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PREFACE 

Hinister 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. 
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The report is based on facts ~ I ~ ~J ',..0 u.1: ,)"..,i:J I ~ I ..lS, 
supplied by the Libyans and Americans 
who were assigned to this activity. ~l) ~..ul ~..,....~~ ~I ~~I h~1 
However, the reconmlel1d~tions represent ~,~. OI~llll':I J=..1:..:. 4>.-J I u3 j....JJ ~<V?.: ... 
individual views of the American 
advisors and do not necessarily re- ~,J ~I)::a.; ¥.., ~~ ~ 1.01.;. J b-l,$ I 
flect American or Libyan government 01 IS ;,,;dJ I 0"~' ~..r '11 cY.,1 b.lJ 4-:J ~ 
policy objectives. They are furnished -
to the Ministry of Agriculture under oS~, • ~ I 'k,s~ 1 ~ ~ ~ 1..J..t!II ~ , I~ 
the Joint Libyan-American project, .. L -11- .. q eo I-II" I IJ 'I I -"IJ 
"Ass istance to Hinister of Agriculture 11 , 4 ~ d,.r" ~ :;;... d) j, 0" .. r..ti; J ~ ~ 
We hope that you will find this anal- O,..:.~H. ~~.' ~ ~I_~J(?~I~ 
ysis of the water and soil conservation I, ~ 01 oi J,o 1.;, • "~I)jJI jJ.j, uJ.1 d ~ L.... II 

development problems useful to your 
own important work and that of such :;:!':o: ~ ~ Jj I JS1.:.J ~ ~ I..;J I~ )lJ.=..:<J I oS ~ 
other Libyan officials as may profit .(1 ~ 1 r~ ~ ~ ".J! L;:..I j '4.1:-' I. d WJJ.;b. 
from its content. r- ~, 
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Lindsey A, 'Br own 
Chief Agriculture Advisor 
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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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INTRODUCTION: ~ ~..Ji,J I ---
The areas of principal agr'icul- :~) I 4.:F~;J I J)yJ k:. .. U J.b1..:.J I~) 

tural sources of Libya are generally ".:::;1.6-: ..4 J:;) d.A..b;; u3 L.,,-.s 4.;;lS"~ I 
contained in a strip bordering the " ( .... 
Mediterranean Sea. Topographically, J.bW I d .k.01;, 1.J ~ • ..b-~ t.r~ ~ I_~~ 
these areas consist of a narrmr ~ r' J..>W I (J";) d A ~ JJ-t- ok 15 ~ 
east-"west coastal plain, rising -
sharply to a wider area of steeply 0- ;;JJ~,-:-, L~ C. UJ ~"4ib.;., ~_:;J.;,.~ 
rolling hills of 150m to 300m " :w L..:J I :i....,.W I· ~ k li; ~ \" • • cJ I '0. 
elevation incised with short steep .. .. if ". 'J -

northbound drainages discharging into ~ ~ I ~ I d 4-0 ~ ~ ye:;; ~ ;;~ 15) ~ 
the Nediterranean Sea and long southbound S Whj~:WL..!JI:i....,.WIJ-L.ok ~I 
drainages discharging into desert areas ;. .. .. 'r"''' . 
o!undulating topography. • rI6:.b>.:.lI~Jj4..~I~~.bWI~~4-::c 

The amounts of rainfall in these u3~ Jj.bl.:.J I d.k. u-9) I.b ~ k ... 1&' v' . 
areas vary widely tending to increase ,J----'> U; Ii;..; ~ Idi::;I;; J L.,jJ J ul l ~J O!.. JS' 
with elevation and decrease with • 
distance from the sea. Ha.x:imum J.ht..: JJ I ; I.b ':ll .:r '4S ~ I cJ I ~.,.-,J I :oW I 
annual rainfall may be 350rmn while some J b l.:.J I~ ~ ( ~ \" 0 • "vft; .J$ ~ 
areas receive little rainfall in some . '.. ." IL H 

years,_ • ~ ~ ~ u-9 4.lJ; ; lbo I ~ ~ 

The water and soil resources of ..1-.:r..l J.bl.:.J I d ~ u3 " W ~ ~;J I J) ~ 0 1 
these areas are extremely limited. The 

.......... 11::. 1 I '-, ::_~I. ::,_'.'1)" '. I .,,1 • :;J~.J..::,." soil mantles are very thin, with a v ~ .....- - Jj ..... r- "'->w.J::> v "~ 

few exceptions in the coastal and hill ~ S • J~ ~ 4.J.:... W I j.b l.:.J I u3 ~ I-l.:::w ':ll 
plain areas. Large portions of these -
areas are eroded down to parent rock ~ I ) ~ I ul l ~.?~) I J.b l.:.J I. ~ UO 
and contain only sparse pockets of • ~I ~;JI ooc.l4b ~.bi;s~ ~':ll 
soil. The soils are generally of & 

limestone origin and highly susceptible 4--- L..- ~,c.S p>.. J.c I':; J.,~ ~pJ I d ~ 0' 
to both wind and water erosion because d J j u-9 ~ ~ ; It:J ~ c.LJ I JS'b J..-:z':l, I ~ 
of their high transportability. The 
soil moisture of the se soils is d Jj I "~4.-".6) 0 1 • 4:~ (~ cJ I J~ 
limi ted primarily by lack of storage L-..c; c, ' ~~ I d;.J3 ~ I ) Ii:; ':ll ~ ':l) j ~ 
capacity and secondarily, by water-
proofing of the soil surfaces through J.. ~. ~IY' ,,~I u.l l ~"';6 II~;J 1 '0.:'-~- r..LaJ 
action of erosive agents. • J "S'hll 

Agricultural pursuits include ;;~ 1&!rJ' 0"~ I~ ~~;J I c. ~, ~ 
small irrigated farm units on the "~'s;l~ d' 4J..,.WI J~I u-9c.S}~c.SJ.? 
coastal plains and in northbound 
drainages. _ vIell water is used for d..>)UJ IS}) ~ ~ I,,~, ~ • :;J L,,:J I ~W '0" 
plains irrigation while spring water is d..>)UJ1S 09 ~·truJ I" l...o ~ J~ I c,; 
used for hill irrigation. Non-irrigation ) "0.," - ". • I, . 

• ,-:-,. ..ayJ f¥ 



-2- -" -_. 
croping is engaged in at the higher ..J..:>.- ~ ~ :; 0 ~.rJ I ~W I ~ S) c.:» ~ :i..:,..)li\ I JJ !;:: 
elevation and to some extent i,'1 the ~ w.:j I ~ ~J' ~;: v' .' J~ I ~ ~ L 
plains area. Nomadic livestock operations J J " I I. 1 I ." • I J I I 
are prevalent in all areas, and are the' t.) • ... w!"') , j~:: LU...J L~ i...Y .;;,..\; J.,..o; ;>0 jJ . 

only agricultural pursuit in the ~ Jhr:; w.:J I ~~ I .;l:~ I u3 ~ I d-IJ) I 
southern most areas of lighter -J I , ~ '·"1 :i...>.1~ I" WI, I • .':1 I:: tho i 
rainfall. Surface runoff Hater U t..Hr-' I..f"" ~ ., v . ~) 
impounded in underground cisterns is 6~ ~ I~ 0" ~W I ~,.)J ~ I~~ 4.:~.J.J I ~.,) 4..aJ I 
second in import~nce ~o ~prings as a • ~ 1.; I J I :: I '- '·11 ~ I.e. ..J..a.S , ___ , 11'4...-j L 
source of domest1c ana Ilvestock ~ <.:f'--"J . .T""""' U" J ~. • 

water. Cisterns are the only source J bl.:.J I u3 d ~ 10"~ I J...!.oJ I ~ ~.,).ly..a.I J..; 

of water in th? s~u thern dryer a::eas .;; .1 ...J I ~ I I .!..:., I :i...c5':i..>)l; " • :u bJ , :; . '-~ - , 1 
The amount of lndigenous vegetat1ve ~ 5 ~ MO· ~ 

growth varies with rainfall, soil and d I :f, ~ \.; ~ ~ ~j\J ~ J 1h. ~ I J~~ G' I;; 
l~vestock water supplies. .. .. .. II 

.• ~ Jr---_MJ--

~ u3 j..b1..:J I 43JS" u3 jSW I).,.a 0 1 Erosion damage in all areas is 
extreme. Erosion damage ,,0 most 
farmable soils is being accelerated 

4-.L1iI1 :i.,':'11 W W 4....-;j L 1<81 '. 1 ~ ;;...t...:J1 • :.T'" ••• ...\Y ).)-00 

by unwise farming practi~es. Erosion 
damage to range land is eevere wherever 
overuse has occurred or ~s occurring. 
Erosion has been retarded. only in those 
areas which have been practically 
denuded of soil cover. 

PAST DEVELOPMENTS: STRUCTURAL: 

• W'.:..r-iJ 1 ~ ~jJ J 4:J, ~ ~;-11 ~ ;; ~ r ;;~)lill 
4 M -

"k: .. .;JS" ~I ~~ u' !,JJ.~~ J$'hll);O 0
' ,- .-

.,--.;.. b.JS J$' bJ I 01 .' ~.:oJ ~ ~)liJ 1 :iJ, !;. .0'f:; , . 
~j\J I ~ ~ ~ ~..biij.b l.:.J I .. ~~ ""'lr. ... I ~ -J 1 

.~ . ~ 

4.; htJ 1 : 4.,.a W k:.. ~,.kJ I 

During the Greco-F.eman period, ..I ~ '~I{. ~ L,) 1- ~ 1.;,-J 1 ~ 1 '~I 
a very large n~ber of underground .;.;.,) l..raJ 1 d J..o ,4.Jp,J 1 d WI· ~ ... 4-d I . .r-$ 
water storage ~:..sterns ware construet~d .J LII'~~ J • Wk~1J ·~WI. ~.J!i. 
which are far 1::: excess :>f present 'Jr--...ro rd.. -.y- '} 
needs of the rerr.aining. a~icul tur a1 U !J.J 10'- d .J..l..IJ J)I.b 1 .J.>.,;, ~ I ~ ~;J I 
resources. Rema.:.ns 8Xl~1j of a large .. ~...c :w bJ I ..I 1.'1 .k,;~ j J ;:",i.: 11;::.1 
number of farms'jeads and. rural _ .. 'J"'" C~ .. ~ U" , 

communities whici present resources l 
?ou1d not suppori. 

Many springE were extensively de­
veloped which toeay comprise one of 
the more importar.t resources of the 
country. 

At many site3 we find remains iir 
soil and water reiaining dike systems. 
A few are still ir. use. Most of them 
failed for one or ~ore of the following 

~, ~ ;;J~ ~_ ...G ur-s~ I 0'- 1,r!S' 

~ ';..l)4J IuS d.o l~.J-t..l ~ ~\S ~ 'u ~ I ~ 
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reasons, listed in the order of their 
importance: 

a. Increased surface runoff water and 
increased water-borne soil materials, 
caused by accelerated erosion in 
the watershed above these systems, 
resulted in their destruction. 

_1_ 

II 

• 1M,.. I I I --!......>. 4..u..J I 
• ~ 0--'-' - 0" ... , 

b. 
.. -.J.; .. lb" ". L:J I .. ~ . I Higher maintenance requirements and d ,~, '<-;-J ~ ..... M ~. _ 'I-> - ~ 

lower yields due to upper watershed 6 ~ I~ \.J-::J I ~ I JS'hl :1.;..;.; J~ I 
erosion resulted in their abandonment. I < II I 

• ~;; I.Y S J 

c'. War and other social-political up­
heavals resulted in their 
abandonment. 

Most areas under spring irrigation 
have been terraced in varying degrees. 
A large percentage of these S,Ystems, 
though in disrepair, are of great 
present value. 

II 

S~I~~ ~~I ~~,,-:--.rJ1 -->.-

• !<-.~g~ 
'(-')"' \,.T •• -

r ~ Oy~:'!JI "~0,y dJ1 0 .bWI ~ 
01 • ~~)..J..IIL91-:;"'! 4.Jl~1:-)J.c -1.:...;1 ~ 

• 
~.,1; 4J b. d l.r;le' c~ \.~ ~ 0" d~ ~ 

' • .rOWI~,Jld ~I ~4J' c?'-c~1 cJl 
-II 

~:i.?~:i.;".)U ~I)I ~ tiJl.j.bWI d 
~ 

I ~:I4.........,.:.. J..b,~1 I ! IL M ::lJ ".b1..:.J1. ;',oAJ 
~ •• J ~~f..$V...3 v' 

In areas containing dry land ' 
farming and in some areas of lesser 
rainfall, remains of terraces exist 
which were used for impounding water 
grainlands. These utilize water 
diverted from natural sources or 
Collected from hillsides with wing 
terraces. Soil depositions have 

on "li..::-~ ,.:.:.....:;~.l)' ~ ;W L, cL... J.c LJi, .,b. M 
• ~ M _ .') M. ..,... 

• destroyed their usefulness. 

PAST DEVELOPMENT - VEGETATIVE: 

Stated briefly, one might say, 
Itt'he land had been despoiledll • 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 

II~,· ~r-:J I ~ 1;;1 ; ocQ.;.J 1,j.bl..:J I d of ~ I 
• II • 

:;~,?,JI,I ~~:.:bIIJ)~1 0' 4.I~1 6~1 ~ 
II 

d. ~I ~!'l ok 'd..J1..ck-;..J....:~~I~~,y 
~, 

• ~ 6 J li:o- 't 1--iI;; I ..t:i ~;J I fly 0 I 

cWI~- 4.,.oUlc1J,kJ1 

~~ ."~-l3 ,.).;,) ~I Ol"{ J~I~)l;. 
'. - - ,. 

~;J I jS'b 0 I ':ll :i.;,..)Uj I ~. ,,:-1.;.;. ':ll ;l.~ I 
• 

u---& r-UJ:')01.~ W I d.>)G 0' .L.;.J I 0) J J b. . -. 
J;;~~I)~I ~~ c.fJli.;;~~' ~I . ' 

S..iJ ~ ~ I fplJ I 0" pi 4-; toY.r:.~.l)' _ ~ l,d:-)t.iJ I 

• ;~l:, ~~r..wl jS'bJl J~I ~ 
~~I - !,.>-;..~ JJlcL~1 

i ( d-A ____ ---!":..LJ I ~ I J)l> d 
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significant structural conservation 
development has beeL the install­
ation of concrete lined irrigation 
canals. It has only been in modern 
times that this has beendone in enough 
quantity to make it significant. 
These canals can make possible a 30 to 
60 percent increase in irrigation vJater 
utilization. 

~ 

dlr; ~l..:::...;4c..;J) d W lJ~.=l d..:.4J k:...~ I ~ L.y 
.. ,. . I I '.1' t ... .. I I I' .. , , 
d~~ )y~ d-':'':;~ ~ ~JS!j, • .;,.;J~~;) . ~ 

oll.y..;~ 0" cl~ld ~j • ~ 4-L~ t} ~ ~ 

,. 1. I • d I '\ • J ..L~ S ) I d ~ J)1 .. ;.:., .. J 4-: d ..L";':: 

~~.k ... l;I.;.ltl.:::..;1 . K~'jl~· 'h.!' 
Second in importance has been the e-' '.J- 0.. .. 0" 0" , 

construction of small impounding p..S'j I~ 4 ~ ~s) I ) ~ ~ ~"\._J 1 d 4P 
reservoirs for spring and well irrigation ... II W" ~ ~ 
which permit more beneficial applications IJ) d.. d J.....:i 

of irrigation vlater. 

Of third significance is the 
repair of old existing Roman cisterns. 
Lack of organized site selection has 

~..w I (:'..J 4-aJ I 2'L-~.~ ~~) ~ I·~ 0" ~ eJ ~ 

u-l l )~.9 ~ I 0 1 • u L:.j ) I ¥ Lr k. JJ-o-J Jr -:. ~ I 
deprive~ this practice of some potentia~ I ~).J I d j:., t 4:: I j. f .L 2,.JJ ~ J 4;;.;.1 
value, J..e., overde:relopment of water . '" I d LJ I ~ cl J L' <, III 1 ..... ,1.. ~:i-; 1 I 
has caused overgrazJ.llg. Concentrated 0" ? .. .. .~ v '-'( • u~ .. '"r' 

deve~opment of cisterns may retard futur~ 0 1 • rPU 10" fil d) I j J ~j c.) ~.J.9 fpU , 
possJ.ble land tenure development. ~ ., "I." 1_" '.. .... .... < .... ~ L 1 _II 

u--' c..,V-' 'J 21 ~ ~ r' J-'...l.ll 4...w ~ <W.".~ r.-1,) ~ · J '-.... II In addition, the following practices :9 ...... 
have been applied 1fith generally ..G :4,Jl::J k .... )'J!YJ ~j):J 101 , I.!lJ j~ )l..:::-SJ 
unsatisfactory results caused by numer­
ous and varied factors: 

Construction of water spreading 
dikes 

Construction of water impounding 
dikes 

cl...l...-..d ~ rk ~JIol'~~'>r r! ti~CIl~J~ 
: J-.!r 

• dl '---,~:.~' 11t".,;rJ..p.~..:o- -I.:..;I 
• 4 .... 1 _::...,1 I • t4=:- )' }-:-!r- III.:..; I 
• ,,--4 --;0 i ~ "p'~..> -1..::-..; I 

Construction of soil depositing 
dik'>ls 

Construction of earth dams for 
livestock water 

Construction of rock and earth 
contour terraces 

C 1.; ~ lui- d W 0..... 6JI (y' JJ..L... -l!.; I 

RECENT DEVELOPMENTS: VEGETATIVE: 

A Forestry and Range Department 
in the lJ'.d.nistry of Agriculture, former 
C:yrenaican Provincial area, is 
developing which could, in the future, 

..... 4 _--:;" ~) I 3) ~.H d !rJ ~ ~ 4 L~JJ ~.J..~ 0 I 
# 

ur---~'JJ J,b:J I,.; ~...i.;.. I , ~ L 4:i.Yo ~ ~J ;ub.;... 

, J~----------",!~;·~""'....J.II u-9t:J,; ; 
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make important Libya-wide contributions 
to conservation of non-cultivated land. 

Use of mechanized farming in 
modern times on limited areas has 
increased the erosion damage in those 
areas because poor tillage practices 
Here employed. 

PRESENT DEVELOPHENT CLHlATE 

Fresh water, for all purposes, is 
in short supply. As a result, most 
people are overly receptive to water 
development projects. The problem is 
not promotion of good projects, but 
rather the discouragement of non­
feasible projects among development 
personnel~ 

_0_ 

b ';.,J ~ . ....J L L....J ~ h-) 1 _= ' -9 Mt---":: .' \ I . . _... . L'" '-T I . "'" 

• ~ I)j 4.-1; ~ I u-,0I/'~ 1 

~ W 1 ;-a~ j I \...,; 4 ~) I c. ~ ~ I J L..:;......I 0 1 

d-.I.; ~ .§lJ 1 Jj") u-:: J ~ ...G ~ J, J .. .J 1,31: LJ I Lr; 

• ~ I :!..:>-0W 1 t 4:: 4 j~6 LJ 1 

In the field of soil conservation, :r--"~,-sM.' 4...JJI~ vl~ <....;, 
development personnel recognize these . ~ 1<"i..II:;, ,. < A_ I . L ... :_. I.,' 1 ". i. .. h ",'1 
areas are drastically suffering from ....,----- VJ w ~ ~ '-t-' .:.J- ~ ~ ..... ~ 

~ " past erosion. Everybody is of the vl~ ~ vi u-k ...v-t,I
J 
~C~ I· ohW I 

opinion that something must be done. I .. 

~lhat? Through a lack of the under- -Ip..)IJ ~ I r~~ . r ~ L., • OI..t.r,J I I J.ri ~~ 
standing of the simple basic processes r- ~II y.....ti:J I r~' JS'B fJ ~ u-L ~ ~ J:.~ I 
of erosion and a lack of appreciation 
of economic values, the maj ori ty of I ~ ~ ~ ~ I u.:.J I c. b.;:W I ~ ~ v 19 ~ J l.a:;;; '11 
proposals made in this field are unsound. • 4...;L.r:~ u.t!l v I¥ 1 

EROSION AND CONTROL: " -~JS:.J ~ jf'8l 

Soils are highly erosionable. 

Soils are unprotected by vege­
tation during periods of high erosion 
hazards from wind, rain and surface 
water action. 

Erosion by these agents is 
accelerated by poor tillage and 
grazing practices. The type of 
erosion occurring is such that 
structural methods of control have 
little effect. 

- " 
~ ~J-: ~ ~ ~ ~fJ19" JS W l: :i.,rJ I ,; l=; 

c. ~15 lJ I ..l.:,..i:J I JS'bJl J~J c.ljJ J)l;.~ ~>,~J I 

" ).r"1 J L b., 't ~ (I J 10<-

• 4 ... -J~J d.~J 

..1-....';; , J.o !r,J I "h j .... .".b or- ' jS'h.! I v I 
J <"8 Icr 0 1• ~ I ~) ~ 4.,.)UJ I ~ r' ~ 

-..;;; 1J I ~ r',;'1 loS jJ 1cf-11 0'-~ c.~S iJ I 
• J.J:l1 ~ I ~KJ I u-? 4.l.~ . ."'; ... II~ L:! ~ 
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Because of the high transport­
ability of soil materials, surface 
water conservation structures require 
excessive maintenance. 

vJater and soil conservation 
structures have lirnited application. 

The only vlidespread feasible 
method of erosion control is by good 
land use '\-Jhich vJill give some degree 
of erosion protection during periods 
of erosion hazards. Huch of the land 
has passed the point where it is capable 
of producing its own protection. 

PROBLEMS SUMHARY 

A. An existing system of land tenure 
which inhibits the development of 

good land use. 

~l-.:; lrl ~;J~ "WI~·.~,_,;;..I~~ 0' 
• ..l, J-... 

-~~~ ~') :tl~ rU;; ..lJ-:-' I 
• :w LaJ I u-O~ ':ll J L:..:.-I 

B. Lack of enabling legislation to 
promote use of conservation 
practices. 

,;:.. 'tJ ~:. ~ I S ~ e) Jiie.C,."'I? ~ I ;1i~~ :t I ~ 

c. Lack of trained Libyan personnel. 

D. Erosion of range. 

E. Erosion of cultivated dry land. 

F. Utilization of irrigation water 
. . _ supplies. 

G. Water spreading irrigation. 

H. Reservoir impounding of surface 
water for irrigation. 

I. Impounding of surface water for 
livestock. 

• d .1;; L-J I 

• <' J -c:.< W ;.ab~ :; "'-

• c\.,JIJ$'1: u 

• .:: ".v;J I 49 ~ I (j'_'; ~ :J I lJS 1: 

• s)1 d~ ~tli::.;:tl 

• l,J ),...._--..11 I ,,~cJ': 

• s)1 ~~,;:..L:!r>u-9 ~h..J1 d~IL~ 

• 

~ 

~ 
..1 

r ,.t:) 

, 
. 

) 

.b 
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PROBLEMS AND RECOMMR~ATIONS .. 
A. Problem: An Existing System of 

Land Tenure I'Jhich Inhibits the 
Development of Good Land Use o 

~u-O~,:n~rU;,;..I~ :~I _I 

Recommendation: Individual land 
stewardship. 

Procedure: Evaluate through study 
by qualified experts ~ 

c..r--ub~'jl J~I~e 

• " ".JkJl 

o cI wo~~I<.,>-O~'Jld)I..II: ~I 

J..ti 0" ~ ~ .JJ I J....".b ur- r).i;i I I: "!,p... "J I 

.. ~~-~ 

B. Problem: Lack of Enabling Legislation 

to Promote Use of Conservation 
Practices. 

Recommendati on: 
1) Enactment of an extension 

;~ervice :-,aw. 

2) Enactment of land tenure 
laws. 

3) Enactment of a water and 
soil conservation law. 

4) Enactment of ground ~·ater 
laws. 

~~I 

• d ~;J I ~ ~ ..I ~ J "J L-u-Q t;. ~ 13 0- (l 

.. u ..o~ "J1~.ifI.;- ~IE 0- (" 

Procedure: Laws should be propoced for4.:.-~ .:.r:~ I .P ul.~: .~ "JI 

for enactment by Ministry of c.r-l lc b ~ ~ I.Y' u-J.I 
Agriculture expert. • " ,I.. 11-""" '; I;J 1- J. 

~ ~"'-.J d,~,.;s:. 'J dJ 'J' 

C. Prop..lem: Lack of Trained Libyan .. ~ ..l:<.:W ~~ "li::s':O. ~\ 
PQrsonnel. ;; "'-.r- 0"' J. - ~ 

Reconunenda tion: Start an active ., J.c. 'H.~ J W ~ 1;)"! ~ f,y~ I : ~ 1 

long-time tra.in:ing program for c...:: 

development of needed personnel. 

Procedure: 1) Start sending, each.:.r:? I, d..t... JS', ..I ~I oi t?;-!J I (\ : • kr 'J 1 

year J at least tl.-lO individuals ~..1 I..ll: 'J lr;l..w 4 J I..:..:;J)\J (l) 

w enroll in preparatory education .. ,_ ._ 

designed to equip them for entrance 4-=:..l.o ,,;,..Iu.l l ~..II~'J ~.,.JI 

into a 40r S-year course of study 0! ~ ~ 4..-1).JJ I I.Y' ~ ~ 0 _ t 

in the field of water and soil • d W I ~:'I I.b.i-
conserva ti()'Yl . - , ;r-' 
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2) Start an intensive in-service 
training pro gram for present 
personnel working at the imple­
mentation level in the field. 

D; Problem: Erosion of Range. ·~I _ J .. 

E. 

Recommendation. Development of 
better vegetative cover on ranges 
where practical. 

~ 

c.Y ~ I ~ u1: J.:,.j I ~)I..9 4:,4 ;:;: ~ ~ I 

• 1 :J,r. ~~ 
c • 

~4JL . \:. ·.L .'::. -I ~I 
Procedure: ~fould suggest that ~ ·03 ~ u . ~. ~ 
sy?tematic development and c~ntro~!YJbi- <14:0 J)!,.J :w:~ G..;lr 
o{ l~vestock wate~ sources 'We J ~..:-: ".:.1 L. , __ ' n ~ eJ J 
c*llBldered as an lIDportant method K ( • ,.- . , 

of dispersing livestock numbers ~ L-.: ~ I~ ~!,.:, o-!!,-J I 
and controlling stocking rates .. U I I _, I . K __ , I 
on open range~ • <IJ.,;' <J:r 03 d Jy.-,...... 

Problem: Erosion of Cultivated .. $,);JI Wl.:"" I ~~ '11 J$b : :us:.:.J I _.J!l 

Dry Land. 

(.1 ~ ~. -.:.-1\ Recommendation: ~ ~ 

1) Intro~ce and promote till~ge~)W I~ '1, !.;os ~r:)' r:-..G; (1 
practlces that reduce ?rOS10n, <1J I ~ I ,~- . I' 'l.!. ~., I 
by surface water and mnd. I.J-' c..r V"'-' () "'r' ,:.r IJ"'. 

2) Introduce and promote 
waterways through large 
farming blocks (has limited 
application). 

~ Cl:)~ ~'lcl~1 -Ip.- 0" 

~ .d~J I Ji;b ~ ,.::....0 e J' I-£ (~ 
L-rJ) d~ '&!;J I .J.t..,l~ 

.( J,J..=-~ 

3) Promote water diversion ~cl~1 ~~~;..l4S~e) (r 
terraces where needed to -
r'.uce rill and gully erosion ~ d!,.-J I J)b ,W ;~ :' (.;.4. 
on the upper slope portion J,.w I~~ 1 d).J..;-:J I4.p.W' 
of fields. (Has limited ( ) 
application). • .J, ~,~ 4J 

4) Promote maintenance but not 
installation of Roman bench 
terraces Hhich are not 
subjected to large water 
flows. 

~ (»~~, 4.;~IS~CS) (t 
A ~: L,; -I!: lie. ~~I 01 ~ ~) -l.. 

• :; J"',J-AJ I cl 4,.J ~..1.:4.l ;;....:~ ~ JJ I 
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E) ~ Procedure: This could best be 
be carried out in three steps: 

I.": ).~ u-k..s j?-:. 01 ~J.-h;i:ll Lr l.in : 1I ~ ~ I (..!CI 

: J->Ir 

1) Development of technical " ~ ~ ~ ~ ~iJ..;. 0 (1 
guidelines in the form of. field J I 0 <'~ I ~ ~ l~_' I J b ':l ___ .." I 
manuals for use by extenSlon . ~ l C' '.J" 
conservation specialists. ~~..L':"~I ~h.J1 ~b.~\ 

• ~1·1I_}I..!'i1 
2) Training of extension conservation ~ u--- 'JY "7 ~ ~ 

specialists in technical Hork ;;.8 WI J k I r....>-~ ~L-b'~ L~,),J; (~ 
and extension methods applicabl~ I..! ~ 1 ___ ....1 L i ::.....J I -J b 'II '~uJ j 
to this work. ~ .... ,.. \. ~.r"'.' 

• ~ I \j.J:luS ~L,; t.J<;_1 I 
3) In-service training and technical. :, I· ..d I .; ~J I -1z I J:;)\ (f 

backstopping of specialists ~ t.,f'-"-' r: ,..... ~) 
This must be a continuing ~ ~'I.)~ 1l!J • ~b>ll 
function~ • ;: .. lo~ 

F. Problem: Utilization of Irrigation • 1..5) J.d~~ ~t. k::..;':ll ; 
Water Supplies. 

Recorrnnendation: • .. 
1) Promote canal lining install-. I • .. 1_. ;;L~:;q "!~",--,-,..-:lZS," .. .j 

ation and maintenance. '1-'"' ~ ~ ~. .. Y'-" C) 

2) Promote small reservoir 
construction and maintenance. 

d)~I~l;~j\ ill.:...:ISj...-t!; 

·l ~~ 

~I 

~I 

(l 

(~ 

3) Promote regulation of 4~1,,:-,...::=..-......;aJ.;jl r~ISr.-d; (f 
withdrawals of ground water ~W IJ. II' .~ ... ;,q L ;II· :i..J. :- 11 
from coastal plain wells. .. .:r-r-' <.Y~ ). 0" .. r:"'" 

4) Promote weed control. • ;;)LcJI,,:-,~':l1 ~&'s~e) «( 
5) Prorr.ote more timely application.! L:J k .. ~, S!)lJ I~:::;J IS i--CS) (0 

of proper amounts of water to • 1-ti i . :~ I 'i I 1") ~ L 
land irrigated. "'r' , uS ~ ') "I...' • • 

Procedure: Construction phases ~l;~1 (y ,1..:...J."* •. ~1) "J.:.:..':"JI,J->!,.o: "k! ':ll 
(recorrnnendations 1 and 2) of prograrrs , U ~ . . ( ... I :.. 
should be the responsibility of a ~ .. ~0" Cb"'"' U ~ 
specific unit limited to this Wbrk. J.--...,.>J I IlyJ W 4 d..lj..J.:-, ~ 
other recommendations should be the U ~ .. ( ... i ; ......... r ..:..I~ W 
responsibility of conservation .. ,............:..r~ u wr • .. v.;- .. 

speCialist described under Problem E, ~ I c.".9~ I LJ:.:JL..r. I r-P­
Procedure. . _I "I t ~ ~ - .. " - ,," • ',Poll u,--~ ...... 

, 
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G. Problem: Water Spreading Irrigation. 

H. 

I. 

Recommendations: This type of work> .J"...G.o ~JI Lr~.iJl I..b ·.1: ~~I 
is limited economically and .. (; u 
technically. Re-estab1ishment of ~I $:."~;Z ;;.Jkl 01:. ~" ~.JLFi<91 
Roman dike systems in Hadis is ~ ~ " L.J,J I J; ~ k ) I' !rJ I 
generally not feasible, economically, ~ U". "~, .. p. .. 
because of the high initial cost ~.K::J It b;) :! t.'.J .J" , ~ . .J ~ ,I 4<.1: t)ra-: 

and the excessive maintenance • :;..L ~ I 4.;Ld I ~I ~,.r:lls .J L~ 
requirement. Reconunend that trial .." . 
investigations be made of ~ ';I~,t;:~~ I-~ 1 -~Iu-1~ 
rehabilitating or establishing ~ ';I) "~I<lo.a,,,-'?I.>I ·'l.!..;I, i )'~. I 
water-impounding basins (for grain' . l..-'-'.) , c: 
production) having simple small j.;:-~~ ~ ;:.,.;: ~ JJ I (\.:-'.r.-JI ~ b,l 
earth and rock dikes. Land nrust be·· I ,.:·:/1 '-"~: ..::.......:-. ~ ~:ll va 
nat and have enough depth to store ~j-') ur-. ". )., 
moisture. Water must be easily "~.,4..,,..h) I tY.,;..;.:.J 'dlS' ~ ~ 
diverted from small wadis or hillside. L.J·11· 44- d W I ~....:; :i....6 ~ 
watersheds with wing-type collection 0 " ,... 0" .. ,.... . 
terraces,. Water spreading is \.:-' lc..rJ I~~ ,d.:fJ I~ ~ .;~ 1 
generally not feasible on larger ;; LCl I~ c.b. .J.o J L...s...:.-19- ,l..:;L ~!.J..jJ,. 
wadis due to eXcessive costs of "u-. J \... •• 

required diversion structures. ~"Wl'·~:.,;-::;C'..;,,: 0'· "leJl~ ~I 
.. 1"':,';; ~ :...;<'1\ "\~.J-I\ ~ h"-'J l,.k f ~ 

Procedure: This investigation ~ ~,... I' 

should be the responsibility of a ~ :t.ol;JI~I·l..:.;.J.I :LU::.r1I~JS:..ll 
uni t of government engaged in • d.c')Ij I " WI 
other agricultural structural :J. " 
practices. :; ~~,..t--> 0" ·lai:....:ll Il.cj ~I ~: IIlfr ~I 

·ul·~I·b~;! I' e,} ~~ 
Problem: Reservoir Impounding of " 'J) " ' ~ ,.. 4..I£.!.J I 
Surface Water for Irrigation. ~)I J:;.. ;!~l;~~b ... "" ~I~ • __ 

Recommendations: Generally no\ I;;,;.;)\j I.!iJj .<.. . ~...a.J1 ~ uk : ~~1 
feasible due to lack of non-permeaM.'1:3 , ~ ~ p--~'.J , 
reservoir sites. Some limited ~ ~ • ~l;~ 4...-l.:.,FJ~ 011 
application of detention of water ft'" • ~ 
for irrigation may be feasible. • ~) 1 J:;.. ;! " ~ I • ~ ;! J.,bJ l.)~ 

Procedure: None necessary. 

Problem: Impounding of Surface 
Water for Livestock. 

Recommendation: Underground cisterns 
should continue to be promoted. 
A method of site selection and 

.b 
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control, based on available range~!rJ ~ 4...:>l:J I J) ~ I Jy:, u-1: ~~ I ~W ~ 
resources, should be developed to ~ I'" --. 0'<...il::.I1 ~ J.,;.. '-l L " , '" '. 
minirrize detrimental over-develop- - '.F. ... -~ ,\~ ~~ 
mente . ' (pU I Lr.P ~ I 

Procedure: The first step is to J~.1 W f~) i ~~. d5 ;11 ;;L"".l'J 1 0 1 : ~\p.- ':! I 
locate migratory routes and .~ __ -?' ':! 101 • d ~ ~ ~,;.)lW ~."..;J ~ nJ.lI _;r~ 
inventory range resources of ~ 
vogetation and water. FUture • 6 .... 1) ..JJ I d j~) J L~.I u-1j;9~ ~ I d 
procedure would depend upon the 
findiIlg of this survey. 

RECOMMEtIDATION SmlHARY 
• 

1) Range improvement should continue as 
planned. 

dWI~t..J-r:~OI~ 

• j~L.JI~I~ 
• 

2) Irrigation structural work should 
emphasize canal lining and reservoir 
construction. 

J401u-~0)1~I'b .~~ 0 1 

• ~ 1.: 1,r;J I 'l;.; I, ~; ~ I L~ u-1--: 
• 

3) 

4) 

5) 

6) 

Cistern construction should be 
stopped until a resource inventory 
is completed. The alternative is 
to make individual site inventories 
of cisterns which would require 
training of personnel to provide 
this service. 

u---ll.,j;~~) ~ C:.~4-aJ1 'L:~I 0 1 
• 

)~.':!I 01. J)l,-J 1 Jr:-- 4,L f 0 1 ~J.; 

..l-...JjJJI e:.-'.,)4-d'd~ ~~~":J~ 
cf-11 1 ~ 'r-..GJ.rO~ ~J..l::d 1(:. b-~ 

• J.-:J IIY 
• 

~ r.Y ~) I J Lz) ':! 4 ;;.b W I (~l.:,",- I 0 1 

~ ~ c.'~L;II1"..G;; (A~ ~)y~. 0 1 

J 1~~~c..Jj)~~':!I~~cJl 

Extension Conservation Specialists 
should be developed to provide 
direction to land users on tillage 
practices, weed control, terrace 
maintenance and irrigation water 
application 

4..; ~:i) 101 1,-:- b ',il :;~ IS:. • ~--)W k ... 'j~ ~ 
I 

• s;-l I d'~<1 j~ ~1;..)..J.J I 
"4.J11..~'1 :i...-.<:>t;- ~~I4-~Jt.4;1 ~~ 
:i --s; ~;J :i -L,.,J I u-O~)tJ ~ ~j. ~;. ':! I 0" 

• '-:-J<r'~----';"J I 
For~al and in-ser:ice t~a~g should ~.,)...l:.I ~ <...r-.;-I I ~J ...d I :i J ~j u-"~ 
be JIlcreased and mtenslfled. ,"1 ',_ .~, I.... ,,1'" 'JI"I"'I • ~ L:::." 4.,1 • ., ~")~ u.J J) 4i>...l=. LW 

Investigation of water-impounding 
basins for grain land should be 
instituted. 

( I 

(~ 

(r 

(t 

(0 

(, 
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