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1.3.2

listed

while

th- UNDP/PAO Mission visited the project

1973. 'IT'D MissivL, 'hat e activitier (7,f the present

the -..Tpuld be p sively ir aerred to the -:-Ac.-c)t in slich

At by y 1974 UNDP/FAu assistance to the basic investigions would be

advisory

prOgr Jaa adjusted for termination

1973. a result of the shortening of

the objeco were not met in all respects and there

Thus, most of the R_!-fl' omic, soil reclamation, irrigation

fieTrl trials were not ...jT.Td due to the limited time and

alwyr use field da in the design of irrigation schem

. irrigation plan. The supervision of the

was limited to ane scheme which waa the only

project.

to train counterpart staff in all its

sufficient for completion of this

-,,erational an 16 January 1972 -22reliminary

uary 1971 with the arrival c '671e Project Manager

30 June 1974. Project headquarters was established

recruited by FAO and the counterpart staff are

2 gives details of fellowships and inservice training,

uipment supplied.

attain all its objec 1 in the design of

studies, and in the H of feasibility

icatian.

Uy planned that the project ee yearEr.,

until tht ' 1974.
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Carbonate rocks, principally limestone and dolomite, are the predominant

T material. Silicified limestane, joined chert, sandstane and sand are also

.aat. The systm becomes increasingly sandy south-eastwards into the Jafr bxtin.

The maximum thickness of the system is about 350 m in the Azraq basin.

In the Highlands en the western part of the Plateau the total thickness ranges from

200 to 250 m, but this may be locally reduced by erosion in the outcrop area. There

marked thinning of the system eastwards towards Bayir. Saturated thicknesses

from the total thicknela in area where the system is artesian to nil at the

;f saturation in some of the Highlands.

:uch of the outcrop in the Highlands is in areas of relatively high rainfall,

outcrop areas un the Plateau are located in areas of low rainfall. In most

Plateau and in some parts of the Highlands the system is overlain by sediments

of low permeability which essentially prevent recharge by vertical percolatian.

The main source of recharge is Infall an the outcrop area. Some water is

transferred to the system from ti: lt aquifer of the Dhuleil-Mafraq area. The

contribution from this source probab7.: totals 20 to 30 MCM/annum. The mean

recharge to the system is estimated at 350 MCM/annum Icr: the quantity of recharge is

extremely variable from year to year. However, the revoir capacity of the system

is so large that inter-annual variations in the quanti:;- of recharge do not normally

cause marked water level changes. About two-thirds of the recharge appears as springs

and base flows in wadis which drain to the Jordan Valley or directly to the Dead Sea.

The balance discharges eastwards or westwards as sa-surface flow. It is estimated

that about 90 percent of the total recharge dischages westwards to the Jordan rift

and essentially all this water forme part of the balance of the Dead Sea basin.

The distribution of mean annual recharge hIA been estimated according to tha ha

recharge areas. These correspond to the major moun'uai74 blocks of the Highlands wit:1

the ane exception of the recharge contribUted bs sub-sarfaco flow .7rom the basalt

aquifer of the Dhuleil-Mafraq area. Table 1 shows the estimatca 6;s1.ties of

recharge, A.Ig well u the estimated amount of water flowing from eaa'.1 area to the.Dead

Sea basin.
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Table 1

01STRIBUTWN OF THE AMMANWADI SIR
AQUIFER SYSTEM

Recharge

-ea

jrlPY.

I Minna 1

rech (MCM

110

78

84

23

18

30

N.schrge to Dead
S.J:a basin (MOM)

110

72

84

17

2

30

:iervoi .ty of the system cannot be estimated with any degree of

Neverthelt , -Le dead storage obviously represents an immense quantity

er which could .11-, a policy of longterm depletion an a relatively large

- con of permeality withAp. the syste (2;es from lees than 0.01 to

low ,cur near the crests of

mounds and thc. is an incr::. : .: .....:Hbility down the gradient.

ty are normally presat in of groundwater flow convergence.

.ty is ;., on of permeability and of aquifer thickness and the latter

variable the structurally complex and highly eroded area in the

The total salinity of the water ranges from 300 to over 2 500 ppm. In the arean

d* a line from Mafraq to Ma'an the concentration of dissolved solids rarely

000 ppm and is usually considerably less. In glr these waters can be

Aa irrigation of the available suitable soils. They ; a low sodium hazard

dium to high salinity hazard according to US Salinity LC)oratory standards.

dissolved solids exceed 1 000 ppm in large parts of the Azraq and Jafr

343 315



2.1.3 Present water u

the major discharges to the Jordan Val ha ve now been 'I
.es. These include the dams on Ziglab, Shueib

ructur under construction an H'H Zerqa. Work on a

mouk River has been susper Ince 1967 due to

to divert baH flow from the 4adi Mujib to the

an for and some studies . been made

All this wtC; is being or will ' in the rift

Aors

:.ulation of

' the Dead Sea

Qnly a smai

te

t ' thulH.

of whjah

the base flows in the rift side wadis which are maintained

adi Sir system have been traditionally utilized,

most of this water emerges at too low an elevation

the highlands or on the Plateau.

of

ighian

ne'

D system i

ctractf.

Industrial

, Most of th;

.1.1ture mal:

--jtadi Sir syst -

by pumpk,::::.

ialf that amount.

e A an-Zerqa Valley and in

or ini

itatioit '.1Ti controls . xtraction.

Altion is conc..:I: :I:d in the valley is an

est-: . (i industrial Tplies. The water :(. for Amman

3 i/--- extracted from it,man-Wadi

Krecast i-"t ement for Armm. by the 2002 is 84 MCM/annum

le totz..... -able resource in tlit Aween the Wadis Zorqa

i. Mujib.

-:';°om the system in 1972 n the Wadi Dhuleil area totalled

m is estimated t,J been 16 MOM. Approximately 2 MCM

-.1,, supply the Irbid pipeline whi.H provides domestic

. .cts. The balance was used for -iture. Gross

7Iy about 15 percent in 1973. A model s. has shown that the

)robably ìd the safe yield in this arca and that the net

should not ,1 10-12 MCM/annum (see Appendix 4 (412 44)).



elle in the vicinity of Sama in the upper Yarmouk Valley to the north

are pumped for irrigation. Gross extraction is of the order of 1 to 2

JN/annum. Small irrigation developments near Karak and Shaubak in the Highlands

and at Qatrana, Abyad, Tell Burma and Arja which have been constructed or are being

implemented, demand a gross extraction of about 7 MCM/annum. There is a limited

demand for the Nasa phosphate industry. The balance of the extraction by pumping is

mainly for domestic supplies and does not exceed 3 MCM annum.

er availabilit fo

General discussion

9

The Ajlun-Irbid area receives an average annual recharge of about 110 MCM but

water levels generally exceed 200 m below surface. Since the maximum ecanomic pumping

depth for irrigated field crops cannot exceed 150 m, even with high discharges, little

of this water can be economically intercepted within the area.

Water discharges from the basal aquifer to the Amman-Wadi Sir system in the upper

, Valley. Acceptable pumping levels and well yields are associated with good

in the vicinity of Sama to the north of Mafraq. The area of relatively shallow

level isphowever, limited by the topography. Some irrigation from wells has

alady been started by the private sector in this area and public investment does

not appear justified.

As present extraction in the Wadi Dhuleil area probably exceeds the safe yield,

additional development of irrigation cannot be recommended in this area.

The average annual recharge to the system in the Nadaba-Amman-Zerqa area is about

78 MCM, About 35 MCM flow northwards through the Amman-Zerqa Valley to the upper

Wadi Zerqa and an equal amount flows southwards to the Wadis Zerqa Main and Mujib.

Some 2 MCM discharge westward to the Wadi Sir springs and about 6 MCM flow eastward

to the Azraq basin. The spring discharge at Wadi Sir is fully utilized for domestic

supplies and irrigation. Net pumpage in the Amman Zerqa Valley totals about

15 MCM/annum but most of this is probably replaced by induced recharge from storm

run-off. Little of the water flowing south to the Mujib basin or east to the Azraq

basin is used. Nevertheless, in view of the forecast demand for Amman, it is

considered that all the available groundwater of the Nadaba-Amman Zerqa area should

be reserved for future domestic supplieu in the area. Additional development of

irrigated agriculture cannot be recommended.

2,,1 .4

2.1.4.1
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The hnmanWadi Sir system becomes ineaasingly sandy southwestwards into

the J*T- basin. Beds of uncementi ad re common in this area and the

are relatively thia. The sands are normally fine and

:nadad. Construction of wells in these sediments involves the use

e:aasive screens and setting carefully graded sand packs. Wells up

a deep will be required. Thus, well construction costs in the

a;ern part of the Jafr basin will be very high and would probably

.e economic development of the water for irrigation. The area where

the litholory of the system may be a constraint to development le indicated

in Map 1.

Wells over 500 m deep will be required to tap the AmmanWadi Sir system

in a larre part of the Azraq basin. Well construction cots will be more

than double thone in potential production areas in the IN,:;Oinlas and in

the v. stern part of the Plateau. It is doubtful whethea costa would

oaaa,m5.cally aaeptabla The area wlaaae well ,a.niruction cost, due

ton. pth, inTh

12

combined with aquifer thickness could limit well productivity to below

an accelole discharge. In the areas delimited, specific capacities

would .i.atrally be considerably lower than about 3 m3/h/m in wells

penetre'Hag 100 m of saturated section at discharge of 100 m3/h, i.e.

the O' wn. for 100 m-3/h discharge would exceed 33 m. The aquifer

. .anitations cannot be indicated on a map of this scale.

Refererae should be made to detailed geological maps to estimate the

saturated thickness available at any particular locality. However,

limited saturated thickness is common only near the edge of the

escarpment and the deeply eroded side wadis where considerations other

than well productivity preclude development of irrigation.

The map shows that well productivity limitations reduce the area to

the east of Karak,where depth to -:er is ne limiting, to a relatively

small area in the vicinity of 1 nnir ein the possibility of

development in the Tafila region ad exclado parta of the E , 'low water

areas between Shaubak and Ras en Naqb, and to the south c

Well productivity in parts of the Azraq and Jafr basin could ' limiting.

The extensive area of relatively shallow depth to water extending soUth-

wards from Siwaqa to Husseiniya is little affected by permeability

limitations.

uction cost limitations



Water qu ?.itations

13

1 di lvod solids in the water an-Wadi

indicated an Map 1. The include most

parts of the Azraq basin and the south-eastern

- Water quality deteriorates rapidly in both these

areas. 11,. salinities of up to 1 700 mm have been observed in the Azraq

basin and un to 2 650 ppm in the Jnfr basin.

With th, ,ion of the Dabl the concentration of dissolved

solids in -H. a.ter in the 7i, along the western edge of tile

Plateau zi.n 1 CflO a largo part of the Highlands ;'

salinities a below 500 p ,

The order of magnitude and regional distribution of recharge within the

area have been estimated and the regional pattern of groundwater movement

known. The total mean annual recharge about 125 MCM. It is

L Aed that about two-thireH !ec.:3.11.. occurs in the mountain°

bloHi beween the Wadis Mujib reservoir capacity of the

not been estimated 1. obviously very larEe.

The quu.tity of the water which can be ....vered on either a safe yield

or llad depletion 7=is is known only limited areas. Analog

model - "1 -7 Naqb area indicate that it would

!I-T. in this region without incr:T'

:!ccptable !clines Oppendix 4 (33)). A digital model

Qatrana are. that gross extraction of 8.5 MCM annum in the

vicinity of the ( pilot velopment would result in stabilized

declines of lea . 10 m (: 4 (42)). Forecasts of aquifer

response to - ::rom else a *n the system are lacking.

I o consideration the above .,aints on Havelopment of the Amman-

Wadi a medium term plan was on -Um A' gross extraction

valeL.t to the es*mated recharge. The Cistrilitml of extraction is in

accord with the tnd groundwater flow L As this rate of extraction

will involve an .11.y unknown amount of reservoir depletia ! planned

development is to allow periodic appraisal of aquifer _ to extraction.
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2.2.1

Within the project
,437.9 tb7:, land recro:_
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2.2.2

The arpa
foothills of
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STUDIES

er is the limiting factor f irrigation development.

14

..;.:3ation studies were initiated during phase I of the
I!fljflg phase 11, soil studies were continued b 1 Soil

' the I1T. collaboration with the Research Y), t )f the, of
lture. Detailed soil surveys were undertaken on 0 C10 dunums 'cld semi

d iled surveys an 22 000 dunums. The project advised on specific soil reclama.
p.I.oblimc nnd Q1Q (10173filMITti p-conar programme Of soil

reclama-tiA61:(:1!) Tilts pi..ogramm.? 2)01; -0:.,rio_L;! underway but no final resultr
have yet been obtained.

T1-1'.ao major hydrogeological rits exist for
irrigation

Tha i the vicinity of Ghuwei7? nd Adir to the east of Karak.

The the Highlands betwe: fk and Ras en Naqb.

) The ,e_a of he De PI teau extlding southwards from near Siwaqa
to the vicinity of ileoiciya and lying mainly to the east of the
AmmanAqaba highway.

:.rea near Ghuweir and A the elevation
rom 900 to 1 000 m.

1/ 1 7 = 0.1 hectare.

Shaubak and Rasa, li..,. .re : 7[ n the mountains and
6Hrise 'sca 1 of 1 30 o 1 600 m. The topography

'Act ' -:cpanaes of level land are rare.

in this report ar ,K1. to those are
hya... constrai to economic dt-

6,C¡ HUBE a gently dissected plateau formed
calcareous seai ,. The altitudes range from 1 050 m in

Jbout 750 m in the .iiorth.
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ural _

Most of these lando

y occur an the

ivated vith

is risk of failure duo to the variability of the

are also grown in the wetter areas but produi-

is generar,

thL he rainfall supports only sparse grazing which is used by

n(,] he Aleep and camele. The natural vegetation is overgrazed ad

has been destroyed by ploughing. Some winter cereals (mainly barley)

small patches along the wadi beds but yields are low and the failure

very high.

and land cla,,

Thication system used is based on that ' by the U.S.

or (1953). Certain modifications of The system were made

t( lit local coi ns.

A gross area of about 140 000 dunums uas eurveyed in de-tel.ls semidetail, or at

ssance level. The surveys are eseribed in FAO (1972b) and in working papers

of the Soil Section of The areas selected for survey were chosen

on of a preliminary a, t of the available land and water resources?

and mily a small proport5 ' the areas in which groundwater development

is gf y feasible, parti(L'' the Plateau region. Additional surveys will

b( icy for further lent but preliminary reconnaissance shows

Ylecessary areas of gable . 'e available. The surveys provide a

' the of irrigable land to in the areas. The results of *'

survez eenf21,- -,o date are summarized in Table 2. It shoulg be noted th7,

e ,ccording to their existing conditior 1:,A.t the table

11( ..cation to which the lands could be ,1 by proper

irrigation

Even with preliminary soil (nce a large part of the land survey has

f,

to be writtenoff as u,) itable for A.gation and included v: class 6 land.

rci,A ' the ::; :: ands are included in class 4. 3 or betta

ese ,f the surveyed areas.

ThL, iip'jrtant to land development for irrigation in the Chuweir-

Adir Wi(A,lerds are: o pe mid limited depth of soil.' The soils may be

ir4+' the drier parts of the ShaubakRas en Nagb area,

6 :_el these defecto may be removed by leaching.



L
o
c
a
l
i
t
y

G
h
u
w
e
i
r
 
a
r
e
a

G
h
u
w
e
i
r
A
d
i
r

S
u
b
t
o
t
a
l

H
i
r
h
l
a
n
d
s

W
.
 
A
r
a

U
d
r
u
h

A
b
u
 
L
i
s
a
n

Q
u
r
e
i
n

S
h
a
u
b
a
k

W
.
 
W
u
h
e
i
d
a

U
w
e
i
n
a

A
b
u
 
M
a
k
h
t
o
u
b

S
u
b
t
o
t
a
l

D
e
s
e
r
t
 
F
l
a
t
e
a
u

S
i
w
a
q
a

a
t
r
a
n
a

S
u
l
t
a
n
i

A
b
y
a
d

1/
T
e
l
l
 
B
u
r
m
a

Z
u
b
t
o
t
a
l

O
R
g
;
D
 
T
O
T
A
L

T
y
p
e
 
o
f

s
u
r
v
e
y

S
e
m
i
d
e
t
a
i
l
e
d

D
e
t
a
i
l
e
d

D
e
t
a
i
l
e
d

D
e
t
a
i
l
e
d

D
e
t
a
i
l
e
d

D
e
t
a
i
l
e
d

D
e
t
a
i
l
e
d

D
e
t
a
i
l
e
d

R
e
c
o
n
n
a
i
s
s
a
n
c
e

D
e
t
a
i
l
e
d

D
e
t
a
i
l
e
d

D
e
t
a
i
l
e
d

S
e
m
i
d
e
t
a
i
l
e
d

S
e
m
i
d
e
t
a
i
l
e
d

>
t
a
i
l
e
d
 
s
u
r
v
e
y
s
 
h
a
v
e
 
b
e
e
n
 
c
o
m
p
l
e
t
e
d
 
o
f
 
o
v
e
r

G
r
o
s
s
 
a
r
e
a

s
u
r
v
e
y
e
d

(
d
u
n
u
r
n
s
)

8/50

6 070
5
 
0
7
0

1
 
8
6
0

9
0
0
0

1
0
 
0
0
0

2
 
0
5
0

1
2
 
0
0
0

2
7

500

4
 
3
0
0

1
0
 
0
0
0

1
7

2
5
0

13
0
0
0

1660 700

1
4
1
 
2
0
0

1
6

T
a
b
l
e
 
2

S
U
M
M
A
R
Y
 
O
F
 
S
O
I
L
 
g
a
D
 
L
A
N
D
 
C
L
A
S
S
 
2

)

8 950
1
 
0
0
0

4
7
0

2
 
1
0
0

7
0

1 40
7

4
6

29
6
0

2
4
0

L
a
n
d
 
C
l
a
s
s
i
f
i
 
a

2 750

2
750

1
5
7
0

3
120

6
6
0

2 150

8
0
0

537

10 750

9
137

2
 
8
4
0

1
3
4
0

2
 
7
5
0

500

430

2
9
 
7
6
7

3
 
2
0
0

5
850

1
1
 
2
7
0

4
 
3
0
0

6
0
0

0 920

e
-

1
100

350

4 400
5 950
9 350

2
1

1
0

190

3 000
3

0
0
0

2
410

990

5
2
0

/
2
8
0

4
6

2
090

370
1
 
5
8
0

5
0

1
6
0

6
 
2
6
0

7
0

2 560
5

3
6
0

1
3
1
7

1
5
0

5
5
3
0

6 470
0
0
0



2 2 .4

17

t ort

t._ itif) tt'; 1, tt 17'; ..%ft.t; fk

v's1 t t ¿.tt



0,3

3.0

18

Crops

ay



and

izer,

19

)roducl work through;

d testo on the promising varieties of the most successful

st J es were desi

ria'.; I

able way of

to determi:;

: .01

cultural method studios

for corn-

outside the country

3.1falfa and

g varieties. A

and seeds of

ble uuantitiee for

for the cr ing of

trana

d at Qa

ng fodd

ed material of cultivated fieldColle1 -stansive vari

an0 es;

ab le pa o the

lal irrigation

of giving high ret

the oth



2.3.3

The fiel

Dier Alla and otha.

Results

0::

d conclusions

20

It wL..._ that improved a c

countries an '.he western Unit. eou

tiens for use in East jel-aPTI-

ittfication of pro:

i remain to be co-pi.

ers "r("re such as -

-overo winters aad

eats, rn -an be

of the u., ,.J.Jcluent costly i

2331 ..rious oro s

Zambesi

varieties

01J'.1
h.e:s1,1: L'illtP101,.1

othur

e 04'

e scope for

j_ven

are rel. rted ir.

thc

1 wint(:

Ire

tpei-r.*

'.3at production in o

seeds cf.m,,,"

up to

,cid in some E"

suitable ca-

ade in the

-Ants, details

by experienced

.1, 1 rly those that

precipitation

.ue and high yieldi er.ops

d for their sue-

rom th .., .......uo studies and trials on various crops are

i.gate as in the hills

7iigh

Upor aI wheat

d be retested.



(b) Maize

Experimental am.ri .TL7-hout Jordan have indicated that maize can be

grown wi* -9ossible yields of 700 kg/dunum or more under good

c-nditions. Bulk quantities of seeds of thren synthetic

(0) Alf..1

Alfa he most successful forage and hay crop of East Jordan under

irrigation. The following suggestians are made regarding its improvement:

The varieties i- ise are good but impro t is posaible by selecting

vari r iltipliid or obtained in the country.

testing worK a il as ij.gc. .ea and fertilizer requirem

should be .ed.

mor, highyielding,

.J,esista- varieties.

:a.tiono made at Qatrana indicated that Certified Hayden, Moapan 69,

Jit (from Iraq), Sonora 70, Medtcago .gluaLe yol,ypase

mammal-La are the betLe varteiaes La sold reav1Lonce Fteld trials
. . .

Crw A-wa6n nd ecc1olrJs sbould be conducted.

FertM7 4- (particular ithorus) should be started with

Caliiu i,n Certified ha eid Moapan 69.

Possibilities of local r.'oduction ve been demonstrated at

Qatrana and line sowi )ae , (50 dunums) for the

purpose. This work be expended A_ local ueed production

increased.

21

.111, A

uet) and insect pest(e.g.

Preliminary studies on oilseed live indicated the possibilities of

successful cultivation of sunflowe Under good management, the crop is

capable of givinE high seed yields (150-200 kg/dunum) that contain a high

percentage of oil (40 to 45 percent) of good quality. In addition e

crop is hardy with comparatively moderate irrigation requirement.

(e) Soybean

Soybean can be successfully grown in Jordan und.ee irr1 but its water

requirements are expected to be high. Preln ion on promising

vari 'es and cultural requirements has been :11ected but more work is

(d) unflower



Rapes

Preliminary studies of rapes and mustards have revealed their possible

usefulness under the climates of East Jordan as oilSeeds and forage crops.

More research an this category of crop plants is required.

To

Tomato is an important vegetable crop capable of giving very high yields

(2-3 t/dunum ) under good management. Preliminary varietal testing work

was initiated at Qatrana in order to identify the best varieties from

among the confusingly large number on sale. This work should be continued

to organize local seed production.

Onions and garlic

Onion and garlic crops were observed to be eminently suited for cultivation

in Jordan and can make a successful use of water and of temperature

conditions prevailing in the hilly and Plateau arcas, by giving high,yields

(2-4 t/dunum ). Their production in the country should be increased as an

import substitute.

Melons

Melons of good quality can be produced under irrigation with high yields

(1.3-2.0 t/dunum ). Since melons can be exported to adjoining countries in

large quantities at attractive prices, the expansion of this crop,

particularly sweet melon is advisable.

Sugar beet

Under Food management conditions, it has been shown possible to produce

enough summer raised roots to yield about ane ton of processed sugar per

dunum. A feasibility study has shown that sugar production based an winter

beet production under irrigation in the Jordan valley and by rainfall in

the Highlands would be viable (Agrarund Hydrotechnik, 1974).

Cotton

Observations on raising American cotton (Syrian variety) at Qatrana were

encouraging. With more work an choice of suitable varieties, good agronomic

handling and pest control measures, it should be possible to raise the crop

successfully and profitably under irrigation. Trials should be continued.

22
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Cereals: wheat, barley, oats maize sorghum.

Crain legumes: soybean, cowpeas, fiel(

Oilseeds: 7lower, soybean, safflower.

vA,n+ebles:

cropsa aiZ:dfa, sudax, sorghum.

(.:er crops: cotton, sugar beet.

Taking into consideration the existing marketing conditions, the water consumption

and other economic aspects ollowdng cropping pattern is recommended for the

new irrigated areas:

24

iflowers, broadbeans, melons.

40Alfalfa

Wheat followed by maize 40

Vegetables (winter and summer) 20

2.3.3.3 P The H

A 12year old orchard of approximately 100 dunums Mlailbak Government Farm in

the Highlands was udied in regard to the success of diffent species of fruit trees

and varieties and disease control and expected yields. It was concluded

that:

H*ha point of view of the ecological conditions, the development of fruit

culture in irrigated Highland areas is possible and advisable.

Climatic conditions (cold winter, low rainfall during the blooming and mild

summer temperatures) are favourable to regular growth and yield, to good quality

and to long storage life of fruits.

Apple is the most suitable fruit crop in deep soils with sufficient infiltration

rate, and which contain less that 50 porcent calcium carbonate.

Prune and plum culture is possible in heavy and calcareous, deep soils.

In locations leso exposed to late spring frosts,apricot culture is suitable.

In the leso deep and/or calcareous soils grape culture is advisable.

gn the above observations and on the particular climatic and soil conditions

of eac* of the development areas in the Highlands, the following recommendations are

made:
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the evaporation ratos was found betweenthe two

Peak rat.: nP 13 to 14.4 mmirtay were recorded over the dry

peak f were of the order of 8 to
rate from Class A in field was about 64 perc7,t

the dry bare soil surrounding arther measurements are rec

his relationship as well as all the derived figures on crop err

over the irrigated perimeter of Qatrana would be

3 150 nm easured at the dry soil station. For

and., stress, the peak monthly water use

if the 'ado) and Claus A

T thre u e , are still

- and 1.56 to 1 69 for the deeper layers. The

is around 1.0 mm. The i.n.ltration rate is

,erties intervals an well

app. des.

r.

tr!eters (4 m2 in area and 1.5 m in depth) were installed early

land reclamation and levelling. A moisture neutron probe,

uncl sprinkler irrigation equipment

Ootu m- c,ar:A) nne 21,))p lied through portable pipes

er from calibrated res oiv.

su l-t s use are summarized below.

(a)

The 197 a on J- Ira water use one year old of limited use

. ous stand and small perc. soil cover. With

tional care, the stand and growth were greatly

a are silty loams to clay 'he capacity is

23 and the permanent wiltinp; point 13.:, . The b,lk density is frem
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ed cropping the Desert Plateau
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A pan evaporation established in Lebanon were used

and analysis of individual, values obtained at

ted only after two additional years of continued
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were installed in a regular grid pattern for soil

addition come tensiometers were placed at 50 and 100 cm

not used and the tensiometers were neither sufficient

y ovendrying moisture determinations were made.

(a) prescheduled irrigation based on Class A

,on as practised previously in the orchard.



T
T

30

45
19.4

697

1

jr,--,,
0.--,-ozs.

78.3

114.4
146.5

167.9

140.0

120.1

28.0
36.6

I

1 i 1.5

163.6

209.5

240.1

200.2

223.8

278.7
257.5

171.7

40.0
52.4

2 000

_

"

124

95.3

24
1

200.2

223.8
278.7

257.5
171.7

36.0

959 C
.

.;
-

-

-^

e3L
C

.;

10
47.3

135
58,1

175
75.2

190
81.7

230
98.9

5
92,4

190
81,7

50
64.5

65
28,0

40
17,2

-5

90
L

SG
7

M
arch

125
5308

A
pril

170
73.1

M
ay

175
75.2

June
100)

42.9
85

36.6
170

73,1

em
ber

180
77.4

0,::.tober
100

43.0

111C
,2

1:a."C
 ea'

7,-1,a10:_s-ci

1;.2

95
13.3

109
15.3

80
17.5

(110)
15.4

150
21.0

210
29.4

150
21.0

90
12.6

N
 te:

.culations for v
e ables w

ere
garlic

er vegetable) and tom
a%

_



L ° ';.h.j0 Y; .6he 60;,al tla'ucy, 112e grown vigor.

orL,1 :rccl w-ra).71 bo arpr,1 60 0060 01,-,us A value (i.e.

'
P11,1111. 0,7:11trlba;,o from i(70 to 200 mm. With

4,
arr" 7 irrigation, efficiency could be high.

:eving soil cover (30% for example), it could be a med
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of spikler tests were carried out durinT the 197 in a 2,5 ha

alfal a. It was concluded that wit% 71,7. nozzle )1:inklers, the

best re E a 12 m x 18 m spacing, 3/10 in nozzle and 2.5

atmosphe ho irrigation efficiency was estimat,::J to be about

7y, .0o.,,00.;, 161dr,a. ifo.d velocities below 4 m/sec. The work was co.).t+ at Wadi Abyad

YPojc;cL 0.112inc the winter 1972/73. The results obtained a discussed below:

(a) Water

th

of

(b)

Where:

Where:

7-
. mean depth os:..

. sum of de'''

eaa

32

valne (8) wer-

,,ith 4.5 mm
'd re below 2 m/sec.

f water calcu7: .:om the

(theoretical ape:.. a *on);

..)limatic and 1

the water lomee

are almost 1:

ses for each met

in absol,

mean m;

1 (appropr size

0-17 waa found

o -rind v(1-3ity with Value

,y,alocity.

depth of water of

actual application, i.e. mean depth of water of all catching

of

*th Wrigh.;.; '6wonovi

and 2.

7 as obtained witli veloci-

'wean 2.9 and 4.2 m sec. With high wind ( >7 m/sec) the C.U. dropped

1.ow 60%. ThE . .wing linear relaol) +I:1s found between C.U. and wind

velocity (in t 1.0 7.7,

95.7 - 4.91 V, with V ocity in e .
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To accelerate design work, a topographical map of scale 1:2 500, covering an

area of.22 000 dunums, was prepared through a local subcontractor.

The following technical problems related to the design of irrigation echemos

were examined in detail and have been the subject of special working and technical

papers(seo Appendix 4B and C).

2.5.2.1 Choice o' lant .or deepwell um ing

There is no high tension supply in any of the area suggested for irrigation

development. National grid power could be a possibility for the future but the load

would have to justify the extension. Bearing in mind the possibility of national

grid power in the futuro, the following alternative power supplies were considered:

A central power station for all, or for several, of the proposed

schemes.

Individual scheme power stations.

Diesel directdrive for pumping.

The above three solutions were examined in detail by the project (see Appendix 4
(35, 49)) 2/ and the following conclusions were reached:

In Highland schemes the choice of power supply is relatively straightforw

A central power station, which cannot be envisaged until there are about 25

wells, is appreciably more costly than either of the other alternatives.

Diesel directdrive is cheaper than power stations for individual schemes up

to about 10 wells. In the ShaubakRas en Nagb area, the number of wells in

any individual scheme does not exceed the above figure, even at full development.

Diesel directdrive power should therefore be used in these nchemes. The sole

qualification to this conclusion relates to areas like Shaubak, where the surface

discharge head is important. In such cases, a, detailed comparison must be made

between diesel directdrive and a power station for the particular scheme. In

the Ghuweir and Adir areas, the distance between the areas is more than 3 km so

that two power stations would be required with low voltage transmission.

1/ A full discussion of the power alternatives is given in H Term Plan fox
Development of Groundwater Irrigation in East Jordan.

2.5.2 ed to irriation deve
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depth of well;

depth to sic water level;

specifi- c ity of well;

time of pv.o-(5 operation per year

The follo .:ormulas were developed by which the optimum (Esch;Irge of

a well can h _,JIely determined:

Case of a pump equipped with a diesel direct drive engine:

Qopt
\I- I WD . 9'60d

65.6
7501 o0 (3C

Case of an electric submersible pump powered be an individual diesel

g=lrator:

V (I p.111 '.- ciuoa -"- 20.,7T

-:- 1 350

ular welle i.o. the

JAAC metru, water, was made by using

er and annual cost/power and with the following

.1 IC)I1C1

0'aqu nf u Drunbo 7)11n o(i100p,s,d with electrical submersible pumps, powered
by a nanl d)cse gruerzAcv

(1 3 :1) -! QL;Od 9.OT -:- 271 000 y
Qopt 2,4T I 308

Qopt
optimum 4 well ' m3/h

total depth ì uell in m

depth to water table in m, plus 3 m for friction loases

in the well

time of pumping per year in hours

specific capacity of well in m3/h/m

sumptions mtd simplifications were made in the development of the

ab la , the most important being the linear relation of the drawdown to the

discharge which is true only over a relatively small range of discharges. Thus the

optimum discharge det=mined from the above formulae has anly an indicativo value

d a more accurs- .nulation should be made for each particular cane an the btl'

of the actual -1.stics of the well.

The determination of the opt_

ge which gives the lowe,,

relations for capital cost
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ethod

well

'sion (:)*' ars storac, (i.e. pumping from the well

7 in ." . The c(7.c are:

ristics will allow the choice to be

'di between the two alternatives for Highland

t Plateau schemes relate to well characteristics

_ adividually;

tora,e reservoirs are desirable for both Desert r

reservoir. In practice tJ(r.

.th. reservoirs. It was found.

up to capacities of about 2 000 m3 and are also

considered that concrete reservoirs are to be preferred

n schemes.

(
co between conveyance systems of canals or buried pipes was

ex Water losses and management problems of earth canals combine to

this :stem. Por small clicharges, the capital costs of concrete

Anal 'most similar to those for buried asbestos cement pipes

bt Ale annual ets of the former are hirher.

(Iva o age reservoirs which may be summed up

EtE f 1

(a) on

a given rate to a storage r or the highest number

ligher e to a balancing for 14 hours per day

Ia l'Tity of water as
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For ti Desert Plateau schemes the border strip method of irrigat

comp to basins. The capital costs of both methods are similar.

Annual. costa of border strip might be lower than for basins, but higher

skills would be involved, an important consideration when the settlers are

inexperienced.

The choice from the above methods is therefore a combination of buried

pipes and levelled basins. This method was compared with sprinkler

irrigation. The comparison shows that the direct costs (amortization,

maintenance and supervision) of sprinkler irrigation are always higher

than buried pipes and basins, but the latter involve higher labour

requirements. The indirect costs (land losses, irrigation efficiency,

farm machinery efficiency, elimination of night work, and delayn in

completion of construction) of sprinkler irrigation are lesa than buried

pipes and basins. Taking account of both direct and indirect costs,

sprinkler irrigation costs are slightly lower than basins for Desert

Plateau schemes but much higher for Highland schemes. The labour inputs

for sprinkler irrigation are lower for both Desert Plateau and Highland

schemes.

The cost and labour comparisons are summarized in Table 4.

Tabla 4

COMPARISON OP COSTS AND LADOUR INPUTS FOR SPRINKLER
AND BASIN IRRIGATION SYSTIES

In conclusion, sprinkler irrigation is preferred for all Desert Plateau

schemen and contour basin irrigation is preferred for all the Highland

schemes.

Desert P nchemes Highland echemos
banin prinkler "i)asin sprinkler

Initial capital (JD/d ) 42.0 42.0 36.0 45.0
Direct costs (JD/dun/yr) 5.7 7.6 4.7 7.3
Indirect costs (JD/dun/yr) 15.1 11.0 4.2 3.3
Labour (man-h /d /yr) 18.0 10.0 52.0 7.0



(b) Recommendations

d an field trials carried out by the project and the experience

ed from the operational schemes the following recommendations are

made:

(i) s on Desert Plateau schemes
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Rate of application:

Spacing of sprinklers:

Discharge of sprinklers:

Wetted radius:

Sprinkler nozzlea:

Operation pressure:

Diameter and length of laterals: 75 mm (3 in) diam.and 198 m

length. The total length (net) of the irrigated strip will be

204 m

Number of sprinklers on each lateral: 17

Discharge of each lateral: 23 m3/h

Area served by each lateral: 3 670 m2 or 3.67 dunums

Risers: 0.60 m for normal crops, 1.50 m for maize and sorghum

Pressure regulators: Where the topography is uneven the use of

individual pressure regulators is recommended to be installed

at each sprinkler

Required pressure at the hydrants; 3 atm.

Hydrants: Diameter of riser pipe 75 mm (3 in). Hydrants will

be placed at intervals of 54 m

Auxilliary line: An auxilliary line of 18 m length and 75 mm

diameter will be used to serve three positions of the lateral

from each hydrant.

d schemes

6 6.5 mm/h (in average 6.3 mm/h)

12 x 18 m

1.36 m3/h

14 14.5 m

one nozzle 4.76 mm diam.

2.5 atm an average

The auggested method is the contourfurrow with individual basins

for fruit trees and contourfurrow for grapes

Orchard valvea will be placed at 50 m intervals on the buried

secondary pipelines. The recommended length of furrows ia 100 m

but in some cases up to 130 m is acceptable.



(b)

De

11. individual basins will be tree.

TL.3 size of the basins will 1c) ) the

growth of the trees. Contour ed midway

between the rows of trees at -als of 4 . Water will

be conveyed from the furrows to '6112 basin :J,_;IA plastic

or by opening the earth bank.

Discharge unit of the orchard valves will rango between 20 to 40

m3. Water will be diverted from the valves to the furrows through

portable quick coupling pipes.

Por grapes it is suggested that two contour furrows be constrlIcted

between the lines of grapes. By using plastic pipes the diso

unit will be dj:,J' 7ntO four to six furrows to reduce thc;

in each furrow vid the risk of erosion.

2.5.2.5 Layr:t of pipelines

.es have been est1e,1 for the 17...7;- pipelines bz,-

ual costs for di Atio &r:luse of '6he i(an-

hese d b S iyrT

es are the

from ane of the wel . 6-Jc) from th.,

When the slope is more tha. 0.6 percent, twc

g the slope and distant I m should be used.

-acommended length of pip1 ' between 500 d 1

Lhemes

.1:2n the el i 2 percent or mr h most economical layout solution

is to ha', parallel pipolin ch well following the slope and

distant 206

The recommended length of pipelines is approximately 1 II rn

42

. parallel pipelines

- When the - o or negligible COOT solution

is to : allel nS :OS for two



2.5.2.6 Selection of di neOP (Y:: 711

The selection of the diameter of pipelines should be based an the corn icon

between cost of pipeline and capitalized cost of energy for friction losses in the

pipeline.

On the basis of the assumptions made for the desert and highland echemos,

detailed tables have been prepared giving the economical diameter of pipeline for

different discharges and longitudinal slopes (Appendix 4 (23)).

2.5.3 Preliminar a ion eche

43

The preliminary designs for seven irrigation schemes, prepared by he project,

cover a net irrigated area of approximately 25 000 dunums. The purpose of these

designa was to determine the irrigable area of each scheme, to examine the different

solutions and select the most economical to determine the best location of wells from

the angineering point of view, and to estimate the approximate cost. For the prepara-

tion of the preliminary designs the following data were used:

topographical map of scale not less than 1:10 000;

soil reconnaissance or semidetailed soil survey of the same scale;

all available information on the hydrogeology of the area.

The schemes for which preliminary design was prepared are shown in Table 5.

For some of these schemes final designs were prepared later and changes were made in

the design concept in accordance with the conclusions of the general studies.

The project produced final designs for six irrigation schemes for immediate

implementation. The schemes cover a total net irrigable area of approximately

11 900 dunums.

Work an these designs gave to the project staff the opportunity tc c=liDe in

detail and compare all the possible technical solutions and to acquire lv,Acise data

about the cost of the schemes, used later in the preparation of the "Medium Term Plan

for Development of Groundwater Irrigation in East Jordan". For the counterparts, the

"model final designs" will be of great use in future work. The designs are accom ied

by all the drawings and contract documents including technical specifications and bid

schedules.

2.5.4 Final desi ion schemes
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OT1

, ae data were used:

cent°, m.

of final
leal conditions of tt ¡sea.

0-10 and socioeconomic conditions
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2.6 D OPERATICO OF IRRIGATION SCIØES

:.ovide( ;,c.ivj.c and assistance to the etT,v 51 the

.)eration ! irvation schemes. This activity, the

:»)ject staff to Tvaluate in practice the different technical

)11e cost estimates and to improve the fork.

ty the pro only -V

assistan( Ttri.
aad later during the

-:Aa South was implemented

Le project during the

phase0 Some complementary

L:dsting Qatrana pilot scheme were ed and their construction

superv3:-

Cene Qatrana

with a net irrigated area of 700 *,:llums9 is an

pilot scheme implemented durr I. Except-for

distribution system, the sal,1 design Linciples were

. Two wells of ( total - of 240 m3/h equipped

ihaft turbinc Ere uset . the

systE consiErI r ied asbestos i 1- 17i)Ao

irrigation

3ame dimensions

pply an' 1 ation of pumps were

th 31):,rtment of

- tF oject. Durinc c -uction

.)L1-1 supervising the work Euld in adting the

d levelling, construction of basins) was done by the

' the Ministry of r tculture on the basis of a levelling

;. Six trac id land levelling equipment were provided

of the scheme was completed in early 1974 and at the time of

)74) the basins are being prepared for cropping.



2.6.3

2.6.4
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Flateauvimplemented d financed by British Aid, beo,a operational ,Thuring

II: Wadi Abyad of 500 net irrigated dunums,Ghuweir of 500 net irrigated dunuma

Burma of 1 000 net irrigated dunums. Although the project was not dir Aly

:7:olved in the implementation of these schemes, tech]lioal assistance was pr

to the Government by the project staff in solving c problems. Again

experienced gained was used in improving the designw k and the cost estimates.

The constructior

opportunity to

pea.

b,

for irrigation development.

After two years of operation of the Qatrana North scheme a detailed study was

out by the project to evaluate the different el (la Its of the scheme and to

ritions for improvement. Supplementary work asigned and constructed

under oject supervision and as a result a better water control and flood protection

has been obtained.

2.7 AGROECCNOMIC AND S0CI0EC0NOMI0 STUDIES

e open canals for experimental at Qatrana gave

data of their cost and to comp, a them to the

In addition to the -.North pilot scheme, thrs 'tina6;,h- on the

2.7.1 G

The primary :f the agroeconomic studies was to obtain Je information

required to assess - 2easibility of the proposed irrigation dev.
. schemes.

The studies wer .::: .euently oriented to obtain and analyse data on (a) yields,

coste and prices o.): the main crops and livestock; (b) costs of pumping and delivery

of water; (c) potential markets and marketing facilities; (d) socioeconomic

conditions of settlers. An estimate of the nomadic and seminomadic populations in

East Jordan was also compiled. The agroeconomic studies carried out under phase I

r small discharges of 100-150 hereis no

cost between concrete open canal buried asbestos

former i This cos-6 ison and the

water m led to

uld be , a in all th



2.7.2

ientated. These data laid the basis for

'.gation schemes applicatf

instit, (. .8). The Develr.

°Ann in the synth r .11 the technical, agr
L'oh sosie,-e0o9.omc s'budlus cyrlect out by the project (2.9).

-7evious agroeconomic studies under phase I of the project are given

l Report 3 (FAO, 1972a)0

on main er oo and livestock

on 1r rÌ 06tS and prices of the main crop and

analysed. The improvement in basic data

d as more ,7:!:ton was obtained f:.

:olono in basic assumptions are summarized in worki.(:

'a and their analysis have been incorporated into the

--hemes. Particular efforts were made in devising sound farm machinery

4:4

r"4.1
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s. T7.e most serious deficiency in basic data

cf :7"attening and seasonal meat price orn,-,

in JOR 9

stock possibilities

continuing process as

r.ighbouring oountries.

ors. Improvements

onessments of

in the technical

schemes, the finally 3tablished crop COCC3 and major inputs are

the gross and mEr; : rues in Table 9.

_
<Alf du,,Aril) 2 ,0*..r,

0. r '1,4:41: 'SnO6

)J L

rfa:',/41.4Y00 69_1 70

MaTi.zo

41.14 0.50

1,07 0.40

2.04.

1.02 4.27

Alfalfa

_
7,21

Toma'.0

10.46

0,31

11.27

7.30

0.75

8,05

132 122

856 381

f "
1,6)

0.71
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at the outlet of the pumpE,

economic analysis of the sche

700 1 750 2 400 ' 000
23.5 29.8 43.2 36.0

10.5 . 17.9 16.4 10.4

3.0 11.0 26.8 25.5

AlCaL Tomato Ooion

apes are mainly recommended with ,Low

Bec_e of the complexity of the problem, the

nave been eymd orly on the 4)asis of internal rate

total ,-, scheme costs) of a

e of the plan . For u, -pples and grapes,

e JD 40/t and yields i full prodtion 2 t/dunum.

-rriled and analysed, and

1. It became necessary

° h, ti practice,

pumps and C or

ulated as 6 - This or. uas used

This volv m.ples of the variouE possibilities

and, for 'rith manufacturers,

Many case ve re exncr0..o t Plateau and 111..1d areas. It .ras

to the t of wa-t( pumping no a function 7 the

lift pulling and time of annual anp operation. The

2.7.3 Cosm of

the method cf

basins nd sprj;

to a choice between levelled



ial markets, marketing facilities and marketing were determined.

There a wealth of basic statistics in the country, bu:; many contradic-

tions and have not been fully exploited by governmen ;icy ?:lerned with

marketing. Accordingly, commodity balances were drawn v for many commodities, and

the available data on products of particular relevance to groundwater schemes were

, !. efully scrutinized. Frequently, this involved going back to the original un

caed data. Conclusions are summarized below.

2.7.4.1 ilf.11J.ad schemes

Among the several species of fruit trees that can grow in the Highland schemes,

and grape are predominant from the marketing point of view, both in terms of

annual consumption and the scope for import substitution. The actual domestic

consumption is estimated at 20 000 t for apple and 8 500 t for grapes, while the

present domestic production is 2 GOO t and 7 500 t respectively. By 1985 the

consumption is estimated to increase, as a result of population growth and increase

in per caput income, to 43 000 t for apple and 18 000 t for grapes. The new

irrigated areas required to eliminate fruit imports by 1985 are estimated at some

30 000 dunums (Table 10).

Table 10

IRRIGATED AREA REQUIRED TO NW:MTN-ATE FRUIT IMPORTS BY 1985

: 1,X) L! i00 00 1 800 1.7 1 100

2 ,OG 600 1 500 1.2 1 300

1 5oo 3 200 2 000 i 200 1.1 1 100

2 600 800 1 800 1.0 1 000

4 3 0H,7) 2 000 ifl 000 2.0 20 000,ra1 7 500 lo 500 2.0 5 250

51

2.704 Potential ;,¡:?,aci

9 750

'Ey'c,:leu% Domostio ' P..cs(.,,nt , d]'6ional Aciujncd Required
down'Ao demoi)(1 domes tic producijon iorlrated irriratod

jil 1c,03 production cequioed yield arcs.

I ;,:;1.o ) 0,Doc) (tons) (tons) (tons/dunum) (dunvm)
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production is to fatten lambs which would be taken

in MarchApril. The seasonality of lamb fattening

e. feed producing activities should have a similar seasonality.

c. ioue e of fodder is alfalfa. In addition, there is scope

fc. direct sale ,f in competition with existing feeds. The total

volume nf ìel fe consumed is over 100 000 t, of which barley and

vetch a.c. , 50 000 t. The total production of alfalfa from the

prcnosed Drt lIp,teau irr tion development -,ould be about 40 000 t.

does not fall

d t:
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Tj: - for poull.

511.;,.cin.i..11 al-

.';;; ,701.13-c,E13, ;, ;, ti e

1.1 pric reí

The me iB about 25 GO( 'Iyet
about 41 00 irr ted i is It seems probable that the country will

remain a net imp or a long time, and the world parity cost

of JI) 33.5/t i ziken for economic analysis.

for o 'ain is the same as for maize and the market value

oi tï crop is oimi?

odder and

at JD 17/',

a7:,.et wholly

recent

That, in E i year, the price of meat

The lambe ar(. ,eing slaughtered. This is

preference for young spri::Ag lambs. Under

purchase of lambs for' hmg would tend

A' meat in thi, lpring above the selling price

have numbers of young lambs

sTahl)'mc.rease laxis and this could

Ir , years of spring lamb fallu

erage ice of mevt, and fattening would have

the normal . The value of alfalfa for

, JI) 21/t, ar:' the value if sold as baled

, including sorghum,sudan graso and oats is

likely that they will prove more

lfalfa. They would cause considerable

requirements if substituted in a
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that of Qatrana, be clearly c 'ned. If the goal is to der_relop

irrigated farming th the: :7.cpanditure and with th .e.test

assurance of 8t,J3cy -
The Goveynment may need to turn ove arm-

units to people wI have suffel-nt experience in irrigated iiithg

and who are less dependent on gove-mment help and 7nT7,,-,7t to keep

the project going. If the o; ect re, however, : , help settle

the bedon. and improve of he Government

must aceent J.iat this will imply longer, possibk; continuing,

(b) Wadi Dh 'ell

The survey at Wadi Dhuleil was conducted in May 1973 by interviewing 23

sharecroppers and 17 settlers.

If the t7.7,7-, -4' development envisaged by the Government in the Wadi

Dhuleil nnject is aimed at achievr n main goal of government policy,

Acly, the settlement of as many iv possible, it may be

1.).-11nAd that the Project under the 7ystem will not cpntribute

; n the short run, to the accomp :lit of such a goal.

n11 units ars orated and cultiin. ; tenants. In the long

thy, could huL) increase 7;:.,owledge, or the knowledge or

their , :ted - ,7ht eventually motivatem.

them to eltivat,) om rarms.

If, on the hand, tire Government encourages the exist

tenant ar-rnin:ments and considers this approach to be leer

while stiI Itributing to the improvement of both bedouins

ants,thc LJ.Ithorities still need to take certain measures to help

maximize the returns of the two groups. It is evident from the

survey that the returns from the agricultural units are low due,

inter alia, to the exploitation of the dealer. The tenants are fully

dependent on the dealer to receive, an credit, whatever farm inputs

they need during the season. No services are being provided to

tenants by government departments to reduce their dependence on the

dealer. The establishment of an agricultural cooperative in the

Project may help reduce such dependenco and contribute to increase

of their income.

thc owner-tenant ment could contribute

to th setti-ment of the bedouin. .i.andowners who live ir

near ':_,oject area. Their frequent contacts with and visits to



Al Jafr

The survey at Al Jafr was conducted in April 1973 by interviewing 23 of

26 settlers who moved into the Project and lived in housing units

The survey revealed that the majority of the settlers still need

training. The present level of productivity is low and can be

increased by using larger quantities of fertilizers and by a better

control of plant diseases. The extension agents in the project can

play a significant role in improving agricultural practices.

It seems that the settlers are becoming less dependent on the Project

authorities. They are now paying for their own seeds, fertilizers,

chemical sprays, boxes used for marketing and transportation.

However, they still require government assistance for the supply of

machinery and other farm equipment. If the Government decides to

withdraw from the Project, the settlers have aEreed to form a

cooperative.

To help strengthen the cooperative at ita early stages of development

and to anhance selfreliance among settlers, the Government can

devise a system whereby the costs of farm inputs and services,

provided free to settlers, are introduced and added to the cooperative

capital.

The Project is still affected by the way agricultural units have been

distributed and from the anvy existing between settlers and other

people living in the nearby area. When distributing agricultural

units to prospective settlers, the principle of working in the Project

to gain experience in irrigated farming must be adhered to by the

selection committee. Furthermore, the committee should take into

account certain selection criteria, such as devotion to work,

willingness to be more independent and to join a cooperative, age,

size of family, level of income and education before the settlers

are selected.
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Seacii,1% or High:" 611

22.1

20.0

cos

(percent)

20.4

18.1

The only recurrent inputs Lo which taxes or subsidies apply are fuel and oil.

With financial rather than economic fuel and oil prices, each of the above ratee is

roed by about ane absoluto percentage point, e.g. from 20 to 19 percent. If no

potatoes are grown in year 2, ',;.1e rates also fall by about one absolute

pe)-i:::- ïoint, i.e. the omission of Do':ntc, net revenue in year 2 is as important

as the sul.ctitution of financial for economic fuel and oil prices throughout the

life of the scheme.

Taking Abu Lisan as reasonably -tive of Highland schemes, the basic

data may be modified to permit calculati( YA7 rates of return for any combination

of well discharge (Q) and total dynamic h:v.), (TDH) which can serve as a guide to the

selection of irrigation are-4. Poor case VT( J.)ed for discharges (Q) of 165

and 55 m3/hour and totEl. iii head (TDh) of 55 180 m. These TDH's e-; the

in . levels but the rate of return also take account of lo

Etwdowns of 30 m between T and 15, and a furth 30 m from 16

to -" d of the scheme life. It apps that even with 3tL*bly poor wells, the

internal economic return will still be acceptable. In effectt his implies that

wherever water can be i id, and apples grown, investment in groundwater irrigation

will be economically le, The returns from stone fruits have not been

explicitly examined but vili be of similar magnitudes, subject to the market limits.

Dese Sultani

A detailed study of the Sultani scheme showed that the internal economic return

is about 15 percent over 30 years. The sensitivity of this result was examined with

respect to financial output prices, and rate lis -Lo 12 percent. The effect

of non-zero opportunity coste of labov ad. The opportunity cost

variants considered. were:

18.7

16.5

For the two levels of rice 7 The ratos of return are:



wonsLtivity of

ulaosL price ,roriant
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No opportunity cost for land and labour

Cost of labour of settlers before reclamation,

taken as JD 100/family/year (Ji) 100 x 106

families)

Cost of labour of settlers before reclamation,

taken as Ji) 200/family/year (Ji) 200 x 106 families

Opportuaitv cool; vr)ri

I II

(percent)

15.4. 12.9 9.4
12.2 8.9 4.8

Using Sultar the internal.economic return as a function of well discharge

(Q) and total dyriam head TDH can be calculated as for Highland schemes. The

minimum acceptable rate of return is taken to be 12 percent. It appears that the

minimum acceptable combinations of Q and TDH are: Q 256 m3/h H 160 m

Q 100 m3/h H 120 m

50 m3/h H 80 rrL

All the Desert Plateau schemes exami all within these limits. The TDH

cited here Lncludes lon term regional

2.8.4 io az

fruit schemes hay 1igh rates of return so tha1, :wen after paying all

costE, ..armers on units of a nr ,.Tele size will receive annual incomes

of well over JD 300. In view of the delay until year 6 bec. , umnual revenues

exceed all .o3ts in the following year, the net funding eenired is high; for the

- total full..Ting at Abu Lisan amounts to abou JI) 350/family. It is

25 durrH.1 ni dze be adopted and that the repayment schedule be

revees' i.e. reasonable revenue less 20 percent. On this

all n te can be made by the aad of year 20.

ert Plateau schemes have acceptable economic ra. 21 of return but some

subsidy is required, even with th.; maximum mm size of 44 dunums,

acquired experience, it is prnosud iat a 25 dvaim farm size be adopted

ar vernment provide all funds requid in project years 1 to 3; each scheme

will 1 selffinancing thereafter. The apparent subsidy involved is jD 3 400/family,

but the effective subsidy is only JI) 1 700/family.

I : Zero :

II : Ji) 10 600/year :

III : JD 21 200/year :



The Plan

ibu.6 in 15

61

2.9 mayrum TERM P flg GROUNDWATER IRPIGATICNrn
EAN JORDAN.

The Mediu or Development of Groundwater Irrigation in East Jordan

is the major achiment of the project. In fact, all the investigations and

studies carried out during the two phases of the project aimed at the preparation

of this Pia:: ,Aich gives the possibilities to the Government to go ahead with the

overall development in East Joraan.

The Pl cl;ctaine all the elements for the preparation of a feasibility report

for the dev*1 of about 81 000 dunums of irrigated land distributed in the

Western Highlsk d Desert Plateau between Amman and the Ras en Naqb escarpment.

It is considered that activities should be implemented in two phases over about

10 years. The funds required are estimated to be JD 12.2 million.

The Plan -H.vidos for 90 percent use of the rechargeable water resources in the

,-Wadi Sf. 7er system. The fin phase can start immediately. After a few

' pumping. 7.:hen the aquifer re large withdrawals io known more

ely, the second phase can be deYied in more detail.

The Plan is produced in such a way OH to provide the elements for loan applica-

tito international fina It includes an implementation

comprising soil anil mi, well drilling design, construction

ig.

2.9.1 *eral

of about 81 000 dunums of irrigated land

estern Highlands and the Desert Plateau between Amman

Naqb within the hmman-Wadi Sir aquifer system. Some

17 000 duoTais of the plvied development are in the Highlands and will be based on

fruit production. On the Desert Plateau, production of fodder, cereals and some

vegetables is suggested.

Phaes 1 development would total about 31 000 dunume of wLich 4 900 dunume have

been implemented. It is considered that, if finance is mae Phase 1

could be implemented in four to five years and the entire Plat could be completed in

ten years. Five of the proposed Phase 1 schemes, totalling 11 900 dunums, are

included in the Gc./..:n:?m-n':: current three-year plan.



2.9.2

2.9.2.1

d. water and human remo

The land resources
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Final Jo: have been complt.7:d for siy i schemes totalling 12 800

dunumb. In ,SeAti(n, preliminay e3 are avs.

8 300 dunums be implemented dur Phase 1.

The Desert Plateau schemes which are based on field crops will be irrigated by

sprinklers and the power requirements will be provided by diesel electric generators.

The fruit schemes in the Highlands will be irrigated by piped w- to individual

tree basins in the case of trees, or to contour furrows in ..)f grapes. The

water will usually be pumped by diesel driven, vertical shaft tva. ine pumps.

Of the estimated required Ji) 12.2 million,some Ji) 6.4 million will be for

construction of irrigation systems, JI) 2.1 million for onfarm development, and

JD 3.6 million for credit and subsidies (Table 12).

The fruit schemes will be profitable with internal rates of return

ent. The field crop schemes are ..7e marginal but internal rates of return

not fall below 10 percent. ' e should 'present no serious

:M.ems since all production is destine L Thr the dorw.stic market.

The entire development is planned for public 71.nvestment and operation and

maintenance of the wat -c supply and distruti,- sntms will remain the responsibility

of Government. Farm m ,7-lizatior rTqu field crop schemes will be

for four schemes totalling

will be fully recoverable and the

The Plateau field crop production

from Government, and ownership of

farmers will have security of

ed below relate to areas where there appear to be no

general hy6.,.-0 constraints to economic development of groundwater for

irrigation. areas are:

All investments ]i schemes

farmers will attain 1 2:1d olae::hip of the land,

schemes will require ìs1iiai un:rable subsidy

land will remain with the 's.. though the

tenure.

provided by a form oi cooperativos.



a relatively limited area of about 40 km2 in the vicinity of Ghuwair

, to the est of Karák;

an area of about 500 km2 in the Highlands between Shaubak

and Ras Naqb;

an extensivo area of over 3 000 km2 extending southwards from near

Siwaqa to the viciy of Husseiniya and lying mainly to the east of

the ¡mimanAqaba

eas near Ghuwair and betreen Shaubak and Ras en Naqb are locatedin the

, and foothills of the Western Highlands. The area between Siwaqa and

orms part of the Desert Plateau. Largo expanses of level land are raro

and areas. The Desert Plateau region is less dissected and the general

is undulating with occasional scarps and localized blocks of hills. The

.o.,Aying virtually all the arens are calcareous.

The important constraints t development for irrigation n the HiC47,ds

areE Ire slope and limite6_ of soil. The reclaimabi ..16.FJ in the S*wap-

HUSE a area may aleo slope and thialmess defects Tho U.E1 of the drier

be initially saline and or al1:aline9bu le drainage is generall; good

ects may be removed by leaching.

The water resource
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of about 140 000 Jua'om been

I (see Table Adi'denal

ìu shows that the rscroired

'.;.n detail idetail,

will be necessary but

igable land are

The areas of potential groundwater development are located to the south of a

hrough MujibAzraq because of a combination of hydrogeological constraints or

use the groundwaters to the north of that line are fully utilized or are earmarked

estic and industrial supplies, mainly in the AmmanZercia area. Hydrogeological

nts discussed under seetion 2.1.4 further restrict the areas of potential

,:er development to - 11,dc listed in the previous reco): see Map 1).

Te rechargeable resource in the region of the proposed development area is

estimated to average 125 MCM/annum and the reservoir capacity is very large. The

aquifer response to extraction on either u sa2c yield or controlled depletion basis

is known for only limited areas. Nonetheless it in considered feasible to plan on



the basis of a 7ross extractic J lent to the imated recharge. The planned

distribution of xtraction is in cord with the recharge and groundwater flow

pattern. The dclopment is phased to allow periodic assessment of aquifer response

to extraction. ';:ater quality should not present problems to the development as the

total dissolved solids are always less than 1 000 ppm and in many cases less than

500 ppm.

2.9.2.3 The human resource

Most of the settlers on the Desert Plateau schemes will be of nomadic back-

ground and will be recruited from a present population of at least 30 000 people.

Assuming farm units of 25 dunums, the desert schemes will require 2 120 farmer/

settlers who will have some 15 000 dependants. The Highland areas are already

settled and the present population from which the development could draw is about

20 000, The Highland developments require 1 080 farmers with approximately 7 500

dependants.

The work experience of the people of the Desert Plateau is fairly diverse. All

have knowledge of nomadic husbandry, many have been in the army, a number have worked

as labourers on the roads or railway and some have worked as Labour on irrigated

farms. Only a small proportion are literate. The large majority of the population

of the Highland areas has experience in rainfed agriculture and in husbandry of

sheep and goats. Education standards are higher among these settled people than

among the Plateau nomads.

All unsettled land is nominally held by the state but the bedouin tribes enjoy

traditional rights for pasture and cultivation. Any development on the Desert Plateau

with therefore have to be to the advantage of the local tribes and will require their

full cooperation. The main land ownership pattern in the settled areas of the High-

lands is 'Hin' or restricted land ownership where land owners have the right to use

the land but not to abuse it. This land may be inherited. The Government has

certain legal rijits to repossess Miri land. The tenure pattern is ane of part owner-

operation t sharecropping.

Development of groundwater irrigation in the Highlands will necessitate expropria-

tion of scheme lands. This process iu legally possible under Natural Resources Law

No. 12 of 1968. Redistribution of land after development is covered by Natural

Resources Law No. 30 of 1970.
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2.5
2.8

3 2.8
1 700 1.5

4 000 3.0
1 200 0.9
7 000 6.7
2 500 1.9
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CAvision :ibility i to some extent inevitable, greater

nCinatiLc_:.o-c.Ld be achieved t mutually irogramme, correctly budgetted

lanced,, were established.

in the implementation of the plan are National

A(..1.1ture and the Cooperative Organization.

)6.j..:,,eAing Committee be formed from representa-.

rmenship of the National Planning

securing prompt performance by all

as to provide to support the implemention of

hemes and for the allocation of the required

It is also recommended the an Iry.. .,Alon Development Unit be formed within the

Ministry of Agriculture which will be responsible for:

providing liaison with other agencies involved with the plan;

land preparation;

on-f7m development of the new schemes;

ìt of the schemes during the development period;

set'6j.(,, raining;

can: out field trials and studies r-,lating to cropping patterns,

crop t....ricultural and irrigatic '

The unit will m provision ;Ichs with all u.,...:;.;ssalw equipment

(tractors, farm machinery, etc.) ST plis (seeds, fertilro, tools,

tree planting material) and fy.,,:ilf.'cdes staff housing, communications).

Good maintenance of pumps, power units and farm equipment is an important

factor. It is recommended to establish a central workshop in one of the schemes

ane to make available mobile repair units for servicing all farm equipm,Alt. The

dization of equipment and the holding of an adequate supply parts

will facilitate maintenance.

Staff of all categories are available in Jordan. However, attention should be

paid to recruiting the best qualified personnel. To attract well qualified staff

to stay in the field, good living conditions, transportation facilities and a special

field allowance should be provided.

A fel procTamme for practical (non-academ m in farm managemen

water UBC:, bation practices and (leo. of irrigation schemes is required to

The as involved

Planning Coi ìi, N1111, Ministry of Au.

It is recommended that a permanent Co,

tives of these agencies unc. the chr,_

The Committee will -1.1e for

of the services and tr)..k which each h

,7.81.n and the man, ..ht of the sc

improve the UJchnical standard of the T. Training of mechanics and tractor

drivers nhould be organized at regular intervalo.



in

mainly h
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ey are now capable of continuing the work, though

tomists were introduced modern c
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to be familiar with the different

the technique of water requirement

d to the economic appraisal of irrigation schemes

by internal rate of reti:,:11. A considerable contribu,

of counterpart F

Alich provide

can be cono-i.

were scheduled for training in the E ')C1'. disciplines in

e country. However, due to Government OFAay in nominating

A..fficulties only three fellowships were

Kwernment officials participated in four

countries.

of the

of th

1 techniques, Ed production
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was the production of

for future work. The

model design for future

not to lose the se vices of

specialists to take direct action

technical assistance when required,

on application.
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2.1C AND KH

Inservice ning w r5Jedmost fields of the project's work to the

ists, 'gation engineers, agronomists anC.

in the operational irrigation sohoi

me difficulties due -o the insufficient number of counterparts

pf come of them, new ideas and techniques were tntroduced. Consil
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RECOICIENDATICUS

In assessing the results of the project and in considering the recommendations

it is pertinent to remember that project field activities were curtailed by one year -

this had a more adverse effect on the quality of results than on the quantity of the

work. The project was however able to fulfil many of its objectives, while progress

in other spheres of activity was proportional to the duration of the project.

Groundwater management activities proceeded in accordance with the plaaned

.irr and a considerable part of the objectives was reached.

The time available for the agronomic studies was limited. Most of the trials

were carried out on newly reclaimed areas with salinity anri alkalinity problems,

badly levelled and with had soil structure. Many of the trials failed because it

was not possible to obtain good crop stands, as well as through lack of sufficient

attention from local staff. In spite of these difficulties, some interesting results

were obtained, mainly in wheat production.

Work on water requirement and irrigation efficiency was carried out under the

responsibility of the project for only 18 months. Most of the time available was

spent on preparatory work. It is regrettable that the Government decided to take

over this activity before the establishment of all field experiments and without

giving the project sufficient time to reach final conclusions. As a result, the

project was not able to use field data for the crop water requirements and most of

the desi:gn work was based on water requirements calculated through special formulas,

Desien of irrigation schemes was a most successful activity and in spite of the

shortened duration, the project was able to produce preliminary designs for 25 000

dunums and final design for 11 900 dunums, in respect of the 30 000 dunums and

3 000 dunums set out in the Plan of Opertion. Technical and Working Papers produced

by the project examine in detail problems related to the design work in such a

manner as to provide guidance to time counterparts.

Most of the objectives of time agro-economic studies were attained. It should

however be mentioned that the feasibility stuaies were based on yield and water use

estimates becaube of the limited data available from field trials.



3.1.1

It is recommended that a permanent Coordination Committee be formed comprising

representatives of the National Planning Council, the NRA, the Ministry of

Agriculture and the Cooperative Organization. The Committee will be responsible

foi aecuring prompt performance by all agencies of the services and work they are to

in the implementation of the Plan and the management of the schemes, and for

tR llocation of the required funde.

It is recommanded that an Irrigation Development Unit be formed within the

of Agriculture to be responsible for providing liaison with other agencies

ved with the Plan, onfarm development of the new irrigation schemes, management

of ie schemes during the development period, carrying out field trials and studies

to, e.g., cropping pattern, varieties, agricultural techniques, initiated by

)rojeci, land preparation and preparation of the annual budgets for all these

activiti es.

3.2 '011,1131DATIC;;

of a Coo
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Th Term Plan for Development of Groundwater Irrigation in East Jordan

for a total 'ea of 80 000 dunums, provides the Government with an investment

possility estimated at over JD 12 million and can be considered a major project

achie7

Considerable progress was made in training counterpart staff in all activities,

and for the first time the Design Section of the NRA was able to produce final designs

for irrigation schemes.

3.1 ORGAN IZ AT ICU AL REC01,11411q DAT ION S

' the implementation of the suggested Medium Term Plan for Development of

Gr'Y, Ar Irrigation in East Jordan becomes government policy, organizational

arran te should be made to ensure proper implementation.

nation Commit tee-'7un

Detailed toGlmical recommendations are given in the various documents prepared

projeC. (iiy,9endix 4). Some general technical recommendations are given

3.1,,2 1;...-;:i.on of an nt Uni t



3.2.1

3.2.2

3.2.3

the ea,..mated

be phased and new

',.ea in the light of new t

,'inection programme to provide in, on aquifer response to produc-

shu,f1,1 be a continuous process .1H some areas, digital modelo should

3ome pumping to assess the availability of water for

)f the irr' tio»l.

work carried out during th evailable provided only

preli e .)rop/varieti.i fertilizers, cultural

techniques arC am.s. Working-cut of tie still remains to be

completed and addit ials should be undertaken t.. final conclusions.

The studies

Jor -

to the

Station.

It i3 r appreciated that the (

oCuablinh a Water Requ

;TA0 which will

. Thin Section Cl.)). Id be ntr,-

aed nade aw
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present knovqc, water esources availability is

cf the Medium Term Plan for Develop-

cA-ua on the basis of a gross water extrac-

narge. It is, however, recommended that

1-- nts of water availability should. be

-:dAined on aquifer response. Therefore

-:!iter requirements initiated by the project have not -H

iminary result, -?ere obtained. It is essential that

,tinue in order '7e final conclusions. Maximizing

alfalfa) en.;-. a High water consumpl i which

.Jment, following a suggestion of the

t and Irrigation Section in the

ible for the continuation of the

le or two more agronomists

aad supplies.

.o.:;e rrigation, and attention should t, oaid
and to e drip irrigation experiment at El 7-

prob. is not ofil practice. tematic

should be c - to asslz»: use of th. ter.



3.2.4 he

73

The project provided design standards and cost estimates for irrigation schemes

on the basis of "lZble data and costprices information. These estimates and

standards should be p:riodically revised as new experience is gained through operation

of the schemes and as new costprices information becomes available. In particular,

designs may require review to take account of present energy costs.

Although considerable progress was made in training counterparts in the design

work, it is considered that further UN assistance is required in this activity. It is

recommended that the services of a UN Irrigation Engineer be provided for two years

to assist the Government in the design and construction of new irrigation schemes.

The Design Section of NRA should be strent5thened with the appointment of two

or three young engineers who will receive inservice training in the design work

during the assignment of the UN expert.

conomic

The project established a methodology for agroeconomic studies and provided

several models of feasibility reportu. These studies are of a continuous nature and

collection of basic data and frequent revisions of basic assumptions are necessary.
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_Appendix 1

PROJECT STAFF

A. Staff

Project Manager
Irrigation Engineer
Agronomist
Agricultural Economist
Agricultural Economist
IrrigaJian Methods and
Practice (Associate
expert)
Farm Management
(Associate expert)
Design Engineer
(Associate expert)

Hydrogeology
Agricultural Engineering
Soil Reclamation
PowerPumping

PowerPumping
Water Requirements
Sociology
Irrigation Methods and
Practice
Animal Husbandry
Computer Programmes
Horticulture

21. 1.71
14.11.71
16.12.71
27. 3.71
1q.10.71
15.10.71

19.11.71

3.12.71

Project CoManager
Hydrogeologist Liaison Officer
Hydrogeologist
Design Engineer
Design EnEincer
Design Engineer

6.74
31.10.73
31.12.73

7.71
31.10.73
22. 6.73

27. 9.73

2. 9.73

e Country Activity Period of Work
From To

C. Jurgens Netherlands

P. van den Hoven Netherlands
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Name

.11.7.rcla,.1 Rasheed

ohy med 1.

(oohed Abu 1:a3JÌa1

ri°named. Hon-ball
lfcmi Re sheed

ELtssaw :0 mar 4..

0:11

Ala-am

TCho 3. Li It1mdo1.11:

.An s has n 3

P. d itt.1013

Ahmed 19.,u

Hi sham El Haj Khali 1
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Design aigin ser

rriga Lion inoer
Irri gat i on A r_-.2-on omi st

Irri gat i on Ar;ronomist

Irrigation .Arf,fonomist

Irrigation Agronomi st
le,ronomist

Agronomi st

Agronomist
Soi 1 Surveyor

So 1 Surveyor
Soi 1 Surveyor

Agri cu Ltur al cmìi t
Agoiou Ltura 1 ,1111.



TRAINING

3-serviv training of counterparts, particular attention
IAM,jects;

:ton schom,::,

studies and trials:
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FELJS AND IN-SERVICE TRAINMG

Desiga, construction
and specification of

prjeets

.iency

Duration
o h

9

Training
Place

Bureau of
Reclamation
Denver,
Colorado

Thr, oi plawt choice of ixrigation method, deeign prl
echltical spq.oification, cost esLimates and colvt.,

a ion techniques, use ocial equipment
u entation of ?7esa1Ls,

s, land
uments.

,-(,) the

"nterpretation of field data

i,,;f1c11,1.tural and experimenation techniques, seed production and improvemen; use

rïima.chine-ry, use o e7.7.Liirs lamb fattening, interpretation of data
Trvecattt.Llcu Oir

ic studies:

rate of return, feasibility studies, socio-economic survey of settlers.

Irrigation 9 Bseeau U.S.A.
ROC 1atiiaiìon,

Denver,

Nemri Water UBO '18 UnivercaLy of U.S.A.
Arizona,Tucson
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MAJOR EQUIPMENT PROVIDED BY UNDP

odd

Peugeot/404
Lric1 Flover/109
Hooking
Kern/OK 1AC
Olivetti LLr-32
Minolta/JWF
Fi sher/9 026 2
Honda/E-4000 i
Peerless/Caterpi llar
Caterpillar/D-4 1

Ford/4000 3
Ford/5000 3
Lanbrecht 1

Lam1recht/144O 2
LamlJrech-t/250 i
Lamlrecht/251 i
iJj j,po/No 1 A
]ner, L1çu5Ofl/22 i
Vogel i
Jo).nì Dror i
Moorhouse i

;he following equi.eìent of Phase I (JOR/9) was absorbed by the

¡mid Rover/83 3ii rlx/1o9 2
Facit/CAL-13 2
Contex/55 i
Olivetti/LI, 32 2
Paulin/Palab 2
Seiko 3
Eskofot/Pianocop i
Phiilip 1

i:o Lb 2
AJ E/E Ofl P. DLrL j i
ASE/Topïn. i
Fiher/Isotemp i
SoiltestJCL-394B i

9601 1

BecknianJB
Eantco/Standard i

2

3
i
2
2

2
i
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Loioer flame Hitachi/DPP-2 1

Jductivity meter Industrj_al instr. 1L_, .R1 C4 1

10711 hydnmee-,- joa- Soiltest/01.-278D 1

ieular Yachica 8 x 40
Soiites/CL-273 1

6

W.rre

:reoscope mirror Toko/II, 3x 1

i.ivity-pH meters W/LF54}ex-Rotaryi01/M4WP=-54 1

1

duo
:Irol-)Ticaing machine

),3yr,-,w Massey-Ferguson/831 1

71,vow Massey-FergusonN 1

iirs Meter Bouyokos Soiltest/A-74 1

'1 y,:.oHr pressure membrane Soilmoisture Equip. Corp. 1

ca-7.-,-ler Massey-Ferguson/80 1

Planter Massoy-Ferruson/37 2
pi,,,J, M1ssey-Forcuson/56-12 1

''t-o,:h-ohisel Massey-FeIT:uson/24-7 1

N-,11b mouldboard Massey-Ferguson/30 1iAr eoaditioner New Holland/Haybune 444 1

TI.-6.0r Massey-Ferguson/165 2

.rwil.). multipurpose Massey-Ferguson/A-7 1

9.n1.:.1.(7.-A Massey-Ferguson/733 1

T-rile'c apping 'Aasey-Ferguson/21 1

Massey-Ferguson/723 1

;:',c(3..or-L,Tacc Brillion/55P60T 1

'1. [»ct1,7oc.1ce Gehl/G806 1

,-1,1,1ver r_-,,r coil Brillion/LG168 1

Cultivator I4nsey Ferguson/37 1

Sm(.oth(!r lr::od EvepfirwJn 3212 D 1

1,..r11,, lEnd Eversman 4 -10 2

S(yer Dorman 1

MI7rev probe Pitman 225 1

T;D.Ter New Holland/276 1

br,rvester New Holland 717 1

:',.iroplo.r: ,,,Ait Volvo-Pona 1

vlodel No.
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APPandix 4

DOCUNDITTS PREPARED DURING 'PHE RO, ECT

A. ABSTRACTS TCHNICAL REPORTS

(1) FAO. Dovelolment and Uso of Groundwater Resources of East Jordan, Jordan.
Agrosomic ouorimental studies and developmenL of croLsroduction, based
on the uorl-., of 8,P. Kohl'.

ABSTRACT

The aim of the worh reported which was carried out under the UNDP/FAO project
, supply basic that would permit the initiation of crop production
newly developing.rcd:tadwater irrigated desertelimate areas of East Jordan.

Little information was available regarding successful irrigated crop production
wort. Durins the short period of the field activities of Lhe project, only
u,'eJiminary teptilig of the ideas and materials develoDed was possible.

A vigoroun effort was launched for collecting the seed material of various
c.rou varieties from FAO courses as well as from many other countries through direct
enstacts. These seedn wore groon at different centres in Lhe country. Of tho
o7-ous found mont suitable fer Irrigated culture, the '.'ollowing may be lisi:
oereals: wheat tarloy, oats, maize, sorghum; oilseeds: sunflower, noyt,
lis(Tlower, rapes; vegettable: tomato, melons, cucumbers, onions, cauliflol:e
forcgo crepe: alfalfa, sudax: sorghum; other crops: sugarbeeL, cotton.

Crop improvement objectives were determined and varietal testing work on wheat,
maize, oats, sorghum, barley, soybean, tomato, alfalfa and other crops was carried
out during the two seasons available. The varieties showing promise on the basis
of preliminary testing were identified and needincreased for use in further varietal
trials and observations.

Irrigation and
those on maize were
(about 700 mm wa
using moderat G

useful since the

fertilizer requirement studies an wheat made some progress while
initiated. Wheat yields of over 5 t/ha with 12 irrigations
ere obtained. Fairly good yields (3-4 t/ha) were obtained by
ies of water (about 400 mm). This finding may be economically
F factor in the desert areas is water and not land.

The naturdl soil fertility appears to be good. Nitrogenous fertilizers beyond
75 kg N/ha i'ailed to show response on wheat crop.
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,-11 sprinkler irrigation in the
.7't1 19

nine ; January 1973

1973

1973

wheat :A Qatrana. October 1973

1973

irrigation at (

L : TO THE GOV

(3) No 1 Choice of 173

(4) 2 of ir 1973

(5) 3 of plant ft..... September 1973

(6) 4 7iev.V.1 Highland ::;aeme:

1973

(7) 5 13'0.LLE1 Lb:. j i I) cheme:
Sul i;oli i. a)tr.n1l)n.,._.

(8) 6 Reaults ls. October 1973

(9) 7 1),n, , 0.21L1.-11,1f 43t estimates for irrigation schemes.
.11(.0..)101).'v1* 11,17
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(11) 2 ", 01;1 it 0100i %.21$"2,3 di re,.-L.1,0-1,, marl 1411'1clbreak data from
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report.,

Cr--nultan`. 7e ion report.

7.tant m ion report0

sion report0

tant sion report.

in. Consultant mission report.

Poer sources0

on a consultant

(Aic survey of the settler-
4n

Consultant mission report.
10°M-

. Tmnovore Electric analog studAc of
,,)r rilrjiEt'i.d Sir Aqui_fev ja the Shaubak Ras , ea.
1;-q,1111) 1°72'

projc,i; rr,

-a 77, l'Yn T)opmbrp la73
Mal. of the AlJ settlement project

Development of animl

(41) 72.7Th Tlisj;.a! model of thc ea of East Jordan.
oc,LT,ep.Íir M 0(1,1 0,7' Qatrana well field area of

Jovjo0,- i°72,

Of,7. J. moc. 0,1' '6qr.; Tv-suilor complex of the

(ac Jcp:0711, 1971,

Digital rooeol e., area of t Jordan.
;41.7-w1,7

, 1
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D. Carre Report on th
llovember 1972.

A. Abukhaled. Consuii,an;.iiiWz-,:i.;oy' We, Review oC e::porimental
uorh or crop ITor uso and 7'.01CD.A0:0 prac.U.coo gatranc'..9

Jov0J3n. jonuary 1973r
'..:onsultant in Water Use, and M. Hanbali9 Irigation Speetulity,.
Rvaluation or on crop water use and irrica:Lion mehods
á..1 Jordan, Ma:cell 1974.

F. Lalatta. Coral .t culture development
1.1) iJoi LfJ of Eas'i; jordan. 1973.

-13o1w:, f)e,olormcW, Consultvnt LiwiLed, Power supplies for
F40 c»oundw,7iter projosi; Sortheer Jord,10 May i973
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Appendix 5

REFERENCES

4grarund Hydrotechnik. Feasibility study on sugar beet cultivation and sugar
074 production in Jordan.

FAO Investigation of the Sandstone Aquifers of East Jordan, Jordan.
169 Hydrogeology of the southern desert of jordan, based on the work

of J.W. Lloyd. Rome. LA:SF/J0R/9, Technical Report 1.

FAO. Investigation of the Sandstone Aquifers of East Jordan, Jordan,
1970 The hydrogeology of the MesozoieCaj:nooic aquifers of the western

highlands and plateau of East Jordr,n, based on the work of
D.H. Parker, Rome, AGL:SF/JOR 9, Technical Report 2.

Investigation of the Sandstone Aquifers of East Jordan, Jordan. Rome.
AGL:SF/JOR 9, Interim Report.

FAO. Investigation of the Sandstone Aquifers of East Jordan, Jordan. Agro-
1972a economic studies of irrigated farm production, based on the work

of G.H. Ward, Rome, AGL:SF/JOR 9, Technical Report 3,

FAO. Investigation of the Sandstone Aquifers of East Jordan, Jordan. Soil

1972b studies and land classification of the agricultural developnent
areas. AGL:SF/JOR 9, Technical Report 4,

US Department of the Interior. Bureau of Reclamation Manual, Vol. V, Part 2.

1953 Washington, D.C.
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