natural sources or
collected from hillsides with wing
terraces. Soil depositions have

, destroyed their usefulness.

PAST DEVELOPMENT - VEGETATIVE:

Stated briefly, one might say,
"{he land had been despoiled". The
timber was razed. Land was farmed
until erosion prohibited further
croping, The natural rangeland, the
razed timberland and the eroded
farmland were over-grazed until
conditions permitted continual
devasting erosion to occur.

RECENT DEVELOPMENTS: STRUCTURAL:

During modern times, the most

ol el ke ke by tlas) Los
oot o 3 kgicuc,li,;.lld.m o S s
+ ol el dndaadl Ladld ¢ Dol ]

oy Bl 135 T L (U b Ll 3
Jil s, V1 Lo Sl (A3 kadd | jn
R VIR [ PUCTICICIED SURRU) NCH PRV 1} - AR PO
s doy s oy i) daaiall L] G ol
Ly a3, bl o pomd) el Jasis
Lot [0 (b 2 he by e Lol b
%H“Jhﬂwqmlwgﬂlfyul
L) gai Gl eyl

L‘,.‘su.—‘.w "eoluss 5 ¥ ol Jsill dadlss
i N ISE of VIt ey o L2V e
ol leulJ..ala.dlo)bw.L’,.Jl p Lo
bt 1=~—~'1v—‘“-m-”uﬂb bl
s DY) DU o ST L 8wz oDl
o el & dmg ol JSEI Sl Jar
lul - hohecw Jle bl

2dm paadl DS 5

{44



~l- —f
3 flsleok o Ld! Bed Ll e lad) g L

significant structural conservation

development has beer. the install- 2__:,“_&;.”)},3,.;] s i ews z_alg_,.dlc_;@j. Ll
ation of concrete lined irrigation £ £ l e . . . .
= "L‘,_ZLf,k'fdlj-\leaJ_ij‘ g l?.l,\:;ujé)_‘)gw

canals. It has only been in modern

times that this has beendone in enough « %71+ JI¥ cJrw s el BRIECIN DI o _1..’,.,
quantity to make it significant.

These canals can make possible a 30 to

60 percent increase in irrigation water

utilization.

e Ll L) K e YIde o il

Second in importance has been the

construction of small impounding J:_S\.HJ:JA:J LC“"“: S-S LY g d ] o le
reservoirs for spring and well irrigation C 3 ol 50 %0

which permit more beneficial applications
of irrigation water.

Of third significance is the il Lal | C)Lol}«ﬂ Lo Vit e I,

repair of old existing Roman cisterns. weNY e e .
Lack of organized site selection has LB G ply Mo o L gyay dpan I

deprived this practice of some potentlalg‘._.._.ll digykdl e i &LJ'J]F £ ..97‘.1) rb..a L]

value, i.e., overdevelopment of water *
has caused overgrazing. Concentrated ‘ oLl dJL‘*’“’ %L Ul’*“"‘“\‘l

development of cisterns may retard futurewu ul P>U Iu.; ).SI us)JI dJL) U_om..ls f,J)’L.ll

ossible land tenure development. ] |
In addition, the following practices i i

have been applied with generally S ke 5, AL el S Dty

unsatisfactory results caused by numer- R T e, . .
ous and varied factors: : e ob g iip b e l"jh""‘b
;b

Construction of water spreading . . -1, as

¢ : dikes dL—'_-"’"J]C“-J)"‘IPB‘" *Las
Construction of water impounding s el Bl s e flas]
dikes e % hig . Al ~ .'
Construction of soil depositing el pand o b fLi

c %zl-%xmi £ earth dams f R e e R
onstruction of ear s for ) N I -1 o] o
livestock water - by s b oy "L‘.“U“’LUJ‘ Lw‘
Construction of rock and earth
contour terraces

RECENT DEVELOPMENTS: VEGETATIVE: e Ldlins s apasdle ) kall

A Forestry and Range Department TR . L
in the Ministry of Agriculture, former LS g o "JBV Ll "
Cyrenaican Provincial area, is o—0g pldl oo i L&, oY dhae
developing which could, in the future, | > GO | C“.L.". "

k
|
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make important lLibya-wide contributions S-S PN IR M PO ‘Lu..ﬂ:— o it Ql
to conservation of non-cultivated land.
Lol el ol ol Y

Use of mechanized farming in T PSS DI IRT § G ANA RN NI I
modern times on limited areas has ) fa -TF " ))J_ 'J u . )
increased the erosion damage in those GRNCIEIN  $-1 BYVRRRERRE N R N S ) o523 S8 )

areas because poor tillage practices o i il Lol b L)
were employed. - o
PRESENT DEVELOPMENT CLIMATE Wt - L

A3

Fresh water, for all purposes, is AN PRI ] ) A PR PSP D ” )
. ) % - O
in short supply. As a result, most

people are overly receptive to water ols wLb O“")'f-” u—”-“‘\” b J b ed s
development projects. The problem is S o . J‘ J el . aLJI M_._,(:‘)l_“_~
not promotion of good projects, but Y | |
rather the discouragement of non- “J]“‘“‘ &k *‘-*"‘“ f-’" 4—”-“* dﬁj ¢ dzd C‘-JL-"-‘
feasible projects among development FIRCT ) RS o L  Lid ey
personnel. D J

In the field of soil conservation, gt Li T S f ¢ A L 0 gl
development personnel recognize these

areas are drastically suffering from u:—-’ S Gas, Ko L\«-‘L.Jf—‘ LJ) "-‘—v-"""-*“
past erosion, Everybody is of the e 18 o NS | RS A1
opinion that something mist be done. v ol ot l""” A G ' "'a
What? Through a lack of the under- b—>>U r\—ﬂ-” et Tyaly + Gladdh s e
standing of the simple basic processes SISl e 1) L;.- ol ¥ Ll
of erosion and a lack of appreciation 7= 4 JS J b

of economic values, the majority of lie Pl —\-”L— l>p3-J|4aJlﬂ baolas |
proposals made in this field are unsound. | D u‘-‘-*“
EROSION AND CONTROL: d = Balb JH |

Soils are highly erosionable. Bl Gam i o0 LAl SEIL QAN s

A a1 ozt ST Jowmse e 15 PDlae b a2l
Soils are unprotected by vege=~ = JS J)’“ﬁ s J)L«— Byo-

tation during periods of high erosion X {)’7)‘ b Y1, CL‘——"—"-JJ 2
hazards from wind, rain and surface .4 edaJt s L)
water action. i i
Frosion by these agents is A ‘__J‘° bedl ada 5k o ¢ SEI !

acce]..erated b;?r poor tillage and i M. ¢ ] l@_; ol M,Jl oAl X az s S
grazing practices. The type of . lag 2459

erosion occurring is such that Sl g S "'”U‘” RELL ST
structural methods of control have e JAD YT KT 5 e I LY

little effect.
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Because of the high transport- NN PIRCE L AR ISP ) IR W vEv ity QJI LY
ability of soil materials, surface . B Lo } L,., L) |
water conservation structures require kel @ UJ "f“’
excessive maintenance.

Water and soil conservation jobs L ol s L e elan ol
structures have limited application. -
L] J 3 J&.w s,
The only widespread feasible FENNUY 4 Uy ) A O | RSN § (NS DR )

method of erosion control is by good .
land use which will give some degree Jleaul e oLl L"“’L 5 e “"lgf JE

of erosion protection during periods — G . is J,jJ.M\Hw.U S g,.JLJl oY

of erosion hazards. DMuch of the land Lt

has passed the point where it is capable 'J"f‘"'\ JSL'U i) H JSLJ\ Gl

of producing its own protection. L,\Jl ol 49l Cawsly ;J.:-J.a\—)h,l £ )Y
Structure is used in the broad * Ll o e

general sense as meaning something s uL.c OF aJL..JJ Lyul'LZ....” J.:__._....

that is constructed such as terraces, . .
dikes, dam, canals, cisterns, etc. e I A P L i ' u*'S L~

. C‘H
PROBLEMS SUMMARY JSLad | is M-

A. An existing system of land tenure ; o5 g g ool Yedsd rL(:-,_; ey — |
which inhibits the development of I IR IR :
good land use. g IURLISLE
B. Lack of enabling legislation to = Yoles Lolsstu ) Jﬁt(;.:-w S — ¢
promote use of conservation L>.d|

practices.

vyt G ol Al — o
.U e‘,JlJS_E - J

SR § -1 N L DU A 1 I 9 -
s oAl sl Tp bl —

C. Lack of trained Libyan personnel.

D. Erosion of range.
E. Erosion of cultivated dry land.

F. Utiligzation of irrigation water
_supplies.

S cleniys —

s Je¥ells g tebd) sld e — o

G. Water spreading irrigation.

H. Reservoir impounding of surface
water for irrigation.
* —akd Lamnud ) o L] (ar — b
I. Impounding of surface water for
livestock.
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B.

C.

7= Y

PROBLEMS AND RECOMMENDATIONS e lod b Sl
Problem: An Existing System of Sy Q,bl)‘lluL«J_' " fU-‘-' Je29 2 ____“"‘K-“‘J“_._‘

Tand Tenure Which Inhibits the
Development of Good Land Use.

L o Bl i

Recommendation: Individual land

stewardship. * L“."“*“‘;“t‘“ REUR IR _____%JI

T e C o . au)) e 2
Procedure: Evaluate through study I8 op i Gk or f':."‘""” : Yl
by qualified experts. . u«_.lm e ‘I,:_-L

Problem: ILack of Enabling Legislation &, S i S syl e Kl

to Promote Use of Conservation ~ > -
] v e Y hdl s Lol
Practices. ) >§ LS g

Recommendation: ) |
1) Enactment of an &xtension !
~ervice .aw. -&L}ch‘ﬁ;{]gqu}ﬂl{uou- B o 0

2) Enactment of land tenure v sl ol b e (F
1awSe

o sl L By ols opsl ¢ (v
3) Enactment of a water and b 4 WP TR O

soil conservation law. . “.}?‘” Ll uol; ps e (<
;) Enactment of ground --ater '
~lawse.

O S A B TR G c s, e 8
Procedure: Laws should be propoced for U‘:'Ifs'” o5 ol e b

Tor enactment by Ministry of p— C"b PUCSIg -a Ol
iculture expert. -, “ A e g
her Ciglad i Al 0015,

Prorlem: Lack of Trained Libyan . L ' "
Personnel. v iy i) ol G, EBY

el

Lyoyd

L X ]

Recommendation: Start an active s aV¥ljels JLs C"b JI C’fﬂ\
Tong-time training program for -
development of needed personnel.

> . g . [ » PR
Procedure: 1) Start sending, eachC".‘.‘“I‘ i JS 4 9l U’C’)"‘“() . _'Z::J.‘
year, at least two individuals AAEE R ') (PR W § P LU (%)
to enroll in preparatory education . .
designed to equip them for entrance Lz e Gy 901 Lo 3hae Y Gy}
into a )_;.Aor 5-year course of study O!_\f,_,_al...l).\_ll pebieo ¢
in the field of water and soil v oLJl ma ks
conservation. s Ly 470



D,

E.

2) Start an intensive in-service il *lehoy,all sl (py,A1 (¥
training program for present TR . R .
personnel working at the imple- Al o g Gl o L b oy 22 Lol
mentation level in the field. LG PSR P § -

Problem: Erosion of Range. * s Ll Jﬂ: p Adadl — o

Recommendation . Development of  eldlazg o J,Jl dadls Gt 2 -..l*q—Jl

better vegetative cover on ranges .
where practical. _ L——-“H*L" e (ps-:‘-«e?

. " T . 8

Procedure: ‘lould suggest that EelS Yl 5 e Can __'_J:'Z:j_l
systematic develoPmen'b and control .=z B.J‘L,a.. ol o)kl Gl L3l

01;' livestock water sources ¥e sl L NN

censidered as an important method = =% f"i"""‘L" 5

of dispersing livestock numbers oL 'l,\_«,;JL_ s 48 hey o2 bl |

and controlling stocking rates . - LJI IR |

on open range. “ 2 bl (53 3 gyl

Problem: Erosion of Cultivated  ° ®wdlimbdl ol bz dedl — o
Drz Tand. ' .

Recommendation: R 2*‘@':“
1) Introduce and promote tillage i Dlajle Yl J‘Jj"""g’ﬂ e (l

practices that reduce erosion
by surface water and wind. J—ﬂ:“uJ JJ“" u‘ Lols P u"”

2) Introduce and promote

waterways through large o 4L 15,b 6 e 5y rulE:: (x
farming blocks (has limited | 1) 5 SI ]}Q“ FORVCTIN
application).

( g doma Grphad

3) Promote water diversion LIPS J | g e sl '1"&55"-‘"‘(:’) (v
_terraces where needed to

"réduce rill and gully erosion < o bl ! KT b sy ¢ ol
on the upper slope portion Jpiis) 3 L1350, ”q.:»l..”
of fields, (Has limited .

ields, (Ha (3 dow Gk s 1)

application).

L) Promote maintenance but not wam cpr Uy Lleal ls e s (¢
installation of Roman bench _ . k. e e
terraces which are not —ply, Wb B Gl
subjected to large water  +3. 5 adlalall3s ) dope ool Il

flowse



-9 — 1

=M N 3N el o #
E)¢ Procedure: This could best be GO Gl ol JesVl e s 3 #L Y] (o
be carried out in three steps: s Jelpe
1) Development of technical s Gb 4B Tpmags B G ()
guidelines in the form of field ) sy Jaed .
manuals for use by extension J Js ' "Jl‘;ﬂc’ e
conservation specialists. el s 1 g B o Las Y
o sl gls Vi
2) Training of extension conservation o= bl L2,

specialists in technical work ks lmdt J Led U.ZJ:,'EL').;-\H-.,,\Q 2= (Y
and extension methods applicable . NI Lj ] LN el
to this work. dle, Vel el ol ed d

3) In-service training and techmical . .y . i) » o)) #latos, &1 (7
backstopping of specialists. 4 D =y (

This must be a continuing dago L))S‘u'“'*-"-t in _' U:JL:;)U
function, . l B""
Problem: Utilization of Irrigation . gs)_llaL,c.l:‘S.,{c LY . sl 3

Water Supplies.

» . . ‘

Recommendation: p ‘“«"7"'
1) Promote canal lining install-, .. IR | N I O N ¢
ation and maintenance., L Ly 31330 ‘-’:b"' T AD S e (5 (
3y el le Ll 2l s X ps, (Y
2) Promote small reservoir U bt o S e (9 (

construction and maintenance. o L Loy

3) Promote regulation of sl oy o 2] rlb.ﬂl&fg.aé) (y
withdrawals of ground water . | | caBbd] LY e Liasdl
from coastal plain wells., oL e ‘-’5?“ LL¥low L5e)

i) Promote weed control. . 3JLéJ|u_,L‘:=\J|Z.>=§KoJfL.a-’C’5J (¢
5) Promote more timely applicationelwlle LSy DU sulallss s &) (o

of proper amounts of water to o Losls i s hNle Jiwdl
land irrigated. Ll o Vls & :

Procedure: Construction phases Gob;:-” (Y g1 & Lusy 1) :L:.’,"‘H‘J@'J" : M

(recommendations 1 and 2) of program O TU TR CR U
should be the responsibility of a ’ D SRreeo o ol o

specific unit limited to this work. J—esdllied audl G0y 00wy dlss

Other recommendations should be the ). . . < A e il Lo
responsibility of conservation Jyta e 3E Ol et e Lyt

specialist described under Problem E, A2 5oy | S low | s
Procedure, et Yk ess et

|
|



~10-~ —1e—

G. Problem: Water Spreading Irrigation. . sz'—-‘——‘lldl".‘."(:" -3 S

H.

L,

l?ecorpmt?ndations: .This type of work 3y e JerJ] peogd] | i C)l‘: g,]_wy\]l
is 1imited economically and ) e (_‘ ] —
technically. Re-establishment of & l—Si2 wlim okl b Ly Loles]
Roman dike systems in Wadis is Y : o Lodl s acke ) boJl
generally not feasible, econcmically, I:c o ’J o’ ”'J PB/J
because of the high initial cost b@m‘&!ﬂ%ﬂ‘iﬂ ] e Lolas “k € )5y

and the excessive maintenance - Z.bl'f'\".” ;;;Lajlg;[_,_,,_,,jf\,{l; L
requirement. Recommend that trial e T LAl
investigations be made of J—aVigpoc a2 oot

rehabilitating or establishing V) shdlaaed phan] #Lasl 1 ol
water-impounding basins (for graind"" )ilﬁ'J c= %9 ) 3 CI ol
production) having simple small o by daper L5 Lo (U (epad] ol

earth and rock dikes. Land must bey_y . V| .55 & SO L
flat and have enough depth to store Rl “wl' - TR 2 v
moisture. Water must be easily R wgl:)“ ._‘y.}=’-"'-l 'QSK & Lﬁ?

diverted from small wadis or hillside, { 4. }|.. i Ll Less il s
watersheds with wing-type collection ¥ * A lop e s L | o ks 5

terraces. Water spreading is - Lﬂ«—l |‘-B->-' sl e Loazd 3)“_-5"9”

generally not feasible on larger =« f‘_,hu'—l;, e J b lCL:LuJJ,
wadis due to excessive costs of - 4

required diversion structures. ;fdwl%c.jr" ol "Lt"”C“’-‘: i
o 5 S Lo | i e lde r

Procedure: This investigation T 6:' _‘) el o P" L’l‘ ﬁ

Should be the responsibility of a Juy=i: dobdlc Lol taisullad

unit of government engaged in . i M s Ll
other agricultural structural . e .
practices. 5 Aoyl o flaizn Y1 1 pSep ] et ‘LYl

cielje e Yy e o il LaS
Problem: Reservoir Impounding of Rl ek ol . 5Kl
Surface Water for lrrigation. s 1 d=Ye bl bl o badloas adfed

Recommendations: Generally nod ST L 1) . c,l.,o,-’dl
feasible due to lack of non-—permeab’_l.lé“s>U el Jy VSMQL 4 0 uh * —
reservoir sites. Some limited e by oSa o e L) e lio asha
application of detention of water - i . . y C‘ ‘7‘1 .

for irrigation may be feasible. CF I NER oLl a5l jany

Procedure: None necessary. 91
_— . 2w 8
¢ Sy s gl
Problem: Impounding of Surface % - —
Water for Livestock. . o iKedl
e ot bl i Gadaad |6 Lallpes

Recommendation: Underground cisterns

should continue to be promoted. S g (29 Lle Jobls ol i b 92 !
A method of site selection and Slasloglal ol igend lo LI
!

¢ s



1)

2)

3)

L)

5)

11~ ~

control, based on available ra.ngeU"i““‘- ol "J')““ R L Lo bl

resources, should be developed to .l *l.. - dlzdl we N Lonos s
minimize detrimental over-develop- K Jobis Je ¥ L i

ment., _ Ul o AN

.. F. - o 2N
Procedure: The first step is to Al L I ol oy BV depdl 1+ 222
Tocate migratory routes and Pz ¥l gl e s Ll wodlal el 5300 55k
. bz 3G b e Gl 5Lk
inventory range resources of ERANIPR | - .
vegetation and water. Future dudy Ao dn o ke Gl Sk Jiiid )

procedure would depend upon the
finding of this surveys

. I
4——.—-—.-.054,‘ w)s.:»

RECOMMENDATION SUMMARY

NI N T
Range improvement should continue as o bl I el s ol s ()
planned. L Y DL L W COA § NSRS

Irrigation structural work should 0l Ql o e Pl ‘L" e ol (O
emphasize canal lining and reservoir < o Lt elasl lj,ujlmba: ol

construction. .
oIy o) ity g L fList ) (Y
Cistern construction should be 7O - C £

stopped until a resource inventory SN ol e oy ldl g Gl ~ ol &k
is completed. The alternative is T I  R I3he Luss Ja-Y gn
to make individual site inventories ) 6\“' CJL‘T’J ~ 3‘ . S 7"“
of cisterns which would require f_ﬁ”’“‘” s bz ol “-""»’J".U”(;L;"
training of persomnel to provide o Jed g
this service. c

» oints oe L) oLs, YL A d] el F o) (8
Extension Conservation Specialists

should be developed to provide WL ("f"ﬂl.ﬁ& r‘r-é""-'-“t‘*-‘-’*l 5)&}-":4-O|
direction to land users on tillage j Loz, boo ed 5y w_.-,l)\Jlu_Lu;wL. il

practices, weed control, terrace . , ., Tl K e s M .
maintenance and irrigation water “%‘)Lﬂ]l‘f'l—-‘w,"-"’ﬁ‘ ol Y, b

application s Jlabe _9,‘_.Jq:7 CH RN

Investigation of water-impounding ‘ L 'C“?‘f ol &f latin ] du 'J"CL-:l o (O
basins for grain land should be F el ] Lol Ll 2 S R I

g

instituted. . j |

Formal and in-~service training should \,.___,__)_1_._]]5 d_,.)J}wJ..\:JIZJL,; O, (1

be increased and intensified. . ¢L.L,.9d ""):.e 5 s ) 3y woasd] fle)
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