'BS. Activity of the Hydrogeologist _
BS.1. Activity of the Hydrogcologist

-~ There were two major purposes for a h) drogeologlcal \\ork int this phase one

wasa supplemenhf hy drogeologlcal survey which could not comp!cted during the phase 1
survey penod 4nd another was an actual field h) drogeologlcal lmeshgahon work néwly
* added for a job of the hydrogeologist.

Asa supplamcn!al hy drogeologlcal si rvey, a) 'Siipplemenlal da!a collection on
ground water, especially for w: ater quahty and aquifer pmpemes b) chcckmg locations and
photo-graphitig the watér resources of oases, and ¢) spot field recoxmalssance Sivey's on -

- physio-graphical and Gcommphoiogrcal situations of sevefal vases; Were perfonned in
paralicl \uth the a field investigation work. The itens of actual ficld investigation w ork Were
gypsim stirvey and in-situ penncabllut) test. A 'part of data colléctioli was conducted in Tunis
but most of thosc works were carried out in the field 2hrough tong survey tour,

Priot to the main sury e) tour for abouif séven \\wks a prt,hmmar) ficld
inspection for only three mghts four da)s throughout the targel folir provinces | however, was
" cofiducted to disciiss with chgincers in each CRDA on dctual investigation works. All
mémbers of the ‘Advisory Corumniltce on the Study accomparied with the hydrogeologist, to.
inspect the sites dlrecﬂ} and to dlscus_s!mtervlew with the pcrsomkel concerned.

"The major suncy -{our to the south was perfornied for i mon. than séven weeks,
including two shoxt int¢rruplions to retum to Tunis: ()ngmal[}, the survey tour was pianncd
“out for total about five wecks with one interruption, on the hypothesis that the gypsum soit
shall not be distributed in Gafsa Province, However, it was reveated that the gypsum soil
distributes in soime oases in Gafsa in the carly stage, and the work schedule must be revised in
rather wide range. The actual work progress, in companson with the original work schedule,
is shown as Fig. 5.1.1. As shown in the figure, the g psum survey in Gafsa Province, together
‘with the in-silu pemwablllty tcsls was planned out to do addmonally after completion of all
survey works in other three provinces. And further, it was modificd again on 21st October to
prccedc the surv ey in Gafsa than the one in Gabes because of record- -breaking downpour in

the south, especially at Gabes. They said it was mors than 150msm of rainfall within four days -

since 16th October, nevertheless an annual ramfall in this area is around 200mm.

Through the said long survey tour for four provinees, total 78 hand auger
borings in 11 oases to check the disteibution of gypsum and 11 in-situ permeability tests at 7
oases were conducted, as well as the supplemental hydrogeological surveys in parallel. After
return back to Tunis, the results of the ficld works were arranged and analyzed, and some of
typical soil samples obtained through the auger bosing were send to the laboratory of “Centre
de Recherches du Genie Rural”, MOA. Results of these surv €ys or investigations have bccn
discussed in the previous chapters.
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Figs.1.1.

Ptc]d Survey Schedule and Actual Progress ot llydrogeology Party

REKéw assju and Miss Rirh Abdi -
Date | Day | Appointment mm.s Work Schadule Actual Progréss. . Target CSuy -
. : - ‘ 23 of §3th S<p. & Nov. "Scho § Ak 3 Sch Act.
155ep| Fri 12:001CRDA Gafa | Tuntis 16 Gatsa, Mect with H-geologist Met with DG, Mahmoudi,Kads, Gafss | Gafsa | Toraw | Tozeur
16| sat (H-gootogisty | PT-1, Supplomontal sunvey. PT-1{S.Ouust) 2.Cra ink. by rein. Gafii | Gaha J(HOdsls)  (H Ossis)
1} Sun t I v MY N WU |-~ 3 B e L Toisw
18] Mon § 1500 CRDA Torier |PT2, Shifl to Tozeor. Mect with 18 5 0 rr-z:p Shili) 2 Sm it bylwd Ia)er | Gafia 1 Gasa Tozvur
_ pers. Mect with Me B_l},oud!u.ﬂsc&n,klousmu. Tozeir § Tozaur ’
153] Toe (DG, 1) Gypsua sonvey in Tozeor{1) Tz- Auges 2 holes (TZ-1,2), BT 2 times. Tozeur § Tozcor Toreur
20| wed Gyprum survcy in Tozeur (2) - Avger A holes (TZ-34,36) - Toreur | Toztur  Tomur
| Tha. Gypeuin suney {n Tozeur (3} Tzt Anges 4holes (T?}-'.'_B,é,l 4] ]_‘nze\:ir Tozavr " Tezeur
H PT-Y, P12 - Avger 4 boles (DS-1.3,3,6) Tozenr§ Tozeur - Tozeir
S!S Returt fo Tugié Returm to Tunis Via. Kairouan Toru] ToTe | Toab | Tocs
ot Sun 4R .. . Holidsy i Tunis MolidayiTumis o L cTe 1o TG ) T
25} Mon. . v MOS, pen. Mave toTozur Teem Maxl.mg. p.m Moveto Tozeur TorTz | Tz | Tozetr | Totew
26} Toe. | #30ICRDA Tozour |Medt with DG H g, Hydrothormat Sunty Metwith DG H g m Goothermal ey Tozeur " lHOasB) i Tomer
(D.G) o Supplemm(a‘l Hyd—ogedog;cal Survey Tozeur .
17| Wed. H thormal survey, move 10 Kebili Ds- Anger 3 boles {DS-$6,7), FT § {DS-5) Tozeur K&bﬂ; . Toz‘_e'm'
_ : ) Casing indallation 2 holes (DS-2, TZ9). Toecue § (Oeis 1)
28] Tho. § 230ICRDA Kebiti  [Couriery call, Hydrothormal survey. 10,08 € RDA Kebili, courlosy D0, Chivt HO | xetini
: {DGHg) . por. Hydrothormal sucvey. ) Kebili Kb
] Fi. Hydsothermal sy, Supprernental Hydrogeotogioa) sorvey Kebili | Kebil Kctik
3] sai Chpsom suncy. (0.5) Supplemctal Hydsogeological susvey Kebili { Kebil Kedibi
yoalson | b L OB | Holidy in K i | ST £ Kbl . <o
] Mon Gy;-sum sur\ey in l'.ebdl(l 5 an Sappl-:-rnental H)drogeologn.al suney, Keb
7 ) oo Mt with CRDA, Mool with Soif D-."p 3 Kebili Kebik
M Tee ] - _ Gypsam survey in Kebiki (£5)  |Hand woper REAL2 Kebdi 1 webili Kbl
4] wetl | 10001CRDA Gabes | Meet with DG H g, Hydrothermal Susvey | Haod anger REA-3,8,5 Kebili 3 Kebili Kebd
5§ Thun. (D.G1g) Gypsurn survey in Kebili (3.5) Hand auger REAS,7.8 Kebili | Kebili Kbk
- 6] Fri Gypsum survey.(4) ) Hand auger GT-1,2,3 Kebiti § Kebiti Kobili
< 7| Sat Sup survcy. Hand auger OT-4,5,6, Casing [ndalf (GT-5) Kebiti | Kebdh Kebibi
3 sm b Holzda} in Kebili Hand pupes OT-, FI0D, Casing Instaflation l(ebﬂq Kebili Ketli
9] Mon Gypsum sun:) in Kebili(8) Hard suger AN-1,2,3 Eabili | Kebili Kbl
10] Tue Gypsum surs<y in Kehiti (6) Hand super MN-1,5,6,7 Kebiti | Kebiti “Kcbli
N} wWed. PLLPE-2. Hard suger RM-1,2,3 Kebiti Eebilk Kbl
13:00{ CRDA Galnis \Yed with H g, Supplemnental Suney Hand suger RM-4,5.6, Sup;vl'e Survey Gabos § Kebili | . Gabo Kbl
(%3] Gyp_sum survey.(0 ) KebiliGabes- Tunis Gabes | KWTu (HChens)!  Tunis
Gypeur survey {1 0) LIOA, DGRE, othwrs. Gobes 1 Tunis  Tuns
o Holiday i Gabes i Team Mectiop, po Tonis:>Gabas |- | Gatvs § Tu'Gh Gaber
16] Mon. Gwsum suney in Gabis.(2) CRDA Gabes, Supple i!G-Sun:y Gabes | Gabes Gabes
1] Toe Gypsum survey in Gabes £3) CRDA Gabos, Mot Triscuss with Soit Bep. Gabes | Gales Gabes
13| wed. Gypeum survey in Gabes {4 * |Hand auger 6B1,2,7. o] Cabes | Oabes
15) The. Sug sunvey, PT-1, Asrangement of the dats bedats of fxin Gabes 1 Gabs
2| i Pr-2. Asrangerent of the data boeauss of rain. Gibes | Gabes
21] Sat Ratirn 1o Tunis Arangereont of the data, Change the schodute. | Tunjs & Gates | -~ Tuwiis
e RemovetoTozau . N G
13 Mon, CRDA Gafia, Supgle i, O»Suney Gofsa
24} Tue CRDA Gafsa, Hand augir SO-12.3 Gafss
23] Wed Hand seger SO-4.3,6, pn CROA Tozear Gafsa
25| Tha Hard suges 08-1,2,3 Qafus
1| 1taod jugsr 0S-4,5,6, FT1.2. Gifsa
8] sat - [CRDA Tozeur/Gafia, remave 16 Gabos Gaba |
........ ) s | i incpition on éxteoos south (Tatsouing) - EXSouly |
- 30] Mon. CRDA Gabes, Handt suger G554, PT Gafia
3| Tue  [Mand dages MT-1, 36, Gafis
1-Nov| Wed. Hand dugor MT-248,7. Gafa
Y il Wand auger AO-1,6.3. Gafsa " Gabes'
3} Fi Hand tiager AG-23,4,7. PT ‘Gata Qabes
of sat CROA Gabes, Return to Tords. - Turis
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BS.2. Personnel List

o - Major personnel w‘iih_ whom the Hydrogeologist has been cooperated, assisted,
discussed, and got a uscful suggestion are listed below (besides the counterpart staff of
MOA).

a) Tunis K o C -
Mt. Mohamed PACH Directos General
: ; | DGRE, MOA o
Mr. Mamou AHMED : Dircctor des Baux Soutcrrings
o s : DGRE, MOA. :
Mr. Zovhaier CHAABOUNI Soil Departiiient
- . CRGR, MOA
b) Gafsa Province
Mr. Znazen SALAH Director Geheral
-CRDA Gafsa
Mr. Mahimoudi ABDELAZIZ Director, Irrigation Dep.
_ CRDA Gafsa
Mr. Kadri RIDHA Irrigation Dep.
CRDA Gafsa
Mr. Mohamed MERAI " Director, Soil Dep.
. . CRDA Gafsa
Mr. Abdelkarim MARRAKCHE .. Hydrogeologist
L o CRDA Gafsa -
Mr. Abdelhatidh BELARB! Director, Irrigation Dep. (Phase-1)
' . o CRDA Gafsa.
¢} Tozeur Province :
Mr. Haniza MEKKI ~ Director General
' T CRDA Tozeur
Mr. Yagoubi MABROUK Director, Irrigation Dep.
: ' CRDA Tozecur :
M. Mohamed CHEBBI Dircctor, D.E S
o CRDA Tozeur
Mr. Mohamed BAYOUDHI Director, D.T.V
: , CRDA Tozeur
Mr. Lahmadi MOUMN{ Hydrogeologist
R o ~ CRDA Tozeur
Mr. Chebbi AHMED * Hydrogeology Dep.
: CRDA Tozeur
Mrs. Chchia BOUAJL : Soil dep.
‘ CRDA Tozeur
Mr. Sadek EL. GUEDRNI Dircctor General
. . . - Hotel Qasis Dar Tozeur / Xebili
- Mr. Brahm ABIDI _ Hydrogeologist (Phase-1)
. CRDA Tozeur
d) Kebili Province .
Ms. Ridha B. ABDALLH " Director General
CRDA Kcbili

M:¢. Mohamed GRIRA Director, Soil Dep.
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Mr. Plani SAID

Mr. Khalite BAHNI

Mr. Hlaini AISA

er. Ben H ABDA[LAH

Mr. Hadji MOSBAH

“¢) Gabes Provinee

Me. Chtiovi HAMDI

M. Adel SAIED

Mr. Ghrairi RACHID

Mr. Ben MARZOUK

Mr. Ghoudi RIDHA

Mr. Abbes BECHIR

Mr. Moﬁamcd L. TOIUMIA

Mr. Rahali MOHAMED

f) Sfax Province

Mr. Hamed B; DHIA -

CRDA Xebili

Soil Dep.

CRDA Kebili

Chief Hydrogeologist
CRDA Kebili
Hydrogeologist
CRDA Kebili
Hydrogeology dep.

' CRDA Kebili

Director, irrigation Dep.
CRD Kebili

Director genicral
CRDA Gabes
Director, Soif Dep.
CRDA Gabes

- Soil Dep.:

'CRDA Gabes

* Hydrogeologist

CRDA Gabes
Hydrogeology Dep.
CRDA Gabes

Soil Dep.

"CRDA Gabes :
Director General (Phase-1)
CRDA Gabes
Hydrogeolopy dep.

CRDA Gabes '

' Proféssbr,,l):éh.:b'f Geology
SFAX UNIV.

B-it5



B5.3. List of Datafinformation collected

From MOA
- ACTUALISATION DE L' ETUDE DES RESSOURCES EN EAU DU SAHARA
SEPTENTRIONAL (ERSS). . UNESCO, 1972 :
- RECHARGE CHARACTERISTICS AND GROUNDWATER QUAI ITY OF THE
GRAND ERG ORIENTALE BASIN
(Interim Report) - - British Geological Siirvey, 1995
From Office National des Mincs R
- CATALOGUE DES PUBLICATIONS 1992-‘1993

- NOTES DES SERVICE GEOLOGIQUE _
No.d8. The geological sélting of Oued El Akant and the palacochmatc
significance of gypsum soil, Southern Tinisia.
No.53. Lexique straligraphique de la Tunisic. Premicre parlic.
No.57. . Geochimie des eaux thermio-minerales'de fa T unisié, and others.
- MONOGRAPHIES REGIONALES
1 Les grands problenics d’h)drogeologlc ei Tunisie,
< CARTES GEOLOGIQUES A 1/500 000.
- CARTES GEOLOGIQUES DE LA TUNISIE A 1/100 000.
No.59, 60, 65, 66, 67,-71, 72,73, 74,75, 79, 81, 82, 83,90, 91,92
- CARTES GEOLOGIQUES DE LA TUN]SIE A 1/50 000
No. 50, 51, 52, 53
, - CARTE SISMOTECHTONIQUE DE LA TUN!SIB 171000 000, -
From DGRE
- annuaire de ’exploitation des nappes profondcs
1974 ~ 1994 A
- Reseau National de Surveiltance piczometrique d Tunisic
' ‘1991 ~1994 :
- Annuaire piezomelnque de Tunisie
1991 ~ 1993,
- EVOLUTION DE LA PIEZGMETRIE ET DE LA SAL INITE DE LA NAPPE DU
COMPLEXET ERM INAL DANS LA NEFZAGUA -
L AMAMOU& B.B.BACCAR, 1994
- RESEAU HYDROGRAPH[QUE 171000 060. ‘ _
. - CARTE DES RESSOURCES EN EAU DE LA TUNISIE  1/500 000.
- ACTUALISATION DE I’ETUDE DES RESSOURCES EN FAU DU SAHARA
. SEPTENTRIONAL (UNDP)
- cvaluation of water resources (Mamou)
- From SFAX UNIV.
- Les Provinces Geothermiques en Tunisic.
- Apphcat:on of Chemical Geothermometers to some Tumsnan Hot Spnngs
- Tunisian Geothermal Data from Oil Wells.
- Thennat Regime and Hydroadynamics in Tunisia and Algeria.
~ Shallow Geothermal Studies in Tunisia; Comparison with deep subsurface
information.
From each CRDA
- Major well lists
- Chemical Analysis Data
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B6. Reconunendations

(1
)
3)

@)

)

(6)

Groundwater dev elopment on ]Jhrtﬂtlc aqu‘crs is alr:,ad} falleni into over-dev clopmcm
thete is no space to further dev elopment The total exploitation from the phreatic aquifers
must be reduced, or any counter-imcastres for overdevelopment, such as an artificial

-recharging or a construction of underground dam, muist be taken as soon as possible.
“As an exception on the phreatic aquifers, aqulfers in Taimerza region are sull keeping a

balatice between recharge and discharge including artificial groundwater use, however,
furtticr development o the aquifer is not recomnicndable.

Dc\elopmcms on deep aqulfers represenied by C.T. and C.L, aie said still w ithini their
resources potential because of their hugeness. However, toial e\plonat!on from C.T. is
already reached its limit in average, and beyond the limit at Kebili. No more groundwater

~ development on C.T. sha!l be done.

C.1. has still seme spare for further developmcnt from the study on the desk, however, it

- has very closed relation with C.T. as a leaky aquifer complex and the overdevelopment

on C.T. influences to the aquifer inimediately. Thereby, the development on C 1. atso

must not be done any more, at least unti! the day when recharging system of C.T. and

C.1I. has been more clearl) studied.

For the Project, waler resources facilities must be just as they were, but to construct

monitoring wells for both shallow and deep aguifers is recommendable, because the

further detail groundwater resouirces potential study is quite important in the South, and

for the study the data on exact groundwater hydrograph are just essential.

In paralte! with the construction of monitoring wells, devices to measure the pumping .
rate of tube wells shall be mlproved or newly settled, to grasp an accurate explo;tatlon of

each well, each oasis, each proviace, and each aqutfer
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CJ'GENEEAL

Fleld work on lhc coollng facﬂltlcs constructed io cool the C.I. formiation -
geolhemlal water was carried oul in'the governorates of Tozeur, Kebili and Gabes.

There are four typcs of cooling facilities; (1) coolmg tower type, (2) cascade
type, Q) splral fype and (4) lattice type. Of these, the principal type is cooling
tower. In somé oases, combmatnon systcm of grccnhouscs with pond is used for
coolmg

Numbct'of cooling facilities is 18 for cocling tower type (Tozeur: 3, Kebili:
10, Gabes: 5), 4 for cascade type (Kebili: 4), 1 for spiral type (Gabes: 1) and 2 for
lattice type (Gabes: 2).

Data and informations collected at the cooling sites are listed as follows.

(1) Structure of cooling facilities,
(2) Operating conditions of cooling facitities,
" (3) Water tempetatute at the inlet and the outlet of cooling fac:hncs
(4) Configuration of the scale deposits,
~ {5) Confirmation of scale materials of hydrochloiic acid (HCY),
(6) Present management on the scaling problem, |
* (1) Corrosion of materials, and
(8) Problems on operation and maintenance.

Based on the data and information as listed above, arrangenient of the
problems was made so as to examine the problems and to work out improvement
plans. '



C.2 PRESENT- STATUS OF COOLING FACILITIES

“The coohng lOWCl typc is prmc;pa]ly used as thc facxhues for coolmg the
gcolherm'ﬁ water producéd from C.1. formation in Tozeur, Kebili and Gabes
govermnorates. Other types such as cascade, splral aind tattice are less effective in
cooling.

f "(-3,2.1 Cooling Tower Type

Including one cooling tower which is riow under constructiofi (Bechima in
Gabés), there are 18 cooling towers. Their basic structure is the same,

Geothermal watei from C.1. formation is transported frdm production well

onto the platform (about 13 m high from ground level) of cooling fower through a

pipe. As the well head pressure is high erough, (around 20 bars) the geothermal

- water can be conveyed by itsell. The geolhermai water falls into inside the coolmg
tower through the stinall holes made in the platform of tower.

]nsndc the ooolmg tower, fa]lmg water collides with wooden obslaclcs and
is aceclerated in cooling by evaporation. A fan wnh an electric motor of 20 - 30 kW
is set up on the cooling tower for ventilation, '

Cooled water flows out from a water pool of the tower, and ‘is conveyed o~
the oases through pipelines and/or open canals.  © An average flow rate of the
gcothermal water is about 50 Vsee, however, that of large cooling tower at Bechima -
- oasis (Gabes) is 100 sec,

In the period of this field work (September 26 to October 5, 1995), fans

were in operation al only {wo cooling towers (Steflimi and Menchia, Kebili). At Bl

‘Hamma (Tozeur), because of insufficient well head pressure, the geothermal water

was not conveyed ﬁp to the platform, but was direcily conireyéd_into the water pool.

- The cooling towérs of Oum El Farth and Douz (Kebili) were not in operation; Thus,
the geothermal water was cooled by natural ventitation at eleven cooliiig towers.



~ The ventilation by the fan can effectually ¢ool the geothermat water from
~ about 70°C to’ lower than 35‘{? (Stefuml and Merichia, Kebili). Without fan
- operation, femperatire of cooled waters ranges from S1°C {0 44C.

Discontinuous operation of the fan is to save ‘electric power cost. In some
cases at Gabes coolmg towers, fanis are not always operated throughi out the year,
- but limited only surmer sedson.. In an anothier case at Bonabdallah in Kﬁblll, as the
cooled C.I. water is subsequendy mixed with ‘shallow cold water, widé range
‘cooling is not necessary. '

Another problem of the cooling tower is scale deposition. A large quantity
‘of scale is deposited in the cooling towers and conveyance pipelines.

“The cleanmg work of the scale ncccssnates not only nian power, nme and
‘cost but is also’ dangeroUs especially inside the coolmg towcr Results of site
testing using ‘hydrochloric acid indicates that the scales arc mainly composed of
“carbonaté. Scale deposition occurs in the process of escape of CO, gas dissolved in
the C.1. geothermal water by depression of production water (20 bars 10
atmosphetic pressure). Thus, the scale docs: niot deposit inside the pipe from the
“productiori well to the cooling tower.. '

“Though the interval of cleamng work is different from site to suc, wooden
obstacles are usually replaced once six months’ and pipes are cleaned or replaced
- once 1 - 3 years. Scales deposiled inside the plpes are removed by high pressure
 water jet. The water jet cleaning machine (pncc 30,000 DT), owned by CRDA of
" Kebili, can be pulléd by car and convenient to transport. So that, this machine can -
“be used for cleaning work at the cooling facilitics located in Tozeur and Gabes,
- Though the speed of cleaning work depends on the state of scale (hardness and
' Ihlckness) usual cleaning rate at Kebili is 200 nvday, at Tozeur, 50 m/day, and at
Gabes, 500 - 600 mfday, respectively. At some oases (Jemna at Kebili and Ben
Ghilouf at Gabes), open canals are used for conveyance of coolcd watcr Open-
c_anals are more convenicnt than pipelines to remove scale.

c22 iCascadc '.Ty pe

those of Douz’ oasis are mcomplele. ’ﬂne coolmg facilities of Ras El Ain consist of
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four terraces. This “cascade 'system cools - thig” low ' pressure geothermal water
wansported from broken casiig of thé production well from '64'"_(: to 52°C; Cooled
water flows throtigh winding stream-like open tanal aroiind the irrigation area, then
arrives at a pond, The water temperature at the pornid is 46C.

Cooling facﬂmes of Mansotira and Saldane, vety similar cach other, consist
of threc terraces and a whler pool: I ordér to exiend the capacity, three units of
- cooling facilities “are combined ai Mansoura The capacny of each unit is 20 Vsec.
In usiial operation, the géothermal water is cooled from 60°C (6 50°C. Cooled water
is conveyed to the irrigation area after subsequent mixing with shallow ground
water,

The cooling system of Saidane wnh smgle unit cools the geolhermal water
from 52°C to 44C. The geothennal water flows into the top of cascade through &
many small holes ({Zi 2 cm) made on & steel pipe of 10 ¢m in outer diameter. This
steel pipe has been cofroded. '

All the scales found around the cascade type cooling facilitics are
carbonates. At Mansoura, cleaning work has been carried out 8 months after the
beginning of operation. Even though using the water jet machine, 10 daysand5- 6
persons were required for this ‘work. At Saidane, transport pipe (15 cm inner
diameter) of cooled water is completely plugged in 3-year operation,

- C.2.3° Spiral Type
Only one cooling system of this type exists at Chenchou oasis in Gabes.
" The geothermal water is induced in the center of conerete spiral-shape canal through

a steel pipe (B 1S cm). The geothérmal water is cooled from 54C to 40C
(45 l/sec) Scale deposmon is not remarkable;

C.2.4 Latlice Type

As'this type is very old, only two units of cooling facilities are operaled at
Khebayet (Gabes). Cooling facilities of Glib Dokhane '(G'a'bcs)” is not used at
present.
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| ‘Geothermal water falls down from the top of the facilities of about 3 m high
to the concrete lattice, and is cooled fror 65%C:to S0°C. A large amount of scale
deposils on the surface of the lattice.

C.2.5 Corrosion

As ttie C.L geotliérmal water is saline, steel used at the cooling facilities has
been easily corroded.

At the site of coo]mg tower, a lot of corroded equiprént such as sleel pipe,
doors, stairs and miotors was observed.

Almost all the electric motors, very important equipment in cooling towers,
are installed " outside the exhaust chimney. Howéver at the cooling towers of Ben
Ghnlouf (two towers) and Glib Dokhare, folofs are installed’ inside the exhaust

“chimney. It is belter to ‘set thé motor outsidé the exhaust chimney from the
standpoint of anticorrosion. ' ' '

At Oum E Farlh (ch:h), steel pipe located nearby the’ well head is
corroded at a part of j just below the ground level. So that geothermai water leaks out
due to increase of the, ﬂow rate of production water. -

These phenomena suggest Ihe dlsadvant'age of Iaymg the steel plpc under
the salty ground. Therefore, steel pipe should b used only on the ground Ttis
better to use ooncrete plpe mstead of steel pipe for the iransporlatron of the.
gcothemlal waler. Pamnng and plpmg works should be done carefully to protecl the
- surface of steel pipe. :



Cc3 RI‘COMMENDATION FOR IMPROVEMENT OF
COOLING FACILITII‘S

C.3.1 Scale Deposition

~ Oneof the most serious problem is occurrence of scale deposited in cooling
facilities and irrigation pipelines. The scale is inainly cotposed of carbonate
produced from C.1. geothemnial water in the process of its passage.

The carbonate scale deposits on the stirface of wooden obstacles and breaks
them by their own wclght Irrigation pipes are plugged by ca:bonatc sca!e So that,
periodical cleaning and replacement of wooden obslacles and p]pes are being carried
oul; These operations increase maintenance cost of the cooling facilities.

. The waler coolcd by lhe coolmg facshucs is overaaturated wnth calcite
(CaCO) Therefore, without a cheinical ireatment as applied at some Japanese
geothermal power p!anls, carbonate scale deposus feom the water

Direct mixing of C.1. geothermal water with shallow cold water makes the
mixture undersaturation, and is effective 10 prevent the scale deposition, This
method is applied at some oases. | -

S:mphﬁcanon of cleaning operatlon will be able o reduce cleaning cost.
~ Some ideas are listed as follows

(1) remove the wooden obstaclcs set inside lhe cooling tower
 {2)use open canals instead of pipe lines ' '

'(3) provide a deposition pool '

(4) install ob_staclés in open canal and / or deposition pool

Detail of each ided is written as follows.

C.3.1.1 Remove the wooden obstacles

Wooden “obstacles are originally provided inside the cooling tower to
prolong the contact time of water drops with air. If water drops become more fine,
it is possible to get sufficient cooling effect without wooden obstacles,
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. As the welt head prcssuu, of C.I. producnon well is as high as approx. 20
© bars, itis possnble lo set sprmkhng pipes at the ceiling as an inlet of the geothermal
water, Compresséd geothermal water beconies fine drop thronigh a sprinkler.

Another siniple method to make fine water drops s to use pipes with a ot of
small holes. Water drops will beconie more fine by inserting these pipes into holes
of platform as illistrated as shown in Fig. C.3.1.1.

2 ‘Geolhermal Watet

v Geolhcrmal Watcr
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Hall . e i
S C.3.1.1 Sprinkling Pipes polyvinyl chloride
C.3.1.2 Usé”o’pcn ¢anals instcad of pipeline

As the cleaning work of - open canal is compa':aiivcly easy, - it is
recommended (0 adopt open canal except for stcep transport line. Even if pipe is '
used at steep section of the transport line, subsequenl open canal set at fiat section

"~ will be effeclwc to accelerate the scale deposition, Thereforc amount of scale of
“downstream can be reduced. '

Combmanon of open canals and cascades can be apphcd for stecp section,
and is also ef fectwc to accelerate the scale’ deposmon

' C.3.1.3 Install a deposition pool
“As the C.L. 'p'r'é'du'élion' well hias 'hi‘gh"hcad' pressure, most of the cooling
 facilities arc constructed at elevated places. So that, a pump is not necessary o be
' ms(alled o Lransport the cooled water, even though water pool is additionally

. prowded bclween the cooling l"ac;hticé ‘and !]16 dlStI’lbl.IllO]‘l canals as shown in Fig.
Cat.2. '
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‘Cooled water froni a ooolmg tower falls mto the deposmon “pool, then
add:tlonal cooling and’ CO -loss "will be accelerated.” This system is basically
composed of coolirig tower, cascade and water pool.

A ”/]! .?ll / ' -
D
%

Fig. C.3.1.2 Deposition Pool

C:3.1.4 Install obstacles in open canal and/or deposition pool

Installation of the obstacles in the path of cooled waer, which is
oversaturated with calcite, aims to accelerate the growth of scales on their surface.
* Periodical replacenient of obstacles ‘makes cleaning work siniple. Coarse meshes
~ made of paln leaves can be used as obstacles.”

C.3.2 'Imprdvement of The Present Facilities for Effcctual Cooling

From the’ standpomt of effectual cooling, some comments on possnb!e
improvement of the present cooling towers are described as follows.

(1) Insert short pipes, which have multiple fine holes, into inside the
cooling tower through holes of the piaifoml This method is the same
that explained in (1) above, and is aimed to improve acochng effect by
an evaporation of fine water drop

(2) Change the inlet nozzle from present single _he_le to multiple holes or
slits. In addition to this change, inlet nozzle or slit would be elevated to
higher position, :

(3) Attach radiator fins on !he surface of inlet steel plpe line. However if

- steel pipe line is not so long, cooling effect by radiation could not be
expected.



C.3.3 Plans for Future Stage -

C.3.3.1 Prevention system against the calcite scaleﬂ@oéitibh

As the C.1, geothermal water is orlgm'illy saturated with calcite, it becomes
ovérsaturated at thé cooling facilities due o CO,-loss. Without chemical treatment as
qpphed at geothemmal power plan!.s. calcite scale inevitably deposits from this cooled
- geothermal water.

At the Mori geolhermal power plant in Japan addition of = sodium
polyacrylate solution ([ CH . CH(CO- ONa) -1 10 - 15 ppm in geothiermal

~water) i$ cftectwe to prevent 1the ‘calcite scale’ deposmon This chemical treatient
“can be apphed to ‘the’ coolmg facilities for irrigation. However, 'fiekl leslmg is
necessary to eshmate the operatlon cosl Allhough sodium polyacrylate is halmless
to huniar health, the influence to planls should be lested An advanccd organic
chemical industry is also necessary to produce hlgh ‘molecutar organic chemicals
such as polyacryhc acid. If the sodium polyacrylatc solution is added to the C.L

: geothermal water of 50 Vsec to get a concentration of 5 ppm (half concentration of
the Mori geothermal power plant), cost of the chemicals will be about 60,000
Ul‘lyear Except for the geothermal power generation, this high cost may create a
“new serious probIem for the operation.

- As sodium polyphosphate (Na _,, P n 0,.,)is instable at high temperature
(>200%C), this chemical is not used as a'scale inhibitor at the geo.thermal ﬁowen"
plant. However, ihe result of laboratory experiments suggests that the sodium
»polyphosphate has a possibility of prevention- against the calcinin ¢arbonate ‘scale
‘deposition. :

If the effect of sodivm poly'pho'spha'te“is checked by field test at the site of
coohng fac:hues, it is recommended to use this chemical as a scalc inhibitor which
may be more inexpensive than sodium’ polyacrylate in- Tunisia where chemical
mdustry relative to phosphorous compound is developed.
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C.3.3.2 Cooling facilities in needless of electricity

(1) Natural veniilation cooling tower

The cooling towers opérated in the oases are planned to get effectual cooling
by the operation of fan. However, because of expensive power rate, fans of many
cooling towers are not operated to save the cost'of electric power.

A natural ventilation cooling tower is able to cool the C.L geothernal water
without clectric power. In case of the Matsukawa geothermal power plant in Japan,
the cooling tower of this type (44.6 m in height and 46.7 m in basement diameter) is
used to cool thermal water of 5, 000 t'h from 48C (o 25C. The C.1L. geothermal
water ¢an be sprinkled by its own pressure. Flow rate of the C.I. geolhermal water
coole_d by presetit cooling towers rahges from 50 to 100 Vsec (180 to 360 vh). So
that, the size of a natural veniilation cooling tower for the oasis is not necessary as
large as that of the Matsukawa geothermal power pi_am. o '

(2) Combination of fountain and pond

As the well head pressure of C.1. produ;;tibn well is high, it is possible to
spout the geothermal water high.. Dispersed water is ‘effectially cooled by
evaporation in the air. There are basically two methods fbr:m.e arrangement of
fountain. The first one is single (or 2 ~ 3 inlets) infet set in the centre of a pond. The
-second one is multiple inlet. Concerning 1h|s cooling system, hngher spout is better
for effectual coo]mg, however, large pond is necessary due to scattering of water
caused by wind. Therefore, the second one is profitable. ‘The cooling system of the
second one is applied at one of the geothermal power planis in the U.S.A.
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GENERAL

For clanfymg ibe chemlca! and physical characteristics of soils of Oases,
the seii:detail soil survey was carried out i the middle of May 1995.
Supplementary soil survey for confirming dls!nbt_mon of gypsum layer and

“impervious soit layer was also carried out in late September (o edrly October,
11995,

. Soul observatxon and profile dcscnpnon were carried out in soil pits
(aboul 150 cm depth). Soil were dug at twenly sites (S sites in each
gOvemorate) and soil profiles were taken according to "Guide line for Soil

- Profile Descripuon" (FAQ). At the same tine, soil samples were collected for

laboratory test.

Soil ‘analysis aims at a clarification of the physical and chemical
propeities of soil of the study area. The 50il Samples were seat to the

 laboratory of Ecole Nationale d'Ingenieurs de Sfax (ENIS). The soil samples

were analyzcd with the respect to the following test iteins:

(1) Phys_ical analysis
- Particle analysis -

(2)  Chémical analysis

- pHvalue - :
- Blectric conductivity (EC)
- Cation exchangeable capacity (CEC)
- Exchangeable catton (Ca, Mg, Na and K) -
- Organic substance { or total carbon)
- Total nitfogen (total N)-
- Water soluble anion (§O4, Cl }

~Soil proﬁlé description, physical property and chernical characteristics of
soils are presented in Tables D.1 and D.2.
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LOCATION AND TOPOGRAPHY

The study area is locatcd in a fange between 250 ki and 390 kin south

of Tums the capital of the Repub‘hc of Tunisia. It exténds feor Gafsa town to

ES Sabria town with a length of approximately 140 ki inn the north- south

digection, and from Gulf of Gabes to the border with Algeria with a length of
-260 km in the cast-west direction. It covers a part of Gdi'érhofaiés of Gafsa,

Tozeur, Kebili' and Gabes with respeciwe atea of 7,360 km?2, 6, 159 km2,

22,454 km?, 7,505 k2 totahng 43,478 km2. It lics at the north latitude

33020" to 34°40" and (he east tongitude 7040° to 10030

The tertitory of Tunisia is roizghiy classified into three morphological
Z0nes, Allantlc Tunisia, Bastem Tums!a and Saharan Piatform. The sludy area
occupies the rorth margin of Sahardn Platform.

The shidy area in Gafsa is located inan lihdulaling basin at an clevation
ranging from 220 m to 400 m. The basin is surrounded by mountains such
as M. Sidi Aich (1,029 m high) and Mt. Bs Souinia (679 m high) on the
north. Mt. Biada (1,163 m high) on the east, and Mt. Asker (608 m high) and

M. Morra (510 m hlgh) on the south, The basin is dipping genlly to the

southwest where Chott El Gharsa is located. - Several wadis originated from

~ these mountains flow down to the directions of south and west. ‘They join

Oued(wadi 0.) El Melah and flow into Chott El Gharsa which is 17 1 below

_the sca lcvcl Its major teibutaries flowing down in the study area are O. El

Kebm 0.5idi Aich and 0. El Melah.

'l_“he four Oases in Gafsa Sud and Ksar Delegation are located at the
centee and the lowest part of Gafsa basin. The former is located in the west of

‘Oasis Baiech at an clevation between 250 m and 260 m, whereas the Iatter is
~located in the east of O. Baiech at an elevation betwecn 250 m'and 270 m,
'respeclwely. “The Oasis in Guettar Delegation is located approximately 14 km
cast of Gafsa town. It is surrounded by hilly areas and Chott El Gueltar in the

nbnh;a‘nd'hénéc it is dipping towards south at an elevation ranging from

220 m and 270 m. The two Oases in Metlaoui Delegation are located 30 km

and 60 ki southwest of Gafsa town. They are located south of the hilly atea,

and hence slope of the area is rather steep at an clevation ranging between

230 m and 280 m. The Oasis in Redeyef Delegation are located outside of
Gafsa basin and near the border with Algeria. Elevation of the area is 100 m.
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The study area in Tozeur stretchics nonheast southwest along Nauoml_
road No 3,:and located at an clevation ranging from 10 m'to 150 m. The
arca is bounded by Mt. Morra on the noxth, by Chott El Jerid on the east and
south, and by Chott El Gharsa and border wnh Algem on the west. Itis
dipping to the both g:asl and west with rather stecp slope towatd to two greatest
Chotts. 1t is noted that most of the wells for Oases are located in the margin of
these two Chotts and the border.

© The teii Oases in Tozeue Delegation are Yocated mostly east and south of
Tozeur town and stretches in the direction of Chott El Jerid. The area located
“atan jt:levati-:m between 40 m and 80 i, is dipping toward the east and the
south. - The five Oases in Nefta Dclcgatlon are sntuated south of Nefta town
“and north of Chott El Jerid. The slope of the area is towazd the south at an
~ elevation ranging’ from 30m to 80 m. The seven Oascs in Degache
‘Delegation are located surrotinding Degache town, in th_e northeast anid the
south east, separately. The Oases located in the formér area at an elevation
rangisig from 10 m to 50 m slope down to Chott El Gharsa, whereas the latter
at-an ¢levation between 20 m and 50 m stope down to Chott El Jerid. The
‘Qases in Hazoua and other four Oases in Tamerza Delegation are situated near
the border with Algeria. - ' '

~ The study area in Kebiti is bounded by Chott El Fejaj on the no'_rl'h,'Mt.
“Tebaga (496 m high) on the east, dunes of the Great" Erg on the south, and
comphcated lake shore of Chott El Jerid on the west.: It is characterized by a
very flat topogiaphy with an elevation ranging from 40 m to 80 m. Most of
Osses in this Govemorate are located along National Roads No. 103 206 and
- 210, Great number of wadis ongmatcd feom Mt. Tebaga flow down to the
respective directions of north and south. They change their courses towards

the west and finally flow down to Chott El Jerid.

~ The 14 Oases in Souk Lahad delegation are sitgated in the area jutied out
into Chott El Jerid. The area is dwnded into two by National road No. 16. -
The Oases located on the north of the road stope dowa to the north and those
located on lhe south of the road stope down to the south. The elevallon of the

- Oases located in the Dclegauon ranges between 30 m and SOm. The 12

Oases'i m Kebnh Nord Dclegauon are concenirated in the north of Chott Kebili
~ (east of Chott Jerid), and dipping towards the south. ~The elévation of these
Oasés ranges from 30 m to 50m: The 18 Oases in Kebﬂl Sud Delegauon are
scattered in lhe east of Chott Kebx!n The land slope down to the west with an



"~ elevation of 30'm to 50 m. “The' 13 Oases in Douz Delegation are situated

along Nallonal Road No. 202. T he land is flat with' minor relief. The
elevation of these Oasés is between 30 i -and 50 m. ‘The ten Oases i in Faouar

- Delegation are scattered along the lake shoze of Cholt Bt Jérid. The land is also

flat with minor uiidulation and elevation of these is between 30 m and SO m.

“The study area in Gabes is bourided by Mt Es Stah (3!8 m hlgh), Mt
El Hald Oudi (259 m hlgh) Mt. Zemlet Bl Beida (160 in hlgh) etc. in the
north Gulf of Gabes in the cast, Mt. Bateun Kradre (370 m h:gh) Mt Saikra
(302 im high), etc. on.thé south, and Choit Bl Pejaj in the wesl It s _
characterized by an undulatmg topography with an élevation varying between
10'm and 150 m. Most of Oases are located along Naiional Road No. 1, No.
15, No. _16 and No. 107: The watershed in the area is formed in the north-
south direction through Mt. Zemel El Baida - Haminia town - Mt. Saikra, and
hence the area is divided into two, the east aréa anid the west area. The former
is influenced by the sea, whereas the latter by Chiott El Fejaj. -

The watetshed of Gabes Governorate is-forined in the north-south
direction through Mt. Zeriel Bl Baida-Hamma town - Mt. Saikra. Theré are
five Oases in Gabes Est Delegation, five Oases in Gabes Ouest, five Oases in
Ghannouch, three Oases in Metouia, and 17 Oases in Mareth, totatling 35

- Qases, all of them facing to Gulf of Gabes, on onc hand, Therefore, they are

* characterized by a gentle slope with minor relieves towards the Gulf. . .

D.3

~ Elevation of these Oases ranges from 10 m to 100 m, On the other hand, the
11 Qases in El Hamma Delegation and two Oases in Matairiata Delegation,
' toiahng 13 Qases are located facing to Chott El Fejaj They are characterized

by rather undulating topography, and at an elevation ranging from 40 m to
120 m. The land slopes down towards the west, where Chott Bl Fejaj is
situated.

PHYSIOGRAPHY

The study area of Gafsais in undu!ating basin With an elevation of 200
to 400 m. The asea is physiographically classified into picdmont plain. It is

- coalescing colluvial and alluvial fans of wadis. The basin is dipping to the
‘southeast where Chott El Gharsa is located, witha father steep slope. The

ground water table is rather deep compared with those of other Governorates.
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The matérials covers piedmbnt plain are the w cathered reddish brown
patticles Coarse textured sml is observed in all thi¢ basin area. The coarse
' textuse of soil is observed in the surface, however, caleic sandy-lime, calcic
sandy-loam and calcic loam texture are observed with an increase of the depth
of soil. Tmpervious soil layer is observed at the depth of lower than § m from
soil surface in almost all the Oases.

The study ated of Tozeur is in undulatmg basin with an elevation of 40 '
to 150 in. The area is physmgraphzcally class:ﬁed into picdmont plam It is
.coalcscmg colluvial and alluvial fains of wadis and lacusirine deposit of lake.
The basin is dipping to the edst and west with rather steep slope towards the
Chotts.

‘The material covers piedmont plain and lacustrine plain are the
: weathered feddish brown patticles, Coarse textured soil is observed in all the
basin arca. The coarse texture of soil is observed in the surface, however,
calcic sandy lime, calcic sandy-loam and calcic loam texture are observed with
an increase of the depth of soil. Water impermeable soil layef is observed at
the depth of lower than 3 m from soil surface in the most of Oases. In some
of Oases, the water impermeable soil layer is distributed at 2.5 to 3 m from
soil sutface. ‘Hydromorphic soil is observed in some ated. As the p!am
extended along the Chott are flat topography and relatwely shallow Water table,

- there is sometimes observed 1mperfect dmm

The study area of Kebili is in Undulating basin with an elevation of 40 to
' 8() m. The area is phystographycally classified into p:edmont and lacustrine
plain. 1t is coalescing colluvial and alluvial fans of wadis and lacustrine
deposit of lake. The basin is dipping to the Chotis with a gentle slope.

The matenal covers pledmont plam and lacustrine plam are the
weathercd reddish brown parlicles. Coarse textured soil is observed in all the
bas_m area. The coarse texture of soil is observed in the surface, however,
calcic sandy-lime, calcic sandy-toam and calcic loam texture are observed
with an increase of the depth of soil. Water impermeable soil layer is observed
al the depth of lower than 3 m from soil surface in the ‘most of Oases. In
some of Oases, the waler impesmeable soil layer is distributed at 2.5 to 3 m
from soil surface.’ Hydromorphic soil is observed in some area. As the plain

extended along the Chott are flat topography and relatively shallow water table,
there is sometimes observed nnperfect drain,

D-5



The study area of Gabes isin Uﬁdoiaﬁhg basin withan elevation of 30 to
150 m.  The area is physiographycally classified into piedmont plain. It is
coalescing coltuvial and atluvial fans of wadis and lacustrine deposit of lake.
The basin is dipping to the Gulf of Gabes with a gentle stope.

T he material covers pledmont plam and lacustrmo ptam are the
weathered reddlsh brown pamcles Coarse textured soil i is observed in all the
basin area. The coarse textute of soil is observed in the surface, however,
calcic sandy-lime , calcit sandy-toam  and calcic loami texture are observed
w1th an increase of the depth of soil. Impemous soil layer is observed at the
dcpth of lower than 3 m from soil surface in all the Oases. In sonie of Oases,
the impervious $oil laycr is distributed at 2.5 to 3 m from soil surface.
Hydromorphic soil is ohserved in some area. As the plam extended atong the
Chott’ are flat topography and relatively shallow water able, there is sometimes
observed ill-drained area. .

SOIL CLASSIFICATION

Soil in the projéct area is reddish brown weathéred coarse textured soil.
On the basis of field survey and soil proﬁle description, major part of soils in
the study area are classified into Xerosols (X), and sub-classified into Calxic
Xerosols (Xk) and Gypsxc Xerosols (Xs) These two soil unit is mixed.

() Calxic Xerosols :

Calxic Xerosols are Xcrosols havinig a pallid A hyer and calxnc layer
within 100 em feom soil surface.

' (2) Gypsnc Xerosols

D.5
D.5.1

‘Gypsic Xerosols are Xerosols havmg a pallld A layer and gypsic layer
within 100 cin fron soil surface. '

PHYSICAL PROPERTIES
Soil Texture
Soil texture influences a number of other propéﬂiéé‘of soil , such as

water holding capacily, permeability, infiltration rate, erodibility, root
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penelranon and soil feitility. Soil texture is classyﬁed into sml textural classes
basod on Unitéd States Departmemt of Agnculture {(USDA) system

: So:ls - Texture Class
~ Sandy Soils : Coarse texture ‘SandlLS
Loamy Soils : © Moderate coarse texture SL.
© Medium textured L, SiL. and Si
: , Modérate fine textured Ci., SCL and SiCL
“Clayey Soils ;- _Fine textored C.SCand SIC__

_ As seen in Table D.1, coarse to moderalé coarse textured soils are

: observed in the larger part of the study arca espec1ally in Gafsa and Tozeur,
however, in the Oasis in Gabes and Kebili vary from coarse to medium. In
almost all of soils of Qases, clay content is very low. The soil texture is
mainly governed by the silt content.

Soil depth is described according to the following classes.

.Ef fective Soil Depth Claés Depth (crh)

Very shallow ' <30

-Shallow : 30 - 60
~ Fairly deep 60 - 90

Deep : ' W<

As seen in Table D.1, the depth of soil of almost a!l Qases is deep, only
in a part'of Oasis de Gabes, Atilet and Limaoua, relatively shallow profite sml '
is observed. ' : :

D.5.2 _T_op'ography :‘

Topography is described accordmg to the followmg

Com pTex <!ope (%) Class

“0-2 Flat to very gentle {(G)
2-5 Geantly vndulating (G)
5-8 o Undulating (U)
8-16 " Rolling (R)

16:30 ? , Hilly (H)

< - _Hilly .

Topography of all the Qascs is classnﬁed mto ﬂat to very gemlc
B D.5.3 D'Zrhin!a-ge'.

Drainage of wates refers to the rapldlty and extent of the removal of
water fon the soil surface especnaily by surface runoff and ﬂow through the
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‘soil. On the basis of the observation, relative soil drainage classes are
described below.

(1) Very poorly drained ;
Water is removed from lhe soil so slowly that the water table remains at or
on the surfacc for the grealer pan of l_hc time. Soils usually occupy level
or depressed sites and frequenily ponded.

(2) Poorly dramed
Water is removed 0O slowly that the soil remains wet for a greatcr part of
time. ‘The water lable is commonly at or near the surface during a |
considerable part of the year.

~ (3) Imperfectly or somewhat poorly drained:
Water is 're'l_'novéd from the soil slowly enough to keep it wet for
significant but not all of the time. Imperfectly drained soils commonly
have a semi-peivious layer within the profile.

() Moderate well drained ;
Water is removed from the soil somewhat slowly, so that the profile is wet
for a small but significant of the time. Modérate well drain. soils
commonly have‘ a semi-pervious tayer within of immediately beneath (he
solemn.

(5)Well drained : |
Water is removed from the soil readily but not rapidly. Well drained soils
are commonly inienned_iate texture.

(6) Somewhat excessively well drained : _ _

Water is femoved from the soil is rapidly. Many of them have little

horizon differentiation and are sandy and very porous, -

- (7) Excessively drained : '

Water is removed from the soils very rapldly Shallow soils on slopes

may be excessive drained,

“In all the Oases, drainage capability is excessively to somewhat
exccssnvely Here is no problems for dralmge of surface water. Pcrmeab:hty
of soil in the Qases are also rapid to very rapld Thcsc phenomcna can be
explained by soil texture. However, in some Oases where mlpemous soil
layer exists at 2.5 m under soil surface or Oases with hydmmorphlc sonl il
drained area is observed, allhough surface atea of ill drained area is linited.
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SOIL CHEMICAL PROPERTY
Acldity '

Soil reaction, which is expressed by the negative logarithm of hydmgén
fon activity in soil - water suspension, was determined in the laboratory. The
pH value also shows the relationship between soil’ acadlty and electric

| conductwnly (EC) “The pH value of 8.5 or more usually occut in the soils in

D.6.2

‘which presum"tbly alkaline earth carbomtes of mitch mbre sodium fon are

present. Soil acidity is described by the followmg classes according to soil pH

value.
Class pH-H 0~
Extrenely acld : <45
Strongly acid 435:55
Siightly acid 56-0.5
Neutral . . 66:73
Modzrately alkaline 74 -84
Strongly alkaline 85-90

Very strongly alkaline 9.0 <

- Soil pH value of Oases ranges from 8.0 to 9.3, a larger part of soil is
classified into nioderately alkaline with few exceptions, Soil pH value of
Tameiza Odsis shows 9.3 and it is classified into very strongly atkaline.

Soit Salinity '

Sml satinity is descnbed according to followmg classes correspondmg
to clectnc conductwny (EC) value;

Sa!inily class. . EC {mSm" )

. None-sating ‘ . <400
- Stightly saline : - 400 - 800
‘Moderately saline 800 - 1600
©__ Strongly saline 1600 <

The EC value of soils ranges 15 to 520 mS-m-1. ‘Higher EC value is
noted m Atilet, Oum Bl Ferth, Mansoura and Oued Shiti. The iar’ger pait of
soils are classifiéd into rion- saline soil. Only the soils of Atilet and Oum Il
Feith are classified mto shghtly saline soil. The EC vatue of irigation water is

‘acceptable in almost all thé Oases, only relatwely high vatue in Ouin El Ferth,

" ‘Chenchou and Oued Shlli as shown in Table D 3. In the case of soil salinity
' bcmg more than 400 mSnirl dmlnage is necess'iry for !\eepmg the soil good

‘D9
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condition. Thercfore, there will be expected no salinity problem in futute,
when (he reasonable irrigation and drainage practice witl be employed.

Soil Sodicity

~ Soil sodicity is described according to the following classes
corresponding to Exchangeable Sodium Peicentage (ESP, ESP is given as a

value of exchangeable Na di\_aided by total excharigéable cations), “Soils more

than 6 % of saturation with éxchangeable sodium in sortie hiorizons within 100

cm of the surface are ideéntified as soils with sedic phase (FAO/UNESCO,

1974).
e So&icity Class ' “ESP
Non-sodic _ - 0--5
Slightly sodic . 610
Modérately sodic 1115
Strongly sodic 15 <

Soil sodicity ranges from 2.9 to 12.2. The almost alt of Oases is
classified into non sodic and slightly sodic. Oaly Oued Shili and Oum El Ferth
are classified into moderately sodic. ' In spite of relatively high content of
exchangeable sodium, ESP is relatively low. Ong reason of relatively tow
SOdicity of soils in the Oases can be explained by' high content of exchangeable
calcium in the soils. Since the CEC values of soils in the Oases is very low'and

“the quality of irrigation water is acceptable, it cannot be expected an increase of

~BSP and exchangeable sodium of soils in future by continuing irrigation

D.6.4

aﬁricdl(u're._ As the content of exchangeable cation is high, h_owéVef; it can be
induced salts injury by aécumulation' of salts in the soil surface, when a
reasonable irfigation and drainage practice caniiot be exiiploye’d.-- In the view
point of quality of inigation water and ESP of soil, it required more elaborate
irrigation and drainiage management in Oued Shili and Oum Bl Ferth.

Cation Exchangeable Capacity (CEC)

CEC is one of index of soit fertility, such as a fertilizer holding_ capacity.

~ Itis largely governed by clay minerals. Since the clay content of soils of

Oases is very low, high CEC value can not be expected. CEC value fanges
from 0. to 2.2 and is extremely low and there is no difference in CEC among
the Oases. Under these condition, an elaborate fertilizer management is

D-10
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‘required and organic fertilizer is more effective compared with inorganic

fertilizer.
Total Nitrogen and Orgaanic Matter

. Total iiteogei coritent and orgamc malter content are also indices of soil

~ fertility. Total nitrogen content is very low and ranges from trace (o 0.16 %.

D.7

Inthe soil with relatively high conitent, C/N ratio is very hlgh and calculated ds
about 30.’ Very low amount of amount ‘of nitrogen supply from soil ¢an be
expected. Fortunately, nitraté content in irrigation water is very high as shown
in Table D.3, a large amount of nitrogen is supplied by imigation water.

Total organic matter content ranged from 0.6 to 6.62 %, and a big -
difference in organic matter conteiit among the Oases. In the traditional Oases,

" there is a big difference :in'orgélmie matter content among the Oases. On the

other hand, in the newly developed Oases there is no big difference in organic
inatter content which is very low. From agronomic point of view, in the
newly developed Oases, it is recommended to increase soil fertility by
cropping leguminous perenntal fodder crops. ' '

RECOMMENDATION FOR SOIL MANAGEMENT

Pﬁysical and chemical properties of Oases is presented above. At

present, these soils can be estimated suitable to matginal suitable soils for trec

crops and field crops which have been cultivated i'n the area. For free crops
such as date palm and olive, the soils of aimost all of the Qasis can be

~estimated suitable. It cannot be expected to be salinity problem and to become

sodic soil by continuing irrigation agriculture, when the reasonable irrigation
and drainage pratlice_Wo‘uid be employed.

However, thére i isa problem salts accumulahon in soil surface Smce
the content of exchangeable cation is very hlgh in all the oases and
evapotranspiranqn rate is veey hagh in summer season; it can be supposed salis
accumulahon in soil surface by movement ef soil water and cvapora{ion of the
water. It is necessary to decrease the amount of stagnant water in soil proﬁle
by dramage practlce The yxeld would decrease, when a large amount of salt
is accumuialed in soil suiface. Therefore drainage is neccssary for Oases
where salis is easn!y accnmulate in sml surface i in Tozeur, Kebili and Gabes.

D-11



~ Asthe clay content of soil is very low and CEC value is also very low .
in all the Oases, nutricnt holding capacity of soil is very low. Thercfore,
organic fertilizer is more effcclive. Somie of Oases are very poor organic
matter and low amount of nitrogen supply from soil is expected. It is
important to increase soil fertility by cropping leguriinious perennial fodder
crops. : ' '
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Table D.3 Chemical Characteristics of Irrigation Water

Source : Determined by JICA Study team

D- 14

No Name of : . o
Code Oasis pH LC Salinity Ca Mg Na K NH4
{mS/m) {mg/l) (mieAl} {meA) (med) {meA)  {(mg/h)
'GF- 1 Kasba 7.0 170 1,20 10.6 14.0 13 0.6 <2
G- 2 Sud Quest 7.8 170 1.20 7.0 8.4 8.0 0.6 <2
GF- 4 Lala 7.3 180 1.30 10.0 114 1.7 0.6 <2
'GF- 6 Qued Shili 7.4 480 3.20 10.1 123 35.0 0.7 <2
GF- 8§ Segdoud 7.5 460 3.36 8.6 10.0 37.4 07 <«
TZ- 1 Tozeur 76 240 1.60 55 81 14.0 06 <2
TZ- 11 Nefta 7.6 340 232 8.4 12.6 15.6 07 <2
TZ- 15 Draa Sud 77 290 2.00 6.1 7.0 16.5 0.9 <2
TZ- 21 Cedada 8.3 300 2.10 74 54 14.7 27 <2
TZ- 26 Tamerza 78 130 0.90 40 40 7.0 03 <2.
KB- 1 Bechiri 1.7 200 1.40 5.1 36 ito 08 <2
KB- 17 Mansoura 8.1 330 2.30 7.0 7.7 19.6 1.3 <2
KB- 24 Oum El Ferth - 14 570 4.00 114 5.9 45.5 1.1 <2
KB- 44 Atilet ' 77 370 260 6.6 ‘84 233 0.7 <2
KB- 60 Faoura | 7.6 220 1.50 5.3 6.0 12.5 0.6 <2
. GB-- 6 Gabes 75 330 2317 #1300 239 160 1.2 <
GB- 7 Limaou§ 7.3 350 2.45 5.9 10.1 198 04 <
GB- 19" Chenchou 1 12 520 3.50 87 86 254 14 2
"GB- 30 Asrram 7.2 320 2.30 6.8 103 175 04 <2
"GB- 42 Keltana3 74 320 230 6.2 i0.3 i7.2 09 <
Code Name of C _ ,
No Oasis Fe. 'Mn 'si . S04 “HCO3 NO3.-
. (mgy  (mgA)  (mgh)  (mey  (mdl)  (mef)  (med)
GF- 1 Kasba Ir St 5.1 8.1 36 0.3
GF- 2 Sud Quest tr tr 39 771 33 0.3
GF- 4 Lala tr i _ 50 19 24 0.2
GF- 6 Oued Shili 0.08 tr 45 22.3 15.9 20 02
GE- 8 Segdond 0.14 tr 4.5 17.5 187 20 1.5
TZ- 1 Tozeur 0.03 tr 4.0 12.7 2.0 1.2 03
TZ- 1 Nefta 0.08 vt 40 144 . 11.2 1.2 0.2
TZ- 15 DiaaSud 0.04 tr 44 14.6 7.1 17 03
- TZ- 21 Cedada 0.18 010 109 11.4 9.0 L7 -
TZ- 26 Tamerza 0.04 Ir 4.2 22 4.6 2.8 0.3
KB- | Bechiri 0.07 X 3.5 102 37 20 0.3
KB- 17 'Mansoura 0.16 0.01 63 203 74 1.7 0.3
KB- 24 Oum El Ferth 0.59 0.10 55 262 18.4 .8
KB- 44 Atilet 01f r 42 . 262 5.4 ) 0.6
KB- 60 Faoural 0.03 50 3.3 4.3 1.8 0.6
GB- 6 Gabes ir i 17.6 10.6 2.2 0.3
GB- 7 Limaoul tr te 38 14.6 2.8 24
GB- 19 Chenchon | - tr ir 7.1 213 11.1 24
GB- 30 Arram tr tr 4.1 14.1 99 2.5
GB- 42 Kettana 3 tr I 39 14.1 99 . 2.5 04.
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E.t INTRODUCTION

The present studies on agriculture, agro-cconomy and “agricultural
supportig system so far ‘carricd out are mainly the following ficld
investigation and data colléclion in and around the Study arca :

(l)_ collecuon of da!a and mformauon on prx,scnt agncultural producllon
-mcludmg laad use, planied and harvested arca, present croppmg pattern,
crop yleld and pmducuon current market flows and prices of agricultural |
commod;tl_es etc., '

(2) farni suﬁ'ey for collecting moie 'p'racliéal information on land use,
cultural practices, farm inpms and farming expenses, and

"(3) colléction of data on exi‘sl'i'ngj agricullural support systems including

agricultural extension, reséatch, credit, farm inputs supplies and farmers'
cooperatives.

The data and i'nfbrivn'a!'ioh were m-ainly obtained from the central and local

- governnient authorities concerned such as Direction Générale du Genié Rural
: (DGGR) Direction Généralc du Produc(non Végétale (DGPV) of Mmlslctc de

lAgnculturc [Institute National de lu Statlshque Commm:ssanat Regzonal an

Développement Agicole (CRDA Gafsa, Tozeur, Galsa and Gabes), Cellule
Territorials Vulgarisation (CTV) offices, Celle de Rayonnement Agricols

- {CRA) offices, Institute National 'd§ Recherches Agronomiquf:s de Tunisie
(INRAT), ‘Société Tunisienne des Marchés de Gros (SOTUMAG),

Coopérative  Regionale de Service ‘Agricole (CRSA), Groupement
Interprofessionnel des Dattes (GID) office and Société Tunisicnne d'Engrais

" Chimiques (STEC).

In parallel with suchi data coiléciibn an extensive field investigation was

" made over about 30 Oases of the Study area, The interview survey by

quesuonnanre was madc 017 CTVs and 54 CRAs in 4 Governorates (Gafsa,

© Tozeur, Kebili and’ Gabcs) On the basis of the overall results of field

lnvesugallon and prehmmary results of data analysrs, the farmer's interview

was made on 58 repn,scmalwe farin houscholds so as to confirin the data and

information so far collccted and also to obtain more practical and reliable
information on fatm economy. Based on’ the resulis of above mentioned
study, agricultural development plan is being formulated.



E.2
E.2.1

' BACKGROUND OF THE PRO.]FCT

National Economy

Tunisia has a relatively divéfs'c‘ e'cdnoniy with important agriculture,
energy, manufacturing and services seciors. Agricultural produict is exported,
aithough the cdunlry remains dependent on 'subétantial food imports. Tunisia

is an lmportant producer of phosphale fock, and procesz,es some of its output
into phosphonc acid and fertilizers.

Gross Domestic Product (GDP) at current factor :‘co'éi_' i 1993 was
TD. 12,936 niillioh (US$ 12,900 million). Per capita GDP at factor cost was
TD. 1,735 (US$ 1,730). - Agriculture sector in Tunisia occupied arouiid
183 % of GDP in 1992:’93 and held 26 % of labour force in 1992. Shares of
GDP in indusiry and service sectors were 31.6 % and 50.1 %, respectively.
There was fio significant change in the sectional GDP dlsln_butlon during the
last 5 years. Annual growth rates of GDP and per eapila GDP during 1992-
1993 are estintated at 2.6 % and 0.6 %, respectively.

GDP and growth rates of respective sectors ate summatized as follows :

GDP ‘ ‘Real Growth Rate
Sectot in 1993 ‘Share (1992-1993) .
(TD. Miilion) - (%) %) -
: _Agncul(urc 2,372 183 '
*Industry : 4,088 316
Services : 6,476 . 50.% o
. GpP . 12,936 100.0 - 2.6
*:{Per Capita GDP) - (TD.1,735) ' - 06

Note: * Gross Domestic Product at currcnl prices

Olliv'e oil, ﬁsh, shellfish and fruit have been_ the main agricullu':ral
products for export, The sharc of these exports during the period from 1989 to

- 1993 was around 10 - 14 % to the totat export. Olive oil and fruit exporls
account for 4.7 % and 1.6 % of the total amount in 1993, Major imported

foods’ arc milk, sugar, vegetable oil and cereals which account for 5.0 % of
the total impori in 1993, The wide fluctuation in cereals 1mports reflects
domestic crop productlon The low level of cereals 1mports in 1991 was
altribulable to the excellent h_arvcsl in the year.



E.2.2 Eighth Development Pian

The Eighth Development Pl_én (the VIiIth Plan) has been implemented '
since 1992, and 19§6 is the last year of the Pl_mi_. ‘Annual growth targéts for
the Villth Plan were set at 6.0 % in GDP and 4.1 % in per tapita income
during the plan perlod based on the strong expansion in manufacturing
industry (8 1 %) and tovrism (22. 'i%) These target could not be achieved m

‘the period of the Seventh Devclopmcnt Plan i.c. aciual growth ratcs were 4.2
% in GDP and 2.1 % in per capita income. '

The prlmary objective of the VIIfth Plan in agnculture sector is sct atthe
achievement of thc food secumy lhrough self-sufficiency in wheat, barlcy and
meat; and improved neeéds coverage in dairy prodicts (70 %) and sugar
(16 %) by 1996, as well as the development of exports of agricultural and
food products. '

The agricullure sector will be restauctured, including a ré-ofganization of
the publlc sector, the strenglhemng of the pnvate—seclor rolés, the enhancement
of agricultural research and exlension progranis, the adoption of a pohcy of
price incentives, agrarian refmm, and the promotion on investient.

Thé research and extension activities will be focused on productivity of
crops evolvmg high producnon technology and its quick transfer to the
farmers ‘Closer linkagés will be established between the agncullure and
;rrlgatlon deparlmenls ‘Concerted efforts will be made to improve the

“operational ef ﬁc1ency of the lmgauon infrastructure and promote conjunctive .
use of water along wnth other inputs in order to rapldly increase crop

' producuon ‘Major emphasis will be faid on increasing the yield of crops and
lmpr_ovmg the productivity of livestock, ﬁshencs and forestry sub_ sectors.

" Based on the above agricultural develoPment strategy, annual growth rate of

| major crop production targets at 1.8 % at 1990. Following shows a growlh

" trends of major crop producuon



Items _ . Target

1. Cereal farming* o ' -13 8 Yfycar -
2. Tres fanning 45 %/ year
3. Vegelable farming 4.2 %/ s yéar
4. Livestock activitics 53 %! year
3. Fisheries 10.7 %/ year

(*) ; This decrease is dus to the excepuonally high’ produclion in 199I
the base year for the Vilith Pan,

E.2.3. Agriculture in Tunisia

(D

Agncullural Economy
- Agricultural productlon now occuples much sialler propor:ton of GDP

- than at the tirne of mdependcncc From 56 % i m 1960 it had fallen t0 20 %
'by 1972 Since 1980 'igucullure has lypxcally contribuled about 16~ 17 % to
GDP, fallmg back to 13- 14 % in drought years (1983 1986 1988 1989)

and rising to 20 % after the rccorcl harvest of 1991, The government régards
the i mcrease of agncultural producuon as ofie of ils most important econoniic
objccnvcs in order to reduce lmport ‘of foods increase export eammgs and halt
internat magralton from the countrysu!e into the town.

" The wide 'atmual variation in agficullural pr‘oduclio_h is lafgcly the resuit
of Tunisia's irregutar rainfatl pattern. " Thus is an erratic with respect (o both

~the ummg and the amount of rain. Annual rainfall in lhc norih is 500 mm at

average ‘while in thc south it is lcss than 200 mm. Yet ralnfed farmmg :
predominates; about 4. 8 million ha or around 30 % of the counlrys area of

5. 6 million ha, is arable, but out of this only 250, 000 ha is lmga(ed Over
- one-third of the total culllvated area is dcvoted to cereals, mostly wheat.
" Another third of arable land is pl'mtecl w:lh around 55 miltion olive trees,

which make Tunisia one of the targest producers and exporlers of olwe oil in
the world. However, the country was left with large stocks of unsold olive oil
followmg bumper harvests in 1990-93, after which the government hoped to
encourage olive growers to replacc old olive lrees with olher frutt trees or

_ crops. Other important creps are dates, citrus, sugar beet and vegetables

Culuv_aucn in the south concentrates on dates . -

In recent 'years, a sharp fluctuations in égricullural production, have been
seen, particularly in ceteals, which are cultivated almost entirely vnder rainfed.
The 1988 harvest of 290,000 tens of wheat and barley was 85 % down on
the previous year, whereas the 1991 cereal harvest was llne largest '():’i:r'ecmd
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and 1992 saw a buinper ofive crop. 1993 was an exceptional high yield year

for citris and dates.
The major crop produciion during 1989 - 1993 are estiimated ds below :

e (Unit '000 tons)
Crops 1988789 198990 199091 _ 1991492 1992/1953

- Wheat 420 1822 1,786 1,584 1,412
Barley. 215 sty 765 611 501
Olive oil 54 130 165 280 135
Citrus fruit 260 237 1226 185 281

. Tomatoes 440 530 " 580 550 “420
Melons ' _ 250 450 " 350 380 330
Peppers 116G 175 180 190 180

- Potatoes {80 217 220 218 200
Grapes 35 40 55 50 60
Dates 758l 5 15 86 -
Sugarbeet - 229 289 210 291 246

Souice Country Prof!e, Tunlsm 1994 95 " The Economist [nlell:gence Uml

* Poot rains in ihe autumn, wintet and spring of 1993/94, followed by

“high 'summnier tempe{aiure have devastated the 1993/94 cercal crop. Four

years of favorable good rainfall, invited bumper harvests of cereals at 1.6

“mitlion tons in 1989790, 2.5 million tons in 19901_91, 2.2 miflion torns in
1991/92 and 1.9 million tons in 1992/93, however, the 1993/94 cereal crop is

forecast at only 800,600 tons. -Autumn in 1993 was very dry, and spring

rains which might have saved the harvest were disappointed. April and May in

1994 were unusually dry, and with the exception of the south-¢ast fains were
well below average everywhere.” Some reservoirs received only 25 % of the
water in 19924’93 and irrigation water was ratloncd The date palm for
1993;‘94 séason was, however, the best for several YCALS. “Total producnon-‘
weighed in at 86,000 tons including soime 52,000 tons of the choicest
varlcty, large and j Juncy "Deglet-Ennouc”. Olive oil production in the 1991/92
season was 63 % hlgher than in 1990/91 at an estimated 280,000 tons. 'l‘hls,

" however, is Iess welcome since olive stocks were already hlgh despite rising .

sales both at home and abioad.

La'nd use _ _
The surface area of the Republic of Tunisia is 15.6 million ha, 8.6

“inilllon ha or 55 % of total area is used for agticultural purpose. The present

land use is shown in Table B.2.3.1 and ‘suminarized below.



 (Unit : "000 ha)

: _ - Agricoltural Land
Total _Acable Land . '

Governorate Land Cultivaied *Fallow Sub-total - Forest = Oihers Total
Qafsa 736 - 115 116 231 t 259 491
‘Tozeur 516 3 6 14 0 31 323
Kebili 2245 13 17 30 2 290 322
 Gabes s 15 83 is8 1 3 543

' S_b_tol_l 4,248 21 222 433 4 1244 1681

- Noith 2867 1509 316 0825 467 336 2629
Centre . 4318 1980 503 2483 (76 1,083 - 3,74l -
Solith . 8372 ¢ 352 . 15) 505 6 1,684 2915
Tunisia .~ . 15,557 - 3841 972 - 4813 649 C 3403 8,565

Soiurce: Resuflats de l'enquete sur la suivi de 1a campigne agncolc 1993/94

‘The area of agricultural laiid occupies 8. 6 million ha or 55 % of total
tand.” The atea of arable land is 4.8 million ha ot 31 % of total land and 56 %
of agnc_ultural land. About 3.8 mllhon ha or 44 % of agncullural tand is
forest, grazing and, farm road and 50 ofi; Ohe million ha of arable land or 20
% of arable 'land is now remained fal_!o_w cé'ndi'lion. These Linéullivated land
including fallow land is mainly used for grazing. The area ratio of agricultural
land to total atea is the highest in North District and lowest in:Sbut_h District.
The area ratio of cultivated land to total arable land is also very low in south
District compared with North and Centre Districts.

_ The laﬁd use 'pa:'uérn varies among the Dislricts ~The area ratio of

'agrlculturai land (0 total area is about 90 % in North and Ccmre Dlsmcts

however, about 30 % in South District. The area ratio of arable land to total
area ranges 00 to 69 % in North and Centre Districts, however that in South
DlStl‘lClS is only 23 %. The area ratio of cultivated land to arable land is lc-wer
in South District than in North and Centre Districts. : '

- The total area of study area, the Governorates of Gafsa, Tozeur, Kebili
and Gabes, is around 4.3 million ha. About 1.7 million ha or 40 % of total
area is used for agrlwllural purpose. The arca of arable land is 433 thousand
ha and it occupies 26 % of agncul(ural land. A half of arable land is kept as
fallow condition. There is a big difference in the surface area of arable land
. among the Governorates. The area of arable land is much larger in Gafsa and
Gabes than in Tozéur and Kéb'ili' The area ratid of ﬁrabié land to agi‘ic‘ullural
land is also _higher in Gafsa and Gabes than in Tozcur and Kebili, However,
there is no big difference in the area ‘ratio of cullwaled land to arable land
among the Governorates. The ared ratio of cultivated land to arable Tand is
' apprdximalciy 50 % in all the four Governorates.
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" Froni above mientioned facts, land use pattern of the four Governorates

“is classified into two. One is telatively intensive land use type in Gafsa and
'Gabes, and the other is non-intensive land use type in Tozeur and Kebili. The

different land use patten in the two areas reflect the difference in climate
beiween the two areas. [n Gafsa aiid Gabes, tho amount of precipitation is
laigef than in Tozeur and Kebili; the nican temperature of simmer season is

lower than'in Tozeur and Kebili. The less prcc_ipilolio'n‘andhigh summer

temperature is riot preferable for agriculture, especially in the dry area.

Agrituitu‘ral Production
Planted area of major crops
The cultivated land and planted area of Tunisia in 1993/94 is 3.8 mittion

ha and 4.1 million ha, respectwely as shown in Table B.2.3.2, and the
croppmg intensity (C.1) can be calculatéd as 1.07. The plamed aica of major
crops is swnmarized bc_i{)w.

: ' {Unit : ‘000 ha)
'Gowernomle Cerea.l Fodckr chume Vegclable Arbor lnduslnal Other  Total C.1.
Gafsa 18.5 248 2.0 22 73.0 115.1 105
“Tozeur 03 04 1.7 84 109
Kebili 42 30 129 - 201 156
Gabes 125 738 05 54 ~ 16 08 06 982131
Sub-total - 310 331 25 - ILO 1682 08 Q0 2472 L17
North -~ 8495 2074 913 . 774 2847 188 6.2 1,535.3 1.02
Cenlse ''559.9 1093 105 . 658 1,3906 05 2.0 2,1388 1.08
South L 961 91 44 --103 3073 0.9 09 4289 1.22

*Tunisia__"1,505.5 325.8 106.2 1535 1,9826 - 202 - 9.0 4,103.0 1.07

Source: Resultals de Ienquele sur la suivi d¢ Ia campagne agricole 199?194

The. planted area of South District is much smaller than North and Centre
Districts. The area of arboriculture (tree orop and fruit tree culuvauon) is the
Iargcst and OCCUPICS approximately 2 million ha or 48 % of total cultivated
area, followed by ceréal crops cullivation, 1.5 million ha or 37 % of total,

“The planled aréa of olher crops such as vegclables fodder crops and industrial
‘crops is llmlted '

The croppmg pattern 'varies by Dlsmct In North District cér'éal'cfop
culnvatlon is dominant, followcd by arboricullure and fodder crop cultivation.
Ceréal crop area occupics more than three times of arboricullure area. In
Centre and Sotith Districis, arboncullurc is dominant, arboriculture arca
occuples 70 % and 87 % of cullwatcd fand in Centre and South District,
rospecuvely In South District, the area of field crop cultivation is very lmmed
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it occupies only 34 % of ‘cultivated land. Croppmg intensity of North, Ccntre
and South: D:slnct is .02, 1.08 anid 1.22; respectively. Croppmg intensity is
‘the highest in South District. - In Tozeur, _Kebjl_l and Gabes, since the
arboriculture area is almost samie as the total cultivated drea, almost all of the
 field ctop are inter cropped with trees.

Major cereal crops is wheat and barley and planted atea of other cereals
is very limited. Major cereal area is North and followed by Centre Distiicts,
planted acea of cereals in South District is very limited. In the Study area,
cercal crops is cultivated in Gafsa and Gabes, and cereal c¢rop aréa in Tozeur
and Kebili is negligible.

Major fodder ctops are annual 'ErASSES, lucémc. green barley, green oat,
maize and caclus. Major fodder crop area is also Noith District followed by
Centre District, and plahléd area of fodder crops in South District is very
limited. Larger part of ceréals and fodder crops are cullivated under rainfed
condition. The planted area of c_:erezils aind fodder crops is shown below.

(Unit : *000 ha)

: Cereal Crops — ¢
__Governorate Wheat Barle)r Triticale Qat_Others Total Ann. Perennial Total

" Gafsa 12.5 60 : 18.5 56 192 2438
Tozeur S 2.0 22. .42
Kebili R ‘ .00 03 03
Gabes i1 .95 _ 126 09 : 29 38
Sub-total 156 153 - 3Ll 85 246 33l

North 63_2.?- 189 1 88 148 41 8495 L1753 320 207.3

- Centre - 302.1 2507 00 5.1 2.0. 5599 ‘221 872 ]093

“South . 13.6. 825 : ' : . 96.1 3.5 5.6 - 9.l

__Tunisia - 948.4. 5223 88 ' 199 6.1 1,505.5 2009 1248 325.7
Source: Resoltats de Uenquete sur la suivi de Ia campagne agoicole 1993/94

Date patus is cultwated only in South Dlstrlcl In Tozeur and Kebili,

since planted area of date palm is same as the cultivated area, other crops are

_ planled under date palim. Main olive area is Ccnlre Dislnct lt is cquwalent to

70 % of total olive area . Planled area of tree crops ‘and fruit trees are shown
below.



(Unit ; 'OOOha)

Date : Frusit Tree

Governorate  Palm Oh\e Appl¢ Apncol Almond  Pomegrabate Others Total
Gafsa 43.4 0.2 9.8 19.6 28.6
Tozeur 1.7 '

Kebiti 29 : N 5.0 5.0
Gabes 6.1 483 21 062 - 89 2.1 1.0 203

Sub-total 267 9L7 21 04 182 2.1 316 34.8
* North 1825 105 1.6 97 55 749 1022
Centre S 1,0525 -11‘.7 81 421 5.0 712 338.1
South . 34,5 02323 39 0.7 138 23 199 40.6
‘Funisia_ - 34,5 1,467.3 "76.5 104 2656 . 28 1660 _ 4809

Source: Resultats de 'enquete sutr 1z suivi de 1a campagne agncale 1993/94

Main {egeléible area is Noith émd Cemré Districts and vegetable area in
South District is very limited. In the Study area, 11,000 ha is used for
vegetable cultivation, 2,200 ha for Gafsa, 400 ha for Tozeur, 3, 0(}0 ha for
Kebiti and 5,400 ha for Gabes‘, respectwely. Major w_:gelab]es are onion,
melon, pepper and tomato. The pla'rited area of vegétéblc’é are shown below.

(Um! 004 ha)
Gmemoralc Tomato P\ppxr Polato Artichoke Omon Bcans Melons Others Total
Gafsa 039 027 005 0.16 048 085 220
Tozeur 004 - 009 00 - - 005 - 1009 010 038
‘Kebili 005 003 0.15 008 .0G.11 258 300
- Gabes 015 036 001 © 089 016 " 1.52 229 - 538
- Sub-total - 0.63 0375 * 007 CooL25 024 220 582 1096
Noth . . I%.19 = 7.55 1573 2,19 351 707 830 1387 7741
. Cenlre 524 1053 213 474 365 2101 18.54 6584
Scuth - 031 061 001 140 036 240 0 544 .10.26

Tunisia . 2474 1869 17.90  2.19 ‘- 965 1108 3td4i 37.85 15351

Source: Resultats de Penquele sur 12 suivi de la campagne agricole 1993/94

Production o of ma;or crops

The production of cereals of Tunisia is 634 3000 tons in 1993/94 and it
largely varies year by year. The majot cereals area is North District, 82 % of
cercals is produced in North District, and only 5 % in South District. The
production of cereals in the Study area is 3,500 tons in 1993 and most of itis
produced in Gabcs and very lmnted amount in Gafsa, Main cereal is wheat
followed by barley.Céreal production by Governorate is shown below.



o e {Unit:'000i0ns)
. Governorate Wheat (hard)  Wheat (soft) ; Barl_cy Triticale “ Tolal

Gafsa na na na na n
Tozeur 0.0 0.0 0.0 0.0 0.0
Kebili 0.0 0.0 0.0 0.0 0.0
Gabes 0.9 0.2 14 00 135
Sub-total 0.9 0.2 24 00 . 35
North 3,89.9 60.2 654 - 6.7 3222
Centre 42.8 6.0 346 00 834
_South 35 02 250 0.0 282
Tunisia 4362 664 1350 6. 634.3

Source: Resuitats s Yenquele $r as suivi de !a caimpagne agncole 1993!94

The amoﬁni of pfoducti(m"df date palnt in Tunisia is 90,000 foris in 1994
and its yearly fluctisation is very small. Most of it is produced in South
D:smc( especmlly ifi the Sludy area. The producnon of date palim is the largest
" in Kebiti and it occupms “about 50 % of total productmn and followed by -
“Tozeur aiid Gabes. ‘There is to official d'ita on date palm producnon m Gafsa,

however, it is esnm'ited few thousand tonis by CRDA Gafsa. Thé aimount of
olive production in 1994 is 700,000 tons and it largely varies year by year.

Thc producuon of vcgeiablcs of Tumsna is 1. 7 nulhon ions in 1993!94
The major xegetable arca is North and Centre District, 95 % of vegclablcs is
produced in North and Centre District, and only 5 % in South Dls[nct. The
'p'roduction of vegetables in the four Goveinorates is 84,500 tons in 1993 and
~ mostof it is produced in Gabes and Kebili, very timited amount in Gafsa agd
Tozeur. Vegetable production by Govemorale is shown bclow

. (Unit : '000 tons)

Governorate _Tomalo Pepper  Potato Onion  Beans Melons  Others  Total

Gafsa 0.2 2.1 0.5 0.6 1.7 09 60
Tozeur 05 04 01 0.4 ' 09 N 23
" Kebili 16 04 1.8 0.7 - 1.9 14.6 2.0

Gabes : . 6.0 6.0 0.1 . 294 _ .. 187 552

Sub-total 83 8.9 0.7 322 0.7 182 135 84.5

North - 4058 60.1 1993 607 14 1217 56.6 - 965.6

Centre: 1260 °°100.3 ~ 30.2 - -127.1 20,7 " 1825 155 6623
- South o 96 092 0 03 235309 220 .. 181 . 9558

Tunisia .- 6014 "169.6 . 229.7  223.1.  23.0 362 1'50‘.2'"'1‘.723.4

- Source: Resultats de I'énquete sut 1a suivi dé la campagne agricole 1993/94
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E.3
B.3.1

PRESB.N T CONDITION OF THE STUDY AREA -

General Condition

The Study area is located in a range between 250 km and 360 km south

of Tuais, the Capltal of the chubllc of Tunisia. Tt extend from Gafsa city to

Es’ Sabrla city with length of approximately 140 km in the notth-souith

' dtrecuon and from Gulf of Gabes to the border with ‘Algeria with length of

260 km in (he cast- west dlroctlon !t covers a part of Governorates of Gfsa, _
Tozeur, Kebili ‘and: Gabes with rcspeclwc of 7, 360 km2 5, i59 km2,
22,454 km?, 7, 505 kin2 and totalmg 42,478 km?.

The'lé"rri‘tory of Tusisia, which extetids from north 1o south is roughly

 classified into three morpholog'ii:a; zonks as The Atlantic Tunisia, The Eastern
- Tunisia and The Saharan Platform. The Study area, which consists of four

Governomtcs occupies the noith m'trgm of the Saharan Platform.

The Sludy area is located i in tho South Region or semi-arid zone with an

: annual ramt‘all of less than 200 mam. Annual mean temperaturc of Tozeur and
‘Keblll is Inghcr than 20 °C which is attributed to the very hot months of June
to August bccause of 1nland natire of cllma_le._ whereas that of. Gafsa and

' ‘Gab.ojs sh’ow rather low feniperaltire less than 20 °C due to favorable location

of Gafsa (Iocaled in the northern area} and Gabes (located near the séa). On
‘the ¢ comrary, rehhve hmmdlly at Tozeur and Kebih is lowcr than lhat of Gafsa

and Gabes. I is thought to be the fact that the fornier two stalnon are snuatcd -
inland where véry dry Spell lasts long during the summer, and thal lhc latter

(wo slations located in the north and seashore where dry spell i is rather short.

Likewise, there is a distinct différence in ramfall pattcrn. For instance, records

of lho'lWo meteorological ‘sla’(ions' of Tozeur and Kebili indicate that the annual
: ramfalls are as little as 86. 9 mm and 73.6 mm, respectn ely. In conl:ast with

the abovc annual amount ‘of cainfall i in Gafsa and Gabes is more lhan lwo
tlmes, the formcr station recorded 174.3 min, and ht(cr, _212 8 mm,
Evenlmlly, siich d:ffercnccs in thc chmatologxcal uharactonsucs are reflected
on the evaporauon Annual mean cvaporauon of Tozeur and Kebill is as high
as 7.2 mn and 8.4 mm per day, while of Gafsa and Gabes is 6.6 mm and

_ 5.5 min pet day, respectively.

As discussed in the above, the Study area can be classificd into two sub-
areas, in term of meteorology, nonetheless it is located in the South Region as
categonzed nationwide. Govemora(cs of Tozeur and Kebili are classificd as
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E.3.2

E.3.3

ot and dry’ mland ‘whereas those of Gafsa and Gabes are classified ds
tcmpcratc and rather humid with some rainfalls.

Administrative Divisi(m

Local government bodies® in Tunisia  comptise 23 governorates

- (Govemoralc) 254 drsmcls (Délégauon) and 2,044 v:llagcs (Imada) in 1994,
* Admlms({auvcly Study area comprnscs 4 provmces covering 30 districts and

220 villages as of May 1994, Admmlsiratwe divisions of the Study area and i

-and around 153 Oasu; area afe’ summanzed as follows :

: Gafsa Toz;eu'r Kebili Gabes
Itemy : ' ‘Goveinorate Governotale Gmemoraxe Goverporale' Tolal

Nd._OfDé[égation‘(disuict) i1 5.0 5 0 9m 30 (22)
No. of Imada {village) TA(38) 36 (36) - 40 (40) . T2(60) 22 174)

Source - : Instituti l\ahonal de la Slauanue Mai 1994
Remarks : { ) ; related districts and villageés of 153 Oases

Land and Papulation

- The populatien and household number in and around the Study area are
csumated at around 840 200 (whlch accounts for 9.6 % of the nationa!

populallon) and 148,700, respectively, with an average fam:ly size of 5.6,
_ Populatlon densily was 6 persons per km? in Kebili Govemorale which is

very low compared to 57 persons per km? of Tunisia average. Population in
the Study area and around 153 Oases area are shown m Tables E.3.3.1,
E.3.3.2 and E ’% 3.3 and summan?ed as follows

o S Gl Tozeur  Kebii -~ Gabes.
Ttem = - Governorate Govemoral¢ Governorate Governorate  Total
; :

Population, 1994° (Person) ~ 307,513 89,055 131,914 311,713 - 840,195

“Househeld No. (No) = 54330 16590 21,316 56,431 148,667
 Family Size (et HH) 566 537 619 552 . 565
Total Area © {Km?) 7,360 6,159 22,454 . - 7,505 - 43,478
Population Density {per km?) 41.8 4.5 5.9 41.5 © 193
Population Growth (%) - 2.7 27 33 2.6 2.8
153 Qases Area: S , S o
Population, 1994 - ;(Person) 194,697 . 89,055 131914 . 282,896 (98,562 -
‘Household No. - (No.) - 35,1897 16,590 21,316 51,318 - 124,413
Family Size (per H.H.) 583 537 6.19 5.51 " 5.61

‘Soiisce : Instituti National de la Statistique, Mai 1994

Number of the farmer's household in’the Study area'is éstimated about

39,600 or 32 % of total household.



E.3.4 Laund lloldmg Slze

_ “The average farmland size of 153 Oases are esumated 0.38 ha and
ranged betwéen 0 {1 ha and 5.13 ha. The farmtand size of new Oasis is
cquahzed dlslr;butlon from 0.5 to 4.0 ha. The details ate shown in Table
E.3.4. I, and summatized as below.

-Noéf “Total ;bélow 06- 10- above Total A\cragc

CItems -  Qasis  Area  0.5ha  1.Ohd  3.0ha 3.0 haFamiers Farmldnd
Gafsa Governorate : hay - ! - - (ha/faimher)
- New Qasis 2 .23 14 .80 110 187 I8 0.53
- Traditional Oasis ~ 6 /3,194 1,673 2,510 . 604 311 5098 '0.63

Sub-tots 8 3467 1814 2590 - 714 498 5616 062
(2% (46%) (13%) (9%)

Tozeur Governorate : :

- New Oasis 6 1,163 0 7728 . @ 735 1.58

- Traditional Oasis 24 '4,459 3,598 - 1,013 1,508 - 206 6,325 0.70
Sub-total 30 5622 3598 1.020 2236 206 - 1.060 0.80
e : . C(51%y  (14%) - (2%)  (3%)
Kebiti Govérnorate : _ : ' ' L )
~NewOasis 10 809 -.106 816 - 124 0 1,046 0.57
- Traditional Qasis 57 6,404 27 542 2,225 426 16 30,209 0.21
Sub-total 61 1213 27648 3041 550 16 31253 023
: (88%) (I0%)y (%) :

Gabes Governofate : ) - : _
- New Oasis 6 428 - 86 94 150 - 22 352 122
- Traditional Oasis 42 6,705 14,279 2,308 861 109 - 17,557 0.38
Sub-fotal 48 7,133 14,365 - 2,402 1011 131 17.809 0.40

80%) (13%) (%) (1%
Total 153 Oasis Area: - o -
- New Qasis 24 2613 333 997 - L,112 - 209 . 2,651 1.01
—'I‘_rad_itional Qasis 129 20,762 47,092 8,056 3,399 642 59,189 - 0.35
© Grand 'lpﬁl T153 23435 47425 9053 4511 850 61,840 0.38
- (TR (15%) . (%) (19 . )
Sources Gafsa To.u:ur, Kebili and Gabes CRDA

K.3.5 Land Use and 'Crobping Patter'n :

The gross area of 153 Qases is 26,005 ha and net irrigated area is 23,435
ha or 90% of gross area as shown below.‘ Non agricultural is used for farm
road, canals and farm management t_iuilding.

‘ . .(Unil:hg)_

‘ - Gafsa - Tozeur Keb;h ‘Gabes _
Item - - Gmemorale Governorate - GovernofateGovernosate Total
-Gross Area ' 3852 6,!05 " ~8,014 T 8,084 26005
Net Irrigation Acea - 4467 5622 1213 2.433 - 23435
(ratio) . - - 0% 92% 90% 88% - 9%

Source : Gafsa, Tozeur, Kebili and Gabes CRDA

The 1mgated area of the Study atea which inctudes 153 Oases in Gafsa,
- Tozeur, Kebili and Gabes is 23,435 h'l Total phnled aréa in 1993/94 is
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34,680 ha and cropping intensity can be computcd 1 48 The planted area of
major Crops by Oasis is shown in Tablc B.3.5.1 and summarized below:

- L : (Unit : ha)
g Gafsa Tozeur Kebm - Gabes .

Tteimn Goveinorate Govémorate Go»emoraleGmemora!e ‘Total
Total Area: 3.467 5622 I,Z.l; '1;1_3_3 23435
- Arboriculiure 3,432 5622 7213 7,133 23,400
Vegetables 1,041 568 2,067 1,485 5,161
Foddet crops - 886 3 2.850 1,620 5,667
Industrial crops 0 0 0 452 452
. Total Planled Area: - 5359 ﬁl__,ﬁ‘!!l 12,139' 10,690 134,680
Cropping Intensity - 1.55 116 168 0 1.50 1.48

Source: Resultas de Veriquete sir e suive d¢ la campagne agricole 1991/94

In all the Governorate, since arbonculture area iS the same as cropped
area, other cmps are intér cropped wnh trees diid cwppmg mtcnsnly is nnmly
affected by the planted area of field crops (vegelable_s, fodder crops and
industrial crops). Vegétablesand fodder crops occupies 25 to 40 % of
cultivated area in each Governorale, except Tozeur. In Tozeur, the area ratio of
vegelables and fodder crops to the to@alicultivated area is less than 10 %. The
cropping intensity is the lowest in Tozeur at 1.16 and there is found no big
-~ difference in the croppin'g" intensity among the three Govesnorates. Industrial
- crops are cultivated only in Gabes.

Therc is two types of Oasis categorized by start of implementation, so
_ callcd newly devclopcd QOasis (New Oasis) and Tradmonal Oasis, and some’
difference in cropping patlern between the two lypes of Oasis. The plamed
area of major crops by Qasis type is shown below:

B - B RIS . (Unit : ha)
[Ier_n New Qasis  Tradilional Qasis Tol_a!
Total Area : 2.801 20.634 23435
Arboricultere 2977 20,623 23,400
Vegetables 554 - 4,607 5,161
Fodder crops . 536 5,131 5,667
" Industrial crops o 6 446 - 452

- Total Planted Area: ™ 3,873 0807 34.630
Croppmg Intensity - 1.38 - 1.49 . . 148

* Source: Resu]tas de Fenquete sus le suive de la campagne agnco!c 1993/94

'l‘hcr'c is'a smne'diffcren‘ce in 'ihe é'rcip’ping pé(lém' - Arboriculture
occupies the maior part of agricullure both in New and Traditiona} QOases.
However the cropping mlensnly is much higher for teaditional Oasis than for
new OQasis. This means that the area catio of p_lanted arca of vegelables and_
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fodder crops fo total is higher for Traditional Qasis than for New Odsis and
more effective land usein Traditional Oasis.

~The planted arca of trec ¢tops and the rumber of tree crops by Oasis is
shown in Table E.3.5.2 and Table E.3.5.3, and the ratio of the riumber of each
tree crops to that of tolal trees are summarized below.,

_ o , : “(Unit : %)
Gafsa . Tozéur ~ Kebili “Gabes  Neiv Traditional
Ttem GovernorateGovernoratcGovermiorate Govemorate  Oasis ~ Qasis
Date Palm 17 78 80 29 63 53
Olive 55 3 3 10 3 14
Fruit Trees 28 19 i7 61 34 X
Plant Density (treés/ha) : - o
Datepalm 165~ 217 118 137114 196
Al trees 245 . 248 200 213 . 13y 231

Source: Resultas de I'enguele sur le suive de la campagne dgricole 1993194,
Gafsa, Tozeur, Kebili and Gabes CRDA :

In Tozeur and Kebili, date palm is the main tice crops, and the number
of olive trce is very low, In Gafsa, olive is the major tree crops. Olive is
mainly cultivated in Gafsa and the ratio of the number of olive to total trees is
very low in other three Goﬁ'e;noralcs; In Gabes, fruit trees are the major tree
crops. There is a big difference in the plant density' of trees between New

- Oases and Traditional Oases. It is much higher i in Traditional Oases than in

" New Qases.

‘From the view pomt of croppmg paltem type of agrlcullurc of each
‘Governorate can be very mugh!y grouped into four (4) types: the f;rsl is
Tozéur and Kebili where date palm is ‘dominant, the second is traditional Oases
in Gafsa where 6Iive is dominant and the third is Gabes where fruit trees are
dominant crop and the fourth is ficld crops (Vegetables, 'Foﬂde:rl crops and
Industrial crops) dominant which is observed in Gabes. By con51der1ng the
- number of tres of each arhors, plant density of arbors and plantcd area of ﬁcld'
crops, Qases aic fmaliy categorized mto 13 lypes ‘The concepl of
categorization is shown below. ' :
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Date Palm - Olive . Fruitr’l"recs An"nual. Crops

Type

O-1 +, ++ REEE + 4+ *
0-2 +, ++ +Ht4 +, ++ i
D-1 i + + '
D-2 i+ + ++ *
D-3 44 + T F =
D-4 44 + 1+ **
F-1 +t 4, ++ i+ s
E-2 ++ +, ++ ++t+ _ *
DE-| T + a4 +
D12 ot +o++ T+t x*
FD-1 +H + + 4 *
FD-2 ++ +, ++ 4 *%
A Snitall® " Smiall* Smali#* Frik
Remarks @ )

+ti+ 1 Predodinant ; Noof lrees is more than 70 % of total

“##+ ¢ Leading ; No of trees is more than 50 % of total

++ 1 Small; No of trces is less than 50 % of total
+ : Very small No of trets is less than 20 % of total -

i Predommant Lirge ared is ysed for field ceop producuon ,
¥%¥ . Relatively large Planted area of field crops o¢cupies miore than 20% of total
* : Small; Planied area of ficld crops occupies less than 20% of total
Small* ;. Plant density of all trees is less than 90 trenks per hectare

The Qasis type categonzed by cropping pattem is shown in Table
[l 3.5.4 and summarized below: :

Gafsa  Tozeur Kebili . Gabes

....T.VPCI __Qovemorate’  Govemotale Governorate * Govemorate ~ Total
0- 2 3 : ' 2 'S
D-1 2 6 | : 9

“D-2 . 8 SR .8
D-3 363 36 (3)
D-4 1) T 9 21 (6)
"F-1 27 e
F-2 13 i3
DF-1 12® - 12 (6)
DF-3 2 3 1177) B 20 (2)
D1 _ o CS@ 5@

CFD2 1 - 12(n 13 (D
A T N ) 4 (D

Source : JICA study team estimation based on CRDA data.
Remark : Numerals jn parenthesis shows New Oasis

The Oascs in Gafsa are categorized 3 types. One is olive dominant type
which are situated around Gafsa town, the second one is date paln dominant
 type which are located near the boundary of Tozeur and the third is date-fruit
type. Almost all of Oases in Tozeur belongs to the date dominant or date
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E leadmg type, and only in four Oases, the planted arca of field crops is more

E.3.6

~ than 20 % of total cultwatcd area. Itis obscrved some difference i in Casis type
“between tradmonal and ncw Oases. In New Qases, the ratio of number of fruit

trees to that of total trecs is hlgher for New Oasis than for teaditional Qasis.

In Kebili, almost all of Oases belongs to the date dominant or date

_ lcadmg type, only one Oasis is fruit tree leading type, and the planted area of

field craps is inore than 20% of total cultivated land in all the Oases except one
Oasis. There is no difference in Oasis (ype between Traditional and New
Oasis.

~In Gabcs theére is no date dominant type Oasis. A largcr part of Qases is
frunt tre¢ dominant or fruit (ree leading type. Two Odses are olive dominant
lypc and five are daté leading type. The field crop dominant type Oases are

- five and found only in Gabes.

Fa'rmih'g' Practice and Farm Input

'lhere is many crops i the Study area. ' Since the precnp:tauon is very -

iow in the Study area, as already mentioned, crop cultivation is carried out

- under irrigated condition. So called basin itrigalion niethod is employed in the

area. To increase the efﬁcnency of irrigation water for crop producllon inter -
cropping method is employed. This cultural practice 1s ocne type of

“agroforestry or so called two or three layer crop cultivation.

Three types: of ‘crop is’ culnvatcd under lyplcal three layer crop
cultivation, date palm at top, fruit trecs under date palm and field crop at lowest

layer. In'such case, the yleld of fruit trecs is affected by the population of date

palm and that of field crops is also alfected date palm and fruit trees. At
present, a typical thiee layer crop cultivation is tarely observed. Three layer
crop cullivation is observed only fimited Traditional Oasis and very difficult to
find in the New Oasis. Since a new date palm varlcly which has short trunk is
plamcd in New Oases, it is very difficolt to plant fruit trees under date palm.
In New Oases fnut trees are piamcd belween date palin row,

’The.re”is a big difference in arboriculture between Traditional and New

: Oasns and among the Governorates.’ In Traditional Oases, arbors are planted
- randomly and plant density is very hlgh compared with New Oasis. On the
“other hand, in New Oasis 4tbors are planted regularly The plant densily of
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“daté i$ much highér for Tozeur and keﬁiii than for Gafsa and Gabes. In
Tozcur and Kebili, planled area of a new recommcnded date p'dm varicty,
Dclglat Ennatir, is iiicreased in both Tradmonal and New Oases cspemally in
* New Oascs a !arger part of newly planted date palm i8 new variéty. In Tozeur,
the fatio of number of trees of Dclglat Ennour to total number of date palm is
94 % for New Oasis and 46 % for Tradmonal Qasis, respeclively. The major
frult trec in Gafsa is apm:ot “and in Gabcs is pomcgtanatc In the Oases,
~apticot pomegranatc, fig, applc, pear, peach, grapé and almond are planted.

Irrigation interval varigs by ihc’c’rbp. Irrigation interval for tree crops
ranges 20 days to 30 days and 7 to 14 days for field crops: Achic'vemeﬁl of
itrigation waler widely varies from 20 %16 70 %.  This means amount of
{rrigation water can be assumed to be one of the limiting factor crop yietd.

Present amount of fari inputs and labour réquiremenl are presented in
Table E 3.6.1. All the cultiiral pracucc is carried out by manpower. Since
inter cropping method is emptoycd and field size is vcry small it is very
difficult to mechanize cultural practice, especially in Traditional QOasis. -
_Therefore, 4 large number of manpower is required for land preparation,
weeding, water management and harvesting.

Since some kinds of crops in the same field, herbicides cannot be used.
~ As the soil is very poor in CEC; organic fettilizer is more effective compared
- with inorganic fertilizer (chemical fertilizer), and split application of chemical
fertitizer is recd:imillcndéd.' ‘The climate is dry and mixed cropping practicé is
"einpl.OYed,:dam;agc by fungal disease is generally very low in normal year.
Only damage of date frait affected by fungus after rainfall is obsetved at
, harvesiing time. Protection of date fruit from damage by fungal discase is
done by fungicides application and éoi-'ering the fruits bunch by plaktiq film.

A largcr parl of vcgctablc varicties cropped in lhc area is lmproved fixed
vam.ty which are imported from advanced countrics, Only in limited area and
- green house, in which vegetables'is culhvated during the pcnod from OClob_er
to April or early May by using geothermal water, Fi hybrid varicty isused. In
- the area, many kind of vegetables are cullivated. Carmt lurnip, onion, kidney
bean are cropped as winter vegetables and tomato pepper meIons, bearis and
- ete. are cropped as summer vegel'tblcs Luccmc ‘barley, oat and maize are -
cultivated as fodder ¢rops. - Tobacco and henna for the industrial Crops are
cultivated only Gabes.
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£.3.7

Main cropping sceis‘bn*éf anoual crops (vegéta'b!t_:s and annal fdddcr
crops) is stiown in Table B 3.6.2." Winler crop season starts at beginning of

‘September with two to two and half month staggering period, and ¢nds three

and half to six month after seeding. Sunimer crop scason starts al beginning of

 April with two to two and half month staggering period, and ends three and
“half {o four month after seeding. Calendar of cultutal practice of arbors is also

shown in Table 3.6.2. Protection of fruit bunch of date’ palm is carried out one
to one and half momh before harvest. When symptoin of discase and irisect is
found, discase and insect control is carried out.

Crop Yield and Production

The yield of major crops iin the Study area by Qasis is shown in Table B
37.1 and summanzcd below.

Gata Toseor  Kebil Gabes - Ave New Traditional

Ttem GovernorateGovernorateGovernorate Governoiate _tage  Oasis  Qasis

Date Patm’ 7.3 58 57 5% .52 60 59

Olive 8.0 2.7 4.6 40 4.1 62 6.1

Froits 08 25 - 26 98 60 91 87

Winter Vegeta. 23.5° 125 128 - -28.1 16.1 194 19.1 -

Summer Vege. 18.0 96 . - 101 S15.2 121 136 134
' FoddesCrop -+ 593 776 S0 . 594 0564 564 549
© Industriall Crop = 1.5 1.5 .S - 1.5

Source; Resulias de 'enquele sur le suive dz la campagne agricole 1993/94, 1992193
Gafsa, Tozeur, Kebili and Gabcs CRDA’ :

It:is found a cllffcrcnce in the yleld of major crops among the
govcmoratcs and among Oases even in lhc same, govemomte There is no big -
difference in the date palm yield among the four govcmora[e and between

; tréditional and new Oases. The yield of ‘date. palm is slightly higher for
“Traditional Oasis than for New Oasis and higher Gafsa than for other three

governorate. : The yield of olive is the highcst in Gafsa and lowest in Tozeur,
and theeé is a big difference in the yield between Gafsa and Tozeur. Very low
yield of fruit teee is found in Tozeur and Keblll ~These value is only tess than

“one third of that of Gafsa and Gabes. One of the reason of low yleld of fruit

tree in Tozeur and. Kebilj i is unfworable light condition. InTozcur and Kebili,
all the fruit teees are planted under palm tree and the plant density of pa|m trees

-are very high, especially in T radmonal Qases, and they can receive less amount
;‘of solar energy compared with Gafsa ancl Gabes when, the plant density of

palm trecs are very low.



The yicld of vegetables is also low in Tozeur and Kebili, about 50 % to

: 60% of lhosc of Gafsa 'md Gabes:' On the other hand, the’ yicld of fodder

Crops is hlghcr in ‘Tozeur lhan in other three goverriorates, T here is no big
difference in the fodder crop yicld among three governorales.

At present, irrigation water supply for 'ctop§ is ‘miich less than water
requirerent of crops, il ranges from only 20 % to 70 % of watcr fequirerment.
Therefore, wa!er supply can be assumed to be one of the hmnmg factor for
crop production. There is fouind a definite relatlonshlp between date palm yield
and the achievement of water supply (the ratio of effective water supply to
waler requirement of crop) in traditional Oases iii Tozeur. The jfield_ of date
palm is presented by exponential fusiction (y = 2.4 x0.28 where y: yield. x:

“achievenient of water supply) or quadratlc function (y = d+bx+ cx?, where
a, b and ¢: cons!ant) of achieveiment of water. (Flg E3.7. 1) Thert, is no
available information on the relation ship between water supp]y and crop yleld
However, there Is many information on the relationship between !he ciop yield
and some limiting factors, such as aniounl of solar radiation, amount of
nitlro'gen application, amount of phosphorus application under phosphorus
deficiency soil. .T'he's'e_ articles shows that there is a definite relationship
between crop yicld and limiting factors and cr'Op' yield can be ﬁmscnted by
quadratic funclion of éxpnnémiél function of limiting factors. {Fig. 3.7.2)

Matsushlma (1953 1969) shows that ihere is a definite relationship
between the gram yxcid of paddy ptant and the amount of solar radiation during |
the most sensitive period and grain yield is prescnled by quadratic function of °
“amount of solar radianon

Koyama et al (1973) shows that grain yield of paddy plant grown under
phosphorus deficient soil is presented as a quadratic function of the amciint of
phosphate fertilizer application, Many repott sludled by Inteinational Rice
Research Institute (IRRI) répoited that there is a definite relation ship between
gram yield of paddy plant and amount of nitrogen fertilizer apphcatlon

It was recently found iha! g‘_rain yield of paddy plant is presented by
quadratic fuhclion of amount of total fértilizer application in Indonesia (1994).

Yacob and Uexkuell (1963) Sanchez (19?6) and. Waznr and Effcndl _

(1963) showed that thete i is definite relationship belween maizé yield and
nitrogen application ( quadratic function).
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These information support the relatlonshlp belwccn y:cld of datc palm
and amounl of waicr supply The yleld of date palm increases cxponentlally
w1_th an increase of water supply. And it can be casily estimated that crop yield
in the drea increases with an inicrease of water supply.

The present "prb‘du‘citidn of major c‘rbb’s by Oasis is shown in Table E
3.7.2 and summarized below :

© (Unit ; tods)

1 .Gafsa ) Tozeur - Kebili - Gabes - . New Traditional
Ttem GoxemorateGmemora(e GmernorateGowmorate Total Oasis Qasis
DacPalm- 5958 29329 37289 18470 9LO46 10907 80,139
Olive 17,854 480 898 6,879 26,11]_:: 850 25,161
Fruits - . 4,584 1,006 1,295 - 24412 31L297 2,718 28,579

Winter Veégetab, 11,763 3,833 . 16083 24,275 55,954 = 5,658 . 50,296
Summer Vegr. 9,779 2,514 8,120 9435 29848 2,584 27,264
Fodder Crop 47,531 . 24, 14‘3 142936 196,203 310,813 30,240 280,573
Industrial Crop O 662 - 662 9 653

Sourcé: Resultas de Ienquctc sur le suive de 1 campagne agricole 1993194 1992/33
Gafsa, Tozeur, Kebili and Gabes CRDA

Main date palm area is Kebili. followed by Tozeur and Gabes,
production of date in Gafsa is smaller than former three governorates. Bothin
Tra'dilional and New Oases in Tozeur and Kebili, date production occupics
more than 90 % of total produchon of tree crop production. There is no big

- difference in crop production pauem between Traditional and New Oases in -
- Tozeur and Kebili.

Olive produ(:lioh is the highest in Gafsa followed by Gabes and that of
Tozeur and Keblh is neghglble olwe producnon in Gafsa is more than 70 %
of otive producuon in the Study area. Tn Gafsa, there is a big difference in
crop product;on paitern befween Traditional and New Oascs In New Oases,

date palm producuon is major and olive and fruits produchon is very low.

The main fruit area is Gabes and Oases in Gabes is more than 80 % of
-~ fruits production in the Study arca. Especially in new Oases in Gabes, fruits
production occupies 70 % of total free crop production.

Vegetable produchon is the hrghest in Gabes and fodder crop is the
. hlghest in Keblln The amount of producllon of vegetables and fodder crop in
“Tozeut is pamcularly low.



ECIC;CHC cs .

) Koyama, l‘ ét a! 1973 Vanetai dlfference of Thai rice in resistance 1o
phosphorus deficiency. Tech. 4 Trop Agu Res Center Japan

2) Jacab, A. and H. von Uexkuell 1963 I‘emh?er use, nutrmon and
manurmg of tropical crops Ackerbaum Hanover.

3) Matsushima, S. ¢t al 1953 Crop seientific studics on the yxeld -forecast of
lowland rice IX Effect of light intensily at important growing stages of rice
ori the yicld and yneld consmutronal factors. Porc.. Crop Sci. Soc, Japan.

4) Matsushm\a S. 1969 Crop science inrice’ Fuji Print Tokyo.

5) Sanchez, P. A. 1976 Properltes and managemenl of soils i in the lroplcs
John W]lcy and Sons, New York.

 6) Wada, G el al 1986 Relauonshlp betwéen nnrogen absorption and growth
and yicld of Rice plant JARQ 20 (2).

7 Waznr A. and S., Effindi 1968 Maize producnon condition in Indonesia
~ and futore problems Proc. Symp Trop. Agr. Res. Ser. 2.

8) Yoshtda S. 1981 Fundamenlals of rice crop sczcnce lRRl Mamla

9) Min. of Public Works Indonesia 1994 T he study’ ‘for formulation of
irrigation development program in the Republic of Indonesia.

" 10) CIAT Annual teport 1976
11) IRRI Annual report 1966--1975

E.3.8 Livestock Production
- Animal husbandry is also one of the main line in agricultural activities in

' ']umsna and the Study drea; Animal population by’ Oasfs in the Study arcas
* shown in Table E 3.8.1 and summarlzed below :

' (Unid : head)

 Gafsa - Torew .. Kebili : Gabes

Rtem Governcrate Governorate GovemnorateGovernorate Total

- Cattle 1.8 716 - 99 3,671 6,416
- Sheep 84,000 34,472 60,600 18,030 - 196,802

. Goat 14,500 | 25,800 50,500 32,060 D 122410
Caniel D740 S00 7,600 _ - 8,840
- Equine ¢ 2,950 - . , 2850

 In the Study area, sheep is the mos! important animat, followed by goat.

In Gafsa, the number of sheep is much larger than goat, on the other hand, in
Gabes the numbei of goat lS much targer than sheep.. In Tozeut and Kebili,
there is no big differcace in the number between sheep and gb’at. "The caltlé _
population is higher in Gafsa and Gabes than iii Tézeur and Kebili. There is
no available information on the livestock‘pr‘dduc:imi. However," it can be



‘estimated that the value of livéstock production is much less thai that of

agricultutal production referring animal population.

In the area, since a larger part of livestock is ruminant animal, it is
required a large amotint of crdé feed. Since the produétivity of grass in
grazing land is very low, espeeially in summner, a largé anount of fodder crop
production is required in Qases.

Markél'iiig' Systems and Prices

Agrlcu!tural products in lhe Sludy area are sold iainly through the
traders and wholésale agencxcs to the Wholesale Market, Tunis, Gabes and
oiher Govérnorates. The Cemral Wholesale Market (Socnele Tunisicaiic des
Marchcs de Gros, SOTUMAG) located in Tunls is the coumrys largest
market “There is no wholemlc m‘nkel in Gafsa, Tozeur and Kebili
Governorates. Othér marketed agncul!ural products are sold through the open

or weekly (Souks) ;narket system. Therefore, data collection and analysis of
" marketing and prices in the Study area is conducted on the Agricultural Statistic

office, CRDA.

‘Date palm for export which is produced by farmers and collected by
traders or commission agents is temporarily stored in cold storage in Tozeur

- which is managed by the Groupement Interprofessionel des Dattes (GID)

office and delivered for Tunis to exporls Most of olive is taken to olive oil
mills through traders or mill agencies. Some of fruits are gcnerally purchased

- from producu'b ona shndmg crop basis by pre -harvest conlractors who are

- :esponsmlc for harvesting the crop and for all '1specls of primary markc!mg It

is understood that some producls in the Study area with substantial areas of
fruits sell their standing crops in a similar manner to pre-harvest contractors.

At the market, the agrlcultural products p‘ISS into the hands of a
commlsswn agents The commlssmn agent is a key ﬁgure in the markclmg

'syslem for fruits and’ vegetables ‘The agent trades in products on bchalf of the
'produccrs (farmers) on a commission basis. The commission agenl has a fixed

place of business in the’ market from which he negollates sales of vegetables to
middlemen / wholes*nlers in the markel. In some cases the commission agents
also funciion as the wholcsaler. The middleman / wholesater pays a fee to the
Market Commil(ee Tis repm ied that there is a com.lderab!e degree of price

; collusmn belween the comthission agenl and the middleman / wholesaler in
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both negotiated sales and a action. The conmission agcm charges a fee which
is genera}ly fixed at" 11 % for fruits and 12 % for vcgelables of the price
received, and summanzed as below ;

Items Fruits Vegelables

1. SOTUMAG tax 2% 2%
2, Comumiission fee S % 5%
3. Delivery service charge B 3%
4. Special fund of stabilization of { pnce I % 1 %
S. Speeial (GIL) tax 1%

_Total ' % 2%

GID 1 Groupment laterprofessional des Legumes

The goveinimient has already creatéd conduclive environinent for
markeling of major crops. Support prices for cereal crops (wheat, maize,
etc.), tree crops (date paty, olive) and others are fixed by the goveriiment with
a'view to provide économic incentives to farmers. The support prices are

“ reviewed annually keeping in view factors siich as cost of ptoduction,
domiestic deniand, import and export parity prices, supply and s'l:c')ck'pos'i.lion,

© comparative advaitagé of crops.” Average market and farmgale prices of major
crops at the Study area (Tozeur, Kebili and Gabes) ftom Januaty 1994 to
September 1995 are shown Table E.3.9.1 (1) to (3), E3.9.2. The price for
fiuils and vegetables are increased at beginning and end of harvesting period.
The wholesale market prices of majo crops at the Central Wholesale Market
(SOTUMAG) located in Tunis are shown in the Table E.3.9.3 (1) to (2).

" Based on the farm economic survey, farmgate price for agric"ultutal'

 products and farm inputs in the Study area are estimated in Tables E3.9.4 and

E3.9.5. The farmgate prices of major crops are in a range between 80 to
88 % of markel price , aiid summarized as below ;

(Uml kag)

- Market Fatmgate Market  Parmgate
Crops ~ Price Price Crops Price Price
Date Palm 1,274 ~1.025 Turnip .. 0.236 020
Clive 0.463 0.400 Onion 0.218 . 0.186
Pomegranate -0.342 - © - 0.287 Kindney Bean  0.435 . 0.370
Apricols 0.587 - '0.385 Pepper 1.026 - 0874
Fig - 0458 02385 - Tomato 0364 0310

Henna 2,~l 60 1.900 Luceme 0.062 0.053
E.3.10 Crop Production Value

Present crop budget per ha are estimated based on above farmgate prices,
labour and farm inputs requitement,-and’ present yield. Present crop



- productiori value in the Study areais estimated based on the farmpate prices as
of September in 1995, The total gross and net crop production value are
D. 1604 million and D 1229 million. The details at are stiown il Tables

'E.3.10.1 (1) to (4), E.3.10.2, £.3.10,3 and E.3.10.4 and suinmarized as

follows ;
_ Crop ~Gross Production ~ | Nel
Crops : Production  Prod. Value . Cost ¢ Prod. Value
1 Gonsy (D, 000) D, 000) (D, 000)
Date Palm C 91,050 93,320 15,120 78 200
Olive 26,100 10,440 3,360 7,080
Pomcgranate . 23150 6,640 2,310 4,330
Apicot - 4100 © 2,020 400 1,620
Figlothers 4,050 1,560 370 - 690
Winder egnuzlgs 7 11830 - 4,810 7,020
Turnipl Carrot 23,760 4,780 - 1,820 2,960
Onion : 26,440 4,920 . 2,190 2,130
Kidney Bean 5,760 © 2130 800 1,330
Suminer Vegetables : 16,880 4,160 12720
Pepper 13,540 11,830 2,870 8,960
~ Tomato - 16,310 5,050 1,290 3,760
Fodder Crops : - . . oL
© Liceme 310,810 ¢ 16,470 5,880 10,590
Industrial Crops : _ ) ) .
Henna : 310,810 1,220 -~ 570 - O50
_Total . _- - ' ‘ 160,380 37,480 © 122,900

Remarks : Prod. ; Production

E.3.11 Farim Economy

_ In farinland in the Oases “date palm, olwe and fru:ls treés such as
- pomegranate, ‘ipHCOI grape and fig, etc. are planted, and under or between
© tree crops, vegctables fodder crops and industrial crops are inter cropped

-Farniers in the Study area get their income mainly from farming activities

particularly from the date, olive and fruit prdduétiOn, partly supplem_ented by
~ sales of végél’ablcs and fodder, as animal husbandry is not a mainline of
-~ agriculture i in the Sludy area and the income from the sales of livestock is very
- limited. ' '

In order to grasp economic activities of farmer in the Sludy arca, the

farm econormc survey was cargied otit for 18 fari households in 8 Pilot Oasis
~area sclcctcd by random samplmg melhod Accordmg to the results of farm
. economy survey, lhc food expenses are mosi nnportant inthe hvmg expenses
'-__'The 'mnual fanuly hvmg expenses is csmnated based on lhe average ! size farmly
of each delegatlon The prelmnnary farm budgcl of the lyplcal size farmer in 8
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Oasis area are estimdted as shown in Table E. 3 1. l (l - 4), 'md summarized

as below. -

- : . Oued Draa Oasmdu Limaoura
ltems ' Kasba'  Shili Tozcur *Sud  Mansoura Ai:!el Gabes let 2
Farin Land : (ha) 106 311 138 198 025 075 029 125
Gross Income : (D)~ L - -

« Farm Income 7,848 13410 9471 9421 1640 4,652 1,991 7,453
- Off-farm Inconic (U o - 0 . 0 12,500 1,000 2,000 0
' sma_mu ?_.3_3 J_l.___Q 9471 9421 4,140 3652 3991 7453
Numberof Family: 533 547 527 527 565 617 548 548
Gross Quigoing : (D). o S C
- Production Cost 1,843 - 2,393 - 1,757 2,297 410 1,648 473 2,286
- Living Expenses 3,059 3,140 3,024 3024 3244 3, 542 “3,145 3,145
" Sub-total 4,902 5533 4781 5321 3654 5190 3618 5431
NeiReséive: (D) 2956  7.877 - 4690 ' 4100 486 462 373 -2.022

Source : Fari économic survey hy JICA Study team, 1995

E.3.12 fFarmeré' Orgahization |

Farm mpuis supphcs slormg and markeimg of farm products are

priiarily made through the establishmerit of cooperatives wh:ch have been

promoted by the Government through the CRDA office in each Governorate,

In spite of government efforts, however, the cooperative activity has not been

well developed mainly because of poor in management and shortage of

operational fund, In'or‘der to improve such stagnant condition of cooperative

actmly, estab!nshmenl of Coopérahvcs de Scrvices Agrlcoles (CSA) has bcen

promotcd wnh the Tumsran Cooperalwc Slatus under superwsmn by Mmtstcm

del Agrlcullure

In the Study area of 4 provinces, 17 CSAs have becn org'an'ized so far,
- The total number of CSA members is preliminary estimated about 3,730, and

suminarized as follow;

' Gafsa _

Tozeur

Keb111 _ Gabes

;_Il_é_:hs s oL Goxemoralc Govemorale Govefiiorale . Governorale
No. of CSA . . 0 -4 12
- Number of members . o ‘25?. 0 |.12_5 2,347

Sources: Gafsa, Tozeur, Kebifi and Gabes CRDA

E3:13 Aﬁricultur’_all Support Services

In order to promote '\nd accclcralc ihc agncullural extenision activities,

the Agncultural Ixtension Service Prognm has been' laniickied in Tumsla In

Iho Central’ Government lhc ‘Agence de Ia’ Vulgansqllon el la l'ormauon



Agncolcs (AVPA) was “establishied as ons of the extra- mitisterial bureaus
under the Ministty of Agr:cullum At the same time, in the govcrnoratc level,
the establishment of the Division de la Vulgarisation et de la Promotion de la
Production ‘Agricole in CRDA has bcen pronioted with the provision of
functions of adaptation tests of new recommended agricultural techniques
fecoimﬁchded by -research institutions and in-sérvices- teaining for field
~extension warkers. Inthe Délégation and Imada tevel, Cellules Territorialles
de Vu]gansalmn (CI‘V) offices and (‘ellulcs de Rayonnement Agricol (CRA)
officcs have been eslabhshcd as 4 base camp for extension of education
activities wnh functions of preparation of extension progranm, dissemination of
agricultural information and tratning for leading fatmiers at the tocal level

‘ Presem siaffmg of thé extehsion service work for 153 Oases area is
eshmaled at 16 for CTV and 60 for CRA. In Gabes 3 Qases (Ain Zrig, Ztig
Dakhtania and Lintaoua | et 2) are not exist CRA ofﬂcefbulldmg aind staff.
The details are shown in Table 3.13. 1, and summarized as follows ;

. Galsa 7 Tozcur Kebili : Gabcs
Dolteims CRDA CRDA CRDA  CRDA Total

Study Area: . :
CTV office ' 7 3 5 s .20
e Chelfof CTV . : 6 3 5 ‘s, 19 .
"CRA office _ 2 17 T 34104
- Chef of CRA - 25 18 21 - 14 78
153 Qases Ar _ S . o . . .
CTV office 3 3 5 5 16
- Chefof CTV -3 3 5 5 16,
CRA office . .7 AT 21 15 60
: - Chef of CRA | 7. 18 -2 ) 60

Soucces : Annuaire des Vulgarisateurs, Mars 1994
Gafsa, Tozeur, Kebili and Gabes CRDA



E.4 BASIC CONCEPT FOR THF PRO.]FCF DEVELOPMENT

E.4.1 Agricullural constraints ‘

‘Some Cohsl_’rain’ts arc observed concerning on water shortage ofiginated

from water supply system. And ~accumulation of salts in soil surface’ is

observed in some places because of inadequate drainage system.

Since the lateral canal from secoidary caital is earth ditch, a large amiolint

of water leaks away from the canal and dislribulion of water t6 the field is very

uneven. In addition,” the large amount of manpower is required for on farm

ditch preparation and for water management.

W

2}

In some Oases, irriga!ibn :interv'al is too long to cultivate vegetables, and
croppmg mlens:ly becomes low,

‘In soime of Oases, because of undulating land surface sogrie areas whxch

are relatively high and very far from the hydrant, cannot receivé itrigation
water. In addition to this, dccumulation of salts in soil sirface is
observed in some places because of inadequate dramage systcm and
shonlage of washmg water. In these drea, cultivation of anituat crops is
difficult, teee crop is damaged. In serious case, a farm land somellmes

. becomes abandoned because of these problem.

®

As regarding to cultural practice, no mechanization is employed for
cultivation of annualcrops especially in traditional Oases, because trees
are planted at random and plant density is too high.

E.4.2 Agriculfural Developnient Concept

“To solve the constraint above mentioned, agricultural plan should be

formulated taking into account the following concepts:

(n

2

Proper irrigation waler supply and drainage of excess water would be

: necessary for increasing crop production, keeping soil fertility and
- preventing salinaization of soil. ' '

Proper cultural practice would be necessary to introduce improved

‘cultural practice for increasing yield under proper irrigation being

employed.

Crops would be selected taking'imo‘ consideralio_n’ of l_;'n_h'd suitability,
knowledge level of farmers, niﬁfkeling and benefit and so on.
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(4) Arborlcultuu, oceuples ma_[or part of agricullure, and almost of arbors are
fuli producuon stage, thcrcfore 10 new arbor would not be mlroduced
Conccmmg oh field crops cultivation, by a.onSlderlng land sunablllty,
farmei's knowledgc on cultural practice and markeling, no tiew crop
would not be introduced.
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