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VOLUME III - LAND RE30UHCES 
YARMOUK-JORDAN VALLEY P H)J ECT 

MASTER PLAN HEPURT 

PART lo LAND CLASSIFICATION 

Purpose and Scope 

The purpose of the investigation was to make a s.ystematio 

appraisal of the soil, topographic, irrigation, and drainage charac-

teristics of the land in order to determine its degree or suitability 

for sustained irrigation agriculture. A detailed classification aur-

vey was carried out in accordance with Bureau of Reclamation standards, 

modified to meet local conditions. 

This program was carried out in conjunction with F .o.A. tech-

nicians, through Cooperative Department for Water Resources Development, 

Ministzy of Finance, Government of the Hashemite Kingdom of Jordan, and 

field investigations were completed in December of 1954. A total of 

9421 843 donums (1 donum = .247 acres) of land was classified, as shown 

in Table 3.1-1. or this amount, 519,846 dcnums are classed as arable. 

Drawing JR-21 shows the general classification for the project. 

Land 
Class 

1 
2 
3 
4 
6 

Table 3.1 ... 1 

Summary of Land Classification 

Total 

Area in 
Donums 

143,090 
. 138.,474 

65,972 
172,310 
422,997 

942,843 

-1-

Percent 
of Total 

15.2 
14.7 

7.0 
18.3 
44.8 

100.0 



Topography 

The floor of the valley consists of east and west terraces 

separated by the Jordan River and its flood plain. These terraces and 

the flood plain are referred to as the ghors and zor, respectively. The 

ghors slope toward the river at a rate of 15 to 25 meters per kilometer, 

and in many areas are hi~~ly eroded and of "badland" appearance, (the 

Katar), where it breaks into the zor. The zor, today, is a minor valley 

1 to 2 kilo~ters wide and subject to a degree of annual flooding. 

The sides of the Jordan Valley are well defined in that they 

are high and steep. In general, the area classified is bounded on the 

upper edge of the East and West Ghors by the escarpment. 

Sheet erosion., encouraged by predominantly winter rains and 

sparse vegetation~ has produced minor surface modifications. Cobbles 

and boulders scattered over certain are~s indicate that sheet erosion 

and wind action have removed finer materials. Similarly, other locali­

ties appear to. hav-e recent deposits of wind and water borne materials • . 

Soils 

Ancient faulting, accompanied by sinking and rising of large 

land masses, is responsible for the Jordan Valley as it exists tad~. 

At one time the area was covered by an arm of the Red Sea and during this 

period a thick blanket of calcareous silts and clays (marl) was deposited. 

Valley fill and land upheavals eventually raised these silty materials 

above the surface. Before it was covered by other materials from adja• 

cent uplands, stream action accomplished a degree of· surface aculpturing. 

The Jordan River cut deeply through this ma.t~rial in a meander­

ing cour.se and today flows through its recent flood plain, the zor. 
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Materials deposited in the zor include coarse as well as fine separates, 

but calcareous silts and clays predomi nate since upland parent materials 

are of such nature. 

Saline sedimentary deposits remain as terraces or benches on 

each side of the zor. These benches, ghors, were in turn covered by 

alluvial and colluvial material transported by tributary streams!rom 

adjacent uplands. Alluvial fans of varying size were thus laid down, 

some near~ coalescing while others do not. As stream sorting took 

place a few areas were covered by medium textured material particular~ 

toward the southern part of the areao Predominantly, however, parent 

materials brought into the valley are calcareoos silts and clays. 

The depth of the alluvial deposit above the marl decreases from 

the foothills toward the center of the valley with some minor local vari­

ationso During the course of deposition of this transported material the 

coarser particles have naturally tended to separate out first, next to 

the hills, and the fines have been carried further out onto the ghor 

area. 

Soils within the area classified were divided.into four major 

recognized groups as follows: Reddish-Br~wn, Grayish-Brown, Whitish­

Gray, and Azonal soils. 

The Reddish-Brown soils are formed from alluvium laid down on 

top of marls and are generally located on the alluvial fans north of the 

River zarqa. Higher rainfall in this area together with irrigation over 

a long period of years has increased water percolation through the soil 

profile and accounts for the two dominant characteristics which distin­

guish this soil from others in the project area. These characteristics 

are the bright reddish-brown color which result from oxidation of the 
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iron in the soil, and a more highly developed subsurface horizon which, 

in places, appronr.hes a weak clay pan. Depth of soil varies and is conw 

siderably th1 nner rear the breaks which are called the "'Katar" • Clay 

loams are predominant and prismatic structure is often found between 30 

and L.5 centineters. Because greater quantities of water have passed 

through this soil, it is generally permeable and free of serious saline 

and alkali problems. The major exception to good permeability occurs 

north of Wadi Arab as a result of the extreiiM3ly high clay content of 

the soilo 

The Grayish-Br~n soils are also formed from alluvium laid 

down on top of marls and are generally located on the alluvial fans 

south of the River Zarqa. Precipitation is rather low in this ·area and 

it is reflected in the small amount of iron oxidation in the soil proM 

file, the absence of prismatic structure, and the predominance of single 

grain lighter structures. Depths of these soils also vary, and like the 

Reddish-Brown soils become thinner near the ~Katar". Texture varies 

from clay loams in the north to sandy loams in the extreiiM3 southo 

Scattered areas, of small extent, of saline soils with weakly cemented 

gravelly lime zones are found in this group. Pe!'IIeabllity is generalq 

good and the soils are well suited to sustained irrigation. 

The Whitish-Gray soils are residual soils formed !.rom saline 

.water deposits and marl type parent material. These soils occur between 

the l~er edge of the alluvial fans and the "Katar" with the largest 

areas being found ip the southern parts of both the East and West Ghors. 

Depth of soil over modified ar residual marly type parent material is 

usually sufficient far most truck and cereal crops. Loana and clay 

loams are the predominant textures. The surface soil is, usually, 
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spongy and fluffy. Generally, the structure of the subsoil is either 

massive or laminated. Heavy salt deposits, gypsum predominating, are 

common throughout the entire profile and are heaviest at the lower limit 

of the zone of evaporation. Frequent, deep, vertical crevices and cracks 

are filled with top soil and cut through the marly deposits to form na­

tural outlets for drainage. Inherently, these soils have a high fer .. 

tility and productive capacity and will be well suited to sustainad 

irrigation after reclamation. 

The Azonal soils of recent flood plain deposition are found in 

the zor. Clay and sand are deposited in layers and the soil ia1 usually', 

sufficiently deep to afford a good root zone for moot plants. Soil 

forming factors have not had sufficient time to produce an aggregate soil 

structure. Lands free of high water tables are also free of salts. Per­

meability of isolated pockets of cl~ is often law, but such pockets are 

usually dissected by stringers and lenses of subsurface sand and gravel 

assuring adequate drainage. These soils are well adapted to production 

of diversified truck and field crops. 

The outstanding characteristics of · these four soils ~es are 

summarized in Table 3.1-21 Evaluation of Soils Characteristics by Types 

which follows. 
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:-?.E;;:..;c ::: J F ~-L:> HA.U rERI5' cs 

r:FE Parent 
~·:j1ified iiesidual Y.aterial Texture Structure 

SeldoCl Seldom Alluvial Clay loam Prismatic 

iieddist.- in in fan to over Blocl:y 

E:rown 5-foot. 5- foo t deposita Clay or single 
zc.ne zcne grain -

stable 

Occasion- Seldon: .Uluvial Clay loiilll Single 

Grayish- Ally in in far, to clay grain -

Brovn 5-foot 5- foot deposita (North) stable 
zone zone Lo.,. to 

andy loam 
(South) 

Frequen- Occas ion- Loam Sponge -

Whitish-
tly in ally in to (Surface) 

Gray 5-foot 5-foot Marl Clay Lou Massive or 
zone zone ' La.ndna ted 

(Beneath) -
unstable. 

Seldoa Seldcm F'lood Complex, No aggre-
in in Plain clay gate struc-

.Uonal S-foot S-!oot Out-'t.'ash dominant t ural 
(Zor) zone zone development. 

Parent 
material in 
layers. 

Evaluation of Soils Characteristic• 
By Types 

Dt.GHLJ:; JF 

PERMEJ.BIL I TY 
Salinity Alkalinity 

None Fair 
to 

very NONE to 
slight 

Good 

None 

to NONE Good 

slight 

Heavy Fair 
Salts 

Present Slight to 

Good 

None 

to NONE Good 

alight 

SPECIAL 
PnOB!.EHS 

Clearing. 
Occo.Bional 
Pockets of 
heavy surface 
cobble. 

Clearing. 
Occasional 
Pockets of 
heavy surface 
cobble. 

Reclamation. 
Leaching lf'_q 
cause moder-
ate settling 
of soils. 

Leveling. 
To correct 
drainage 
problems in 
small areas 
for irriga-
tion. 

_SqJ'.t= I L_lTY 
For 

VElli:TATIVE For susuined 
CO'r.o.R Crops Irrig<. t ion 

!~ative Orct.ards 
gro.ss • iiJ'ld other 

Irrigated deep-rooted :::Xcei.lent 
SIT..all crO J:OS 
gr&in 

Native Orcharda 
grass. and other 

Irrigated doep-rcot.ed E.xceUent 
smal.l crops 

grain and 
Truck Crops 

Salt grass, Truck Good 
low brush, Crops (After rec-
banana.~, and la.T.ation) 
truck crops Cere ala 

Salt grass, Truck 
low brush , Crops 
irrigated and Good 
truck crops Cereals 

and Sugar 
Bee t.s 



Methods 

The features of' soil, topography and drainage were ex.alllined 

and the effects they would have on crop adaptabilities, crop yields, and 

costs of' production were evaluated in order to . segregate the land into . 
classes. Field mapping vas done on aerial photographic mosa.ics that 

have a scale of' approximately la2,SOO. Topographic ahe&ts with 1 meter 

contour intervals were used in conjunction with the photographs. Drawing 

JR-20 provides an index or the aerial mosaics. Additional controls vere 

maintained by use of' a Brunton Compass and Abney Level. The areas 

covered qy the photographs were traversed systematically with such de-

viations as necessary to determine the boundaries of the different land 

classes. On the more uniform areas 8 to 10 holes per square ldlorooter 

were dug with a soil auger to a depth of one and a halt meters, recorded., 

and located on the photographs. On the more complex areas the investiga .. 

tion was much more intensive. The soil borings were spaced at sufficient, 

intervals to determine as accurately as possible the delineations be-

tween land classes and subclasses. Nunerous holes were also examined 

to evaluate the deeper subs oil and drainage conditions. 

Individual classifiers in the field normally mapped a qt1ern 

or n stringtt of photo maps extending from the River Jordan to the upper 

reaches of the ghor. These maps were in turn "matched" to the surramd• 

. L~g areas mapped qy other classifiers in order to insure coordination of 

effort .and continuity in delineating aver-lapping classes of land. In 

this manner field consultations,. coupled with additional soil . ana~es 

where the need was indicated, more readilf resolved existing or potential 

problems. 

Arter field and laboratory information were correlated, 



definition lines far land class and subclass areas were placed on the 

photo maps. These maps were individually inked, measured and tabulated 

in accordance with accepted practices. All measurements were adjusted 

to conform to the Palestine Grid s.rstem which had been reproduced on the 

controlled aerial mosaic photo mapso In thi~ manner the . total area of 

the project was 3ummarized by individual land classes grouped as arable 

and non-arable lands. Subclasses within each major land class were · 

grouped into categories of similar characteristics. 

The laboratory furnished analytical data necessary far a scien­

tific classification of the Jordan valley soils. Disturbed soil samples 

from about 50 percent of the meter and one-half borings made by the field 

classifiers were submitted to the soils laboratory in Amman. Samples 

were of a composite nature and were taken according to textural zones or 

zones of other visible soil characteristics such as color change. Very 

rarely did a soil sample represent a depth greater than 60 centimeters. 

All samples were analyzed for total soluble salt content and soil 

alkalinity or degree of sodium saturation. Further analyses were made 

as requested by the field classifiers and additional tests performed when 

the need was indicated. The field infiltration sites selected throughout 

the valley were also used as representative areas for physical and chemiM 

cal analyses of the soilso 

In general, the methods of analysis used were essentia~ as 

outlin~d in Agriculture Handbook No. 60, United States Department o! 

Agriculture issued in February of 1954, exceptionsbeing mechanical anM 

alysis, dispersion percentage, hydraulic conductivity, organic matter, 

available phosphorus, and available potassium. The major analyses per• 

formed include the following: 
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1. Salinity (as iniicated by measuring the 
electrical resistance of 
saturated soil paste or measur­
ing the electrical conductivity 
of saturation extracts) 

2., Soil reaction or pH {lt5 soil-water suspension) 
3. pH (saturated soil paste) 
h. Saturation moisture percentage 
5., Air-dry moisture percentage 
6. Exchangeable sodium 
7o Cation exchange capacity 
B. Mechanical analysis 
9. Dispersion percentage 

10 • . Hydraulic conductivity of disturbed soil . 
samples 

ll. Organic matter 
12. Total dissolved solids 
13. Gypsum 
lh. Calcium, magnesium, sodium, potassium, carbonate, 

phosphorus, bicarbonate, chloride and sulfate 

Mechanical analyses were made by shaking a weighed sample of 

soil, overnight, with 5 ml. of Calgon solution (30u gms/liter} and 5 ml. 

of sodium silicate solution in u oz. of demineralized water. The follow-

ing morning the suspensions were diluted to 1 liter in a soil testing 

cylinder. They were again shaken, specific gravity read using a long 

hydrometer at 70 seconds settling time, and again at 6 hours and 4o· min-

utes settling time using a big bulb hydrometer. The dista:rx:e from the 

center of volume of the hydrometer bulb to an average reading (1.0150 on 

the long hydrometer and 1.0050 on the big bulb hydrometer) was taken as 

the distance of fall for calculating reading time qy Stokes Law. 

Dispersion percentages of silt and clay were determined by di­

viding the corrected 70 second reading obtained in shald.ng by that ob-

tained in zrechanical analysis and multiplying by 100. In shaking, a 

sample of soil of the same weight as that used in mechanical analysis 

was evacuated in 200 ml. of water and then diluted to one liter in a 

cylinder6 The mixture was then inverted 30 times in one m.irute to 
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thoroughly mix before allcwing it to settle. 

Hydraulic conductivity of disturbed soil samples was determined 

by u. s. Bureau of Reclamation procedure. A brass cylinder two inches in 

diameter and length was covered on one end with a circular piece of rayon 

cloth held in place qy a rubber band. Soil passing. a 2 ~ mesh sieve 

was placed in the cylinder and compacted by dropping the cylinder ten 

times from a height of one inch. A circular piece of filter paper was 

placed on the soil surface to prevent surface disturbance. The unit waa 

then placed on a glass funnel and subjected to a 1:1 head of water. The 

percolate was measured hourly until a constant rate was Obtained, and 

unarcytsn formula used to calculate nydraulic conductivity. All tests 

were run in duplicate and Yarmouk River water was used in all tests. 

Organic matter was determined by wet oxidation with chromic 

sulfuric acid using the '~alkley-Black" technique of adding the concen­

trated sulfuric acid to 10 ml. of dichromate solution containing the 

sample. The resulting hot solution was swirled and allowed to stand 10 

minutes, after which 150 ml4 of water was added. An excess of ferrous 

iron solution was added and the solution back titrated with standard 

· potassium permanganate solution. 

Available phosphorus was measured using o.5 N-NaHco
3 

solution 

as an extracting reagent, as proposed by Sterling Olsen et al. Potas­

sium was determined on the same extract with the flame photometer0 

Soil Permeability Studies 

Field investigations were conducted to obtain the permeability 

and internal water movement of various soils under undisturbed field 

conditions. These infiltration studies were conducted in accordance with 

the method given in salinity Labarator.y Handbook No. 6o. An additional 
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guard ring, composed of earth, surrounded each infiltration cylinder to 

compensate for lateral water movement. A 15 centimeter depth of water 

was maintained in the cylinder and earthen ring, and the rate of subsid­

ence of the water surface inside the cylinder was measured hourly or more 

frequently if fast subsidence occurred. Triplicate infiltrometers were 

continuously maintained until a uniform infiltration rate was established. 

These tests were conducted with Yarmouk River water in order to simulate 

reaction under project water supply as closely as possible. 

Thirty-eight sites were selected to represent typical areas. 

Results of these tests are presented in Table 3al"81 Chemical and Physical 

Analyses of Infiltration Sites. Three of these sites were excavated to 

the assumed restricting zone depth (primarily marl) and the rates deterw 

mined 0 In every instance these rates were higher than the surface rates 

indicating that flow divergence was negligible. A compact carbonate 

gypsiferous layer varying from 2.5 to 7.5 em. and existing below the sur­

face from 20 to 45 em. is characteristic of some of the soils placed 

in Class 4 principally in the southern part of the valley. Although a 

slow infiltration rate was evidenced at first, mechanical probing of 

this compacted gypsif.erous zone greatly increased the permeability. The 

site at Grid ~39 North, 206 East, ho~e 10 illustrates this finding. · In­

dications are that deep chiseling practices on these soils would aid 

materially in reclamation of these soils. 

As indicated in Table 3.1-8, the soils north of the River Zarqa 

are relatively free of soluble salts, exchangeable sodium and gypsUJ11o 

The soils of this area range from medium to heavy texture, being heavier 

tONard the north end of the valley. Also illustrated is the fact that 

the soils south of .the River Zarqa are generally higher in soluble salts 



and exchangeable sodium. Soil textures tend to be medium in nature, and 

the soluble salt concentrations are composed principally of divalent 

cations which reduces the seriousness of the exchangeable sodium indica­

tion. These soils appear high in exchangeable sodium, due to the low 

cation exchange capacities reflected as a result of interference by the 

divalent cations in the exchangeable cation analysis. In addition gypsum 

is present in sufficient concentration to prevent development of sodium 

alkalinity during reclamation. 

Data revealing the effect of leaching on the soluble salt con­

centrations within the infiltration sites south of the River Zarqa are 

presented in Table ).1-6, Soluble Salt Displacement Resulting from In­

filtration Studies. In every instance appreciable salt displacement 

occurred during the infiltration test. It is remarkable that soils con­

taining approximately 5.0% salt dropped to 0.1% salt during infiltration 

measurements. The magnitude of leaching in these soils was noticeable 

down to the 60 em. depth, and in sore sites extended as far down as the 

120 em. depth before slight salt differentials were noted. 

In general, investigations indicate that the soils comprise two 

broad groups, non-saline in the area north of the Zarqa River, and salina 

in the area to the south. Infiltration rates for the non-saline soils 

were generally very satisfactory, with the exception of a few observed 

in the extreme northern sector, where drainage could be a problem. The 

saline ,soils, Class 4 land, will require reelamation in order to reach a 

productive state. Adequate drainage will be required to maintain producw 

tivity once the soils have been reclaimed. 

Land Classes 

A land class is a category of lands having similar physical 
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and economic characteristics which affect the suitability of land far 

irrigation. It has been called an expression of relative level o! ~­

ncnt capacity. Five rna jor classes of land are recognized in thi.:J study. 

A fraction-type symbol is used to designate the different land 

clas~es. The number in the numerator designc:.tes the class of land. 'ftla 

letters following the land class are the subclasses and sh01 the nature 

of the deficiencies. Thd subclasses are "s", tttn, and "d" and represent 

deficiencies in soils, topography or drainage respectively. They ~ be 

used singly or in combinations. The letters in the denominator irx\i.cate 

the nature and extent of the deficiencies. The example in the lower lst\ 

corner of Drawing JR-22, Land Classification Symbols, indicates the posi­

tion of the various deficiencies in a land class symbol. 

After correlating field examinations and laboratory information, 

the lands were segregated according to their degree of suitability for 

irrigation agriculture. Boundary lines between basic land classes are 

shown on the aerial mosaics as solid lines. Subclasses are delineated 

by dashed lines. Each arable class delineation has at leas\ one recorded 

soil profile and is labeled with a land classification symbol. 

Area and soil profile description !or each recorded profile ~ 

eludes the following: 1) types of existing vegetation; 2) topogra.phy in­

formation with regard to gradient, position and unevenness of surface; 

J) drainage conditions; 4) soil information with respect to structure, 

cementC\tion, color, and depth to residual marl.J . and 5) laborat.oey infor­

mation. Mapping symbols and abbreviations used in the land classification 

survey are shown on Drawing JR-22. 

The features of soil, topography and drainage of Chsa l la.nda 

are favorable for the production of high yields o! climaticallT adapted 
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crops at relative~ low production costs. The characteristics of Class 

2 l ands may cause the following: slightly reduced yields, increased 

production costs, slightly restricted crop adaptabilities or a combina­

tion of these factors. Class 3 lands are restricted in suitability for 

irrigation agriculture because of features that materially reduce crop 

yie~ds, restrict crop adaptabilities, increase production costs, or 

produce a combination of these results. Class h lands are temporarily 

unsuited for irrigation agriculture due to saline content of the soil; 

however, they are considered to be reclaimable to at least the productive 

level of Class 3 lands. Lands unsuited for irrigation agriculture are 

designated as Class 6. Estimates of the degree of suitability for irri~ 

gation agriculture were made by comparing the characteristics at the 

lands with the miniiTDlm land class specifications presented in Tabla 

3.1-3, Specifications for Land Classification. 

The Class 1 lands are located primarily on the recent flood 

plains of the perennial streams on the ghor terraces with small scat­

tered areas occuring on the zor. They have deep permeable soils with no, 

or slight!> evidence of alkali or salire conditions. Mos:t of the Class 2 

lands occur on the outer fringes of the recent flood plains, as deep 

soils with moderately heavy profiles. Also included in Class 2 are lands 

with coarse t.extured soils on the recent flood pla'ins, areas relatively 

shallow in depth to marl, those primarily located along the edge of the 
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Table 3ol-3 

Spociftcationa of Land ClaaaiticatiOD 
For The 

Iaraouk-Jordan Valley Projeot 

Arabl.o 
~------C"'l'""a.s--s -.l,-------,.---·-·-ciua 2 Cwa) 

Sandy lo&.lll to very per meable 
clay, 

;6• of tine a andy loaru or 
huvier. 42• of sandy loam, 

S 0 L S 

LoalllJ aand to Jll rn.eable clay, 

2L• of fine aand:y loam or 
heavier. )0"-) 6" of lollii\Y 
a and, 

36• depe nding on position and 
elope, 

2L• 

Fine sand to eluwzy permea.bla 
ole¥. 

18° of aandy loam or heavier, 
Fine eand pennitted 1t Wldor­
laill by heavi er material. 

2L• depending on poai tion and 
elope, 

12" 

Potent u..· .lra.b e* 
cwa L 

Fina eand t.o alowl,- penr:ea bla 
clq 

16" of aandy loam or heavier, 
Fine aand pennitted if Wlder 
lain by heavier m&terial, 

2L• depending cc poaition and 
elope. 

18• 

u• 

I ! I 
:s <Uinit:y Surface . 2~ (ma.J' be higher . S:l (""'"· be slightly higher . Sl (may be sliehtq higher In axcesa ot Cw a 3 lim1ta I 

Surf ace pH 9.0 
Subsoil pH 9,2 

pH 9,2 
pH 9,4 

pH 9.L 
pH 9, 6 

pH 9.4 
pH 9,6 

i ! Suosoil .2% ( soils \ii t h good I . S% (f.Lllmec..Lle s oi ls wi t.h .75% \ hi&her in open pent.e- t.o a t. lei~.& t. Cl..sa 3 f.t: :cent-
in per~:eabie soiLs ) I iro porn.eal:.le soil.s ), in permeable s oil.s), but $U.SCeptible uf l eachi.Dg I 

il' <!raill.ii.go) , . I g~od drainage), abla • oil• wit.h good drain- o.gea, 

:------------------------------------j__ ____________ ~~~~~age~.-------------~------------------~1 
·-----------------------,----------------~T_O~P~O~G;rR~A~P~H ~I~-----------------r------------------~ 

L_____ _______________ __ 

.Slopu. 
i 
Sur!.u:e 

' o .-er ( loos e ruck and 
veget-at ion) 

'Jp t.o L% ir, uu.;e plano , Leoo Smoot h slope• up to B;t or Smooth slol'o• up to 12% or Smc.o t h slofos up to Ut or I 
it' c omplex •lop.,, compl"" slopes Ut> t.o 4% . conoplax slopes l ess t han 6~. co ~r.l'lex sto...,a less tbaJ\ 8;t , 

Ro>:t:lar OilOUgio to reqdre 
or,l y s tr.a.ll W'IIOll.!lt..s o! level­
lwc"' 

Cost of clearing s~l or 
i n~u ffj c i .;;nt to m=-:ii.fy 
Cl~ t' l.T~. practic~s O!" r E: ­

Hodorat.e l<Vblling at~d ~;rod­

ing require:! , E~ti.mut.ed eart h 
m.ovement 2GG-50J 1'.3/Donu:u, 

Cl earing require;! , May be 
eqll.iva lcnt in cc"t to Clas s 
2 lev~lling . 

Heavy levelling and grading 
requir ed , lst~r. .. tcd eortb 
movement 500-eOO M3 / Donuru, 

Heavy c learing necessary. 
M<;)' be equiva lent in cos t t.o 
Cl ass 3 l evel.ling , 

May exceed Class 2 l evelling 
but. 6 r.u::l.d not ~. tho :n<.X.l ­
mum allowable f or Cl as• ), 

May exceed Class 2 c le&ring 
but s nould no t t.e t he JT.P.xi­

IT.~~ allowaole !or c~. 3. 
~-------------'---- ci ~>c ~ p~oc:iuc t i v1 ty • 
~--------------------~~~~~~~--------~-----------------n?. A-rlrr-o.-E~------------------~--------------------~ 
\svil aud rol'o&raphy ·-lie-.-,,-u-i_r_e_• _o_c_.l_y_n_o_r_rr.-~-1-dr-alll-. -_-,--;..--d,-~i-ti_o_n_a_l_dr_a.l ___ n_a_g_e_r_o(j~u~.i_;r_,_~~-~.~,!!-.!A'-d.::!d_i::t_ic-n-al--dr--al-n-a-g-e-I·-e-qui-r-cd-,-y--F-ro-j-e-c-t.-r r;.:..n;;6e rtql<ircd 

«E• w\ t l. maximum f'Crmis sibla Corodi tion~ indicate sli~i ,tly Conditions i r.•tico.te closer as lnaJc&t e:i f or t.f,e po-
dra.i r. spacing a• ~stabli shcd closor dr;,.in >i-•"ciug t h;u. that drai.r. s po.cing \.han that re - t ential e.r.;bh claas , 

I-----------...L---..!f:~ru.::>•:_::i;.;r.::.!.::cU::.to:r:..;a:;t::l::.o.:.:nc_:l.::e.::s.:.:1 -':;•,_ _ _ c _ _::t.::~.::t.a::.l::.>li=•.:.:,l.:.:'u"'-· d _for Class 1 , _qu i red for Class 2 • 

I 
Non-l.rab e 
Clau 6 

• 

',i 

ThU inc 1-.dea all 
l ands wl'.ic h do 1 

not Ci.d;:t. t r.e :d.ni - : 
mum r~ :p.J. ir~ :~ e.::.-:.a 

f~r a.raclo lani , 
This :~ 1.11.: 1\de 
: <r.ul t.:>di e= or 
ar•tle '1ar..1 lyi.o;: ! 
-..i t.r. io l•r5,~r areas 
o! n~n· ~otlo lanJ. 

11 Cll<!ls 4 - Artilli having so l ucle >&ll$ . ir1 ~'cess of limit..> fur Clao• 3 l ar.a , ur.:i ·Ji t n s oib and t opogr a1-hy such t hat r eclanultlon is hj,:hl,y fcas:ole , LGJ>d Cl ;;.ss ,:.:. tc r, ta l aft er 
lc.t.:::hin j~ indi.cat.eJ Oi f.J" r£:nthet.icul s y~ol~o.Jl:t . 

Note 1 - Tr.e pH ll.rnits •• set f or t r: in t.r.e H :..o1arjs are based on one to f ive dilu t i oru! with l imits slightly higher than Burea u of ilecla;ution standard•, Troi s appiios t.o 
:.oils. vhich art cul cart: oU3 an:l gypsiferous in character. 

Note 2 - ln tile ovtr&U use " ' ' tne s t.wdurls the various limits s ot up f or each ite::> in each class are u5ed u guide s and mas be dev1at.e-:1 from depending uyon circumsur.o es, 
I. CCLobination of fao~ors i s ""cd to det.er.ni.ne Ul e land class bot h pr esent w;d ul~ima te , 



upper scarp having moderate rock cover and areas with soils of slight 

alkali or saline conditions. The p~incipal Class 3 lands are character-

ized by soils of very coarse ~exture, undulating t opography, surface 

rock, or major degrees of slope. These areas are predominantly found 

adjacent to the upper reaches of the ghar and the immediate fan areas of 

stream channels. The Class 4 lands possess a high percentage of soluble 

salts and must be leached before successful irrigation agriculture can 

be initiated. The majority of this land is located south of River zarqa 

on the East Ghor and on the West Ghorp which are areas of low rainfall. 

Localized areas occur intermittently throughout the project area. · Lands 

designated as Class 6 are principally the rough 11breaks" between the 

ghar and zor, stream channels, shallow soil:s with strong al.kali and high 

salt content, and undulating areas of very heavy textured soil with high 

salt content. 

Class 1 

Relation of Land Classes to Crop Production, 
Crop Adaptabil~ties and Management 

(Table Jol-_4) 

There are 143,090 donums of Class 1 land in the project area. 

The soils include deep, permeable clay loams and significant areas of 

sandy loams, and loamso The heavier textured profiles are primarily 

located north of the River Zarqa on the East Ghar and in the vicinity 0! 

Wadi Farita on the West Ghor. The fans of Wadi Hisban and Wadi Kafrein, 

located at the southern part of the East Ghor, comprise a large area of 

the lighter textured soils in this class. The water holding capacity is 

good and the inherent fertility of these soils is relatively high. These 

features provide an excellent environment for the grcwth of climatically 

adapted crops and do not present any major problems to the operator. A 
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Table 3.1-4 

Relation of Land Classes and ?rlncipal Subclasses to Crop Adaotabili ty and be.na ~eCEnt 
3!-eet l of ) 

vross ~ercent 

ant.~ ::lass ?r i nc i':>al SlJbclass:.:•:.:•-----·1- ______ _:.:Sa~l~ie~n~t~F:.:•:.:a~tu~r:.:•:.:•------ -----i~A~re~•----~~of~T:.:o:.:t:.:a~l-4~-------"'Cr~o~'P~A=cdaptab i:.:l:.:i:.:tLy· ________ -r----~~~~~:.:ene:.:- :.:n~t~f~ro:.:b:.:l:.:•:.:"'=------1 

l l / 11,1/b, 1/ d, 1/nn, 1/::.h,l/r.lhz ,1/hh Srooth lands, deep permeable 
s anriy l oam3 and learns, minor 
areao of clay. 

1LJ,090 15.2 Clinatically adapted crops. No special p:-cble::.s . 

t--------·-----------------------4--------------~r---~r-----t-----------------+--------------i 

3 

2s/~hz 

2s / l=.a , 2s f l:ut, , '2 s / =:. ·3. , 2s/Clha 

2s/ll 

2 t/h '.; 

(! t/::.Jr.l ,2 t / .:hc 'J 1 {t/ l h.•112 t /r.:..'1U , 2 t /r1l '.CU 1 

2t /l ·:cc,2t/llc , 2 t /l b, 2 t / llc;> 

2st/c:.ilcu 

2st/:,:-c hhac , h:-:=P' 
2; t / llc, 23 tlll•c, 2s t/ll>cu, 2s t/L-::c 
2st/t+" 

2d/!'lh , 2sd/h~ , 2 to/ht.c , 2s tll/hhc~ , 2•1/ hoa, 
23d/hhz 

Js/hha 

Js/hc"'z ,Js/ot :"'z 

Js/hma cr.::a 

Clays and clay l oa :o ov e r ""rls. 

Cl~, nino r area s of clay l oam, 
de ep so ils. 

Clay l o£"'. ::\9, mino r areas o f cla.y, 
deeo , sli ~ ht a l ,a l1 , 
u~h t to ::-edil.l!i\ t: xtures, deep 
soil , sl i~ht al:-01li, 

Smoth dee? a ll-Jvi um , l ow a'lai 1-
abl e wa tc r . 

2,766 

16,627 

ll,02L 

12,937 

6, 8SL 

Clay bar..s , .:ino r a reas of clay , 10,718 
nac lent ~-e %. 

Clay l oams, mo ·i ~ ra te le ve 1 in .~ or 12,526 
c l,.!ar-ing requi red . 

U.:rht to Jledium tcxt.tlre s . ·~orlerJ te 12 ,,51,9 
levtl l in~ o r c lear1n ,;: requ1 red . 

i·loriera t.ely und>~l.tt ' n g la nds with 
soil awl alkali va r ia tions s i:n­
il a r to too 2s l ands •• ind icated 
by de nominator symbo l. 
3a .7..e as above 
Sa ·:-.e iJS at:ove 

Clav and clay l oam tex ture, 
~ra-i i ent. 

Cl ay loams to clays. \later table 
nresent. 

S010oth, clay loaos ~n rl clay, 
r..n~erate alkali. 

l'.ect lum .:.nd hec.vy tex lures, over 
m rl . :~odera te alkali. 

5Ir.oo th, medium texture, li'C=e ra te 
a li'..ali. 

9 , 727 

lL ,1JL 
10, 506 

7,19 ) 

ll,Ol) 

92L 

),9)) 

71'2 

0.) 

1. e 
1.2 

l.L 

" .7 

1.1 

l.J 

1.) 

1.0 

l.S 
1.1 
0.8 

1.2 

0.1 

o.L 

'l .l 

Cro!JS havin? !!D d er'-. tel.i' deep 
r:>Otiz'€ S'J S tei!IS. 

Crops havinr r.lO'j era tely deep 
reo ti!lf s-;s l.el:;s. 

~lkali tD lerant, ~era tely deep 
ro :Jterl crops as S'J;'J. r t:el! ts. 

Alkali tolerant, dee? rc~ ted 
fi:>ld and tr~ck crop s. 

Dee p C":lotej crnps .. -early ve ;.:e­
table s, po t.a toes. 

Cli l".aticall:r ada?ted cro~s. 

Si c:Ular to 2s lar>ds as ir.di­
ca t.ed by denc:n.inator Sj..,...t.ols. 

Crops havin~ codera te l y c!eep or 
shall<>• rooti ng s;rsteli>S . 

l'.alera tel,y dea!) r:>oting S}'3tel>, 

m c! erately alkali tolerant cro ~s. 
Shallow r ooted , :ood ere tal,y alkali 

tolerant crops 

De"!' rooted, llOderatl!ly alkali 
tolerant crops. 

Ti lla~e p ::"Obl e.~ s. 

Tilla•e ;o roblms. 

Tilla ~e ;> rc b le ~ •--leach to 
co rrec t all<a li . 

Le ach tD corr ect. a.l . ..;a li. 

't rrt eate to a·1oi:i exc~ s s b·e ::.ee? 
~e rco 1ali :!r. an.:. !'ertil iz~r 

l osses. 

Care in ao ;1 l ~cat.i ~ r. -:f irr~~a ticn 

w:&ler on lar.ds ;\' : tr. rra.Jie:~ ~. 

Preble ::IS slJr.i l a r to 2s J..an i s as 
ind icated by Sl!tclass sy:c± -oll. 
Care in •~pl icaU cr. of i rr i ­
~a tinn wa t.er en l.s...,ds \Yi t b 
!'r ae ien t. Leve l in;: ar.d clearing 
costs as Wica teJ fo r 2t lar.ds. 

- - - - - - - - -- - - - -
Dra i.!'la.ge , ctl'l! r ~r:;bl~ .: s SL7.ilar 

to 2st la n~ s as in.i i cated by 
subclass - sy-..bols. 

Ti lla ~e 

Subs oil to O!"'n up c:;arl a".d I n­
crease e ~fee ti ve ro ut t.Jn e. 
Leach tc cor rec talkll i. 

- - - - - - - - - - - - - -- - ---



Relation of Land Classes and Princ1 

I., ~;d Class ?rinc ipal .5u.tc lasBcs 

)t/h"f 

3 3t / c:x2"2 ,3ti=.lu 

4(1) 

4(2) 

j s t /h.>.a•u 
3st ~r.hc2 ,2 
)r t t ::r.au2, )st/~ta:2S2U2, J•t/lh:, 
)st /ltx:3~2 

J s t / Uc2u2, )st/llac2u3 , )st/llc-llu2-nu3 ----------------------

l/hh,l/ch,1/hl,l /lh,l/=, 1/l.'IIZ ,1 /ll 

2s / H12 

2s / hh,2 e/hl 

2s/sm,2s/ll 

2t/hhu,2t/ hmu 

2t/m:og 

2 t/hm,2t/m:ll1,2t/ml.u, 2 t/mlcu, 2t/l.r.Ju ,2t/ll!'U 

2ot/hhu,2et/lleu 

2st/hhlu 1 2at/llhsll 

Salient Features 

Cla.r lo&m:5, n.inor areas ot clay , 
soil deep, grad i ent 8-12%, 

Medium textures, m Cera te to 
heavy lcve~ anc! c l caring 
required. 

Generally severe topo~<rap hic 

licl ta tions, Soil and alkali 
conditions similar to the )s 
lands as indica ted by denooo­
lna tor syJ:Ibol• 

lla tar table present . 

uross 
Area 

4,9e.9 
11,517 
lS, 718 

14,902 

3,02 

Smooth lands, deep, p~rmeable 66,632 
sandy loams, loam.s and clay loams, 

Clay loams, clays over marla. 

Clay surface ta:ture: s1110oth, 
deeo soil . 

lled1Um and 11 ght texture a. I.Dw 
available Nater, 

E,032 

8,906 

S,o.52 

Clay loams, minor areas of clay: 8,8S7 
s oil deep; undulations 

!Jmooth, deep, medium texture. 1,969 
Gradient 4-8%. 

Medium and liy.ht textures, 11,89L 
aDd era te undulutions 

l'oderately undulating lands 4, 711 
"1th soil yar1at1ons e1m1lar 
to 4 (2o) lands as indica ted 101 216 
by donomina tor eymbola . 

Water table present. 5,125 

ere en~ 
of Total 

o.s 
o.s 

J .S 
1.2 
1. 7 

1.6 

0. 4 

7.0 

0.9 

1.0 

o. s 
- - - - - -

0. 9 

0.2 

1.3 

- - - -- -o.s 
1.1 

-- -- - -o. s 

Croo .t.daotab11i ty 

Cli.ttaticall,y adapted crops. 

Same as above. 

S i:-....i lar to Js lands as indi­
cated by subclass sy::bols. 

Sir.li lar to other )s land as 
. indicated by subclass syrlx>la. 

CliJnatically adapted cropa. 
(After reclamaticn) 

Crops having moderate 1,y deep 
rooting systelaS. 

Deep rooted crops. 

Very early truck crops. 

Climatic ally adapted crop a, 
(after rec la: .a. tion) 

Similar to the 2• lands u in­
dicated by aubcl&M aytbola. 

Shall<P ,..,oted crone. 

Irriilate s~ch t hi't erosi cn is 
controlled. 

l'oderate clearing and lev e li:".g. 

------------------
Sil:ll.lar to )s land s as ir.c i­
cated by subclass sya.bol..s . 

----------- -------
Drail\i. ge--other proble.u s :..::...:. lor 

to those of )s lands as inc i­
ca ted by subclass s y:::h ls. 

Leach to c orrect alkali. 

Leach to c or,...ct al.J<ali. 

Tillage proble:llO--leach to 
correct alkali . 

\,las ~·. ing out c! plants by wind or 
water. Exces s ive c!eep ;wzrcoU.t1Cl'1 

leveling--leach to c orre c t 
alkali. 

Leach to correct alkali 

l.evel1ng-leac h to ccrrect 
alkali. 

PN>ble!U are sl..dlar to thOse 
ot 4(2•) ands ae Indicated 
loy subclass s y:lbo ls. I.e ac hinr; 
required to corTtct alkali. 

Drai,.~e--leacll to cornet 
alkali. 
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Table 3.1-4 

Relation o! Land Classes and frincioal Sut..classea to Crop ~daptability and llanagement 
---------"~eei:TO?-r- -

r---- ------------------ -------------·-------- :rr:oss- -re;eenr-·-,------------------,---------·-------. 
~~..::_~~:_s . __ _!::.~~~;>•1_2~~ lasses 

)s/ ~ :...1 

l(3) 

;-.. / rr_-7.11 )t/i..-n'.lJ ) t/h:n %.~2 

:•-:./ ~.r.-3 
;:; t / r..ha:<•2 
3• t/rJ:.Zg2u2 1 )s t/nmzu2 1 3• t/m:nzu2 

3d/~h• 
) d/cJU-)11:1/lhu-3s t1/mhu 

--- ------~~'!!:-~~~e-'-8'------­

Heavy-slouly per:oeabla clan 

Area of To~~- --~Adaptability ----if----.:.II::OI::;'.:::.~!~~nt. Prob~ema 

arnoot.h, deep soil. 

Y.edium and light textures, Heavy 
undulations 

Clay loam, minor areas o! clay mod­
erate undulation, Gradient 4-S. 

-
7,632 

- - -
5,255 

2,1)2 

- - - -
Generally severe topogrophic li.!ni­
tations, Soil conditions si mila r 
to tho 4 (3s) and !, ( 2s ) lands 
ao indicated by denominator 
s;rmbola, 

5,206 
2,329 

16,152 

Clays over marl, water table preset£. 2,208 
Medium and heavy textures. ~o.:ierat.e 

undulation, Water table present, 

0,8 

- - - - - -
0,6 

0,2 

- - - - - . -
0,6 
0 .3 
1.7 

0,2 

Shallow roo ted croys 

- - - - - - - - - - - - - - - - -
Clt".atically adapted cror;a 

(a !tor recla.•.~tion) 

- - - - - - - - - - - - - - - - -
Siftlilar to the 3s lan:!a ... 

indicated by s ubclass syu.bols. 

Shallow rooted cropa 

-

-

Tillage yr oo:i. : r.s, leacn to 
correct alk•l1. 

Leveling - leacn to correct 
alkalt . 

rroble:os are similar to those 
ot 4 (Js) lands as i ndica ted 
by subclass symbob, Leach­
!ni !"e;•.J. ired to correct 
alkali. 

Drainage - leach to correct 
alkall' l eveling where in­
ddcated in 5ubcl.us, 

-r-------~r--------------------~---------------~--------------------------------------- ------- ~-----·--·-+--------------------------------_, ________________________ ______ 
~r. , 6i (class 1, 2, 3) 

6 
5s, 6t, 6st, 6std 

Landa which by loc•tion are either 
high or isolated with respect 
to the delivery ot irrlgi.tion 
vater . 

Lands unsuitable tor the econo .. ic 
production o! any irrigated 
crop. 

Total 

8,824 0,9 llative Paature 

414,175 43.9 Native future 

I 
91.2,844 100,0 



wide range of crops is be in r; p rown on t.hesc lands with good production. 

Class 2 

The ClaGs 2 l e1 nds C•)mpr t se 138,!17) donums within the project 

area. Class 2 lands are generally less favorable for the production of 

most irrigated crops than are the Class l lands and in addition some of 

the Class 2 lands have developmental problems. The characteristics 

which cause these less favorable conditions and the major problems which 

may be anticipated are as follows: 

a. Heavy Texture 

(1) Permeable profiles (principal subclasses, 
2s/hhz, 2s/hh). Approximately 19,000 
donums are included in this grouping. The 
principal location of these lands is in 
the northern part of the valley in the 
vicinity of Adasiye. Infiltration rates 
range from Oo5 mm./hr. to 68.0 mm4/hr. A 
large portion of this area has been farmed 
for many years and produces good crops. A 
minor portion of these soils are subject 
to vertical cracking and sealing necessi­
tating care in water application. Tillage 
practices in these areas will be governed 
by the moisture content of ~1e soil. 

b. Saline .. Alkali Lands 

{l) 

(2) 

Permeable profi]_es (princ~pal subclass, 
2s/r~a).. There are approximately 11,000 
donums of land in this category. They 
occur generally on the upper fringe of 
lower lying areas. The problem is some­
what difficult to remedy with correctives 
due to heavy textured soils subject to 
vertical cracking; hadever, addition of 
gypsum and adequate subsurface drainage 
will help materially. Cultivation prac­
tices will be similar to the 2s/hh lands 
in regard to timeliness of operation. 
Crops such as sugar beets should do well 
on these areas. 

Very permeable profiles (principal sub­
grcups, 2s/L~a, 2s/lha, 2s/mma). These 
lands number approximately 13,000 donums. 

-20-



The major porti on i s gently sloping and has 
soils that. are dee ::' , permeable and capable 
of holding a moderatt=~ amount of water for 
plRnt use., There is a slight alkali prob­
lem indicated by high exchangeable sodium, 
in mast cases gyo~;um content is correspond­
ingly hi~o~h . Moderately alkali-tolerant, 
deep rooted crops should do well on these 
areas. When oc curr int; as narTow trar.ts 
surrounced by soils of more favorable tex­
ture, ap~ropriate soil-plant-water relations 
may be dif ficult to maintain and crop growth 
may be restricted. Irrigation practices pro­
ducing moderate leaching are recommended. 

c. Topographic Deficiencies 

(1) Lands characterized by unevenness or cover, 
(principal subclasses, 2t/hhu, 2st/mhcu, 
2st/llc). There are approximately 18,900 
donums of Class 2 land that will require 
moderate leveling before they will be 
suitable for irrigation without special 
irrigation systems~ Of this total approxi­
mate~ h,ooo donums have slight factors of 
both unevenness and rock or vegetative 
cover, the combination of which warrants 
placing them in a topographic deficienc,y 
categor,y. Approximately 22,300 donums 
will require removal of rock or vegetative 
cover. These deficiency factors are ex­
nccted to . be corrected at a cost of be­
tween ~.11 and tl9 per donum. After level­
ing and clearing has been accomplished, 
there are approximately 16,700 donums that 
will be of Class 1 quality. 

(2) Gradient or complex slope (principal sub­
classes, 2t/hhg1 25/hhcg, 2st/hhg). These 
are lands with gradients that make irriga­
tion patterns difficult since these areas 
quite often lie adjacent to smoother slopes. 
There are approximately 36,000 donums in this 
category, of which 15,600 donums will require 
clearing of cover. The general extent of 
topographic deficiencies is shown in Table 
3.1-5, Extent of Topographic Deficiencies. 

(3) Drainage problem (principal subclasses, 
2sd/hh, 2d/hh, 2td/hhg). The total of 
approximately 11,000 donums in this group­
ing is rendered less significant due to 
the fact that the individual areas are 
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Table 3.1-5 

Extent of Topographic Deficiencies 
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Above Eel ow Canal Above oelow Canal A 'cove 
Canal Ghor Z.or Cana l (j rlO r lor Ca:~a l 

About half l"'Jinor i rn- Ne !':li- A boot hc.lf Locally Local About 20% 
of area portance. l!ible of area i.m[lortant. Pockets of area 
affected. About C:<" 

-' ·"' affected. Aboo t 7% - affected. 
Particularly of to tal Negli-
near the area, gible 
alluvial 
fans. 

~li ner im- Minor im- Of major About 15% About 12 % Of major 25% of 
oortance. oortance. proportions. needs of this ir.Ipo rtar.c e • area is 
About 5%. less than Nearly all l eve l ing area needs Is princi- i n need o:' 

5% of area. lands need leveling. pal defi- leveling . 
some, ciency. 

Abou t one- About lo% Of minor About 10% Of minor Negli- About 20 % 
t!lird of of area is importance. of area i !ilportance- gible of area 
area is affected, is affect- about 5% affected. 
affected, ed. 

Notes: Most cover deficiencies a re of class 2 intensity. 
Gr adients (g), mostly of class 2. Smoo th Slopes up to 8% or complex slopes up to u%. 
Leveling (u), mostly class 2 i ntensity, 11ovenent of 200 to 500 rt' per donwn required, 

l·i'SS T G f{JR 

Below Canal 
Ghor lor 

I: e ~ li- :legli-
pible !'il;le 
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Class ) 

relatively small. Primarily they consilst 
of lands in shallow depressions and have 
been taken into account in designing the 
project drainage pattern. 

The Class 3 lands occupy 65,972 donumB of the project area. 

The characteristics of Class 3 lands are fairly favorable to irrigation 

agriculture. Moderate alkali, very coarse textures, and fairly rough 

topography are the factors which primarily limit the suitability of these 

lands for irrigation agriculture. 

a. Saline-Alkali l4nds 

(1) Lands with mooerate alkali, relatively 
permeable soils (principal subclasses, 
3s/hha, 3s/hhaz ). The area in this 
category totals approximately 5,000 
donums. They are smooth gently sloping 
lands in which moderate amounts of alkali 
and soluble salts have accumulated. A 
large portion of these lands are farmed 
to grain. Current irrigation practices 
with an inadequate water supply have per• 
rnitted accumulation of salts from tho 
subsoil, particularly in those areas 
underlain by marl at a relatively shal­
low depth. Infiltration tests indicate 
the profiles to be susceptible to leach­
ing with an adequate water supply and 
drainage system. 

b. Topographic Deficiencies 

(l) Lands of uneven topography or relatively 
steep gradient, (representative sub­
classes, 3t/hhg3, Jt/mmc2u2, 3t/mlul)• 
Approximately 9,500 donums of land ~re 
classed in this category. Of this total 
nearly 90 percent Hill require grading 
or clearing estimated to cost between $16 
and !32 per donum. The remaining 10 per­
cent possesses relatively smooth gradient 
of between 8 and 12 percent slope with 
medium heavy to heavy textured soils, 
which will necessitate careful application 
of water. 
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Chss 4 

(2) Lands with combination topographic and soil 
deficiencies, (representative subclasses, 
Jst/hhc2g2, 3st/tnmc 2g2u2, 3s t/llac2g2u2). 
This group of land comprises L2, 000 donums 
and will require grading and clearing as 
described in the foregoing paragraph. Of 
the total land in this category about one­
half has a good water holding capacity; 
however, the range between wilting point 
and field capacity will be slightly re­
duced by the alkali condition of some 7,500 
donumso The remainder is comprised of 
light textured soils of which about 5,700 
donums are affected by alkali. These lands 
frequently occur as irregular shapes sur­
rounded by lands of poorer quality. Care 
should be exercised in leveling in order 
not to deposit a layer of unproductive 
soil over these marginal soils, resulting 
in severely restricted crop growth. Fre­
quent irrigation and fertilization will be 
required to maintain crop production due 
to lo-: water holding capacity and low in­
herent fertility of the soil. 

(3) Drainage problem (principal subclasses, 
3d/hh, )sd/hh). Lands of this categor,y 
are relatively minor, totaling approxi­
mately 3,600 donums. They normally occur 
as very small depressions with evidence of 
a water table; however, they are of farm­
able size, and project drainage has been 
designed to provide subsurface outlets. 

The Class 4 lands comprise 172,310 donums of the area. 0! 

this total about lh percent are of Class l and 2 potential. a.t'ter leachU1g 

operations are completed. Primarily the soil textures, and topography o! 

these lands are favorable and in most instances there is an appreciable 

amount of gypsum present which will materially aid in the leaching pro-

cess. Total soluble salt content may range from o.5 percent to greater 

than 3.0 percent in cases where soil, topography and drainage character-

istics are favorable for leaching. The majority of this land occurs in 

large bodies primarily on the lower edge of alluvial fans, and are 
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presently not irrigated. 

The area of t he Fast Ghor ~s s ociated with the fans of the 

Wadis Shueib, Ka frein, and Hi sban are r epresentative of this category. 

Representative samples show total soluble salt content in one irrigated 

field as less t han 0.2 percent, as comoared to samples showing greater 

than 2.0 percent in an adjacent f i e l d which has had no irrigation water 

applied, but t'l'hich is comparable i n soil texture, topography, and drain­

age characteristicso Better than three-fourths of this area is charac­

terized by soils With profiles ranging in texture from sandy loams to 

clay loams or permeable claysa Light to medium textured profiles are 

characteristic of about one-third of the areao The blocking of ancient 

urx:lerground water developroont system.s (fuquaras) has given rise to saline 

conditions in some areas. It is contemplated this condition will be 

remedied by subsurface drainage. 

The Class h lands on the West Ghar south of Jericho are similar 

in nature and position to those described in the foregoing paragraph; 

however, the presence of fuquaras has not been detected. These lands are 

predominantly characterized by clay loam and clay profiles. Large bodies 

of this category extend northward from the Jericho vicinity where again 

fuquaras have materially contributed to the saline content of these areas. 

Infiltration rates on these soils are generally good as indicated by a 

rate of 5.1 mm./hro on a soil composed of 90 centill'2ters of clay over 

clay lqam to a 1.5 meter depth. 

After leveling and leaching operations the Class 4 lands are 

expected to assume the characteristics of those classes and subclasses 

indicated by the classification symbol following the 4 designation. 
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Class 6 

Approxinatoly L23,000 donum.s of Class 6 land are unsuited for 

irrigation agriculture, of which 8,800 donum.s are due to isolation from 

lands of an arable nature or excessive elevation. The remainder is the 

rough, shallow soil "break" between the ghar and zor areas, stream chan­

nels, and scattered rough and stony landso 

Leaching 

Apprmdnately 17L, 000 donums will require leaching of salts 

from the soil before a satisfactory degree of crop production can be ex­

pected. A specific leaching program is recormnended for approximate~ 

167,000 donums. The TSS percentage of these soils ranges upiard from 

0.2% with the average percentage somewhat greater than 3o0%. Two tenths 

of one percent soluble salt present within the upper meter of soil may 

be potentially damaging to crop yields. 

Lands requiring leaching are designated as Class L, of which 

the largest areas are in the southern part of the valley. To establish 

a basis for leaching reconunemations two trial areas were selected and 

prepared under normal field conditionso Each area was divided into four 

plots of equal size and each plot within an area given a specified water 

treatment. The major difference in preparation for leaching was that 

Area 1 was provided with subsurface drainage facilities while Area 2 did 

not have such facilitieso Table 3.1-6, Soluble Salt Displacement, shows 

the total soluble salt displacenerrt, the amount of water applied and the 

infiltration rate during water application. Location and details of 

methods and procedures used in leaching trials are in Part 5 of Volume 

VII. Results of the trials indicate that salts can be leached from the 

soilo An application of 15 centimeters of water follc:Med by subsequent 
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Table .3.1-6 

Soluble Salt Displacement 
Resulting From Infiltration Studies 

of Jordan valley Soils 
(Sheet 1 of 2) 

. Sheet No. IIifiltra ... Conductivity 
and Layer tion Water ECxlO) 

Coord- Hole Depth Rate Applied Before After 
inate No. em. MM/Hr. M Inf. Inf. 

East Ghor Area 
1.39N-206E 10 0- 15 r ... o 2.47 117 .3.8 
1)9,670N- 15- 30 99 4.8 
2o5.225E )o- 45 66 ( 

45- 60 56 ( .3.2 
60- 75 51 (17 75- 90 53 ( 
90-120 55 18 

120-150 54 15 

137.5N-204E 24 o- 15 124.5 7.68 161 7.6 
15- )0 117 11 
3o- uS 10 6.1 
45- 60 46 5.9 
6o- 90 19 6.6 
90-120 14 6.5 

134.5N-208E 20 0- 15 25.4 1.01 JB8 6.6 
135.760N- 15- 30 11.3 ).8 
206.090E )0- 60 92 4.h 

60- 90 61 h.J 
90-120 49 h.6 

120-150 31 5.8 
150-180 )8 6.6 

140.5N-2o6E 22 0- 15 10.2 2.19 44 6 .. 2 
140.800N ... 15- )0 50 4.1 
205,.820E )o- 60 52 .3.7 

60- 90 61 4.4 
90-120 65 6.6 

120-150 8) 25 

West Ghor Area 
172N-200E 9 0- 15 35.6 4.51 76 3.1 

15- )0 58 1.3 
)0- 60 6o· 5.0 
60- 90 38 2.9 
90-120 29 3.1 
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Tabla J,.l-6 

Soluble Salt Displacement 
Resulting From Infiltration Studies 

of Jordan Valley Soils 
(Sheet 2 of 2) 

Sheet No. Infiltra- Coriduct~ity 
and _Layer tion Water ECxl 

Coord- Hole Depth Rate Applied Before After 
inate Noa em. MM/Hra M Inf. Info 

(West Ghar Area Conttd) 

145N ... l9BE 1 0- 15 17.8 1.4o 5.0 2,.0 
15- )0 19 3.8 
30- 60 32 3.3 
6o- 90 61 7.1 
90-120 58 41 

120-150 58 53 
137.5Nwl98E 13 o- 15 99.1 5.88 183 4.8 

15- 30 110 3.5 
3D- 45 117 13 
45- 60 1o6 24 
60- 90 78 35 
90-120 55 44 

120-150 32 29 

13JN-202E lJ o- 15 1.0 .15 67 5.3 
15- 30 65 4.4 
30- 45 45 41 
45- 60 46 46 
60- 90 49 48 
90-120 5o 41 

120-150 65 59 
13.3N-202E 12 o- 15 5.1 .Jo 160 J.9 
13J.575N- 15- JO 156 s.o . 
200.990E 3D- 45 1uu )2 

45- 60 137 48 
60- 90 134 53 
90-120 122 62 

120-150 141 ll8 
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applications of the same amount (each applied immediate~ after the pre­

vious one has been absorbed by the soil, until a total of 80 to 100 centi-

meters has been applied) will r emove the salts to a safe level for shallow 

rooted crops and additional applications of water will maintain this level 

when adequate subsurface drainage has been providedo 

Project Subdivisions 

Far purposes of this study the Jordan Valley has been divided 

into three subdivisions. These are the East Ghor North, the East Ghor 

South, and the West Ghor. Each of these was further divided into two 

primary sub-areas, above and below the main canalo The zor was segre-

gated in tabulations to indicate its relative importance, although it 

will be an integral part of the area served by the main canals. 

Land classes are ·summarized for each subdivision and sub-area 

in Table 3.1-7, Land Classification Summary. The distrirution of these 

lands is sh0>1n on the land classification lTlZl.p, Drawing JR-21. 

East Ghor North 

Description. The East Ghor North subdivision comprises the 

lands lying between Yarmouk River in the extreme northern part of the 

valley and the River Zarqa, which forms an approximate_ mid-point dividing 

line of the lands east of the Jordan Rivero The lands extend from the 

Jordan River eastward to the steep slopes leading out of the valley. 

Nine sizeable wadis provide drainage, forming a series of small alluvial 
. 

fans and interfan areas. The general gradient is in a westerly direction, 

and the elevation ranges from approximate~ minus 212 neters along the 

Main Canal location in the Adasi.ye vicinity to about minus 226 meters 

near the Zarqa River. Annual precipitation in this subdivision is of 

greater magnitude than any other portion of the vall~ and ranges from 
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All G hor Lan:: :Oelow C&~..a 1 

.1.11 Zo r L<.n:l h l ow Canal 
All Gror an:i Zo!' oel"'' Can&.l 

Grand Total All le.nd 

A r at 
Class _ass 

d~nar..s C:m ums 

9, 867 18,759 
59 , 071 1.3,60 5 
l , 677 8,6e9 

63 , 7L6 52 ,29L 
73,615 71,053 

12 , 055 11,705 
29, 721 23,498 

9~ 5 8,3L3 

30, 706 31,8Ll 
L2 '761 L3, 5L6 

18,Loo lL, 591 
7,395 L,584 

919 L, 700 

e,31L 9,2BL 
26, 71L 23, 875 

L0,322 
96,187 

4$,055 
71,687 

6, $81 21, 7)2 
02,766 93,Ll9 

11.3,090 l)8,la7t. 

Table 3.1-7 
Lane Classification Sumr.liry 

YarUlOuk-Jordan Valley ?ro ject 

1 e 
C:U.ss ota 

3 c ass 
dC'r.'.llllS donums conw::s 

1),077 1.1, 703 -
9,019 111 , 695 1,06o 
3, 77L 17,110 200 

12' 793 128, 835 1,260 
25, S70 170 .538 1,260 

8,368 32,125 298 
11,608 6L, 827 33, 808 
2, 789 12,117 1,132 

lL,397 76,9W. 35, 5LO 
22,765 109 ,072 35,838 

ll,l8L LL,l75 8, 7L8 
2,275 lL,25L 19,595 
3,e18 9,L97 1,190 

6,153 23' 751 20,785 
17,337 67, 926 29,533 

32,629 ll8,oo6 9,0L6 
22,902 190,776 54,463 
lO,LLl 38, 75L 3,122 
33,343 229' 530 51,935 
65,972 347,536 66,631 

c a s s Total Class 4 
2 3 

do nuCJS don·=s dcnu:rs 

-- -- --
2,o63 315 3,L3S 

3ll 25L 7~6 

2,377 569 L,2o6 
2,377 569 L,2o6 

317 L70 1,085 
27 ,55L 13,677 75, 039 

2,212 200 L,lJJ, 

29,766 13,877 79 ,133 
30,083 lL,3h7 80 ,268 

6,L91 5,815 21,0.51 
23,373 16,863 61,631 

2,LLO 1 ,321 L, 95l 

25,813 20,18L 66,762 
.32,30L 25, 999 87 , 8.36 

6,808 6,28$ 22,139 
52,990 32,855 l10,.3o8 
L,966 1,175 9,e6; 

57,956 3L,6.3o 150,171 
6L, 764 L0, 915 172,310 

llote: Class 68. and 6I (not shcom) UDunta to 8,823 dCilums cr 2% of the total class 6 area; 1110st of .nic b is 
found on tte West Ghor. 

Non -Arat- le Total 
Clas s All Classes 

6 
dom.u::.s d~HlW"'...S 

W. ,l59 85, E62 
L6, 7o6 ll'l, E39 
6 ,267 2L ,175 

52, 973 1E6 ,o1L 
97 ,132 271, 576 

L5, 985 79,Bc 
93,297 233 '163 
5,3L2 21 ,603 

98 ,639 25L , 766 
11..1. , 624 333 , ~6L 

55,525 120 , 75L 
123 ' 91.0 200 ,025 

1,776 16 ,22:. 

125,716 216,2h9 
181 , 21.1 33 7,00.3 

11.5,669 265,51.!. 
263, 9L3 595 ,027 

13,38 5 62 ,002 
277' 328 657,029 
L22 , 99 7 91.2, 843 



about 400 mm. near Adnstye to about 200 mm. near the River Zarqa. Typi­

cal land classification photo maps of this area are shown as Drawings 

JR-23 and JR-24. 

Soils. The soils of the ghar have been formed primarily from 

alluvial materials that were stream borne and by general outwash from 

the uplands. This mantle was laid down over fine textured lake deposits 

(marls) and thins out as it approaches the "break" between the ghar and 

zor. Textures on the fans vary, but are predominantly medium with rock 

and gravels in the profiles being a limiting factor, especial~ in those 

areas adjacent to the hills. On the edges of the fans, clay loams pre­

dominate with clays occupying the interfan regions. Organic matter, 

while still relatively low, is higher in this northern area than any 

other part of the valley. Rainfall, together with other weathering 

at;ents, has played a principal part in modification of the soils. The 

lake-laid materials have undergone changes to such an extent that it is 

difficult in most cases to identify the original laminations and in most 

instances the structure has become softly consolidated. Marls were found 

to be oresent in the one and a half meter zone of depth in only 5 percent 

of arable area. 

To?ography. The series of alluvial fans in this area give rise 

to slopes whose gradient is seldom greater than 4 percent. Complex 

slopes of short runs occur on the upper edges of the fans adjacent to 

the foothills. Gradient on the larger fans, such as those of the Wadi 

Arab and River Zarqa, is relatively smooth with long uniform slopes. 

The lands between the Wadi Rajeb and River Zarqa are indicative of the 

larger interfan areas which are of medium to heavy texture with long 

gentle slopes. Above the location of the Main Canal, cover is generallY 

-.31-



composed of rock, while some 11egetation removal will be required below 

the canalo 

The zor area is cha-racte rized by old str eam channels which have 

been filled in by flood action~ The resulting complex slopes will re­

quire a major degree of le,.reling in t. .. 'lese instances" 

Drainage.. Conditions for adequate surface drainage are favor­

able. Except for localized areas there should be little difficulty in 

establishing drainage outlets through natural stream channelso 

Approximately 1 percent of the arable area has characteristics 

which indicate oresent or potential subsurface drainage problems. These 

areas are primarily indicated by the presence of a water table within the 

meter and a half depth of soil profileo This condition has developed 

where there is a pronounced differential in hydraulic conductivity of 

the soils in connection with a slope differential and in areas where 

fuquara3 have been neglected or abandoned0 A shallow depression occurs 

between Grid North 223 and North 230 comprised of slowly permeable soils 

whose clay fraction frequently exceeds 50 percent. Field observation 

indicates the clay to be of the expanding lattice type. Under present 

~ited irrigation, drainage problems are not acute; hcwever, irrigation 

with a full water supply will tend to aggravate conditions in this area• 

Controlled application of water, development with shallow rooted crops, 

encouragement of water penetration through use of gypsurn,and installation 

of clo~ely spaced drains are reco~~ended. 

Problem areas on the zor occur as a result of the proximity of 

the Jordan River water table, and from seeps or springs from the rough area 

which separates the ghor and zor. Installation of an interceptor ditch 

will effective~ aid the latter condition while arable areas affected by 
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the river water table can be productively farmed to shallow rooted crops 

with controllsd irrigation practice3. 

Sc:.linity and Al).::alinity. In the area north of the River Zarqa 

soils are generally leu in soluble salts and in exchangeable sodium and 

gypsum. These reh.,.ticr:ships are indicated in Table 3 .. 1-3, Samples shown 

in this table were t.ak8n in areas where problems were either :tn evidence 

or .,.hose exister~ce was suspected. It -,.,111 be noted that in practically 

every case where clay content is below 60 percent, the total soluble 

salts are below 0.2 by percentage, and exchangeable sodium is well below 

the critical point of 15 percent. Field permea'o:i.lity tests also indicate 

an adequate infiltration rco~te for the majority of the areas represented 

by thesa samples. 

In the few areas .,.here an excessive degree of alkalinity was 

found, t.~e subsoil was the zone primarily affected. This condition is 

generally restricted to small areas in the vicinity of Adasiye, and where 

iound, the soils are producing shallo'"' rooted crops successfully. These 

soils show a clay conte~t in excess of 60 percent with corres?ondingly 

low permeability ratesu Althou ?,h the total area represented by these 

latter condit.ions is small, they should recei~re additional study as the 

project proceedso Soils amendments such as gyps~~, and crop rotat~on 

including deep rooted crops should aid water penetr~tion. The beneficial 

effects of drying on clay soils, through Sllmmer fa.llo~'~, are also of con­

siderable importance. 

Findings and Conclusionsq The East Ghar North area is gener­

ally suited .for the furt.~er development, of ir.:-igation agriculture. Where 

~ater is available at the present time a variety of crops is being suc­

cessfully gro.,m,. Soils are predor1inantly medium to heavy in texture, of 
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good water holding capacity and are surprisingly fertile in view of the 

small amount of fertilizer utilized. The heavier clay soils are found 

primarily in the north end of the area, in the vicinity of Adasiye. 

Slopes are somewhat more complex in this subdivision. Rock cover is 

primarily found adjacent to the hills and st~am channels with a greater 

degree of vegetative cover present below the proposed canal. 

Areas involving salinity and alkalinity problems are relative~ 

small, about 5 percent of the arable acreage, and where they occur are 

generally associated with drainage deficiencies. Installation of ade­

quate subsurface drainage facilities and the addition of soil amendments 

such as gypsum will materially aid these lands. 

East Ghor South 

Description. The East Ghor South subdivision extends from the 

River Zarqa south to the northern edge of the Dead Sea, and from the 

steep slopes of the eastern foothills westward to the Jordan River. 

Lands in this subdivision lying north of the general vicinity of the sur ... 

faced road leading westward across the valley to the Damiya Bridge. and 

the West Ghoz; are rough and broken in nature~ Southward from this vicin­

ity the lands become generally smooth and gently sloping. The wide 

alluvial fans of the Wadi Shueib1 Wadi Kafrein, and Wadi Hisban are 

partially irrigated with a limited water supply. The general gradient 

is westward toward the Jordan River and the area slopes to the south 

from a11 elevation of about mirms 226 meters at the River Zarqa to approx­

imately minus 392 maters at the Dead Sea. Rainfall in the area decreases 

from about 250 mm. rear its northern boundary to about 100 mm. in the 

southern section. The land classification photo map JR-25 is representa­

tive of the northern section of the area,while JR-27 is typical of the 
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lands to the south. Photo map JR-2 6 illustrate3 a representative section 

of zor land. 

Soils. The most favorable soils are located on the broad, 

smooth, gently sloping alluvial fans of the three major wadis previouslY 

mentionedG Textures on the Wadi Shueib fan are loams, clay loams, and 

light clays with considerable rock in the area adjacent to Shunat Nimrin. 

South\o~ard the fans of Wadi Kafrein and Wadi Hisban are lighter in texture 

with clay loams and loams predominating and sandy loam near Suweima. 

Soils on ~~ese fans are deep, porous, and relatively free of soluble 

salts and alkalio Where irrigated these areas produce good crops. Marl 

is seldom found within the one-and-a half meter depth. 

The soils illustrated by profiles on land classification photo 

map JR-27 are generally representative of the areas south of Karama ~ing 

between the lower edge of the alluvial fans and the Katar. Color ranges 

from grayish-brown to whitish-gray with marl occurring under most of the 

area. North of Karama the lands become broken and soils are predomi­

nantly whitish-gray in color, with a smooth-lying area of these soils 

occurring in the vicinity of Grid North 164. Photo map JR~2S shows 

typical profiles of this latter areao Textures are predominantly clay 

loam~ and sol~ble salt content is relatively high. 

Topography. The majority of the East Ghor South area is char­

acterized by long, gently sloping gradients well adapted to irrigation 

agriculture. Major exceptions to this condition are found immediate~ 

south of the River Zarqa and north of Karama where numerous small wadis 

cross the area, and in the zoro Leveling on the areas first mentioned 

~bove will be limited by shallowness to marl and rock in the profile. 

Less apparent, but of significance, are the small ridges formed on the 

-J5-



ghor by wave action as the old inland lake receded, primarilf found near 

the Katar south of the Ghor Nimrin area. Steeper gradients and rock 

cover are generally found abcve the Main Canal locqtion as the r~sult of 

stream outwash from the hill~. A relatively insignificant area of vege­

tative cover, principally small Christ-thorn trees, is located in the 

vicinity of Wadi Hisban. 

As in the other subdivisions, the zor requires a significant 

degree of leveling and clearing. This is particularly true south of 

Grid North 139 where flooding action of the Jordan River and oo.twash 

from the ghor and Katar have left partially filled channels, and .thick 

growths of cane and salt cedar are prevalent. 

Drainage. About 1 percent of the arable lan~ area has 

evidence of a water table within the one-and-a half meter zone. The 

majority of this land is located along the lower edge of the ghor whe~ 

water has been trapped by low alluvial ridges. Numerous channels pierce 

these "'barriersn and removal of surface waters should be readily accom­

plished. The soils of these areas adjoining the Katar are generally 

heavy in texture and act as a vertical barrier for subsurface water. 

Fuquaras in the vicinity of Karama and Ghor Nimrin and artesian aquifers 

in the Ghor Nirnrin and Ghor Kafrein areas create a drainage problem. 

Much of this land is within the area to be reclaimed by leaching prac­

tices. Infiltration tests have revealed the soils to be permeable. The 

lo ·to 15 centimeter thick salt layer (formed at the evaporation zone of 

water under static head) occurring 40 to 60 centimeters below the ground 

surface can be broken mechanically with subsequent nonnal water movement. 

(See Table 3.1-81 Chemical and Physical Analyses of Infiltration Site, 

Hole 10). This problem is fully discussed in the Drainage section, 



Volume VII, of this report. 

Drainage problems on the z or are primarily limited to small 

springs and waste irrigation w=1··~cr arr,erging from the Katar. An inter­

ceptor d.it ch at the t~~toe" of the slope is recommended for control in 

these localities. Minor areas, particularly south of Gr{d North 139, 

present problems in the form of depressions resulting from paitially 

filled stream channels. Leveling will materially aid this present con• 

dition. 

Salinity and Alkalinity. As can be seen on the land classi­

fication map of the Jordan Valley, the Class h land occupies a large 

part of the area in the East Ghar South. Of the 109,000 donums of land 

classified as Class 1, 2 or 3, approximately 271 000 donums are affected 

to a slight degree of salinity. 

Land classification photo map JR-27 is typical of the Class 4 

land on the East Ghar South. The complete analysis of Hole 22 shows 

high exchangeable sodium percentage, high gypsum content, and high tctal 

percent of soluble salts. Table 3.1-6 shews the conductivity of satura­

tion extract of the soil strata before and after infiltration testso 

With the application of 2.2 meters of water in this cas~ conductivities 

were reduced considerablY in the top 1.2 meters of soil. Similar results 

are noted with var.fing amounts of water used in other tests both on the 

East Ghar and West Ghar. 

Taqle 3.1-9 shows the composition of soluble salts in the 1:5 

extracts, where five parts of water were used to one part of soil. Com­

parison with Table J.l-8 indicates that in the areas south of River Zarqa 

leaching during infiltration tests considerably reduced the sdphate and 

chloride content and in all cases except one, sodium percentage decreased. 
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In the vicinity of Karama, the caving of. a number of fuquaras 

has created a salinity problem, by forcing water with a rather high 

soluble salt content to the surfa ce . 

Near the Dead Sea, reced~ng waters left heavy salt deposits. 

Soils towards the Dead Sea tend to light textures and should be read~ 

reclaimable. 

Much of the zor land lying adjacent to the Katar has a rather 

high salt content and is placed in Class 4. This can be noted on land 

classification photo map JRw26 showing the zor on both sides of the River 

Jordan and the adjacent breaks leading up to the ghar. 

Findings and Conclusions. The East Ghar South is topographi­

cally well suited to irrigation agriculture. Where irrigated, soils on 

the major fan areas are presently producing good crops with a limited 

supply of water. In much of the area the line between irrigated and non­

irrigated land is also indicative of salt-free and saline soils. Tex­

tures are variable, becoming lighter approaching the Dead Sea; however, 

cl~ loams predominate. Approximately 80,000 donums possess a high de­

gree of salinity and will require leaching. Penneability, gypsum content 

and position of these lands are favorable for reclamation. Drainage 

studies indicate the presence of artesian aquifers which will be con­

trolled as .part of the land development program. 

West Ghar Area 

Description. This area occupies that portion of the Jordan 

Valley exteming from the convergence of the Sarnarian Hills and the Jordan 

River at approximately Grid North 180, to the Dead Sea· on the south and 

lying between the Jordan River on the east and the upward scarp of the 

hills on the west. ·The lands slope generally in an easterly direction 
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tci•ard the river. A number of stream channels cross the area including 

three perennial wadi3 of major importance, Wadi Farita on the north, 

whose fan is presently i r rigated, Wadi Auja smaller in size but also 

presently developed and Wadi Qilt, whose alluvium forms the plains of 

Jericho, C\n area irrigated for many years. Small individual farms parw 

tially irrigated from springs or wells are scattered between these main 

areas. 

Rainfall is generally the same as that of the East Ghor South, 

ranging from approximately 3h0 mm. near Wadi Farita to about 100 mm. in 

the vicinity of Jericho0 Land classification photo map JR-28 shOJ:s an 

area in the vicinity of Wadi Farita, and photo map JR-29 shows an area 

in the vicinity of Jericho. 

Soils. The soils on the west Ghor are predominantly formed 

from alluvial and colluvial deposits outwashing from the hills to the 

west. Soil depth varies, generally decreasing in thickness over the 

marly materials as the ghor and zor lllbreak11 is approached. The fans 

are somewhat cut-up by small channels angling in a south-easterly direc .. 

tion. 

Soil texture varies considerably. The steep alluvial slopes, 

where wadis emerge from the hills, are quite gravelly with light and 

nedium textures predominating. Southeast, toward the Dead Sea, and East. 

of the Jerusalem road, soils are overwashed to a depth of 90 em. over 

the marl, thinning out on the rru..nerous ridges toward the lOJer edge of the 

fan. Most of the area which is not presently irrigated is high in lime 

and gypsum content and ranges from light brown to light reddish-brown in 

color. 

Clay loams and clays predominate approaching the river. Total 
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soluble salts are present in r.10derate to high concentrations. Where these 

soils have been adequately irrigated salts have been satisfactorily re­

moved. The profiles and area shown on land classification photo map JR-29 

are typical of this conditiono Heavier textures predominate north of 

Jericho except where s~all alluvial fans pos~ess light-colored soils of 

medium texture. Reddish-brown clays predominate in the vicinity of Grid 

North 158, East 194. Profiles are deep but salty probably due to the 

influence of fuquaras. 

The Wadi Fari 1 a area, c ompcs ed of d::-.rk colored soils, predomi• 

nantly clay learns and clays, is extensively cultivated. AdequatelY 

irrigated areas are free from saline-alkali conditions and crop produc-

tion is excellent. Steep alluvial slopes' adjacent to the hills are 

lighter in color and high in clay and salt cont,ent. The area between 

Wadi Fari'a and Grid North 180 is predominantly composed of light colored 

soils derived from lake-laid deposits. Total salts and exchangeable 

sodium are relatively high. An infiltration rate. of 35 mm. per hour 

was attained on a heavy clay loam, and the average conductivity of the 

saturation extract from samples throughout the 1.5 meter profile was re ... 

duced 84 percent by leaching which occurred during the infiltration test. 

Soils on the zor ·are of recent .alluvium, · intermixed and re-

worked with river sediments. , Much of the area is heavy textured and 

contains appreciable amounts of salt. (See land classification photo 

map JR~29, Hole 6) Productive fields of vegetable crops exist where 

~ands are irrigated from the river. Clay content increases material.:cy' 

toward the south end of the valley, where a delta-like area is formed. 

Topography~ Gently sloping topography characterizes much of 

the laTge alluvial fan areas. Gradient is from the hills to the river, 
~ 
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with a general slope of 1 to 2~ percent. The area south and east of 

Jericho approaching the Dead Sea is crossed by numerous small stream 

beds and swales fingering between marl ridges, which will necessitate 

a moderate degree of leveling. The nature of this area will tend to 

irregularly shaped, relatively small tracts of arable land. Much of 

the area on the lower part of the Jericho plain would benefit materially 

from releveling of irrigated fields. Uneven distribution of water, re­

sulting from inadequate leveling, has produced varying degrees of leach• 

ing. Hole 22 on Drawing JR-29 has only slight evidence of salinity 

while adjacent areas which have received less water possess a greater 

degree. Areas in the vicinity of Grids North 140, 16o and 165, next to 

the steep alluvial slopes, will require a moderate to heavy amount of 

rock removal in addition to leveling. In general, however, the percent­

age of rock clearance required on the West Ghor is much less than that 

needed on the East Ghor0 

Although the arable lands of the zor comprise only about 

10 percent of the arable area of the western side of the valley, 

about half of this requires a moderate amount of leveling and brush 

.removal. The zor area south of Grid North 137 is comparatively smooth 

as it has had less cutting action from flood water.sthan the northern 

sections. 

Drainage. The general slope and rn.merous drainage-ways pro­

vide aqequate surface drainage on the West Ghor except in very small 

isolated areas. Subsurface drainage is a factor of major importance 

in the vicinity of Grid North 146, low lying areas near Grid North 153 

and Grid North 158, and shallow depressions arorind Grid North 167 and 

Grid North 172. These areas are apparently affected by the ancient 
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fuquaras located in most instances in the proximity of the main West 

Ghar road leading northward from Jericho. Heavy textures and saline 

soils are found in these areas although hydraulic conductivity rates 

are generally favorable. 

Alkalinity and Salinityo Alkalinity and salinity problems in 

the Jericho vicinity are vety similar to those found in the southern part 

of the East Ghar South. Medium and light textures predominate and part 

of the area is irrigated. Comparison of an irrigated and non-irrigated 

field adjacent to one another frequently indicates high salinity and an 

appreciable amount of exchangeable sodium in the non-irrigated area while 

the area receiving an adequate supply of water is relatively free of 

these conditions. (Land classification photo map JR-29 illustrates this 

pattern.) In the areas tested, and illustrated in Table 3.1-8 Chemical 

and Physical Analyses of Infiltration Sites, there was sufficient gypsum 

in the soil to overcome sodium accumulation and pennit leaching. These 

samples were all taken in areas placed in Class u with the exception of 

Holes 12 and 13 at Grid North 133, East 202, which are located on the 

northwestern shore of the Dead Sea. 

The area north of Jericho contains two large blocks of land of 

saline nature. One extends from ~he vicinity of Grid North 150 to about 

Grid North 167 and the other northward from Wadi Farita to Grid North 

180. Areas of land relatively free from salinity are scattered through­

out anq in most instances are characterized by varying degrees of present 

irrigation development. The area north of Wadi Farila is somewhat lGJer 

in gypsum content than corresponding areas to the south am will materi• 

ally benefit from its · addition to the soil. 

Conclusions. The major portion of the West Ghar area is 



adapted to irrigation agriculture. Presently irrigated areas show the 

relative],y high water holding capacity of the soils and indicate their 

susceptibility to removal of saline and alkaline characteristics in the 

majority of cases. Where these adverse conditions are present, an appre­

ciable amount of gypsum is generally present, particularly in the Jericho 

vicinity. Infiltration rates are generally satisfactory, even where soil 

textures are high in clay content. Approximately 45 percent of the area 

above the proposed canal is characterized by topographic deficiencies, 

leveling or gradient. Leveling requirements belOi the canal are con­

siderably less0 Drainage conditions are generally good. Subsurface 

problems are confined mainly to areas influenced by fuquaras. 

Summary and Conclusions 

The arid climate of the Jordan Valley makes irrigation necessary 

for successful production of most crops. This is particularly true in 

the southern part of the area where rainfall contributes very little 

toward plant growth. All lands within the natural east-west topographic 

boundaries of the valley from the Yarmouk River to the Dead Sea within 

the Hashemite Kingdom of Jordan were classified as to their suitability 

for sustained irrigation agriculture. The gross land area within the 

project is approximately 942,800 donums. Of this total, about 347,500 

dorrums are currently suitable for crop production, and about 172,300 

donums are capable of varying degrees of crop productivity after reclama­

tiono 

Soils of the project area are generally immature (highest de­

velopment occurring in the extreme northern end), relatively low in or­

ganic matter, and of a calcareous and gypsiferous nature. The basic 

fertility of the soils is relatively high with the exception of nitrogen 
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and phosphorous. Textures range from light to heavy, with clay learns and 

clays predominant. Waterholding capacity of the soils is good and pene­

tration rates are satisfactory with the exception of a few scattered 

areas in the northern part o .: the East Ghor. 

Topogr~hy of the project area is favorable far irrigation de­

velopment with miner modifications. Light to moderate leveling will be 

required on the ghor areas, primari~ on the edges of alluvial fans and 

in areas adjacent to the Katar. Areas deficient topographica~ pri­

marily due to gradient, occur at the foot of the steep side slopes of the 

valley and to a lesser degree adjacent to small stream chan~l..s. Zor 

areas in general will require moderate to heavy leveling. CoVer in the 

form of rock or cobble is most prevalent on the upper reaches of the 

ghors and in the vicinity of stream channels. Vegetative cover exists 

as relatively small brush with heaviest concentrations found on the zor 

in the form of cane, salt cedar and tamarisk. A minor area in the vicin-

1-t;y of Wadi Hisban is covered with scrub trees. 

Surface drainage is favored by the natural slope from the side 

hills to the Jordan River and from north to south, with the exception of 

localized areas where shallow depressions occur in the ghors. Numerous 

stream channels provide natural outlets for surface water. Subsurface 

drainage appears to be of a more complicated nature due to the absence 

of significant layers of sand or gravel throughout the project, and due 

to re~ tivel¥ lCM perrreabili ty of some clays in the Adasiye vicinity, and 

along the ••break" between the ghor and zor areas. HCMever, field and 

disturbed periTJ3ability tests show that the majority of the soils are 

permeableo Soils high in soluble salt content and relatively shallow in 

depth to marl shew appreciable quantities of gypsum in the profile and 



adequate infiltration rates. The largest group of soils with these char• 

acteristic3 occurs in the southern part of the valley. Leaching trials 

indicate that the major portion of th~s e areas are susceptible to reclama-

tion and they have been included in the arable area. When the project 

area is fUlly developed to irrigation agriculture, an adequate and active 

drainage program is mandatory. 

Alkalinity is not a serious problem in the Jordan Valley, except 

for a relatively few very s1nall areas. 

In the marl zones, heavy calcium carbonate and gypsum were laid 

down in stratified layers when the valley was under water. Outwash soils 

from the adjoining hills are relatively high in calcium, and where they 

are quite thin over the marls, high soluble salt content is to be found. 

Throughout the valley most of the overlayed soils are bloc~ 
• 

to prismatic in structure, sound and not likely to puddle, swell, and 

seal during a leaching period. Almost all saline lands can be reclaimed, 

as indicated by trials at the Ghor Nimrin leaching plots and permea­

bility tests made through the valley. 

Because of the high gypsum content of a large part of the soils 

in the southern portion of the valley, some settling of the lands ~ 

follow leaching. This may necessitate some releveling of these areas. 

Class 4 lands, all saline in character, constitute about 33 

percent of the 519,800 donums classified as arable. Lands placed in 

Class ~ and Class 3 primarily because of a very slight degree of salinity 

total about 9 percent of the arable area. Of the Class 4 lands, about 

2.4 percent are located in the East Ghor North; the remainder is almost 

equally divided between the East Ghor South and the West Ghor. The lower 

soluble salt and gypsum contents (the more modified profiles) can be 
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attributed to heavier rainfall and present irrigation. 

A majority of the arable lands within the Yarmouk-Jordan Valley 

Project are capable of supporting a program of sustained irrigation agri­

culture. Portions of the area have a long histo~ of limited irrigation, 

indicating that considerable benefit can be derived from an adequate, 

better distributed water supply. 
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33 
32 

. 29 

51 J9 
43 45 
L2 44 
l4 J7 
44 33 
43 30 

Si,C.L. 
S1,C. 
Si,C, 
Si.C ,l, 
C,L. 
c.L. 

61 30 Si,C.L, 
56 37 Si.C .L • 
52 39 S.i,C,L, 
52 40 Si,C, 
L4 46 Si.C. 
SO 41 Si.C. 

54 JO Si.C .L. 
47 36 Si.C.L, 
47 J6 Si,C,L. 
4.5 39 Si,C ,L. 
1.4 37 Si.C,L, 
47 36 Si.C ,L. 

56 29 Si,C.L, 
50 34 Si.C .L. 
47 J5 Si.C,L, 
52 29 Si.C,L, 
1.5 JS C,L, 
41 JS C,L, 
49 33 S1.C.L. 

53 
so 
4L 
45 
44 
4.5 

47 
45 
49 
LS 
L2 
LJ 

27 
Jl 
30 
31 
)2 
34 

16 
19 
21 
23 
26 
28 

Si.L, 
S1.C .L. 
C.L. 
C.L, 
c.L. 
C.L. 

L. 
L. 
L. 
L. 
L, 
L. 



Table 3.1-8 

C!IEMICAL 00 P!!!SICAL Ali.ALISES 
OF THE JORDAN VALLEI 

INFILTIUTI::Jl SITES - SOILS 
(Sheet 3 or 6) 

Sheet No, •Total Soluble 1chanp I Cation I El<Ghang.- I I Hydraulic I Int1l. t.ra- I 

and 1 Layer En Salt.. 1 able • Exchange I eble •satura- I 1 Conduct- tion 1 Diaper- 1 Hechenical Ancl~ea 1 

Coord- 1 Hole 1 Depth I 1Sod1UI1l I Cap'y- I Sodium 1 tion I Oyp81111 I ivity- Rate I don Sa!ii I silt I C.:q IT.:.rt=e 

ina'te I No, I Ca. • Paste s1-5 I % oECxlo3 •MeL100K • Me[looK % I % 'HeL!QQJ I !!!LHr, I MI'£Hr. t % ~ ! 
20211-206E fJ! .o 
20'2,35(Jj-
2Dlf..995E 

20C.5N-206E 9 0- 15 7.7 8,4 O,o8 l.l O,JO 25 1,2 49 •l 6,9 17.6 69 17 57 26 Si,L, 
201,61511- 15- 30 7.9 8.5 o.o6 10,2 69 16 ss 2) Si.C.L. 
205,19~E 30- 60 ; .a 8.4 0,07 0,76 0,31 25 1,2 so •l 33,0 61 16 so 34 Si.C.L. 

I 
60- 90 8,0 8,6 O,o8 45.7 S6 19 so 31 Si,C,L, 
90-120 8,1 8.7 0,07 0,82 0,46 22 2,0 0 48 •l 40,6 58 20 47 33 Si,C,L, 

~ 120-lSO 8,1 8,7 0,07 30.5 63 18 LB 34 Si,C,L, '0 
D 

197 ,5N-2o6E 6 0- 15 7,8 8.5 0,60 0,26 44 •1 5.8 10,2 71 10 70 20 Si,L, 0,07 37 0,71 
l 98,4b(}l- 15- 30 7.9 8,5 0,08 8,4 59 10 53 37 Si,C,L, 
2o4,630E 30- 6o 7.9 s.e 0,08 0,62 1,0 35 2.9 57 •l u.4 58 10 51 39 Si.C.L. 

6o- 90 8.1 9.1 0,07 16,3 60 10 50 1.0 Si,C.L, 
90-120 6,2 9.2 0,07 0,63 2,1 25 8,4 6o •l ll,4 76 10 51. 36 s.:.. ~ .L. 

120-150 8.2 9.2 0,08 5.8 88 7 58 35 Si.C,L, 

l96N-2o6E 8 0-l$ 7.7 8.5 0,0$ 0,74 3.2 n l..f )9 •l 7.4 25.4 72 20 61 l9 Si,L, 
196,0301i- 15- 3n 7.4 6,6 0,05 - 21.3 64 20 57 23 Si,L, 
20l:,200E 30- 6o 1.9 e.6 0,04 0,47 0,62 l9 4.) 1.6 •l 8,9 61 17 58 25 Si,L, 

60- 90 7,8 8,4 0,18 9.9 69 12 60 28 Si,L, 
90-120 7.6 8,7 0,6o 9.3 4.2 23 18 62 el 5.3 81. 6 62 30 Si.C.L. 

120-150 7.7 8. 7 0,65 6.1 86 18 57 25 Si.L. 

190tl-2o6E 29 0-15 7.8 8,1 0,05 0,68 0,41 l9 2,1 36 •1 5.6 20.3 70 30 49 21 L, 
19C, 76C!l- 15- 30 7.8 8,2 0,01; 7.9 65 29 1.6 25 L, 
20!;,650E 30- 60 7.9 8,5 0,07 7.6 53 26 49 25 Si,L, 

60- 90 1.9 8.3 0,15 2,6 0,5$ l9 3.0 54 •1 15.5 67 16 55 29 Si,C,L, 
90-120 1.9 8,3 0,14 ll.9 78 17 S6 27 Si,L, 

120-150 7.8 8.4 0.16 8.4 89 u 62 27 Si.L. 

1-] 18411-2o6E 30 0- 1$ 1.e 8-h 0,09 0,99 0,18 2l o.C7 45 •1 10,7 10,2 6o 21 56 21 Si.L, Pl l85,J3Cll- 15- 30 7.8 8,4 o.os U,2 68 l9 ss 26 Si,L, o' 20S,850E 30- 6o 1.9 8,4 O,o4 18,5 77 23 52 25 Si,L, 1-J 
6o- 90 7.8 8.3 0,03 o.43 0,21 14 1.5 311 •1 19,0 78 23 56 21 Si,L, (0 
90-105 8,1 e.6 .0,03 33.0 83 44 40 16 L, 

w 
0 l8lli-208E 17 0- 15 7.5 8.3 0,04 0.78 0,34 22 1.5 42 •1 13.5 7.6 65 26 51 23 Si,L. ,_. l82,3SSN- 15- )0 8,1 8.4 o.o6 19,0 57 16 so 34 Si.C.L. I 207,UOE 30- 6o 1.9 8.5 o.o6 53.3 ss l6 49 35 Si.C.L. co 6o- 90 8,1 8,3 o.o6 0,70 0,74 25 3.0 38 •1 so.e 69 15 :s 30 Si,C,L, 

90-120 8.3 8,6 0,07 45.7 72 8 58 34 Si,C,L, 
120-lSO 8,0 8.9 O,r:fl 33,0 73 16 55 29 Si.C.L. 

*Ind1cat.u tile aiF <o: ... a than), 



I 
\.n 
0 
D 

Sheet !lo. 
ani 

Coonl­
inate 

179. 511-21ot: 
150. ?8!Ji-
206.1.60E 

1 Layer 
1 Hole ' Depth 
I No, I ea. 

12 ().. 15 
1S- 30 
30.. 6o 
6o- 90 
90..120 

120..150 

164.5N-2o6B 17 o- 1S 
15- 30 
30.. 60 
6o- 90 
90-120 

164.77QI-
204. 73CE 

16)N-20~ 

163. 70!Ji-
202.$70E 

161.5}1-2041 
16l,OS!Ji-
202.SlCE 

12 

26 

120..1$0 

o.. 1S 
15- 30 
30.. 60 
60.. 90 
9C-10S 

lOS-lSO 

o- 1S 
15- )0 
31l- 4S 
45- 6o 
6o- 75 
7S- 90 
90..120 

120..135 
135-150 

0.. 15 
1$- 30 
31l- 4S 
45- 6o 
6o- 75 
75- 90 
90..120 

120..1$0 

Table 3 .. 1-8 

CIIEI!IC.&L .6H1l PHISIC.&L Ali.&LISES 
OF THE JORDA!i V.&LI.Ef 

INFILTRATION SITES - SOII.S 
(Sheet 4 ot 6 

1 Total Sol11ble 'change- 1 Cation 'Exchange- 1 1 117dralllic 
pH Sal te 1 able I Exchange 

1SodiWII 1 Cap 1;r 
I Paste 1 1-S I % 1 ECxlo3 I HejlOOg I MejlOOg 

7. 7 8.2 
7.9 B.S 
7.9 6.4 
e.o a. 1 
8.1 8.7 
8.1 8.1 

o.u 1.9 
o.06 
o.o1 
o.06 o.ao 
o.o6 
0.06 

7.6 8.7 o.o4 0.92 
1.9 6.6 o.o3 
7.5 B. 7 <t0.03 
8.1 9.0 ..0.03 1.2 
a.o 8,6 <t0,o3 
8,1 9.0 0,03 

7 .s 8.4 H),O S2 
7.6 8.3 •3,0 )6 
7.S 8.4 H),O 37 
7.6 8.4 .. 3.0 Lo 
7 .S 6.3 .. 3.0 39 
7.7 8.7 2.S 29 

7.2 7.8 •2.S 59 
1.6 6.o ... 2.s ss 
7.4 8.1 .. 2.S 47 
1 .a a.1 -2.s Lo 
7.8 a.o .. 2.s 29 
1 .a a.1 ... 2.5 43 
1.1 a.o •2 .s 48 
7.7 8.1 .. 2.$ 40 
7.S 8.1 H2.S 46 

7.1 
7.1 

' 7.2 
7.0 
7.0 
6,7 
6.8 
6.9 

7.9 
7.9 
a.o 
7.8 
7.S 
1.9 
1.8 
7.7 

•J.O 102 
.. 3.0 6$ 
.. J.O 93 
.. 3.0 93 
H3o0 8$ 
.. 3.0 73 
-3.0 7l 
.. 3.0 73 

o.6S 

0.73 

o.u 

O.l) 

4.0 
5.1 
s.o 
7.3 
5.2 

ll 

$.1 
4.7 
6.2 
3.1 
4.7 
7.9 
9.0 
6.$ 
9.5 

6.0 
6.0 
s.o 
7.0 
6,0 
9.0 
6.0 
a.o 

21 

20 

10 

16 
18 
19 
21 
19 
23 

25 
2S 
26 
2$ 
27 
27 
30 
22 
30 

14 
18 
12 
ll 
13 
13 
12 
1D 

• Indicatu the d&n<u .... Uw>). 
"ln:li<>atu the eiiii.>(Greater than). 

1 able 1 Satura- ' 1 Condllct-
' Sodiwa 1 t.ion • OypsWD 1 1v1t;r 

% t % t Me/100g t MH/Hr • 

3.1 

).6 

20 

24 
26 
26 
36 
28 
48 

21 
16 
24 
12 
17 
26 
30 
20 
32 

43 
33 
42 
64 
46 
69 
so 
80 

LS 

so 

31 

20 

42 
47 
53 
S7 
54 
71 

40 
45 
49 
66 
n 
72 
19 
82 
83 

40 
47 
48 
59 
63 
68 
63 
S9 

•1 

2 
1 
6 
7 

4 

3 
3 
8 

14 
8 
4 
2 
2 
2 

6 
32 
46 
29 
13 
8 
s 
4 

1S.2 
3e.1 
21.9 
4S.7 
66.0 
61.0 

2.8 
3.0 

10.9 
JO,S 

101.6 
18.3 

3.0 
2.s 
7.6 

10.7 
9.1 

•• 3 

6.4 
6.1 

30.S 
27.9 
21.9 
12.7 
6.9 

10.2 
S.l 

ll.9 
13.7 
13.7 
1).2 
10.4 
9.1 
1.6 
4.8 

1 Infil tra- ' 
tion • DUper-
Rate I 11011 

I KM/ifro % 

S.l 

11 .a 

25.4 

1.0 

27.9 

59 
59 
sa 
65 
66 
56 

6) 
68 
7l 
64 
S8 
68 

• Me:hani cal Analt:yaa • 
Sand 1 511 t 1 C •Tenure 
% % % 

29 
19 
19 
21 
22 
21 

15 
46 
63 
81 
91 
63 

ld 
L8 
44 
45 
!.5 
4S 

28 
33 
37 
)6 
33 
34 

C.L. 
Si,C,L, 
Si,C,L. 
Si.~.L. 

C,L, 
C,L, 

56 29 Si .c .L. 
JS 19 Si , L. 
21 ll S ,L. 
ll 8 ~.s. 
S L s. 

27 10 S , L, 

C,L, 
S,!:,L, 
C,L, 
c.L. 
C.L. 
Si.C,Lo 

.FLOCCliLJ.TEii 

C,L, 
Si,C, 
Si.C. 
Si,C. 
Si.C • 
Si,C, 
Si,C, 
Si,Co 
Si,C, 

FLOCC ULJ.l'Eil 

c.L. 
C.L. 
Si,L. 
C.L. 
c.L. 
C,L. 
c.L. 
c.L. 



Table 3.1-8 

CHEMICAL AND PI!JSIC.U. JJUL!SES 
OF THE JORD/Ji VALLE! 

INFILT!UTIOtl SITES - SOD.S 
Sheet 5 of 6 

Sheet N~, ' Total Soluble 1 change- I Cation I ExchC .. !lg&- I 'Hydraulic 1 In.filtra- I 

and 1 Leyu' J2H sate 1 able 1 Exchange I able 'Sat-..ra- I 'Conduct- tion 1 Disper- 1 Mech;mi cal J..nalf"ea ' 
Co oro- 1 Hole 1 Deuth 'Sodium 1 Cap 17 I Sodium 1 tion 1 Gypsum I ivit]' Rate I sion Sad a Silt a C ay •Textare 
in ate I No. I c;., 1 P::st.e : l-5 I ~ a E:xlo3 I 11oLl00K ' MeLlClO& % I % I lle£l00& • MMLHr! I M!'£11r, :l :l :l :l 

145N-206E 27 0- 15 7.2 1.9 M),O 114 4.o 47 38 7,6 12,7 C,L, 
15- 30 7.1 7,8 M),O 79 4.o 10 4o 56 38 6,6 L, 
30- LS 7.1 7.8 -3.0 102 2,0 9 22 62 30 4.3 C.L, 
45- 60 7.0 7.7 - ).0 85 6,0 12 so 69 20 5.3 c.L. 
60- 75 7.1 7.9 - 3. 0 57 2,0 u 18 65 12 6.6 FLOCCUU. TE;> C,L, 
75- 90 7. 1 7.8 **),0 54 0.42 u 3.8 13 1 8,1 C,L, 
9~12C 7.5 8,2 .... ).0 56 12 15 81 65 10 1!>,0 c.L. 

I 
120-150 7.3 8.3 *"),0 71 u 15 75 60 5 13.0 Si .C .L. 

\..11. l.l:SN-206£ 28 0- 15 7.3 e.1 **3,0 62 9.1 14 !>7 47 6o 19.5 10,2 L, 
I-' 15- 30 7,2 8,2 - 3.0 77 5.8 15 39 L2 47 21,8 L, I 30- 45 7.4 8.2 ..... 3.0 7l 3.9 12 31 45 60 8,6 S,L, 

45- 60 7.4 8.1 .. 3.0 77 9.4 19 49 L4 45 16.5 L, 
60- 75 7.5 8,2 **3,0 67 8.9 20 !.4 41: L4 5.6 FLOCCliW TED L, 
75- 90 7.6 8,2 2,5 56 16 67 68 16,0 s .L. 
90-105 7.6 8,3 2,5 45 5.3 15 36 56 57 21,1 S,L, 

105-120 7.3 8,2 -3.0 62 12 15 80 70 12 U,2 C,L, 
120-150 7.6 8,4 **3,0 56 1. 7 15 51 64 5 6,9 C.!... 

139N-206E 10 0- 15 7.5 7.~ ... z.e ll7 3.2 u 29 37 43 11,7 { 1,oV s . c .L, 
1H.67011- 15- JO 7.2 7.8 - 2.8 99 4.1 1!> 27 43 24.9 c.L. 
205,22SE 30- l5 7.3 1.1 1.6 66 0,3 14 2,1 45 53 16,0 81.3 S,L. 

!:5- 6o 7.3 7.7 1,8 56 1,0 15 6.7 45 15.0 FLOCCLLJ. TE::l S,C , L, 
6:).. 75 7.6 7.9 1.4 51 1,6 14 u !.1 55 8,6 S,L, 
75- 90 7.5 7,8 2.8 53 2.3 15 16 55 40.6 L, 
90--120 7.3 7.8 -3.0 55 0.7 17 4.1 80 7 27.:1 c.L. 

120-150 7.6 8.1 *"3,0 54 1,5 17 8,8 75 36,1 S,C . L, 

137. SN - 204E 24 ().... 15 7.6 7.7 .... 3,0 161 2,0 13 22 40 16,0 .. 124,5 S, L, 
15- 30 7.6 7.9 -2.8 U7 1.7 15 u lU. 27 19.6 S.L. 
30- 45 7.3 7. & *1t2,8 70 4.6 14 32 40 2,8 FLOCCUU. TED L, 
45- 60 7.9 8,3 1,4 46 1,2 8 !.!; 34 20 17.3 s.L. 

t-3 
60- 90 7,t 7.8 0,40 19 0,2 2 10 23 37.1 s. 

~ 
90-120 7.4 7.5 0,34 ll; 0,6 6 10 31 20 42.2 S, 

I-' 134.5N-20fiE 20 0- 15 6,9 7.7 M3,0 188 2,4 10 24 32 8 16,8 75.4 C,L, 
<D 135.76011- 15- 30 7.2 7.6 -2.8 ll3 2.2 13 17 36 u.4 Si.C.L. 

2o6,0;IOE .30- 60 7 • .3 1.9 ... 2.e 92 1.5 10 15 31 7 17,0 C,L , w 60- 90 7.l 6,0 2,0 61 2,7 10 27 31 14.7 ru:x:c IJLA.TED s .c.L . .. 90-120 7.4 8,) 2,2 49 4,1 13 32 47 L U,9 c.L. f--J 120-lSO 1.1 B.l 1,2 31 4.3 14 32 51 - e.4 c.L. i 150-18o 1.1 e.4 1,6 38 5.2 15 34 52 4 6.~ c.L. en 
* Indicate. tne d&;ll<(Leco Ulan), 

... lndi<:at.ee the sigJ>>(Great.er than), 



Table 3.1-8 

C I£HICAL J.ND PH!S ICAL ANALYSES 
OF THE JORDAN VALLE! 

I EX: 
INFILT?cH!<;'i ~I!t\i SOILS 

I I 

Sheet No, • Total. Soluble •change- I Cation ' .l:lteha!>ga- ' ' H;ydraulla I Intiltn.- I 

and I Leyer EH Salta ' &ble 1 Exchanj;a I able ISatura- I Conduct- tion 1 Dieper- 1 Mechanical ~e lV6ee 1 

Coo rei.- I Hole 1 Der th ISodilllll I Capl:y I Sodi1111 1 tion I Oypa1111 1Vit7 Rate I don 1 salid , srrt. ch,y •Te..-.:~.w.re 

inote I No, I c •• I Paste al-5 I ! I l'X:xlo3 1Me/l00g I lle/lOOg % I % I He/lOOg I 1!11/Hr, I Hl'/Hr. t % % % 

li:O,SN-206! 22 o- 15 7.2 7.7 1.4 L4 3.2 1.1: 23 35 5.8 10,2 s. t. 
uo.BOCN- 15- 30 7.3 7.9 2,2 so 3.9 16 2~ 36 6 8,4 L, 
205.82011 30.. 6o 7.L 7.6 M3,0 52 2.4 18 14 L4 15.2 FLOCC u'UTID C,L, 

6o- 90 7.5 8,0 .. 2.e 61 0,9 15 6,1 46 57 1!,9 C,l, 
90..120 7.5 7.7 H2,2 65 7.5 11 68 26 23.9 L, 

120..150 7.7 6,2 ••2.6 83 2,) 15 15 64 29 11.7 !ii,C,L, 
WEST CflO!t J.REl 

172N-200E 9 o- 15 7.3 8,0 -2,6 76 5.4 21 20 51 8,9 35.6 c.L. 
15- 30 7.5 8,2 H 2,8 .58 4.5 2.5 18 61 6 7.4 C,L, 

I )Q- 60 7.S 7.9 H2,8 60 5.3 23 23 5~ 2 16,5 FLOCC :Jl.J. TID C,L, 
Vl 6o- 90 7.3 7.9 2,0 36 5.6 24 25 57 30.5 C,L, 
1\) 90-120 7 • .5 7.9 1.1. 29 l..l; 26 17 57 2 17.6 c.L. 
I 

1LSN-l98E l. o- 15 7.2 7.7 0.19 5 3.1 15 20 39 7 3.6 17,6 L, 
15-JO 7.5 7.7 o.54 l9 1,2 12 9.7 41 17 9.9 L, 
3Q- 6o 7.1 7.6 1,4 32 2,9 10 28 49 13.2 PLOCC l.lW TID L, 
6o- 90 7.2 8,0 -2,6 6l 2,0 l.3 16 54 59 15.5 Si,L, 
90..120 7.5 7.7 1HI2,6 56 2.5 15 17 69 7.4 Si,C,L, 

120..150 6.9 7.6 -2.6 56 10 16 65 46 l.3 5.6 Si,C, 

137.Sli Ql9BE l.3 o- 15 7.6 9.0 H3,0 163 4.5 17 26 )6 - 7.4 99.1 C,L, 
15- )0 8,1 8,6 **3,0 110 2.5 2l. 12 53 L4 18,$ c.L. 
Jo- 45 7.7 6,2 **3,0 117 11 2l. 52 46 )0 27.9 Si,L, 
45- 6o 7.7 6.3 H3,0 106 6,4 24 27 6o L4 24.1 YLOCC liLA TED C,L, 
6o- 90 6,1 6.4 *")eO 78 10 1.4 74 56 58 21,6 C,L, 
9Q-120 7.9 6.3 2,2 .55 5.6 6,2 66 54 30,5 Si,L, 

12o-150 6,0 6.4 1,0 )2 7,6 53 59 35.6 L, 

13311-202E l.3 o-15 7.3 7.6 -3.0 67 2.2 26 1.9 66 l.O 21,6 1,0 Si,C, 
1S- 30 7.1 7.6 H3,0 65 J.l 26 11 57 17.6 c. 
3o- 45 7.4 1.e ft),O 45 4.9 31 16 75 8 7.4 c. 
1.5- 60 7.7 1.9 -3,0 46 12 34 J6 66 3.6 FLOCC liLA TID c. 
6o- 90 7.4 8.11 -3.0 49 6,6 37 18 76 12 4.6 c. 
9()..120 7,6 6,0 H3,0 5o 5,e 37 16 62 6.1 c. 

1-:3 120..150 7.2 7.6 **3,0 65 3.0 25 12 67 6 3.6 c. 
~ 13311-2021!: 12 D-15 6,8 7.6 1H1),0 16o 7.8 26 30 51 31 30.5 5.1 Si,C, 
r-' 133.575!1- 15- 30 6,6 7.6 -3.0 156 l.O 41 25 55 33,0 c. (!) 200,990E 30.. 45 7.1 7.5 H),O lL4 l9 32 58 n l6 17,0 c. 
w 45- 6o 7.2 7.6 -3.0 137 15 24 62 62 17 11.9 PLOCCULI.nD c. 
0 6o- 90 7.2 7.7 H3,0 134 6,4 27 24 75 1.4 45.7 c. 
r-' 9Q-120 7.2 7.5 .. ),0 122 2,7 14 20 41 10,9 s.c.L. 
0 120..150 7.0 7.6 H3,0 141 6,6 17 40 43 13.5 s.c.L. 00 tj Not aamp1ed tor ~ie, ** Irx11cr.tea the ai~(Oreater than), 

Y. Tutw-es obt.ainood b7 "hand-teal•; aoll •&.!ll'lU too aalt,. tor llechanioal .lnal,yaea, 
J/ NII!DI!ratar denotes rate prlor to probing prot'U.a J deno:tdnator denotoa rate reoulting .tram the treatuat, 



Table 3.1-9 

COMPOSITION OF SOLIIBL!i: SALTS 
IN l-5 EXTRACTS 

(Sheet l o! l) 

Layer 
Hole Depth lla 

Sheet No, Laborato. !lo, No, Cm erence % SA.R 

East Ohor Area 

224,5N-208E 3771 6 0-15 0,79 0,2) 0,34 0,65 0,16 0,51 2$,0 o.s 
2201-2o6E 5160 2 0-15 0,64 0,36 0,41 0,83 0,25 0,33 29,1 c.s 
::201<- 2C:JE 5166 l 0-15 o,seO.'S6&44 0,70 0,03 0,15 
217N-2CCE S425 6 0-15 0,75 0,0) 0,17 
2llll-205E 5717 6 0-15 0,8;("'" .... '6:48 0,)0 1,08 0,30 0,22 15,8 c.4 

I 17) . 51>-210E 6966 12 0-15 0,66 0,40 0,73 0,78 0.53 0,48 40.~ 0,5 \.n 163N-2C:.E 7119 10 0-15 5.40 3.04 20.72 0,45 28,0) 0,65 71.1 9.5 w 
I 161, 5N- 2 :JLE; 6j57 12 0-15 6.Sl 4.04 17.72 0,35 27.65 0,54 62,0 7.5 

145!;-2 ::6E 31~2 26 D-15 17,ll 22.51 42.66 0,30 76,84 5.45 51.8 ],6 
3194 JD-45 )0,26 19.84 31.77 0,30 58.>9 22.55 38.8 6.3 
3195 45-60 )2,10 26,48 42.27 0,30 78.50 22, 03 41.9 7.6 

•3746 30-60 14.72 3.74 1.39 0,28 0,66 18.91 7.0 o.s 
115S-206E 3200 27 D-15 30,29 26,89 )8.33 0,20 71.62 23.64 40,1 7.1 
l15ll-201:E 3208 28 D-15 25.48 13.81 21.23 0,30 37.93 22,25 35.1 4.8 
110.·•-205:0: ~127 22 D-15 3•65 3.31 10,91 0,45 16,41 0,99 61.1 s.s 
l39N -<10~ .:. 7377 10 0-15 20,91 15,88 37.76 Tr, 0,23 51.30 22,00 50.7 8.6 

it8139 0-15 13.80 1,60 0.74 0,35 0,)0 15.1:7 2,8 0,2 
137 ,5N-20IIE 7691 21: 0-15 25.47 25.69 51.19 Tr. 0,18 72,20 29.96 so.o 10,1 

tt8161 D-15 13.65 4.87 3.91 0,30 1,29 20,81 17.4 1.4 
13!:.5N-20SE 7884 20 0-15 20,02 29.34 56.36 0,28 93.61 u.e2 53.3 11.1 

tt8152 0-15 5.65 1,3) 0,69 0.43 0,67 6,56 9.0 2,1 

West Ohor Area 

l72N-200E 8704 9 0-15 6,59 10,43 29,82 0,)8 43;24 3.19 63.7 10,2 
•ens D-15 0,63 0,74 1.38 0,8) 0,40 1.47 so.J 1,8 

l45N-19BE o69e 1 0-15 6.35 1,65 2,16 o,SJ 0,34 9.27 21,3 1,0 
• 8709 0-15 o.5J 0,)0 0,74 0,93 0,25 0,39 47 ,l. . 1,0 

1-3 137 .SN-19cE E372 13 D-15 15.35 1,40 151,29 0,38 132,65 34.98 90,0 52.4 
~ tt8319 D-15 14,15 1,42 1,30 0,3) 0,48 16,03 7.7 0,5 
f-J 133N-202E euo 13 0-15 20,36 14,12 22,50 0,53 46.73 9,68 39.5 5.4 
(f) 416178 0-15 2,14 0,97 1.37 0,50 0,56 3.39 30.5 1,0 

l3)N-202E 6113 12 0-15 50,94 )6,40 76,07 0,20 143.17 20,02 46.6 u.s w il£171 0-15 10.33 2.49 1,62 0.33 0,53 13.56 11.2 0,5 • 140N-206E 8168 0- .6 45.69 92,61 160,03 o.os 0,53 294.23 3.45 53.6 ~-3 I-' 
I 8lfl9 .6-B.o 38.50 70,41 lll.22 0,45 215.35 4.29 50.5 15.1 
\0 

•s~led a.fter 1nfU trat1011 t.eat, 

12/20/54 
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res~c1'1ve\y the No?th and 
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SOIL PROFILE SVWBOLS 

t. t. /1 SUIIFAC<i IIOCK 

SAND-' 

LOAMY !SAND-' 

3ANDY LOAMS 

LOAM 

~ILT LOAM 

CLAY LOAM$ 

ViAY P'AMEA6l£ 

PfRMfAOLE CLAY~ 

SLDWL.Y PEAWEA&L£ CLAY3 

GAA\I£L 4 C06Cl£ 

INFORWATIVE .SYMWLS 
50JLS 

LIGWT 

M£0/U._. 

._.EAVY 

~AliNITY, ALKALINITY 

PA.E~ENC£ OF MARL 

TOPOG~AP~Y 

LS 

CL 

PC 

SPC 

Clr 
Cb 

h 

CO\I£Q (11ocK or ~ru~l)} c 
GRADI&.NT (Sl op•) , 
UNOULATION(Svrl"•c~ Jl, /J,r) 
DiGRE~ OF ~EVEAITY OF c , 9 ... u 

a.AAY Cl ~UO)CQIPTIO eY '1 - ~ 

MAPPING 5Yt.fr>OL5 AND AOOR!;VIATION5 
JORDAN VALLEY LAND C:LAS3JFJCATION SURVEY* 

SOIL PROFILE DATA 4 NOTES 
Prorl/~ r 'pr c_,, , ;_, l $ M. or O•pllt 

@ 

EKpllln ~tlt on -' 

115m N .W of Hl'Z~/zooi lmZ:cu 

~ .. ALL GQAIN·OOOD. IIIIIIGATED LAND. 

AQEA o• UI-.IDULAT lNG CRO~~ 3LOPE 

TOPOGRAP~Y. MODEAATE TO WEAVY 

QOCI( COVER . MODIFIED MARL 90-175 em 

FRIA6L£ RED &AOWN ~iL 50- ?5 em 

'25 , 50 AQE PEACENT~ OF .SILT 

I!), 20 AQE. PEQCENT!. OF CLAY 

.06, 12 ARE PEJlCENT~ OF TOT AI.- S04..UbL( SALT~ 

16, 7.0 AQ£ pH VA L UE$ ~ 3ATUAATEO ~OIL PA~TE 

S 6 , 6' AAi pH VALU£5 OF t PART !\OIL TO 5 PART~ WATEA 

@ IS ~OLE NUMeER F'OQ T~E MAP 

· Tn ~ n o ta3 .3how /0~6/ton oF ho l e , c r op or 

COYe r 4 n d ConcTiit On, 3Vr /IIC II rch c r CarJCTI ItQn3 

o~,jlr1n9 on topogr a phy ci~J.J3 J /"tc• llon . ., vrrac~ 

11n d .JVO · .sot/ con d t l ton.J bcllrtn9 on d riltn•otltfr 

or /JII.J t C .J oll d~l"t~lttn c, c.J . Clii.J~ t/"rCiilton or~ 

13 l h c 1/pprl/ , .3411 For 1/'Jc iiirCII- n ot nece.J56nl; 

lhll C.lfiiC I dil ./11 MJo,yn ' Ill 11'111 3d~ o/" .lllmpltn g 

BASIC LAND CUSSES~ 5U8·ClA.5.5E.S 
ARAbLE 
CLA$~ I -I 

CLA~~ 2·23,'2#,'2d . ~af , 2•d , '2.td,'26+d 

CLA.S~ ~·Sa , 5t, !ld , !Ut,~td , 31d . ~afd 

CLA~!t 4- 4(1), ~(2S) , 4(1t) , ete :Jno ... m 9 p;u·~nti'J~t­

I CBIIy VINm•l~ I Mn d CIM~3 a r ter ~ olv~JI• JW/ / .J 

NON·AQAbLE 
CLA~$ fi.H • 6W(1) , 6U(2a)etc Eftr .,. ii t e d Arel-3 

61- Dl(1) , 6l(2~)•tc . / .J o i .Pte e1 A r n1~ 

CLA-'-' 6 - 6s , 6t,6d.6at , 6sd, 6td,65td 

PROFILE NOTE AIIIIREVIATION.S 
50LU~LE 5AL T5 

PER C ENT f) Y WEIU~T 

PA C:T~ PEQ ._11U ION 

ELEC.TQIC.AL CONOUC. TIV ITY OF 

SATURATION EXTRACT 

GYP~UM WII LLIEQ.U IVA.LE.NT!> 

PEQ 100 GRAMS 

5001Ut.A 

TSS 

PPM 

ECc 

Gy p 

NO 

EXC~ANCiEAbl.E ~OOruw PEAC£NTA6£ E 5 P 

~OLUeLE ~OOIUM PER.CENTAQ[ !1.5P 

!>OCIUM .AC50QPTION RAT I O $A Q 

CATION E. XC~ANUE CAPACITY 

m c . PEQ. 100 9 !~O IL 

I.A015TU~E llELATION5 
5AT UQATION PUlCENTA.CaE. 

INF i l TRA.TION RATE mm/ n,. 
WYOQAUL. I C CONDUC('riVJTYm'"/hr 

CEC 

5P 

lnf 

><C 

~OIL~ DEFICIENCY-------,, r---TOPOGg:Ap~y DEFICIENCY 

LAND CLA~5·---------, I r--DAAINAClE DEFICIENCY 

.3std 
PQ.E~ENT C.LA~S~ 

4 

~ULTIMATf CLA~~ I FIC.ATION 

I , AFTEQ RECLAMATIO N 

mhazc1 q 5 u 1 

TEXTUI!~ OF 5UI!FACE ~OILJ 11[11 LuNDULATION {!• v• hn9 re'?u'rea') 
TEXTURE OF SUO SOIL GRADIENT · 0·12% ~LOPE (CIIU 3) 

PREUNCE OF ~ALINITY COVEQ , CLAS~ 7 SEVERITY · 

PRESENCf Of' MAQi.·MODIFIEO oai!E51DUAL 

• ~Ur#•u or .D#cl•m•llon, O«,Pi. Dl" /nl•rtor , U.J .A 
:JI•rtd•rd ~ymtJol., modt rl#d wll•r• ldvi.Jibl• 
lo ,,./ loc•l co,d1h0n3 . 

(:hsz) 
THE. COOP£QAT1Vl OE.PAR.h4ENT FOR 

WATED Ql~OU A.C.l~ Ch ' l \..0Pfroi£ NT 
HA~I-l ["" I T[ I(J NGDO W OF TW£ JO~CAN 

LAND CLASSIFICATION 
SYMOOLS 

lwUCl-4A[L ti.AI(EA. J Q INC 
COM P"' NV 



':-: .- ;; . . 
@ .. •. 

·~·· "!:. -
_.,.., -. 

PAU:ITIN£ CiRIO ~YSTEM 

'· 
r-·· 

191.~0 

.. ~:. ;:_~: •- .I .. 

'· 

... .... • ~ ~t' ... :: .. ~ ... ,J" 
_t~ 

® 290m NW 1412/198' 4 h~z 
•2.5 PLOWED c.11ouNo . o- ISO~MooeaATE 

7.8- 8.5 
•2.8 GY P~U...,. ~- ISO<,. WELL MODIFIED GRAY 

"7.9- 8.£ MARL. 60·:!0<1o.I<EAVY !>ILT't' CLAY. 

•Z.B 
8.0- 8.9 

>z.e 
1.8 - a.~ 

® 
z.z 

7.8- 8.5 
. sz 

ao - a7 

I.Z 
7.7 - ao 
>t.a 

"T.s-ao 

I.Z 
1.a-az 

@ 
.IS 

az - 8.7 

.Oil 
a~-"o 

. 13 
8.4 - !1.<4 

170m NE 141i/1971 A 35t 
hhZUz 

P\..owt:o U"E"e.N SUA.1JA.C.a. ~!.QUISli NG. 
L.\CaMT TO MOD£ 'Ct--..,-£ L..EVE\..\NG . 4S-

IOS.c.-5 \..IG ~fTLV MO I$iT . t-Aoo lt:IED MAQ..\... 

toS - ISo<>, DePTH TO MARL 15 

VARIABLE AND OCCURS AT THE 

SURFACE IN 5POT!I. 

ZOOm NE 141i/19T!! 4 ;h 

5CATIERe:D !>ALT TOLERANT 

WEEDS. UNIFORM TOP0611AP>I't' . 

5UIIfACE 5ALT IND I CATIONS. 

270m SE 141!!/196!! 4 ;hs"Z 

PLOWED 0 S~· ISO ... 51 LTV CLA'f 

LOAM DARK GRAY MODI FIE 0 

MARL WITH />.. ~E.W THIN L .. 'f­

ER5 01' LIGHT GRAV MARL . 

225m NE 1401/1962 1 
hh 

YouNG ORANCO&:.:~ . SMALL AREA 

~OUTH HA5 MOOIFIEO MA.RL 

AT S~c,.-OOE5 NOT W"RRA.NT 

!51i.<iRI<iA.TION. 

THE COOPERATM IX"A.IITMENT fOil 
'toloCTER RESOUA.CE!. IXI/lLOPMENT 
~MIT IN TM 0 

LAND CI...A551FIC:ATION 

PI-IOTO MAP 



PALE5TINE GRIO ~Y5TEM 

® 
.• . ...11.,_ 

hho.z 

. .,'_.;;.·· 
~-~ 

® 

@ 

@ 

® 

. 0? 
B.0-8.8 

.07 
a3-as 

.12 
B.l -9.1 

_.QL 
7.5-at 

_,QL_ 
8.1-B.3 

.12 
ao-8.9 

.07 
B.l-&.b 

.14 
a3-a9 

.E>O 
8.0-8.7 

1Z8Tn S 1701/2002 41.1. hh 
S•cr !IRUSH. BRoWN 0 · 45c.. GOlAY 
Wt.L\.. fW\ODI~I!D MA.R.\.. .tS - ISOC'lt\ SoME 
CONC~ETIOM-5 \N PR.O~I\..£.. 

ZZ5m SE l101l/199S! 1 
hhz 

GSIA I N 5'TV&&\..L • TMO-OUC.M ~--< 

MOO \ F \ £.0 ,.,..AQ.\.. . lOS~ 150 C.lY\, \-t I I&~ 

IN \.. I N\£. 

14511'1 NW 1691/199' 
1 

hi\ 
'<OUNG ORANGES . 

Z90m NE IE.9ll/1981 --Z.L 
hho.z 

ME.5QU I TE . MODIF\1!.0 MAI'I.l. 
WITH Y1!.LLOW MO"TT\..lNG 91!-150 c"" 

LAND CL.A~~IFICATION 

PHOTO MAP 

... 
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. ~ -· --:: · ::·>~ < -· ! .: 
' . .... ·:, .. .. .. 

' . 

; • I • 

l 04.500 

-.. 
~ ': • . t • • 

·, . . ~ . ., 
' > 

PA\.ESTIIIE GRIO ~Y~TUII 

., 
, '. 

205,000 

.' -
.. . ! .. 

, ·.: ;:r~- ~ . .~ 
.~ 

... '. 

·. ·: - ~ 
' . , ,. , / .. . 

. ~ · . 

-· > 

. • -: ' ~ ... 
···. -~~.'· - . 

·' -: ~- _., 
I '>;-/ • 

., 

' • · .. ..... 

.. . 

. .... --· 
·. :. 

.• 

4 3st. · ..:: 
"'!hzu2. . · . -· 

: _. . t ' . ( 

;.)('. 
~' ;. 

...... ~....-._ ..... .,.,_ .. ·.·. ;:"~1::;~~:;.:' · 
• . ··!. ' : 

.. 
· ~·~· . ·.· .. _. 

·, 

•'· 

205,500 

tOi,OOO 

• . 
. • 

·I 

l0-.000 

® 250m SE 1411 205R 4!~ 
N.TN"' fAAA~~!.5. 0-45C'M flrS.tl .... 0-wM t..OA.tlo\. 

16-.30" UD ·-N CU.Y LOA ... 15-llQ"'-. 
~L\CMTLY C:OW.PACT£0 stC.O CLAY. \!.0-150~ 

• 2.0 LIG.WT CLAY' L.OAM.. 

1.9-8.5 
P2,0 

19-8.5 

2.0 
19-8.5 

~ 
7.6-11.3 

1.8 
8.2-8.5 

~ 
7.7-8.4 

.52 
7.1!-8.9 

® 195m 5E 141i ZOS.l f>st 
GYP MAR.D PAM ON !.UitFAC.£ . 0-i.O '"" 

REO &flOWN ClAY L.OAtl\ . ioO-lSc.• G.. ..... Y 

CL.A.Y \.OAt-'\ • '15 -JSOn.. R.I.~\DUA~ eMAkL.. 

LAfilGt Al'f\OUMT OP' C&YP$UM \H PtlOP\\.1.. 

0·15< • • MOISTUIU liO... PLUS . 

@ 215111 sw 141! 2052 
O· ,Ocw.. lt'lD ~liiOWtot LOA ...... ,()--,)Sew, Cit.IR.A"( 

BROWN CI..AV LOA""- .ll5 · l50CWI at.~\DU ... \.. 

..U.RI.. . t·h.AVY G.YP!tUtll\ 0·\$0C.W\ 

@ 270m S~ 1421 20SI 4 ,!m 
Ho1...ll!. ON AH ouTwa.sM .. D ...... ct-4-

HA:. &E.EN f:AW.M-!.0 . 0-'75c"' ~\LT 

L.OA. ....... . 7S-150c"' 5\L."f.,.. CLA"( \..OAW\. 

@ 200m SW 1411 ~· 4~ 
NATlVt. GllAS$. So .... t. G"('P$U~ :.At..T$ ON 

TMI. &UilFAC.IL . 0 ... 150"" R .. D ••owN CL.A"'( 

\..0AM . I3S·\50C"M AIS\DUAL. lrii\Aa.L. - Wl . .'T 
~OIL. • 

Till COOI'IIIATM DIM.,....IIIT ,_ 
WAITtl IUOU.CS.S DIVli.OPMrMT 

PHOTO MAP 



\. 

<01110 ~YST(M PA\,[5TINE 
100 

' · .. 

'· (';\~ : .. 0 · 

- 500 

1 
SE lf.3l/20it 4 hh '3" 150m GROUND. 

\.::!) G IN 8AIIl~ Of: 5.-..LT HOL.£ DU lCATION5 

~ \'I!RY HIGH ·:~ '1b OUTWA>H 1.4- B.Z PRoaA acv D 

. 32 
1.1- 8.3 

1. 70 
7.6-8.4 

® 
.03 

7.7-8.3 
.03 

7.6-8.3 

® 
.29 
~ 

FROM GWOR. • 

Jst 
N'W 1635/ZOOi hhc3"3 210tn y CO'(ItR. 

ACli..A l!t UN OI!.R. Hl..A.V 

OF' 8RU&H. 

3st 
401'11 NW 16411/2005 lTUi'" 

@ I .. a~tu> .... G
OOO CaC'tOWTH 0 R:I"ER. . 

~ AccuvoAL 
6.1 -6.8 

.08 
"5FU 

~OIL. FRO"" 
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. .• 
1'r ........ 

.. 
rJ;, 

,. 
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IZ04,500 

.lL 
hha. 

® 

zos,ooo 

PALE~TINE GRID ~'!'STEM 

.. -·-"_ .......... -... ---·--,-··-·---, .•... \ 

l 
\ 

zos.soo 

ht 
lie 

,.· 

.04 
44-,.0 

@ 1601n NE tosi/16'51 
t-Ja.'TlVl. G.-.AS$ ! 

SuRrAC.t. GllAV•I..~ 

2st 
i'i'C 

@ 190. SW KSijzCKt .ln. m h~ 
6.1-9.0 · 5CA.,.,Il~O ANNUM. GoRA&.IlS: 

.12 
ll.l-~.2 

Cot~~~~lDI.•A.•\..• :t\I•PAC.I. aocK: 

@) ZI0111Nl:. t•t. 
Uc 

Gooo G.RowT'"" OJ' AMMua.'­

Gr.lt.A•sca: ~ SU.PA.CI. ~tiC.~ 

@!so. Nl:. •~'/z041. ~ 
AN"U"'- Cl1lA&a~a: Pao~tLit 

\.OC.A'Tt.D IN .All&. ~POT! 

ZO?o lt'I<CN ....... -~-!loa. : 

THE COOPERATIVE DEPARTMENT fOR 
WATU Rl~OURC£~ OEvtlOPM(NT 

H..uH£ M ITE M OF' TN 0 AN 

LAND CLA!>!>IFICATION 

PI-40TO MAP 
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. -:-=· .. ·• 
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_,. ... 
_ ,_ ---':-:'"--..::---, --: --:--- ____ ,- -:-· 

. ~ _::.~- -:-~";"-:;~-"~·-----·-------:,..,.. 
- ' ' •"1-

.06 
To=T.f 

.05 
1.1-8.7 

.05 
a<-8:'3 

1 
hh 

5"'ALL GIIIAIN- GOOD. 5 .. 00T>I 

TOPOCUtA~HY. MOD\tt\I.D MAst.\.. 
111- ISO C"'n. ~&D a-.o....,... $0tL. 

-<1- I'Z, C'ft\. 

lj6\ 300 1n SE \85f/20Sl 1 
~ 11\h 

. OA 
1.2-8.7 

.05 
82-8.8 

.04 
ao-8.8 

.12 
ao-[7 

.1.4 
"'['f:::!3 

. It 
19-9J 

.IZ 
~ 

Cu&.T lVAT~O ClaAIH- GOOD 'STANO • 

htiiiiG. .. T~O. GIIIAY IIIIIOWN \.OA"" 
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VOLUME III - LAND RESOUHCE3 
YAHHUU K-JOfl.C~~~ VALL1'Y PH.OJECT 

MASTER PLAN HEPORT 

PART 2. AGRICULTURE 

Introduction 

The objective of this report is to indicate agricultural capa-

bilities of project lands determined suitable for irrigation, the lands 

being supplied with adequate quantities of irrigation water. and taking 

into account specific characteristics of the local area and Middle East 

culture. 

Information for this report was obtained from earlier studies, 

the land classification survey, field studies, consultations with Jor­

danian land operators and agricultural technicians of the Jordan Govern­

ment and United States Foreign Operations Administration, reference to 

current United Nations surveys, and field observations made in neighbor-

ing Middle East countries where land conditions, climate and culture 

•..rere gene rally s irnilar • 

Field studies included soil and topographic examinations, ob-

servation of existing crops and current methods of water application and 

land management. As was detennined in Part 1 of this volume, the arable 

area within the project totals 519,800 donums. The soils, topography, 

and drainage characteristics of this land are favorable for irrigation 

farming and it lies in relative]y large compact blocks. At the present 

time a minor area of the arable lands are occupied by permanent facili• 

ties such as roads, villages, etc. Under the anticipated land develoP-

ment program it is expected that wherever possible these permanent £acili-

ties will be confined to non-arable areas • However, a certain amoo.nt of 
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arable land will be utilized in locating the main canals, and lateral 

distribution systems, fann roads, and other public facilities, for which 

a reduction of about 3 percent in arable area is made to determine the 

irrigable area. The irrigable area within the project has been calcu­

lated to be about 50u,200 donums. 

Agricultural History 

The Jordan Valley has a long history of limited irrigation de ... 

velopment. Biblical records sha.~ a variety of irrigated crops were grawn 

on project lands, and indications point to even earlier irrigation within 

this and adjacent areas 0 Then, as now, the supply of water was insuffi­

cient to liTigate the entire area. Streams tributary to the Jordan River 

were diverted for crop irrigation and the water spread thinly over a 

maximum area. Lands far removed from these sources of supply normalls' 

received little or no irrigation and efforts were made to develop under­

ground waters by construction of fuquaras, or water collection systems 

which utilized aquifers originating in the adjacent hills. SOIII9 of these 

ancient works have been rediscovered a:rrl restored to use. other sources 

such as Elisha's Spring in Jericho h'lve been intensively utilized and a 

variety of crops are still produced in this area. 

Cereals, vegetables, and fruits such as citrus, olives, dates 

and bananas were produced in early history and are grown today where 

water supply permits. 

Although actual records of lands irrigated are inadequate, it 

is certain that a significant portion of the area classed as irrigated 

both in the past and at present received water intermittently and in very 

limited amounts. This is indicated by the fact that certain tracts are 

irrigated one year and not the next. Annual variations in volume and 
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duration of stream now and fallow practices are primarily responsible 

for this condition. The relatively unleached condition of soils in many 

irrigated areas further emphasizes the fact that irrigation as practiced 

with a "full water supply" has been known on only a small part of the 

project area. 

Present Agriculture 

Under present conditions approximately 48 percent of the irri-

gable land within the project area is non-irrigated. Of this total only 

about 5 percent is cropped on a dry-farm basis. The major portion of 

this non-farmed area is covered with scattered patches of scrub-type 

brush and annual grasses, and is utilized for grazing purposes. 

Of the lands termed as irrigated, it must be noted that the 

total includes all crops to which water was applied regardless of the 

adequacy of the amount. The distribution and amount of irrigated and 

non-irrigated lands for the year 1953 are presented as Table 3.2-1. The 

infll?-ence of the inadequate supply of irrigation water and the very small 

amount of fertilization normally utilized are reflected in the relatively 

law yields of crops now produced. Present production is illustrated in 

Table 3.2-2. 

Principal Crops 

Cereals constitute about hJ percent of the total crops grawn 

on the irrigable area of the project. Wheat and barley comprise more 
• 

than four-fifths of this category with more than three times as much 

wheat as barley. Other cereal grains include sorghum, corn (maize) and 

sesame with corn and sesame in the minor category. One reason for the 

large wheat planting is the country's heavy consumption of bread. The 

other principal reason is the relatively 1~ irrigation requirenent 
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ncce~ citated ~q traditi ona l nli1 nLin~~ to take advant:lge of winter rains. 

The c ro~ is alw ays ha nestedJ 1wen if production is negligible, and 

yields are gene rally ve~J low. 

Vegetables occury about 10 percent of the crop distribution. 

For t he most part they are presently produced during the summer months 

with a few grown during the 'l'linter and early spring.. Except for a very 

few areas the majority of these crops are inadequately irrigated. Prin­

Ci?al vegetable crops include tomatoes, watermelons, eggplant, cucumber, 

marrow and beans. Of these, tomatoes, watermelons and eggplant comprise 

about 70 percent of the total vegetable area. 

Orchard fruits are found in the amount of about 3 percent of 

the total irrigable project lands. Bananas are the principal orchard 

fruit and plantings are confined to areas where a reliable source of 

water is available. Citrus fruits (oranges, lemons, tangerines, etc.) 

are also produced in currently irrigated areas. Other fruits such as 

pomegranates, figs and grapes are found in small, scattered plantings. · 

The main productive fruit areas are located in the vicinity of Adasiye 

and the Jericho vicinity. 

Agricultural Practices 

Seed stock quality is generally very low. Common practice is 

to utilize a portion of the field-run supply which has been passed down 

Without material change for many generations., This is particularly true 

of cereal and vegetable crops. As a consequence there has been little 

semblance of purity of line in the seed stocks planted. A certain amrunt 

of resistance to adYerse grord.ng conditions such as salinity has been 

developedo For example, marrow was observed growing well in soil con­

taining more than twice the amount of salinity usually termed as critical. 
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In most inBtances this has not been recognized and the seeds possessing 

this de airable characteristic haYe net been segregated. 

Ne1-1 adap t ed ''arieties have been introduced to a very slight 

degree) and a li:nited amount of experimentation is being carried on 

within the valley. This work is being conducted at agricultural experi­

ment stations, one lccated near Wadi Fari •a on the West Ghor and at I):lir 

Alla and at Baqura on the East Ghar. A limited amount of nursery stock 

is produced in Jericho. These experimental areas have been established 

within the past five years and sufficient time has not elapsed to permit 

conclusive results. 

Seed bed preparation is usually inadequate. Present methods 

of preparing the land for planting are essentially the same as those ua~d 

in ancient times. Generally a single "nail-type" plow is used to open 

a furrow in the soil. Cereal and other field crop seed is usually broad­

cast by hand and then covered by plowing at right angles to the first 

operation. Upon occasion hand-hoes are used to break up clods between 

the first and second plowing but rarely is the use of a harrow or drag 

in evidence. This procedure obviously requires an abnor.mally high seed­

ing rate to produce a satisfactory crop stand. 

Vegetables are conunonly transplanted from farm ••nursery" plots. 

Transplants or seeds are planted in beds separated by deep wide irriga­

tion channels. Plantings are placed midway between the crest and bottom 

of the ditch, which rem01res the seedling from the point of highest sa­

linityo This practice is of distinct value where soils tend to be saline. 

Crop rotation as a planned program is seldom follcwed. For the 

most part cereals, particularly wheat, are produced year after year on 

the same tracts of land. This practice is followed of necessity on some 
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areas where shallcw soils and lack of water limit the variety of crops 

that can be produced. H~1cver, it is also common practice on much of the 

land t hat is fu l ly irri eated. In some cases on these latter areas land 

is left idle as fallow f or one season, but in many cases it is again 

planted wholly or in part to the same crop. 

Vegetable crops are rotated to a greater degree but this is 

primarily due to the practice of shifting tenant farmers annual~ from 

one tract of land to another. Again, planned rotation programs are gen-

crally lackir~ with market price and operator food needs the primary 

reasons for planting a specific crop. 

Irrigation methods are influenced to a major degree by the 

source of the water supply. In many cases water is available in rela-

tively large quantity for a short period of time. The tendency is to 

use a large head of water with no regard for water intake rate of the 

soil or topographic features of the land. In such instances, as most 

field head ditches are unlined, a degree of erosion takes place which 

eventually eliminates their usefulness and new ones must be constructed • 
. 

Such practices also tend to spread a given amount of water over a large 

area with inadequate penetration at any one place. Cereals, which are 

generally irrigated with a sem~-wild flooding technique, seldom receive 

full benefit from water applied in this manner. 

Vegetables and fruits are usually irrigated by ~~e basin 

methods. Good distribution of water is generally obtained with a mini-

mum of waste. 

Fertili zers and organic matter are generally of minor signifi• 

cance in current crop production. Animal manure is commonly gathered 

and dried for use as domestic fuel. The natural manures which are used 
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f or fertilizer are purch~sed in mo3t cases and consist mainly of cattle 

and sheep dung,. General practice is to pay for its collection and trans­

portation to the farm where it is applied to vegetables and fruits. The 

majority of the better banana and citrus plantings utillze a type of 

compost incorporating these manures and some residue such as banana 

leaves. Mineral fertilizers are occasionally used by larger landowners 

but information regarding their value in the form of increased production 

is lacking. There are no regulations covering composition of commercial 

fertilizers, and consequently they are quite varied. Some unproce~sed 

rock phosphate of local origin has been applied but value derived from 

application on the highly calcareous soils of the area is economically 

questi onableo Cost is a prine deterrent to use of fertilizers a, moat 

operators feel they cannot afford to purchase them. 

The addition of organic matter to the soil in the form of green 

manure or crop residue is virtually unlmown. The lack of sufficient for­

age for roving herds of sheep and goats and shortage of water needed to 

produce crops for human consumption have taken precedence aver growing of 

any crop for purposes of addill5 needed organic matter to the soil. Farm 

animals are allcwed to eat.crop residues to the ground or the plant 

stalks are completely removed by pulling them from the soil, roots and 

all, for fee~ing at a later time or for use as fuel. These practices 

precluded any appreciable use of organic matter for purposes of improving 

soil fertility or tilth. 

Farm nachinery within the area is generally light and simple. 

The single "nail-type" plow is the common ground-breaking implei!W3nt and 

is drawn through the soil by animal power. Cultivation is practiced to 

a limited extent and is performed almost entirely by wide-bladed hand 
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hoes. ThiB long-handled, heavy implement is also used to a great degree 

for plowing, Bmoothing and irrigation ditching 'l'erations. Sowing or 

seed and other planting :i3 dcn.e by hand. In Adasiye and Jericho and a 

few other localities modern machi~ry in the form of tractor-drawn disc 

plCN s, seed drills arrl harrow·s are utilized on a limited nwri>er of the 

larger holdings. This equiprrent has been introduced primarily within 

the past three years as has the F.O.A. demonstration program of tech­

niques involved in its operation. 

Harvesting of cereals is generally done by hand-sickle or by 

pulling th~. entire plant from the soilo Threshing is accomplished on 

"natural" threshing floors so placed as to take advantage of wind for 

winnowing purposes.. Animals and flails are us·ed to separate the grain 

and hand sieves for final separation. Vegetables and fruits are picked 

by hand. 

In general the lack of adequate tools for cultural operationa 

restricts timeliness of farm operations. This is reflected in the exten• 

si ve tine currently required for preparation of the land, harvest~ per­

iods and relatively low yields. 

Fann animals are low in number. A few chickens together with a 

small number of sheep or goats are generally owned by individuals. Some 

families mccy- have one or two horses or a similar number of oxen, donkeys 

or camels. The larger animals are primarily used for farm power and 

transpor.tation., Forage crops far farm animals are practically non­

existent and feed is obtained qy herding on non-cropped land and use of a 

limited amount of crop residue. 

Weed control practices are limited both in method and the ex­

tent to which they are employed. Weeds are rec(€nized as pests that 
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serioo.s}J'. reduce the productive capacity of agricultural lahds and inter-

fere with the farmer's effort to grow useful plants. The production of 

crops is largely in direct competition with weeds, whose control is ~ 

factor of major importance, especially in irrigation agriculture. Losses 

fr.om weeds may be enumerated as follcWs: 

(1) 

(2) 

(3) 

(u) 

(5) 

Weed competition with craps for 
water, light, and mineral nutrients .. 
Additional labor required to combat 
weeds that could profitably be used 
to produce food. 
Weeds reduce the quality of farm 
products" 
Weeds harbor insects and fungus pests 
that attack crop plants. 
Weed infestation can become so rank that 
agricultural land is no longer produc­
tive. 

It is reasonable to assume that these losses from weeds will 

be higher in an area of small farm units, (such as the development con ... 

templated), than one of large units. From field observation it has been 

estimated that potential crop production in the Jordan valley will be 

reduced by ten percent without an adequate weed control program. 

The follOoJing weeds are some of those most commonly found in 

the Jordan Valley and Will constitute an increasingly important problem 

as the area is developed for irrigation: 

Bermuda grass 
Chenopodiums 
Christ thorn 
Tamarisk 
Wild-onion 
Yambut 

(Cynodon dactylon) 
(Chenopodium spp) 
(Spini christi) 
(Tamarix pentandra) 
(Urginea maritima) 
(Prosopia stephanania) 

1here is ample evidence that the tendency to grow one crop on 

a given area of land for several seasons has allowed .weeds to multiply. 

This is particularly true of those weeds which are compatible with the 

growth habits and management program of the cropo 
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As the new land is developed and brought under irrigation, the 

weed problems in these areas wlll become more numerous. For thi~ reason 

it is desirable that weed control practices be established in the early 

stages of this development in order to hold weed infestations to a mini-

mum. In addition, weed problems are more difficult on old irrigated 

lands, and the old established weeds more costly to control than those 

on new lands. 

Many methods of weed control and eradication have been devised 

which may be grouped under the headings of: 

(l) Mechanical methods (hand hoeing, 
tillage, burning, etc.) 

(2) Cropping and competition methods 
(3) Chemical methods 

Present control measures consist almost entirely of the first category. 

They occur mainly as a by-product of normal seed-bed preparation and 

occasional cultivation. Some effort is made to periodically remove 

larger, woody-types of vegetation by hand ltgrubbing". Mechanical and 

cropping methods of control are recommended as being the most suitable 

for the Jordan Valley in the initial stages of development. Chemical 

weed-killers, which are more costly, can be used on the more persi8tent 

plant species to supplement these two methods. The agricultural experi­

ment stations in the valley should include weed control in their annual. 

program in order to develop the best techniques for the local conditione. 

A detailed weed survey of the valley should also be scheduled in the pro-

gram of the contemplated farm extension service. 

Insects and plant diseases receive little attention at the 

present time. Mild infestations of locusts from the desert areas have 

occurred from time to time. The coordinated effort of surrounding 
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c ountric~ rr~ t.h the Jordan Governme nt. and United Nations representatives 

hrJ.s succeeded in con t rol ling the S\~ anns to dat e . Poison baits and hand 

eradicati on seem most effect i ve . f\ l imited amount of chemical control 

f or insects and plant di s eases i s emoloyed primarily ~ugh hand dusting . . 

of cr ops .. Pests of i ndividual crops and recomrrended controls are given 

in Table ).,2-S, Data for Recomme nded Crops .. 

Anticipated Irrigation Agri a1lture 

In an area, such as the Jordan Valley, which has a problem of . 

over population, the production of focd for human consumption is of pri-

mary importance. Therefore, an agricultural program must provide focd 

for the family and a small cash croo to enable the purchase of necessities 

not produced on the farm. It should also provide feed for the livestock 

and enable fertility and tilth of the soil to be maintained. 

Under the proposed plan of developrrent it is expected that the 

people will continue to live in villages rather than on the farms. This 

custom is traditional in t he area and will be advantageous in that ever,y 

effort will be made to utilize all irrigable land for crop production by 

locating villages on non-arable lands. 

Since it is beyond the scO?e of this report to identif,y agri-

cultural programs for indi vidual farm units, the subsequent discussion 

will be primarily concerned with establishment of a cropping pattern, or 

distributi on of crops, over the project area which land classification 

has determined to be suitable for irrigation agriculture. The climate 

and soils are generally well suited to the grr;1.o1ing of a wide variety of 

croos as has been oointed out in other sections of this report dealing 

soecifically with these topics. It has also been noted that many types 
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of crops haV"e been and are now being grown within the area, and the lack 

of sufficient water has been one of the primary influencing factors de­

termining the degree to which a griculttrre has been practiced. 

Crops which are included in the patterns were selected as repre­

sentative of those which are adapted to the area rather than trying to 

anticipate all crops which can be grown in the future. 

Two specific cropping patterns are shown in Drawing re-5-5, 

together with the irrigation and diversion requirements of each. Pattern 

"A" is designed to furnish a maximum of subsistence-type living with the 

primary emphasis on cereals and the productive periods reflecting the 

present irrigation influence. Provision has been made for production or 

some vegetables and fruits other than those required for the farmers 

themselves, and introduces sugar beets and peanuts to the area. These 

latter crops are both well adapted to the project soils and can be the 

basis for establishment of industrial plants producing sugar and edible 

oils. A part of the vegetable production may also lend itself readily 

to canning and preserving processeso 

Cropping Pattern "B" was developed to introouce rice, cotton 

and dates. There is a deficiency in these crops and an increase in pro­

duction will alleviate the import situation. It is recognized that cer­

tain difficulties are inherent to the production of these crops, but 

. their adaptation to soils and clim:l te of the area warrant their considera­

tion. Tile differences in time and length of growing season noted in the 

two patterns for a few crops are acceptable if compared With their pro­

duction in irrigated area%3 of similar climate ani soils. A aummar:r or 

crops shown in both patterns "A" and ~B" is given in Table g.2-3, Estima" 

ted Distribution of Irrigation Crops with Project Developnent. 
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In addition, diver:1i on requirements by mont hs for the various 

crops are sha·m in Tables .3.2-6 and .3a2-7, 11 Diversion Requirements" for 

Northern and Southe rn Zones , r 8s9cctive ly. The method of developine 

irrigation and dive rs ion rectuirements are fully developed in Volume II, 

am further discus sed in volume vII D 

Yields of crops have been estlmated on the basis of a moderate 

improvement in management practices, availability of im?roved farm equip­

ment, and use of adapted crop varieties. In addition, cognizance has 

been taken of the productive capacity of the project soils, and the in­

fluence of climatic factors as compared with similar areas. Average 

yields anticipated under project development are shown in Table ).2-h. 

It is e:JC?ected that generally, yields on Class 1 and Class 2 lands will 

exceed those obtained on Class 3 land by 20 to 30 percent. 

Agricultural nrograms, as it has been previous~ noted, are 

carried out in most cases in accordance with traditional methods. De­

tailed recornr.errlations for the growing of individual crops in local areas 

must necessarily come .from ex~rimental work ·such as is new being con­

ducted at the Baqura, Deir Alla and Wadi Farita Experiment stations. 

Special points of interest are discussed in the following paragraphs, 

and additional information for selected crops is given in Table .3.2-5 

Cereals are well adapted to the soils of the area, and produce 

very well on the clay loams and lighter clays. freparation of seed-beds 

should tend to establish a slight~ better condition than is presently 

obtained. Better stands from less seed should result. Planting in rows 

will be advantageous for such crops as corn and sorghum, particular~ 

from the standpoint of better penetration of irrigation water. 

Rice is well adapted to the heavier clay soils. Such soils 
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will require le3s water than finer textured soils to produce a crop. 

They will crust quickly after draini ng in the fall allowing earlier 

harvest., Rice will re quire more water to produce an equivalent amount 

of calories than do potatoes() However, it will prove advantageous to 

grew on alkali soils and can be follo~o~ed by crops less tolerant in 

natureo 

Crop residues of cereals should be mixed with the soil by 

working the straw into the surface soil to increase ' moisture penetration 

and reduce runoff. Wherever possible leguminous cro?s such as alfalfa 

and beans should be utilized in rotation with cereal crops. In parti­

cular it is not well for sorghum to be follcwed by wheat in rotation as 

the former crop will cause a temporar,r reduction in nitrogen content of 

the soil. 

Sugar beets are a promising potential crop from the standpoint 

of adaptability to project soils, salinity tolerance, and their prospects 

of reducing sugar imports. Sugar beet tops and by-products of process• 

ing also would contribute materially to feed requirerrents of livestocko 

Beets require a significant amount of hand-labor and should be planted 

as a row crop. Both of these factors lend themselves well to farming 

in the area, and this crop fits well into rotation with other field 

crops and vegetables., 

Cotton is well adapted to the lighter soils in the southern 

part of the valley. It can be grown during the hot sul'I'D'ller months and 

will enter well into a rotation with vegetables such as potatoes or with 

a forage crop such as alfalfa. Only a few very small areas have been 

grown to date and while plant growth was excellent, considerable diffi­

culty was encountered with boll-weevilo Further information is needed 
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before control measures in the local area can be recommended. 

Forage crops in the form of legumes such as alfalfa or berseem 

will be beneficial not only for production of animal forage but also will 

be helpful in soil improvement. These crops, plu~ qy-products of sugar 

beet production and other crop residue such as peanut hay, should better 

condition work animals on tha farms and encourage fattening of meat 

animals such as lambs. Rather than establish an enterprise within the 

project, it is expected that lambs would primarily be for family use and 

would come from adjacent upland areas. Of primary importance in rota­

tion with. vegetable and field · crops, legumes will add to the nitrogen 

content of the soil and aid in improving soil condition by addition of 

organic matter. 

Vegetable crops will assume significant degree of importance 

urrler project development. The major portion of the soils in the. area, 

particularly those on alluvial fans and much of the zor, are well 

adapted to production of a wide variety of vegetables. Fertilizer and 

a full water supply will greatly increase present production. The use 

of more water must be coordinated with better methods of application. 

Fruits will continue to be grown to great advantage in the pro­

ject area. Bananas in particular are in a superior position for compe­

tition with surrounding Middle East areas. The soils which are shallow 

in depth to marl seem to produce excellent crops. Water and fertilizer 

are pre,sently used to advantage on bananas and on citrus fruits. How­

ever, increased amounts of available nitrogen and phosphorous would 

materially hel? production and quality. Dates are well adapted to pro­

duction and particularly on saline soil areas. The existing amount of 

parent stock is not well suited to propagation purposes. Since 
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ne:i r_~hborinr; courrtr'i.-:3 prohibit exportat-ion of seedlings they must be 

sccur,~d t'rnm oth e r areas . 

A Uh r""iu t;h ~; rap e::; a :"e gr 'Jwn to a major extent in the adjacent 

uplands , it is f8lt the vall..:.y of'.' ors s ome advanta~es. A variety such 

as Thomason Seedles.:;, ex tens i vely grown in a similar area of the United 

States, could be use e! as fresh fruit and under valley conditions could 

also be dried for raisins.. Both grapes and citrus fruits should do well 

on soils which contaiJ1 aprreciable amounts of rock in the profile. The 

majority of these soils are of clay and clay loam textures and occur on 

the upper slopes of the ghar. Vines and trees require less tillage, and 

while slopes may not require terracing, plantings should be established 

on the contour. 

Summary and Conclusior~ 

The Valley has a long history of limited irrigation. Produc­

tion no-vr is predorrj.nantJ.y :L.1 the form of cereals, principally wheat. A 

variety of vegetables are produced on a small area and as with cereals, 

yields are reb.tively l m-1 . Fruits:J especial1y bananas, are well adapted 

to the area and quality and flavor are goodo Few farm animals are main­

tained by indivirn1als and cropped area is seldom used specifically for 

animal feed. Animals secure most of their feed by foraging. Shortage 

of forage and fuel discourages addition of organic matter to the soil. 

Farm practices are generally inadequate to secure the production and 

quality possible even under existing conditions of lL~ted water suppJ.y 0 

An extension type of educational program is mandatory to suc­

cessfully establish and maintain the subsist~ce-type of farming recom­

mended. The i:-:t coduction of more advanced animal powered equipment such 

as s mall rr.olct-board and disc plmrs , one-horse shovel cultivators and 
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seed rlrill~, and small section spj%e t ooth harrows is strongly recommended. 

Small tools such a::J ::>r.;,r thes and hn.nd du::;te.rs will also increase efficiency 

and make for mere tim8l:/ f a rn. orerati•m:J. 

Experimental rrogr :Jms with new varieties as well as improvement 

in purity and quality of exi.sting crops are nm·l being conducted at agri­

cultural experirr.ent stat~on3 within the v::tlley ., Additional fertilizer 

tests are needed, but it i s ;jpp::trent that present practices are entirely 

inadequate. Indications are t ha t application of available nitrogen and 

phosphorous would benefit mos t crops significantly. 

Anticipa ted develJpment is based on a full ~ater supplY. How­

ever, practices whi ch will produce maximum benefit with a minimum of waste 

should be utilized. This will also materially reduce future drainage 

problems. Field crops in particular will benefit by a more controlled 

type of distribution s uch as basin-flooding or combination of basin­

flooding with furrows where s l ope is a definite factor. Nore signifi­

C;J.ncc should be placed on the relationship between the volume of water 

delivered and the length of time it is available, as concerned with the 

size of field, soil characteristics and crop water requirement. 

Heeds will become a problem of increasing importance as irriga­

tion development takes place. Mechanical and cropping methods of control 

are recommended in the initial stages of the project. Chemical weed­

killers can be used on more persistent plant species to supplement these 

methods. A detailed weed survey program should be initiated to keep pace 

with agricultural development. 

Crops which have been recommended under anticipated development 

include those which meet domestic needs and tastes and have market out­

lets, as well as being adapted to project soils and climate. 
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· Table -'·2-1 

Distribution of Cropa1 

Jordan Valley-1953,V 
(Shee~ 1 of 2) 

East Ghor East Ghor West To-t.a.l.. 
North South Gho!" Project 

(donuma) (donwns) (donumB) (donums) (percent) 
Irrigated 

Land 
Wheat 6),000 )0,600 32,600 126,200 2$.0 
Barley 19,200 4,700 9,100 33,000 6.6 
Com 2,500 540 100 3,1.Lo o.6 
Sesame 6,100 3,900 3,450 13,4!)0 " .. , 

I Sorghum 16,200 410 5,100 21,71~ 4.3 
-J 
0 . Sub-Total, I 

Cereals 107,000 40,lSO 50,350 197,500 39.2 

Eggplant 2,500 3,500 1,600 7,600 1.5 
Tomatoes 2;100 6,500 6,400 15,600 3.1 
Watermelons 9,600 1,100 1,200 11,900 2.3 
Cucumber ·800 420 2,280 3,500 0.7 
Marrow 800 950 750 2,500 o.s 
Cabbage 550 250 250 1.oso 0.2 
Cauliflower 330 90 460 880 o.2 
Broad beans 400 470 1,550 2,420 o.5 
OnionB 580 270 350 1,200 o.2 
Potatoes 870 300 930 2,100 o.2 

Sub-Total, 
Vegetables 19,l30 l3,850 15,770 48,750 9.7 

Bananas 2,800 1,400 2,200 6,400 1.3 
Citrus 840 240 620 1,700 o.3 

1-3 Other fruita · 32860 750 ,2, 780 61590 1.3 
~ 
to' Sub-Total, 

7,500 2,400 5,600 15,500 2.9 Fruits 
w 

Total Irrigated Crops'# 56,400 261,750 • 133,630 71,720 
1\) 

I 
1-' 
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Table ).2-l 

Distribution of Crops 
Jordan Valley-19531/ 

(Sheet 2 of 2) 

East Ghor East Ghor West Tota1 
North South Ghor Project 

(donums) (donumB) {donums) {donums) (percent) 
Non ... Irrigated 

Land 
Wheat 15,500 .. 1,800 17,300 3o4 
Barley 4,ooo ... 1,100 5,1CO loO 
Sesame 220 ... - 220 -Y 
Watermelons 250 500 500 1,250 Oo2 
Sorghum 31600 600 4,_200 00 8 

Sub-Total, 
Cropland 23,570 500 4,ooo 28,070 5 .. 4 

Fallow, Idle 11,600 48,400 57,240 117,240 23 .. 5 
Grazing, Waste, Etoo 700 78,_300 18,_140 97,_140 19o3 

Total, All Land 169,500 183,600 151,100 504,200 lOOoO 

y Based on "Agricultural Economic Survey, Jordan Valier•, United 
Nations Organization, 1953; adjusted to irrigable area of projecto 

3/ Includes all land reported as irrigated, at anytime during 1953, 
regardless of adequacy of irrigation. 

~ Less than Ool percento 



Table 3o2-2 

· Crop Yields, Jordan Valley-1953.!/ 
(Sheet 1 o:r 2) 

East Ghor East Ghor West Total 
North South Ghor Project 

(Yield/Donum) (Yield/Donum) (Yield/Donum) (Yiel.:i/Donum) 
Kilograms Kilograms Kilograms f'..ilograJI'lB 

. Irrigated 
Land 

Cere818 
Wheat 90 90 85 90 
Barley 100 90 70 90 
Com 200 120 120 190 
Sesame 60 ss 60 60 

I Sorghum - - - ~00 
-.J 
N 
I Vegetables 

Eggplant 1000 870 910 930 
Tomatoes 620 430 520 500 
Watermelon 470 430 470 490 
Cucumbers 400 320 450 420 
Marrow 640 350 sao 490 
Cabbage 690 770 · 840 900 
Cauli.tlower 720 430 620 640 

· Broadbeans 330 350 300 )20 
Onions 770 520 900 750 
Potatoes 1520 840 820 1100 

·Fruits'!:/ 
Bananas 1300 1250 1310 129S 
Citrus 1300 ·1040 870 1098 
Other Fruits 1100 1150 1430 1221 

1-3 

~ 
~ 
(l) 

VJ 
· O 

1\.) 

I 
1\.) 



~ 
\..0 
~ 

Non-Irrigated 
Land 

Wheat 
Barley 

· Sesame 
Watermelons 
Sorghum 

Table ,3.2-2 

Crop Yields, Jordan Valley-19531/ 
(,;jhaet 2 of 2) 

East Ghor East Ghor West 
North South Ghor 

(Yield/Donwn) (Yield/Donwn) (Yield/Donum) 
Kilograms Kilograms Kilograms 

80 80 20 
90 70 30 
30 40 40 
90 .. 65 

280 .. 430 

y Based on n Agricultural Economic Survey 1 Jordan Valley" 1 

United Nations Organization, 1953. 
g/ Fruit yields and production are based on trees or vines 

of bearing age. 

Total 
Project 

(Yield/Donum) 
tilogra.m.s 

70 
75 
30 

200 
60 



Table 3.2-3 

Estimated Di.dri.rution of Irrigated 
Crops WiU. Project Development 

( ~ .r.aet 1 of 2) 

Pattern "A" Pattern "B" 
Crops Dc111ums Percent Donums Percent 

CEREALS 
Wheat 121,000 24 70,600 14 
Barley 55,500 11 .. .. 
Corn 17,600 » 20,200 4 
Rice - 30,.300 6 
Sorghum 37,800 _11 20,!200 4 

Sub-total 231,900 46 141,300 28 

VEGETABLES 
Tomatoes 22,700 4t 30,300 6 
Potatres .30,300 6 .30,.300 6 
Cucumbers 11,.300 2l. 15,150 3 
Marrow 11,300 '21 15,150 3 
Cabbage 7,575 lt 7,575 it cauliflower 7,575 li 7,575 
Beans 22,600 4! 25,200 5 
Eggplant 11,300 2l. 10,100 2 
Watermelon 11,300 21 10,100 2 
Peas 11,300 21 10,100 2 4 
Onions 1o,ooo 2 10!100 2 

Sub-total 157,250 31l. 4. . 171,650 34 

INDUSTRIAL CROPS 
Cotton ... 30,300 6 
Peanuts 32, Boo 6! 20,200 4 
Sesame 25,200 5 10,100 2 
Sugar Beets 63,000 _ill: 60z600 12 

Sub-total 121,000 24 121,200 24 

FRUITS 
BananB;s 31,500 

~ 
30,300 6 

Citrus 31,500 35,300 7 4 
Dates ... - 10,100 2 
others 12,600 2l. 15,150 __L ~ 

Sub-total 75,600 15 90,850 18 
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Crops 

FORAGE 
Alfalfa 
Mangels 
Cowpeas 

Table 3.2-3 

Estimated Distribution of Irrigated 
Crops With Project Development 

(Sheet 2 of 2) 

Pattern "A" 
Donums Percent 

Hay and 
Fcrlder Crops 

Sub-total 88,200 17} 

TOTAL GROSS 
CROP AREA 

TOTAL NET 
CROP AREA 

DOUBlE 
CROP AREA 

673,950 

5oh,2oo 

169,750 

-75-

13h 

100 

3h 

Pattern "B" 
Donums Percent 

8o,Boo 
10,100 
10,100 

101,000 

626,000 

5ou,2oo 

121,800 

16 
2 
2 

20 

12u 

100 



Tabla .3o2-u 

Estimated Crop Production 
With ~oject Development 

Yield/Donwn 
Crop (Kilograms) 

CEREALS 
Wheat' 190 
Barley 210 
Corn 340 
Rice 380 
Sorghum 320 

VEGETABlES 
Tomatoes 1,680 
Potatoes 1,550 
Cucumbers 1,460 
Marrow 1, 750 
Cabbage 2,120 
Cauliflower 1,650 
Beans 1,460 
Eggplant 1,660 
Watermelon 1,970 
Peas 1,500 
Onions 2,050 

INDUSTRIAL CROPS 
Cotton 90 
Peanuts 300 
Sesame 65 
Sugar Beets 3,100 

FRUITS 
Bananas 2, 600 
Citrus 1,700 
Dates 1,200 
others 11 000 

FORAGE CROPS 
Alfalfa 1,300 
Mangels 2,000 
Ccwpeas 1p500 



I 
--J 
--J 
I 

;;: 
/\) 

! 
'\11 

Crop 

C!;K!!:AL CI!UI'::i 
Corn (M&lze) 

IU.ce 

Sor&haa 

Bar lay 

Wheat 

l.IWU::iT:UAL (;I!UI'::i 
Cotton 

Peanute 

See ..a 

Sugar Beet. 

TRUCK CROPS 
Geller&! Veptablae 
Cabbap 

-
Clli111..Cl.aloar 

Cue~ 

li:&SPlaDt 

Karr-. (Squ&lh) 

Relatift 
Toleranoe 

to salt 

Mediu:a 

HediUII 

Medium 

Higjl 

Medium 

Higtl 

M...Uaa 

Hediua 

Higjl 

HedilUI 

HediWI 

HediUDI 

Lov to 
Mectiua 

Hediua 

Dates of 
Planting 

Karch l 
!lay l5 

!lay l 

llay l 
llay l5 

November l5 

NoveJDber 15 
November 15 

Karob l5 

May 1 

May 1 

October 1 

tiSept.e.ber 1 

eSepteJ.ber 1 

February l 

tiH&roh l5 
IIMq 1 

Yebru&J7 1 

Table 3o2 =.5 

Data tor liec0111118nded Crops 
(Sheet l of 3) 

Montba 
Dates of on 

Harvesting Land 

August l 5.0 
October l 4.5 

October l 5.0 

August l5 3.5 
Septellber 1 3.5 

April 15 5.0 

May 
~ 

6,0 
April 5.0 

No Wilber 1 7.5 

September 15 4.S 

July l5 2.5 

April 1 6,0 

J&IIUU7 1S 4.5 

January l5 4.5 

JWl8 1 4.0 

JUDII l5 ),0 
Au&\lolt 1 ),0 

JUDII 1 4.0 

Seeding 
RAte 

Kg,/Du.lllll 

0,91 

10,00 

3.41 

11.34 

10,21 

2.27 

3.40 

1,00 

O,S6 

**1,800 

-1,350 

0,22 

-1,350 

0,)2 

TU.ld Common Pests and Diaeasea 
Kg,/Donum and Their Control 

340 Earworms (HelioU!is ap, ), Treat. 
vi th DDT in oil, or apply as spuy, 

)80 Weeda, ~equat.e submergence, 

)20 (It followed by other cereala, l<.n.:l 
should be heavily fertilized with 
nitrogen) 

210 Powdery Mildew, Wheat Leaf Hiner 
(Syringopia.s tezapera t.i.!..:.. ~ , Shcrt.-
vini"d Wheat Leaf Beet:e (Hu-seu.lia 
ap,), Seed aelect.ior. and crop ro-
t&tion. 

190 
165 Sl.ll8 as Barley, .. 

90 Boll Wee'fil (Ailt.honomus grandia), 
Du5 ting vi tb nicotine . 

300 None noted to date, 

6S Seed pods split and acatter, Seed 
selection, 

),100 New crop to area, !!a;( be at tac ll..f 
by locust, 

2,120 .t.pbida - duating with •DerrL:uc•. 
Cabbage Caterpillera - du.s ting 
vi t.h DDT or •.t.gric:Ua•, 

1,6So SaJU u Cabba&•• 

1,460 Cutwon<l8 - DDT du.s t, 
Powdery Mildew - crop rotat.iODo 

1,660 Root rot, Selection of re.shtant 
Tarietiaa. 

1,750 SaM u Cw:u.abera, 



i 
-.:1 
en 
I 

I 
I 

I 
I 

I 

: rop 

TR~: ·:K :: :;) PS 
venera.l ·;egetab1es (C.,nt 1d ) 
Onions 

F ~G.S ; .. o.rie~. ) 

-· · -·- :::tJ!'S .... • :~.:...i. 
=:- ; i.:.:>e.l..'U , :"or se'oear.s) 

..;: c.e:-, .: :-.i . .i"iS 

~.elo~ ~ lh~~.e lons :· 

:-v t.4 -...c;s 

:vwat.oe$ 

??t :;:-:-~ 

~a& 

Date PalM.s 

Grapes 

Grapefruit., 
Orangea and 
Tan,erinea 

Relative 
Tolerance Dates of 

to salt Pl.antilut 

Hed.i.UJU September 1 
..Oecember 1 

l·~ediwn January 1 

!·1edium Septer..ber 1 

Low September 1 

Low February 1 
February 1 

Low to October 1 
:-1ediUIU September 15 

:-~ediun •August 15 
May 15 

:-:ed.i.uru J:ny Month 
t o Hi gh 

nigh May 1 to 
July 1 

:·!ediU>Il January 1to 
March 1 

Low to December 1 to 
Medium Februat7 1 

Table 3.2-5 

Data for Rec:om;nended Crops 
(Sheet 2 of 3) 

Montb• 
Dates of on 

Ha.rYes tim~ LaDd 

May 1 6,0 
May 1 5.0 

April 1 3.0 

January 1 4.o 

January 1 4.o 

July 1 5.0 
June 15 4.5 

February 15 4.5 
January 15 L.o 

December 15 L.O 
September 15 L.o 

Year round - heaviest 72 
in Augu.st (6 Yean) 

September 1to lL4 
Dece;nber 1 (12 Yeara) 

June 1 to July 1 36 
(3 Yeara) 

November 1 to March 1 240 
(20 Years) 

Seedi.ng 
Rate Yield Co=on Pests and Dissa.su 

Ki:./Donu.• Kg,/Donw.::. ~"ld Their Cont::-o1 

0.23 2,050 :'hri p.s a.re trouble s o::::ae. 
-25,000 2, 050 

I 
:~r. tolled by DDT 

6,50 1,500 i !to·. s erious. 

J.L.06 1,460 I 1-o t a p::-oble :ll at ~ resc·.t, 

6. 132 1,4!>0 t~o! .. ;:c~:.= a. ;. t p:es~ n~ . 

0,45 1,970 Cut.;,orms - DDT 1ust, Powdery 
0.45 1,600 :u1:iew - crop rotation. 

113.40 1,550 Aphid - da.s t ·.nth nicotine su1fat.e. 
113.LO 1,250 : utworms - du.st witb DDT, 

Curl,yt.op, a virus disease-seed 
se l ect.icn, Late &li6ht, .. fungua 
:iise.a.se - tr~at with 11 Faranox" or 
•• cupra vi t ... Crop rota.tions &re 
hel~fu1 in disea..se c ont.::-o1, 

-l, .l50 1,660 Late !>light, a 1\mgus d.i.se.a.se -
-1,350 1,680 treo.t. with "fara.nox• or " Guf.r&vit". 

I nsect d~~age not serioua. 

-uo 2,600 Not a proole11 at. present.. 

-16 1,200 Not a problem at present, 

-uo 1,000 Grape Bud Moth - controlled by 
• os tico• or "Foli:iol•. Powdery 
Mildew - treat witb •Paranox• or 
•cupravit.•. (Young plants sensi-
tive to salinity) 

-50 1,700 Med.i. terrane an Fruit Fly-trap in 
jars baited with •C1enael•. Black 
scale - trut in dormant. sta11e 
vi Ul •oneida• or aprq in suraer 
vi Ul • Fo1idol• 1 "Arboleu:o•, •rriond• 
or •volk". 



t-'1 
ill u· 
~-' 
(0 

Crop 

FRIJITS (Cont'd) 
~ 

Pc..:egranate. 

FORAGE CROPS 
-man. 

Clonr 

~ 

Colr p-

l!elatin 
Tolo.ranco Datu of 
to salt PlantiJlg 

Lov Doaemb<Jr 1 to 
Februaey 1 

Low Dea~mber 1 to 
Febrlu.7 

l4ed1\lll October l to 
Nov.:mber lS 

Kodiua Ootober 1 to 
Nonabcz' l 

Hish Ootober l 

MediUl:l Fobru&J7 1 

Data tar Recomaeaded Cropa 
(Sheet J of J) 

Mwtba 
Dates of OD 

Harvea tin._it Land 

!laiD Cropa .luguet 1 (Inde!inite) 
to Karch 1 

SecGDdary Crop: 
BU.anoo ot J&lli' 

.lugaat 1 to llovember 1 lltd&finite) 

( 6 Month:! s.tter plant- 36 
inc and neey 45-60 (3 Years) 
d&ya tb-:ruttar) 

(6 MalltbB after plan\- J6 
in& and Oftl7 45-60 (J Yea.rs) 
da;ys tMr<Satter) 

Febru&rT lS 4.5 

JUDe 1 4.0 

Seeding 
Rate 

~;;~ 
Common Peats and Dlse~oa 

K2 .. fDonWII Kl! OD\1111 and Their Con~rol 

-50 1,700 Sa&~~ aa Grapetrui t • 

-uo 1,000 Mzdi t.9rrliT•6aD Fruit Fly-tra1: iJl 
ja.rs bait.;d with • Cleru~el•. 

Control liiUSt be en a comlliDit, , basi£ 

J.l8 1,300 !J~v crop to area. MGy need 
control for locust. (.lfur 3 
years turn under ali e gre&n mar.ure. ) 

--
J.l8 l,JOO s._ u Llia.l.ta. 

l.J6 2,000 Not a probleJO at present. 

2.27 1,500 Uot a problea at present. 



Table 3.2-6 

Diversion Requirements 
for 

Northern Zone 
(in mm) 

Crop J{ Jan. Feb. Mar. Apr. 1'1a7 June July Aug. Sept. Oct. Nov. tee. 

I CereaJ. Crape 
0> Corn .65 33 55 116 199 2L2 273 261 272 235 200 119 52 
0 Rice 1.20 46 76 16L 282 342 387 396 386 3)3 264 166 74 
I Sorghum ,60 31 52 109 186 228 258 265 257 222 1E9 112 L9 

II heat .65 33 55 116 199 242 273 261 272 235 200 119 52 

Jnduatria1 Crops 
Co~t.cn .65 25 L2 89 153 165 209 215 209 180 153 91 40 
Peanuts .65 25 42 89 153 165 209 215 209 lEO 153 91 LO 
SeeaJJe ,80 31 52 109 186 228 2~ 265 257 222 189 112 49 
Sugar Beeta .eo 31 52 109 168 228 258 265 257 222 189 112 L9 
Sugar Cane .90 35 58 123 212 2~ 290 298 289 250 213 126 55 

'!'ruck Crops 
General Ver,etab1e£ .80 31 52 109 188 228 258 265 257 222 189 112 L9 
Eea,.; .75 29 49 102 176 214 242 249 241 208 177 105 !.6 
Potatoes .75 29 49 102 176 214 2L2 249 241 2U8 177 l OS 46 
Toea toes • 70 27 L6 95 16h 200 226 232 225 194 165 98 43 

Fruits 
Bananas 1.30 9J 84 177 306 370 419 431 418 361 307 182 bo 

Citrua .65 25 L2 89 153 185 209 215 209 180 153 91 LO 

1-3 
Datea 1,20 46 78 164 282 3L2 397 398 306 333 264 168 7L 
DecidUOUII ,65 25 42 89 153 185 209 215 209 lEO 153 91 40 

~ GrapN ,65 25 L2 89 153 185 20'1 215 209 180 153 91 1.0 
1-' ·co 
w fonp Crepe 

0 
U!alfa .85 33 .55 116 199 242 273 281 272 235 200 119 52 

1\) Clover .as 33 .55 116 199 242 273 281 272 235 200 119 52 
. I 11angel.a ,80 31 52 109 188 228 258 265 257 222 189 112 49 
~ • Pu1 .so 31 52 109 188 228 258 265 257 222 189 112 L9 



Table 3o2~7 

Diversion Requirements 
for 

Southern Zone 
(inmm) 

I Crop I 
CJ) 

Jan. Feb. l'l&r. Apr. l1ay June Jul;r Aug. Sept. Oct. Nav. Dec. 

!:-' 
I Cereal Crop 

Cora .as 109 134 178 200 249 28S 290 27S 233 202 166 137 
Rice 1.20 1~ 189 252 28L 352 LoL Lll )88 330 286 2)6 194 
Sorglma .so 10) 126 16S 189 23S 269 27L 259 220 191 157 129 
Who&t .as 109 1)4 178 200 249 28S 290 27S 23) 202 166 137 

Iaiwstrl&l Crop• 
Cotton .6S 64 102 136 153 191 218 222 210 179 155 127 105 
Peanuta .65 64 102 136 153 191 21S 222 210 179 155 127 105 
Sesa.. .so 103 126 168 1S9 2)S 269 274 259 220 191 157 129 
SugarBeeta .8o 10) 126 16S 189 235 269 274 29'] 220 191 157 129 
Sugar C&ne .90 ll.6 142 1S9 21) 264 )OJ )08 291 24S 21$ 177 145 

Tn>ck Cropa 
General Vegetab1 .. .eo 103 126 168 189 235 269 274 259 220 191 157 129 
Beana .7S 97 ll8 156 177 220 252 257 2LJ 2o6 179 147 121 
Potatoea • 75 97 llS 156 177 220 252 257 243 2o6 179 147 121 
To-toea .70 90 110 147 16S 2o6 235 240 227 192 167 137 ll) 

Pn~ita 

t-3 BanaiiUI 1.)0 li>7 20S 273 307 )62 437 44S 421 356 )10 25S 210 
p.l Ci troll .65 64 102 1)6 153 191 218 222 210 179 155 127 lOS 
a" Date a 1.20 1~ 189 252 2S4 352 404 4ll )BS 330 266 2)6 194 
I-' IJecidUDU .65 84 102 136 153 191 218 222 210 179 155 127 105 
co Gr&pea .65 84 102 1)6 153 191 218 222 210 179 1$ 127 lOS 

w 
<· 
1\.) Forqe Crope 
I !U&Ua .as 109 134 17S 200 249 2S5 290 275 233 202 166 137 

--:1 C1anor .es 109 134 176 · 200 249 2S5 290 275 233 202 166 lJ7 

111uli•la .eo 10) 126 1.66 189 235 269 274 259 220 191 157 129 

Peu .eo 103 126 166 lB9 2.35 269 274 259 220 191 157 129 
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VOLUHE IV - I RRIGATION AND DRAINAGE 
YARMOU K-JQ1"'fij'j\"NVA LIZ Y: PH OJEGT 

MA::>T~H. PiA~ nBPOl~T 

Water Utilization 

One of the purposes of this investigation was to determine in 

what manner and to what degree water resources could best be developed, 

with oarticular emphasis on the expansion and intensification of irri-

gation agriculture. Present methods of irrigation and drainage were 

appraised, and information wa3 assembled regarding t~e suitability of 

available water for use in sustained irrigation of the soils in the 

Jordan valley. Studies were made to determine water requirements and to 

develop an irrigation regimen and drainage system for the project. 

PART 1. PRESENT WATER USE 

Irrigation 

Irrigation has been a feature in the developnent of agriculture 

in the Jordan Valley since the earliest times of which there is any record. 

Evidence of old works indicates that at one time this area was much more 

highly developed and more intensive~ cultivated than today, supporting 

a population considerab~ larger than the present, and permitting export 

of agricultural products to surrounding areas. Sone of these early 

developments, principally among those constructed during the time of the 

Roman occupation, continue in use even now. Earlier prosperity, resulting 

chiefly from the nearby overland trade routes, created a demand for the 

produce of the Valley. However, because of changes in the trade routes 

and movement of population centers, this de~~d diminished and irrigation 

works Nere reglected to the point where most of them become inoperative. 
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At the present time, to varying degrees of intensity, water 

for irrigation i.3 supplied by gravity flow from the Yannouk and Zarqa 

Rivers, by pumping from the Jordan ~iver, by gravity fiow from perermial 

wadis, by springs, by wells~ ~nd by ancient fuquaraa constructed ~or 

development of ground water. There have bel:'n only minor attempts to 

coordinate these sources of water, and no plan integrating all water 

supplies into one system providing optimur.t development of the Jordan 

Valley has ever been put into effect. 

Irrigation from Wadis 

The largest areas of irrigated land in the valley of the J o!"1a..'l 

derive their water from the flows of tributary wadis. Because of the 

similarity in problems and developm:!nt the River Zarqa will be discussed 

in this group. 

Of the cultivated area east of the Jordan River, 184,293 donums 

lying on the ghor have been registered as irrigated from ten wadis. 

Exact registration figures for the West Ghar are not available, but it 

is estimated that on this side of the river approximately 311 000 donums 

are irrigated from the flows of Wadi Fari I a and vladi Auja. Almost all 

of the normal flows from these wadis is used for iirigation, bJ.t the 

areas served have been over-extmded, distribution systems have not been 

efficiently designed or const~1cted1 and shortages have inevitably re­

sultedo Current rotation practices var,y widely from two to as much as 

six years :a Furthermoreg in the absence of a coordinated over-all system• 

it has not been possible to conserve and utilize flood waters to ~ ex­

tensive degreeo 

Surface run-off at the present time is utilized only during 

the period of t.ie rainy season and only thEm on lands not otherwise 



under irrigation or lands where irrigation waters must be supplemented. 

The general method of utilization of surface run-of! is to divert the 

water with dikes and small channels so a spreading effect i3 achieved. · 

Retention of this additional water is often needed to assure sufficient 

moisture for winter crops, especially small grains. 

With the establishment of the Irrigation Department of Jordan 

in 1948, steps were initiated to facilitate control of these registered 

irrigated areas in a more progressive and efficient manner. Diversion 

structures with appurtenant control works and sluice gates have been con­

structed in eight wadis, and the related supp~ and distribution systerrs 

are partially completed. Most of the linedcanals which have been con­

structed lie above the locations of the proposed East Ghor and West Ghar 

Main Canals, and can be integrated into the over-all development by ex­

tensions roughly parallel to the Main Canals 1 and appropriate exchange 

of water use. The portions of the existing systems lbich lie below the 

proposed Main Canal, consisting principally of inefficient, unlined 

supp]J" and distribution channels 1 have not been considered in 1he inte­

grated plan. 

Wadi Arab • The diversion dam in Wadi Arab was constructed in 

1948. T1-:o supp]J" canals were constructed, one on the north side of the 

wadi and one on the southo About. one Kilometer of North Canal was con­

structed with reinforced ccncret~ lining, while the remainder of the 

supply canals and distribution laterals totalling approxinately 45 Kilo­

meters are in unlined earth channels o 

The gross area registered as irrigated from the wadi below the 

headworlcs ia 141 .32.3 dcnums. In 1950 the mean annual percentage of crop­

ping recorded by the Irrigation Department was 44. 7%. 
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WRdi .j~ll"'~'r. - '!;:lo gross area cor.1Iil.anded by t.he diversion darn in 

lin.ing !:.as been ~.nat.ru.led in 5:i.O :tnE'ltl3:::-s of caJlRJ. and concrete lini:ng 1.'1. 

3 _, T25 !'::ete:-s cf ca...-"lal"' The :-'3mair..de::- of. t.he :3upp:?.:y ca:1al."! and dis tri bu.-

Hadi. I~bes - TherFJ is a g:-o~s total o.f 8..,1.!1.0 C.o:n'.ll'i"~..S registered 

a.~ i..":'r.ige.:~ed f:oor.\ h"adi YaiJes o Howe'l!e:', no nodem ::l.rr-lgation works ha~~a 

Wactl. Ku.fr:L"'lja, ll1 k32 d.onu .. "!!S have been registered as irrigatedn Two 

supp~ canals i.1ave been cor:.s·r.ru.cted, the North Br:~.nch6 kno1oon as the 

Hamra Canal, and the South Bra...'1.c~known as the Fagaris Canal. The Fe.gc-.r1:1 

Canal passes t:n-ough the viD.age of Krei.ilci'l, where it branches to the 

e.?..St and to t!le •J~est. The &l.mra Caral has been l:L"led with concrete fo~: 

a dist.?.nce of 1_.,802 meters, a..'ld th.e Faga::-!.13 Canal has been lined for a 

distance of 2_,672 meterso Other !'eaches of supply canal or distributicn 

lateral in +.h.is area are in unJ.ined ea=·~h cha.~..els 0 

Wadi :R.ajeb ... No modern rro~s have been ccnstructed to se"e 

la."lds ;_!Tigat~d ~ di ~13rsions fzo~::n Wadi Raje'b., although 9Jl085 donums ars 



registered as irrigated in that area. 

River Zarqa - A reinforced concrete diversion strucrure has bem 

constructed across the River Zarqa. Six Kilometers o! Main Canal with 

reinforced concrete lining have been constructed, including an aqueduct 

over the river. Approximate4r 115 Kilometers of unlined earth channel3 

complete the supp4" and distribution system in this area. The gross 

area registered as irrigated from the River Zarqa amounts to )01 000 donune 

located in Ghors Deir Alla, Tiwal, Da.miye, Abu Obeydeh and Shiqaq. 

Wadi Shueib- A gross area of 22 1 709 danums located in Ghors 

Nimrin and Adwan, is registered as irrigated. Diversions !rom Wadi Shueib 

constitute the principal source of water !or this area, although some 

lands are irrigated from wells o A concrete diversion structure has been 

constructed across Wadi Shueib1 as well as a concrete lined supply canal 

which starts on the north side and then branches to the north and to the 

south. The south branch crosses the wadi on an aqueduct and continues 

down the left bank through Shunat Nimrin Village. 

Wadi Kafrein - A to tal of 211 303 donums has been registered as 

irrigated by d1 version of the flows of Wadi Kat rein. No modern irriga-

, tion works have been constructed in this area. 

Wadi Hisban - A total of 211 296 donums has been registered as 

irrigated by di. version o! the flows o! Wadi His ban. No modern irrigation 

works have been constructed in this area. 

Wadi Fari'a - Existing developments in the Wadi Fari'a area 

are the largest and most important of those along the West Ghor. It is 

estimated that 161 000 donUlll3 are irrigated in the wadi proper and on 

Ghor Fari'a. This system includes a modern diversion structure, about 

ten Kilometers o! concrete lined main canal, and a system o! concrete 
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lined diatribution laterals. Appurtenant conveyance, measuring, cmtrol 

and protective structures have been built, together with drinking places 

and bridges. 

Wadi Auja - A total area of 151 000 oonums is estimated to be 

irrigated by diversion of the nows of Wadi Auja. This ·area is located 

in Ghors Arab el A.bid and Arab el Ka'abina, in the vicinity of Auja 

Tahta Villagee A diversion dam has been constructed, together with a 

lined supply canal and a system of lined distribution laterals. 

Irrigation from the Yarmcuk River 

In the area between the Baha'i Village of Adasiye and Baqura 

Village, a gross total of 51 000 donurns has been registered as irrigated 

by gravity flows diverted from the Yarmouk Rivero A crude dumped rock 

diversion dam, requiring constant maintenance, has been constructed 

across the river., Supply canals and distribution laterals are not lined, 

although some rubble masonrJ division boxes and turnouts have been built. 

Through applications of manure and CO!TD'T\ercial fertilizer, it has been 

custom.ary to produce two or three crops annual~ in this area. 

Irrigation from the Jordan River 

Significant amounts of land lying on the zor 1 or flood plain 

of: the Jordan River, <lre presently irrigated with water pumped direct~ 

from that river. Observations indicate that 121 095 donurns are irrigated 

in this manner. In ge..'1eral the pumping plants are comparatively small, 

and limited areas are served by each plant. Distribution systems are of 

relatively inefficient design and because of the general characteristics 

of the soils encountered, disp~oportionately large percentages of the 

water pumped have been lest or wasted. These lands have in the past 

been subject to recurrent flooding by overflows from the J orda.n Rivar 
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during periods of high run-off, a hazard which will be eliminated by 

construction of control structures on the Yarmouk and Jordan Rivers. 

However, upstream diversions and regulated flows in these rivers will 

contribute to an increase in the salinity of the waters of the lower 

Jordan and probably this source of irrigation water must of necessity 

be abandoned in the foreseeable future. 

Irrigation from Springs and Wells 

On the East Ghar 1, 960 domllns lying in the Hadi Arab area are 

registered as irrigated from Duga Spring, located about 4 Kilometers above 

the mouth of the wadi. In the i\l'adi Juru.m area 2,660 donums are regis­

tered as irrigated from 5 small springs located within the irrigated 

area about 2 Kilometers west of the diversion dam. Certain minor areas, 

particula.rl;y" in the vicinity of \iadi Shueib, Wadi Kafrein and Wadi 

Hisban, receive either a full or supplemental supply of irrigation water 

from wellsQ 

On tht. West Ghar in what is known as the Jericho area, zying 

between Wadi Auja and the Dead Sea, it is estimated that some 81 000 

donums are irrigated partly !rem springs D.nd partly from wells. The 

• irrigated areas are scattered here and there near the wells, or near 

springs such as Ain Nu'iema, Ain Duyuk and Ain Sultan. Other areas below 

the J ericho-J ei"'JSalem road are irrigated from Qilt and Fawwar springs 

through a canal running from Wadi Qilt. 

Few of the #'ells used for irrigation have been in useful. inten­

sive production long enou~1 to establish the recharge rate. Further­

more, in many of the wells the quality of tha water is questionable 

except for the production of highly salt tolerant crops. Particular~ 

in shalloH wells the quality may he expect~d to deteriorate as intensive 
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irrigated agriculture is developed in surrounding areas. 

Irrigation from Historical Works 

Evidence of 22 fuquaras, constructed during the Roman occupation 

for development of ground water, has been discovered in the Jordan Valley. 

Two minor areas continue to receive irrigation water from these ancient 

sources. The flow from one fuquara is used to irrigate an area on the 

East Ghor north of Wadi Shueib1 and the flows from three fuquaras have 

been combined to irrigate an area on the West Ghor north of Wadi Fari'a. 

It is also probable that many of the springs within the Jordan Valley 

are the only remaining outward manifestations of other historical devel• 

opments Which have become blocked and lost through lack of maintenance 0 

Subsurface Drainage 

Presently very little use is made of subsurface drainage 

waters. There are some i.11stances where shallow open ditches have been 

const~~cted for draining high water table areas and such water has some­

times been used for irrigation purposes, but as a whole facilities for 

subsurface drainage of such areas are inadequate. There are certain 

locations in the northern part of the East Ghol" where subsurface waters 

find their way to the zor below and these waters are reused for irrigaticn 

and for u~.rest.ock and domestic water. In some instances drainage water 

ms percolated through soils of a saline nature and the use of such water 

has dcne much to lower production on the zor lands. 

Other Uses 

Domestic and Livestock 

There has been practically no development of water in the Jordan 

Valley solely for danestic use or for use btJ livestock. The supply for 
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Jericho, which is at present being modernized to a certain degree, comes 

from Elisha's Springo Other villages 1n the valley have in general been 

established near perennial wadis, or more recent~ near canal.s construc­

ted primari~ for irrigation, and these open chamels have provided a 

source of water for both humans and livestock, in spite of extreme 

hazard of pollution. Spring water and well water is also used to a 

minor extento A large proportion of the population is nomadic, moving 

to the uplands in su!Ttller and back to the valley 1n winter, and the needs 

of these people for water for all purposes are satisfied simp~ ~ 

settling near an existing suppl3o 

Salt Works 

Within the project area is an ancient development for securing 

salto These salt ilorks are located on the East Ghor immediately north 

of the River Zarqao The area from which salt is produced covers some 

4,000 qonums and is bounded by arable lands on all sideso Even though 

salt is still bei~g produced by essentially the same inefficient method 

employed in olden time, the l~ids of this area are probab~ worth more 

as a source for 3alt than for agricultural purposes, if the cost of 

~eclaiming such lands is consideredo Because of high water tl1e process 

for securing sal.t can oricy be carried on 3 or 4 months ou·l; of the yearo 

Tool' 1-1ater from this area has infiltered adjacent areas and caused agri• 

cultural lands to go out of productiono By can trolling the water table 

cf t~se salt beds_, production could possibly be carried on 9 montha cut 

of the year, and ad,jacent lands rould be protected from salt water en-

. croachmezl'ioo No drainag3 waters from this are:. could be used for arr:r 

purpose oth:ll" than a source of salt. Even ti1ough this area has produced 

salt for centuries full utilization of the resources has never been 

attainedo 
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VOLUME IV 
YARMOUK..JORDAN VALLEX PROJECT 

MASTER PLAN REPORT 

PART 2. QUALITY OF WATER 

Scope of Investigations 

Quality of water is an important consideration in any apprai-

sal of ·conditions in an area to be irrigated. 

Many incomplete investigations have been conducted in the . 

past in connection with the quality of water from the various sources 

proposed for irrigation of the Jordan Valley. In many cases these 

investigations covered only restricted fields, such as determination 

of total dissolved solids, chlorinity or salinity, which, while valuable 

as background material and for correlation of the relative adaptabili't7 

of various sources, permit only a limited interpretation of the suita-

bility_ of the waters for use in irrigation agriculture. In addition to 

the concentration of dissolved constituents, as determined b,y ana~sis 

or from electrical conductivity, the composition of these constituents 

is of major iltl'ortance in determining the quality of water in relation 

' to its use in irrigating a specific area. In the limited time available 

!or the present investigation it was not possible to complete an ade-

quate stuey of all factors affecting the quality of water. The purpose 

of this investigation was, therefore~ to supplement previous findings, 

and either to confirm or refute earlier interpretations. 

In this discussion cmsideration is given only to the quali't7 

of water from major sources, the Yannou.k River1 the Jordan River, the 

River Zarqa and certain perennial wadis tributary to the Jordan River 

since these represent the srurces recommended for use on the project. 



Additional information regarding the quality of water from other 3ource~ 

is discussed els ewhere in this report. 

Methods and Analyses 

For convenient interpretation of data, waters have been 

classified in accordance with the system based on electrical conductivity 

and the sodium-adsor pt ion-ratio. A nomogram for detennining the sodium-

adsorption-ratio is presented on page 12, the diagram for the classifi-

cation of irrigation waters by the method mentioned is on page 131 and 

an example of the use of the two is on page 20. The drawings and the 

general methods of analysis used are from Agriculture Handbook No. 601 

United States Department of Agriculture. The follo~~ng laboratory tests 

were made on water samples analyzed: 

Electrical Conductivity - EC 
Total Dis solv-ed Solids - Tffi 
Calcium - Ca 
.Hagnesiu1n - Mg 
Sodium - Na 
P0tassium - K 
Chloride - Cl 
Sulfate - S04· 
Carbonate - C03 
Bicarbonate - HC03 

In addition, occasional tests were made for the presence o£ 

boron (B), but, . none of the samples so anaJ.¥z ed contained boron in a.rr:t-

thing approac~ing a toxic concent~ation. Other symbols used are: 

Hydrogen ion conce.'1tration - pH 
Soluble-sodium percentage - SSP 
Sodium-adsorption-ratio - SAR 

In these investigations, the Jordan River was sampled at 

two locations, one immediately below the confluence of Wadi Malih and the 

river, and the other at Al lenby Bridge. The Yarmouk River was ' sampled 

near Adasiye. The Zarqa Ri Yer and the perennial wadis were sampled in 
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each case near the point where the stream leaves the gorge cutting 

through the esca11)ment and enters upon the ghor .. 

Co~putations and Interpretations 

Average or repres entative analyses of water samples from the 

various locations cited, tcgether with the classification of each of 

these waters is given in Table t~.2-l which follows. The significance 

and interpretation of the quality-class ratings, as established in 

Agriculture Handbook No., 60, are summarized bela•,.;: 

Conductivity 

11101.-1-SALINITY WATER ( Cl) can be used for irriga­
tion ·Hith most crops on most soils 'Arith little likeli­
hood that soil salinity 1-1ill develop., Some leaching 
is required, but this occurs uncier nonr.al irrigation 
practicez except in soils of extremezy low permeabil­
ity., 

" l'-1EDIID1-SALINITY HATER (C2) can be used if a 
moderate amount of leaching occurs o ?lar.ts viith 
moderate salt tolerance can be grm,n in most cases 
without spec~;_al p:..·actices for salinity control. 

· ::HIGH-SALTIHTY ~.JAT:F.R (83) cannot be used on soils 
with restricted cbair..ageo Even ''iith adequate drain­
~ge, special manage~ent for salinity control ~AY be 
required and plants 'lorith good ::alt tolerance should 
be selected. · 

"VERY HIGH S,~I.INITY K~TER. (C4) is not suitable 
for i.:-riga.tion u .. >J.cier ordinary conditions, but may be 
used occasionally under very special circumstances., 
The soils r:rust be permeable, C.:::-ainage must be ade­
quate) irrigation vrater must be applied in excess to 
provide considerable leaching , and very salt-tolerant 
crops should be select~do 

Sodi'l.lr.l 

"The classification of irrigation waters with 
respect to St~~ is based pri~arily on the effect of 
exchangeable sodium on the physical condition of the 
soil. Sodiun-sensitive plant::> rnay, hovrever, suffer 
injury as a result of sodium accu..'ilulation in plant 
tissues when exchangeable sodium values are lower 
than those effective in causing deterioration 
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of the physical condition of the eoilo 

nLOW-SODI UH WATEI\ (Sl) can be used for irrigation 
on almo3t all soils with little danger of the develop­
ment of harmful levels of exchangeable sod.iwno Hcrw­
ever, sodium-sensitive crops such as stone-fruit trees 
and avocados may accumulate injurious concentrations 
of sod.iwn., 

"~1EDIUM-SODiffi1 WATER (52) will present an appreci­
able sodium hazard in fine-textured soils having high 
cation-exchange-capacity, especially under low-leach­
ing conditions, unless gypsum is present in the soil. 
This water may be used on coarse-textured or organic 
soils with good permeability. 

"HIGH-SODIUM WATER (53) may produce harmful 
levels of exchangeable sodiwn in most soils and will 
require special soil management--good drainage, high 
leaching, and organic matter additions. Gypsiferous 
soils may not develop harmful levels of exchangeable 
sodium from such waters. Chemical amendments may 
be required for replacement of exchangeable sodium, 
except that amer~dments may not be feasible with 
waters of ver-; high salinit-.r o 

"VERY HIGH SODIUM WATER (S4) is generally unsatis­
factory for irrigation purposes except at low and 
perhaps medium salinity, where the solution of calci­
um from the soil or use of g:rpsum or other amendments 
may make t he usa of these wat ers f easibleo 

11Somet:Lmes the irrigation water may dissolve 
sufficient calcium from calcareous soils to decrease 
the sodium hazard appreciabl;{, and this should be 
taken into account. in the use of Cl-S) and Cl-S4 
waters o For ca.lcareous soils with high pH values 
or for non~calcareous soils, th'3 sodium status of 
waters in classes Cl-S), Cl-S4; a.nd C2-S4 may be im­
proved by the adc!i tion of gypsum to the 1-1ater • 
Similarly, it may b~ beneficial to add gypsu.'Tl to the 
soil periodically when C2-S) and C)-S2 waters are 
used" o 

The quality of the water in all the strecuns investigated deteri-

orates with diminished flowso Approxiil'..ations of the discharge-quality 

relations for the j crdan River belol-r Wadi i-1aJ.ih, the Yannouk River near 

Adas~e and the River Zarqa at Deir Alla arc shown on Drawing No. JR-50a 

Any major and permanent change in the regimen of these rivers will 
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Table 4.2 - l 

Average Water Analyses 

Temp. 
FI:.x1rP 

M1111e~uivalente per Liter 
I Looation OF pH TDS Na Ca Hg Cl co3 HCO) 504 NO) B ' SSP SJ.R Cl.&.sa 
I-' 
~ 
I 

Jordan River 
at Wadi Mal1h 68 7.4 992 706 S.76 2.85 2.35 6.54 J.U 1.18 0.21 52.6 ).6 CJ~l 

Jordan Ri\llr at 
.u.lenby Bridge 68 7.9 2,402 1,681 15.74 s.u 7.86 21.66 .09 3.58 3.35 54.e 6.2 C4~2 

Tarmouk River 
near Adaai,ye 63 7.5 681 485 2.24 1.90 1.71 1.72 .OJ 3.21 o.B3 0.16 38.3 1.7 C2~1 

River tarqa 
near Deir llla 60 7.4 849 621 2.~0 3.49 2.68 3.18 .08 3.99 1.41 o.S4 31.2 1.6 C3~1 

Wadi Arab 6S 7.4 680 sso 1.26 3.30 3.10 1.43 .08 4.88 1.14 0.46 16.4 o.8 C2~1 

Wadi Z1&4b . 69 6.2 781 547 o.6S 3.75 3.60 1.69 .87 . 5.U 0.31 8.1 o.4 C3~1 

i-3 Wadi Tabes 64 7.5 ~· 400 369 0.76 2.55 1.64 o.e4 3.67 0.12 0.32 1S.7 o.s C2~1 

I-' Wadi lurrinja 62 7.5 4S8 321 o.48 2.40 CD 1.48 0.73 3.20 0.17 0.24 u.o o.3 C2~1 

~ Wadi Rajeb 62 7.4 487 341 o.43 0 
1'\) 

2.55 1.56 o.68 3.44 0.25 0.24 9.5 0.3 C2~1 

I Wadi Shueib 70 8.3 478 335 0.48 2.65 I-' 1.eo 0.19 o.4o 2.84 0.33 9.7 0.3 C2~1 

Wadi Auja 64 8.1 464 325 o.43 2.35 1.88 0.79 o.57 3.20 0.10 9.2 0.3 C2~1 
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invali date t he de t ermined rel ationship. Th11s , t he relation!J hltJ fo r th e 

,T ordan cannot be us ed t o es U mate t he water quali t y when sic;ni ficant 

port ions of the flows of th~ 1..1:-muuk River a.re di ·.rer t ed ,. T'ne f~t:0:''/'2!1 

will, however 1 be us eful in estimating t he qual ity of s to!'ed o!" diver­

ted water, and in appraising the antic i pated quality of bl ended flows a 

Conclusions 

waters of the Yarmouk River, or of Wadis Arab, Yabes , KuJ'rinja, 

Rajeb, Shueib or Auja, can be used for irrigation agricult ur e wi th 

little probability that soil salinity will develop, providing a moderate 

amount of leaching occurs during normal irrigation operations. Waters 

of the River Zarqa or of Wadi Ziglab should not be used alone on soils 

with restricted drainage, and even with adequate drainage it is probable 

that some method of salinity control wruld be required. Hmtever, water 

from these latter two sources would require onlY slight dilution with 

water of better quality to remove any significant hazard of saline 

contamination through their use. Therefore, under the normal recorrmended 

operation of the project, no special restrictions need be placed on use 

of water from the River Zarqa or Wadi Ziglab. Water from any of these 

tributaries of the Jordan can be used with little probabilit.y of the 

development of harmful concentrations of exchangeable sodium. 

Waters of the reaches of the Jordan River between the Yarmouk: 

River and Wadi Malih could at present be used for irrigatisn of soils 

with adequate drainage, although special management for salinity control 

might be required. Hm1ever, the quality of water in the Jordan RiYer 

deteriorates as it flows t~ard the south, until in the reach bel oN the 

Allenby Bridge, it is at best of border line quality for any us e in 

irrigation agriculture. 
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With diversion o! the !lows of the Ya:nnouk River and the 

possibility o! diminution of the flows of the Jordan River below 

Lake Tiberias, it is probable that the QJ&lity of the water 1n the 

Jordan will drop below the permissible limits of use 1n irrigation agri­

culture. Therefore, the use of water diverted d:i.rectl\1 ·rrom the Jordan 

River is not reconmended. 
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Noma and Classification 

EXAMPLE 

Classifica~ion of irrigation waters from data in laboratory 

anaqses is illustrated by the following~ 

1) Take the analyses for the River Zarqa near Deir Alla 
which appears as line u in Table ·u82-l on page 16. 

2) From this table read the following values: 

Electrl cal Conductivity 
Milliequivalents per liter, 
Milliequivalents per liter, 
Milliequivalents per liter, 

- 849 
aodium(Na) - 2.80 
ealcium(Ca) - 3.49 
magnesium(Mg) - 2.68 

3) Plot milliequi valents per liter of sodium on Scale A 
on the nomogram on page 12. 

4) Add the rnilliequivalents per liter of calcium and 
magnesium and plot the result, 6.171 on Scale B ot 
the same nomogram. 

5) Cormect the two points and read the sodium-adsorption­
ratio (SAR) as 1.5 on Scale Co 

6) Plot sodium-adsorption-ratio (SAR) of 1.5 on the verti­
cal scale on the left of the diagram on page 13 and 
project a horizontal line from this poLAt. 

7) Plot the conductivity of 849 on the horizontal scale 
at the bottom of the same diagram and project a line 
vertically upward to intersect the sodium-adsorption­
ratio (SAR) lineo 

8) Note the group in which the point of intersection 
falls, in thi. s ca3e, group C)-Slo From definitions 
on pages 14 and 15 it is found that this is a high 
salinity, low sodium water 'Which can be used on).y 
when there is adequate drainage, and even then specia.J. 
management practices are necessary for the control o£ 
salinity. Ordinarily, only those crops with high salt 
tolerance should be irrigated with this water~ 
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VOLlJHE IV 
YARMOUK-JOHDAN VALlEY PROJECT 

MASTER PLAN REPOHT 

PART 3. WATER REQUIREMENTS 

Introduction 

Irrigation requirements, the results of integration and corre-

lation of physical data and climatic phenomena, are the bases for ade-

quate design and efficient operation of any irrigation project. The 

physical characteristics of the crop, which detennine its consumptive use 

coefficient, together with variations in rainfall, temperature, relative 

humidity, and location, which determines duration of daytime hours, all 

enter into the final irrigation requirement for each individual crop. 

When these data have been combined for all the different crops, the 

overall irrigation requirement for the project ~ be determined. 

Several different methods of integration and correlation have 

been studied, and from these there have emerged two which have gained 

wide acceptance. Both combine climatological and irrigation data. The 

Lowry-Johnson method makes use of the effective heat and requires a long 

period of temperature records for acceptable results. The second, the 

Blaney-Criddle method, correlates latitude, temperature, crop and con-

sumptive use. Its application in widely separated parts of the world 

has resulted in comparable results for the same crop even though the 

period of record of climatic data has been relatively sharto Because of 

this feature, it has been selected as the method for use in determining 

irrigation requirements for this project. In its simplest· form the 
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Blaney-Criddle fonnula ist 

r = t x P (1), 

from which the following relations can be derived: 
U: f X k (2) 1 and 
m: u- r (J) •. 

The mre frequentzy used terms, symbols and notations used in 

computing irrigation and water requirements are presented and defined in 

the foll~ing sectiona 

Terms 1 Symbols and Notations 

Definition of Terms 

The more important terms as defined and used by the leading 

professional and tectmical societies and organizations dealing with 

irrigation followt 

l) Consumptive Use (Evapo-Transpiration). The sum of 

the wlumes of water used by the vegetative growth of a given area in 

transpiration or building of plant tissue and that evaporated from adja-

cent soil, snow, or intercepted precipitation on the area in an:! speci­

fied time, divided by the given area• If the unit of time is small, such 

as day or week, the consumptive use is expressed in acre-inches per acre 

or depth in incheSJ whereas, it the unit or time is large, such as croP-

growing season or 12-month period, the consumptive use is expressed as 

acre-teet per acre or depth in feet. (American Society of Agricultural 

Fnginee.rs and Soil Conservation Service) 

2) Irrigation Requirement. The· quantity of water, exclu-

sive of precipitation, that is required for crop production. It includes 

surface evaporation and other economically unavoidable wastes. Usuallf 

expressed iii depth (volume per tiilit area) for a given time; (American 



Society of AGricultural Engu1ecr~-) (American Society of Civil Engi-

neers.) 

3) Fi eld lr·rigation Efficiency o The percentage of iiTi-

gation water delivered to the field that is available for consumptive 

use by crops. (Soil Conservation Serviceo) 

4) Diversion Requiremento To the irrigation requirement 

is added an allowance for estimated deep percolation losses and waste 

in application on the farm and a further addition for estimated convey-

ance loss and waste between source of supply and the farm to give the 

diversion requiremento (Bureau of Reclamation.) 

5) Effective Rainfall. That part of the total rainfall 

which is available for plant us eo Usually, effective rains are those 

which exceed one half inch and o~cu!' wjthin a fe-.: consecutive hours. 

It has been assumed, for the purposes of this report, that 80% of all 

rainfall is effective when the total exceeds 25 mm per month, and that 

none is effective when the total is less than 25 mm per month. 

Symbols and NotatioP5 

Symbols a.-:d notations to express the conditions as presented 

above follow: 

ra Irrigation Requirement as defined in preceding 

section 

U Consumptive Use, total for. any period as defined 

in preceding section 
. 

F Sum of month~ consumptive use factors for any 

period 

K ~rop coefficient for any period 

t Mean monthly temperature (Fahrenheit) 
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p Monthly percent of daytime hours of the year 

f t x p :: monthly consumptive usc factor 
100 

k Monthly crop consumptive use coefficient 

(see K above) 

u k x f) monthly consumptive use in inches 

r Effective rainfall 

Coefficients and Constants 

Coefficients and constants which enter into the determination 

of irrigation requirements are discussed in considerable detail below: 

Consumptive Use Coefficient 

Each crop, and sometimes even different varieties of the same 

crop, has individual characteristics of which the most important is the 

monthly consumptive use coefficient (k), which varies but little· from 

one location to anothero Analyses of experimental work show that this 

factor does ~~ somewhat in monthly values but such variations are, as 

a rule, relatively small. For all practical purposes the montbly con-

sumptive use coefficient (k) is mimerically equal to the seasonal coef­

ficient (K)o Values and ranges of the consumptive use coefficient (K) 

as determined by workers in irrigation requirements in wide~ separated 

areas are presented in Table 4.3-1. 
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i 
1\.) 

V\ 
;1 

\ 

CB£1' (1) 

ll!alta .e5 
Be ana .65 
Be eta 1 Sugar .70 
Cane, Sugar 
Citrua .55 
Coni .75 
Cotton .62 
f1..;.:A 

Graina, Slllall .75 
Orch&rd ( deciduoua) 
Puture 
Peu 
Potatoea 
Rice 
SorgbWII 
Tomatoea 
Trud!: 

(l) 

(?\ 

.15 

.70 
1.00 

.70 

Blaney, Har17 F • 

E' •.ney, !larry !i'., Vld 
Criddle, Wayn~t D. 

(3) Blmey 1 Harry F. 1 
Hanson, gldon, G., and 
Lih, G. HarTin 

(4) Blane;r, Harry F., and 
Harria, Karl 

(5) Criddle, Wa;yne D. 

Table 4.3-1 

JIUMrical Value of •1• 
Ccwnm.ptbe Uae Coetrioient 

Source ot 
(2) (3) (4) 

.eo- .as .70-.85 .70...85 

.60- .70 .60 .60 

.65- .75 .70 
.80 

.so- .65 .65 .65 

.1s- .as .75 .75 

.60- .65 .62 .62 
.eo .eo 

.75- .85 .60-.70 .70 
.65 .65 

.75 .60-.75 .eo 

.eo 
.65- .75 • 70 
.BS-1.20 

.70 .70 .70 

.70 

.eo .70 .ss-.10 

•conaumptive Uae of Water~, 
Transactions ASCE, Vol. 1171 
P. 964, 1952. 

"Detenrdning Water Requirement& 
in Irrigated Areaa from Clima­
tological and Irrigation Data•. 
SCS-TP-96, Wuhington, D.c., 
February, 1952. 

•conaUI:Ipti" Use and Irrigation 
Water RequireMDta of Crops ill 
Nev Mexico•, u.s. Dept. of 
Agri., Soil Conaervation Ser­
vice, Washington, D.c., December, 
1950. (ProYisional) 

•consumpti ve Uee and lrriptiaD 
Water Requir81118Zlta of Cropa in 
irisana• 1 u.s. Dept. of Agri., 
Soil Conaenaticm Service, 
Waahington, D.c., Deceabora 1951. 

"Ccmaumpti ft Uae of Water uxl 
Irrigation Raquire.nta• 1 
JOUBIIAL OF SOD. .t.ND WJ.TEi Cai­
SEaVATICII, Septuber, 1953. 

Intoraa t.ioll 
(5) (6) (7) 

.as .e5 .as 

.65 .65 .65 

.70 .70 
.90 

.55 .65 

.75 .eo .eo 

.62 
.eo 

.75 .75 .75 

.65 

.75 .75 .75 

.70 .70 .70 
1.00 1.00 
.70 .1o- .eo 

(6) Erie, Leonard J. 

(7) Fanagan, Jet! E., and 
Cabezaa R. 

(8) Hanacm, Richard E., and 
Meyer, Walter R. 

(9) Houston, Cl;rde 1. 

(lD) To.un.OD, BJrOD R. 

(8) (9) (·10) 

.es .as .85 

.75 .70 .75 

.eo 

.75 .75 .75 
.62 

.75 .75 .75 

.75 .75 .75 

.70 

.70 .70 

.75 

~consumptive Use and Irrigation 
W~~oter Requirement& of Cropa in 
South Dakota~, u.s. Dept. of 
Agri., Soil Conservation Service, 
Washington, D.c., March, 1952. 
{Provisional.) 

~Requieitoa de Riege para el 
Sal v.dor•, Bole tin Teenico No. 
11, Centro Nacional de J.groiiO­
mia, Moly, 1952. 

•Irrigation Requirements, Esti­
....tea tor ~aa~ 1 Kanau Stat& 
College, Bulle~ No. 69, June, 
1953. 

•consU!Ilptive Uae of Irrigation 
-.Jater by Cropa in Kev&da• 1 the 
Univel'llity of lllev&da, Bulletin 
No. 185, Jul7, 19$0. 
•EatiJute of 'Water RequireJ~eZ~ta 
of Cropa•, Wyocin& J.gricul t.wral 
Experiaent Station, Uninraity 
ot Wyoming, Bulletin lio. 303, 
February, 1951. 

.IWIGE 

• 10.. .e5 
.6o- .75 
.65- .eo 
.eo- .9o 
.so- .65 
.75- .il5 
.60- .65 

.eo 
.60- .as 

.65 
.60- .co 

.80 
.65- .75 
.es-1.20 
.1o- .eo 

.70 
.55- .eo 



Duration of Daytime Hours 

The monthly percentag'! of daytime hours : 11 the year is a tunc-

tion of location, specifical~r 1 3.-th .ude, and 13 a <:ODB tant for a given 

latitude. Latitudes within the project araa vary from 31 °49t at the Dead 

Sea to 32°41• near Lake Tiberlas., For purposes of this report the lati-

tude of 3200t has been used throughout., A check was made to determine 

to what extent this would aff'3ct the calculations cmd it was found that 

the greatest possible error tnat cOu.ld be introduced by use of a single 

latitude would be less than one fourth of one percent. Monthly values 

of the constant (p) are shown belews 

Table u.3-2 

Monthly Percent of Daytime Hours 
(p) 

For Latitude )2°Qt North 

Month (p) Month (p) 

January 1.ou July 9.62 
February .7.57 August 9.13 
March 8.18 Septeni:ler 8.47 
April 8.87 October 7.82 
May 9o44 November 7,.22 
June 9.75 .December 6.89 

Temperature 

Temperature, while neither a coefficient nor a constant, is 

the most important single factor in the application of the consumptive 

use formula. It is an inherent characteristic of an area and data must 

be available before aqy of the methods can be applied. Such temperature 

data as are available are collected, compiled and mean monthly values 

determined before they enter into the calculations. 

Data AvaHable 

There are no long term climatic da t a available within the 
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project area; but there are seven locations as shown on the Ba~e Map, 

JR-8, at which records of fran ) to 17 years are. to be had. In addi-

tion, there are three re!ere .. -r,e~ stations adjacent to the project area. 

(Jenin1 Jerusalem, and AJmnan) that have canpl.eie recOrd.~ ot 12 to 16 

years duration. Temperature and · rainfall data tor these ten •tatiori8 

are portrayed in Drawing ns-5-J. In this drawing it will be noted that 

all 8tations have a similar temperature curve wh~h reaches ita peak 1n 

Juzy- or August. The rainfall pattern is not a~ clear cut as the tem-
. . 

perature curve, and there 1.s a marked decrease from north to sruth. Fur• 

ther, the records for all stations shaw sa.era.l months o! no effecti.Ye 

rainfall. Detailed records of all these stations along with othersboth 

· within and outside the project area are presented in Tables 4.)-6 to 

4.J-2)J while an index of data available at the stations used in com­

puting irrigation requirements are presented in Table 4.3-J which fol-

l<=Ms: 

Name · 

Degania · 
Wadi el Arab 
Beisan 
Wadi el Ji.lrum 
Tirath-Zvi 
Jericho 
Dead Sea (N) 

Jenin 
Amman 
Jerusalem 

Table 4.3-3 

Index of Climatic Data Available 
For Computing Irrigation Requirements 

Years of Record 
Latitude Longitude .Elevation Temperature Rainfall 

Jordan Valley 
32°ul'N J50J4tE - 198 M 1 17 
J20)6 1 N 35°J7 1E -197M 4 4 
320JOtN 35o.30'E - 11~ M 10 10 
32026tN 350J6tE - 180 M 3 . 4 
)2°23'N J5°32 1E - 24) M 5 5 
31051•N J5027tE - 250 M 13 22 
J10U9'N 35°34 1E - 392 PI 15 17 

Adjacent Area 
32028tN J5°18tE 160M l2 ·12 
Jl058 1N 35°56•E 190 M l6 15 
Jl<>h7 1N J5°11'E 827 M 13 l6 
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Establishment of Zones of Consumptive Use 
and Irrigation Requirements 

Many of the publishdd reports dealing with irrigation in the 

Jordan Valley show three zone:J of irrigation requiJ•ements with widely 

divergent numerical values bo ·=.h by zones and month.so Since the project 

area, which embraces the Yarmouk-Jordan Valleys between Adasiye Diver-

aion Dam and the Dead Sea, is onzy slightly more than 100 Kilometers 1n 

length' it seemed highly unlikely that three zones would be encountered. 

A detailed examination was, therefore, made of all factors affecting 

Consumptive Use and Irrigation Requirements. 

Consumptive Use 

Temperature records throughout the project area and adjacent 

areas were examined in detail and plotted on Drawing ts-5-3. These 

curves show a remarkable uniformity of temperature throughout the entire 

project area. It had already been established that the use of one 

single latitude, 32° North, would introduce a maximum error of less than 

one fourth of one percent. Since temperature (t) and the monthly percent 

of daytime hours (p), which is a function of latitude, show little or no 

variation throughout the project area, the inevitable conclusion is that 

there is but one zone of Consumptive Use. 

Irrigation Requirements 

Rainfall varies considerab~ from one end of the project area 

to the other as is sholm by Tables L.J-6 to L.3-23 inclusive and graph­

ically demonstrated on Drawing DS-5-3. When these variations in rainfall 

are correlated to consumptive use it is found that there is sufficient 

variation to justi.fy the establishment of two zones of Irrigation Raquire-

menta. While no hard and fast line can be drawn between these zones 1 

the River Zarqa represents an approximate boundar.y between the northern 



zone of relatively high rainfall and the more arid sou them zone. 

Application of the Formula 

Tha Blaney-Criddle method of determining consumptive use and 

irrigation requirements is dependent on the three .f'actor:s just discussed 

as well as on effective rainfall. The percentage of daylight hours in 

the month (p) is taken from Table 4.3-2 and multiplied by the value of 

the temperature factor ( t) 1 taken from Table 4.3-24, "Mean Month:cy Tem­

peratures" • The resultant is the monthly consumptive use factor (f) u 

shown in equation (1) on page 22. This is then multiplied by a mont~ 

crop consumptive use coefficient (k) (Table 4.3-1) to determine the 

monthly consumptive use (u) as in equation (2) on page 22. The formula 

and its application is rather simple when expressed in English units of 

measurements 1 but becomes cumbersome when metric units are used. To 

obviate the tedious and cumbersome calculations involved in converting be­

tween English and metric units, the nomograph, Drawing DS-5-2, was devel­

oped to g;ve a simultaneous solution in both systems using either system 

as the base. The same procedure as outlined above is used in the graphic 

solution which is illustrated by an example on the nomograph. After 

the monthly consumptive use ( u) has been found~ either by direct cal• 

cula.tion Or from the nomograph, the effective rainfall (r) I is subtracted 

to determine the monthly irrigation requirement in accordance with 

equation (3) on page 22. Effective rainfall which was defined on page 23 

can be computed for each station from data on Drawing IS-5-.3 • An exam .. 

ination of this drawing shows little or no effective rain!~ll at an7 

time for the two stations in the southern zone 0 The same ia true for 

stations in the northern zone during the SUl1111er months 1 but tb8l"e is 

some effective rainfall at all stations during the winter. Effective 
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rali1fall computed frmn data on Drawing DS-5-3 was weighted according to 

years of record and distance from project areao These data which are the 

11 r'1 used in computing irrigation requirements are in Table 4.3-4 below 0 

Tll.ble ~ .. 3-4 

Effective Rainfall (r) 
(nun) 

Northern Southern 
l1onth Zone Zone 

January 61 15 
February 56 11 
March 31 0 
April 0 0 
May 0 0 
June 0 0 
July 0 0 
August 0 0 
September 0 0 
October 0 0 
November 27 0 
December 51 1 

Annual 226 27 

After month~ irrigation requirements have .been determined, the overall 

efficiency of 65%, which is used throughout this report, is applied to 

establish the monthly diversion requirement. 

Water Requirements 

Irrigation requirements and coiTesponding diversiori requ.irementa 

for each o£ the two established zones were determined primarily from the 

basis of a cropping pattern developed jointlY with U.N.R.W~. personnel. 

This pattern was later modified in accordance with the expressed wish o£ 

the 'Jordan Government to include certain crops which at present consti-

tute major factors in the unfavorable trade balance of the country. Tmse 

cropping patterns, together with the unit irrigation requirements and 

di. version requirements for each are presented on Drawing m-5-5. 



Annual diversion requirements as developed from the two patternD 

are presented in the table which f'o llows: 

Table 4c3•5 

Summary of Water Requirements 

Net liTigable Diversion Requirements 
Area in Annual - MCM 

Area and Sub-Area 1000 Donums Pattern A Pattern B 

East Ghor (North) 
Below Canal 129o0 162.5 169.8 
Above Canal 40.5 51.0 53.3 

Sub-Total 169.5 213.5 223.1 

East Ghor (South) 
Below Canal 151.4 240.4 242.5 
Above Canal 32.2 51.1 51.6 

Sub-Total 183.6 291.5 294.1 

Total East Ghor 353ol 505.0 517.2 

West Ghor 
Below Canal 87.8 139o4 140.7 
Above Canal 63.3 100.5 101.4 

Total West Ghor 15lol 239.9 242.1 

GRAND TOTAL FOR PROJB:T 504.2 741.9 759.3 
Wadi Fari 1a 9 .. 5 15 .. 1 15 .. 2 

TOTAL 513~7 760.0 774.5 

These quantities were computed qy multip~-ng the area in each 

geographic sub-division by the unit requirement for the corresponding 

zoneo In addition to lands within the project area, total diversion re­

quirements cover 9,500 danums in Wadi Fari'a• 
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Table 4o3-·6 

Rainfall at Degania "A" 
235,300 N. - 204,000 E. 

Elevation -200 1'1. 
(in lllll) 

Sheet 1 of 1 

Total 
Year Jan. Feb. tlar, Apr. Hay June Ju1y Aug. Sept, Oct. Nov. Dec. Annual 

1917 o.o 17.8 60,0 227.9 
1916 105.6 ~5.6 ll.ld 14.8 o.o 0.0 o.o o.o o.o o.o 36.0 135.5 532 . 0 
1919 105.0 91.0 49.0 32.0 o.o o.o o.o o.o 

i 1920 o.o o.o 72.6 0,0 
w 1921 Tt.8 137.6 6o.4 o.o h. 7 o.o o.o o.o o.o 5.5 L1.9 164. 9 L92. 6 
1'\) 
~ 

1922 169.2 53.3 L7.6 128.0 4SC.3 3.2 o.o o.o o.o o.o o.o o.o 57.0 
1923 57.0 123.5 4o.o o.o 2E.o o.o o.o o.o o.o 18.0 7.0 89. 5 363. 0 
1924 ll6.5 107.5 37.5 o.o 24.0 2.5 o.o o.o o.o 21.5 9. 7 66 .0 385.2 
1925 60.5 33.0 3.0 27.5 o.o o.o o.o o.o 
1926 o.o o.o o.o 29J.5 

1927 72.0 117.2 46.0 42.0 o.o o.o o.o o.o o.o 7.0 E.O 1e.o 340.2 
1928 57.5 115.0 2.0 2.0 o.o o.o o.o o.o 
1929 o.o o.o 1oe .o c2. 5 
1930 fi9.0 59.0 8.5 28.0 o.o o.o o.o o.o 0.0 o. o 3!.. .0 92 . 0 310. 5 
1931 75.0 11°.0 22.0 o.o o.o 4. 5 0.0 o.o o.o o.o 9. 0 fio . o 30<; . 5 

1932 25. 0 132.0 e.o 5.0 o.o o.o o. o o.o 
1933 
1934 o.o L.5 6. 5 206,0 
1935 76.0 2.3 33.6 65. 6 21: . 6 
1936 52.5 2.9. 7 16. 7 e.8 8.8 o.o 0.0 o.o o.o o.o ll3 .0 92 .1 )21.6 

1937 123.6 34.8 4. f 18.o o.o o.o o.o o.o 0,0 18,0 37.5 17.5 245.2 
193B 174.0 87.4 56.2 o.o 29.0 o.o o.o o.o o.o 1.0 121.3 70.lJ 539.3 
1939 63.2 122.4 85.9 18,4 0,0 o.o o.o o.o o.o 1.0 57. 9 52 .3 401.1 
19LO 136.7 L5. 4 23.4 B.l o.o o.o o.o o.o o.o 21.4 43.3 62 .0 3L0.3 
19Ll 57.1 6L.9 73.0 6.0 o.o o.o o.o o.o 2.0 2.0 4.9 136. 1, 34E. 3 

19L2 39.6 W..5 50.5 0,0 o.o 0,0 o.o 0,0 0,0 59.6 80.9 12.4 2e1.5 

8 1943 lTI.O 41.6 51.9 77.0 2,8 0,0 0,0 o.o o.o 1.6 4.3 WJ.9 395.1 

Ill 19W. 231.7 3L.9 48.9 ll.4 4.4 o.o o.o o.o o.o o.o 172.6 207.5 711.1, 
U' 1945 101.9 6L.o 25.1 49.1 3.4 o.o o.o o.o 
I-I 
(D 

'l'otal Yeara 
+=- of Record 23 22 22 23 22 22 22 22 23 23 23 23 17 
0 
w 
b.. !INn for 

Year• o! 
liacord 97.4 82,4 39.8 15.3 4. 8 0.3 0,0 o.o O,lB 9.2 .50.1 97.7 399.4 

Source! Jt:mdred Years of Rainfall Obse:rTation - Dr •. Ashbel - Jerusalem, 1945. 



Table 4.3- 7 

Rainfall at Adasiye 
230,000 II. - 208,000 E. 

Elevaticn -200 M. 
(In mm) 

Sheet 1 of 1 
I w Total w Year Jan. Feb. Mar. !or. l".ay June July Aug. SePt. Oct. Nov. Dec. Annual 
I 

1947 o.o )0.:> 12.5 

19LB SL.o 107.0 117.0 30.0 o.o o.o o.o o.a o.o 0.0 36.5' 110.1 L8h.6 

1949 93.1 95.6 91.7 103.6 o.o o.o o.o o.o o.o 

199:1 

1951 3.7 L2.6 115.4 

1952 60.1 98.0 59.3 o.o o.o o.o o.o o. ~ o.o 6.L 19.0 L9.4 292.2 

1953 1$L.9 9').0 12e.o 7.0 o.o o.o o.o o.o o.o 15.6 135.8 91.2 622.5 

19~ 115.8 132.6 15.8 11.6 

Total 
t-3 Years of 
Ill Record 5 5 5 5 4 4 4 L s 5 5 3 
o" 
I-' 
CD 

~ 
lt!lan for 

\) · Years of 
w Record 95.6 
D 

104.6 88.6 30. s o.o o.o o.o o.o o.o 5.1 ~.8 81. 7 466.4 
-.J 

Source: Tecm1ca1 Papers No. 16, 17, 20, and 21, Departnent of Lands a~d Survey•, Jordan. 



Table 4~3-8 

Rainfall at Baqura 
227,800 N, - 205,800 E. 

Elevation -200M. 
(In mm) 

S~et 1 of 1 

I Total w 
+="'" Year Jan. Feb, Mar. Apr, May June July Aug, Sept. Oct. N(J{, Dec, Annual 
i 

191:7 o.o Ll.O 30, 8 

19LB 62.5 88.0 1LL.5 21.0 o.o o.o o.o o.o o.o o.o 39.5 110.5 L66.o 

19L9 91.0 73.5 eJ. 5 BB.o o.o 0.0 o.o o.o o.o 

1950 

1951 L.5 L.L. 5 150.2 

1952 59.3 90.4 52. B o.o o.o o.o o.o o.o o.o 10,7 22.1: 55.5 291.1 

1953 1.61.5 7B.L l.OL,l 15.2 o.o 0,0 o.o o.o o.o 6.7 157.L 80.5 603.8 

19~ 69.9 132.6 15.0 15.0 

Total 
8 Years of 
fl> Record 5 5 5 5 L L L 5 5 5 
t r' 
I-' 
(!) 

Haan far 
~ Years of 
:_..,J Record 90.8 92.6 tiO,O 27. B o.o o.o o.o o.o o.o L.L 61.0 85. 5 
; 

en 
~: Technical Papers No, 1.6, 17, 20, and 21, Department of Lands and Surveys, Jordan. 



Table 4oJ~9 

Rainfall at Wadi i.rab 
I 22h,ooo N. - 201,800 t. w 

V1. Elevation -197 M. 

' (In mm) 
Sheet 1 of 1 

Total 
!ear Jan. Feb. Mar. A!Jr. May June July Aug. Sept. Oct. !~ov • Dec. Annual 

1951 10.2 40.7 143.2 

1952 ;h. 7 es.s L5.B o.o o.o o.o o.o o.o o.o 12.5 20.5 5t.2 275.2 

1953 147.5 78.4 llL.4 16.7 o.o o.o o.o o.o o.o 7. 7 151.0 79.8 595.5 

B5t 89.5 12s.e D.3 

Total 
~ Years of 
Ill Record 3 3 3 2 2 2 2 2 2 3 3 3 2 
a' 
I--' 
CD 

Mean !ar 
J:"""" Y~~ars of e 

Record 97.9 97.6 57.8 8.4 o.o o.o o.o o.o o.o lD.l 70.7 92.L LJ5.L w 
I 
\{) 

Source1 Technical Papers No •. 20 and 21, Department of Irrigation, Jordan 



Table 4o3 ~10 

~ 
Rainfall at ~ladi Zi glab 
21.4 ,0JJ N. - 206,000 E. 

~ Elevation -190 M. 
I ( I n mm) 

Sheet 1 of 1 

To tal 
Year Jan. Feb. Mar. Apr. May June Jul;r Aug. Sept. Oct. Nov. Dec. Annua l 

1951 28.0 30.2 133.0 

1952 55.8 62.9 64.9 2.5 o.o o.o o.o o.o o.o 17 • .3 7.6 40.4 251. 4 

195.3 119.1 7 ~ .6 86.L 12.0 o.o o.o o.o o.o o.o o.o 186. 7 8.3.2 5Q6.o 

19~ 80.2 n c.o L.l 22. ·1 

Total 
1-3 Years of 
IU llecord 3 3 .3 .3 2 2 2 2 2 .3 3 .3 2 cr' 
1-' 
(1) 

+:- !'lean for 

• lear& of 
w Be cord 95.0 85.8 51.6 12.2 o.o o.o o.o o.o o.o 15.1 74.8 85.5 423.7 I 
1-' 
0 

Sou:rcet . Technical Papers No. 20 and 21. Departmant of Irrigation and ~ater Power, Jordan 



Year Jan. Feb. l".ar. 

Averal!:e 
Rainran 
10 Year 
Record 78.7 71.1 17. 8 

Apr. 

10.2 S.l 

P..ain.fall at l:>eisan 
211,500 N. - 197,500 E. 

!:: levation -118:-:. 
(In mm) 

Sheet 1 of 1 

June July 

o.o o.o 

Sourcel Climatic Analogues of Palestine and Trans-Jordan - M. Y. Nu ttonson - 19h6. 

No otter data available. 

Aug. Sept. Cct. 

o.o o.o 17.8 

Nov. - Dec. 

JO.S 35.6 

I c tal 
A::!"C.la l 

266 . 7 



Table 4 ,. J ~.12 

P.ai nfall at wacfl. Ja:rum 
! 2 'lL ,"~OO 1!. - 206,000 E. 

\..0 Eleva ticn -lf~O tl. en 
s lin mm) 

Sheet 1 of 1 

Total 
!ear Jan. !'eb. :".ar. Apr. ~!ely June July Aug . Sent. Oct. ':ov . : -ec. ,. nnua ! 

195l 1R. 7 2'i . h 1.30.1 

1952 SO.L L.3.3 62.0 o.o o.o o.o o.o o.o o.o 7. 2 21.3 1E. 6 2o2 .e 

1953 107 • .3 7L.2 89.5 9.L o.o o.o o.o o.o o.o o.o 126.8 77.2 LE.I: . L 

l99l 57.6 85.6 L.9 11.1 

Total 
Years of 

1-3 Be cord 3 3 3 3 2 2 2 2 2 3 .3 .3 2 

~ 
1-' 
CD rtean far 

.r=- Years of .. Record 71.8 67.7 52.1 6.e o.o o.o o.o o.o o.o 8.6 59.2 75.3 .343.6 
\..U 
I 

~ Source: Technical Papen No. 20 and 21, Depart ment of Irrigation, Jordan. 



Table h c 3 ~1J 

Ra i nfall a t Tira t h-Zv i 
20),2'Y.l lJ, - 199 , 900 E, 

Elevation -220 M. 
(In mm) 

Sheet 1 of 1 
I 

w ':"ot a1 
'\0 lear Jan. Feb , Mar. Apr, May June July Aug , Sept, Oc t, llov, Dec, An.'1ua1 
l 

1938 0,0 0, 0 131 . 1 29 . 9 

1939 2f. .6 eJ. 5 68 , L 10,2 0,0 0, 0 0,0 o.o 0,0 1. 9 L9.l 31. 5 273.2 

19LO 115. 0 3. 5 22,5 3.0 0,0 0,0 0, 0 0 , 0 0, 0 25.0 56. 8 66, c 2<;2,6 

191!1 35.1 29,L 43 .9 0,0 0, 0 0, 0 0 , 0 o. o 0,0 2, 0 5. 6 l27.E 2!.3 . 6 

1942 22, 8 37.2 47.0 0,0 0,0 o.o 0,0 o.o o.o 66. 9 5(: . 3 22 . 8 255. 0 

1943 173.1 75.2 80 , 8 39.3 o.o 0,0 o. o 0, 0 o.o 0 , 0 25. 0 o.o 3'13 . 4 

1944 131.5 5L .5 34. 5 4. 0 47. 0 o.o o.o o.o o.o 0 . 0 11.4. 5 160. 5 376.5 

1945 74,0 72. 5 )0, 0 29.0 0, 0 o.o 0, 0 0 , 0 

t-3 
Total 

~ 
Years of 
Record 7 7 7 7 7 7 7 7 7 7 7 7 6 

t-' 
ro ttaanfar 
~ Tear11 of 
• Be cord 82.9 50.8 1,6. 7 12,2 6,7 o.o o.o o.o 0,0 13.7 67.2 62.7 30 S.8 \A) 

t Soun:e1 ttandred Years of Rainfall Observations, (1844/45- 1944/45)- nr • .lsli>el, Jerusalem, 1945. 



Table 4oJ=l4 

Rainfall at El...Qarn 
194,100 N. - 204,300 E. 

Elevation -178!1, 
(In mm) 

Sheet 1 of 1 

I Total 
+:- Year Jan, Feb, Mar, Apr, May 
0 

June July Aug, Sept. Oct, Nov, Dec. Annual 

6 

1947 o.o 18,0 11.0 

1946 47.0 47.0 82,5 17.0 o.o o.o o.o o.o o.o o.o 11.0 70. 2 274 .7 

1949 105.2 ).59. 7 232.7 287.7 0,0 o.o o.o 0,0 o.o 

1950 

1951 6.0 17. 0 230.00 

· 1952 102,5 99.0 109,0 o.o o.o o.o 0,0 0,0 o.o 7.2 2,0 7.0 326. 7 

1953 113.0 84,0 110,6 8,0 0,0 o.o 0,0 o.o 0,0 0,0 88.5 67. 5 471.6 

19~ 62.4 90.0 4.0 16,0 

1-3 Total 

~ 
Years or 
Record 5 5 s 5 4 4 4 4 4 5 5 3 

1--' 
ro 
+:- Mean for 
0 Years of w 
I Record 86,0 95.9 107,8 65.7 0,0 0,0 o.o o.o o.o 2,6 27.3 77,1 357.7 

~ 
Sources Technical Papers No, 16, 17, 20, and 21, Department of Lands and Survey and Depi rtnent or Irrip;ation, Jordan 



I 
Table 4.3~15 

p-
l-' 
I Rainfall at 1-ladi Kufrinja 

186 ,400 N, - 206 ,700 E. 
Elevation -200 1'1. 

(In llllll) 
Steet 1 of 1 

'!'o tc.l 

Year Jan. Feb, 11ir. Apr. ~lay June July Au~. Sept, Oct. ~~OV • Dec. hnrr..:. c. : 

1951 2.3 22. 7 1LB.l1 

1952 56.5 73.9 51. 8 o.o 'l ,O 0, '1 o.o o.o o.o s. L 9.8 6.4 2S) . L 

1953 79.2 76.9 89. 7 1.5 o.o o.o o.o o.o 1) ,0 0.6 95.2 71.7 LlL. E 

19~ 33.7 94.6 5.9 32.5 

Totc.l 

t-3 Years of 
Ill Record 3 3 3 3 2 2 2 2 2 3 3 3 2 

o' 
l-' 
(!) 

Mean for 
p- Years of 
0 Record 56.5 81.8 L~.l 11.3 o.o o.o 0.0 o.o 0, 0 2.8 42,6 75.5 309 .3 
VJ 
I 

t:t Source: Technical Papers No. 20 and 21, Department of Irrigation, Jordan, 



I Table 4~3-16 
~ 
1\) 

I 
Rainfall at. IU.ftf' Zarqa - Deir 1Alla 

178, 2 N. - 209,000 E, 
Elevation -185 M. 

(In II'.ID) 

Sheet l of l 

Total 
Year Jan, Feb, l1a r, Apr, May June Jnzy Aug, Sept, Oct. Nov , Dec, Anr.ual 

1951 o.o B.o 121.8 

1952 L9.6 53.3 7h. 6 0,3 o.o 0,0 0,0 o.o o.o 3.1 6.9 5. 5 193.5 

1953 59.h 93.3 95.9 6.1 o.o o.o o.o o.o 0,0 0,0 97.2 83,2 435.1 

1954 34.2 l07.L 9.3 us. 1 

t-3 

~ Total 
1--' Years of 
(1) Record 3 ) 3 2 2 2 2 2 3 3 3 2 

~ 
0 

w Mean for 
I Years of 1-' Record h7.7 au.7 6o 17.h o.o 0,0 o.o o.o o.o 1,0 37.4 70,2 3lh.3 "' 

Sourcet Technical Papers No. 20 and 21, Irrigation Depart~~~ent, Jordan, 



Table 4. 3··11 

Rainfall at Jericho 
lLO,OOO t:. - 193,000 E. 

(In llllll) 
Sheet 1 of 1 

i c tal 

Yeur Jan. Feb. Mar. Apr. !".ay June July Au£. Sept. Jet. Nov. [•ec , Annt:a1 

1923 o.o 11.h 8.o 9J .1 

192L 20.2 59.3 o.o 0,0 25.0 o.o o.o Q,O o.o 1,2 2e. a 2~ .1 162.6 

1925 12.0 2),6 u.o 18,0 0,0 0,0 0,0 o.o o.o 6.3 19. 9 8,0 9c. o 

1926 55.1 37.2 20.0 1.1 0,0 0,0 o.o 0,0 n.o o.o o. o 31.0 ll.L.L 

1927 17.0 l8.8 B.o 9.0 o.o 0, 0 0,0 0.0 o.o o.o 16.0 5.0 10), 8 

1928 21.3 hl.3 2.0 0,0 0.0 o.o o.o o.o o.o o.o 3.0 30.8 9E.L 

~ 
1Q29 29.6 25.0 2.0 18.5 o.o o.o o.o 0,0 o.o o.o 32. 5 10.3 117.9 

+=- 1930 54.5 22.0 1.0 20.5 1.0 0.0 o.o o.o '.),0 0.0 e. o ;D . 5 157.5 
w 1931 37.5 20.0 1. 5 L.5 0,0 o.o o.o o.o o.o L.o 3. 5 e.o 79. 0 
E 1932 l B. 5 26,0 1. 5 o.o o.o o. o 0,0 (\ ,0 o.o h. 5 o.o o.o .:0. 5 

1933 22.5 19,0 10.0 8,0 o.o o.o o. o o.o o.o 0,0 3.5 3. 5 C6.5 

193h 65".0 12.0 l.o L.o o.o o. o o.o o.o o.o o.o 5. 5 79. 5 170,0 

1935 26. 5 LJ.a 0.5 0,0 o.o o.o o.o 0.0 0,0 17.0 15. 0 L.5 1ot,5 

1936 IB.o 11.5 24,0 L.5 o.o o.o o.o o.o o.o 0,0 50.0 31. 5 139.5 

1937 39.0 2, 5 o.o H:.5 0,0 o.o o.o 0,0 o.o 8,0 47. 0 1.5 11L.S 

19)8 52.5 59.0 20.5 1,0 7.0 o.o 0,0 o.o 
1939 o.o 2.0 26. 5 h7.7 

19LO 85.8 2.2 3. 0 2 5. 7 o.o 0,0 o.o o.o o.o 6.5 17. 0 2L . fi 165.0 

19Ll 20,0 7.h 37.5 ). 7 o.o o.o o.o o.o 0,0 3.2 L.l 76.3 1~.2 

19h2 11.8 23.5 38.0 1,1 o.o o.o 0,0 o.o o.o 17.6 E.B 7. 9 l ll. 7 

19h3 57.2 31.7 L2.2 lt,2 1.1 o. o 0,0 o.o o.o 8.4 o.o 11.L 171,2 

191.1 Lh.5 7.6 19.3 11.7 11.8 o.o 0,0 o.o o.o o.o 6l.h 78.3 2 ;;1. , 6 

1945 75.6 5:J.6 22, 8 4.8 19.8 o.o o.o o.o 
1952 o.o 1.8 L.2 

1953 25.3 .52.h LJ.5 0,0 o.o o.o o.o o.o o.o 
t-:3 

~ Total 
...... Years o! 
(0 liecord 22 22 22 22 22 22 22 22 22 22 22 22 19 

+=-... Hun far 
w lelll"B of • Lcord 36.9 28.4 111.2 7. 7 3.0 o.o o.o o.o o.o 4.1 17.2 27.1 129.1 
...... 
-.J 

SOIII'Cos Hamrec'l Years of Bain1'all Observ;~tions (l8W1/LS- 194L/45) - DP. D. A&hbcl, 1945 



Table 4o3 -18 

Rainfall at Kafrein 
1391 500 N. - 211,000 E, 

Llevation -230 ~~ 

(In mm) 
She et 1 of 1 

i Tota l .j::;"" 
Year Jan, Fet . Mar, Apr. May June July Aug. Sept. Oct. Nov. Dec, Annua l j:::"' 

' 
19L7 o.o 26. 9 2.L 

19LB 5£ .8 22.5 LS.l 0,0 o.o o.o o.o 0,0 o.o o.o 6,0 3L.6 167,2 

19L9 1~ .3 31.5 51.7 50.8 0,0 o.o o.o o.o o.o 

19,5:; 

1951 2,0 7,0 117.1 

19;:2 31. 0 33. 7 52.3 3.L 0,0 0,0 o.o 0,0 ' 0,0 L.o 1.1 10. 0 13 5.5 

1953 30. 5 L9.6 27.9 5. 5 o.o 0,0 0,0 o. o o.o 

19.54 16.6 L.B 11,9 

t--:1 Total 
Ill Years of 0' 
1-· ' f'.ecord L 5 5 5 L L L L L L 2 
CD 

.j::;"" l'ean for 

" Years of 
w 
~ 

Record 3L. 6 JO.B 36.L lL.3 o.o 0,0 0,0 0,0 0,0 1,5 10.2 Ll.l 15l.L 
1-' 
en 

Source: Technical Papers No, 16, 17, 20, and 21, Department of Lands and Surveys - Irri gation Secti on, Jordan, 



Table 4o3-19 

Rainfall at bead Sea (llorth) 
137,000 tl. - 201,000 E. 

Elevation -390!1. 
(In mm) 

Sheet 1 of 1 

'!'~ tal 

Year Jan, reb . Mar. Apr. May June July Aug, Sept. Oct, Nov. Dec. .lm::'"al 

1929 9. 0 22 . 9 8, 3 12,6 o.o o.o 0,0 o.o o.o o.o 11.0 4. 5 t B.3 

!- 1930 13 . 6 17.7 1.8 0,0 o.o o.o 0,0 o.o 0,0 o.o 21,5 29. 5 84 .1 

\ n 1931 22 .7 L. 7 0,0 0 , 0 0,0 0 . 0 0.0 0,0 o.o 0,0 3. 5 e. 5 39 .4 
0 1'132 10. ) o.o o.o o.o o.o 0.0 o.o 0,0 0,0 3.5 2,0 0,0 15. 5 

1933 E. 5 ll. 5 3. 0 1.5 o.o " . 0 0 , 0 o.o 0,0 0,0 1.5 3. 0 20 , 0 

1'13L 2 ;,:: 2. 0 0, 0 0 , 0 o.o 0,0 o.o 0 ,0 0 . 0 0,0 0. 5 36. 5 cL.2 
1<? 35 1:? . 5 l2,L o.s •),0 1,0 o.o 0, 0 o.o 0,0 26, 8 lL.O 2,0 70, 2 
1936 9. 3 6 . .3 10,0 6.5 0.0 :>,e> 0.0 0, 0 o.o 0 .0 29. 0 23 . 5 ~4.6 

1937 .36.2 10. 3 0,0 3.0 o.o 0,0 o.o 0,0 o.o 2.5 22 .2 o.o 7L .2 
193E 26 .3 20.[, 15.8 0,0 4.0 0,0 o.o 0,0 0,0 0 , 0 35.7 16. 0 U S. 6 

1939 ':i. 5 L2. 7 39.6 0,0 o.o 0,0 o.o 0,0 0,0 1. 5 30. 5 25.5 l L 5. 3 
1940 -~ .o 2,0 6,0 20, 0 0 , 0 o.o o.o 0, 0 o.o 0 , 0 12 .7 12. 5 ll1 ,2 

19hl 9 .0 12. 0 13.0 0,0 o.o 0, 0 0,0 0 , 0 c.o 0 , 0 J. O LO. C .'7. G 
1'142 t.. o 11.. 0 35. 5 0,0 o.o c.o o.o 0. 0 o.o 9. 0 2, 5 0, 0 65. C 
19113 19. 8 7.h 33.8 5.5 0,0 0,0 0 ,0 o.o 0,0 o.o 0, 0 8. ~ 7 ~.1 

191.4 25.1 4. 8 B. 8 20,7 2,4 o. o 0. 0 0, 0 0,0 0,0 109.5 64.J 23S. 6 
1945 )6.0 20 , 0 11,0 2,0 16,0 0, 0 0 , 0 0. 0 

1-] Total ill 
u' Years of 
I-' Record 17 l7 17 17 17 17 17 17 16 16 16 16 16 
((I 

j:.:." Mean for 
0 1:ears of 
'-""' Rtscord 19. 5 12 .L n .o 4.2 1.4 o.o 0, 0 0,0 o.o 2. 7 18.7 17.2 84. 8 a 
1-·' 
.() 

Sources lhu:dred Yl!>ars of 'Rainfall Observation ( 1844/45 - 19h4/45) - Dr. D. .Astbel - Jerusalem, 1945. 



I Table 4.3-20 ~ a-
I 

Rainfall at Ghor Fari'a P, Post (Ex-Jiftlik) 
172,000 N. - 196,000 E. 

Elevati : n -2LO !'1, 
( I n llllll) 

Sheet 1 of 1 

Total 
Year Jan. Ft:b, Mar. Apr. May June July Aug . Sept. Oct. tlov. Dec, J.nn:.~al 

l9Sl o.o 6,0 e. 5 

1953 L8.5 55.5 76.5 1.5 o.o o.o o.o o.o o.o o.o 90.0 67.5 ))9.5 

1991 53.0 5.0 15.0 o.o o.o 0.0 o.o o.o 

~ 
Total 

~ 
Years of 

f-' 
Record 1 2 2 2 2 2 2 2 2 2 2 2 1 

(l) 

~ M.an for 
0 

Teare of \..U 

' Be cord 48.5 ~.2 Lo.8 8.2 o.o o.o o.o o.o o.o o.o 48.0 38.0 339.5 
1\:) 

0 

!lourcea Teclm1eal Paper Jio, 21, Irrigation Department, Jordan. 



Table 4~3-21 
Rainfall at Amman - R.A. F. 

153,000 N. - 242,500 E. 
Elevation 780 1'!, 

(In mm) 
Sheet 1 of 1 

Total 

Year Jan, Feb, Mar. Apr, ~ ......... 
.lO.J June July Au!(. Sept, Oct, Hov. Dec, Annual 

1927 47.0 190,8 5. 4 36.9 2,1 o.o o.o 0,0 o.o 8,1 22,2 10<1 , 0 421. 5 

1928 46,1! 109.3 6,0 0,0 0.0 0,0 0,0 o.o 0,0 0,0 26 ,8 45. 8 2.37.3 

1929 70.3 84.7 15. '7 0,0 o.o o.o -J ,O 0, 0 0,0 0,0 47.3 4Lu 259 .4 

1'130 86.9 u7.6 6,4 26.5 1.0 0,0 0,0 '),0 0.0 c. o 17.7 50 .6 236.7 

1931 97.L 50.3 2u.9 8.4 o.o :>.0 :> ,0 :>.0 ) ,0 1.9 11 •• 2 n .1 2 e~ .e 

1932 u5.lt 58.5 7.0 10,4 o.o o.o 0.0 0,0 o.o ?.1 4.5 0,6 1)6.1 

1'133 53 .3 25.2 31.4 13.4 0.0 o.o o.o o.o 0,2 0,1 7.2 5.1 p : o 
~--

1934 9u.3 45.3 7.l..t 0,0 a.o 0,0 J . O 0, 0 1. 7 o.o 67,0 

1935 76.9 142.3 17.3 lh.e 4.5 0,0 O, J ') , 0 0.0 lh.9 lL.O 4.9 28? .6 

1936 13.4 103.1 24.8 11.2 0,0 ·~ . 0 J ,O o.o 0,0 0.1 6C: . 5 87.3 3JE: .J, 

!- 1937 117. 0 16.1 0,) 54.8 3.8 0, (1 1) ,0 0, 0 o.o 4.6 14.0 1.1 211 , 1.. 

--...1 193& 97. 0 132.8 66.u 1.3 24.1 0,') o.o 0,0 o.o 0,2 126.5 26,2 !..76.5 

I 193'1 24.f 79.4 84.8 4.3 0,0 0,'1 o.o o.o 0,0 3.3 71.8 20 . 4 2E6.<' 

19!,0 124.1 5.2 30.0 31.4 o.o 0 , 0 0, ') 0.0 0,0 8.4 32.8 59 . 0 29) .9 

1941 61,6 22.4 24. 0 6.2 0, 0 0,0 0, 0 o.o 0,0 2,2 3.5 155.1 27 5. C 

1942 56.9 86,6 96.9 0,3 0, 0 o.o 0,0 0,0 o.o ~.6 27.8 18.6 341.7 

1943 l OS.h :J:J • .S 86 ,7 34.4 2.3 :) , 0 o.o 0. 0 o.o 4.5 0,6 16.2 ) ::--2 , 6 

19iJ!, 1111.7 12 .6 20 ,2 11.7 13.0 0, ·:1 o.o o.o o.o 0,0 1.36.8 94 . 0 1..)0,0 

l9u5 lJ ~ .2 106.0 19.3 4.6 19,6 o.o o.o o.o 
1945 

19h7 0,0 22 .2 21,0 

191,5 92 . 8 69.1 76.1 12,0 1 •. 3 0,0 0,0 o.o o.o 2.1 12.1.. 44.3 31J.l 

19L9 74.9 12.3.9 116,0 52.5 2,,::"; o.o o.o o.o 0,0 

1950 
19~ 

0.9 19.9 179,8 

1952 .35.6 79.7 46.9 o.t. o.o 0,0 o.o 0,0 0,0 6.5 ).9 12 , 3 l 'l7.3 

lY53 29 .3 81.3 168.7 1.8 '1,0 :1 , 0 0,0 o.o 0,0 1.5 91.3 60 .5 LJt..4 

1-3 
19~ 17.7 90.3 12 ,8 16.2 

~ Total 

~ 
Years of 
r.eccrd 24 2l: 23 24 23 2) 23 23 22 23 2) 23 20 

+:-
0 l"ean for 
VJ Years of • 
1\:> Record 11.3 75.5 43,0 15.0 3.2 0,0 0,0 o.o 0,09 5.5 .34.2 53 .9 293.1 

t-J Source1 Hunt! red Yea:·s of Rainfall lliservation ( lflhh/45 - 194h/45) - Dr. D. Ashbel - Jerusalem, 1945; and Technical Papers No . 16, 17, 20 and 21, Depar~~:nt of 

Lands and Surveys, Jordan. 



Table 4 ~3 -22 

Rainfall at Jeni n 
207, MO N. - 178A500 E. 

. Elevation 1) l'1 
(In =l 

t Sheet .1 of 1 -I="" co 
8 Tot.al 

Year Jan. Feb. Plar. Apr. nay June July Aug • . Sept. Oct. No-... Dec. .ln.'1U&l 

1952 21.5 16.6 29.6 

1953 151.11 91.9 125.0 3.2 o.o o.o o.o o.o o.o o.o 167.8 109.u 651..7 

1954 109.6 16.2 19.2 o.o o.o o.o o.o o.o 

Total 
Yean o! 
Record 1 2 2 2 2 2 2 2 2 2 2 1 

!'fean for 
lear• ~r 
Re~orct_/ 151.4 10).8 70.6 11.2 o.o o.o o.o o.o o.o 10.2 93.2 69.5 651..7 

1-3 

~ . .A...-era~e 
1-' Rain! all CD tor lT 
-I="" !ears!/ 129.5 137.2 27.9 30.5 2.5 o.o o.o 0.0 o.o 7.6 IU.2 104.1 482.6 .. 
\..t.J 
I 
1\) 
1\) Sourcea 1/ Tecmical hper l'lo. 21, Department or Irrigation, Jordan. 

II C1iaat1c Analogue• of Palestine and Trans-Jordan- M. v. Nuttonaon- 1946. 



Table 4oJ-2J 

Rainfall at Jerusalem 
132,000 II. - l 71, JOO E. 

Elevat ion -~ 27 , •• 
l i n m:n ) 

Sheet l of 2 Tcta1 
Year Ja-.• "et-. .:ar. Apr • May June July Aug. Seot. Oct. Nov. :!ec . Ari:!ua.l 

15u6 ~S. 73 . ~ 53. 6 o.o c.o 0.0 o.o o.o 39.9 63.7 o.o 
l5U7 97. 326.0 59 . h o. :J o.o o. o o.o o.o o.o o.o o. o 1 5~ .5 571 .3 
1Eu~ 2!ili . :)7 , 5 Cl . G 1.9 1u.o O, G o.o o. o o.o o. o 1.9 1Sb.5 u~1 . : 

1EL9 192 . 13C.5 117. 2 o.o o.o o.o c.o c. o 
1850 o.o o.a 63 .7 33c:: .o 

lE<;l lLS . O 23:J . o 3:7 . 9 21.5 o.o c.o o.c o. o o.o o.o ) ,0 1.:1.0 S 9 ~.7 

1E52 13!. . ~ 2!... : . : :?.; Co . :J 2.3.8 c. o o.o C• . O G.O c. o 17.9 93 . 0 6~L . 7 
1:,3 ' - ~ ;~ . 9 21? . ~ 11.7 19.9 o. o o.o o.o c.o G. O ss .L 12,3 . 0 O:J 7 .L '---· 

I 1S5iJ :uo . ' :..so.: 2LO . O 107. 0 o.o o.o c. o o . ~ o.o 33. 0 o.o :0). :. 7~7 . ~ 

~ 1e55 323 .J 12~ . 7 87.S 2} . 8 o. o o.o o.o o.o 0.0 0 . 0 9. 5 )1 .6 ::L.L 
'\.() 

' 155: l ~~. c 225. ) lOl . J 2u:.o 0.6 0 .0 c.o o. o o.o o.o 1!('.0 u .s ~)6 .1. 

~~· =? :2~ . ') sss.: 39. 3 9. 3 o.c o.o o.o ::; .o o.o 1L.O cS . S 1::9 .C S9c .u 
l: <;: <~:; .~ 23L. :J 15. 0 51 . 5 o.o ') . 0 o.o o. o o. o ·:J . C c.a 211: . : -!. 7.1 
l: ss !. :.. : . ~ -~1 . 3 1:02 .0 f.l .L o.o 3.9 0 . 0 o.c o.o LJ. 7 21 . ~ 7. 3 ~'?7 . : 

.,!~ .i !s :· :-tg" 

1 :~ ' o. o 'j , Q :£ . :? 1u3. S 
1 ~99 l3S . : '11.2 60 . 0 29.1 ~ .0 o.o c.o - ~ '.J , ... : c.o L.O 32 .1 15). 7 51 ~ . 9 

19:0 S5. ? n2 • .3 46 .6 4.1 [ .6 o.o 'C , Q o.o o.o 2. , 13 . 0 119. 9 ~ - ""9 .L 
1'701 ::.. ?._.: ) . ) 2: .5 12. 1 .• 23.7 c. o o. o ') . 0 o.o L.o 42.9 1L9 . 2 u :. .o 
~9}2 3Cl. ·:J L2. 6 LC .B 21 .5 1.1 0. 0 o.o o.c o.o 1fl . D 1a9. g 176. 1 ' 9,; .s 

1903 174 .3 79. 5 93 .L 9. 4 0. 0 ).0 o. o o.o o.o 3.) 35.0 10 .? !.6' .• 6 
190!.. 24: .1 31 . 1 139.1 30.!, 0.2 a.o 0. 8 o. o o.o 5. 3 88;6 JL~ .3 :~2.1 

19:J5 90. ) 1:L.1 127 ,1., L.o o.o 0 r , 
• '-' o.o o.o o.o 1: . s c •. J 272.1 7~~ - ~ 

1906 1S2.2 17L . 0 5·:•. 7 11? . 5 23.1 o.c. 0 . 0 o.o o.o 13.2 17. 1 L3.S 5'7:; . 3 
1907 1LS.1 :s.s 110.2 29. L 9.3 0 . ') o.o o. o 

t-3 
"r!iesing" 

~ 
19)2 (St. 

!nne) 10.0 2g.5 10.2 L.S 
I-' 193.3 92.0 65.5 35.5 3.5 o.o o.o o.o o.o o.o o.o 9.6 22.6 n::. 7 
(1) 1934 2W..o 96.L 6.2 35.6 o.o o.o o.o o.o o.o ).9 9. 9 1L2.~ 53.': . 5 
-~=="" 1935 ?9.1 275.3 25.0 2.u o.o o. o o.o o.o o.o 9.1 L6.3 27.9 L53.o 
0 
w 1936 30.!! 182.1 W..) 17.2 o. o o.o o.o o.o o.o o.o 150.2 160.5 555.1 I 
N 1937 275.0 4.3.9 ll.6 )8.5 2.5 o.o o.o o.o o.o 25.4 36.6 ll.6 w.:.l 
w 19.38 _221.2 2ufl .s 96.8 

1939 o.o L.L 114.7 72. 6 
194o 261.1 11.7 58.1' 27.7 o.o o.o o.o o.o o.o 13.0 16.7 1)5.9 0:)2.2 



Table 4.3-23 

P.a i nf all At Jerasalem 
l3 <, r.:Jo ._ . - 17i, ·:>OO E. 

::1evo.tion 627 L 
I' I - nrr.l \Tl. '" :1 
~ Si:eet 2 of 2 '·. 
I 

I ctal 
!ear Jan . ?et . t'ar . A or. l~a y J•Jne July P.ug. Seot . Oct . J:ov. !lee . Annual 

19L1 F •9 . C· 1 ~ . 1 1S2 . r; t..o o . o o. o o.o o . o 0 ,0 10 .0 t .o 3L:' .3 9,L . IJ 
191.2 n :· . ~ ~9 . 5 21 5. ':. 1.1 0 . 0 :-: .o o . o C.' . O o. o ~6 . 0 68. G 12. ? 5:2 . 2 
191.3 ? 7 ~ -- - . ) 121.1 1 : 2. 3 1.9. 3 2 .0 o . o OJ• o.o o.o 26. 6 2.3 34.3 :: ~) . ) 

1944 297 . : 32. 6 IJ9 , ;, 41, . 3 2l . 9 o.o o. o o . o 0 , 0 0 , 0 299 . 5 L L.4 9.:i9 . 9 
1945 152 . 7 21! .•• 2 35 . 2 

11 ~i ss::1 t: " 

1952 0 . •) 19. L 2tJ.2 
1953 : 5 .~ 12;. 7 21:: . :: o . o o.o 0 , ·) 0 , 0 o . o o . o 
1954 152. 1 2l. J 16.0 

Total 
Yea:-s of 

t-3 : .ecord 35 35 36 33 33 33 33 33 35 35 35 35 29 

~ 
1--' 
CD l1ean of 

+-
Years of 
Record 13S.6 11,) . 0 e5.6 31.3 I,,!, 0. 1 o . o o . o 0.3 u . c: 50 . 2 1?C. 5 515. 5 

\.,_; 

l 
j'\) Source: t;undred ':" ea:-s of f.a i· f~ ll (Jbser·,,t i or> s (1 %1./45 - 19ul:/45! ~r. D. Ash'>cl , 191.5; and \...) -

Techn!r.al Paper ~ ~ c • 21 - De;:n·tment of Ir·ri g~ti an - Jortla n 



I 
\J1. 
1-' 
I 

t-3 

Deg~:1i a:-_/ 

3e~ s;;.nY 

Je richo~:/ 

Je:-1 :.,-,.:_; 

Jer~ sa1 e.,2 / 

':"i:·atr.-: v-: Y 

Dead Sea (: !)Y 

Ho :i'. ,Ju:--c l".~/ 

A das ~y e~/ 

l-la ·Ji .!: gla ~·~/ 

o,Joct: 'I r • j U/ :::1. _ • • . L r :.n a_ 

Rher Zarqa -
De; :'. r ;.lla~/ 

!'ears of 
Eleva t io!l ~ ecord 

- 20C :-. 7 

-119 r, 10 

-260 t-1 13 

138 :~ 12 

327 i1 1930- 19!.:3 

-220 !1 153J- 19!.:3 

- 390 :1 1925-19!.:3 

750 !1 1923- 1954 

-1'17 11 15;0-1954 

-1 i:O ~ 1950- 195!. 

- 2oo M 19u9- 19'il. 

- 1?0 M 1950-1 95U 

- 2CJ-.i ;1 1951-1954 

-1 55 M t95l- 195u 

Jan. 

13.u 

13.3 

13 . 9 

10 .6 

5. 6 

12 . 13 

1u . 3 

1u. 9 

1u.s 

15,6 

13.7 

16 . 0 

16.8 

FP.b, 

14 . 7 

1u .u 

15.0 

11.1 

13,1, 

16, 6 

9.1 

16.13 

15. 8 

17,0 

15.8 

15.9 

15. 9 

Table 4.3-24 
Mean ~;onth1y Te~per'!tures 

Jorda!l \'a1l e"' an1 .L.d.iacent i-.r-;as 
(Degrees Centigra de) 

!"'!ar. 

16 ,7 

17.2 

18 . 3 

11.:.4 

12, 0 

lu.7 

19.6 

12 . 0 

1S.2 

17, 6 

21 .9 

19. 6 

19. 3 

18. 2 

Sheet 1 of 1 

~- n~ . 

20 . 9 

20 .5 

22 . 2 

17.2 

16 . 2 

21.3 

20, 6 

16 .2 

21. 7 

23.7 

25 .2 

21.4 

22.2 

22.2 

!·!a)f , 

24.7 

2u .4 

26 . 6 

22.2 

20.4 

25.8 

26. 9 

19. 8 

26.1 

25. 8 

26 .9 

26 .1 

27.8 

27.8 

June 

28 . 0 

27.2 

29.4 

25.0 

22 .1 

28. 6 

29.1 

23 .6 

29, 0 

29 . 6 

30.6 

29.1 

30 .1 

29.9 

July 

29 .6 

28 , 3 

31.1 

26 . 6 

23.2 

30. 9 

31.3 

25.1 

30. 9 

31.0 

32.3 

31.0 

32.4 

~ 
~ Soc· r ce : ?:._/ Cl ir.1a t i c A!1a1ogues of Palest i ne and Trans- Jordan - ~! . Y. "Jut t on son - 1946. 

~/ Tempero.tures and l'umidity o1' Palestine and Ad jacent Countries - Dr. D, ;. shbel - 1945. 

}./ Currllnt Daily ht:cod s - R.A .: , Camp, Amman, Jordan. 

~/ Current Records by I rrigation Depa r tment, 

Aug, 

30. 2 

30. 6 

31 .1 

27. 2 

23.2 

30 . 6 

31.9 

25 . 5 

32.1 

31.6 

31.8 

32.1 

34.2 

Sent. 

27 . 9 

27 .7 

29 .~ 

26.1 

21 , 6 

28 .5 

25. 7 

23 .7 

)0 , 8 

30.1 

30. 7 

31 . u 

31 . 2 

31.1 

Oct , 

26 . 2 

26 .1 

26 . 6 

23 .3 

20 . 5 

25.6 

27 .1 

20, 7 

26 . 2 

2S.1 

27. 0 

2 ~ . b 

2~ . 1 

~lev, 

20 , L 

21.1 

21.7 

15. 3 

15. 3 

18. 6 

2o . u 

15. 7 

21.5 

20,2 

25 . 0 

23 . 9 

22 .0 

rer. , 

15 , 6 

15 . 0 

15 . 5 

12 . 5 

10.5 

13 . 6 

1 5. :': 

10. 1 

l C-. 6 

17. 3 

19.!, 

17 . ) 

22 . lJ 

22. 1 

23 . L 

19.5 

16. 9 

22 ,G 

23 . 5 

17. 5 

23 . 8 

23. 6 

25 . 2 

2) . 7 
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PARI' 4. lRAINAGE 

VOLmlE IV 
YWIOUK ... JOHDA.N VALLEY PROJECT 

Hk>Tt-:.Lt PLAN t{i::POfl.T 

Introduction 

Good drainage practice, both surface and subsurface, is essen-

tial to the successful operation of any irrig~tion system. Drainage in 

agriculture is a method of improving the soil by withdrawing excess 

water from ito The objective of this drainage investigation was to de-

sign a system whereby a 1.4 meter depth root zone could be maintained 

free of excess water within all irrigable lands throughout the project, 

permitting the growth of almost any of the plants adaptable to the area. 

Drainage investigation of the project deals primari~ with the 

following four elements: Topography, soils, water tables, and water 

source, including both quality and quantityo Nethods of investigation 

l-lere essentialJ.y those recor.unended by the United States Bureau of Recla-

rnation, Soil Conservation Service and Salinity Laboratory, modified to 

meet local conditions. 

Basic Information 

The topography of the project is characterized bJ two main fea-

tures: hi; h benches known as ghors, and the flood ?lain called the zoro 

The zor, or recent flood plain, occupies the center of the Jordan Valley. 

The ghors lie on either siQe of the zor and rise with an abrupteleva-

tion change, ranging from 30 to 60 meters. Tributary streams or wadis 

on both sides of the valJ.ey cross the ghors to merge v!ith the J orda..Tl 

Rivero These streams have becorr.e deeply but na:::-rowly entrenched and 

-52-



separate the ghors into distinct segments. Except where the surface 

is modified by alluvial fans and colluvial slopes, the overall eradient 

of the ghors is moderate, rangine between one and three percent. There 

are several places where shallow undrained depressions occur in the 

ghors but, as a whole, good surface drainaee is provided by the natural 

slopes from north to south and from the side hills to the Jordan River. 

Soil textures of the ghors range from light loams to c~ loams 

and clays, with clay loam predominating. These ta~tures continue to 

considerable depth and significant layers of incoherent sand or gravel 

are unconmon. Soil textures and salinity vary throughout the Jordan 

Valley 1 but generally are heavier near the zor and lighter towards the 

hills. The highest salt concentrationsare found towards the southern 

end of the valley o 

No subsurface barriers were located within 4.0 meters of the 

surface, where such barriers could be considered as controlling the 

drainage of a defined area; however, local barriers were found covering 

limited areas, generally smallo Field studies reveal that the heavier 

soils, as found where the ghor breaks into the zor, form a vertical bar­

rier in that the permeability of such soils, in general, are much lower 

than the soils toward the hillsides. This fact may account for the 

now of subsurface waters of the ghar in a general direction more or 

less angular rather than perpendicular to the Jordan River. 

Meteorological data shaw no great amount of rainfall during 

7 months of the year; however, January_, February and March are peak 

months. Long range rainfall records for the project area are not avail.­

able, · but such records as have been compiled indicate there bas not been 
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sufficient precipitation to have produced surface run-off of an extent 

great enoueh to have cre:J.ted high water tables from that cause aloneo 

Houever, high water tables do exist in places throughout the project 

area, and while many of these problems can be attributed to improper 

irrigation practices, in other high water t~ble areas there has be~~ no 

irrigation for hundreds of years. It has definitely been establishtd 

that many of the high l-tater tables f 01.md in the southern part of the 

valley and on the ~i est Ghor have not been caused by pending of local 

surface run-off watero 

Water Source - Quality and ~uantity 

Hater source studies reveal that the cause of high water table 

areas in the project can be attributed to the f ollowing: 

1. Inefficient use of irrigation waters. 

2. Uncontrolled springs . 

3. Artesian seepage (static water). 

L.. Free flow seepage. 

5. Special problems arising from ancient water works, 

generally of Roman origin. 

The normal quantity of water to be dealt with in maintainini; a 

well-drained root zone 'tihere intensive irrigation is carried on is in 

this report, assumed to be l(J;b of the total irrigation ·;dter applied. 

Additional water may be contributed from other sources sueD. as those 

mentioned above. It is difficult to compute the definite quantity of 

water emitted from such sources as springs, ar~esian seepage and the 
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ancient fuquaras unless a complete stuqy is made to determine such fac­

tors as recharge, static head, water bearing aquifers, and soil perme­

abilities. 

Springs in the project area are not numerous and generally the 

flow is quite smallo No serious problens are expected from this source 

of underground water. 

Artesian Haters, however, present quite a serious drainage 

problem, especial~ in the southern part of the East Ghor area. Topo­

graphical conditions are quite favorable for adequate surface drainage, 

and removal of excess surface water presents no problem. However, 

climatic conditions are such that, over extensive areas of land, water 

which has been forced into the root zone from below by hydrostatic 

pressure has evaporatea before reaching the surface of _the ground. A high 

concentration of salt has thus been left near the lower limit of the 

evaporation zone, because of t he high salt content of the artesian waters. 

It is very i mportai>t to maintain the subs urface waters in this area at 

least 1.4 meters belmv the g!'ound surface for two reasons~ 1) most lands 

will require leaching befo~e crop production can be obtained and 2) the 

'Subsurface evaporation zone is approximately one-half (0.5) meter from 

the surface.. The hi r;h sali::1ity of the artesia.."l Haters would greatly 

re duce prcductio:-: or ev~~n in.hi'::lit growth of m;:my crops if permitted to 

encroach on this hori-zon" T:ne penneabili ty of the subsm~face soils in 

this area is .fa.Yorable t c adequate drainage, but to secu=e further in­

surance against recontamination of the root zone a plan to re1uce the 

static head of artesi<l.."l water is hi~hly recomn.::nded. To lower the static 

head on the artesian Haters in question '-Iould rec~uire the drilling of a 

number of wells :tn the area and installing pumps to keep the static head 
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well below the drainage system. To off-set a portion of the cost of such 

an installation, the artesian waters could be blended with normal irri­

gation waters to supplement present water supply, but due to the high 

salinity of the artesian waters at the present time, its use for ir.ciga­

tion ~,dthou.t blending with a water of hibher quality is not recommended. 

Free flm-1 water f'ound in the project area is quite localized 

and can usual~r be traced to excess irrigation waters that have found 

their way to the surfaceo Such 'dater can easily be controlled by ade­

quate surface drainage without undue expense. 

Snecial Problems 

Host of the ancient water v!orks found in the project area were 

constructed by the Ro rnans some 2000 years agoo I1any irrigation systerrs 

were built thro:tghout t he Jordan Valley c.u.rir.g Roman rule. rlecorded in 

11 Thc Legacy of Ror:c" (publi:::hed i."'l LatiJl) is the i dentification of some 

22 indivic.\tal systems in the pr:>ject area where subsurface water has been 

developed and U!ied for :i.ri"igation. Almost all llork was done ;.rith 

slave labor and it is reported that during the peak of construction some 

30,000 slaves ·Here e.'llployed., The irrigation sy;:; t .::!ms referred to are. 

lmovm as 11 fuquaras 11 and 11 k.:o..n.ats 11 
Q 

Tte fuquar a s are uride .t'g!' Ol.md ca.r..als which v.rere used to develop 

and carry the viater t o gravity canals called kanatso It is the fuquara 

part of the syGt em that has created the drainage problems. Topography 

played an i mportant part in locating the fuqu ·u·as in order f(')r them to 

function as an j_ntGg:::-al part of an irrigation plano For this reason 

they start near the foothills and extend tmJard the valleyo Two methods 
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of construction were used; namely, the dry system and the wet system, 

the only difference between the two being the source of water. Both 

systems were quite effective in meeting their purpose, however, it is 

the dry system that is creating the most serious drainage problems. 

To construct the wet type tuquara, vertical shafts were dug to 

a water bearing aquifer. Normally these shafts were dug 25 to 30 meters 

apart, then a connecting tunnel was dug joining all the shafts. The 

tunnel slope was generally maintained between 2 and 15 meters in 1000 

meter~ depending on topography where the tunnel daylighted to connect 

with the kanat part of the system. Once this t,ype of system becomes 

inoperative the water only rises in the turmel to a point equal to the 

elevation of the •rater bearing aquifer. A normal drainage system will 

remove these subsurface waters quitd adequately and since no great ey­

drostatic head is present to force the water upward, it is felt that 

further high '\-rater tables will be eliminated. In general the amount of 

water developed by this type fuquara is very lind.ted and the quality 

very poor as far as irrigation is concerned. 

In constructing the dry type !u.quara the verticai shafts and 

connecting tunnel were dug, · extending the tunnel to join the kanat sy­

stem. One of the shafts 1 usually near the outlet 1 was extended .down­

ward to an artesian aquifer thus bringing water to the tunnel from below. 

Each shaft could be extended to the artesian aquifer to produce addition­

al water if required. The static head created by waters from the artesian 

aquifer has proved to be the source of water causing high water tables 

in many areas where fuquaras of this type have been blocked, particular­

ly in the southern part of .the East Ghor Area. 
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The average length of the wet type fuquadis is much greater· 

than the dry type, whi ch usually is between 300 and sao meters, while 

the former rang~ f :..~om 500 meters ~u 1 .. 5 Kilometer~ . The tunnel dimen­

sions, however , a re essentially thcl same, 0.7 met ers wide and 2.0 meters 

in height. A typical cross section of a fuquari is shown on Drawing 

JR-6, which follows, and the approximate locations of lmown fuquaras with­

in the project area are shown on Drawing JR-8, Base Map. 

Fortunately the dry type fuquaras occur in the same area aa 

that affected by artesian seepage and the reconmendation to lower the 

water table by pumping would reclaim this area also. The quality of the 

water from the dry type fuquaras is easential.Js" the same as that found 

coming from the artesian aquifer. 

Investigations 

Some 38 undisturbed soil permeability tests were conducted 

throughout the project area, following the methods as set forth by the 

u.s. Salinity Laboratory Handbook No. 60 issued in Februa.zy, 1954. 

Water from the Yarmouk River was used throughout the testa and rate of 

infiltration, depth, lateral movement and salt dispersion care~ 

noted. The results f1 the field permeability tests supported by soila 

investigation are used as bases for determining drain spacing require­

ments. The basic formula used to determine spacing is a modified adap­

tation of Darcy's Law as shown on Drawing JR-7, which follows. 

Leaching 

Lands within the project area requiring some degree of leaching 

before becoming productive amount to approximately 1741 000 donwns. A 
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specific lea chi n g pr ogram will b e r equired for approximately 1671 000 

don~ located gener ally on the East Gho r s outh of the River Zarqa1 

and on the Wes t Ghor., Lar:d..s nt-:..J . .c t ncl Dead St::a ha:v e the highest percent­

age of w t al s oluble s alts. 

In order t o establ ish prJcadure for l eacning such lands 1 two 

test areas were selected, locat ed approximat ely by coordinates as 

lh2.0N 0 - 204.4E. ApproxLnately 150 met ers separated the two areas. 

The physical difference between the areas was the installation of drain­

age facilities in area 1 while area 2 did not have such facilities. 

Soil samples were taken on a definite pattern from the areas before aqy 

water was applied and the same pattern followed in taking subsequent 

samples after water applications. 

The quality of water available for use as a leaching nedium 

was not desirable, however, the final results show that such lands can 

be leached and perhaps more successfully with a better quality water as 

shown by the infiltration. studies.. The final results of the trials show 

conclusively that definite patterns should be followed as to quantity of 

water applied and method of application. Another interesting fact 

0bserved during the trials, relative to drainage, is that subsurface 

drainage installation must wait until after a degree of leaching has been 

done, due to the poor stability of the soils until a large percentage o£ 

the salts have been removedo The salts ca:1 be forced dowmtard more 

even~ Without a draL~age system, but a reverse movement can be expected 

unless a drainage system can be installed after salts have been ranoved 

to approximately 90 centi.'neterso The quantity of water applied :for 
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nor:ual irrigation of shallow rooteci plants would not be sufficiHnt to 

keep the salts at this level without the aid of subsurface drainage. 

:rYPes of Drain 

Topography, size of farm unit, the need for fullest land 

utilization, and weed control have definitelY favored the selection 

of covered drains rather than open drains, with the exception of a few 

shallow open drains to remove excess surface waterso NormallY the 

closed type drains include a manufactured conduit such as concrete tile, 

clay tile or fiber pipe, with a gravel and sand blanket, placed in a 

trench which is completelY backfilled, so that normal farming operations 

can be done directlY over the drainage system. 

The high sal:Uli~.f of drainage waters, excepting in the northern 

portion of the East Ghor Area limits the utility of concrete tile. Clay 

tile and fiber pipe which would be acceptable are not manufactured in 

the Kingdom in quantities sufficient to satisfy the needs of the project, 

and i."!lport cost of such zr.aterials would make this type of drain pro- · 

hibitivelY expensive. For these reasons alone the rock or stone type 

drain is recorr..mendedo All materials and labor required to construct 

this type of drain are available wi thL'1 the boundaries of the Kingdom 

and can be utilized fulJ.y o ProperlY constructed rock drair.s need not 

present ar~~ greater maintenance problem than tile draL'1.So 
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VOLUME III - LAND RE30URCE5 
YAH.HOUK-JORDAN VALLEY P 1DJ EX;T 

MAST .lli PLAN H. EPUR T 

PART l. LAND CLASSITICATION 

Purpose and Scope 

The purpose of the investigation was to make a systematic 

appraisal of the soil, topographic, irrigation, and drainage charac-

teristics of the land in order to determine its degree of suitabilitr 

for sustained irrigation agriculture. A detailed classification aur-

vey was carried out in accordance with Bureau of Reclamation standards, 

modified to meet local conditions. 

This program was carried out in conjunction with F .o.A. tech-

nicians, through Cooperative Department for Water Resources Development, 

Ministry of Finance, Government of the Hashemite Kingdom of Jordan, and 

field investigations were completed in December of 1954. A total of 

942,843 donums (1 donum = .247 acres) of land was classified, asshown 

in Table 3.1-1. Of this amount, 519,846 dcnums are classed as arable. 

Drawing JR-21 shows the general classification for the project. 

Table 3.1-1 

Summary of Land Classification 

Land Area in Percent 
Class Donurns of Total 

l 143,090 15.2 
2 . 138,474 14.7 
3 65,972 7.0 
4 172,310 18.3 
6 4221997 44.8 

Total 942,843 100.0 
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Topography 

The floor of the valley consists of east and west terraces 

separated by the Jordan River and its flood plain. These terraces and 

the flood plain are referred to as the ghors and zor, respectively. The 

ghors slope toward the river at a rate of 15 to 25 meters per kilometer, 

and in many areas are hi~~ly eroded and of "badland" appearance, (the 

Katar), where it breaks into the zor. The zor, today, is a minor valley 

1 to 2 kilorreters wide and subject to a degree of annual flooding. 

The sides of the Jordan Valley are well defined in that they 

are high and steep. In general, the area classified is bounded on the 

upper edge of the East and West Ghors by the escarpment. 

Sheet erosion, encouraged by predominantly winter rains and 

sparse vegetation, has pTOduced minor surface modifications. Cobbles 

and boulders scattered over certain areas indicate that sheet erosion 

and wind action: have removed finer materials. Similarly, other locali­

ties appear- to hav-e recent deposits of wind and water borne materials • . 

Soils 

Ancient faulting, accompanied by sinking and rising of large 

land masses, is responsible for the Jordan Valley as it exists today. 

At one time the area was covered by an arm of the Red Sea and during this 

period a thick blanket of calcareous silts and clays (marl) was deposited. 

Valley fill and land upheavals eventually raised these silty materials 

above the surface. Before it was covered by other materials from adja• 

cent uplands, stream action accomplished a degree ()f surface sculpturing. 

The Jordan River cut deeply through this mat.::rial in a meander­

ing cour.se and today flows through its recent flood plain, the zor. 
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Na.terials deposited in the zor include coar5e as well as fine separates, 

but calcareous silts and clays predomi nate since upland parent materials 

are of such nature. 

Saline sedimentary deposits remain as terraces or benches on 

each side of the zor. These benches, gi'!ors, were in turn. covered by 

alluvial and colluvial rna terial transported by tributary streams!rom 

adjacent uplands. Alluvial fans of varying size were thus laid down, 

some nearly coalescing while others do not. As stream sorting took 

place a few areas were covered by medium textured material particular~ 

toward the southern part of the area. Predominantly, however, parent 

materials brought into the valley are calcareoos silts and clays. 

The depth of the alluvial deposit above the marl decreases from 

the foothills toward the center of the valley with some minor local vari­

ations. During the course of deposition of this transported material the 

coarser particles have naturally tended to separate out first, next to 

the hills, and the fines have been carried further out onto the ghor 

area. 

Soils within the area classified were divided .into four major 

recognized groups as follows: Reddish-Br~wn, Grayish-Brown, Whitish­

Gray, and Azonal soils. 

The Reddish-Brown soils are farmed from alluvium laid down on 

top of marls and are generally located on the alluvial fans north of the 

River zarqa. Higher rainfall in this area together with irrigation over 

a long period of years has increased water percolation through the soil 

profile and accounts for the two dominant characteristics which distin­

guish this soil from others in the project area. These characteristics 

are the bright reddish-brown color which result from oxidation of the 
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iron in the soil, and a more highly developed subsurface horizon which, 

in places, approa r.hes a weak clay pan. Depth of soil varies and is con­

siderably tM nner rear the breaks which are called the "'Katar" • Clay 

loams are predominant and prismatic structure is often found between 30 

and u5 centimeters. Because greater quantities of water have passed 

through this soil, it is general~ permeable and free of serious saline 

and alkali problems. The major exception to good permeability occurs 

north of Wadi Arab as a result of the extrexoo~ high clay content of 

the soilo 

The Grayish-Brown soils are also formed from alluvium laid 

down on top of marls and are general~ located on the alluvial fans 

south of the River Zarqa. Precipitation is rather low in this ·area and 

it is reflected in the small amount of iron oxidation in the soil pro• 

file, the absence of prismatic structure, and the predominance of single 

grain lighter structures. Depths of these soils also vary, and like the 

Reddish-Brown soils become thinner near the ~Katar". Texture varies 

from clay learns in the north to sandy loams in the extreme south. 

Scattered areas, of small extent, of salim soils with weakly cemented 

gravelly lime zones are found in this group. Perneability is generally' 

good and the soils are well suited to sustained irrigation. 

The Whitish-Gray soils are residual soils formed from saline 

.water deposits and marl type parent material.. These soils occur between 

the l~er edge of the alluvial fans and the "Katar" with the largest 

areas being found ip the southern parts of both the East and West Ghors. 

Depth of soil over modified or residual mar~ type parent material is 

usually sufficient far most truck and cereal crops. Loa~ and clay 

learns are the predominant textures. The surface soil is, usu~, 
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spongy and fluffy. Generally, the structure of the subsoil is either 

massive or laminated. Heavy salt deposits, gypsum predominating, are 

common throughout the entire profile and are heaviest at the lower limit 

of the zone of evaporation. Frequent, deep, vertical crevices and cracks 

are filled with top soil and cut through the marly deposits to form na­

tural outlets far drainage. Inherently, these soils have a high fer• 

tility and productive capacity and will be well suited to sustainad 

irrigation after reclamation. 

The Azonal soils of recent flood plain deposition are found in 

the zor. Clay and sand are deposited in layers and the soil is, usually, 

sufficiently deep to afford a good root zone for most plants. Soil 

forming factors have not had sufficient time to produce an aggregate soil 

structure. Lands free of high water tables are also free of salts. Per­

meability of isolated pockets of clay is often low, but such pockets are 

usually dissected by stringers and lenses of subsurface sand and gravel 

assuring adequate drainage. These soils are well adapted to production 

of diversified truck and field crops. 

The outstanding characteristics of · these four soils t,ypes are 

summarized in Table 3.1-2, Evaluation of Soils Characteristics by Types 

which follows. 

-5-



:-?~;...; C E JF ~Lt...~ HA.'U rER l:>~ cs 

!'!'FE Parent 
:-:~i.fied iiesidual >:ate rial Texture Structure 

Seldol:l SeldG::! Alluvial Clay loam Prismatic 

F<eddist.- in in fan t o over IJ loc l:y 
::ro-.,.T, 5- foot 5- f oot deposi ta Clay or single 

zGne z. .:me grain -
stable 

Occasion- Seldon; Alluvial Clay loam Single 

Grayish-
;.lly in in fw·, to clay grain -

Brown 5-foot 5- foo t deposi ta (NorUl) stable 
zone zone Loom to 

~andy loam 
(South) 

Frequen- Occasion- Lou Sponge -

Whitish-
tly in ally in to (Surface) 

GriQ· 5-foot 5-foot Marl Clay Loam Massive or 
zone zone La.ndnated 

(Beneath) -
unstable. 

Seldom Seldo111 F'lood Complex, No aggre-
in in Plain clay gate atruc-

Azonal 5-foot 5-foot Out-Wash dominant tural 
(Zor) zone z.one development. 

Parent 
material in 
layers. 

Table 3.1-2 

Evaluation of Soils Characteristic• 
By Types 

Dt:.Gru::r; OF 

P ER¥.El.BILI TY 
Salinity Alkalinity 

None Fair 
to 

very NONE to 
s light 

Good 

None 

to NONE Good 

slight 

Heavy Fair 
Salta 

Present Sligbt to 

Good 

None 

to NONE Good 

alight 

SPECIAL 
Pi\OBLE.'IS 

Clearing. 
Occ o.sional 
Pockets of 
heavy surface 
cobble . 

Clearing. 
Occ a.sional 
Pocketa of 
heavy surface 
cobble. 

Reclamation. 
Leaching 111a3 
cause moder-
ate settlillg 
of aoils. 

Leveling. 
To correct 
drainage 
problema in 
SIIUlil areaa 
for irriga-
tion. 

_::> L.~ A- U,J.'T 
For 

VECE:TATIVE For sust.&ined 
COVER Crops Irci g<. ti~n 

:~ati ve Orcr.ards 
gr&.ss, and other 

Irrigated deep-rooted E-xcellen t 
s mall crops 
gr;;.in 

Native Orcharda 
graa a. and otner 

Irrigated deep-reo ted Exc ellent 
small crops 

grain and 
Truck Crops 

Salt grass, Truck Good 
low brush, Cr op& (After rec-
b&nanu, and 1-.."i.ati onj 
truck c r opa Cere ala 

Salt grasa, Truck 
low brush, Crops 
i rri gated and Good 
truck cropa Cer ea l...s 

and Sugar 
Be e ta 



Methods 

The features of soil, topography and drainage were examined 

and the effects they would have on crop adaptabilities, crop yields, and 

costs of production were evaluated in order to . segregate the land into . 
classes. Field mapping vas done on aerial photographic mosa_ica that 

have a scale of approximately ls2,500. Topographic abeets with l meter 

contour intervals were used in conjunction with the photogl'aphs. Drawing 

JR-20 provides an index of the aerial mosaics. Additional contrala vera 

maintained by use or a Brunton Compass and Abney Level. The areaa 

covered ~ the photographs were traversed systematically with such de­

viations as necessary to determine the boundaries of the different land 

classes. On the more uniform areas 8 to 10 holes per square ldloneter 

were dug with a soil auger to a depth of one and a halt meters, recorded, 

and located on the photographs. On the more complex areas the investiga• 

tion was much more intensive. The soil borings were spaced at sufficient 

intervals to determine as accurately as possible the delineations be-

tween land classes and subclasses. Numerous holes were also examined 

to evaluate the deeper subsoil and drainage conditions. 

Individual classifiers in the field normal~ mapped a qtier" 

or II stringlt . of photo maps extending from the River Jordan to the upper 

reaches of the ghor. These maps were in turn "matched" to the surrwnd• 

.ing areas mapped b,y other classifiers in order to insure coordination of 

effort ,and continuity in delineating over-lapping classes of land. In 

this manner field consultations, coupled with additional soil . ana~es 

where the need was indicated, more read~ resolved existing or potential 

problemS• 

Arter field and laboratory information were correlated, 



definition lines far land class and subclass areas were placed on the 

photo maps. These maps were individually inked, measured and tabulated 

in accordance with accepted practices. All measurements were adjusted 

to conform to the Palestine Grid ~stem which had been reproduced on the 

controlled aerial mosaic photo mapso In thi~ manner the .total area o£ 

the project was 3ummarized by individual land classes grouped as arable 

and non-arable lands. Subclasses within each major land class were 

grouped into categories of similar characteristics. 

The laboratory furnished analytical data necessary for a scien­

tific classification of the Jordan valley soils. Disturbed soil samples 

from about 50 percent of the meter and one-half borings made by the field 

classifiers were submitted to the soils laboratory in Amman. Samples 

were of a composite nature and were taken according to textural zones or 

zones of other visible soil characteristics such as color change. Very 

rarely did a soil sample represent a depth greater than 60 centimeters. 

All samples wero analyzed for total soluble salt content and soil 

alkalinity ar degree of sodium saturationo Further analyses were made 

as requested by the field classifiers and additional tests performed when 

the need was indicated. The field infiltration sites selected throughout 

the valley were also used as representative areas for physical and chemi­

cal analyses of the soilso 

In general, the methods of analysis used were essentially as 

outlin~d in Agriculture Handbook No. 60, United States Department o! 

Agriculture issued in February of 1954, exceptiansbeing mechanical an­

alysis, dispersion percentage, hydraulic conductivity, organic matter, 

available phosphorus, and available potassiurno The major analyses per• 

formed include the following: 
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1. Salinity (a3 iniicated by measuring the 
electrical resistance of 
saturated soil paste or measur­
ing the electrical conductivity 
of saturation extracts) 

2o Soil reaction o~ pH (lt5 soil-water suspension) 
3. pH (saturated soil paste) 
4. Saturation moisture percentage 
5v Air-dry moisture percentage 
6. Exchangeable sodium 
7o Cation exchange capacity 
8o Mechanical analysis 
9. Dispersion percentage 

10 • . Hydraulic conductivity of disturbed soil . 
samples 

n. Organic matter 
12. Total dissolved solids 
13. Gypsum 
11. Calcium, magresium, sodium, potassium, carbonate, 

phosphorus, bicarbonate, chloride and sulfate 

Mechanical analyses were made by shaking a weighed sample of 

soil, overnight, with 5 ml. of Calgon solution (304 gms/liter) and 5 ml. 

of sodium silicate solution in 4 oz. of demineralized water. The follow-

ing morning the suspensions were diluted to 1 liter in a soil testing 

cylinder. They were again shaken, specific gravity read using a long 

hydrometer at 70 seconds settling time, and again at 6 hours and 40 min-

utes settling time using a big bulb hydrometer. The distance from the 

center of volume of the hydrometer bulb to an average reading (1.0150 on 

the long hydrometer and 1.0050 on the big bulb hydrometer) was taken as 

the distance of fall for calculating reading time by Stokes Law. 

Dispersion percentages of silt and clay were determined b,y di­

viding the corrected 70 second reading obtaired in shaking by that ob-

tained in rechanical analysis and multiplying by 100. In shaking, a 

sample of soil of the same weight as that used in mechanical analysis 

was evacuated in 200 ml. of water and then diluted to one liter in a 

cylinder. The mixture was then inverted )0 tines in one minute to 
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thoroughly mix before allcwing it to settle. 

Hydraulic conductivity of disturbed soil samples was determined 

by u. s. Bureau of Reclamation procedureo A brass cylinder two inches in 

diameter and length was covered on one end with a circular piece of rayon 

cloth held in place by a rubber band. Soil passing a 2 mm. mesh sieve 

was placed in the cylinder and compacted by dropping the cylinder ten 

times from a height of one inch. A circular piece of filter paper was 

placed on the soil surface to prevent surface disturbance. The unit waa 

then placed on a glass funnel and subjected to a 1:1 head of water. The 

percolate was measured hourly until a constant rate was obtained, and 

"Darcy's" formula used to calculate hydraulic conductivity. All tests 

were run in duplicate and Yarmouk River water was used in all tests. 

Organic matter was determined by wet oxidation with chromic 

sulfuric acid using the '~alkley-Black" technique of adding the concen-

trated sulfuric acid to 10 mlo of dichromate solution containing the 

sample. The resulting hot solution was swirled and allowed to stand 10 

minutes, after which 150 mlG of water was added. An excess of ferrous 

iron solution was added and the solution back titrated with standard 

· potassium permanganate solution. 

Available phosphorus was measured using o.5 N-NaHCO) solution 

as an extracting reagent, as proposed by Sterling Olsen et al. Potas­

sium was determined on the same extract with the flame photometer0 

Soil Permeability Studies 

Field ~estigations were conducted to obtain the permeability 

and internal water movement of various soils under undisturbed field 

conditions. These infiltration studies were conducted in accordance with 

the method given in salinity Labarator,y Handbook No0 60. An additional 
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guard ring, composed of earth, surrounded each infiltration cylinder to 

compensate for lateral water movement. A 15 centimeter depth of water 

was maintained in the cylinder and earthen ring, and the rate of subsid­

ence of the water surface inside the cylinder was measured hourly or more 

frequently if fast subsidence occurred. Triplicate infiltrometers were 

continuously maintained until a uniform infiltration rate was established. 

These tests were conducted with Yarmouk River water in order to simulate 

reaction under project water supply as closely as possib1a 0 

Thirty-eight sites were selected to represent typical areas. 

Results of these tests are presented in Table 3.1-8, Chemical and Physical 

Analyses of Infiltration Sites. Three of these sites were excavated to 

the assumed restricting zone depth (primarily marl) and the rates deterw 

mined. In every instance these rates were higher than the surface rates 

indicating that flow divergence was negligible. A compact carbonate 

gypsiferous layer varying from 2.5 to 7.5 em. and existing below the sur­

face from 20 to 45 em. is characteristic of some of the soils placed 

in Class 4 principally in the southern part of the valley. Although a 

slow infiltration rate was evidenced at first, mechanical probing of 

this compacted gypsiferous zone greatly increased the permeability. The 

site at Grid ~39 North, 206 East, ho~e 10 illustrates this finding. In" 

dications are that deep chiseling practices on these soils would aid 

materially in reclamation of these soilso 

As indicated in Table 3.1-8, the soils north of the River Zarqa 

are relatively free of soluble salts, exchangeable sodium and gypsum. 

The soils of this area range from medium to hea~ texture, being heavier 

toward the north end of the valley. Also illustrated is the fact that 

the soils south of .the River Zarqa are generally higher in soluble salts 



and exchangeable sodium. Soil textures tend to be medium in nature, and 

the soluble salt concentrations are composed principally of divalent 

cations which reduces the seriousness of the exchangeable sodium indica­

tion. These soils appear high in exchangeable sodium, due to the low 

cation exchange capacities reflected as a result of interference by the 

divalent cations in the exchangeable cation analysis. In addition gypsum 

is present in sufficient concentration to prevent development of sodium 

alkalinity during reclamation. 

Data revealing the effect of leaching on the soluble salt con­

centrations within the infiltration sites south of the River Zarqa are 

presented in Table ).1-6, Soluble Salt Displacement Resulting from In­

filtration Studies~ In every instance appreciable salt displacement 

occurred during the infiltration test. It is remarkable that soils con­

taining approximately 5.0% salt dropped to 0.1% salt during infiltration 

measurements., The ma.gnitude of leaching in these soils was noticeable 

down to the 60 em. depth, and in sane sites extended as far down as the 

120 em. depth before slight salt differentials were noted. 

In general, investigations indicate that the soils comprise two 

broad groups, non-saline in the area north of the Zarqa River, and salina 

in the area to the southo Infi1tration rates for the non-saline soils 

were generally ve~ satisfacto~, with the exception of a few observed 

in the extreme northern sector, where drainage could be a problem. The 

saline ,soils, Class 4 land, will require reclamation in order to reach a 

productive state. Adequate drainage will be required to maintain produc­

tivity once the soils have been reclaimed. 

Land Classes 

A land class is a category of lands having similar physical 
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and economic characteristics which affect the suitability ol land far 

irrigation. It has been called an expression of relative level of paf-

~nt capacity. Five major classes of land are recognized in this study. 

A fraction-type symbol is used to designate the different land 

clasees. The number in the numerator designc:.tes the class of land. 'l'he 

letters following the land class are the subclasses and sh01 the nature 

of the deficiencies. Tha subclasses are "s~, ntn, and "d" and represent 
~ 

deficiencies in soils, topography or drainage respectively. They ~ be 

used singly or in combinations. The letters in the denominator indicate 

the nature and extent of the deficiencies • The example in the lower let\ 

corner of Drawing ,JR-22, Land Classification Symbols, indicates the posi--

tion of the various deficiencies in a land class symbol. 

After correlating field examinations and laboratory information, 

the lands were segregated according to their degree of suitability for 

irrigation agriculture. Boundary lines between basic land classes are 

shown on the aerial mosaics as solid lines. Subclasses are delineated 

by dashed lines. Each arable class delineation has at leas\ one recorded 

soil profile and is labeled with a land classification symbol. 

Area and soil profile description far each recorded profile io­

cl.udes the foll0o1ing: 1) types of existing vegetation} 2) topography in­

fanuation with regard to gradient, position and unevenness of surface; 

J) drainage conditions; L.) soil information with respect to structure, 

cement~tion, color, and depth to residual marl.J and 5) laborat.or;y infor­

matio~ Mapping ~bols and abbreviations used in the land class1ticat1on 

survey are shown on Drawing JR-22. 

The features of soil, topography and drainage of cl&sa l land• 

are favorable !or the production of high yields of climatica~ adapted 



crops at relative~ low production costs. The characteristics of Class 

2 l ands may cause the followingl slight~ reduced yields, increased 

production costs, slightly restricted crop adaptabilities or a combina­

tion of these factors. Class 3 lands are restricted in suitability for 

irrigation agriculture because of features that materially reduce crop 

yields, restrict crop adaptabilities, increase production costs, or 

produce a combination of these results. Class u lands are temporarily 

unsuited for irrigation agriculture due to saline content of the soil; 

however, they are considered to be reclaimable to at least the productive 

level of Class 3 lands. Lands unsuited for irrigation agriculture are 

designated as Class 6. Estimates of the degree of suitability for irriw 

gation agriculture were made by comparing the characteristics of the 

lands with the minimum land class specifications presented in Tabla 

3.1-3, Specifications for Land Classification. 

The Class 1 lands are located primarily on the recent flood 

plains of the perennial streams on the ghor terraces with small scat­

tered areas occuring on the zor. They have deep permeable soils with no, 

or slight, evidence of alkali or salim conditions. Mos.t of the Class 2 

lands occur on the outer fringes of the recent flood plains, as deep 

soils with moderately heavy profiles. Also included in Class 2 are lands 

with coarse textured soils on the recent flood pla'ins, areas relatively 

shallow in depth to marl, those primari~ located along the edge of the 
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\ ·' 

Factor• Ev&l.Wltod 

Texture 

loept.h toa 
Sand, gra-.el or 
cobble 

I Bedrock, all&le 1 or 

I 
aiailar ""'tari&l. 

Re6idual marl 

i Hodi.tied mc.rl 

' 
! .IJ..k&.lin1 t,-
I 
I 
I 
;s o.liili ty 

! 
i 
I ·--------· :..... 
..'Hopua 

I 

ISUtr!w:e 

Cover (loose ruck ani 
vege t-ation) 

I 

I 

' 
i 
I 

I 
I 
! 
~ 

Cl.,s l. 

Sand,y loam to very P•rmeable 
clay. 

3b" of tine aaudy lo.., or 
heavier, 42• of aanccy loam, 

Surface pH 9,0 
Subooil pH 9.2 

Surface ,2% (lll<Q' be higher 

Suosoil 

Table 3ol-3 

Speciticationa o! Land Cl&asi!ication 
For The 

Iarmouk-Jord&n Valley Project 

Arabl.e 
Clan) 

S 0 L:; 

LoaJD¥ u.nd to p> rrr.eable clay. 

2L• o! tine aandy loam or 
heavier, )0"-)6" of loW!Q' 
a and, 

)6• depending on position and 
slope. 

pH 9,2 
pH 9,4 

. 5% {ma,;· be slightly hi(;her 
ir, f'vnr.eublt soils) , 
, 5% (J'vl tr.e "l>le s c.ils with 
good druna~e), 

Fine sand to alovly perneabl.e 
ola,y, 

18• o! aandy loam or heavier. 
Fine eand pennitted 1! under­
l.ain by heavier materiel. 

24• depending on poei tion and 
elope, 

pH 9.4 
pH 9.6 

12" 

. 5~ (may be slien tly higher 
in permeabl e soils), 
, 75% (hi !;her in open pe:ru:a­
o.bla aoila with good drain­

Poter.tt..: Arab e* 
Cilla L 

Fin• ear.d. to slowly pen:aabl.e 
clay 

18• o! aandy lo&JO or heavier, 
Fine eand pennitted if under 
l.a1n by heavie r lll&terlel, 

24• depending ao position and 
a lope, 

pH 9.L 
pH 9,6 

u• 

In axcese o! C!Ase .3 lim1te II 
but susceptible uf l e•:ning ! 
to at le;:.•t Cl.I.so ) ~.rcent­

M.ge"• 

in pcr"eat,le soilB) ! 
.n (•o ils •u th good 1 
drair"';;o), I 

--------------------------~r ------------------ T 0 P 0 0 R A P H_:lc_ _________ --r-----------~ 
Vp to L% in sEJ.e plane, Less Smooth elopes up to 8% or s •. oo th alo~e• up to 12% or Smooth slo;.o.s up to 12'1: or I 

a "e), I 

if complu •lof' ""• compl..x slopos up to 4%. corr.;o lu slopes less t han 6%, complex slc;;e• less t h an 8;(, 

Rb(;l!.lar cncugh to r•qu.ire HodGrlite levelling ;.nd 17td- Hea'l)' levelling and grading 
onl y Sir.all al'lOunt.o of level- ing rec;uirt:l, Esti1'11<ted earth re 4uired, t.stilc.ated earth 
llllco movement 2 GG-~OO l-'.3/Donu."ll, move.ment 500-eOO H3/DonW>, 

i nsufficient t.o modify equivalent in cc•t to Clas1 l-I'V be equivalent in cost to 
cul t •tr..:l. practices o~ re- 2 lev~lling, Class 3 levelling, 

Y£y exceed Claa• 2 levelling 
but st.a~ not be the =-
m\.:&.Ctl a.ll.owabla for Cls..s: 3. 

Y.ay exceod Cl.I.so 2 clearing 
but srould not t,e t. he l&i\Xi ­

"'' ''" allow;:.ble tor Cl..oi.=s 3, 

Cost of clearing s~e.c.ll or JBlearing required, May be Heavy clearing neces•&.r~• 

·---------------------~--~d~~~Cb praducti~. ty, :-o-.-,~-.~~--------------------------L-------------------------~ ________ ___ ---o_~·~P. A_l !I A~G~E ____________ ~------·--·-------------~ 

draln apacing as ~stablishcd loser drain "J-•aciug t h,,r. that drain splicing than that rc- tent1al aro.bh clus, 

Non-J..rab e 
Clus b 

I 

Thi.l inclu:iea all I 
lar.:lswUch do ' 
r.o t r;-,t;c;: :. t he ::::ini- r 

:nl..."C rc =tuir~ ::.w\.a I 
fo r aracle la.n:i. 
TI11a t:L&,• ir..: l u:1e ; 
: !T.ill u.odie~> o! 
ar•bla l on:! l.yl.::;: 
w1 t.r-.U:l l.;rgar areas 
of n.::n-Q.ra ol.; l.&n.i .. 

kquireo or.ly ncm <ol drain- n dditional drainage requirg]~ • Additional drain;.ge nquired, Project ~ ral.nage required •£• lfi t.t. maximam ~'"rmissibl& ouditioM . inrlicate sll~i,tly Conditions 11..-Jico.te closer a.s i ndl cHej for the po-

---------------1---~fr,:_:::o;n iu!Utrati.on t eo1__. , <t.abli chcd f or Cla '" 1, q~u:!;l~·r'-!.o:::d~fc!o::r....::C:::l~n.;!s~s-2!::..!.•----------L-----------------------~----------------i 

" Cl""• 4- Area3 having soluole salts . ill excess of limits fur Cla~3 3 l ar.a , und ·.ritn o cils and t opograjOhy such tha t recl.amat1on is hi,;hl.y t"e&sible , Land Cl;css p ~cr,ti~l ~rter 

Note 1 

~ote 2 

leaohina indieat.ed b.)· pC~r E: nt~e ticc;.l Sj'JH~.:>ls . 

- Tr.e pH lim.i ts •• se t f orth in u-.e st:.:-.jar .:is are based on one to five dilutions Iii th limits slightly higher than Bureau of Recla.7.ation stanjards, Trd.s a pp lies to 
soils which art Colcar• cU3 a.n1 gypsiferous in character, 

- ln the ovtrall use of toe s tan:ior:is the various lirni ts set up for each iteiJ in each class a.re used as guides and m~ be dev1 at.ed tro&n depenjing upon cirCUJ.'US t.£n:::e:s. 
A c oobination of fa<:t.ors is used to deter:nine the land class both present und uhimate, 

~.--_____ _ 



upper scarp having moderate rock cover and areas with soils of slight 

alkali or saline conditions. The p:;:incipal Class 3 lands are character-

ized by soils of very coarse text ure, undulating topography, surface 

rock, or major degrees of slope. These areas are predominantly found 

adjacent to the upper reaches of the ghor and the immediate fan areas of 

stream channels. The ClaDs h lands possess a high percentage of soluble 

salts and must be leached before successful irrigation agriculture can 

be initiatedo The majority of this land is located south of River zarqa 

on the East Ghor and on the West Ghor, which are areas of low rainfall. 

Localized areas occur intermittently throughout the project area. · Lands 

designated as Class 6 are principally the rough "breaks" between the 

ghor and zor, stream channels, shallow soil3 with strong alkali and high 

salt content, and undulating areas of very heavy textured soil with high 

salt Contento 

Class 1 

Relation of Land Classes to Crop Production, 
Crop Adaptabilities and Management 

(Table 3 ol-4) 

There are 143,090 donums of Class 1 land in the project area. 

The soils include deep, permeable clay loams and significant areas of 

sandy loams, and loams. The heavier textured profiles are primarily 

located north of the River Zarqa on the East Ghor and in the vicinity 0f 

Wadi Farita on the West Ghor. The fans of Wadi Hisban and Wadi Kafrein, 

located at the southern part of the East Ghor, comprise a large area of 

the lighter textured soils in this class. The water holding capacity is 

good and the inherent fertility of these soils is relatively high. These 

features provide an excellent environment for the grcuth of climatically 

adapted crops and do not present any major problems to the operator. A 
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Table J . l-4 

Relatinn of Land Classes and ? rincipal Subclasses to Crop Adaotability and i·iana £el:ll!nt 
5hcet 1 of J 

p::a.:..:n;;:.t_!_::;1::a:;s:;s't--- ----=?.:.r.:.ic:.:;nci -:Jal Stlbclasses --f--_____ ___ Sa_l"-1"-e"'n-'-t'-'F-'e-'-a--'t·u~'-re'-s'---

uross 
Area 

Percent 
of Total Crop Adal'_tabi 11 tz. 

1 1 / ll,1/l:n,1/ d,l/an,l/:t:h,l /r.!hz ,1/hh Smoth lands , deep permeable 
sanrly loa lllS and 1oams, minor 
areas of clay. 

1LJ,090 15.2 Clitli.tlcally adapted crops. 

!"'.ar.a<!er.ent Froble:B 

llo special p:-cble:u. 

-----------------------+------------------------+----~------~----------------------~--------------------1 

J 

2s /'lhz 

2s / l=.a ,2 s _l l:,a 1 2s /::: :3 , 2s /m.ha 

2s/ll 

2t/h~ 

2t/hrc ,2t/ hhu , 2t 1h'lcg 

2 thin ,2t i;:hc •J , < t/ l h•J , 2 t /rr.-,u, 2 t /r.t >:u, 
2t/l ::.•J,2t/llc ,2 t / 11:1 , 2t/llc i' 

2s t /r:I-cu 

2st,':-,rc ~r.ac , ~:-:.="" 

2s t/llc, 2s t/llu , 2s t/1 h cu, 2s t/J.::.c 
2st/hl,? 

2d/!1h,2sd/ht> , 2 ta/ht11 ,2s trl/hhc g ,2s1/hha, 
23d/hhz 

Js / hha 

Js/hc.az ,Js/:r.:ra• 

Js/hma ffi.7.il 

Clays and clay l oa :o over :narls. 

Cla3r, ninor areas of clar l oam, 
dcco soils . 

Clay. l oc'.:JS, minor areas of clay, 
deea, sli r. ht al,ali . 

U :?ht to c-e d ium t~xt.ur es, deap 
s oil , sl i ch t al:..,li. 

Sm1o t h dee? all"Jv~u ro. , lo·,\· avail· 
able wa ter, 

2, 766 

16 ,627 

n,o2L 

12, 937 

6,854 

Clay loan..s, ::!nor a reas of clay, 10 ,718 
o:radicnt L-e %. 

Clay learns, mo·le r ata levelin•' or 12,526 
clearing req uired . 

Li >ht to Jledium t extures. ·~ader> te 12 ,51,9 
lev~ lin't or c lea r i n;: requ ired. 

!-lorierately undnh t ' n~ lands with 
s oil ann alkali var iations sb­
ila r to the 2s l an·is as inclica ted 
by denominat.n r symbol. 
3a.-::.e as abo,·e 
Sa ::'.e as above 

Cla·.r and clay l oam texture, 
r r:odient. 

Cl a,y loams tn c lays . '.iater table 
nre s ent. 

Smo oth, clay loans <. nrl clay, 
r..o~ erate alkali . 

l'.ecHwn e&nd heavy tex t.ures 1 over 
l1arl. :' oderate alkali. 

S~r.ooth , IJ\!ldiwn. textur e 1 ~~erate 
all'.ali. 

9 , 727 

lL ,-1 JL 
10, SJ6 

7 ,19 ) 

11,01) 

92L 

J,9JJ 

782 

O. J 

1. e 
1.2 

l.b 

" .7 

1.1 

l.J 

l.J 

1.0 

l.S 
1.1 
o.e 

1.2 

0.1 

o.L 

'l .l 

Crops havin,; !ID CeNtel,y daep 
r :>a t ing s-;s tellS . 

Crops havin,." r.1.o:i era tely dee? 
roo t ill!' !1'JS t=s . 

~lkali tole rant, :tat: era t.ely deep 
ro oted cro~s as S '.J;'.:lr te~ts. 

Alkali tolerant, dee p rc~ ted 
fbl d and trJc< crop s . 

Deep rooted crop s--earl,y ve;;e­
table s, po ta toes . 

C lima ticall:r adapted cro):s. 

SI!!'J.lar to 2s lands as ir.d l­
ca ted by denomi nator sp.bols. 

Crops havin~ codera te ly deep or 
shalla• rooting S:rS te:os. 

I'.<Xleratel,y deep rooti~ s;nt.e<:>., 
modera tely alkali tokrant cro;>s. 

Shallow r ooted , :nod era tal,y alkali 
tolerant crops 

Deep rooted, :noderately alkali 
tolerant crops. 

Tilla>e ~ robla:!s. 

Ti lla .ze ;:; roble ~ s--l c. a.ch tc 
correct aliG l i , 

Le ach to cor r ec t al .-.ali. 

I rrl~ata to avo i :! exces,ive . ~ee? 

~ercolati.::r. and :ertiliz.~r 

losses . 

Ca re in a :; :; l :. c a ti ~ r. ': f irr ::.ga ti~ :1. 

w.:lt.e r on l ar.rLi w! t.h r ra..Jie:It., 

Pr eble;» s irr.ila r to 2s J;;.n ~s as 
indica ted by satclass sy:tl:ol•. 
C'are in Ci.;:J plicati c r. o f irri· 
~a tinn water en l.:..., ds \Y! t;.b 
,rac ient. Levelin;: ar.d c learing 
costs as inj icateJ fo r 2t lar.ds. 

Drainage , etl'l:! r ~r:.bl~ ..: s sl:-J.lar 
to 2s t lan~ s as in.: i ca t ed by 
s ubclass - sy-....bols. 

Tilla ~e 

Subsoil to open up '"'rl and i n­
crease e !fee ti ve ro ~J t 2;..)0 e. 
Leach tc cor re: t •lia ll. 



Table 3 .. 1-4 

Relation of Land Classes and Prine! 

L ~"'!d Class ?r:inc!.P_al iutc:lasscs 

3t/h"( 

3 3t / ::nc2"2 ,3ti=-la 

4(1) 

L(2) 

3• t / hha•u 
3n/r.hc 2 ~2 
3<t/::rc.u2• )st/a:a::2g2u2, 3• t/lh::, 

) st/l hc3g2 
:sy~2~2: ~sy~c~a~, -3~t:l:c:~u~-=1~3 _ 

3c/ hh, )so /hh , 3 t<i/hl'nl, 3• te/llc2u2 

1/hh,l/ch,l/hl,l/lh,l/=,1/L"" ,l/ 11 

2s/tJ:z 

2s / hh ,2 • /h1 

2s/mm, 2s/ll 

2t/hhu ,2t/ hlrzu 

2t/m.~ 

2 t/t.'lll ,2t/m:zu, 2t/.Uu, 2t/l:llca, 2t/lmu, 2t/ll!';U 

2»t/hlm,2at/llcu 

2s t/hhau 12st/ ahau 

Salient Features 

Clo.v loa., •.1nor areas of clay, 
soil deep, gradient 8-12 %. 

l1edium. tex lures, moderate to 
heavy lcvclinp: and clearing 
r equ ired . 

Generally s eve re topographic 
lid. t.at1ons. So il and allcali 
c ondi t i ons similar to the 3• 
lands as indicated by denom­
ina to r symbol• 

Water table present. 

uross 
Area 

5,07L 

L, L6o 

L, 9e.9 
11,517 
15,716 

lL,902 

Smooth lands, deep , permeab le 66,632 
s andy loams, l oams and clay l oams . 

Clay loams, clays over marla, 

Clay surface texture ' s..,oth, 
deeo soil. 

tlediWn and l1 ~1lt textures. lDw 
ava ilable water. 

Clay l oams , minor areas of clay: 
so il de ep; undulations 
~mothJ deep, zaedlum texture. 
Gr adient L-8%. 

Medi\1.111 and li ~ht tex tures , 
me era te undul ations 

lbde rately undulatillf. lands 
with soil Tariationa similar 
to L (2a) lands ao inclicated 
by denominMtor symbols, 

llater table present. 

e,o32 

8,906 

5,052 

8, 657 

1,969 

n, B9L 

L, 111 

10,216 

5,125 

rercen~ 

of Total 

0.5 

0,5 

) ,5 
1, 2 
1.1 

1.6 

o.L 

1.0 

0,9 

1,0 

0.5 

- - - - --
0,9 

0,2 

1.3 

- - - - - -
0, 5 

1.1 

-- -- - -
o. 5 

Croo l.daot.abili ty 

Clirult1call,y adapted cropa, 

Same as above, 

Sir..i lar to 3• lands as 1ndi­
ca ted by subclass sy:±ols. 

Sioilar to other 3s land as 
_Indicated by subclass ayt:bols. 

Climaticall,y adapted crops, 
( After reclalllolticn) 

Crops having moder a tely deep 
r ooting sys telil5. 

Deep rooted crops. 

Very early truck crops, 

Clir.~&Ucally adapted c rops . 
(after recla: .ation) 

Similar to the 2 a landa u in­
dicated b7 aubala• &y!Zola, 

ShillCJO ,.,ot.od cropa, 

Irri~ate s ·;ch that E:rosicn is 
controll<d. 

Mode r ato c lea r ing a.nC leve li.::g , 

------------------
SWlar to Js lands as ir.C i ­
ca~d by subclass S'jwbols . 

------------------
Dra inage--ot~r problems s:t..:. l a r 

to those of Js l and s as ir.Ci ­
ca ted by subclass sy::h ls. 

Leach to correct ali<ali. 

Leach to c orr«ct ali<ali. 

Tillage proble:ns--leach to 
c on-ect alkali. 

Was ~. ir.g ou t c! plants by wind or 
water . Excessive Ce ep ;>erc oU. tiO'l 

Leve l ing--leach to c orrect 
ali<al1. 

Leach to c orrect a li<ali 

Leveling-leach to c orrect 
ali<ali. 

Prcble!U are s U: ilar to t hos e 
of L(2o) lands aa indicated 
~ subclass sycho ls. Le t.<:hin! 
required to correct &lhll. 

Drai,.ge--leacb to correct 
allcali, 
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Table 3.1-4 

Relation o! Lan:l Classes and frinc i E"'_l Subclasses to Crop .l:laptability and ~gement 
-----------sneen--01~ - -

,-----r--------------------- ------·.-..:~r==-=os""s"-...---=P-ercent -- -----·-------------,----·---- -----------, 

~~.i_':~:_s _ _ __!:_l:!_~ip&l s:<:classes _____________ Salie~.E~atuz:_es Area __ ~o~al _ ~- Crop Adapt.abili_.:ty'-------I---_:M;:•"-'::.':::·o~:-oent Proble:os 

l(J) 

6 

; ;;~/""·•) 
;:; t/dla:~ u2 
3• t / :-.,r..gzuz , ) s t/nmzu2, 3• t /m.'llzu2 

3.:1/:..hz 
) d/ cJU-Jtli/lhu-)s t:i/mhu 

~h , 6i (class 1, 21 )) 

?s, 6t, 6st, 6std 

Heavy-slowly pe r10e3ble cla11 
smoo th 1 deep soil. 

r.adium an:! light textures. Heavy 
undulati~ns 

Clay lo3Jil1 minor areas ot clay mod­
erate undulation, Gradient L-8. 

Generally severe topographic l ilni­
ta tions. Soil condi tions s 1m1lar 
to t he L (Js) &.nd h ( 2s) lan:is 
as indicated by denominator 
symbols, 

7,6)2 

- - -
5,255 

2,1)2 

- - -
5,200 
2,)29 

16,152 

Clays over marl , "ater table present.. 2,208 
Medium and he;,vy textures. l':o:lerate 
undulation. Water table present. 

-
Landa which by location are either 8,624 

high or isolated with respect 
to tho delivery o! irrigation 
vater. 

Land• unsui tablo for the econollllc 1.14,175 
production o! any irrigated 

I crop. 

Total 942,8LL 

o.B 

- - - - - - - -
o.6 

0.2 

- - - - - - - - -
o.6 
O.) 
1.7 

0.2 

-
0.9 

L3.9 

100.0 

Shallow rooted cropa 

- - - - - - - - - - - - - - - -
Cll•.atically adapted crops 

(after reclaJ'.ation) 

- - - - - - - - - - - - - - - -
Similar to the )s lan:la as 

indicate•i by subclass s:ra.bols, 

Shallow roote:i crops 

llative Pasture 

Native Pasture 

-

-

Tillage Fr ooler:;, leach to 
correct alkol1, 

Leveling • leach to correct 
alkali. 

F-roble"" ue sWlar to those 
ot L (Ja) landa as inJicate.i 
t.y subcli.ss symbols. Leach­
ing r~;·Jired to correct. 
alkali. 

Drainage - leach to correct 
alkali a le ve lin~ where in­
dica t ed in •ubclass. 



wide range of crops is being r- rown on Lhe :;c l ;mds with good production. 

Class 2 

The Cla::;s 2 l <1 nds C•"JfTlpl'i.s8 138,h.73 donum:> within the project 

area. Class 2 lands are generally less favorable for the production of 

most irrigated crops than are t he Class 1 lands and in addition some of 

the Class 2 lands have developmental problemso The characteristics 

which cause these less favora ble conditions ·and the major problems which 

may be anticipated are as follows: 

a. Heavy Texture 

(1) Permeable profiles (principal subclasses, 
2s/hhz, 2s/hh)o Approximately 19,000 
donums are included in this grouping. The 
principal location of these lands is in 
the northern part of the valley in the 
vicinity of Adasiyeo Infiltration rates 
range from Oo5 mm./hr. to 68.0 mmo/hr. A 
large portion of this area has been farmed 
for many years and produces good crops. A 
minor portion of these soils are subject 
to vertical cracking and sealing necessi­
tating care in water applicationo Tillage 
practices in these areas will be governed 
by the moisture content of t~1e soil. 

b. Saline-Alkali Lands 

(1) 

(2) 

Permeable profi)_es (princ:i.pal subclass, 
2s/hha) •. There are approximately 11,000 
donums of land in this category. They 
occur generally on the upper fringe of 
lower lying areaso The problem is some­
what difficult to remedy with correctives 
due to heavy textured soils subject to 
vertical cracking; ho>-lever, addition of 
~JPSUm and adequate subsurface drainage 
will help materially. Cultivation prac• 
tices will be sL~ilar to the 2s/hh lands 
in regard to timeliness of operation. 
Crops such as sugar beets should do well 
on these areas. 

Very permeable profiles (principal sub­
grcups, 2s/L~a, 2s/lha, 2s/mma). These 
lands number approximately 13,000 donums. 
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The ma j or portion is ge ntly sloping and has 
soils tha L a r e dee?, 9errneable and capable 
or holding a moderate amount of water for 
plant usao There is a slight alkali prob­
lem indicated by high exchangeable sodium, 
in most case:> gyn~;um content is correspond­
ingly hir~h . Moderately alkali-tolerant, 
dee p rooted c rops should do well on these 
area3. When occu rrin~ as narTow tra~ts 
surrounced by soils of more favorable tex­
ture, ap9ronriate soil-plant-water relations 
may be dif ficult to maintain and crop growth 
may be restricted. Irrigation practices pro­
ducing moderate leaching are recommended. 

c. Topographic Deficiencies 

(1) 

(2) 

(3) 

Lands characterized by unevenness or cover, 
(principal subclasses, 2t/hhu, 2st/mhcu, 
2st/llc). There are approximately 18,900 
donums of Class 2 land that will require 
moderate leveling before they will be 
suitable for irrigation without special 
irrigation systems. Of this total approxi­
mately h,ooo donums have slight factors of 
both unevenness and rock or vegetative 
cover, the combination of which warrants 
placing them in a topographic deficienc.y 
category. Approximately 22,300 donums 
will require removal of rock or vegetative 
cover. These deficiency factors are ex­
nccted to. be corrected at a cost of be­
tween ~- ll and tl9 oe r donum. After level­
ing and clearing has been accomplished, 
there are approximately 16,700 donums that 
will be of Class 1 quality. 

Gradient or complex slope (principal sub­
classes, 2t/hhg, 25/hhcg, 2st/hhg). These 
are lands with gradients that make irriga­
tion patterns difficult since these areas 
quite often lie adjacent to smoother slopes. 
There are approximately 36,000 donums in this 
category, of which 15, 600 donurm will require 
clearing of cover. The general extent of 
topographic deficiencies is shown in Table 
3.1-5, Extent of Topographic Deficiencies. 

Drainage problem (principal subclasses, 
2sd/hh, 2d/hh, 2td/hhg). The total of 
approximately 11,000 donums in this group­
ing is rendered less significant due to 
the fact that the individual areas are 
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Table .3 .l-5 

Extent of Topographic Deficiencies 

Et . .3T GWlR N'lR TH FAST G!!OR S':IJ TH 

Above Eelow Cana l Above oelow Canal Above 
Canal Ghar Lor Can<> l uho r lor Ca~,al 

About half l"J.inor i;n- Ner:ll- Ahru t hE.lf Locally Local About 20% 
of area oortance. l!ible of area :imnortant. Pockets of area 
affected. About 5% affected. Aboot 1% - affected, 
Parti cularly of to tal Negli-
near the area, gible 
alluvial 
fans. 

~liner im- Minor im- Of major About 1 5% About 12% Of major 25% of 
oortance, oortance, proportions. needs of this i.r.lportar.ce. area is 
About 5%. Less than Nea rly all leveling area needs Is princi- in need o: 

5% of area. lands need leveling, pal defi- level ir.~; . 

some. ciency. 

About one- About 10% Of minor libout 10 % Of minor Negli- About 20% 
t:U.rd of of area is importance. of area iroo rtanc e- gible of arec. 
area is affected, is affect- about 5% affected. 
affected. ed. 

Notes: Most cover deficiencies a re of class 2 intensity. 
Gradients (g), mstly of class 2. Smoo th Slopes up to 8 % or cornDlex slopes up to L%. 
Leveling (u), mostly class 2 intensity. Movenent of 200 to 500 lY per donUJll required~ 

H"SST GlflR 

Below Canal 
u hor L..or 

l:egli- : le~li-

!'ibl e !'it; le 

12-15% Pri.nci-
area is pal de-
in need ficiency in 
of level- the Zor, 
ing. 

t!egli- !!e£;li-
t-ib le gible 



Class ) 

relatively small. Primarily they constst 
of lands in shallow depressions and have 
been taken into account in designing the 
project drainage pattern. 

The Class 3 lands occupy 65,972 donumB of the project area. 

The characteristics of Class 3 lands are fairly favorable to irrigation 

agriculture. Moderate alkali, very coarse textures, and fairly rough 

topography are the factors which primarily limit the suitability of these 

lands for irrigation agriculture. 

a. Saline-Alkali 4nds 

(1) Lands with moderate alkali, relatively 
permeable soils (principal subclasses, 
Js/hha, Js/hhaz). The area in this 
category totals approximately 5,000 
donums. They are smooth gently sloping 
lands in which moderate amounts of alkali 
and soluble salts have accumulated. A 
lArge portion of these lands are farmed 
to graino Current irrigation practices 
with an inadequate water supply have per• 
rnitted accumulation of salts from tho 
subsoil, particularly in those areas 
underlain by marl at a relatively shal­
low depth. Infiltration tests indicate 
the profiles to be susceptible to leach­
ing with an adequate water supply and 
drainage system. 

b. Topographic Deficiencies 

(1) Lands of uneven topography or relatively 
steep gradient, (representative sub­
classes, 3t/hhg3, 3t/mmc2u2, 3t/mlu1). 
Approximately 9,500 donums of land ~re 
classed in this category. Of this total 
nearly 90 percent Hill require grading 
or clearing estimated to cost between $16 
and ~32 per donum. The remaining 10 per­
cent possesses relatively smooth gradient 
of between 8 and 12 percent slope with 
medium heavy to heavy textured soils, 
which will necessitate careful application 
of water. 
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Class 4 

(2) Lands with combination topographic and soil 
deficiencies, (r epre3entative subclasses, 
3st/hhc2g,.,, 3st/rrunc 2g2u2, 3s t/llac2g2u2). 
This group of land comprises lt2,000 donums 
and will require grading and clearing as 
described in the foregoing paragraph. Of 
the total land in this categorf about one­
half has a good water holding capacity; 
however, the range between wilting point 
and field capacity will be slight~ re• 
duced by the alkali condition of some 7,500 
donumso The remainder is com?rised of 
light textured soils of which about 5,700 
donums are affected by alkali. These lands 
frequent~ occur as irregular shapes sur­
rounded by lands of poorer quality. Care 
sh0'..1ld be exercised in leveling in order 
not to deposit a layer of unproductive 
soil over these marginal soils, resulting 
in severely restricted crop growth. Fre­
quent irrigation and fertilization will be 
required to maintain crop production due 
to le>v water holding capacity and low in­
herent fertility of the soil. 

(3) Drainage problem (principal subclasses, 
3d/hh, 3sd/hh). Lands of this catego~ 
are relatively minor, totaling approxi­
mately 3,600 donums. They normally occur 
as ver.J small depressions with evidence of 
a water table; hadever, they are of farm­
able size, and project drainage has been 
designed to provide subsurface outlets. 

The Class 4 lands comprise 172,310 donums of the area. Of 

this total about 14 percent are of Class 1 and 2 potential after leaching 

operations are completed. Primarily the soil textures, and topography of 

these .lands are favorable and in most instances there is an appreciable 

amount of gypsum present which will materially aid in the leaching pro­

cess. Total soluble salt content may range from 0.5 percent to greater 

than 3.0 percent in cases where soil, topography and drainage character-

istics are favorable for leaching. The majority of this land occurs in 

large bodies primarily on the lower edge of alluvial fans, and are 
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presently not irrigated. 

The area of the East Ghar 'lssociated with the fans of the 

Wadis Shue:Lb, Kafrein, and Hisban are representative of this category. 

Representative samples show total soluble salt content in one irrigated 

field as less than 0.2 percent, as comoared to samples showing greater 

than 2.0 percent in an adjacent field which has had no irrigation water 

applied, but t-rhich is comparable in soil texture, topography, and drain­

age characteristics. Better than three-fourths of this area is charac­

terized by soils With profiles ranging in texture from sanqy loams to 

clay loams or permeable clays. Light to nedium textured profiles are 

characteristic of about one-third of the area. The blocking of ancient 

urxierground water developnent systems (fuquaras) has given rise to saline 

conditions in some areas. It is contemplated this condition will be 

remedied by subsurface drainage. 

The Class h lands on the West Ghar south of Jericho are similar 

in nature and position to those described in the foregoing paragraph} 

however, the presence of fuquaras has not been detected. These lands are 

predominantly characterized by clay loam and clay profiles. Large bodies 

of this category extend northward from the Jericho vicinity where again 

fuquaras have materially contributed to the saline content of these areas. 

Infiltration rates on these soils are generally good as indicated by a 

rate of 5~1 mm./hro on a soil composed of 90 centineters of clay over 

clay lQam to a 1.5 meter depth. 

After leveling and leaching operations the Class 4 lands are 

expected to assume the characteristics of those classes and subclasses 

indicated by the classification symbol following the 4 designation. 
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Class 6 

Approximately u23 1 000 donums of Class 6land are unsuited for 

irrigation agriculture, of which 8,800 donums are due to isolation from 

lands of an arable nature or excessive elevation. The remainder is the 

rough, shallow soil "break" between the ghar and zor areas, stream chan­

nels, and scattered rough and stony lands. 

Leaching 

Approxirratel.y 17u, 000 donums will require leaching of salts 

from the soil before a satisfactory degree of crop production can be ex­

pected. A specific leaching program is recommended for approximatezy-

167, 000 dorrums. The TSS percentage of these soils ranges upward from 

0.2% with the average percentage somewhat greater than 3.0%. Two tenths 

of one percent soluble salt present within the upper meter of soil may 

be potentialzy- damaging to crop yields. 

Lands requiring leaching are designated as Class h, of which 

the largest areas are in the southern part of the valley. To establish 

a basis for leaching recommendations two trial areas were selected and 

prepared under normal field conditions. Each area was divided into four 

plots of equal size and each plot within an area given a specified water 

treatment. The major difference in preparation for leaching was that 

Area 1 was provided with subsurface drainage facilities while Area 2 did 

not have such facilities. Table 3.1-6, Soluble Salt Displacement, shows 

the total soluble salt displacenent, the amount of water applied and the 

infiltration rate during water application. Location and details of 

methods and procedures used in leaching trials are in Part 5 of Volume 

VII. Results of the trials indicate that salts can be leached from the 

soil. An application of 15 centimeters of water follc:Joled by subsequent 
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Table .3.1-6 

Soluble Salt Displacement 
Resulting From Infiltration Studies 

of Jordan Valley Soils 
(Sheet 1 of 2) 

Sheet No. Irifiltra ... Conductivity 
and Layer tion Water ECxl0.3 

Coord- Hole Depth Rate Applied Before After 
inate No. em. MM/Hr. M Info Inf. 

East Ghor Area 
139N-206E 10 0- 15 r ... o 2.47 117 3.8 
1J9o670N- 15- 30 99 4.8 
205.225E 30- h5 66 ( 

45- 60 56 (3.2 
60- 75 51 (17 
75- 90 53 ( 
90-120 55 18 

120-150 54 15 

137o5N .. 204E 24 o- 15 124.5 7.68 161 7.6 
15- 30 117 11 
30- !.iS 10 6.1 
45- 60 46 5.9 
60- 90 19 6.6 
90-120 14 6.5 

134.5N-208E 20 0- 15 25.4 1.01 188 6.6 
135.760N- 15- 30 113 3.8 
206.090E 30- 60 92 4.4 

60- 90 61 4 • .3 
90-120 49 4.6 

120-150 31 5.8 
150-180 38 6.6 

1hOo5N-206E 22 0- 15 10.2 2.19 44 6.2 
1h0e.800N ... 15- 30 50 4.1 
205.820E .30- 60 52 3.7 

60- 90 61 4.4 
90-120 65 6.6 

120-150 83 25 

West Ghor Area 
172N-200E 9 0- 15 35.6 4.51 76 3.1 

15- 30 58 1 • .3 
30- 60 6o· 5.0 
6o- 90 38 2.9 
90-120 29 3.1 
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Table ).1-6 

S o1ub1e Salt Displacement 
Resulting From Infiltration Studies 

of Jordan Valley Soils 
(Sheet 2 of 2) 

Sheet No. Infiltra- Coriduct~ty 
and _Layer tion Water ECxl 

Coord- Hole Depth Rate Applied Before After 
inate Noo em. MM/Hra M Infe Inf. 

(West Ghor Area Conttd) 

lu5N-198E 1 0- 15 17.8 1.ho 5.0 2.0 
15- )0 19 3.8 
30- 60 32 3.3 
6o- 90 61 7.1 
90-120 58 u1 

120-150 58 53 

137o5N-198E 13 o... 15 99.1 5.88 18) 4.8 
15- 30 110 3.5 
Jo- us 117 13 
us- 6o 1o6 2u 
6o- 90 78 35 
90-120 55 U4 

120..150 32 29 

13JN-202E 13 o- 15 1.0 .15 67 5.3 
15- 30 65 u.4 
)()... 45 45 41 
45- 60 46 46 
60- 90 49 48 
90..120 so 41 

120-150 65 59 

133N-202E 12 o- 15 5.1 .)0 160 3.9 
133.575N- 15- 30 156 s.o 
200.990E 3D- 45 lU4 )2 

45- 60 137 48 
60- 90 1)4 53 
90-120 122 62 

120-150 1Ll 118 
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applications of the same amount (each applied immediate~ after the pre­

vious one ha s been abs orbed by the soil, until a total of 80 to 100 centi-

meters has been applied) will r emove t he salts to a safe level for shallow 

rooted crops and additional applicat ions of water will maintain this level 

when adequate subsurface drainage has been provideda 

Project Subdivi sions 

For purposes of this study the Jordan Valley has been divided 

into three subdivisions. These are the East Ghor North, the East Ghor 

South, and the West Ghor. Each of these was further divided into two 

primary sub-areas, above and below the main canal., The zor was segre-

gated in tabulations to indicate its relative importance, although it 

will be an integral part of the area served by the main canals. 

Land classes are ·summarized for each subdivis ion and sub-area 

in Table ).1 ... 7, Land Classification Summary. The distritution of these 

lands is sham on the land classif ication mD.p, Drawing JR-21. 

East Ghor North 

Description. The East Ghar North subdivision comprises the 

lands lying between Yarmouk River in the extreme northern part of the 

valley and the River Zarqa, which forms an approximate .mid-point dividing 

line of the lands east of the Jordan River., The lands extend from the 

Jordan River eastward to the steep slopes leading out of the valley. 

Nine sizeable wadis provide drainage, forming a series of small alluvial 
I 

fans and interfan areas. The general gradient is in a westerlY direction, 

and the elevation ranges from approximately minus 212 meters along the 

Main Canal location in the Adasi.ye vicinity to about mimls 226 reters 

near the Zarqa River. Annual precipitation in this subdivision is of 

greater magnitude than any other portion of the vall~ and ranges from 
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about uOO mm. near Adnsiye to about 200 mm. near the River Zarqa. Typi-

cal land classification photo maps of this area are shown as Drawings 

JR-23 and JR-2u. 

Soils. The soils of the ghar have been formed primarily from 

alluvial materials that were stream borne and ~ general outwash from 

the uplands. This mantle was laid down over fine textured lake deposits 

(:narls) and thins out as it approaches the 1tbreak" between the ghar and 

zor. Textures on the fans vary, but are predominant~ medium with rock 

and gravels in the profiles being a limiting factor, especial~ in those 

areas adjacent to the hills. On the edges of the fans, clay loams pre-

dominate with clays occupying the interfan regions. Organic matter, 

while still relatively low, is higher in this northern area than cmy 

other part of the valley. Rainfall, together with other weathering 

aeents, has played a prir1cipal part in modification of the soils. The 

l ake-laid materials have undergone changes to such an extent that it is 

dif ficult in most cases to identify the original laminations and in most 

instances the structure has become softly consolidated. Marls were found 

to be ore sent in the one and a half meter zone of depth in only 5 percent 

of arable areao 

Topography. The series of alluvial fans in this area give rise 

to slopes whose gradient is seldom greater than h percent. Complex 

slopes of short runs occur on the upper edges of the fans adjacent to 

the foothills. Gradient on the larger fans, such as those of the \-ladi 

Arab and River Zarqa, is relative~ smooth with long uniform slopes. 

The lands between the Wadi Rajeb and River Zarqa are indicative of the 

larger interfan areas which are of medium to heavy texture with long 

gentle slopes. Above the location of the Main canal, cover is generally 
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composed of rock, while some re ge tation remoYal will be required below 

the canalo 

The zor area is cha -racterizad by old stream channels which have 

been filled in by flood action~ The resulting complex slopes will re­

quire a major degree of le·1eling in these instancesu 

Drainage . Conditions for adequate surface drainage are favor­

ableo Except for localized areas thare should be little difficulty in 

establishing drainage outlets thra~gh natural stream channelso 

Approximately 7 percent of the arable area has characteristics 

which indicate ore sent or patential subsurface drainage problems. These 

areas are primarily indicated by the presence of a water table within the 

meter and a half depth of soil profileo This condition has developed 

where there is a pronounced differential in hydraulic conductivity of 

the soils in connection with a slope differential and in areas where 

fuquara3 have been neglected or abandonedo A shallow depression occurs 

between Grid North 223 and North 230 comprised of slowly permeable soila 

whose clay fraction frequently exceeds 50 percento Field observation 

indicates the clay to be of the expanding lattice type. Under present 

J.irnited irrigation, drainage problems are not acute; hcwever1 irrigation 

with a full water supp~y wi~~ tend to aggravate conditions in this area. 

Controlled application of water, development with shallow rooted crops, 

encouragement of water penetration through use of gypsum,and installation 

of cloqely spaced drains are reco~~ended. 

Problem areas on the zor occur as a result of the proximity of 

the Jordan River water table, and from seeps or springs from the rough area 

which separates the ghor and zor. Installation of an interceptor ditch 

will effective~ aid the latter condition while arable areas affected by 
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the river water t able can be o r0ductively farmed to shallow rooted crops 

wi~h contr0lled irrigation practices. 

s.::.linity and Alkalini.tyo In the area north of the River Zarqa 

soils are general~v lo1 iP- soluble salts and in exchangeable sodium and 

gypsum. These reJ.;l.ticr:.ships are indicated in Table 3 .,1-8. Samples shown 

in this table were t.akP.n in areas where problems were either in evidence 

or ·..zhose existet:ce was suspected. It will be noted that in practically 

every case where clay content is below 60 percent, the total soluble 

salts are below 0 .. 2 by percentage, and exchangeable sodium is well below 

the critical point of 15 percent. Field permeabi.lity tests also indicate 

an adequate infilt:;::ation r&te for the majority of the areas represented 

by thes~ samples. 

In the few areas where an excessive degree of alkalinity was 

fvund, t."le subsoil was the zone primarily affectedo This condition is 

gene:Lall~r restricted to small areas in the vicinity of Adasiye, and where 

found, the soils are :producing shallo•..z rooted crops successfully. These 

soils sheri a clay conte41t in exces s of 60 percent with correspondingly 

low permeability rates., Although the total area represe_nted by these 

latter condit.ions is small, they should receive additional study as the 

project proceedso Soils amendments such as gypsum, and crop rotation 

L,cluding deep rooted crops should aid water penetration. The beneficial 

effects of drying on clay soils, through Sllmrner fa.llo~J, are also of con­

siderable importance. 

Findings and Conclusions 0 The East Ghor North area is gener­

ally suited for the furt..~e r deYelcpment of ir.igation agriculture. Where 

~ater is available at the present time a variety of crops is being suc­

cessfully grown., S o::i.ls are predcrtinantly medium to heavy in texture, of 
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good water holding capacity and are surprisingly fertile in view of the 

small amount of fertilizer utilized. The heavier clay soils are found 

primarily in the north end of the area, in the vicinity of Adasiye. 

Slopes are somewhat more complex in this subdivision. Rock cover is 

primarily found adjacent to the hills and st~am channels with a greater 

degree of vegetative cover present below the proposed canal. 

Areas involving salinity and alkalinity problems are relative~ 

small, about 5 percent of the arable acreage, and where they occur are 

generally associated with drainage deficiencies. Installation of ade­

quate subsurface drainage facilities and the addition of soil amendments 

such as gypsum will materially aid these lands. 

East Ghor South 

Description. The East Ghor South subdivision extends from the 

River Zarqa south to the northern edge of the Dead Sea, and from the 

steep slopes of the eastern foothills westward to the Jordan River. 

Lands in this subdivision lying north of the general vicinity of the sur­

faced road leading westward across the valley to the Damiya Bridge. and 

the West Gho:r; are rough and broken in nature~ Southward from thls vicin­

ity the lands become generally smooth and gently sloping. The wide 

alluvial fans of the Wadi Shueib, Wadi Kafrein, and Wadi Hisban are 

partially irrigated with a limited water supply. The general gradient 

is westward te111ard the Jordan River and the area slopes to the south 

from aq elevation of about minus 226 meters at the River Zarqa to approx­

imately minus 392 neters at the Dead Sea. Rainfall in the area decreases 

from about 2.50 mm. D3ar its northern boundary to about 100 mm. in the 

southern section. The land classification photo map JR-25 is representa­

tive of the northern section of the area,while JR-27 is typical of the 
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lands to the south. Photo map JR-2 6 illustrates a representative section 

of zor land. 

Soils. The most favorable soils are located on the broad, 

smooth, gently sloping alluvial fans of the three major wadis previous~ 

mentioned. Textures on the Wadi Shueib fan are loams, clay loams, and 

light clays with considerable rock in the area adjacent to Shunat Nimrino 

South\_,ard the fans of Wadi Kafrein and Wadi Hisban are li~hter in texture 

with clay loams and loams predominating and sandy loam near Suweima. 

Soils on ~~ese fans are deep, porous, and relatively free of soluble 

salts and alkalio Where irrigated these areas produce good crops. Marl 

is seldom found within the one-and-a half meter depth. 

The soils illustrated by profiles on land classification photo 

map JR-27 are generally representative of the areas south of Karama lying 

between the lower edge of the alluvial fans and the Katar. Color ranges 

from grayish-brown to whitish-gray with marl occurring under most of the 

area. North of Karama the lands become broken and soils are predomi­

nantly whitish-gray in color, with a smooth-lying area of these soils 

occurring in the vicinity of Grid North 164. Photo map JR~25 shows 

typical profiles of this latter areao Textures are predominant~ clay 

loams, and sol~ble salt content is relatively high. 

Topography. The majority of the East Ghar South area is char­

acterized by long, gently sloping gradients well adapted to irrigation 

agricultureo Major exceptions to this condition are found immediate~ 

south of the River Zarqa and north of · Karama where numerous small wadis 

cross the area, and in the zoro Leveling on the areas first mentioned 

~bove will-be limited by shallowness to marl and rock in the profile. 

Less apparent, but of significance, are the small ridges formed on the 
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ghor by wave action as the old inland lake receded, primaril1 found near 

the Katar south of the Ghor Nimrin area. Steeper gradients and rock 

cover are generally found abc-ve the Main Canal loc-stion as the result of 

stream outwash from the hills. A relatively insignificant area of vege­

tative cover, principally small Christ-thorn trees, is located in the 

vicinity of Wadi Hisban. 

As in the other subdivisions, the zor requires a significant 

degree of leveling and clearing. This is particularly true south of 

Grid North 139 where flooding action of the Jordan River and outwash 

from the ghor and Katar have left partially filled channels, and thick 

growths of cane and salt cedar are prevalent. 

Drainage. About 1 percent of the arable lan~ area has 

evidence of a water table within the one-and-a half ~ter zone. The 

majority of this land is located along the lower edge of the ghor whe~ 

water has been trapped by low alluvial ridges. Numerous channels pierce 

these "barriers" and removal of surface waters should be readily accom­

plished. The soils of these areas adjoining the Katar are genera~ 

heavy in texture and act as a vertical barrier for subsurface water. 

Fuquaras in the vicinity of Karama and Ghor Nimrin and artesian aquifers 

in the Ghor Nimrin and Ghor Kafrein areas create a drainage problem. 

Much of this land is within the area to be reclaimed by leaching prac­

tices. Infiltration tests have revealed the soils to be permeable. The 

10 ·to 15 centimeter thick salt layer (formed at the evaporation zone of 

water under static head) occurring 40 to 60 centimeters below the ground 

surface can be broken mechanically with subsequent normal water movenent. 

(See Table j.l-81 Chemical and Physical Analyses of Infiltration Site, 

Hole 10). This problem is fully discussed in the Drainage section, 
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Volurne VII, of this rep crt. 

Drainage problems on the zor are primarily limited to small 

springs and waste irrigation w'l·;~e;r arr,erging from the Katar. An inter­

ceptor ditch at the "'toe" of t he slope is recommended for control in 

these localities. Minor areas, particularly south of Gr{d North 139, 

present problems in the form of depressions resulting from pattially 

filled stream channels. Leveling will materially aid this present con­

dition. 

Salinity and Alkalinity. As can be seen on the land classi• 

fication map of the Jordah Valley, the Class 4 land occupies a large 

part of the area in the East Ghor South. Of the 109,000 donums of land 

classified as Class 1, 2 or 3, approximately 27,000 donums are affected 

to a slight degree of salinity. 

Land classification photo map JR-27 is typical of the Class 4 

land on the East Ghar South. The complete analysis of Hole 22 shows 

high exchangeable sodium percentage, high gypsum content, and high total 

percent of soluble salts. Table 3.1-6 shows the conductivity of satura­

tion extract of the soil strata before and after infiltration tests 0 

With the application of 2.2 meters of water in this cas~ conductivities 

were reduced considerablY in the top 1.2 meters of soil. Similar results 

are noted with var.ring amounts of water used in other tests both on the 

East Ghar and West Ghar. 

Table 3.1-9 shows the composition of soluble salts in the 1:5 

extracts, where five parts of water were used to one part of soil. Com­

parison with Table 3.1-8 indicates that in the areas south of River Zarqa 

leaching during infiltration tests considerably reduced the sdphate and 

chloride content and in all cases except one, sodium percentage decrease~ 
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In the vicinity of Karama, the caving o~ a number of fuquaras 

has created a salinity problem, by forcing water with a rather high 

soluble salt content to the surface . 

Near the Dead Sea, reced~ng waters left heavy salt deposits. 

Soils towards the Dead Sea tend to light textures and should be readily 

reclaimable. 

Much of the zor land lyi ng adjacent to the Katar has a rather 

high salt content and is placed in Class 4. This can be noted on land 

classification photo map JR~26 showing the zor on both sides of the River 

Jordan and the adjacent breaks leading up to the ghar. 

Findings and Conclusions. The East Ghor South is topographi­

cally well suited to irrigation agriculture. Where irrigated, soils on 

the major fan areas are presently producing good crops with a limited 

supply of water. In much of the area the line between irrigated and non­

irrigated land is also indicative of salt-free and saline soils. Tex­

tures are variable, becoming lighter approaching the Dead Sea; however, 

cl~ loams predominate. Approximately 80,000 donums possess a high de­

gree of salinity and will require leaching. Pe:rrooability, gypsum content 

and position of these lands are favorable for reclamation. Drainage 

studies indicate the presence of artesian aquifers which will be con­

trolled as .part of the land development program. 

West Ghar Area 

Description. This area occupies that portion of the Jordan 

Valley exterrling from the convergence of the samarian Hilli and the Jordan 

River at approximately Grid North 180, to the Dead Sea on the south and 

lying between the Jordan River on the east and the upward scarp of the 

hills on the west. The lands slope generally in an easterly direction 
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t cward the r iver . A numbe r of st ream channels cross the area including 

three perennial wadi3 of major importance, Wadi Fari 1a on the north, 

whose f an i s pr esently i r rigat ed, Wadi Auja smaller in size but also 

presently deYe l oped and Wac..l i Qilt, whose alluvium forms the plains of 

Je r icho, an area irrigated for many years, Small individual farms par ... 

tially irrigated f r om springs or wells are scattered between these main 

areas. 

Rai nfall is generally the same as that of the East Ghar South1 

ranging from approximately 3h0 mm. near Wadi Fari'a to about 100 mm. in 

the vicinity of Jericho0 Land classification photo map JR-28 shOJ:5 an 

area in the vicinity of Wadi Fari1a, and photo map JR-29 shows an area 

in the vicinity of Jerichoo 

Soils. The soils on the west Ghor are predominantly formed 

from alluvial and colluvial deposits outwashing from the hills to the 

west. Soil depth varies, generally decreasing in thickness over the 

marly mate rials as the ghor and zor "'break" is approached, The fans 

are somewhat cut-up by small channels angling in a south-easterly direc• 

tion. 

Soil texture varies considerably. The steep alluvial slopes, 

where wadis emerge from the hills, are quite gravelly with light and 

~redium textures predominatingo Southeast, toward the Dead Sea, and East 

of the Jerusalem road, soils are overwashed to a depth of 90 em. over 

the marl, thinning out on the rmnerous ridges toward the lOJer edge of the 

fan. Most of the area which is not presently irrigated is high in lime 

and gypsum content and ranges from light br own to light reddish-brown in 

color. 

Clay loam.s and clays predominate approaching the river. Total 
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soluble salts are present in r.loderate to high concentrations. Where these 

soils have been adequately irr igated salts have been satisfactorily re­

moved. The profiles and area shown on land classification photo map JR-29 

are typical of this condition.., Heavier textures pr·edominate north of 

Jericho except where snall alluvial fans pos~ess light-colored soils of 

medium texture. Reddish-brown clays predominate in the vicinity of Grid 

North 158, East 194. Profiles are deep but salty probably due to the 

influence of fuquaras. 

The Wadi Fari'a area, compcsed of d.:-.rk colored soils, predomi• 

nantly clay loams and clays, is extensively cultivated. Adequately 

irrigated areas are free from saline-alkali conditions and crop produc­

tion is excellento Steep alluvial slopes adjacent to the hills are 

lighter in color and high in clay and salt content. The area between 

Wadi Farita and Grid North 180 is predominantly composed of light colored 

soils derived from lake-laid deposits. Total salts and exchangeable 

sodium are relatively high. An infiltration rate of 35 mm. per hour 

was attained on a hea~J clay loam, and the average conductivity of the 

saturation extract from samples throughout the 1.5 zooter profile was re ... 

duced 84 percent by leaching which occurred during the infiltration test. 

Soils on the zor are of recent alluvium, intermixed and re­

worked with river sediments. Much of the area is heavy textured and 

contains appreciable amounts of salt. (See land classification photo 

map JR~29, Hole 6) Productive fields of vegetable crops exist where 

.lands are irrigated from the river. Clay content increases materia~ 

toward the south end of the valley, where a delta-like area is formed. 

Topography~ Gently sloping topography characterizes much of 

the laTge alluvial fan areas. Gradient is from the hills to the river, 
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with a general slope of 1 to 2t percent. The area south and east of 

Jericho approaching the Dead Sea is crossed by numerous small stream 

beds and swales fingering between marl ridges, which will necessitate 

a moderate degree of leveling. The nature of this area will tend to 

irregularly shaped, relatively small tracts of arable land. Much of 

the area on the lower part of the Jericho plain would benefit materiallY 

from releveling of irrigated fields. Uneven distribution of water, re­

sulting from inadequate leveling, has produced varying degrees of leach• 

ing. Hole 22 on Drawing JR-29 has only slight evidence of salinity 

while adjacent areas which have received less water possess a greater 

degree. Areas in the vicinity of Grids North 110, 160 and 165, next to 

the steep alluvial slopes, will require a moderate to heavy amount of 

rock removal in addition to leveling. In general, however, the percent­

age of rock clearance required on the West Ghor is much less than that 

needed on the East Ghor0 

Although the arable lands of the zor comprise only about 

10 percent of the arable area of the western side of the valley, 

about half of this requires a moderate amount of leveling and brush 

.removal. The zor area south of Grid North 137 is comparatively smooth 

as it has had less cutting action from flood watetsthan the northern 

sections. 

Drainage. The general slope and ID.lllerous drainage-ways pro­

vide aqequate surface drainage on the West Ghor except in very small 

isolated areas. Subsurface drainage is a factor of major importance 

in the vicinity of Grid North 116, low lying areas near Grid North 153 

and Grid North 158, and shallow depressions around Grid North 167 and 

Grid North 172. These areas are apparently affected by the ancient 
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fuquaras located in most instances in the proximity of the main West 

Ghar road leading northward from Jericho. Heavy textures and saline 

soils are found in these areas although hydraulic conductivity rates 

are generally favorable. 

Alkalinity and Salini ty., Alkalinit y and salinity problems in 

the Jericho vicinity are veiy similar to those found in the southern part 

of the East Ghar South. Medium and light textures predominate and part 

of the area is irrigated. Comparison of an irrigated and non-irrigated 

field adjacent to one another frequent~ indicates high salinity and an 

appreciable amount of exchangeable sodium in the non-irrigated area while 

the area receiving an adequate 'Supp~ of water is relatively free of 

these conditions. (Land classification photo map JR-29 illustrates this 

pattern.) In the areas tested, and illustrated in Table ,.1-8 Chemical 

and Physical Ana~ses of Infiltration Sites, there was sufficient gypsum 

· in the soil to overcome sodium accumulation and permit leaching. These 

samples were all taken in areas placed in Class h with the exception of 

Holes 12 and 13 at Grid North 133, East 202, which are located on the 

northwestern shore of the Dead Sea. 

The area north of Jericho contains two large blocks of land of 

saline nature. One extends from ~he vicinity of Grid North 1~0 to about 

Grid North 167 and the other northward from Wadi Farila to Grid North 

180. Areas of land relative~ free from salinity are scattered through­

out anq in most instances are characterized by va~ing degrees of presen~ 

irrigation development. The area north of Wadi Farita is sanewhat l01er 

in gypsum content than corresponding areas to the south ani will materi• 

ally benefit from its·addition to the soil. 

Conclusions. The major portion of the West Ghar area is 



adapted to irrigation agriculture. Presently irrigated areas show the 

relatively high water holding capacity of the soils and indicate their 

susceptibility to removal of saline and alkaline characteristics in the 

majority of cases. Where these adverse conditions are present, an appre­

ciable amount of gypsum is generally present, particularly in the Jericho 

vicinity. Infiltration rates are generally satisfactory, even where soil 

textures are high in clay content. Approximate~ 45 percent of the area 

above the proposed canal is characterized by topographic deficiencies, 

leveling or gradient. Leveling requirements below the canal are con­

siderably less. Drainage conditions are generally good. Subsurface 

problems are confined mainly to areas influenced by fuquaras. 

Summary and Conclusions 

The arid climate of the Jordan Valley makes irrigation necessary 

for sue cessful production of most crops. This is particularly true in 

the southern part of the area where rainfall contributes very little 

t<7tlard plant growth. All lands within the natural east-west topographic 

boundaries of the valley from the Yarmouk River to the Dead Sea within 

the Hashemite Kingdom of Jordan were classified as to their suitability 

for sustained irrigation agriculture. The gross land area within the 

project is approximately 942,800 donums. Of this total, about 347,500 

donums are currently suitable for crop production, and about 172,300 

donums are capable of varying degrees of crop productivity after reclama­

tiono 

Soils of the project area are generally immature (highest de­

velopm:mt occurring in the extreme northern end), relatively low in or• 

ganic matter, and of a calcareous and gypsiferous nature. The basic 

fertility of the soils is relatively high with the exception of nitrogen 
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and phosphorous. Textures range from light to heavy, with clay loams and 

clays predorrdnant. Waterholcting capacity of the soils is good and pene­

tration rates are satisfactOJ·y with the exception of a few scattered 

areas in the northern part O ·~ the East Ghar. 

Topogr~hy of the project area is favorable far irrigation de• 

velopment with miner modifications. Light to moderate leveling will be 

required on the ghar areas, primarily on the edges of alluvial fans and 

in areas adjacent to the Katar. Areas deficient topographica~ pri­

marily due to gradient, occur at the foot of the steep side slopes of the 

valley and to a lesser degree adjacent to small stream channels. Zor 

areas in general will require moderate to heavy leveling. Cover in the 

form of rock or cobble is most prevalent on the upper reaches of the 

ghors and in the vicinity of stream channels. Vegetative cover exists 

as relatively small brush with heaviest concentrations found on the zor 

in the form of cane, salt cedar and tamarisk. A minor area in the vicin­

i-cy- of Wadi His ban is covered with scrub trees. 

Surface drainage is favored by the natural slope from the side 

hills to the Jordan River and from north to south, with the exception of 

localized areas where shallow depressions occur in the ghors. Numerous 

stream channels provide natural outlets for surface water. Subsurface 

drainage appears to be of a more complicated nature due to the absence 

of significant layers of sand or gravel throughout the project, and due 

to re~ tively lO<J penooabili ty of some clays in the Adasiye vicinity, and 

along the •breakn between the ghor and zor areas. However, field and 

disturbed penooability tests show that the majority of the soils are 

permeable. Soils high in soluble salt content and relatively shallow in 

depth to marl shew appreciable quantities of gypsum in the profile and 



adequate infiltration rates. The larges t group of soils with these cha.r­

acteris tic a occu r s in the s au the rn part of the valley. Leaching trials 

indicate that the major portion of th~s e areas are susceptible to reclama-

tion and they have been included in the arable area. When the project 

area is fully developed to irrigation agriculture, an adequate and active 

drainage program is mandatory. 

Alkalinity is not a serious problem in the Jordan Valley, except 

for a relatively few very small areas. 

In the marl zones, heavy calcium carbonate and gypsum were laid 

down in stratified layers when the valley was under water. Outwash soils 

from the adjoining hills are relatively high in calcium, and where they 

are quite thin over the marls, high soluble salt content is to be found. 

Throughout the valley most of the overlayed soils are blocky 
• 

to prismatic in structure, sound and not likely to puddle, swell, and 

seal during a leaching period. Almost all saline lands can be reclai~d, 

as indicated by trials at the Ghar Nimrin leaching plots and pe~a­

bility tests made through the valley. 

Because of the high gypsum content of a large part of the soils 

in the southern portion of the valley, sore settling of the lands may 

£allow leaching. This may necessitate some releveling of these areas. 

Class 4 lands, all saline in character, constitute about 33 

percent of the 5191 800 donums classified as arable. Lands placed in 

Class 2, and Class 3 primarily because of a very slight degree of salinity 

total about 9 percent of the arable area. Of the Class h lands, about 

2.4 percent are located in the East Ghor North; the remainder is almost 

equally divided between the East Ghor South and the West Ghar. The lower 

soluble salt and gypsum contents (the more modified profiles) can be 

-45-



attributed to heavier rainfall and present irrigation. 

A majority of the arable lands within the Yarmouk-Jordan Valley 

Project are capable of supporting a program of sustained irrigation agri­

culture. Portions of the area have a long histo~ of limited irrigation, 

indicating that considerable benefit can be derived from ari adequate, 

better distributed water supply. 

-h6-



Sheet No, 
a."ld 

Coord­
inate 

227 .511-20.."!: 
228,195N-
207 .S65E 

226N-2o8E 
227 .40Cli-
207.9JOE 

226»-202! 
226,JCY.li-
206,850E 

224,$)1-.206! 
224.E20N-
20$,50CIE 

224.~-208! 

224.80Qj-
2o6,J85E 

22)N-2o8E 
223.6CXJI-
2o6.0SOE 

22Cli-208E 
220,8001-
206, 7JOE 

' Hole 
1 Ho. 

7 

l.J 

6 

I 

• Layer 
I Depth 
I Clll, 

o- )0 
JD- 90 
9D-l.50 

o- JO 
JD- 60 
6o-l.05 

l.0$-1.50 

o- 1.$ 
lS- 30 
3D- 45 
4S.. 60 
6o- 75 
75- 90 
90-J.DS 

l.0$-1.20 
l.2D-l50 

Total Soluble 
pH Salts 

I Paste 1 1.-$ I % I ECxJ.oJ 

9.0 
9.3 
9.1 

0,05 
0,09 
0,20 

8,6 o.os 
9.1 0,04 
9.4 0,1.0 
9,2 0,1.7 

7,8 8,7 
7.9 5,6 
7.9 8,6 
8,0 8,8 
7.7 8,6 
8,o e.: 
8,0 9.1 
8,1 8,9 
7.9 8,8 

l,C 1.,9 
l,l. 0,58 
1,2 0,66 
0,09 0,40 
0,1.6 1.5 
O,c8 0,45 
0,07 0,46 
0,08 0,$) 
0,1.) 1.,0 

1 o- 15 7. 7 8,5 0,08 0,53 
15- 30 7,8 8,7 0,08 0,64 
30- 45 7,8 6,0 0,08 0,64 
1:s- 6o 6.o e.9 0,07 0,60 
6o- 90 7.9 9.0 0,07 0,62 
9D-l.20 8,0 9.0 O,o6 O,Sl 

l.2D-l$0 8,0 8,8 0,07 o.53 

0,60 
1.,4 
3.6 
5.6 

0,18 
0,35 
0,32 
0,42 
0,66 
0,55 
0,65 
0,91 
1,3 

0,21 
0.$8 
0,53 
0,39 
0,31 
0,1.3 
0,34 

Table 3ol-8 

CHEKIC.AL AHD PI!ISIC.AL .AIIJ.LISES 
OF THE JOHIWJ VALLEY 

INFILTR.t.TION SITES - SOILS 
' (Sheet 1 ot 6) 

40 
39 
36 

37 
38 
37 
39 
35 
34 
31 
30 
32 

30 
29 
28 
26 
25 
26 
27 

I Ex.chang&- I 
1 able •satura- 1 

• SodiUII I tion 
% I % 

3.6 
9.8 

1.5 

o.s 
0,9 
0,9 
1.,1 
1,9 
1.,6 
2,1 
),0 
4.9 

0,7 
2.0 
1,9 
1.4 
1,2 
0,5 
1,) 

54 
57 
56 
59 
63 
66 
63 
65 
70 

46 
47 
48 
53 
54 
58 
56 

6,6 
16,5 
27.9 
20,8 
1.),6 
1.6.3 
1.6,0 
21.,8 
14.0 

22,6 
U,2 

9.9 
30,5 
30,5 

.5 

.5 

1,0 

1.0 

68,6 

I 

I 

1 Diaper­
' eion 

% 

70 
56 
48 
42 
44 
45 
54 
43 
57 

56 
66 
56 
46 
54 
77 
68 

~cat.ell the ai&n <(Leu than), 

1 Mechanical Anal!:;s 1 

sana I Silt I c •Texture 
% % % 

8 
ll 

9 
1.2 
10 
10 
ll 
1.2 

8 

24 
23 
27 
29 
28 
24 
l9 

56 )6 
49 l.O 
46 45 
47 41 
$0 40 
46 44 so )9 
49 )9 
53 39 

c. 
c. 
c. 

c. 
c. 
c. 
c. 

Si,C,L, 
S.!..C. 
Si,C, 
Si.c. 
Si,C, 
Si,C, 
Si,C.L, 
Si,C.L, 
Si.C.L. 

47 29 C,L, 
47 30 C,L, 
39 34 C,L, 
37 34 c.L. 
40 32 C.L, 
41 35 C.L, 
46 35 Si,C,L, 



Sheet lio, 
and 

Coon­
inate 

221li-206E 
221.29:Jl-
205,365E. 

217N-208E 
218,3551\-
206,235E 

215,5N-20f!E 
215,9hCJl-
206.S3CE 

21.411-206& 
215.50<!l-
20S,lOCF. 

2llJI-206E 
212AD!-
20S.J2Sl 

2o8N-206E 
2o8,435N-
20S,065E 

205»-206£ 
205.50511-
205,140E 

' La18r 
' Hole 1 Dept!> 
t No, 1 Ca, 

2 ~ )0 
3~ 60 
~ 90 
9~105 

105-120 
120-150 

6 0- 15 

4 

6 

lJ 

5 

15- 30 
30- {A) 
~ 90 
90-120 

1.2~150 

0-15 
15- 30 
30- 60 
~ 90 
90-1.20 

1.20-150 

0- 15 
15- 30 
30- 45 
45- 60 
00- 90 
90-1.20 

1.20-150 

0- 15 
15- 30 
)0- 60 
~ 90 
90-120 

1.20-150 

0-15 
lS- 30 
)0-60 
~ 90 
90-120 

1.20-150 

'Total Soluble 'chang&- ' 
pH 1 Salte ' able 

I 1SodiUil 
I Pe:ote tl-5 I ~ • ECxlo3 'l!e 100 

7.9 e.s 
1.~ 8,6 
7.9 8.5 
6.1 e.6 
8,1 8.7 
8,2 6,) 

o.u 1,1 
o.u 1.2 
0,28 4.0 
0,15 2,3 
0,12 2.5 
0,16 2,1: 

1.9 9.0 . 0,07 0,51 
7.8 8,8 0,06 0,51 
7 .s 6,6 0,01 0,1.7 
8,c 8,9 o,o6 o,52 
8,1 9,0 o,oe o.57 
8,1 8,8 0,12 1.3 

8,1 8.4 
8,0 8.4 
8,1 8,5 
8,1 8.7 
8.4 9.2 
8.4 9.2 

1.1 8,1 
1.9 6,3 
8,1 8,4 
1.9 6,5 
1.9 8,6 
1.9 8,6 
7.9 8.8 

8,o 8.9 
8,1 8.5 
7.9 8,5 
6,0 8,6 
8,0 8.6 
8,0 8,6 

1 .a 6,1 
1.9 6,2 
6,0 8.4 
1 .a a.5 
7.9 6,5 
1.8 e.s 

0,05 0,63 
0,06 o.so 
0,01 
o,u 1,8 
0,09 1.7 
o.oe 
0,10 1,6 
0,06 0,61 
0,06 0,65 
0,06 0,60 
o,06 o.n 
0,07 0,71 
0,06 0,71 

0,04 0,72 
0,04 0,63 
0,04 
0,05 0,63 
0,04 
0,06 

0,04 1,6 
0,04 
0,04 0,76 
0,03 
0,04 0,60 
0,05 

0,67 
0,65 
2,6 
1.1 
0,82 
0,42 

0,20 
0,21 
0,20 
0,1:0 
0,7) 
1,4 

0,12 
0,)2 

0,21. 
0,29 
0,22 
0,24 
0,16 
0,15 
0,35 

0,27 
o.u 

0,21 

0,19 

0,29 

0,32 

Table 3.1-8 

CHEMICAL .&NO PHYSICAL ANALYSES 
OF THE JORDAN V .ALLEr 

INFILTRJ.TIC!I SITES - SOILS 
(Sheet. 2 ot 6) 

I £xch&nC6- I 
1 able 15 atura- 1 

• SodiWII ' tioo ' Oypaua 

34 
29 
26 
24 
21 
17 

26 
25 
25 
22 
22 
25 

27 
26 

22 
20 

27 
26 
28 
22 
19 
17 
14 

21 
16 

15 

24 

21 

~ ·~ 1 Hel 

2,0 
3.0 

11 
4.1: 
4.0 
2,5 

0,6 
0,6 
0,6 
1,8 
3.3 
s. 7 

o.s 
1,2 

5.5 
7.6 

0,9 
1.1 
0,6 
1.1 
0,8 
0,9 
2.4 

1.3 
0,7 

0,6 

1.4 

2,3 

59 
57 
59 
61 
52 
66 

49 
51 
54 
56 
60 
56 

53 
so 

57 
57 

58 
51 
26 
13 
55 
47 
so 

51 
46 -49 

46 

49 

45 

•1 
•1 

•1 

•1 

1 llydraullc 
1 Conduct­
' irlt)" 

6,1 
9.4 

43.2 
16,8 
5o.e 
JJ,O 

21,3 
53.3 
78.7 
n.1 

121,9 
61.0 

4.6 
17.3 
24.9 
58.4 
16,3 
18,6 

5.6 
22,6 

U6,8 
157.5 
149.9 
132.1 
66,0 

23,6 
23.4 
30.5 
45.7 
48.3 · 
55.9 

14.7 
20,) 
1.2, 7 
27.9 
40.6 
33.0 

' Intiltra- ' 
tioo • Duper-
Rate • eion 

5.1 

35.6 

5.1 

10,2 

40,6 

61,0 

~ 

39 
43 
u 
48 
62 
1J 

62 
59 
59 
46 
)8 
43 

65 
62 
55 
51 
70 
72 

S2 
52 
57 
60 
60 
62 
69 

52 
67 
76 
74 
77 
78 

60 
49 
61 
68 
66 
69 

*Indicate. ibe aia:n <(Lese than), 

• l!echanieel .lnalilT' • 
t S&lif • Silt • C •Texture 
I ~ • ~ • ~ 

10 
12 
14 
19 
23 
27 

9 
7 
9 
8 

lD 
9 

lh 
17 
17 
16 
17 
17 

15 
16 
18 
19 
20 
24 
16 

20 
19 
26 
24 
24 
21 

35 
36 
30 
33 
32 

. 29 

51 39 Si,C.L. 
Si,C, 
Si.C. 
Si ,C .,L, 
C,L, 
c.L. 

43 45 
42 1:4 
u. 37 
44 33 
43 30 

61 30 Si,C,L, 
56 31 Si,C .L, 
52 39 Si,C ,L, 
52 40 Si,C, 
1:4 1.6 Si.C. 
50 U Si,C, 

54 
47 
47 
45 u. 
47 

56 
so 
47 
52 
4S 
41 
1.9 

53 
so 
44 
45 
44 
45 

47 
45 
49 
45 
42 
43 

30 Si,C .L, 
)6 Si,C.L, 
36 Si,C,L, 
39 Si.C,L, 
31 Si,C,L, 
36 Si,C,L, 

29 Si,C,L, 
34 Si,C,L, 
35 Si,C,L , 
29 Si,C,L, 
35 C,L, 
35 C,L, 
33 Si,C,L, 

21 
31 
30 
31 
32 
34 

18 
19 
21 
23 
26 
28 

Si,L, 
Si,C,.L, 
C,.L, 
C.L, 
c.L. 
C,L, 

L, 
L. 
L, 
L. 
L, 
L, 



Table ).1-8 

CHEMICAL AIID Pll!SICAL A!IALISES 
OF THE JORDAII VAlJ.El' 

IHFIL TR.I. TICII SITES - SOILS 
(Sheet 3 of 6) 

Sheet No, 1 Tote.J. Soluble •change I Cation • Exehang.- 1 1 !lydraulic 1 Int1.l tra- • 
and 1 Layer 21i Salts 1 able ' Exchange • eble •satura- • 1 Conduct- tion ' Diaper- ' Hechanic.-.1 J.nd~ea ' 

Coord- • Hole ' De;::th • •Socli\1111 ' Cap ':r • SodiUJa 1 tion • Oypa\111 • iviq Rate I aioJ> san:t , silt , ca:r •ran....-. 
inate I No, • Ca. I Pa.ste tl-5 • % oECxloJ 1MeLlOOI! ' MoL1ooj! " • " • HeL!OOII • !!!(Hr. I wLHr. t " " ~ 

20211-206E ~ .o 
202,35Cl>-
2IC)If.,99SE 

20C,5N-206E 9 ~ 15 7.7 8,4 o,oa l.l. O,JO 25 1.2 49 •1 8.9 17.8 69 17 57 26 Si,L, 
201,61511- 1$- 30 7.9 6.5 0,06 10,2 69 16 55 29 Si,C.L, 
205,19SE 3~ 60 i,6 6.4 0,07 0,76 0,31 25 1,2 so •1 33.0 61 16 so 34 Si,C,L, 

I 
6~ 90 6,0 6,6 o.oa 45.7 56 lS so 31 Si,C.L, 

~ 
9~120 6.1 8,7 0,07 0,82 0,46 22 2,0 . 46 •1 40,6 58 20 L7 33 Si.G.L. 

'0 12~150 6,1 6.7 0,07 30.5 63 18 1.6 )4 Si.C.L, 
u 

197 ,SII-2o6E 6 ~ 15 7.6 a.5 0,60 0,26 44 5.8 0,07 37 0,71 •1 10,2 71 10 70 20 S1,L, 
198.46();- 1$- 30 7.9 B.S 0,08 8,4 59 10 53 37 Si,C,L, 
20L,630E 30- 60 7.9 a.e 0,08 0,62 1,0 35 2.9 57 •1 u.L 58 10 51 39 Si.C.L. 

60- 90 6.1 9.1 0,07 16,3 60 10 5C LO s~.c.L. 
9~120 6,2 9.2 0.07 0,63 2,1 25 8.4 60 •1 u.L 76 10 54 36 Si,:,L, 

120-150 8,2 9.2 0,08 5.8 88 7 56 35 Si.C,L, 

1961i-2o6E 8 ~ 1; 7.7 6,5 o.os o. 711 3,2 n l.f )9 •1 7.4 25.4 72 20 61 19 Si,L, 
196,030li- 15- 3n 7.4 6,6 0,05 21.3 64 20 57 23 Si,L, 
201;,200E 3G- 60 7.9 8,6 0,04 0,47 0,62 19 4.3 46 •1 8.9 61 17 58 25 Si,L, 

6~ 90 7.8 8,4 0,18 9.9 69 12 60 26 Si,L, 
90-120 7.6 8,7 0,60 9.3 4.2 23 18 62 el 5.3 84 6 62 30 Si,C.L, 

120-150 7.7 8.7 0,65 6,1 86 16 57 25 Si,L, 

190N-2o6E 29 ~lS 7.8 8,1 o.os 0,88 o.4l 19 2.1 36 •1 5,6 20,3 70 )0 49 21 L, 
19C, 76ctl- lS-30 7.8 6,2 o,a!: 1.9 65 2$1 46 25 L, 
20L,650E 30- 60 1.9 a.5 0.07 7.6 53 26 49 25 Si,L, 

6G- 90 7.9 6,) 0.15 2,6 0.55 19 ),0 54 •1 15,5 67 16 55 29 Si,C,L, 
90-120 7.9 8,) 0,14 U,9 76 17 56 27 Si,L, 
12~150 7.8 8.4 0,16 8.4 69 ll 62 27 Si,L, 

1-] 184N-2o6E .30 ~ 15 7.e 8.4 0,09 0,99 0.18 2l. o.C7 45 •1 10,7 10,2 60 21 58 21 Si.L, Ill 185,3.3Cll- 1$- )0 7.6 6,4 o.os ll,2 66 19 55 26 Si,L, o· 20S,85CJE 3~ 6o 7.9 8.4 0.04 18,5 77 23 52 25 Si,L, f-J 
([) 60- 90 7.6 6,3 0,03 0,43 0,21 l4 1,5 .311 •1 19,0 78 23 56 2l Si,L, 

90-105 8,1 8,6 .0,03 .33.0 83 44 LO 16 L, 
\...U 

18l.N-2oBE 0 17 ~ 15 7.5 8.3 0,04 0,78 0,34 22 1.5 42 •1 13.5 7.6 65 26 51 23 Si,L, ..... l82,355N- lS- 30 6,1 6,4 0,06 19,0 57 16 so 34 Si.C.L. • 207,llOE 3~ 6o 7.9 6,5 0,06 53 • .3 55 16 49 35 Si,C,L, ()) 
60- 90 8,1 8.3 0,06 0,70 0,74 25 .3.0 38 •1 5o.e 69 15 55 30 Si,C,L, 
9~120 8,) 8.6 0.07 45.7 72 8 58 34 Si,C,L, 

120-lSO 8,0 8.9 0,07 33.0 73 16 55 29 Si.c.L. 

•lnd1cate. the a1111 <<wa than), 



Table 3 .. 1-8 

CIIEKIC.I.L .Aii1l PHISIC.I.L AN.I.LISES 
OF THE JORDAN V.I.LLE! 

INFILTRATION SITES - SOll.S 
(Sheet 4 of 6 

Sheet !io, • Total Soluble 'change- I Cation 1Exchan&8- I • H)'t1raulie 1 In1'1ltra- I 

ani ' La;yer j!H Salte 1 able ' Exchange I able •satura- I • Conduct- tion I DUper- I /!e 0 han i C al .ll\alf. U I 

Cooro- 1 Hole I Depth 1Sod.l.UII I Cap 1;r I Sodiwt 1 tion I 0,ypaWI I ivit;r R&te I aioo Sand I sllt I c ..,. •Texture 
inata I No, I Ca. I PB.!te s 1-5 I 

" 1 ECxl.o3 IHejlOOg I He/100& " I " ' He/lOOg I l!i/Hr· I MM/Hr. " " " " 
179.~-21CE 12 o- 15 7.7 6,2 o.u 1,9 0,65 21 ),1 hS •1 15.2 5,1 59 29 43 26 C,L, 
150, 781Ji- 15- )0 1.9 8.5 0,06 3e,1 59 l9 L6 )) Si ,C.L, 
206,16CE )G- 6o 7.9 6.4 0,07 27.9 58 19 w. .37 Si.C,L, 

60- 90 6.0 6,7 0,06 0,60 o.n 20 ),6 so ttl 45.7 65 21 45 )6 Si.:,L. 
9o- 120 6,1 6,7 0,06 66,0 66 22 1.5 )) C.L. 

120.150 6,1 6.7 0,06 61.0 56 21 45 3h C.L. 

16h.5N-2o61 17 o- 15 7,6 6,7 0,04 0,92 0,1) 10 1.3 31 •1 2,8 20,3 6) lS 56 29 Si .C,L, 
164. 77ai- 15- 30 1.9 6,6 0,0) 3,0 66 46 35 l9 Si,L, 

i 204, 73<E 3:)- 60 7.6 6,7 .0,03 10.9 71 68 2l ll !i,L, 
\.11 60- 90 6.1 9.0 .0,03 1,2 0,1) l.S 20 20 •1 )0,5 6h 61 u 8 ~.s • 0 90.120 8,0 8,6 .0,03 101,6 56 91 5 4 s. 0 12G-lSO 6,1 9,0 0,0) 16.3 66 63 27 10 s.L. 

l6)N-20I;E 1.1 o- 15 7.5 6,4 •3.0 52 4.o l6 24 42 2 ),0 17,6 c.L. 
163, 701Ji- 15- 30 7,6 6,) M),O )6 5.1 l6 26 47 1 - 2.5 s.c.L. 
202,S70E )G- 60 7.5 6,4 H),O .37 5,0 19 26 53 6 7.6 

rux:c<il:.lrmU 
C,L, 

60- 90 7.6 6.4 -3.0 40 7.3 21 36 57 7 10,7 c.L. 
90-105 7.5 6,) .. 3.0 39 5.2 19 26 54 9.1 C,L, 

105-150 7.7 6.7 2,5 29 u 23 46 71 4 • ,J Si,C,L, 

161. Sli-206& JS!/ 25.4 
l62,431Ji-
2ol..o651 

l61. 91-204! 12 o- 15 7,2 7.6 .. 2.5 59 5.1 25 21 40 3 6.4 1,0 C,L, 
161,65(1;- 15- ) 0 7.6 6,0 ... 2.5 55 4.7 25 16 45 3 6,1 Si,C, 
202.510E )G- 45 7.4 6,1 H2,5 47 6,2 26 24 49 6 30,5 Si.c. 

45- 60 7.6 6,1 -2.5 40 3.1 25 12 66 14 21.9 Si,C, 
60- 75 7.6 6,0 H2,5 29 4.7 27 17 n 8 21.9 FLOCCliL.I.TfL Si,C, 
75- 90 7.6 6,1 -2.5 43 7.9 27 26 72 4 12.7 Si,:. 
90.120 7.7 6,0 •2.5 46 9.0 .30 .30 79 2 6,9 Si,C, 

120.135 7.7 6,1 - 2.S 40 6.5 22 20 82 2 10,2 Si,C, 
1.35-150 7.5 6,1 -2.5 46 9.5 30 32 83 2 Sol Si,C, 

1-3 145N-206E 26 o- 15 7.1 1.9 •3,0 102 6,0 14 43 40 6 ll,9 27.9 c.L. llJ 15- 30 7,1 1.9 •3.0 85 6,0 18 33 47 .32 13.7 C.L, o' )G- 45 . 7.2 8,0 M),O 93 s.o 12 42 48 46 13.7 Si,L, f-' 
It 45- 6o 7,0 7,8 •.3.0 93 7.0 ll 6h 59 29 1),2 C.L, 

60- 75 7.0 7.5 -).0 85 6,0 1.3 46 6) 1.3 10,4 i'LOCC ULJ. TED C,L, 
w 75- 90 6,7 1.9 •3.0 73 9,0 13 69 66 8 9.1 c.L. 

" 9G-l20 6,8 7.8 M3,0 7) 6,0 12 so 63 5 7.6 c.L. I-' 120.150 6.9 7.7 •3.0 73 e.o 10 eo 59 4 4.8 C.L, 
0 

CXl • lndicatell the diP><U.eaa than), 
- Indicataa tha aiJA>(Great.r than), 



Table 3.1-8 

CHEMICAL AND PHYSICAL AIUL!SES 
OF THE JORDAN VALLEI 

INFILTR.lTIOII SITts - SOILS 
Sheet S of 6 

Sheet N~. • Total Soluble 'change- • Cation • Ex:ha.'lge- ' 'l!ydraullc • Infiltra- • 
and • L!J'"er j2H SoJ.te 1 able • Exch&nge • al>le •sa tara- • 'Co:>duct- tion ' Disper- • Mech.anic21 J.nalfsea 1 

Coord- • Hole • Deuth •Sodium • Cap 'J • SodiUil • tion ' Oype\1111 1 iVitJ Rate . sion Sad 1 Silt 1 C ay •Texture 
inate I ~o. I ci.. 1 P::.ste : l-5 I ~ 1 ECxlo3 IHoLlOOs • MeLloos % I 

"' 
I MeLlOOjl 1 MMLHr! . HliHr, ~ ~ ~ % 

lloSN-2o6E 27 0- 15 7.2 7.9 **3.0 ll4 4.0 47 38 7.6 12.7 C,L, 
15- 30 7.1 7.8 .. 3.0 79 4.o 10 4o 56 36 6,6 L, 
30- l5 7.1 7. e "*3,0 102 2,0 9 22 62 30 4.3 c.L. 
45- 60 7.0 7. 7 *"3,0 as 6,0 12 so 69 20 5.3 C,L, 
60- 75 7.1 7.'Y *"3o0 57 2,0 ll 16 65 12 6,6 FLOCC UUTE:l C,L, 
75- 90 7.1 1.e *"3.0 54 0,42 ll 3.6 73 7 8.1 C,L, 
9C-12C 7.5 8,2 ... 3.0 56 12 15 61 65 lD 16,0 C,L, 

I 
120-l$0 7.3 8,3 *<3.0 n ll 15 75 60 5 13,0 Si.C.L. 

vt ll:5N~06E 26 0- 15 7.3 e.1 tHt3,0 62 9.1 14 67 47 60 19,5 10,2 L, 
I:-' 15- 30 7.2 8,2 **3,0 77 5,e 15 39 L2 47 21,8 L, I 30- L5 1.u e.2 ..... 3.0 71 3.9 12 31 1.5 60 8,6 S,L, 

45- 60 7.4 e.l *"3,0 77 9.4 19 49 1.1. 1.5 16.5 L, 
60- 75 7.5 e,2 **3.0 67 e,y 20 l.4 44 1.1. 5.6 FLOCC UU TEll L, 
75- 90 7.6 6,2 2,5 56 16 67 68 16,0 5 .L. 
90-105 7.6 8,3 2,5 45 5.3 15 36 56 57 21,1 S,L, 

105-120 7.3 6,2 "*3.0 62 12 15 eo 70 12 ll,2 c.L. 
120-150 7,6 e.J. tHt3,0 56 7.7 15 51 64 5 8.9 C.,L. 

139N~06E 10 0- 15 7.5 7.9 .. 2.e 117 ),2 11 29 37 l.J 11,7 { l.oV s.c.L, 
139.67011- 15- JO 7.2 7.e ... 2,6 99 L.l 15 27 1.3 24.9 c.L, 
205,225E )0- 45 7.3 7.7 l,C 66 0,3 14 2,1 45 53 16,0 el.3 s.L. 

45- 60 7.3 7.7 l.e 56 1,0 15 6,7 45 15,0 FLOCC L1 .. 4TE:l s.c.L. 
6:>- 75 7.6 7.9 1.4 Sl 1,6 14 ll !.1 55 8,6 S,L, 
75- 90 7.5 7.8 2.8 53 2,3 15 16 55 1;0,6 L, 
9o-l2C 7.3 7.8 -3,0 55 0,7 17 4.1 eo 7 21.9 c.L. 

120-150 7.6 8.1 "*3,0 54 1,5 17 e.e 75 38.1 s.c.L, 

137 .5N-20i;E 2L 0- 15 7.6 7.7 .. 3.0 161 2.0 l) 22 40 16,0 124,5 S,L, 
15- 30 7.& 7.9 -2.6 117 1,7 15 ll Ll 27 19,6 s.L. 
30- 45 7.3 7.& - 2.8 70 1..6 llo 32 l.O 2,8 FLOCCLUTED L, 
45- 60 7.9 8,) 1,4 46 1.2 8 !.!; 34 20 17.3 S.L. 

t-3 60- 90 7.& 7.e 0,40 19 0,2 2 10 23 37,1 s. 

g} 90-120 7.4 7.5 0,34 J..l; o.6 6 10 31 20 42,2 s. 

I:-' 134.5N-208E 20 0- 15 6,9 7. 7 ... ),0 166 2.4 10 2L 32 6 16,8 75.4 C.L. 
CD 135. 76oll- 15- 30 7.2 7.6 -2.8 11) 2,2 l) 17 )6 u,4 Si.:.L. 

2o6,090E )0- 60 7.3 7,9 - 2.8 92 1.5 10 15 )l 7 17,0 c .L. w 60- 90 7.4 ll,C 2,0 61 2.7 10 27 31 14.7 FLOCCULATED s.c .L. 
0 90-120 7.4 8,3 2,2 49 4,1 1) 32 1.7 4 ll,9 c.L. I:-' 120-150 7.7 6.1 1,2 31 4.3 14 32 Sl 8,4 c.L. 
~ 
co 150-180 7.7 8,4 1,6 38 5.2 15 34 $2 L 6.~ C.L, 

• lnd1catea the d&D<(Lcu than). 

-Indicates tha sign>(Grenter than). 



Table 3.1-8 

CIEMIC.AL AND PHlSlCAL ANALYSES 
OF THE JOHDAN VALL£! 

I EX: 
INFlL'*TION ~I'ml6l SOilll boet pt 

I 

Sheet No. 1 Tctal Soluble I change- I Cation I El<eh&.'lge- I 1 Hydraulic I Intiltra- I 

an:!. I Leye::- EH I Salta 1 able 1 Exchanj;e I able 1Satura- I ' Conduct- tion 1 Diaper- ' Mec hanical Anal vsee 1 

Coord- ' Hole • Der th •Sodium I Cap 1y I Sodium ' tion I Oypa\llll I ivit7 Rate I a i on 1 sana 1 srrt, c4Y 1 T e-"'=~ i.Ue 

in•te I No. I c •• I Paste 1 1-5 I % I ll:xlo3 1!!e/100g I Me/lOOg % I % I Me/lOOg I MM/P.r. I M1'/P.r. 'f. I " :l % " 
l.40.5N-206E 22 o- 15' 7.2 7.7 1.4 44 3.2 14 23 JS 5.8 10.2 S,l., 
140.8octl- 15'- .30 7 .) 1.9 2.2 so 3.9 16 25 )6 6 8.4 Lo 
20$.8201! )D- 60 7.1. 7.8 "*)oO 52 2.4 18 14 u 15.2 FLOCC u'UTID C,L, 

6o- 90 7.5 e.o -2.e 61 0.9 15 6.1 46 57 ll.9 C,L. 
90-120 7.5 7.7 H2 0 2 65 7.5 ll 68 28 23.9 L. 

12D-150 7.7 8.2 - 2.8 83 2.3 15 lS 64 29 ll.7 ~i.C.L. 

WEST C!iO!l .tiW. 
172!i-200E 9 o-15 7.3 e.o -2.8 76 S.4 27 2o 51 e .9 35.6 C,L. 

15- 30 7.5 8.2 .... 2.8 56 4.5 25 18 61 6 7.4 C,L, 
I )Q- 60 7.S 7.9 -2.8 60 5.3 23 23 59 2 16.S FLOCC:-l.J.Tm C.L. 

\Jl. 6o- 90 1.3 7.9 2.0 38 5.8 24 25 57 30.5 C,L, 
1\) 9o-120 7.5 7.9 1.4 29 1..4 26 17 51 2 17.6 C,L. 
I 

14SN-l.98E l. o- l.S 7.2 7.7 0.19 s 3.1 15 20 39 7 ).6 17.8 Lo 
15- 30 7.5 7.7 o.S4 19 1.2 12 9.7 41 17 9.9 L, 
)Q- 60 7.1 7.6 1.4 32 2.9 10 28 49 1).2 l'LOCC tlL.4 Tm L. 
6o- 90 7.2 a.o -2.8 61 2.0 13 16 54 59 15.5 Si,L. 
9D-120 7.5 1.1 -2.8 58 2.5 15 17 69 7.4 Si,C,L, 

12D-150 6.9 7.6 -2.8 58 10 16 6S 46 13 5.6 s1.c. 

137.Sliql9!!E 13 o- 15 7.6 9.0 "*)oO 163 4.5 17 26 JB - 7.4 99.1 C.Lo 
15- 30 B.l 8.8 -3.0 llO 2.S 2l. 12 53 44 lB.$ C,L. 
)Q- 45 1.1 8.2 -3.0 ll7 ll 2l. 52 46 30 27.9 Si,L. 
45- 60 1.1 8.3 -3.0 106 6.4 24 27 60 44 24.1 FI.DCCUL.t. TED C,L. 
6o- 90 8.1 6.4 ... 3.0 76 10 14 74 56 56 21.8 C,L, 
9D-120 7.9 8.3 2.2 5S 5.6 6.2 68 54 )0.5 Si,L. 

12D-1SO e.o 8.4 1.o 32 7.6 53 59 35.6 L. 

l))li-202E 13 D-15 7.3 7.6 -3.0 67 2.2 28 1.9 66 10 21.6 loO Si.C. 
15- )0 7.1 7.8 -).0 65 3.1 28 ll 51 17.8 c. 
)Q- 45 7.4 1.e -3.0 45 4.9 )1 16 75 8 7.4 c. 
!;5- 60 7.7 7.9 **3.0 46 12 34 )6 86 ).6 fLOCC ULJ.TED c. 
6o- 90 7.4 8.4 -3.0 49 6.6 37 18 78 12 4.6 c. 
9D-120 7.6 e.o *"3o0 so 5.6 31 16 82 6.1 c. 

t-3 12D-150 7.2 7.6 -3.0 6S J.o 25 12 67 8 3.8 c. 
~ 13311-202! 12 o-15 6.6 7.8 **).0 160 7.6 26 30 51 31 JO.S 5.1 Si,C. ....... 133.57SN- 15- )0 6.8 7.6 ... 3.0 156 10 41 2S 5S 33.0 c. co 200.990!: )Q- 45 7.1 7.5 H).O 144 19 32 56 n 16 17.0 c. 

\..t..l 45- 60 7.2 7.6 -3.0 137 15 24 62 62 17 ll.9 l'LOCC UL.t.TED c. ., 6o- 90 7.2 7.7 -3.0 134 6.4 27 24 75 14 45.7 c. 
....... 9D-120 7.2 7.5 H).O 122 2.7 14 20 41 10.9 s,c.L. 
0 12D-150 7.0 7.6 -3.0 141 6.6 17 40 43 13.5 s.c.L. co 

~ Not aamp1ed tor ~ia. *" Indicatu the aii!JC>(Oraater than). 

Y. Text.ures obt.ai.Md b7 °hllnd-t .. l•; aoil • ...,lea too aalt;;r tor llec:han1ca1 .A.nazyaea. 
J/ Numerat.Gr denotee rate prior to probing protileJ deno:oin&tor denotea rate resulting tram the treattullt. 



Table 3.1-9 

COMPOSITION OF SOLUBI..E SALTS 
IN 1-5 EXTRACTS 

(Sheet 1 o! 1) 

Layer 
Hole Depth l:a 

Sheet No, La bora to_ No, No, Ca erence so % SAR 

East Ghor Area 

224,5N-20SE 3771 6 D-15 0,79 0,23 0,34 0,65 0,16 0,51 25,0 0,5 
22o.i-2o6E 5160 2 D-15 0,6!: 0,36 0,41 0,63 0,25 0,33 29,1 c.5 
22o.; -2cJ;;: 5166 1 0-15 o,5e ~.Q,44 0,70 0,03 0,15 
217N-2CCZ SL25 6 D-15 0. 0,75 0,03 0,17 
2l!N-206E 5n7 6 D-15 o,e:r-~'5:46 0,30 1.06 0,)0 0,22 15.6 c.4 

I 179.5l\-210E 6956 12 D-15 0,68 o.4o 0,7) 0,76 o.53 0,48 4o.!; 0,5 Vl. 163!i-2G:.£ 7119 10 D-15 5.40 3.04 20,72 o.45 28,0) 0,65 71.1 9.5 w 
I l61.5N-2::J!.E 6:157 12 D-15 6.31 4,04 17.72 0,35 27.65 0,54 62,0 7.5 

145J<-2:>6E 31:12 26 0-15 17,11 22,51 42.66 0,30 76,84 5.45 51.8 ;,,6 
31:14 3<>-45 30,26 19,84 31,77 0,30 58.99 22,55 3e.a 6,) 
3195 45-60 32,10 26,48 42.27 0,30 78.50 22,03 41.9 7.3 

•3746 3o-60 14.72 3.74 1,)9 0,28 0,66 18.91 7.0 0.5 
l45N-206E 3200 27 <>-15 30,29 26,89 38.33 0,20 71.62 23.64 40.1 7.1 
145JI-2~E 3206 28 D-15 25.48 13.81 21,23 0,)0 37.93 22,25 35.1 4.5 
14C8<-205E e127 22 D-15 3<65 3.31 10.91 0,45 16,41 0,:/9 61.1 5.5 
139N-<!Ot.:; 7Ji7 10 D-15 20.91 15,88 37.76 Tr. 0,2) 51.30 22.00 50.7 8,5 

.Cl39 D-15 13.80 1,60 0,74 0.35 0,30 15.47 2,8 0.2 
137 .5N-204E 78:11 24 0-15 25.47 25.69 51,19 rr. 0,18 72,20 29.96 50,0 10,1 

tt8161 o-15 13.65 4.37 3.91 0,30 1,29 20,81 17.4 1.4 
134, 5N-2 OBE 7864 20 D-15 20,02 29.34 56,)6 0,28 93.61 11,82 53.3 ll.l 

tt8152 D-15 5.65 1.33 0.69 0,4) 0,67 6.56 9.0 2.1 

We&t Ohor Area 

172N-200E 8704 9 D-15 6.59 10.43 29.82 0,)8 43~24 3.13 63.7 10,2 
-~715 <>-15 . 0,63 0.74 1.38 0,6) 0,40 1.47 so.J 1,6 

l45N-198E B69e 1 D-15 6.35 1,65 2,16 o.53 0,34 9.27 21,) 1,0 
• S709 D-15 o.53 0.30 0.74 0,93 0,25 0,39 47.1 . 1,0 

1-3 137. 5N-19cE e372 13 D-15 15.35 1.4o 151.29 0,38 132.65 34.98 90,0 52.4 
~ 41€319 D-15 14.15 1,42 1,)0 0,)3 0,48 16,0) 7.7 0,5 
...... 13JN-202E euo 13 D-15 20,36 14.12 22,50 0,5) 46.73 9.68 39.5 5.4 
CD ..0178 D-15 2.14 0,97 1.37 0,50 0,56 3.39 )0,5 1,0 

13JN-202E 6113 12 D-15 50,94 36.40 76,07 0,20 143.17 20,02 46.6 u.s w .Cl71 D-15 10.33 2.49 1,62 0,)) 0,53 13.56 11.2 0,5 • 140N-206E 8158 o- ,6 45.69 92.61 160.0) 0,05 0,53 294.23 3.45 53.6 lj,) 1-' 
i 8189 .6-8.0 )6.50 70.41 lll,22 0.45 215.35 4.29 so.5 15.1 

\,() 

*sar;:>led atter 1nfil trati<lll t .. t. 

12/20/54 
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501L PROFILE 5YW80LS 

tJ. tJ.lJ. SURFAC& ROCK 

SAND.) 

.)ANDY LOAM$ 

LOAM 
51LT LOAM 

CLAY LOAM$ 

V'RY PUlMEAr,L£ 

PERMEACLE CLAYS 

SLDWLY PEA1o4EA&l.£ CLAY3 

GRAVEL 4 CO&CL£ 

INFORWATIVE .5YMWLS 
SOILS 

LIG~T 

M£01UN 

~EAVY 

)ALINITY , ALKALINITY 

PRESENCE OF MARL 

TOPOORAPI-lY 

COVER (Rock or lJrv•ll) 

LS 

L 
5il 

CL 

PC 

SPC 

Or 
Cb 

GRADI~NT (Slop•) ~ 

UNOUL A Tl ON (..Svrl"• c• Rlhttl)· 
~GREI!: OF 5EVERI TV OF c.~ .. u 
L4AY f)E. )UD)CQIPTlO OY 2 o .. S 

MAPPING SYM~OLS A~~R!;'YIATION5 

JOilDAN VALLEY LAND 

AND 

CLAS~IFICATION SURVEY• 

SOIL PROFILE DATA ~ NOTES 
Pro/"!/~ r6prc.:J tlnf.J l .5 M. or /J•plh 

@ 

Expl ;u.,•h on : 

115m N.W. of IO'Z~/706 2 ,,;:cu 

SMALL GRAIN · OOOD. IRRIOATEO LANO. 

AllEA oo UNDULATING CROS~ 3LOPE 

TOPOGRAPI-IY. MODEIIAT£ TO I-lEAVY 

AOCK COVER . MODIFIED MARL 90- 175 em 
FRIAOLE REO &AOW N ,S,iL 50- 75 em 

25 ,50 AAE PEAC.ENT5 OF SILT 

I~ , '20 AAE PEACENT~ 0~ CLAY 

.06, 1'2 A RE PEACENT, 0~ TOTAL SOLUtiLE ~AL T5 

76, 10 AQi. pH VALUE~ ~ ~ATUQATEO !S-OIL PASTE 

5. 6 , e' ARi. pH VALUES OF I PAA.T SOI L TO 5 PAAT5 WATEA 

@ 15 ~OLE NUMOEA FOQ Tt1E MAP 

TI'Jtt nold3 _,how l oc• llon oF hol e , c r o,o or 

Co/l'~r JUJU condllton, ..3 vrl"•c• r • lte ; conUtltOn3 

D•~rm9 on l op ogr6,D/'Iy clll33 t;IC ;;,)It on • .3 vrrac• 
• nd .J VD· 30tl CO/ JC7tltOn.J b••r1n 9 on dr~JnoiOthiJ" 

or LJ.g~, c .J OII d e r ,c;. ncti.J CIM~~,;;cstton or~ 

;~ lhtt 6pprs, .u~l /'or l h tt •r•#l - n o/ nttC 4.J:J.-nl; 

lhtt •x41ct d.lil# Mown 11 l hl _,t /4 W .JIImpltn g 

&A51C LAND a.AS5ES ~ SUB·CLA.S.SES 
ARAbLE 

CLA.$~ I -1 

CLA)~ 2-'Zs, 2f , 2d , '2af , 2•d . '2td,2atd 

CLAS~ ~ - !Ia. ~t • .5d. 3at , !hd . !lld , !l•td 

CLA3) 4 - ~1) , ~(2s) . .C (2t) , etc . ~l)o ,., ,n9 p • r c nll'lcf· 
ICiilly vlf .t1T1• 1, I JJnd ciM.:J.J JJrler 3 0 i v ()l• ~tt.J 

NON-ARAbLE 
Ci..A)$ 6H • 6~(1).6J.4(2a)•tc El•.,.at~cl A r~l3 

61 - 6l (1), 61(2t) erc. / .J ol•tecl Ar~a.J 

CLA3.5 6 • 6S, 6f , 6d .6$f , 6Jd.6 td,6&td 

PROFILE NOTE AMREVIATIONS 
SOLUbLE SALTS 

PERCENT OY WEIU~T TS~ 

PA I:H ~ PEQ MI LliO N P PM 

EL ECH!I(AL CONDUC TI VITY OF 

5ATUAATION EXTRACT ECe 

G Y PSUM MILL IEQUIVALE.NT!a 

PER 100 CHiAM5 Gyp 

SODJUL-4 Na 

EtC..,ANClEAtw...E ~001Uiio4 PUiCENTAGE E !IP 

~OLUOL E SODIUM PEQCENTAOi 5~" 

50DIUM A050QPTION QAT 10 5A.Q 

CATIO...., EXCJ.4ANY E CAPACITY 

m c . PEA. 100 9 !>OI L 

MOISTURE RELATIONS 
SATUQATION Pi.Q.CENTAG£ 

I NFIL TQATION 'lATE m mJ rv· 

J.IYOQAUL IC CONOU C(TIV ITV''"m/ nr 

CEC 

5P 

I n ( 

><C 

~OIL~ D[FICIENCY-------,

1 

r---TOPOQQAP'-"Y OEFIC.IENCV 

LAND CLA53·---------, I ,-DRAINAGE DEFICIENCY 
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VOLUME III - LAND RESOURCES 
YAHHOll K..J OH. C~'l VALL ~"Y PROJECT 

MASTl~H. PLAN HEPORT 

PART 2. AGRICULTURE 

Introduction 

The objective of this report is to indicate agricultural capa-

bilities of project lands determined suitable for irrigation, the lands 

being supplied with adequate quantities of irrigation water. and tald.ng 

into account specific characteristics of the local area and Middle East 

culture. 

Information for this report was obtained from earlier studies, 

the land classification survey, field studies, consultations with Jor­

danian land operators and agricultural technicians of the Jordan Govern­

ment and United States Foreign Operations Administration, reference to 

current United Nations surveys, and field observations made in neighbor-

ing Middle East countries where land conditions, climate and culture 

were gene rally similar • 

Field studies included soil and topographic examinations, ob-

servation of existing crops and current methods of water application and 

land management. As was detennined in Part 1 of this volume, the arable 

area within the project totals .5191 800 donums. The soils, topography, 

and drainage characteristics of this land are favorable for irrigation 

farming and it lies in relative]y large compact blocks. At the present 

time a minor area of the arable lands are occupied by permanent facili ... 

ties such as roads, villages, etc. Under the anticipated land develop ... 

ment program it is expected that wherever possible these permanent tacili-

ties will be confined to non-arable areas • However, a certain am runt of 
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arable land will be utilized in locating the main canals, and lateral 

distribution systems, farm roads, and other public facilities, for which 

a reduction of about 3 percent in arable area is made to determine the 

irrigable area. The irrigable area within the project has been calcu­

lated to be about 5ou,200 donums. 

Agricultural History 

The Jordan Valley has a long history of limited irrigation de­

velopment. Biblical records sha-~ a variety of irrigated crops were grown 

on project lands, and indications point to even earlier irrigation within 

this and adjacent areas 0 Then, as now, the supply of water was insuffi­

cient to irrigate the entire area. Streams tributary to the Jordan River 

were diverted for crop irrigation and the water spread thinly over a 

maximum area. Lands far removed from these sources of supply normally 

received little or no irrigation and efforts were made to develop under­

ground waters by construction of fuquaras, or water collection systems 

which utilized aquifers originating in the adjacent hills. Some ot these 

ancient works have been rediflcovered aai restored to use. other sources 

such as Elisha's Spring in Jericho h:ive been intensively utilized and a 

variety of crops are still produced in this area. 

Cereals, vegetables, and fruits such as citrus, olives, dates 

and bananas were produced in ear~ history and are grawn today where 

water supply permits. 

Although actual records of lands irrigated are inadequate, it 

is certain that a significant portion of the area classed as irrigated 

both in the past and at present received water intermi. ttently and in very 

limited amountso This is indicated by the fact that certain tracts are 

irrigated one year and not the next. Annual variations in volume and 
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duration of stream now and fallow practices are primarily responsible 

for this condition. The relatively unleached condition of soils in nany 

irrigated areas further emphasizes the fact that irrigation as practiced 

with a "full water supply" has been known on only a small part of the 

project area. 

Present Agriculture 

Under present conditions approximately 48 percent of the irri-

gable land within the project area is non-irrigated. Of this total only 

about 5 percent is cropped on a dry-farm basis. The major portion of 

this non-farmed area is covered with scattered patches of scrub-type 

brush and annual grasses, and is utilized for grazing purposes. 

Of the lands termed as irrigated, it must be noted that the 

total includes all crops to which water was applied regardless of the 

adequac.y of the amount. The distribution and amount of irrigated and 

non-irrigated lands for the year 1953 are presented as Table 3.2-1. The 

influence of the inadequate supply of irrigation water and the very small 

amount of fertilization normally utilized are reflected in the relatively 

low yields of crops now produced. Present production is illustrated in 

Table 3.2-2. 

Principal Crops 

Cereals constitute about 43 percent of the total crops grown 

on the irrigable area of the projecto Wheat and barley comprise more . 
than four-fifths of this category with more than three times as much 

wheat as barley. Other cereal grains include sorghum, corn (maize) and 

sesame with corn and sesame in the minor category. One reason for the 

large wheat planting is the country's heavy consumption of bread. The 

other principal reason is the relatively 101 irrigation requirenerrt. 
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nc c ·2~ ::; itated '?Y t raditiona l ')lantin~~ to take advant:lge of winter rains. 

The c r o:o is alw ays ha nes t ed, t!Ven if production is negligible, and 

yie l ds are ge neralzy verJ l ow. 

Vegetables occU!'Y about 10 percent of the cro? dis tributiono 

For t he most part they a re presently produced during the summer months 

with a fe•1 grown during the winter and early spring,. Except for a very 

few areas the majori ty of these crops are inadequately irrigated. Prin­

cipal vegetable cro9s include tomatoes, watermelons, eggplant, cucumber, 

marrow and beans. Of these, tomatoes, watermelons and . egg?lant comprise 

about 70 percent of the total vegetable area. 

Orchard fruits are found in the amount of about 3 percent of 

the total irrigable project lands. Bananas are the principal orchard 

fruit and plantings are confined to areas where a reliable source of 

water is available. Citrus fruits (oranges, lemons, tangerines, etc.) 

are also 9roduced in currently irrigated areas. Other fruits such as 

pomegranates, figs and grapes are found in sw~ll, scattered plantings. · 

The main productive fruit areas are located in the vicinity of Adasiye 

and the Jericho vicinity. 

Agricultural Practices 

Seed stock quality is generally very low. Common practice is 

to utilize a portion of the field-run supply which has been passed down 

with out material change for many gene rations. This is particularly true 

of cereal and vegetable crops. As a consequence there has been little 

semblance of purity of line in the seed stocks planted. A certain amrunt 

of resistance to adverse grol-ti.ng conditions such as salinity has been 

developedo For example, marrow was observed growing well in soil con­

taining more than twice the amount of salinity usually termed as critical. 
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In most i ro tances this has not been recognized and the seeds possessing 

this de3irable characteristic haYe net been segregated. 

NeH adapted varieties haye been introduced to a very slight 

degree, and a limited amount of experimentation is being carried on 

within the valley. This work is being conducted at agricultural experi­

ment stations, one located near Wadj_ Fari •a on the West Ghar and at ~ir 

Alla and at Baqura on the East Ghar. A limited amount of nursery stock 

is produced in Jericho. These experimental areas have been established 

within the past five years and sufficient time has not elapsed to permit 

conclusive results. 

Seed bed preparation is usually inadequate. Present methods 

of preparing the land for planting are essentially the same as those us~d 

in ancient timeso Generally a single "nail-typen plow is used to open 

a furrow in the soil. Cereal and other field crop seed is usually broad­

cast b<J hand and then covered by plowing at right angles to the first 

operation. Upon occasion hand-hoes are used to break up clods between 

the first and second plowing but rarely is the use of a harrow or drag 

in evidence. This procedure obviously requires an abnormal~ high seed­

ing rate to produce a satisfactory crop stand. 

Vegetables are commonly transplanted from farm ••nursery" plots. 

Transplants or seeds are planted in beds separated by deep wide irriga­

tion channels. Plantings are placed midway between the crest and bottom 

of the ditch, which rem01res the seedling from the point of highest sa­

linityo This practice is of distinct value where soils tend to be salineo 

Crop rotation as a planned program is seldom follcwedo For the 

most part cereals, particularly wheat, are produced year after year on 

the same tracts of lando This practice is followed of necessity on some 
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areas where shallcw soils and lack of water limit the variety of crops 

that can be produced. H~ever, it is also common practice on much of the 

land that is fully irrigated. In some cases on these latter areas land 

is left idle as fallow for one season, but in many cases it is again 

planted wholly or in part to the same crop. 

Vegetable crops are rotated to a greater degree but this is 

primarily due to the practice of shifting tenant farmers annual~ from 

one tract of land to another. Again, planned rotation programs are gen-

crally lackir~ with market price and operator food needs the primar,y 

reasons for planting a specific crop. 

Irrigation methods are influenced to a major degree by the 

source of the water supply. In many cases water is available in rela-

tively large quantity for a short period of timea The tendenc,r is to 

use a large head of water with no regard for water intake rate of the 

soil or topographic features of the land. In such instances, as most 

field head ditches are unlined, a degree of erosion takes place which 

eventually eliminates their usefulness and new ones must be constructed • 
. 

Such practices also tend to spread a given amount of water over a large 

area With inadequate penetration at any one place. Cereals, which are 

generally irrigated with a semi-wild flooding technique, seldom receive 

full benefit from water applied in this manner. 

Vegetables and fruits are usually irrigated by the basin 

methods. Good distribution of water is generally obtained with a mini-

mum of waste. 

Fertilizers and organic matter are generally of minor signifi• 

cance in current cr09 production. Animal manure is commonly gathered 

and dried for use as domestic fuel. The natural manures which are used 
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for fertilizer are purchased in mos t cases and consist main~ of cattle 

and sheep dung,. General practice is to pay for its collection and trans­

portation to the farm where it is applied- to vegetables and fruita. The 

majority of the better banana and citrus plantings utiljze a type of 

compost incorporating these manures and some residue such as banana 

leaves. Mineral fertilizers are occasionally used by larger landowners 

but information regarding their value in the form of increased production 

is lacking. There are no regulatiom covering composition of commercial 

fertilizers, and consequently they are quite varied. Some unproce~sed 

rock phosphate of local origin has been applied but value derived from 

application on the highly calcareous soils of the area is economically 

questi onablea Cost is a prine deterrent to use of fertilizers a:s moat 

operators feel they cannot afford to purchase them. 

The addition of organic matter to the soil in the form of green 

manure or crop residue is virtually unknown. The lack of sufficient for­

age for roving herds of sheep and goats and shortage of water needed to 

produce crops for human consumption have taken precedence over growing of 

any crop for purposes of addi!l; needed organic matter to the soil. Farm 

animals are allowed to eat .crop residues to the ground or the plant 

stalks are completely removed by pulling them .from the soil, roots and 

all, for fee~ing at a later time or for use as fuel. These practices 

precluded any appreciable use o.f organic matter for purposes of improving 

soil .fertility or tilth. 

Farm machinery within the area is generally light and simple. 

· The single "nail-type" plow is the common ground-breaking implerrent and 

is drawn through the soil by animal power. Cultivation is practiced to 

a limited extent and is performed almost entirely by wide-bladed hand 
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hoese This long-handled, heavy implement is also used to a great degree 

for plowing, smoothing and irrigation ditching operations. Sawing of 

seed and other planting is drne by hand. In Adasiye and Jericho and a 

few other localities modern rnachi~ry in the fonn of tractoro.odrawn disc 

plOol s, seed drills arrl harrc,.,•s are utilized on a limited number of the 

larger holdings. Thia equiprrent has been introduced primarily within 

the past three years as has the F.o.A. demonstration program of tech­

niques involved in its operation. 

Harvesting of cereals is generally done by hand-sickle or by 

pulling th~ . entire plant from the soil. Threshing is accomplished on 

"natural" threshing floors so placed as to take advantage of wind for 

winnowing purposes o Animals and flails are us"ed to separate the grain 

and hand sieves for final separation. Vegetables and fruits are picked 

by hand. 

In gell!lral the lack of adequate tools for cultural operatiorw 

restricts time'liness of farm operations. Thia is renected in t.Jle exten­

sive tine currently required for preparation of t.Jle land, harvest~ per­

iods and relatively low yields. 

Farm animals are low in number. A few chickens together with a 

small number of sheep or goats are generally awned by individuals. Some 

families may have ane or two horses or a similar number of oxen, donkeys 

or camels. The larger animals are primarily used for farm power and 

transpar.tation. Forage crops for farm animals are practically non­

existent and feed is obtained by herding on non-cropped land ani use of a 

limited amount of crop residue. 

Weed control practices are limited both in method and the ex­

tent to_ which they are ernplqyed. Weeds are recognized as pests that 
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seriruslJ', reduce the productive capacity of agricultural lands and inter-

fere with the farmer's effort to grow useful plants. The production of 

cr09s is largely in direct competition with weeds, whose control ia 4' 

factor of major importance, especially in irrigation agriculture. Losses 

f~om weeds may be enumerated as follows: 

(1) 

(2) 

(3) 

(u) 

(5) 

Weed competition with crops for 
water, light, and mineral nutrients .. 
Additional labor required to combat 
weeds that could profitably be used 
to produce food. 
Weeds reduce the quality of farm 
productso 
Weeds harbor insects and fungus pests 
that attack crop plants. 
Weed infestation can become so rank that 
agricultural land is no longer produc­
tive. 

It is reasonable to assume that these losses from weeds will 

be higher in an area of small farm units, (such as the development con ... 

templated), than one of large units. From field observation it has been 

estimated that potential crop production in the Jordan valley will be 

reduced by ten percent without an Adequate weed control program. 

The follo-ling weeds are some of those most commonly found in 

the Jordan Valley and will constitute an increasingly important problem 

as the area is developed for irrigation: 

Bermuda grass 
Chenopodiums 
Christ thorn 
Tamarisk 
Wild-onion 
Yambut 

(Cynodon dactylon) 
(Chenopodium spp) 
(Spini christi) 
(Tamarix pentandra) 
(Urginea maritima) 
(Prosopia stephanania) 

there is ample evidence that the tendency to grow one crop on 

a given area of land for several seasons has all~ed .weeds to multiply. 

This is particularly true of those weeds which are compatible with the 

gr~th habits and management program of the crapo 
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As the new land is developed and brought under irrigation, the 

weed problems in t he:oe areas will b~come more numerous. For thil5 reason 

it is desirable t hat weed control practices be established in the early 

stages of this developme nt in order to hold weed infestations to a mini-

mum. In addition, weed problems are more difficult on old irrigated 

lands, and the old established weeds more costly to control than those 

on new lands • 

Many methods of weed control and eradication have been devised 

which may be grouped under the headings of: 

(1) Mechanical methods (hand hoeing, 
tillage, burning, etc.) 

(2) Cropping and competition methods 
(3) Chemical methods 

Present control measures consist alm·ost entirely of the first category. 

They occur mainly as a by-product of normal seed-bed preparation and 

occasional cultivation. Some effort is made to periodically remove 

larger, woody-types of vegetation by hand "grubbing". Mechanical and 

cropping methods of control are recommended as being the most suitable 

for the Jordan Valley in the initial stages of development. Chemical 

weed-killers, which are more costly, can be used on the more persistent 

plant species to supplement these two methods. The agricultural experi-

ment stations in the valley should include weed control in their annual 

program in order to devel09 the best techniques for the local conditions. 

A detailed weed survey of the valley should also be scheduled in the pro-

gram of the contemplated farm extension service. 

Insects and plant diseases receive little attention at the 

present time. Mild infestations of locusts from the desert areas have 

occurred from time to time. The coordinated effort of surrounding 
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count .rie:J Hi t.h the Jordan Governme nt. and Uni ted Nations representatives 

h<1s succeeded in cont. roll ing t.he s\•arms to date. Poison baits and hand 

eradication seem most effective . A limited amount of chemical control 

f or insects and plant diseases is em9loyed primarily tlnuugh hand dusting 

of crops. Pests of individual crops a nd recomrrended controls are given 

in Taole ).2-5, Data for Recomme nded Crops. 

Anticipated Irrigation Agri~1lture 

In an area, such as the Jordan Valley, which has a problem of . 

over population, the production of food for human consumption is of pri­

mary importance. Therefore, an agricultural program must provide food 

for the family and a small cash croo to enable the purchase of necessities 

not produced on the farm. It should also provide feed for the livestock 

and enable fertility and tilth of the soil to be maintained. 

Under the proposed plan of development it is expected that the 

people will continue to live in villages rather than on the farms. This 

custom is traditional in the area and will be advantageous in that ever,y 

effort will be made to utilize all irrigable land for crop production by 

locating vilL~ges on non-arable lands. 

Since it is · beyond the scope of this report to identify agri­

cultural prograrnB for individual farm units, the subsequent discussion 

will be primarily concerned wi~~ establishment of a cropping pattern, or 

distribution of crops, over the project area which land classification 

has determined to be suitable for irrigation agriculture. The climate 

and soils are generally well suited to the gr(1.oling of a wide variety of 

croos as has been oointed out in other sections of this report dealing 

soecificall.y with these topics. It has also been noted that many types 
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of crops ha·<re been and are now being grown within the area, and the lack 

o.f sufficient water has been one of the primary influencing factors de• 

termining the degree to which agriculttrre has been practiced. 

Crops which are included in the patterns were selected as repre­

sentative of those which are adapted to the area rather than trying to 

anticipate all crops which can be grown in the future. 

Two specific cropping patterns are shown in Drawing re-5-5, 

together with the irrigation and diversion requirements of each. Pattern 

"A" is designed to furnish a maximum of subsistence-type living with the 

primary emphasis on cereals and the productive periods reflecting the 

present irrigation influenceo Provision has been made for production of 

some vegetables and fruits other than those required for the farmers 

themselves, and introduces sugar beets and peanuts to the area. These 

latter crops are both well adapted to the project soils and can be the 

basis for establishment of industrial plants producing sugar and edible 

oils. A part of the vegetable production may also lend itself readily-

to canning and preserving processeso 

Cropping Pattern "B" was developed to introduce rice, cotton 

and dates. There is a deficiency in these crops and an increase in pro­

duction will alleviate the import situation. It is recognized that cer­

tain difficulties are inherent to the production of these crops1 but 

.their adaptation to soils and climate of the area warrant their considera­

tion. Tile differences in time and length of growing season noted in the 

two patterns for a few crops are acceptable if compared with their proee 

duction in irrigated area.B of similar climate ani soils. A summary of 

crops shown in both patterns "A" and ~B" is given in Table 3.2-J, Estima .. 

ted Distribution of Irrigation Crops with Project Developrrent. 
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In addition, diverRion requirements by months for the various 

crops are sha·m in Tables 3.2-6 and 3.,2-7, IIDiversion Requirements" for 

Northern and Southern Zones , rP.s~cctively. The methcrl of developing 

irrigation and diversion reC]uirements are fully develooed in Volume II, 

and further discus sed in Volume VII o 

Yields of crops have been estimated on the basi.!l of a moderate 

improvement in managerrent practices, availability of imprO'Jed farm equip­

ment, and use of adapted crop varieties. In addition, cognizance has 

been taken of the productive capacity of the project soils, and the in­

fluence of climatic factors as compared with similar areas. Average . 

yields anticipated under project development are shown in Table ).2-u. 
It is expected that generally, yields on Class 1 and Class 2 lands will 

exceed those obtained on Class 3 land by 20 to 30 percent. 

Agricultural programs, as it has been previous~ noted, are 

carried out in most cases in accordance with traditional methods. De­

tailed recomrrendations for the growing of individual crops in local areas 

must necessarily come from ext:erimental work ·such as is nOW' being col'lo-o 

ducted at the Baqura, Deir Alla and Wadi Fari t a Experiment Stat ions. 

Special points of interest are discussed in the following paragraphs, 

and additional information for selected crops is given in Table ).2-5 

Cereals are well adapted to the soils of the arsa, and produce 

very well on the clay loams and lighter clays. freparation of seed-beds 

should tend to establish a slight~ better condition than is presently 

obtained. Better stands from less seed should result. Planting in rows 

will be advantageous for such crops as corn and sorghum, particularly 

from the standpoint of better penetration of irrigation water. 

Rice is well adapted to the heavier clay soils. Such soils 
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will require less water than finer textured soils to produce a crop. 

They will crust quick}_y after draining in the fall allc:Ming earlier 

harvest., Rice will require more wat er to produce an equivalent amount 

of calories than do pot atoes., However, it will prove advantageous to 

grew on alkali soils and can be follot.zed by crops less tolerant in 

nature., 

Crop residues of cereals should be mixed with the soil by 

working the straw into the surface soil to increase ·moisture penetration 

and reduce runoff. Wherever possible leguminous cro'9s such as alfalfa 

and beans should be utilized in rotation With cereal crops. In parti­

cular it is not well for sorghum to be follcwed by wheat in rotation as 

the former crop will cause a temporar,r reduction in nitrogen content of 

the soil. 

Sugar beets are a promising potential crop from the standpoint 

of adaptability to project soils, salinity tolerance, and their prospects 

of reducing sugar imports. Sugar beet tops and by-products of process• 

ing also would contribute materially to feed requireiiJ3nts of livestocko 

Beets require a significant amount of hand-labor and should be planted 

as a row crop. Both of the.se factors lend themselves well to farming 

in the area, and this crop fits well into rotation with other .field 

crops and vegetables., 

Cotton is well adapted to the lighter soils in the southern 

part of the valley. It can be grown during the hot sununer months and 

will enter well into a rotation with vegetables such as potatoes or with 

a forage crop such as alfalfa. Only a few very small areas have been 

grawn to date and while plant growth was excellent, considerable diffi­

culty was encountered with boll-weevil., Further information is needed 
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before control measures in the local area can be recommended. 

Forage crops in the form of legumes such as alfalfa or berseem 

will be beneficial not only for production of animal forage but al..so will 

be helpful in soil improvement. These crops, plu~ qy-products of sugar 

beet production and other crop residue such as peanut hay, should better 

condition work animals on tha farms and encourage fattening of meat 

animals such as lambs. Rather than establish an enterprise within the 

project, it is expected that lambs would primarily be for family use and 

would come from adjacent upland areas. Of primary importance in rota­

tion with. _vegetable and field crops, legumes will add to the nitrogen 

content of the soil and aid in improving soil condition by addition of 

organic matter. 

Vegetable crops will assume significant degree of importance 

urrler project development. The major portion of the soils in the . area, 

particularly those on alluvial fans and much of the zor, are well 

adapted to production of a wide variety of vegetables. Fertilizer and 

a full water supply will greatly increase present production. The use 

of more water must be coordinated with better methods of application. 

Fruits will continue to be grown to great advantage in the pro­

ject area. Bananas in particular are in a superior position for compe­

tition with surrounding Middle East areas. The soils which are shallow 

in depth to marl seem to produce excellent crops. Water and fertilizer 

are pre.sently used to advantage on bananas and on citrus fruits. Haw­

ever, increased amounts of available nitrogen and phosphorous would 

materially hel? production and quality. Dates are well adapted to pro­

duction and particularly on saline soil areas. The existing amount of 

parent stock is not well suited to propagation purposes. Since 
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neighbo r inG count d c :J pr ohihit export:1 tion of seedb ngs they must be 

sccur, ~ d t'r01n other ;:.reas . 

A l.t lK,u [)t i-~ ~~ap e::; are p · ') Wil t o a major extent in the adjacent 

uplands , it is f e lc. t he vall.:.y oE ors s ome advanta r,es. A variety such 

as Thomoson S ~edles.:>, extens i vely grown in a similar area of the United 

States , could be us e<i as fresh fruit and under valley conditions could 

also be drie d for r aisins .. Both grapes and citrus fruits should do well 

on soils which contain aprreciable amotmts of rock in the profile. The 

majority of these soils are of clay and clay loam textures and occur on 

the upper slopes of the ghar. Vines and trees require less tillage, and 

while slopes may not require terracing, planti..."lgs should be established 

on the contour. 

Summar] and Conclusior~ 

The Valley has a long history of limited irrigation. Produc­

tion novr is predom.i.nantly i."l the form of cereals, principally wheat. A 

variety of vegetables are p~oduced on a small area and as with cereals, 

yields are rel::ttively lmr. Fruits, especially bananas, are well adapted 

to the area and quality aTJ.d flavor are goodo Few farm animals are main­

tained by indivirn1als and cropped area is seldom used specifically for 

animal feed. Animals secure most of their feed by foraging. Shortage 

of forage and fuel discourages addition of organic matter to the soil. 

Farm practices are generally inadequate to secure the production and 

quality possible even under existing conditions of limited water supply 0 

An extension type of educational program is mandatory to suc­

cessfully establish ar.d maintain the subsistence-~pe of farming recom­

mended. The i:--.t coduction of more advanced animal powered equipment such 

as s mall rr.old- board and dis c plm-rs, one-horse shovel cultivators and 
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seed rlrills , and s mall SfJction sp:i ke t ooth harrows is strongly recommended. 

Small tools such as ::; r.y tl1e::; and hn.nd du::; t£'.rS will also increase efficiency 

and make for more t. :Lm8ly farn. opecati,ms. 

Experimental progr 3ms with new varieties as well as improvement 

in purity and quality of ex~_s ting crops are nm-1 being conducted at agri­

cultural experi rr.e nt stat:!.on::; within the vaUeyo Additional fertilizer 

tests a:-e needed, but it is &.pparcnt tha t present practices are entirely 

inadequate. Indications are that application of available nitrogen and 

phosphorous would benefit most crops significantly. 

Anticipated devel .)pment is based on a full ~ater supply. How­

ever, practices which will produce maximum benefit with a minimum of waste 

should be utilized. This will also materially reduce future drainage 

problems. Field crops in particular will benefit by a more controlled 

type of distribution such as basin-flooding or combination of basin­

flooding with furrows where slope is a definite factor. More signifi­

cance shou ld be placed on the relationship bet~een the volume of water 

delivered and the length of time it is available, as concerned with the 

size of field, soil characteristics and crop water requirement. 

Heeds will become a problem of increasing importance as irriga­

tion development takes placeo Mechanical and cropping methods of control 

are recommended in the initial stages of the project. Chemical weed­

killers can be used on more persistent plant species to supplement these 

methods. A detailed weed survey program should be initiated to keep pace 

with agricultural development. 

Crops which have been recommended under anticipated development 

include those which mc 8t domestic needs and tastes and have market out­

lets, as well as being adapted to project soils and climate. 

- 6?a-



- Table -'·2·1 

Distribution ot Cropa 1 

Jordan Valley-1953.!/ 
(Sheet. 1 ot 2) 

East Ghor East Ghor West Total 
North South Gho!.' Project 

(donUD18) (donums) (donwns) (donums) (percent.) 
Irrigated 

Land 
Wheat 63,000 30,600 32,600 126,200 25.0 
BarlEty 19,200 4,700 9,100 33,000 6.6 
Com 2,500 540 100 3,11JO o.6 
Sesame 6,100 3,900 3,450 LJ,4~u ',} . ., 

I Sorghum 16,200 410 5,100 21,710 4o3 
-J 
0 . Sub..Total, I 

Cereals 107,000 ·40,150 50,350 197,500 39.2 

Eggplant 2,500 3,500 1,600 7,600 l.S 
Tomatoes 2;100 6,500 6,400 15,600 3.1 
Watermelorus 9,600 1,100 1,200 11,900 2.3 
Cucumber ·800 420 2,280 3,500 Oo7 
Marrow 800 . 950 750 2,500 o • .s 
Cabbage 550 250 250 1,050 0.2 
Cauliflower 330 90 460 880 o.2 
Broad beans 400 470 1,550 2,420 o.5 
Oniorus 580 270 350 1,200 o.2 
Potatoes 870 300 930 2,100 o.2 

Sub-Total, 
Vegetables 19,l30 l3,850 15,770 48,750 9o7 

Bananas 2,800 1,400 2,200 6,400 lo3 
Citrus 840 240 620 1,700 o.J 

1-'3 Otherfruita . 32860 750 ,22 780 6.~590 1.3 
~ 
t-' Sub-Total, 
CD 

Fruits 7,500 2,400 5,600 15,500 2.9 
\..V 

Total Irrigated CropsY 56,400 261,750 • 133,630 71,720 
I\) 
I 
t-' 
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Table ).2-l 

Distribution of Crops 
Jordan Valley-19531/ 

(Sheet 2 of 2) 

East Ghor East Ghor West Tota1 
North South Ghor Project 

{ donlllll8 ) (donuma) (donums) (donums) (percent) 
Non .. Irrigated 

Land 
Wheat 15,500 ... 1,800 17,300 3o4 
Barley 4,ooo .. 1.,100 5,1CO loO 
Sesame 220 - - 220 -Y 
Watermelons 250 500 500 1,250 0.2 
Sorghum 31600 600 4,_200 o.a 

Sub .. Total, 
Cropland 23,570 500 4,000 28,070 5.4 

Fallow 1 Idle 11,600 48,400 57,240 ll7,240 23.5 
Grazing, Waste, Etco 700 78,300 18,_140 97,_1.40 19.3 

Total, All Land 169,500 183,600 151,100 504,200 lOOoO 

!/ Baaed on "Agricultural Economic Survey 1 Jordan Valleyt•, United 
Nations Organization, 1953; adjusted to irrigable area of project. 

~ Includes all land reported as irrigated, at anytime during 1953, 
regardless of adequacy of irrigation. 

l( Less than Ool percent0 



Tabla 3o2-2 

· Crop Yields, Jordan Valley-1953Y 
(Sheet 1 ot 2) 

East Ghor East Ghor West Total 
North South Ghar Project 

(Yiald/Donum) (Yield/Donum) (Yield/Donum) (Yiel..:i/Donum) 
Kilograms Kilograms Kilograms Y.i.logra..ma 

Irrigated 
Land 

Cereili 
Wheat 90 90 85 90 
Barley 100 90 70 90 
Com 200 120 120 190 
Sesame 60 55 60 60 

I .Sorghum ... • - 100 
~ 
N 
I Vegetables 

Eggplant 1000 870 910 930 
Tomatoes 620 430 520 500 
Watermelon 470 430 470 490 
Cucumbers 400 320 450 420 
Marrow 640 350 500 490 
Cabbage 690 770 · 840 900 
Cauliflower 720 430 620 640 
Broad beans 330 350 300 )20 
Onions 770 520 900 150 
Potatoes 1520 840 820 1100 

·Fruits'Y 
Bananas 1300 1250 1310 1295 
Citrus 1300 ·1040 870 1098 
Other Fruita 1100 1150 1.430 1221 

t-3 

~ 
1-' 
(1) 

w 
· o 

1\) 

I 
1'.:1 



Non-Irrigated 
Land 

Wheat 
Barley 

· Sesame 
Watermelons 
Sorghum 

Table ).2-2 

Crop Yields, Jordan Valley-1953!/ 
(::lhaet 2 of 2) 

East Ghor 
North 

(Yield/Donum) 
Kilograms 

80 
90 
30 
90 

280 

East Ghor 
South 

(Yield/Donum) 
Kilograms 

... 

80 
70 
40 

... 

West 
Ghar 

(Yield/Donum) 
Kilograms 

20 
30 
40 
65 

430 

!/ Based on n Agricultural Economic Survey 1 Jordan V al.ley11 
1 

United Nations Organization, 1953. 
~ Fruit yields and production are based on trees or vines 

of bearing age • 

Total 
Project 

(Yield/Donum) 
lllo gr arn.s 

70 
75 
30 

200 
60 



Table 3.2-3 

Estimated Diftriwtion of Irrigated 
Crops Witr .. Project Development 

( ~ .r_aet 1 of 2) 

Pattern •A" Pattern "B" 
Crops Dmu.ms Percent Donums Percent 

CEREAlS 
Wheat 121,000 2u 70,600 14 
Barley 55,500 11 .. .. 
Com 17,600 3l 20,200 4 
Rice - 30,300 6 
Sorghum 37,800 __1i 20,200 4 

Sub-total 231,900 46 141,300 28 

VEGETABLES 
Tomatoes 22,700 4i 30,300 6 
Potatoos 30,300 6 30,300 6 
Cucumbers 11,300 2l.. 15,150 3 
Marrow 11,300 '21 15,150 3 
Cabbage 7,575 li 7,575 it Cauliflower 7,575 li 7,575 
Beans 22,600 Ua 25,200 5 
Eggplant 11,300 2l. 10,100 2 
Watermelon 11,300 21 10,100 2 
Peas 11,300 21 10,100 2 4 
Onions 10,000 2 10!100 2 

Sub-total 157,250 31.1. 4 . 171,650 3u 

INDUSTRIAL CROPS 
Cotton .. - .30,300 6 
Peanuts .32,800 6! 20,200 4 
Sesame 25,200 5 10,100 2 
Sugar Beets 63,000 _gj 60.!600 12 

Sub-total 121,000 24 121,200 24 

FRUITS 
Banane~;s 31,500 

~ 
.30,300 6 

Citrus 31,500 35,300 7 4 
Dates ... .. 10,100 2 
others 12,600 __tl: 15,150 _L 

Sub-total 75,600 15 90,850 18 

-74-



Crops 

FORAGE 
Alfalfa 
Mangels 
Cowpeas 

Table j.2-3 

Estimated Distribution of Irrigated 
Crops With Project Development 

(Sheet 2 of 2) 

Pattern "A" 
Donum8 Percent 

Hay and 
Fedder Crops 

Sub-total 88,200 

TOTAL GROSS 
CROP AREA 

TOTAL NET 
CROP AREA 

DOUBlE 
CROP AREA 

673,950 

5ou,2oo 

169,750 

-75-

13u 

100 

Ju 

Pattern •att 
Donums Percent 

80,800 
10,100 
10,100 

101,000 

626,000 

5ou,2oo 

121,800 

16 
2 
2 

20 

12u 

100 



Table 3o2•U 

Estimated Crop Production 
With Project Development 

Yield/Donwn 
Crop (Kilograms) 

CEREAL.'3 
Wheaf: 190 
Barley 210 
Corn 340 
Rice 380 
Sorghum 320 

VEGETABlES 
Tomatoes 1,680 
Potatoes 1,550 
Cucumbers 1,460 
Marrow 1, 750 
Cabbage 2,120 
Cauliflower 1,650 
Beans 1,460 
Eggplant 1,660 
Watermelon 1,970 
Peas 1,500 
Onions 2,050 

INDUSTRIAL CROPS 
Cotton 90 
Peanuts 300 
Sesame 65 
Sugar Beets 3,100 

FRUITS 
Bananas 2,600 
Citrus 1,700 
Dates 1,200 
others 1:000 

FORAGE CROPS 
Alfalfa 1,300 
Mangels 2,000 
C~peas lg500 



1 
-._] 
-._] 

I 

" 1\) 

t 
'Jl 

Crop 

!:HJ:;.U. (;l!Ul'::i 

Com (M&ize) 

Rice 

Sor&bua 

BarJ..r 

Wheat 

~UiJU::iT~[iJ :ROPS 
Cot tan 

Peanute 

s ..... 

Sugar Beata 

TRUCI CROPS 
Geiler&! Vepta.blu 

Cilbbage 

CaulitlDver 

Cucu.berll 

ltgSPlaDt 

~ (Squub) 

RelatiTe 
Tolerance 

to salt 

11ediua 

11edi\lll 

Medium 

High 

11ediua 

High 

M...U.ua 

Hediua 

High 

Medillll 

Mediua 

Kediwa 

Lov to 
Kediua 

Mediwa 

Datu of 
Planting 

llarch 1 
liMy lS 

liMy 1 

Mq 1 
Ha;r 15 

Hovamber lS 

Ho~ber 15 
November 15 

Karch lS 

Ha;r 1 

Kay 1 

October 1 

tl5eptember 1 

ttSaptellber 1 

Febru&r)' 1 

ttllarcb lS 
4ll'lq 1 

February l 

Table 3 o2 =.5 

Data for liecomMndad Crops 
(Sheet 1 of 3) 

Monthll 
Dates of on 

Harvesting Lard 

August 1 5.0 
October 1 4.5 

October 1 5.0 

Augu.st 15 3.S 
Sapteabv 1 3.5 

April 15 5.0 

Kay 
~ 

6,0 
April 5.0 

Novuber 1 7.5 

September lS 4.5 

July 15 2.5 

April 1 6,0 

January lS 4.5 

January lS 4.5 

June 1 4.0 

Jwa. lS 3.0 
August l 3.0 

Jwa. 1 4.0 

Seeding 
Rote 

Kg,/D<.o•lllll 

0,91 

10,00 

3.41 

11.34 

10,21 

2.27 

3.40 

1,00 

0,56 

-1,800 

-1,350 

0,22 

-1,350 

0.32 

Yield Common Peste and Diseases 
Kg,/Donlllll and Tneir Control 

340 Earworms (Heliothis ap,), Treat. 
with DDT in oil, or apply ..., s~ray, 

380 Weed.a. J.dequ.a t.e submerionce. 

320 (If followed by ou-.er cereala, land 
should be he;ovi.ly fertilized wit.!: 
nitrogen) 

210 Powdery Mildew, io'hut Leaf Miner 
(Syringopi:u temperat.i.L:.- ~ 1 Shcrt.-
winged Wheat Lea.! Beet:• (M&rse...Ua 
ap, ). Saed a e lee t.ion and crop ro-
tation, 

190 
165 s .... a.s Barley, . 
90 Boll Weerll (Anthonoltlls grandU), 

Dusting with nicotine, 

300 Nona noted to date, 

6S Seed poda split and scatter, Seed 
selection, 

3,100 New crop to area, ~be at.t;acked 
by locust, 

2,120 Apbida - dusting with •Derri..:ailc•, 
Cabbage Caterpillars - du.HiJltl 
with DDT or "Agricida", 

1,650 Sama u Cabbqe • 

1,460 Cutworma - DDT d.u t, 
Powdery Mildew - crop rotetion, 

1,660 Root rot. Selaction of resistant 
varietiea, 

1,750 SaM u Cw:uabera, 



I 
--.J 
co 
I 

I 

: rop 

TR~;;:;K ::;)PS 
uener~ Jege t.ables (C.:>nt 1d ) 
Onions 

h...s : .. o.rie:o) 

.:. ::-£.::.' :;,;)?S 
?:- ; c.:. ~e s...'l.S t =-:or .s e·oeans) 

:::.;e:, ::;~..s 

~elo~ ~ •ia~:":':".el.on.s :· 

{-.;;...i,';,CC S 

:or..altoe~ 

: :t~::s, 

Ea.r.ar.a.s 

Daw P&llos 

Grapes 

Grapefru.i t, 
Oranges arrl 
Tan&erinel 

Relative 
Tolerance Dates ot 
to salt Pl.antinlt 

!·1ed.ium Septeraber 
it{)ecember 

!~edium January 

!·1edium Septer.ber 

Loa September 

Lov February 
!'ebr-uary 

Low t.:> Oct.:>ber 
:-ledium September 

:.\ediUt.> *August 
May 

:-:e:iium Any Month 
to High 

nigh May 1 to 
July 1 

!~ediW11 January 1 
March 1 

Low to December 1 
Med.ium Febru&I7 1 

1 
1 

1 

1 

1 

1 
1 

1 
15 

15 
15 

to 

to 

Table 3.2-5 

Data. for Recom;nerrled Crops 
(Sheet 2 of 3) 

Month a 
Dates ot on 

Harvesting Land 

May 1 8,0 
May 1 5,0 

April 1 3.0 

January 1 1.,0 

January 1 1.,0 

July 1 s.o 
June 15 1..5 

February 15 1..5 
January 15 l..o 

December 15 1.,0 
September 15 l..o 

lear rourrl - heaviest 72 
in A·o~gust (6 lean) 

September 1 to 144 
December 1 (12 Ieara) 

June 1 to July 1 36 
(3 Iea.ra) 

November 1 to March l 240 
(20 Years) 

Seeding 
Rate Yield Conu:on Pesta ~ DiHO<SU 

Kg,/Donu.• Kg./Donu::. f.."ld Their Cor.t.rol 

0,23 2,050 :r.rips a.re trouble SC38• 

-25,000 2, 050 
I 

cor. t.olled by DDT 
I 

a.5o 1,500 i !io : serious. 

11.,06 1,1.60 i~ot a p:-oble:n -· ~ reSE :", t. G> 

6,132 1,450 !;ot. .. ;: : .:;~:dll ;.t }J :-esen-:. .. 

O,LS 1,970 Cut.wo~ - DDT ius t., l'owdery 
o.l.5 1,600 :ul:ie11 - crop rotation, 

113.40 1,550 Aphid - d"-' t. ·d th nicotine sul!at.e, 
113.1.0 1,250 : ut.worms - dust. rlth DDT, 

Curl,yt.op, • virus dise.se-3eed 
sclect.icn. l..&t.e &li&)lt., a fungus 
disease - t.r~ &t. with "faranox• or 
•Cupravit.", Crop rot.ations are 
helpful in disease cont.rol. 

-1,.150 1,680 Late Blight, a fungus disease -
.... 1,350 1,680 trec..t. with "fara.ncu.• or n::::uyravit.•. 

Insect d~~a ge not serioua. 

-uo 2,600 Not a proolem at. present, 

-16 1,200 Not a problem at. present, 

-uo 1,000 Grape Bud Mot.h - controlled by 
•ostico• or •Folldol•. Powdery 
Mildew - treat vith •Paranox• or 
•cuprartt.•. (Young pants sensi-
tive to salinity) 

-50 1,700 Mediwrranean Fruit Fl,y-trap in 
jars be.iudrlth "Clensel•. Black 
scale - treat in dormant stage 
rlt.b "Ovicide• or apraJ in swaer 
Iii t.b • Folidol", "4rboleuc•, •rriond• 
or •volk". 



1-'1 
jlJ 
u· 
~ -· (j) 

'VJ 

··v 
! 

\ot 

Crop 

FRDTl'S (Cant 1d) 
~ 

Poo:.e grana te. 

FORAGE CROPS 
-man. 

CloYW 

~ 

Calf Pu.~ 

Relati'ft 
To1o.rancs Dates or 
to salt Planting 

Lov Decub<Jr 1 to 
February l 

Low Doc"mber l to 
Fabru3..7 

Kedilill October l to 
Nov.:mbor lS 

Modi.ua October l to 
NoYubcr l 

Hi ell October l 

Mediw:a February l 

Ta.hle 3., 2 ~~) 

Data rar Recolllii8D:ied CroJW 
(Sheet 3 of 3) 

Mmtha 
Datea or OD 

Harvesting Land 

!laiD Crops August 1 (Indefinite) 
to Karch l 

Secondary Crcpz 
Btiance of J&lll" 

Au~~at 1 to ~ovember l l:rr.d&rinita) 

(6 Honth:l arter plant- 36 
ir-& and ner,y 45-60 (3 Tears) 
cUya th·;rearter) 

( 6 Months &Iter plan._ 36 
in& and •Yer.Y 45-60 (3 Jea.re) 
dqa thar~>arter) 

February 1S 4.S 

JUDe l 4.0 

Seeding 
Rate Yield Col'lll1Qil Pests and Dise...,ea 

Kg,/Donum Kg./DonWII &nd Their Con~ol 

-so 1,700 S~ as Grapefruit, 

-uo 1,000 Mzd.itcrrar.&an Fruit Fly-trn in 
jars ba.i tOO. with •Clen.sel". 
Control JllliSt be en a collllnmit,' 
basili 

3,18 1,300 11:111 crop to area. M£,y need 
contr~l for locust. (Ht.er 3 . 
yeara turn W'.1&r 116 a greeu m£r.ure.) 

--
3.18 1,300 S&J:tS u llfalra. 

1.36 2,000 Net a prctleQ at present. 

2.27 1,500 Uot a problaa at pres~t. 



Table 3.2-6 

Diversion Requirements 
for 

Northern Zone 
(in mm) 

Crop Jan, Feb, Mar, Apr, l'la7 June July Aug, Sept. Oct. Nov, Lee. 

I Cereal Crope 
0> Conl .85 33 55 116 199 242 273 281 272 235 200 119 52 
0 Rice 1.20 L6 78 16L 282 342 387 398 386 333 28L 168 74 I Sorghum ,80 31 52 109 188 228 258 265 257 222 1€9 112 49 

Wheat .85 33 55 116 199 242 273 281 272 235 200 119 52 

Industrial Crops 
Co~ico ,65 25 L2 89 1~ 185 209 215 209 180 153 91 LD 
Peanuts .65 25 L2 89 153 185 209 215 209 lEO 153 91 J,o 
Se~aal ,80 31 52 109 188 228 258 265 257 222 189 112 L9 
Sugar ileeta .80 31 52 109 188 228 258 265 251 222 189 112 L9 
Sugar Cane .90 )5 sa 12) 212 256 290 298 289 250 213 126 55 

'!'ruck Crops 
Ge..,era1 Ve@:etab1es .80 )1 52 109 188 228 258 265 257 222 189 112 L9 
e .. all5 .15 29 L9 102 176 2lL 242 249 2L1 208 177 105 46 
Potatoes .15 29 49 102 176 2lL 2L2 249 2L1 208 177 105 L6 
Toea toes .70 27 46 95 16h 200 226 232 225 19L 165 96 l..J 

Fruits 
Banana a 1.30 .9l 8L 177 306 )70 L19 L31 L16 361 307 182 60 
Citrua .65 25 L2 89 153 185 209 215 209 160 153 91 Lo 

~ 
Datee 1.20 46 78 16L 282 342 3S7 398 )66 333 26L 168 7L 

~ 
Deciduous ,65 25 L2 89 153 185 209 215 209 180 153 91 40 
Grape• .65 25 42 89 153 185 209 215 209 180 153 91 1.0 

...... 
(!) 

w Joreg• Crepe 

0 
AU alta .85 33 5S 116 199 242 273 281 272 235 200 119 52 

1\) C1ovar .es 33 55 116 199 242 273 281 272 2)5 200 119 52 
. I l'langeu .so 31 52 109 168 226 258 265 257 222 169 112 49 
a- • Peaa ,80 31 52 109 188 228 258 265 257 222 189 112 L9 



Table 3o2~7 

Diversion Requirements 
for 

Southern Zone 
(inmm) 

I Crop I! Jan. Feb. l'lar. Apr. !lay June Julr Aug. Sept. Oct. NaY. Dec. 
en 
I-' 
i Cereal Crop 

Corn .as 109 134 178 200 249 285 290 275 233 202 166 137 
Rice 1.20 1~ 189 252 284 352 404 4ll ) 88 330 286 2)6 194 
Sorghlla .80 103 126 168 189 235 269 274 259 220 191 157 129 
Wha&t .85 109 134 178 200 249 285 290 275 233 202 166 137 

Industrial Cropa 
Cotton .65 BL 102 136 153 191 218 222 210 179 155 127 105 
Peanut& .65 BL 102 136· 153 191 218 222 210 179 155 127 105 
Seaa. .Bo lDJ 126 168 189 2)5 269 274 259 220 191 157 129 
Sugar Beet& .eo 103 126 168 189 235 269 274 291 220 191 157 129 
Sugar Cane .90 U6 142 189 21) 264 )OJ )08 291 248 215 177 145 

Truck Cropa 
General Vegetable• .eo 103 126 168 189 235 269 274 259 220 191 157 129 
!!una .75 97 ll6 156 177 220 252 257 243 2o6 179 147 121 
Potatoea • 75 97 ll6 156 117 220 252 257 243 2o6 179 147 121 
romatoe• .10 90 11D 147 165 2o6 235 240 227 192 167 137 llJ 

Fruita 
t-3 Bananea 1.)0 167 205 273 307 )82 437 IWS 421 356 JlD 255 210 
llJ Citrua .65 BL 102 1)6 153 191 216 222 210 179 155 127 lDS 
cY Date& 1.20 154 169 252 284 352 404 4ll ) 88 ))0 286 236 194 
1-' lleciduoua .65 84 lD2 136 153 191 216 222 210 179 155 127 105 
<D GTapea .65 84 102 1)6 153 191 ne 222 210 179 1$ 127 lOS 

VJ .. 
N Forqa Cro~ 
I !U.Ua .65 lD9 134 178 200 249 285 290 275 233 202 166 137 

-.J C1aYer .es lD9 134 178 200 249 285 290 275 233 202 166 137 
rtangale .eo lDJ 126 1.68 169 235 269 274 259 220 191 157 129 

Pau .eo lD3 126 168 169 235 269 274 259 220 191 157 129 
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VOLUME IV - I RRIGAl'ION AND DRAINAGE 
YARMOUK-JOHDA ~ V":i. LI.Z Y PH OJECT 

MAST~R pifi ~ H ~ POI~T 

Water Utilization 

One of the purpos es of this investigation was to determine in 

what manner and to what degree water resources could best be developed• 

with oarticular emphasis on the expansion and intensification of irri-

gation agriculture. Present methods of irrigation and drainage were 

appraised, and information ~as assembled regarding the suitability of 

available water for use in sustained irrigation of the soils in the 

Jordan Valley. Studies were made to determine water requirements and to 

develop an irrigation regimen and drainage system for the project. 

PART 1. PRESENT WATER USE 

Irrigation 

Irrigation has been a feature in the development of agriculture 

in the Jordan Valley since the earliest times of which there is any record. 

Evidence of old works indicates that at one time this area was much more 

highly developed and more intensive~ cultivated than today, supporting 

a population considerab~ larger than the present, and pennitting export 

of agricultural products to surrounding areas. Sane of these early 

developments, principally among those constructed during the time of the 

Roman occupation, contirru.e in use even now. Earlier prosperity, resulting 

chiefly from the nearby overland trade routes, created a demand for the 

produce of the Valley. However, because of changes in the trade routes 

and movement of population centers, this dema~d diminished and irrigation 

works Here reglected to the point where most of them becoroo inoperative 0 
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At the present time, to varying degrees o! intensity, water 

!or irrigation 13 s':lpplied by gravity !low !rom the Yarmouk and Zarqa 

Rivers, by pumping !rom the Jordan ~iver, by gravity fiow !rom perennial 

wadis, by springs, by wells, ~nd by ancient !uquaraa constructed !or 

development o! ground water. There have be{'n only minor attempts to 

coordinate these sources o! water, and no plan integrating all water 

supplies into one system proYiding optimur.l development of the Jordan 

VaJ.ley has ever been put into effect. 

Irrigation from Wadis 

The largest areas of irrigated land 1n the valley of the J O:!:":ia..Tl 

derive their water from the flows of tributary wadis. Because of the 

similarity in problems and development the River Zarqa will be discussed 

in this group. 

Of the cultivated area east of the Jordan River, 1841 293 donums 

lying on the ghor have been registered as irrigated from ten wadis. 

Exact registration figures for the West Ghor are not available, but it 

is estimated that on this side of the river approximately 311 000 donwns 

are irrigated from the flows of Wadi Fari' a and v/adi Auja. Almost all 

of the normal flows from these wadis is used for irrigation, rut the 

areas served have bgen over-extm ded, distribution systems have . not been 

efficiently designed or const~lcted1 and shortages have inevitab~ re­

sultedo Current rotation practices var.y widely from two to as much as 

six years 3 Furthermoreg in the absence of a coordinated over-all system• 

it has not been possible to conserve and utilize flood waters to ~ ex­

tensiYe degreeo 

Surface run-off at the present time is utilized only during 

the period of the rainy season and only thf'.n on lands not otherwise 



under irrigation or lands where irrigation waters must be supplemented. 

The general method of utilization of surface run-of! is to divert the 

water with dikes and small channels so a spreading effect is achieved. · 

Retention of this additional water is often needed to assure sufficient 

moisture for winter crops, especially small grains. 

With the establishment of the Irrigation Department of Jordan 

in 1948, steps were initiated to facilitate control of these registered 

irrigated areas in a more progressive and efficient manner. Diversion 

structures with appurtenant control works and sluice gates have been con­

structed in eight wadis, and the related supp~ and distribution system9 

are partially completed. Most of the linedcanals which have been con­

structed lie above the locations of the proposed East Ghar and West Ghar 

Main Canals, and can be integrated into the over-all development by ex­

tensions rough),y parallel to the Main Canals, and appropriate exchange 

of water use. The portions of the existing systems lilich lie below the 

proposed Main Canal, consisting principal),y of inefficient, unlined 

supp~ and distribution channels, have not been considered in the inte­

grated plan. 

Wadi Arab • The diversion dam in Wadi Arab was constructed in 

1948. T1-:o supply canals were constructed, one on the north side of the 

wadi and one on the southo Abotet one Kilometer o! North Canal was con­

structed with reinforced ccncret~ lining, while the remainder of the 

aupp~ canals and distribution laterals totalling approximate),y 45 Kilo­

meters are in unlined earth channels 0 

The gross area registered as irrigated from the wadi below the 

headworlcs ia 141 323 den urns. In 1950 the mean arumal percentage or crop­

ping recorded by the Irrigation Department was 44. -rf,. 
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lining ::.~s been ~.ns-~alled ~~n 510 meti3!'S of ca.,cG., and concrete lining i.-"1 

tion later~J.s in this area. are i..11 u.~l:..!l~d '3a!"th cha!'1.neJJ3 o 

Wadi Ya'bea - Therr-J is a. g:-n~s total of 8,.,J.h0 C.omL'i!S registered 

as L":":.-igat.ed fZ'om h"aC.i Yabeso Hat'le'l!er, no :"lode:n :l.rrigation works ha. .. m 

been co:IStruc~ecl ::.lll. this areae 

Wadi !<u.fnJ::~a - In the a::-ea. cor.;ma.."'lded ~J' t.he diversion dam ir. 

Wactl. Ku..fr:Lija, 111 432 d.onu.:l.S have been registered as irrigated" Two 

supp~ canals i.1ave be~n cons·r.ru.cted, the North Br:inch11 k:no~n as the 

Hamra Canal, and th'9 Sout!1 Sranc~known as the Fagaris Canal. The Fag<:'.r:ia 

Canal passes through the viJJ.a.ge of Krei."i!f'i:~, where it branches to the 

east and to the "Aest. The Hamra Canal has been li."led with concrete fox-

a distance o£ 19 802 meters, and the Faga:-1.::; Cana..1. has been lined for a 

distance of 23 672 meter.~a Other ~eaches of supply canal or distribution 

lateral in +.his area are in unlined ear-;~h cha..-·1nels, 

Wadi Rajeb - No noc~ern wo~s hav~ been ccnstructed to serve 

la..'1ds b-rigated ~ di ~1'3rsions fz-:::m Wadi Ra.jeb.., although 9»0135 donums ars 



registered as irrigated in that area. 

River Zarqa - A reinforced concrete diversion strucrure has bem 

constructed across the River Zarqa. Six Kilometers of Main Canal with 

reinforced concrete lining have been constructed, including ari aqueduct 

over the river. Approximate]3 115 Kilometers of unlined earth channels 

complete the supp~ and distribution system in this area. The gross 

area registered as irrigated from the River Zarqa amounts to 501 000 donuns 

located in Ghors Deir Alla1 Tiwal 1 Damiye, Abu Obeydeh and Shiqaq. 

Wadi Shueib - A gross area of 22,709 dcnums located in Ghors 

Nimrin and Adwan, 13 registered as irrigated. Diversions from Wadi Shueib 

constitute the principal source of water for this area, although some 

lands are irrigated from wells o A concrete diversion structure has been 

constructed across Wadi Shueib1 as well as a concrete lined supp~ canal 

which starts on the north side and then branches to the north and to the 

south. The south branch crosses the wadi on an aqueduct and continues 

down the left bank through Shunat Nimrin Village. 

Wadi Kafrein - A to tal of 211 303 donums has been registered as 

irrigated by d1 version of the flows of Wadi Kafrein. No modern irriga-

, tion works have been constructed in this area. 

Wadi H~ban - A t.ot.al or 21,296 donums has been registered as 

irrigated by diversion of the flows of Wadi His ban. No modern irrigation 

works have been constructed in this area. 

Wadi Fari'a - Existing developments in the Wadi Fari.'a area 

are the largest and most important of those along the West Ghor • It is 

estimated that 161 000 donums are irrigated in the wadi proper and on 

Ghor Fari'a. This system inclndes a modern diversion structure, about 

ten Kilometers of concrete lined main canal, and a system of concrete 
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lined diatribution laterals. Appurtenant conveyance, measuring, ca'ltrol 

and protective structures have been built, together with drinking places 

and bridges. 

Wadi .Auja - A total area of 1.51 000 ck:mums is estimated to be 

irrigated by diversion of the news o.f Wadi Auja. This ·area is located 

in Ghors Arab el Abid and Arab el Ka'abina, in the vicinity of Auja 

Tahta Villagee A di. version dam has been constructed, together with a 

lined aupp~ canal and a system of lined distribution laterals. 

Irrigation from the Yarmcuk River 

In the area between the Baha'i Village of Adasiye and Baqura 

Village, a gross total of .51 000 donurns has been registered as irrigated 

by gravity flews diverted from the Yarmouk Rivero A crude dumped rock 

diversion dam, requiring constant maintenance, has been constructed 

across the river., Supply · canals and distribution laterals are not lined, 

although some rubble masonry division boxes and turnouts have been built. 

Through applications of manure and commercial fertilizer, it has been 

customary to produce two or three crops annually in this area. 

Irrigation from the Jordan River 

Significant amounts of land -zying on the zor 1 or flood plain 

of: the Jordan River, u.re presently irrigated with water pumped direct~ 

from that river. Observations indicate that 121 095 donums are irrigated 

in this manner. In ge."leral the pumping plants are comparative~ small, 

and limited areas are served by each plant. Distribution systems are of 

relative-zy inefficient, desigp. and because of the general characteristics 

of the soils encountered, disp~oportionately large percentages of the 

water pwnped have bem lest or wasted. These lands have in the past 

been subject to recurrent flooding by overflows from the Jordan Rivar 
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during periods of high run-off, a hazard which will be eliminated by 

construction of control structures on the Yarmouk and J ord.an Rivers. 

However, upstream diversions and regulated flows in these rivers will 

contribute to an increase in the salinity of the waters of the lower 

Jordan and probably this source of irrigation water must of necessity 

be abandoned in the foreseeable future. 

Irrigation from Springs and Wells 

On the East Ghor 1,960 donums lying in the Hadi Arab area are 

registered as irrigated from Duga Spring, located about 4 Kilometers above 

the mouth of the wadio In the ~v'adi Jurum area 2,660 donums are regis­

tered as irrigated from 5 small springs located within the irrigated 

area about 2 Kilometers west of the diversion damo Certain minor areas, 

particula.rzy in the vicinity of \iadi Shueib 1 Wadi Kafrein and Wadi 

Hisban, receive either a full or supplemental supply of irrigation water 

from wells~ 

On thf- \vest Ghor in '.-lhat is lmown as the Jericho area, zying 

between Wadi Auja and the Dead Sea, it is estimated that some 81 000 

donums are irrigated partly frcm springs and partly from wells. The 

• irrigated areas are scattered here and there near the wells, or near 

springs such as Ain Nu'iema, Ain Duyuk and Ain Sultan. Other areas below 

the J ericho-J srusalem road are irrigated from Qilt and Fawwar springs 

through a canal running from Wadi Qilt. 

Few of the -uells used for irrigation have been in usefu1 inten­

sive production long enou~1 to establish the recharge rate. Further­

more, in many cf the wells the quality of tha water is questionable 

except for the production of highly salt tolerant crops. ParticularlY 

in shallmi wells the quality may he expected to deteriorate as intensive 
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irrigated agriculture is developed in surrounding areas. 

Irrigation from Historical Works 

Evidence of 22 fuquaras, constructed during the Roman occupation 

for development of ground water, has been discovered in the Jordan Valley. 

Two minor areas continue to receive irrigation water from these ancient 

sources. The flow from one fuquara is used to irrigate an area on the 

East Ghor north of Wadi Shueib1 and the flows from three fuquaras have 

been combined to irrigate an area on the West Ghor north of Wadi Fari'a• 

It is also probable that many of the springs within the Jordan Valleyr 

are the only remaining outward manifestations of other historical devel• 

opments ~ich have become blocked and lost through lack of maintenance. 

Subsurface Drainage 

Presently very little use is made of subsurface drainage 

waters. There are soms i.11stances where shallow open ditches have been 

constructed for dro.ining high water table areas and such water has some• 

times been used for irrigation purposes, but as a whole facilities for 

subsurface drainage of such areas are inadequate. There are certain 

locations in the nor-thern part of the East Ghor where subsurface waters 

find their way to the zor below and these waters are reused for irrigaticn 

and for livestock and domestic water. In some instances drainage water 

ms percolated through soils of a saline nature and the use of such water 

has dcne much to lower production on the zor lands • 

Other Uses 

Domestic and Lj_vestock 

There has been practical:cy" no development of water in the Jordan 

Valley solely for dcmestic use or for use by livestock. The supply for 
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Jericho, which is at present being modernized to a certain degree, comes 

from Elishats Springo Other village.s in the valley have in general been 

established near perennial wadis, or more recE!ltly near canals construc• 

ted primarily for irrigation, and tbese open chamels have provided a 

source of water for both humans and livestock, in spite of extreme 

hazard of pollution. Spring water and well water is also used to a 

minor extento A large proportion of the population is nomadic, moving 

to the uplands in sunmer and back to the vall~ in winter, and the needs 

of these people for water for all purposes are satisfied simply b7 

settling near an existing supplyo 

Salt Work3 

Within the project area is an ancient development for securing 

salto These salt HOrks are located on the East Ghor immediately north 

of the River Zarqao The area from which salt is produced covers some 

41 000 qonwns and is bounded by arable 1and.s on all sideso Even though 

salt is still bei~g produced by essentially the same inefficient method 

employed in olden time, the lands of this area are probably worth more 

as a source for salt than for agricultural purposes, if the cost of 

reclaiming such lands is considered. Because of high water the process 

for securing salt can o~ be carried on .3 or 4 months ou"C of the yearG 

Too, \-Tatar from this area r..as infiltered adjacent areas and caused agri• 

cultural lands to go out of productiono By can trolling the water table 

cf trese salt beds_, production could possibly be carried on 9 months cut 

of the year, and ad,j acent lands rould be protected from salt water en-

. croachznen·i:.o No drainage Haters from this are=. could be used for any 

purpose oth~ than a source of salt. Even t~1ough this area has produced 

salt for centuries full utilization of the resources has never been 

attainedo 
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PART 2. QUALITY OF WATER 

Scope of Investigations 

Quality of water is an important consideration in any apprai-

sal of -conditions in an area to be irrigated. 

MaQl incomplete investigations have been conducted in the . 

past in connection with the quality of water from the various sources 

proposed for irrigation of the Jordan Valley. In many cases these 

investigations covered only restricted fields, such as determination 

of total dissolved solids, chlorinity or salinity, which, while valuable 

as background material and for correlation of the relative adaptability' 

of various sources, pennit only a limited interpretation of the suita-

bili ty_ of the waters for use in irrigation agriculture. In addition to 

the concentration of dissolved constituents, as determined b,y analysis 

or from electrical conductivity, the composition of these constituents 

is of major ii!J)ortance in determining the quality of water in relation 

' to its use in irrigating a specific area. In the limited time available 

!or the present investigation it was not possible to complete an ade-

quate study of all factors affecting the quality of water. The purpose 

of this investigation was, therefore~ to supplement previous findings, 

and either to confirm or refute earlier interpretations. 

In this discussion cmsideration is given only to the quality' 

of water from major sources, the Yarmouk River1 the Jordan River, the 

River Zarqa and ·certain perermial wadis tributary to the Jordan River 

since these represent the srurces recommended for use on the project. 
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Additional infoz~nation regarding the quality of water from other source~ 

is discussed els e~here in this report. 

Methods and Analyses 

For convenient interpretation of data, waters have been 

class ified in accordance with the system based on electrical conductivity 

and the sodium-adsorption-ratio. A nomogram for determining the sodium-

adsorption-ratio is presented on page 12, the diagram for the classifi-

cation of irrigation waters by the method mentioned is on page 131 and 

an example of the use of the two is on page 20. The drawings and the 

general methods of analysis used are from Agriculture Handbook No. 601 

United States Department of Agriculture. The following laboratory tests 

were made on water samples anaJ.yzed: 

Electrical Conductivity - EC 
Total Dlssol v-ed Solids - TIS 
Calcium 
Hagnesium 
Sodium 
P•>tassium 
Chloride 
Sulfate 
Carbonate 
Bicarbonate 

- Ca 
- Hg 
- Na 
- K 
- Cl 
-sou 
- co1 
- HC03 

In addition, occasional tests were made for the presence of 

boron (B), but none of the samples so anazyzed contained boron in arry-

t hing approac~ing a toxic concentration. Other symbols used are: 

Hydrogen ion conce.'1tration - pH 
Soluble-sodium percentage - SSP 
Sodium-adsorption-ratio - SAR 

In these investigations, the Jordan ~ver was sampled at 

two locations, one immediately below the confluence of Wadi Mali}l and the 

river, and the other at Al lenby Bridge. The Yarmouk River was sampled 

near Adasiye. The Zarqa RiYer and the peremial wadis were sampled in 
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each ca:>e near the point where the :;tream leaves the gorge cutting 

through the esc<u vment and ent er s upon the ghar., 

Computations a nd Int er pretations 

Average or repres entative analyses of water samples from the 

various locations cited, tcgether with the classification of each of 

these waters is give11 in Table 1!.2-1 which follows. The significance 

and interpretation of the quality-class ratings, as established in 

Agriculture Handbook No., 60, a r e surmnarized bela•,.;: 

Conductivity 

"LOU-SALINITY HATER (Cl) can be used for irriga­
tion Hith most crops on most soils with little likeli• 
hood that soil salin:i ty will develop., Some leaching 
is required, but this occurs uncier normal irrigation 
practices except in soils of extremeJ.y lm~ penneabil­
ity., 

" MEDI 'l.J11-'3ALINITY l:JATER (C2) can be used if a 
moderate amount of leaching occurs., Plants 1-1ith 
moderate salt t ol erance can be grown in most cases 
without spe ;: ~_al p:i.~actices for salinity control. 

· ::HIGE-SJ:.LIN ITY ~.J1...TFR ( CJ) cannot be used on soils 
wi th restricted d:'air..ag eo Even r,rith adequate drain­
~ge, s pecial manage~ent for salinity control ~4Y be 
required and plants with good ~alt tolerance should 
be selected. 

"VSRY HIGH SA.1INITY 1t;ATER. (C4) is not suitable 
for irr i gation t1.'1 cier ordinary conditions, but may be 
us ed occasionally under very s pecial circumstanceso 
The soils ~st be permeable, d~ainage must . be ade­
quate, irrigation ;.rater mus t be applied in excess to 
provide considerable l eaching , and very salt-tolerant 
crops should be select~d .. 

Sodiun 

ttThe classification of irrigation waters with 
respect to S:~~ is based primariJ.y on the effect of 
exchangeable sodium on the physical condition of the 
soil. Sodiun-sensitive plants may, hot.rrever, suffer 
in,jury as a result of sodium accumulation in plant 
tissues when exchangeable sodium values are lower 
than those effective in causing deterioration 
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of the physical cor.dition of the aoilo 

"LOW-SODIUN \.YATER (Sl) can be used for irrigation 
on almo3t all soils with little danger of the develop­
ment of harmful levels of exchangeable sodiwno Ho-..r­
ever, sodium-zensitive crops such as stone-fruit trees 
and avocados may accumulate injurious concentrations 
of sodiumo 

11HEDIUM-SODIUl1 WATER (S2) will present an appreci­
able sodium hazard in fine-textured soils having high 
cation-exchange-capacity, especially under low-leach­
ing conditions, unless gypsum is present in the soilo 
This water may be used on coarse-textured or organic 
soils with good permeability. 

"HIGH-SODIUM WATER (SJ) may produce harmful 
levels of exchangeable sodium in most soils and will 
require special soil management--good drainage, high 
leaching, and organic matter additions. Gypsiferous 
soils may not develop harmful levels of exchangeable 
sodium from :mch waters. Chemical amendments may 
be required for replacement of exchangeable sodium, 
except that amer~drnents may not be feasible with 
waters of very high salini"t-J o 

"VERY HIGH SODIUl'1 WATER (S4) is generally unsatis• 
factory for irrigation purposes except at low and 
perhaps medium salinity, where the solution of calci­
um from the soil or use of g;rpsuro or other amendments 
may make the usa of these waters feasible. 

11Someti..rn8s the irrigation water may dissolve 
sufficient calcium from calcareous soils to decrease 
the sodium hazard appreciab].y, and this should be 
taken into account in the use of Cl-SJ and Cl-S4 
waterso For calcareous soils with high pH values 
or fer non ... calcareous soils, the sodium s ta.tus of 
waters in classes Cl-S3, Cl-S4» 2nd C2-S4 m~ be im­
proved by the adGi. tion of gypsum to the Hater o 

Similarly, it may be beneficial to add gypsum to the 
soil periodically when C2-S3 and CJ-52 waters are 
used" o 

The quality of the water in all the stre~s investigated deteri-

orates with dirr.iniahed flowso Approximations of the discharge-quality 

relations for tl1e jordan River belorr Wadi HaJ ih, the Yarmouk River near 

Adas~e and the River Zarqet at Deir Alla arc shown on Drawing No. JR-$0 0 

Any major and perma~ent change in the regimen of these rivers will 
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'!'able 4.2 - l 

Average Water Analyses 

Temp. 
'tC.xlrP 

Milliequivalenta per Liter 

I Location OF pH 'IDS Na Ca Kg C1 co3 HCOJ 504 NO) s I SSP SAR CU.Sa 
1-' 
~ 
I 

Jordan River 
at Wadi Mal1h 68 7.4 992 706 5.76 2.85 2.35 6.~4 J.ll 1.18 o.n 52.6 3.6 C3-S1 

Jordan River at 
Allenby Bridge 68 7.9 2,402 1,681 15.74 5.11 7.86 21.66 .09 3.58 3.35 54.8 6.2 c4-S2 

I lll'llOuk River 
near Adasiye 63 7.5 681 485 2.24 1.90 1.71 1.72 .OJ 3.21 o.BJ 0.16 38.3 1.7 C2-S1 

River Zarqa 
near Deir lll& 60 7.4 849 621 2.eo 3.49 2.68 3.18 .08 3.99 1.41 0.54 31.2 1.6 C3-S1 

Wadi Arab 65 7.4 680 550 1.26 3.30 3.10 1.43 .08 4.88 1.14 o.46 16.4 o.8 C2-S1 

Wadi ZiiJ.ab . 69 8.2 781 547 o.65 3.75 3.60 1.69 .87 5.ll 0.31 8.1 o.4 C3-S1 
i-3 

Wadi Iabea 64 7.5 ~ 400 369 0.78 2.~5 1.64 o.84 3.67 0.12 0.32 15.7 o.~ C2-S1 
1-' 

Wadi Iutrinja 62 7.5 458 321 o.48 2.40 1.48 3.20 0.24 u.o 0.3 C2-S1 Cl> 0.1) 0.17 
~ 

Wadi R&jeb 62 7.4 487 341 o.43 2.55 1.56 o.68 3.114 o.2s 0.24 9.S 0,3 C2-S1 0 

N 
I 

Wadi Shueib 70 8.3 478 335 0.48 2.65 1-' 1,80 0.19 o.4o 2.84 0.33 9.1 0,3 C2-S1 

Wadi Auja 64 8.1 461! 325 0.43 2.35 1.68 0,19 o.S7 3.20 0,10 9.2 0,3 C2-S1 
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invalidate the det ermi ned rela t i onship . Thus , t he r elatiunnhip for the 

,T ordan cannot be use d to e s t-.j _rna te t he water quality when sit;nific311t 

portions of the f loYS of t h ~ I armuu k River a re eli ·-rcrt.ed .. The cu.r·ven 

wiJ~ , however, be us ef ul in es t imat ing the qual i ty of s to~ed or diver­

ted water, and i n appraising t he ant ic ipa ted quali ty of bl ended flows, 

Conc lusions 

Waters of the Yarmouk River, or of Wadis Arab, Yab es , Kufrinja, 

Rajeb, Shueib or Auja, can be used for irrigation agricult ur e wi t h 

little probability that soil salinity will develop, providing a moderate 

amount of leaching occurs during normal irrigation operations. \-laters 

of the River Zarqa or of Wadi Ziglab should not be used a l one on soils 

with restricted drainage, and even with adequate drainage i t is probable 

that some method of salinity control wruld be required. Horrever, water 

from these latter two sources would requLce only slight dilution with 

water of better quail ty to remove any significant hazard of saline 

contamination through their use. Therefore, under the nonnal reco rrmended 

operation of the project, no special restrictions need be placed on use 

of water from the River Zarqa or Wadi Zi glab. Wate!' from any of these 

tributaries of the Jordan can b e used wi th little probabili·ty o:f the 

development of harmful concentrations of exchangeable sodiumG 

Waters of the reaches of the Jordan River between t !'le Yarmouk 

River and Wadi Malih could at present be used for irrigatiGn of soils 

with adequate drainage, although special management for sali nity control 

mi ght be required. Horrever , the quality of water in the Jor dan Ri Yer 

deteriorates as it flows tcward the s outh , until in the reach below the 

Allenby Bridge, it is at best of border line quality for any use in 

irrigation agriculture. 
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With diversion o! the naws o! the Yannouk River and the 

possibility of diminution of the !laws of the Jordan River below 

Lake Tiberias, it is probable that the QJality of the water in the 

Jordan will drop below the permissible limits o! use in irrigation agri• 

culture. Therefore, the use or water diverted direct~ 'from the Jordan 

River is not reconmended. 
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Use of Sodium-Adsorption-Ratio Nomogram (Page 12) and Classification 
Diagram (Page l3 ~ 

EXAMPLE 

Classification of irrigation waters from data in laboratory 

anal;{ses is illustrated by the followi..."lg~ 

l) Take the analyses for the River Zarqa near Deir All.a 
which appea~s as line h in Table . ue2-l on page 16. 

2) From this table read the following values: 

Electrl cal Conductivity 
Milliequivalents per liter, 
Milliequivalents per liter, 
Milliequi valen ts per liter, 

- 849 
2.80 aodium(Na) 

calcium( Ca) 
magnesium(Mg) -

3o49 
2.68 

3) Plot milliequivalents per liter of sodium on Scale A 
on the nomogram on page 12. 

4) Add the milliequivalents per liter of calcium and 
magnesium and plot the result, 6.17, on Scale B or 
the same nomogram • 

.5) Cormect the two points and read the sodium-adsorption­
ratio (SAR) as 1.5 on Scale Co 

6) Plot sodium-adsorption-ratio (SAR) of 1.5 on the verti­
cal scale on the left of the diagram on page 13 and 
project a horizontal line from this point. 

7) Plot the conductivity of 849 on the horizontal scale 
at the bottom of the same diagram and project a line 
vertically upward to intersect the sodium-adsorption­
ratio (SAR) lineo 

8) Note the group in which the point of intersection 
falls, in thi.s case, group -GJ..Slo From definitions 
on pages 14 and 15 it is found that this is a high 
salinity, low sodium water 'Which can be used only 
when there is adequate drainage, and even the.Tl special 
management practices are necessary for the control o! 
salinity. Ordinarily, only those crops with high salt 
tolerance should be irrigated with this watera 
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VOLIJHE IV 
YARMOUK-JOHDAN VALLEY PROJECT 

MASTER PLAN REPOHT 

PART 3. WATER REQUIREMENTS 

Introduction 

Irrigation requirements, the results of integration and corre-

lation of physical data and climatic phenomena, are the bases for ade-

quate design and efficient operation of any irrigation project. The 

physical characteristics of the crop, which detennine its consumptive use 

coefficient, together with variations in rainfall, temperature, relative 

hund.dity, and location, which determines duration of daytime hours, all 

enter into the final irrigation requirement for each individual crop. 

When these data have been combined for all the different crops, the 

overall irrigation requirement for the project may be determined. 

Several different methods of integration and correlation have 

been studied, and from these there have emerged two which have gained 

wide acceptance. Both combine climatological and irrigation data. The 

Low~-Johnson method makes use of the effective heat and requires a long 

period of temperature records for acceptable results. The second, the 

Blaney-Criddle method, correlates latitude, temperature, crop and con-

sumptive use. Its application in widely separated parts of the world 

has resulted in comparable results for the same crop even though the 

period of record of climatic data has been relatively short. Because of 

this feature, it has been selected as the method for use in determining 

irrigation requirements for this project. In its simplest· form the 
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Blaney-Criddle fol"'l'lUla is t 

r = t x P (1), 

from which the following relations can be derived: 
u = f x k (2), and 

m = u- r (3) • . 

The mre frequently used terms, symbols and notations used in 

computing irrigation and water requirements are presented and defined in 

the following sectiona 

Te:rms, Symbols and Notations 

Definition of Terms 

The more important terms as defined and used by the leading 

professional and technical societies and organizations dealing with 

irrigation followt 

1) Consumptive Use (Evapo-Transpiration). The sum of 

the volumes of water used by the vegetative growth of a g1 ven area in 

transpiration or wilding of plant tissue and that evaporated tram adja-

cent soil, snow, or intercepted precipitation on the area in any speci­

fied time, divided by the given area• If the unit of time is small, such 

as day or week, the consumptive use is expressed in acre-inches per acre 

~ depth in incheSJ whereas, i!' the unit o£ time is large, such as crop­

growing season or 12-month period, the consumptive use is expressed as 

acre-feet per acre or depth in feet. (American Society of Agricultural 

Fngineers and Soil Conservation Service) 

2) Irrigation Requirement. The· quantity of water, exclu-

sive of precipitation, that is required for crop production. It includes 

surface evaporation and other economically unavoidable wastes. Usually 

expressed ih depth ( voliinie per ililit area) for a given time; (American 



Society of AGricul tural EngDlecrs.) (American Society of Civil Engi-

neers.) 

3, Fi eld I r·ri gation Efficiency o The percentage of iiTi-

gation water delivered to the field that is available for consumptive 

use by crops. (Soil Cons ervation Serviceo) 

4) Diversion Requirement. To the irrigation requirement 

is added an allowance for estimated deep percolation losses and waste 

in application on the farm and a further addition for estimated convey-

ance loss and waste between source of supply and the farm to give the 

diversion requiremento (Bureau of Reclamation.) 

5) Effective Rainfall. That part of the total rainfall 

which is available for plant us eo Usually, effective rains are those 

which exceed one half inch and o~cu!' wj thin a fe-..: consecutive hourso 

It has been assumed, for the purposes of this report, that 8Q% of all 

rainfall is effective when the total exceeds 25 mm per month, and that 

none is effective when the total is less than 25 mm per month. 

Symbols and Notatior$ 

Symbols aJ'.d notations to express the conditions as presented 

above follow: 

I R Irrigation Requirement as defined in preceding 

section 

U Cons umptive Use, total for. any period as defined 

in preceding section 
. 

F Sum of monthly consumptive use factors for ~ 

period 

K Lrop coefficient for any period 

t Mean monthly temperature (Fahrenheit) 
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p Monthly parcent of daytime hours of the year 

f t x o : monthly consumptive usc factor 
100 

k Monthly crop consumptive use coefficient 

(see K above) 

u k x f>monthly consumptive use in inches 

r Effective rainfall 

Coefficients and Constants 

Coefficients and constants which enter into the determination 

of irrigation requirements are discussed in considerable detail below: 

Consumptive Use Coefficient 

Each crop, and sometimes even different varieties of the same 

crop, has individual characteristics of which the most important is the 

monthly consumptive use coefficient (k), which varies but little· from 

one location to another. Analyses of experimental work show that this 

factor does ~ary somewhat in monthly values but such variations are, as 

a rule, relatively small. For all practical purposes the monthly con­

sumptive use coefficient (k) is mimerica.lly equal to the seasonal coef­

ficient (K). Values and ranges of the consumptive use coefficient (K) 

as determined by workers in irrigation requirements in widel1 separated 

areas are presented in Table h.3-l. 
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CIICI' 

lltal.ta 
BeaN 
Beeta, Sugar 
Calle 1 Sugar 
Citrua 

(1) 

.es 

.65 

.70 

.ss 

.75 

.62 
Com 
Cot. ton 
Yl..o.A 
Gra.ina, Small 
Orchard {deciduoua) 
Pa.sture 

.75 

.15 
Peu 
Potat.ou 
Rice 
SorgllWR 
Tomatoes 
Tru~k 

.70 
1.00 

.70 

( 1) Blaney 1 HalT)' F • 

,.,, 

(3) 

E1 •.ntry, HtUTY !'., i&1ld. 
Criddle, Wayn. D. 

Blaney, HalT)' F., 
Hails on, i!:ldon 1 G. 1 and 
Lit~, G. MarYin 

(h) Bl.Jmer, Harry F., and 
Harrie, Karl 

(5) Criddle, Wqne D. 

Table 4.3-1 

lhiMrical Valllu o! 8 18 

CanalDIPtive Uae Coefficient 

Soun:e ot In!'onatioll 
(2) (3) (4) (5) (6) (7) 

.eo- .es • 70...65 .70...65 .es .es .as 

.6o- .70 .60 .60 .65 .65 .65 

.6S- .75 .70 .70 .70 
.80 .90 

.so- .65 .65 .65 .55 .65 

.75- .as .75 .75 .15 .80 .80 

.60- .65 .62 .62 .62 
.ao .so .so 

• 75- .as .60...70 .70 .75 .75 .15 
.65 .65 .65 

.75 .6o-. 75 .eo .75 .75 .75 

.so 
.65- .75 .70 .70 .70 .70 
.85-1.20 1.00 1.00 

.70 .70 .70 .70 .70.. .80 

.70 

.eo .70 

•coneumptive Uae of Water•, 
Traneact.iona .ASCE, Vol. ll7 1 

P. 964, 1952. 

.SS-.70 

"Deterndning Water Requirementa 
in Irrigated Al"eaa from Clima­
t.ologi.cal and Irrigation Data•. 
SCS-TP-96, Washington, D.c., 
February 1 1952. 

•conaw:~pt.i ve Usa and Irrigation 
\later Requirementa of Crops in 
New Mexico•, u.s. Dept. o! 
Agri., Soil Conservation Ser­
vice, Washington, D.c., Decelllbar, 
1950. (ProviBional) 

•con:~umpt.i ve Use and Irrigaticm 
Water Requiremanta o! Cropa in 
Ariaona•, u.s. Dept. o! J.gr1., 
Soil Conearvat.icm Service, 
Washington, D.C., Dfic8111ber1 1951. 

•Canaumpt.ift Use o! Water and 
Irrigation Reqllire.uta• 1 
JOUBII.U. OF SOD. AMD rl.lTEi COI­
SEllV.UIClf, Sep~, 1953. 

( 6) Erie 1 Leonard J. 

(7) Flanagan, Jet! E., and 
Cabezu R. 

(8) Hanson, Richard E., and 
Meyer, Walter a. 

(9) Houaton, Cl;rde E. 

( lD) Toal.ina Oll1 'B7r01l R. 

(6) (9) (·10) 

.as .as .65 

.75 .70 .75 

.so 

.75 .75 .75 
.62 

.75 .75 .75 

.75 .75 .75 

.70 

• 70 .70 

.75 

•Consumptive Use and Irrigation 
Water Requirementa o! Crops in 
South Dakota•, u.s. Dept.. ot 
Agri., Soil Conservation Service, 
Waahington, D.c., M&rt:h, 1952. 
(Provisional) 

•Requieitoa de Riego para el 
Sal v~or•, Bole tin Tecnico No. 
ll, C en t.ro N ac 101l6.1 d8 J.grono­
lllia 1 May, 19 52 • 

•Irrigation Requirementa, Est.i­
.~~&tea tor Kansu• 1 Kanau Stat& 
College, Bulletin No. 69, June, 
1953. 

•consUlllpti ve Uae of Irrig;~.tion 
'..later by Crops in KeY&da" 1 the 
Univereity ot Kevad&, Bulletin 
Mo. 185, J~, 1950. 

•Estimate o! iiater llequi.re.unta 
ot Crops• 1 Wyolain& .lgricul t.wral 
Experiaent Station, Univereit, 
ot W7omi.ng1 Bulletin llo. 3031 
Febru&J'7, 1951. 

IWiGE 

• 1o- .es 
.60- .75 
.65- .eo 
.eo- .9o 
.so- .65 
• 75- .b5 
.60- .65 

.80 
.60- .as 

.65 
.60- .bo 

.so 
.65- .75 
.85-1.20 
• 10.. .eo 

.70 
.ss- .ao 



Duration of Daytime Hours 

The monthly percentage of day~ime hours :11 the year is a .tunc-

tion of location, speci!icall;r l3:tH·ude, and 13 a eons tant for a given 

latitude. Latitudes within t.llt:} project area vary j•rom 31 °49t at the .Dead 

Sea to 32°41• near Lake Tiber.i.as, For purpo:;es of this report the lati-

tude of 3200t has been used throughout., A check was made to determine 

to what extent this would aff~ct the calculations cmd it was found that 

the greatest possible error tilat could be introduced by use o! a single 

latitude would be less than one fourth of one percent. Monthly values 

of the constant (p) are shown belows 

Table h.J-2 

Monthly Percent of Daytime Hours 
(p) 

For Latitude 32°0t North 

Month (p) Month (p) 

January 7.04 July 9.62 
February 7.57 August 9.13 
March 8.18 Septeni:ler 8.47 
April 8o87 October 7.82 
May 9o44 November 7.22 
June 9o 75 December 6.89 

Temperature 

Temperature, while neither a coefficient nor a constant, is 

the most important single !actor in the application of the consumptive 

use formula. It is an inherent characteristic of an area and data must 

be available before aqy of the methods can be applied. Such temperature 

data as are available are collected, compiled and mean monthly values 

determined before they enter into tha calculatlon3. 

Data A.vajJ.able 

There are no long term climatic data available within the 
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project area; but there are seven locations as shown on the Ba~e Map, 

JR-8, at lolhich records of frcm 3 to 17 years are. to be had. In addi-

tion, there are three re!ere .. -r.tt stations adjacent to the project area _­

(Jenin, Jerusalem, and J.mman) that have canplete records o! 12 to l6 

years duration. Temperature and ' rainfall data !or these ten ata.tioM 

are portrayed in Drawing ns-5-J. In this drawing it will be noted that 

all etations have a similar temperature curve whi~h reaches ita peak in 

July or .August. The rainfall pattern is not as clear cut as the tem- · 
. . 

perature curve, and there is a marked decrease from north to swth. Fur• 

ther, the records for all stations shaw &Peral months of no ef!ecti.Ye 

rainfall. Detailed records of all these station3 along with othereboth 

· within and wtside the project area are presented in Tables 4.3-6 to 

4.3-23J while an index of data available at the stations used in com­

puting irrigation requirements are presented in 'l'aba 4.3-3 which f'ol-

Table 4.3-3 

Index of Climatic Data Available 
For Computing Irrigation Requirements 

Years of' Record 
Name · Latitude Longitude .Elevation Temperature Rainfall 

Jordan Valley 
Degania · 3204ltN 35°J4'E - 198 M 1 17 
Wadi el Arab J20J6'N 35°37 1E - 197 M 4 4 
Beisan J20JOtN J50JOtE - 11~ M 10 10 
Wadi el Jurum J2026tN J50J6tE - 180 M 3 4 
Tirath-Zvi )202JtN J5°J2tE -245M 5 5 
Jericho Jl05l'N 35027tE - 250 M 1) 22 
Dead Sea (N) 31°49tN J50J4tE -392M 15 17 

Adjacent Area 
Jenin )2028tN J5°18tE 160M l2 ·12 
Almnan 31°58 1N J5056tE 190 M l6 15 
Jerusalem 31047 1N J5°14fE 827 M 13 16 
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Est ablishment of Zones of Consumptive Use 
and Irrigati on Requirement3 

Many of the publishdd reports dealing with irrigation in the 

Jordan Valley show three zone:J of irrigation requirements with widely 

divergent numerical values bo·::.h by zones and monthso Since the project 

area, which embraces the Yarmouk-Jordan Valleys between Ad.asiye Diver-

sian Dam and the Dead Sea, is only slightly more than 100 Kilometer& in 

lengthj it seemed highly unlikely that three zones would be encounteredo 

A detailed examination was, therefo~e, made of all factors affecting 

Consumptive Use and Irrigation Requirements. 

Consumptive Use 

Temperature records throughout the project area and adjacent 

areas were examined in detail and plotted on Drawing 00-5-3. These 

curves show a remarkable uniformity of temperature throughout the entire 

project area 0 It had already been established that the use of one 

single latitude, 32° North, would introduce a maximum error of less than 

one fourth of one percent. Since temperature (t) and the monthly percent 

of daytime hours (p), which is a function of latitude, show little or no 

variation throughout the project area, the inevitable conclusion is that 

there is but one zone of Consumptive Use. 

Irrigation Requirements 

Rainfall varies considerably from one end of the project area 

to the other as is shown by Tables 4.3-6 to 4.3-23 inclusive and graph-

ically demonstrated on Drawing 00-5-3. When these variations in rain£all 

are correlated to consumptive use it is found that there is sufficient 

variation to justify the establishrrent of two zones of Irrigation Raquire-

menta. While no hard and fast line can be drawn between these zones 1 

the River Zarqa represents an approximate boundar,y between the northern 



zone of relatively high rainfall and the more arid sou them zone. 

Application of the Formula 

Tha Blaney-Criddle method of determining consumptive use and 

irrigation requirements is dependent on the three factors just discussed 

as well as on effective rainfall. The percentage of daylight hours in 

the month (p) is taken from Table 4.3-2 and multiplied by the value of 

the temperature factor ( t) 1 taken from Table 4.3-24, "Mean Month:cy Tem­

peratures" • The resultant is the monthly consumptive use factor (f) u 

shown in equation (1) on page 22. This is then multiplied by a mont~ 

crop consumptive use coefficient {k) (Table 4.3-1) to determine the 

monthly consumptive use (u) as in equation (2) on page 22. The formula 

and its application is rather simple when expressed in English units ot 

measurements 1 but becomes cumbersome when metric units are used. To 

obviate the tedious and cumbersome calculations involved in converting be­

tween English and metric units, the nomograph, Drawing DS-5-2, was devel­

oped to g;ve a simultaneous solution in both systems using either system 

as the base. The same procedure as outlined above is used in the graphic 

solution which is illustrated by an example on the nomograph. After 

the monthly consumpti ~e use ( u) has been found~ either by direct cal• 

culation or from the nomograph, the effective rainfall (r)' is subtracted 

to determine the monthly irrigation requirement in accordance with 

equation (3) on page 22. Effective rainfall which was defined on page 23 

can be computed for each station !rom data on Drawing DS-5•3• An ex&mM 

ination of this drawing shows little or no effective ra.int~ll at an7 

time for the two stations in the southern zone 0 The same is true for 

stations in the northern zone during the sumner months, but tb8l"a 1a 

some effective rainfall at all stations during the winter. Erfective 

-29-



rainfall computed from data on Draldng I:S-5-3 was weighted according to 

years of recard and distance from project areao These data which are the 

"r'' used in computing irrigation requirements are in Table 4.3-4 belowo 

Table ~ .. 3-4 

Effective Rainfall (r) 
(nun) 

Northern Southern 
Honth Zone Zone 

J anu.ary 61 15 
February 56 11 
March 31 0 
April 0 0 
May 0 0 
June 0 0 
July 0 0 
August 0 0 
September 0 0 
October 0 0 
November 27 0 
December Sl l 

Annual 226 27 

After month~ irrigation .requirements have .been determined, the overall 

efficiency of 65%, which is used throughout this report, is applied to 

establish the monthly diversion requirement. 

Water Requirements 

Irrigation requirements and corresponding diversion requirementa 

for each of the two established zones were determined primarily from the 

basis o! a cropping pattern developed jointly with U.N.R.W.A. personnel. 

This pattern was later modified in accordance with the expressed wish of 

the ·.Jordan Government to include certain crops which at present consti• 

tute major factors in the unfavorable trade balance of the country. Tmse 

cropping patterns, together with the unit irrigation requirements and 

diversion requirements for each are presented on Drawing 00-5-5. 



Annual diversion requirements as developed from the two pattern» 

are pres en ted in the table which follows: 

Table 4o3-5 

Summary of Water Requirements 

Net Irrigable Diversion Requirements 
Area in Annual .. MCM 

Area and Sub-.A:'ea 1000 Donums Pattern A Pattern B 

East Ghar (North) 
Below Canal l29o0 162o5 169.8 
Above Canal 40o5 51.0 53 • .3 

Sub-Total 169o5 213.5 22).1 

East Ghar (South) 
Below Canal 151.4 240.4 242.5 
Above Canal 32.2 51.1 51.6 

Sub-Total 18Jo6 29lo5 294.1 

Total East Ghor 353.1 505.0 517.2 

West Ghor 
Below Canal 87.8 139o4 140.7 
Above Canal 63o) 100.5 101.4 

Total West Ghar 151.1 239.9 242.1 

GRAND TOTAL FOR PROJ:El:T 504o2 744.9 759.3 
Wadi Fari 1a 9.5 15.1 15.2 

TOTAL 513o7 760.0 774.5 

These quantities were canputed by multipJ.y-'...ng the area in each 

geographic Sllb-division by the unit requirement for the corresponding 

zone. In addition to lands within the project area, tctal diversion re-

quirements cover 9,500 danuzns in Wadi Fari' a. 
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Table 4u3 ~6 

Rainfall at Degania ".4" 
235,300 N. - 20L,ooo E. 

Elevation -200 11. 
(in Dill) 

Sheet 1 of 1 

Total 

Year Jan. Feb. tlar. Apr. 'May June July Aug, Sept. Oct. Nov. Dec, Annual 

1917 o.o 17.6 6o.o 227.9 
1916 105.6 1?5.6 l:JJ.d lL.B 0,0 0,0 o.o o.o o.o o.o 36.0 135.5 5)2 ,0 

1919 105.0 91.0 49.0 32.0 o.o o.o o.o 0,0 
B 1920 - 0,0 o.o 72.6 o.o 
w 1921 Tt.B 137.6 6o.L o.o L. 7 o.o o.o o.o o.o 5.5 ul.9 16u. 9 L92 ,6 
1'\) 

t 
1922 169.2 53.3 1!7.6 3.2 57.0 126.0 L~.3 o.o o.o o.o o.o o.o 0,0 
1923 57.0 123.5 4o.o o.o 2E.o o.o o.o o.o o.o 16,0 7.0 69.5 363.0 
1924 ll6, 5 107.5 37.5 o.o 24.o 2,5 0,0 0,0 o.o 21.5 9. 7 66 ,0 385.2 
1925 6o.5 33.0 3.0 27.5 o.o 0,0 0,0 o.o 
1926 o.o o.o o.o 2 S-1.5 

1927 72.0 lL7.2 46,0 42,0 o.o 0,0 o.o o.o o.o 7.0 e.o 1B.o 31.:0,2 
1928 57.5 115.0 2,0 2.0 o.o o.o o.o o.o 
1S'29 o.o 0,0 108 ,0 62 ,5 
1930 89.0 59.0 6.5 28,0 0,0 o.o o.o o.o o.o o.o 3:1.0 92.0 310.5 
1931 75.0 119.0 22.0 o.o 0, 0 4. 5 0,0 o.o o.o o.o 9.0 60, 0 30" .5 

1932 2e.o 132.0 e.o s.o 0,0 o.o 0,0 o.o 
1933 
193u o.o ld 6. 5 206,0 
1935 76. 0 2.3 33.6 65. 8 2b,8 
1936 52.5 29.7 16. 7 e. a 8,8 o.o 0,0 0,0 0,0 o.o .:..13 .0 92.1 321.6 

1937 123.6 34.8 4.e 18,0 0,0 0,0 0,0 o.o o.o 15,0 37.5 17.5 21.!5.2 
1938 174.o 87.u 56.2 o.o 29,0 o.o 0,0 0,0 o.o 1.0 121.3 70.4 539.3 
1939 63.2 122.4 85.9 18.4 o.o 0,0 o.o o.o o.o 1.0 57. 9 52.3 LJ1,1 
19LD 136.7 45.4 23.4 6,1 o.o o.o o.o o.o 0,0 2l.L 43.3 62 ,0 3L0.3 
19Ll 57.1 6u.9 73.0 6,0 o.o o.o o.o o.o 2,0 2,0 L.9 13&.L 3Lc .3 

1942 39.6 41..5 50.5 o.o 0,0 o.o o.o o.o o.o 59.6 60.9 12.4 287.5 

1-3 19L3 171.0 111,6 51.9 17.0 2,6 0,0 o.o o.o o.o 1.6 4.3 411.9 305,1 

Ill 1941. 231.7 3L.9 LB. 9 ll.L 4.4 o.o o.o o.o o.o 0.0 172.6 207.5 7ll.l, 
0' 1945 101.9 6L.o 25.1 L9.1 3.L o.o 0,0 o.o 
!-' 
CD 

Total Year• 
.p- o! Record 23 22 22 23 22 22 22 22 23 23 23 23 17 
0 
w 
u !INn !or 
0'. Year• o! 

Bacord 97.h 62.L 39.6 15.3 u.8 0.3 o.o o.o 0.18 9.2 50.1 97.7 399.L 

Source: Jtmdred Years o! Rainfall Observation- Dr, _Ashbel - Jerusalem, 19L5. 



Table 4.3-7 

Rainfall at Adasiye 
230,000 11. - 208,000 E. 

Elevaticn -200 M. 
(In mm) 

Sheet 1 of 1 
I 

'uJ Total 
'uJ Year Jan. Feb, ~r. !or. l".ay June July Aug, Seot. Oct. Nov. Dec, Annu.o.l I 

1947 o.o )0.::> 12.5 

191.6 54.0 107.0 117.0 30.0 o.o o.o o.o o.a o.o 0.0 36.5 110.1 LBL.6 

1949 93.1 95.6 91.7 103.8 o.o o.o o.o 0,0 o.o 

199.) 

1951 3.7 42.6 1L5.L 

1952 60.1 9e.o 59.3 o.o o.o 0.0 0,0 0,0 0,0 6. '" 19,0 49.1. 292.2 

1953 154.9 90.0 ue.a 7,0 o.o o.o o.o o.o o.o 15.6 135.8 91.2 622.5 

199.1 115.8 132.6 15.8 11.6 

Total 
8 Years of 
II' 
cJ 

Record 5 5 5 5 4 4 4 4 5 5 5 3 
1-' 
CD 

.r:- 1\!!an for 
~ loara or 
w 
n 

Record 95.6 104.6 88,6 30.5 o.o o.o o.o o.o o.o 5.1 52.8 Bl. 7 466.4 
-.J 

Source1 Tee: mical Papers No, 16, 17, 20, and 21, Departlll!nt of Lands and Survey•, Jordan, 



Table 4~3-8 

Rainfall at Baqura 
227,800 N. - 205,800 E. 

Elevati on -200M. 
(In mm) 

Sheet 1 of 1 

I Total w 
~ Year Jan. Feb, Mar. Apr, May June Ju]y Aug, Sept. Oct. Nor, Dec. Annua l 

ti 
l9L7 o.o Ll.O 30. 8 

l9LB 62.5 BB.o lLL.5 21.0 o.o o.o o.o o.o 0,0 o.o 39.5 no.5 L66.o 

l9L9 81.0 73.5 8). 5 e8.o o.o o.o o.o o.o o.o 

1950 

1951 L.5 LL.5 19:l. 2 

1952 59.3 90.L 52.8 o.o o.o o.o o.o o.o 0,0 10.7 22,L 55.5 291.1 

1953 1.61.5 78.L 1DL.1 15.2 o. o 0,0 o.o o.o o.o 6.7 157.L eo.s 60) .8 

19~ &9.9 132.6 15.0 15,0 

Total 
t-3 Years of 
Ill Record 5 5 5 L L L 5 5 5 o-
1-' 
(I) 

+:""'" 
Hean far 
Years of 

\.. ..J Record 90.8 92.6 oo.o 27. B o.o o.o o.o o.o 0,0 L.L 61.0 85. 5 
' Co 

Source: Technical Paper& No, 1.6, 17, 20, and 21. Department or lands and Surveys, Jordan. 



Table 4o3~9 

Rainfall at Wadi i.rab 
! 224,000 N. - 207,800 E. VJ 

V1 Elevation -197 M. 
I (In IDIIl) 

Sheet 1 of 1 

Total 
!ear Jan. Feb, Mar. Apr. !1ay June July Aug. Sept. Oct. !~:JV. Dec. Annual 

1951 10.2 40.7 143.2 

1952 ~. 7 es.s 45.8 o.o o.o o.o o.o o.o o.o 12.5 20.5 ~.2 275.2 

1953 147.5 78.u UL.u 16.7 0,0 o.o 0,0 o.o o.o 7. 7 151.0 79.8 595.5 

H~ 89.5 128.8 13.3 

Total 
1-'3 Years of 
~ Record 3 
a" 

3 3 2 2 2 2 2 2 3 J 3 2 

1--' 
CD 

+=""' 
Mean tar 

• Years of 
VJ Record 97.9 97.6 57.8 8.4 o.o 0,0 o.o o.o 0,0 10.1 70.7 92.4 435.4 
I 
\0 

Source a Technical Papers No., 20 and 21, Department o! Irrigation, Jordan 



Table 4oJ~lO 

I 
Rainfall at Wadi Ziglab 

w 2l1,0:JJ N. - 206,000 E. 
()'\ Elevation -190 M. 
I (In llllll) 

Sheet 1 of l 

Total 
Year Ja."l. !'eb. :-lar. Apr. May June Ju),y Aug. Sept. Oct. Nov. Dec. Annual 

1951 28.0 30.2 133.0 

19~ 55.8 62.9 6L.9 2. 5 o.o o.o o.o o.o o.o 17.3 7.6 Lo.L 251.~ 

1953 119.1 7 ~ .6 86.L 12.0 o.o o.o o.o o.o o.o o.o 186. 1 83.2 596.0 

19~ eo.2 nc.o L.l 22.0 

Total 
t-3 Years of 
jlJ 

llecord 3 3 3 3 2 2 2 2 2 3 3 3 2 0" 
1-' 
(!) 

+:- Hean for 

• Years of w Record 95.0 BS.B 51.8 12.2 o.o o.o o.o o.o o.o 15.1 7L.8 es:s 423.1 I 
1-' 
0 

Saarce: . Teclmical Papers No. 20 and 21. Department of Irrigation and ~ater Power, Jordan 



7ear Jan. Feb. l".ar • 

Average 
Rainfall 
10 Year 
Record 78.7 71.1 17.8 

Apr, 

10.2 5.1 

P.air..fall ;,t. beisan 
211,500 N. - 197,500 E, 

::leva ti::m -118~. 
(In m:n) 

Sheet 1 of 1 

June July 

o.o o.o 

Source: Climatic Analogues of Palestine and Trans-Jordan - M. Y. Nutt.onson - 19L6. 

No other data available, 

Aug. Sept. Oct, 

o.o o.o 17.8 

Nov. Dec. 

30.5 35.6 

Tcul 
~. :-::ual 

266.7 



Table 4 ... 3~12 

P.ai nfall at waai Jurum 
! 2 ·1L , "~OO 1~. - 206,000 E. 

VJ Eleva ticn -180 ~1. co 
a !In mm) 

Sheet 1 of 1 

Total 
Year J an . Feb. !_..ar. .Apr. ~!<.y June July Au g • Sent. Oct. ::ov. : oec. Annu.s.l 

19Sl l g. 7 29 . 1: 130.1 

19>.? SO .L L3.3 62.0 o.o o.o o.o o.o o.o o.o 7. 2 21.3 1E. 6 202.8 

1953 107.3 74.2 fl9.5 9.4 o.o o.o o.o 0.0 o.o o.o 126.8 77. 2 L51: . L 

19~ 57.6 85.6 L.9 11.1 

Total 
Years of 

!-'] lie cord 3 
~ 

3 3 3 2 2 2 2 2 3 3 3 2 

1-' 
(1) !'INn far 

.j::"'" Years of 

" Record 11.8 67.7 52.1 6.8 o.o o.o o.o o.o o.o 8.6 59.2 75.3 343.6 
VJ 
I 

~ aourcer Technical Papers No. 20 and 21, Depa.rt~nt of Irrigation, Jord4.n. 



Table l1 c 3 ~1J 

Rainfall at Tirath-Zvi 
203, 2'Y.l II. - 199,900 ~ . 

~levati on -220 !'!. 
( In J:U11) 

Sheet 1 of 1 
l 

UJ ':"c ta1 
'0 Year Jan. Feb. l'lar . Apr. l".ay June July Aug. Sept . Oct. llov. Dec. A~..:-,ua1 
I 

19) 8 o.o o. o 131.1 29. 9 

1939 28,6 e3. 5 68 . L 10. 2 o. o o.o o. o o. o o.o 1. 9 49.1 ) 1. 5 27) . 2 

19h0 115.0 3. 5 22.5 3.0 o. o 0. 0 o. o o. o o. o 25. 0 56 . 8 66, 8 2<;-2. 6 

1941 35.1 29.4 43.9 o.o o.o o.o o. o o. o o.o 2.0 5. 6 12 1. e 2L3.6 

19112 22, 8 37.2 47.0 o.o o.o o.o o.o o.o 0,0 66. 9 5C . 3 22, 8 255. 0 

1943 113.1 75.2 80, 8 39.3 0,0 o.o o. o o. o o. o o. o 25. 0 0,0 3'13.4 

19L1 131. 5 54. 5 34. 5 L.o 47.0 o. o o. o 0,0 c. o 0. 0 11:4 . 5 160. 5 376. 5 

1945 7L.o 72. 5 30. 0 29.0 o. o 0. 0 o.o o. o 

1-'3 
Totol 

~ 
Years of 
Record 7 7 1 1 7 1 1 1 7 1 1 1 6 

~ 
CD rteanfor 
~ Years of 
• Be cord 82,9 9:>.8 1!6.7 12.2 6.7 o.o o.o o.o o. o 13.7 67.2 62 . 1 30 5.8 VJ 

t SOun:ea Handred Years o! Rainfall Observations, (1BL1/45 - 19L1,-tS)- nr. Aslilel, Jerusalem, 1945. 



Table 4o3=J.4 

Rainfall at El-Qarn 
19u,l00 N, - 20u,)OO E, 

Elevation -178!1, 
(In mm) 

Sheet 1 of 1 

!- Total 
Year Jan, Feb, Mar, Apr, May June July Aug, Sept. Oct. Nov, Dec, Annual 

0 
B 

19u7 0,0 18,0 11,0 

19u8 47.0 u1.o 82.5 17,0 o.o 0,0 0,0 0,0 0,0 0,0 11,0 70.2 27L.7 

19L9 105.2 .159. 7 2)2.7 287.7 0,0 0,0 o.o 0,0 0,0 

1950 

1951 6.0 17. 0 2)0. 00 

· 1952 102,5 99.0 109,0 0,0 0,0 0,0 0,0 0,0 o.o 7.2 2,0 7,0 )26, 7 

1953 113.0 8u,o 110,6 8,0 0,0 o.o 0,0 0,0 0,0 0,0 88,5 67.5 L71.6 

1991 62.L 90.0 L.o 16,0 

t-3 Total 

t} Years of 
Record 5 5 5 5 u u L u L 5 5 ) 

I-' 
CD 

~ l1ean for 
0 Years of w 
I Record 86,0 95.9 107,8 65.7 o.o 0,0 0,0 0,0 0,0 2,6 27.3 77.1 ))7. 7 

~ 
Sources Teemical Papers No, 16, 17, 20, and 21, Department of Lands and Survey and Depirt~rent of Irrigation, Jordan 



I 
Table 4aJ~l5 

+:-..... 
i Rainfall at Wadi Kufrinja 

186,LOO N. - 206,700 E. 
Elevation -200 M. 

(In mm) 
Sreet 1 of 1 

To tc.l 
Year Jan. Feb, Mar. Apr. ~lay June July Au,:. Sept. Oct. ~;ov. Dec. Anrf.:C.~ 

195'1 2.3 22. 7 11E.I, 

1952 56.5 73.9 51 . 8 o.o 'l .O 0. ') o.o o.o o.o S. l. 9.8 6.L 2 C~ . l 

1953 79.2 76.9 B9. 7 1.5 o.o o.o o.o o.o o.o 0.6 95.2 71.7 Ll1.E 

19~ 33.7 9h.6 5.9 )2.5 

Total 

1-3 Years o! 
llJ Record 3 3 3 3 2 2 2 2 2 3 3 3 2 
0" ..... 
CD 

l'lean for 
+:- Years of 
0 Record 56.5 81.8 L9.1 11.3 o.o 0,0 o.o o.o o.o 2.8 L2.6 75.5 309.3 \.JJ 
I 

tr;_ 
Sources Technical Papers No. 20 and 21, Department of Irrigation, Jordan. 



I Table 4~3-16 
~ 
1\) 

I 
Rainfall at. Biwr Zarqa - Deir •Alia 

178,2 N, - 209 ,000 E, 
Elevation -185 M. 

(In o:m) 
Sheet 1 of 1 

Total 
Year Jan, Feb, l1ar. Apr, May June July Aug, Sept, Oct, Nov, Dec, Anr.ual 

1951 o.o 8,0 121. 8 

1952 49.6 53.3 74.8 0,3 o.o 0,0 0,0 o.o o.o 3.1 6.9 5. 5 193.5 

1953 59.h 93.3 95.9 6,1 o.o o.o 0,0 0,0 o.o o.o 97.2 83.2 1l35.1 

19~ 34.2 107.4 9.3 45.7 

t-3 

~ Total 
..... Years of 
(I) Record 3 3 3 3 2 2 2 2 2 3 3 3 2 

+="" 
0 
w llean for 
I Years of 1-' Record 47.7 84.7 6o 17.4 0,0 o.o o.o 0,0 o.o 1,0 37.4 70.2 314.3 a-

Sourcez Technical Papers No. 20 and 21, Irrigation Departruent, Jordan. 



Table 4 a 3 ~17 

Rainfall at Jericho 
11~,000 N. - 193,000 E. 

(In lillll) 
Sheet 1 of 1 

i ctal 

Year Jan. Feb. Mar. Apr. !"'.ay June July Au~. Sept. Oct. Nov. Dec. Ann ual 

1923 o.o 11.L 8.o 9) .1 

192L 20.2 59.3 o.o 0,0 25.0 o.o 0,0 ~.o o.o 1.2 22. 8 2f- .1 162.6 

1925 12.0 2).6 ll.O 18,0 o.o o.o o.o 0,0 o.o 6.) 19.9 8.o 9C.O 

1926 55.1 37.2 20,0 1,1 o. o o.o o.o 0,0 f'J,O o.o o.o 31.0 l.LL.L 

1927 17.0 48.8 8,0 9.0 o.o 0.0 o.o 0,0 o.o o.o 16,0 5.0 103 . 6 

1928 21.3 L1.3 2,0 o.o :l,O o.o o.o 0.0 o.o 0,0 3.0 )0.8 9B . L 

~ 
1Q29 29,6 25.0 2,0 18.5 o.o o.o 0,0 o.o 0,0 o.o 32.5 10.) 117.9 

~ 1930 SL. 5 22,0 1,0 20.5 1,0 o.o o.o 0.0 o.o 0.0 e.o 9) .5 157.5 
'vJ 1931 37.5 20,0 1.5 L.5 o.o o.o o.o o.o o.o L.o ).5 e.o 79.0 
u 1932 16.5 26,0 1. 5 0,0 o.o o. o 0.0 o.o o.o L. 5 0,0 o.o ~ .5 

1933 22 .5 19,0 10,0 8,0 o.o o.o o.o 0,0 o.o o.o 3.5 3. 5 66.5 

193L t;.o 12.0 L.o L.o o.o o. o 0.0 o.o o.o o.o 5. 5 79.5 170.0 

1935 26.5 LJ.~ o. 5 o.o o.o 0.0 o.o 0.0 o.o 17.0 15.0 1..5 lot , 5 

1936 18,0 11.5 2h.o L.5 o.o 0.0 o.o o.o o.o 0,0 50.0 31. 5 139.5 
1937 39.0 2.5 o.o lc.5 o.o o.o o.o o.o o.o B.o L7.0 1.5 111.5 

1938 52.5 59.0 20.5 1,0 7.0 o.o 0.0 o.o 
1939 o.o 2,0 26.5 L7. 7 
19LO 85.8 2,2 3.0 25.7 o.o o.o o.o o.o o.o 6.5 17.0 2L.5 165.0 

19Ll 20,0 7.L 37.5 3.7 o.o o.o o.o o.o 0,0 3.2 L.l 76.3 1;,2.2 

19L2 111.8 23.5 38.0 1.1 o.o o.o o.o o.o o.o 17. 6 E.e 7.9 l ll . 7 

1943 57.2 31.7 1!2.2 16.2 1.1 o.o o.o o.o o.o e.u o.o 11.11 171.2 

191.4 4h.5 7.6 19.3 ll.7 11.8 o.::> o.o o.o o.o o.o Bl.L 78.3 251.. 6 

1945 75.6 50.6 22.8 u. s 19.8 o.o o.o o.o 
1952 o.o 1.8 L.2 

1953 25.3 .52.11 u3.5 o.o o.o o.o o.o o.o 0,0 
1-:3 

~ Total 
...... Years or 
CD llecord 22 22 22 22 22 22 22 22 22 22 22 22 19 

~ 

" !IUD !ar w Iurs or 
I Bucord 36.9 28.4 1U.2 1. 7 3.0 o.o 0,0 o.o o.o 4.1 17.2 27.1 129.7 

...... 
-..3 

SOUI"Cat Jm:moeG Years or Rainfall ObservOttions (184h/L5 - 1944/LS) - DF, D. !chbcl, 1945 



Table 4oJ -18 

Rainfall at Kafrein 
139l500 N. - 211,600 E. 

t.1evation -230 I"~ 

(In mm) 
Sheet 1 of 1 

i Total 
+="" Year Jan. Fet. Mar. Apr. May June July Aug. Sept. Oct . Nov, Dec. Annual 
~ , 

19L7 o.o 26.9 2.L 

19!.8 56 .8 22.5 45.1 o.o o.o o.o o.o o.o o.o o.o 6.0 3L.8 167.2 

1949 1~.3 31. 5 51. 7 50.8 o.o o.o o.o o.o o.o 

19,9:) 

1951 2.0 7.0 117.1 

19;.2 31. 0 33. 7 :.2.3 3.4 o.o o.o 0,0 o.o - 0,0 4.o 1.1 10. 0 135.5 

1953 30. 5 49. 6 27.9 5. 5 o.o 0,0 o.o o.o o.o 

19.5L 16.6 L.B u. 9 

t-3 Total 
Ill Years of o· 

f'.ecord L 5 5 5 L L L 4 L L 2 1-·J 
CD 

+:- l'.ean for 
,, Years of 
\..v 
~ 

P.ecord 34.6 .30.8 36.4 1.4.3 o.o 0,0 o.o 0,0 o.o 1.5 10.2 Ll.l lSl.L 
I-' 
co 

Source: Technical Papers !lo , 16, 17, 20, and 21, Department of Lands and Surveys - Irrigation Section, Jordan. 



Table 4o3-19 

P..ainfall at !Jead Sea ( llorth) 
137,000 tl. - 201,000 E. 

Elevation -390!1. 
(In mm) 

Sheet 1 of 1 

':'0tal 
Year Jan. r 'eb . Mar. Apr. May June July Aug, Sept. Oct, ~ov . Dec, Anr.'.lal 

1929 9.0 22.9 8,3 12,6 o.o o.o o.o 0,0 o.o o.o 11.0 u.s 68.3 
0 1930 13.6 17. 7 1,8 o.o o.o 0.0 o.o 0.0 o.o o.o 21.5 29.5 84 .1 
G. 1931 22.7 h. 7 o.o o.o o.o 0.0 o.o o.o n.o o.o 3. 5 e. 5 39.4 
G 1932 lO.J o.o 0,0 o. o o.o 0.0 o.o o.o o.o 3.5 2.0 o.o 15.5 

1933 E.5 11. 5 3.0 1. 5 a. o ".0 o.o o.a o.o o.o 1. 5 3. 0 2o.o 

1934 2 ; . 2 2. 0 o.o o. o o. o o.o o.o o.o o.o o.o 0.5 36. 5 cL.2 
1935 1; . 5 12. L 0. 5 o.o 1.0 o.o o.o 0.0 o.o 26.8 lh. O 2,0 70. 2 
1936 7.3 6,) 10. 0 6. 5 o.o :' ,Cl o.o a.o o.o 0.0 29.0 23.5 ~L .6 

1937 .16.2 10.3 o.o ),0 o.o o.o o.o o.o o.o 2.5 22 ,2 o.o 7L.2 
193E 26 .3 20.& 15.8 o.o 4.0 o.o o.o o.o o.o o.o 35.7 16.0 115.6 

1939 s. 5 1..2.7 39.6 o.o o.o o.o o.o o.o o.o 1.5 )0.5 25.5 1L5.3 
1940 -~ .o 2,0 6,0 20 ,0 o.a o. o o.o o.o o.o 0,0 12 .7 12. 5 111.2 

19Ll 9.0 12 . 0 1),0 o. o o.o o.o o.o o.o o.o o.o } . 0 LO. C .'7 . 0 

1942 h.o 11 •• 0 35. 5 o.o o.o c.o o.o o.o o.o 9. 0 2. 5 o.o 65. C 

1943 19.8 ?.L 33.8 5. 5 o.o o.o o.o o.o o.o 0.0 o. a e. e ~ c ' 
, ~· J 

1944 25.1 h.fl 8.8 20.7 2.4 o.n a.o o.o o.o o.o 109.5 64.3 23$.6 
1945 )6,0 20,0 n.o 2.0 16.0 o.o o.o 0.0 

1-] Total jl; 
t;' Years of 
1- ' Record 17 17 17 17 17 17 17 17 16 16 16 16 16 
(jj 

.j:.:" 11ean for 
0 'l:ears oi' w Racord 19.5 12.4 n.o 4.2 1.4 o.o 0,0 o.o o.o 2, 7 18.7 17.2 84.8 
I 

1-' 
' .{) 

Sources Hwrlred Y~ars of Rainfall Observation (1844/45- 1944/45) -Dr. D. Asli>e1 - Jerusalem, 1945. 



I Table 4.3-20 f:""" 
0'-
I 

Rainfall at Ghor Fari'a P. Post (Ex-Jiftllk) 
172,000 N. - 196,000 E. 

Elevati ~n -240 M. 
(In mm) 

Sheet 1 of 1 

Total 
Year Jan. F<ob. Mar. Apr. May June July Aug. Sept. Oct. llov. Dec. i. nn:.~al 

19S2 o.o 6.0 e. 5 

1953 48.5 55.5 76.5 1.5 o.o o.o o.o o.o o.o o.o 90.0 67.5 339.5 

1991 53.0 5.0 15.0 o.o o.o 0.0 o.o o.o 

t-3 Total 

~-
Years or 

t-' 
Record 1 2 2 2 2 2 2 2 2 2 2 2 1 

CD 

f:""" lilan !or 
0 

Jean or \..V 

' Be cord 48.5 5h.2 40.8 6.2 o.o o.o o.o o.o o.o o.o 48.0 38.0 339.5 
1\.) 

0 
Source a TecbW:al l' &per lo. 21, Irrigation Department, Jordan. 



Table 4"3-21 
Rainfall at Junman- R.A.F, 

153,000 N. - 242,500 E. 
Elevation 780 M. 

(In mm) 
Sheet 1 of 1 

Total 

Year Jan, Feb, Mar. Apr. ~~ay June July Aug. Sept. Oct. nov. Dec, Annual 

1927 47.0 190,8 5.4 36.9 2,1 o. o o.o o.o o.o 8,1 22,2 lO<l ,O 421.5 
1928 46.4 109.3 6.0 0,0 O.'J o.o o.o o.o o.o 0.0 26.8 1.8. 8 237.3 
1929 70.3 84.7 15.7 0,0 o.o o.o ) ,0 0,0 o.o 0,0 1.7.3 41 .4 259 .4 

1930 86,9 47.6 6,4 26.5 1,0 0.0 o.o ~ .o 0.0 G.O 17.7 50 .6 23C. 7 
1931 97. 4 50.3 24. 9 e.4 o.o J.O ) ,0 ~.o ) ,0 1.9 11J.2 n . 7 2 e~ . e 

1932 45.11 58 .5 7.0 lO.IJ o.o 0,0 0.0 o.o o.o 9.7 4.5 0,6 136 .1 
N33 53.3 25.2 31.4 13.4 o.o o.o n.o o.o 0,2 0.1 7.2 5.1 135. 0 

l93L 94.3 45.3 7.4 o.o ') ,') o.o .).0 c.o 1.7 0.0 €7.0 
1935 76 . 9 11J2. 3 11.3 lla. e 4. 5 o.o o. J ') , 0 o.o lla.9 llJ. 0 4. '1 289.6 
1936 13.4 103.1 24 .e 11.2 o.o ~~ .0 ) ,0 o.o o.o 0.1 6c .s 67.3 J}S . 4 

!- 1937 117. 0 16,1 0.:1 54.6 3.8 0 . (' o.o o.o o.o 4.6 11.0 1.1 211. !. 

-..J 193& 97.0 132.6 66.4 1.3 24.1 0,') o.o 0 .0 o.o 0.2 126.5 2e . 2 h76. 5 

I 19)'1 24.1' 79.4 84.8 4.3 o.o O,'l o. o o. o Cl , O 3.3 71.8 20,4 2EE .? 
19!,0 121.t.1 5.2 )0 . 0 31.u 0, ') 0,0 0, 0 o. o o.o 8.4 32,8 5'1 , 0 2~~ .9 

1941 61.6 22.4 24, 0 6,2 o. o o.o 0,0 o. o o.o 2,2 3.5 155.1 275. C 

1942 56.9 86.6 96.9 0,3 o. o o.o o.o o.o o.o 54.6 27.8 18.6 341.7 
1943 105.u $:) . 5 86.7 J4.h 2.3 :: .o o.o o. o o.o 4.5 0.6 16 . 2 ):2.6 
1944 11Jl.7 12,6 20 ,2 11.7 13.0 0 , 1) o.o O.Cl o. o o.o 136.8 94. 0 4)0 , 0 

191~5 D ~ ,2 106, 0 19.3 u.6 19,6 o. o 0 . 0 o.o 
1946 

19h7 o.o 22,2 21.0 
1?la6 92,8 6?.1 76,1 12,0 1.3 o. o 0,0 0,0 o.o 2.1 12.4 44 . 3 31J . l 

1?49 74.9 123 .9 no.o 52.5 2, 0 o.o 0,0 0,0 o.o 
1950 
19!il. 0.9 19.9 179 . 8 

1952 35.6 79.7 46.9 o.u o.o 0,0 0 ,0 o.o o.o 8.5 3.9 12 .3 l'l7 . 3 
lY53 29.3 el.3 168,7 1,8 '1 ,0 '1 , 0 o.o 0, 0 o.o 1.5 91.3 60 .5 434.4 

1-'3 
1954 17.7 90.3 12.8 16,2 

~ Total 

~ 
Years of 
?.eccrd 24 21.: 2) 24 23 23 23 23 22 23 23 23 20 

.t::'" 
0 ~an .for 
\.JJ Years of • 
'" F.ecord 71.3 75.5 43.0 15,0 3.2 0,0 0,0 o.o 0,09 5.5 3u.2 53.9 293.1 
...... Source: Hundred Yea:·s of Rainfall Cbservation ( 1Buh/U5 - 194h/45) - Dr, D. Ashbel - Jerusalem, 1945; and Technical Papers No. 16, 17, 20 and 21, Dcpar~: nt of 

Lands and Surveys, Jordan. 



Table 4~3-22 

Rainfall at Jenin 
207,600 N. - 178A500 E. 

. Elevation l) M 
(In =l 

[ Sheet .1 of 1 
~ 
CD 
u Total 

Year Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. NoY. Dec. .ln.'1u.al 

1952 21.5' 16.6 29.6 

1953 15l.L 97.9 125.0 ).2 o.o o.o o.o o.o o.o o.o 167.8 109.u 6SU. 7 

1954 109.6 16.2 19.2 o.o o.o o.o o.o o.o 

Total 
Iura o! 
Record 1 2 2 2 2 2 2 2 2 2 2 2 1 

!'fean for 
Yeara ~r 
fie~ont_/ l5l.u 10).8 70.6 11.2 o.o o.o o.o o.o o.o 10.2 9).2 69.5 65U.7 

t-3 

~ · A-.eral!'e 
I-' Rain! all (1) 

tor 17 
~ Yeara!J l29.S 137.2 21.9 30.5' 2.5' o.o o.o o.o o.o 7.6 10.2 104.1 u82.6 
~ 

w 
I 
1\) 
1\) 

Soarcet 1/ Tecmical Paper Ro. 21, Department ot Irrigation, Jordan. 
£! Cliaatic Analogues of Palestine and Trans-Jordan- H. v. Nuttonaon- 19L6. 



Table 4oJ-2J 

Rainfall at Jerusalem 
132, 000 tl . - 1 71, :l:xl E. 

Elevation il27 '" . 
(In m:n) 

Sheet 1 of 2 Tcul 
Year Ja-•• ~ec-. !"!ar. Apr . May June July Aug, Seot. Oct. Nov. '!ec. Ar.~ual 

15L6 ~ -.. ) . 73 . ~ 53 .6 o.o 0,0 0.0 o. o o.o 39.9 63.7 o. o 
15u7 97 . 326.0 59 . !. 0, 0 o.o o.o 0, 0 o.o o.o o. o 0, 0 1 5~ .5 4 "71 'l _. , .. ... 
lcL: 2LL . 67. 5 o.o 1.9 lL. O o.r, o.o o. o o. o o. o 1.9 15o.5 LS7 . : 
1cL9 192 . 13C. 5 117 . 2 o. o o. o 0,0 c.o c . o 
1850 o. o o.o 63 .7 3J::: , o 

15S'l l!JS . O 239. 0 3) . 9 21 . 6 o.o c. o 0,0 0, 0 o. o o.o o.o 1.::1.0 '0 5 ~ . 7 

1 C. 52 l3!.. . S 2!.. : . : :7.; o. o 23 .8 c.o o. o r; .• o c.o G, O 17. 9 93 . 0 6~L . 7 
1:53 L:.. . " :~ . 9 2l ? . J 11 . 7 15.9 o. o o.o o. o c .o 0 . 0 59 . L 123. 0 ~:;1 .L 

I 1s~;, !30 . 5 1)6. : 2/.,0 , 0 107 .0 o. o o. o 0,0 o. o 0,0 33. 0 o.o ~3 . :. 7~ 7 . ~ 

~ 13;5 3?3. J 125 . ? 57.5 23. 8 o.o o.o o. o o. o 0.0 o. o 9.5 31. 6 :: :L.L 
'0 
£ lSS: l ?S . C 225. :: JOl. ~ 2L6. o 0,6 o.o c .o 0,0 0, 0 o.o lL" . O !,1. 5 91:; .1. 

~3 ~? :'.2:0 • . _, ?59. : 39 . : 9. 5 o.c o.o o. o o.o o.c ll.O c5 .'3 l ::c; . :::: 99:' .L 
! ':S: ?!5 . :: 23L. :l l -5 .0 51 . 6 o.o ') ,0 o.o o. o o.o J .C c.o 2lc . :: ... L7 .1 
l: ss i.:!:: . ~ ·. 1 ') 

.- - e .I 162 .0 61.L o. o 3.9 o. o o.c o. o L3 . 7 27 • ., 7. 3 ~ ~7 . : 

•t~~ i !S ~ :1~" 

1:c : 0, 0 :) . 0 :5 . 2 lL3. 5 
lt~9 lJs . :: ~1 . 2 oc.o 29 . 1 ~ . o o.o 0 , 0 ~ ~ 

I.J . ... · c.o l.O 32 .1 153.7 ~1 ~ . 9 
lS::o s,- . ., <'22 . 3 L6 . 6 u.l £. 6 o.o ~ . o C• . O o.o 2 . ~ 1 3. 0 119 . 9 !. ~ c; . !. 

1501 :7~ . : 3. 3 2: .s 12. 1
• 23.7 c .o o. o ~ . o 0 , 0 L.o L2 . 9 1L9. 2 L35 . J 

~9J2 3Cl. ·J L2. 6 Lc. e 21 .5 1.1 o.o 0.0 ~" " · ~ o.o 1 ~ . -J 189. '3 176.1 79J . $ 

1903 174. 3 79. 5 93 .4 9.4 n.o 3.0 0,() o.o o.o 3.3 35.0 70,7 L6 ~ . 6 

:!9CI!J 24:.. .1 )l. l 139.1 JO , L 0. 2 o.o 0. 8 o. o o.o 5. 3 68. 6 346.3 ~52 . 1 

19::;5 90 • .3 1 ' L.1 127.!: 4. 0 o.o 0 r , •" o.o o.o o.o 1~. s 0 • .) 272,1 7:~ . ':' 
1906 152.2 174. 0 5·) . 7 11 7 .5 2).1 O. :J o. o o.o o.o 1~ . 2 17.1 L3 . 5 5):. .) 
1907 145.1 :s.5 110.2 29. L 9.3 0. '} o.o o. o 

1--3 
"!".is sing" 

~ 
1932 (St. 

Anne ) 10.0 2~.5 10.2 L. S 
I:-' 193.3 92.0 65.5 35. 5 3.5 o.o o.o o.o o.o o.o o.o 9.6 22.6 223 .7 
(I) 

19.34 244.0 <;6.h 6. 2 35.6 0, 0 0,0 0,0 o.o o.o 3.9 9. 9 1L2.~ ~3~ . 5 

~ 1935 79 .1 275.3 2 ~ . 0 2.4 o.o o.o o.o o.o o.o 9.1 46.3 27.9 465. 0 
0 

\» 1936 30.9 182.1 L.4.3 17.2 o.o o.o o.o o.o o.o o. o 150.2 160.5 535.1 I 
1\) 1937 273. 0 43.<; 11.6 3e.5 2.5 o.o o.o 0,0 o.o 25.h 36.6 11.6 L.4: .1 
w 19.36 .221 .2 2h5.5 <;6. 8 

1939 o.o 4.4 114.7 72.6 
19Lo 261.1 11.7 58.1· 21.1 o.o o.o o.o o.o o.o 13.0 16.7 1)3.9 <:)2.2 



Table 4.3-23 

P.ai nfall at Jer-Jsalem 
13 ?. , Cl0 \ , - l?i, XO E. 

~evation ii27 L 
f II:~ m:n) \fl. 
~ Si:eet 2 of 2 
I 

I c ta l 
!ear Jan . ?et . l'ar. A or. Ha r J•Jne July J..ug . Seot. Oct. r:ov. nee. Annual 

191...1 1:'"19 . 0 1S.1 1S2. C IJ.O o.o o.o o.o o.o o.o 10.0 8.0 347.3 51.1 . 4 
191.,2 lY::·. L ~9 . 5 215 . ': 1.1 0 . 0 .; .o o.o c.• .o o.o :s.o 68. G 12. ? S~2 . 2 

1943 ?7 , -... .. . '; 121. 1 1:2 .3 1...9.3 2.0 o.o O.f> o.o . o.o 26. ? 2.3 )1... .3 : 91 •. ) 
194L 297. : 32. ~ },9. ;l 1...1,.3 21.9 o.o o.o o.o o.o o.o 299 . 5 El....4 9C9 . 9 
1945 1~2 . 7 21!,. 2 35. 2 

"~iss:nt 11 

1952 0, •) 19.1.. 2'.2 
195'3 ~' ? -..... . ' 125 . 7 215. :: o.o () , () 0, ·) 0,0 o.o o.o 
1954 152 .1 :?1 , :; 16.0 

Total 
Years of 

1--:1 ~.ecord 35' 35 36 33 33 
Ill 

33 33 33 35' 35' 35' 35 29 

o' 
1-' 

Mean of CD 

~ 
Years of 
Record 13S.S 11. 3. ::1 85.6 31.3 4.1, 0,1 o.o o.o 0,3 u.c; 50. 2 l?C~ . s 515.5' 

\ .. ..J 

I 
1\) Source: !:undred Yea:-s of f.a!·f~ll Obser·nt ioPs (l'll...lt/L5 - 19lJ4/45') ~r. D. Ash'>el , 19115'; and \...o.J -

Technical Pa per ~ : o . 21 - De pcrt,:nent of 1 :--rig~tion - Jordan 



l 
\J1. 
1-' 
I 

~ 

De g.?.;'"!i a :_; 

3e:. sc.nY 

. h 1 ' Jenc. o:J 

Je:l: ~:_; 

Jer·~sa 1en2/ 

Dead Sea {:1)2/ 

;_-_c.a :l :_ , }, ' ::- ' ~/ 

'·'; ::. ::::: Ara C.~/ 

H& ·i: JU."tll1:~/ 

A das ~y e~/ 

~laai 1:. glat·~/ 

'-'lad.:. :{•,."r: n ja~/ 

Ri 1;er Zarqa -
Df; :.r ;. ua~/ 

:ears of 
~levaticn : ecord 

-20G X 7 

-US ~~ 10 

-260 ~~ 13 

138 :' 12 

52? i1 1 ~30-191.:3 

-220 M 1~33-1943 

-390 :·1 1926-1943 

750 ;1 1723-1954 

-1~7 11 1950-195u 

-1 BO !'! 1950-1 9511 

-200 M 1949-19Sl 

-1 ?0 1'1 1950-1 950 

- 200 M 1951-1954 

-155 11 1951-1954 

Jan, 

13.4 

13.3 

13.9 

10.6 

S.6 

12,13 

14 .3 

'•.1 

14.9 

14.8 

15.6 

13.7 

16.0 

16.8 

FP.b . 

14.7 

14.4 

15.0 

11.1 

9.5 

16.6 

9 .1 

16.8 

15.8 

17.0 

15.8 

15.9 

15. 9 

Table 4.3-24 
Mean ~:onthly Te.'!lper-'\tures 

Jordan \'alley an:i Ad.iacent i-.r:as 
(Degrees Centigrade) 

!"lar . 

16.7 

17.2 

ld.3 

1L4 

12.0 

14.7 

19.6 

12,0 

18. 2 

17, 6 

21,9 

19. 8 

19.3 

13. 2 

Sheet 1 of 1 

P.nr , 

20.9 

20.5 

22.2 

17.2 

16.2 

21.3 

20, 5 

16.2 

21.7 

23.7 

25.2 

21.4 

22.2 

22.2 

Nay. 

24.7 

2L.L 

26.6 

22.2 

20,4 

25.8 

26.9 

19. 8 

26.1 

25.8 

26.9 

26.1 

27.8 

27.9 

June 

2e . o 

27.2 

29.4 

25.0 

22.1 

2a.6 

29.1 

23.6 

29,0 

29.6 

30 .6 

30.1 

~ tp' Sm:rce: }._/ C1inatic A~1ogues of Palestine and Trans-Jordan- ~1 . Y. 'luttonson - 1946, 

July 

29.6 

28.3 

31.1 

26 .6 

23.2 

30,9 

31.3 

25.1 

30.9 

31~0 

32.3 

31.0 

32.4 

!/ Temperc. tures and !-'umidity of Palestine and Adjacent Countries - 'Jr. D. Jishbel - 1945. 

}./ Current Daily lu:cor1s - R.A .~· . Camp, Amman, Jordan, 

~/ Current Records by ! rrigation Department, 

Aug. 

30.2 

30.6 

31.1 

27.2 

23,2 

30. 6 

31.9 

25.5 

32.1 

31.6 

31.8 

32.1 

34.2 

32.7 

Seot, 

27 . 9 

27.7 

29.4 

26.1 

21.6 

28.5 

23, 7 

23.7 

)0,8 

30.1 

31.4 

31 . ? 

31.1 

Oct . 

26 . '2 

26 .1 

26.6 

23.3 

20 , 5 

25. 6 

27.1 

20 , 7 

26.2 

2? .1 

27.0 

2~ . 1 

Ncv, 

2v. L 

21 .1 

21.7 

15. 3 

15.) 

16.6 

2o .L 

15.7 

21.5 

20.2 

25.0 

2l .4 

23.9 

22 . 0 

['e r:: . 

15. 6 

1 5, 0 

15 . 5 

12. 8 

10,5 

13 .6 

15.5 

10 . 1 

l t . 6 

17.3 

19.h 

17. 3 

'" ean 
Ann'.lal 

22 . 'l 
22 . 1 

23 . h 

19.5 

22 . 0 

23 .5 

17 ,5 

23 . 8 

23.6 

25 . 2 

23 . 7 



PARr 4. lRAINAGE 

VO LU~'lE IV 
YARHOUK~OIUJA.N VALLEY PROJECT 

M~Tt:.l{ !-'LAN HiPORT 

Introduction 

Good drainage practice, both surface and subsurfac~, is essen-

tial to the successful operation of any irrigation system. Drainage in 

agriculture is a method of improving the soil by withdrawing excess 

water from ito 'T he objective of this drainage investigation was to de-

sign a system whereby a 1.4 meter depth root zone could be maintained 

free of excess water within all irrigable lands throughout the project, 

permitting the growth of almost any of the plants adaptable to the area. 

Drainage investigation of the project deals primari~ with the 

following four elements: Topography, soils, water tables, and water 

source, including both quality and quantity. Hethods of investigation 

were essential~ those reco~~ended by the United States Bureau of Recla-

mation, Soil Conservation Service and Salini~ Laboratory, modified to 

meet local conditions. 

Basic Information 

The topography of the project is cha racterized ~J two ~ain fea-

tures: hi~h benches known as ghors, and the flood plain called the zor. 

The zor, or recent flood plain, occupies the center of the Jordan Valley. 

The ghors lie on either si~e of the zor and rise with an abrupteleva-

tion change, ranging from 30 to 60 meters. Tributal"'J streams or wadis 

on both sides of the valley cross the ghors 7-o merge viith the J ord.a.11 

Rivero These strearn.s r..a.ve become deeply but narrowly entrenched and 

-52-



separate the ghors into distinct segments. Except where the surface 

is modified by alluvial fans and colluvial slopes, the overall gradient 

of the ghors is moderate, ranging between one and three percent. There 

are several places where shallow undrained depressions occur in the 

ghors but, as a whole, good surface drainage is provided by the natural 

slopes from north to south and from the side hills to the Jordan River. 

Soil textures of the ghors range from light loams to c~ loams 

and clays, with clay loam predominating. These te."':tures continue to 

considerable depth and significant layers of incoherent sand or gravel 

are uncoi11T1on. Soil textures and salinity vary throughout the Jordan 

Valley 1 but generally are heavier near the zor and lighter towards the 

hill..so The highest salt concentrationsare found towards the south~rn 

end of the valley. 

No subsurface barriers were located within 4.0 meters of the 

surface, where such barriers could be considered as controlling the 

drainage of a defined area; however, local barriers were found covering 

limited areas, generally smallo Field studies reveal that the heavier 

soils, as found where the ghor breaks into the zor, form a vertical bar­

rier in that the permeability of such soils, in general, are much lower 

than the soils toward the hillsides • This fact may account !or the 

now of subsurface waters of the ghor in a general direction more or 

less angular rather than perpendicular to the Jordan River. 

Meteorological data show no great amount of rainfall during 

7 months of the year; however, Janua:ry:, February and March are peak 

months. Long range rainfall records for the project area are not avail­

able, · but such records as have been compiled indicate there has not been 
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sufficient precipitation to have produced surface run-off of an extent 

great enoueh to have cre~ted high water tables from that cause aloneo 

Hoi-lever, high water tables do exist in places throughout the project 

area, and while many of these problems can be attributed to improper 

irrigation practices, in other high water t~ble areas there has been no 

irrigation for hundreds of yearso It has definitely been established 

that many of the high water tables f otmd in the southern part of the 

valley and on the \~est Ghar have not been caused by ponding of local 

surface run-off watero 

Water Source - Quality and ~uantity 

Hater source studies reveal that the cause of high water table 

areas in the project can be attributed to the following: 

1. Inefficient use of irrigation waters. 

2. Uncontrolled springs . 

3. Artesian seepage (static water) . 

ho Free flow seepage. 

So Special proble~~ arising from ancient water works, 

generally of Roman origino 

The nornal quantity of water to be dealt with in maintainin~ a 

well-drained root zone Hhere intensive irrigation is carried on is in 

this report, assumed t ,J be l G% of the total irri gatioc ·;dter a.ppliedo 

Additional water may be contributed from other sources sueD. as those 

mentioned aboveo It is difficult to compute the definits quantity of 

water emitted from such sources as springs, ar~esian seepage and the 

-.5h-



ancient fuquaras unless a complete stuqy is made to determine such fac­

tors as recharge, static head, water bearing aquifers, and soil perme­

abilities. 

Springs in the project area are not numerous and generally the 

flow i s quite smallo No serious problems are expected from this source 

of underground water. 

Artesian waters, ho\.;ever, present quite a serious drainage 

problem, especially in the southern part of the East Ghar area. Topo­

graphical conditions are quite favorable for adequate surface drainage, 

and removal of excess surface water presents no problem. However, 

climatic conditions are such that, over extensive areas of land, water 

which has been forced into the root zone from below by hydrostatic 

pressure has evaporateu before reaching the surface of _the ground. A high 

concentration of salt has thus be•31 left near the lower limit of the 

evaporation zone, bec:-1use of t he high salt content of t he artesian waters. 

It is very importc:.nt :.o maintain the subsurface waters in this area at 

least 1.4 meters belm.; the ground surface for two reasons: 1) most lands 

will require leaching befo~e crop production can be obtained and 2) the 

·subsurface evaporation zone is approximately one-half (0.5) meter from 

the surface., The hi ~ll sali!1ity of the artesia..'1 Haters would greatly 

reduce prcductio:-l or ~Yen inl:.i':::lit growth of rr.a.i'1Y crops if permitted to 

encroach en this hori ·z.on, T:O.e permeability of the subsurface soils in 

this area is !aYorable t o adequate drainage, but to secu-re further in­

sur~~ce against recontanunation of the root zone a plan to reduce the 

static head of artesia.'1 water is highly recoJTII'".:nded. To lower the static 

head on the artesian 1-Jaters in question Hould require the drilling of a 

number of wells in the area and installing pumps to keep the static head 
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well below the drainage system. To off-set a portion of the cost of such 

an installation, the artesian wate~s could be blended with normal irri­

gation waters to supplement present water supply, but due to the high 

salinity of the artesian waters at the present time, itsuse for ir:ciga­

tion ~,·ithou.t blending with a water of hit;her quality is not recommended. 

Free flm-.r water found in the project area is quite localized 

and can usually be traced to excess irri gation waters that have found 

their way to the surfaceo Such v1ater can easily be controlled by ade­

quate surface drainage without undue expense. 

Special Problems 

Host of the ancient water t-Jorks .found in the project area were 

constructed by the Romans some 2000 years agoo Hany irrigation system~ 

were built thro:lghout the Jordan Valley during Roman rule. Hecorded in 

11 The Legacy of Ror:c11 (published i."'l Lati.'1 ) is the identification of some 

22 indivic..'ual systems in the pr:)ject area where subsurface water has been 

developed and used for :i.rrigation. Almost all uork was done •rith 

slave labor and it is reported that during the peak of construction some 

30,000 sla·1es vrere e.'llployedo The irrigation syst-3ms referred to are. 

lmovm as 11 fuquaras" and 11 k.? .. :n.ats" a 

The fuquaras are unde.q;round ca.r.als which w.rere used to develop 

and carry the v1ater -to v·avi r-y canals called kanats o It is the fuquara 

part of the system t hat has created t he drainage problems. Topography 

played an important part in locating the fuqu ·n ·as in order for them to 

function as an j_ntegral pa·ct of an irrigation plano For this reason 

they start near the foo·t;hills and extend tov1ard the valleyo Two methods 
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of construction were used; namely, the dry system and the wet system, 

the only difference between the two being the source of water. Both 

systems were quite effective in meeting their purpose, however, it is 

the dry system that is creating the most serious drainage problems • 

To construct the wet type fuquara, vertical shafts were dug to 

a water bearing aquifer. Normally these shafts were dug 25 to 30 meters 

apart, then a connecting tunnel was dug joining all the shafts. The 

tunnel slope was generally maintained between 2 and 15 meters in 1000 

meter~ depending on topography where the tunnel daylighted to connect 

with the kanat part of the system. Once this t.ype of system becomes 

inoperative the water only rises in the tunnel to a point equal to the 

elevation of the \-rater bearing aquifer. A normal drainage system will 

remove these subsurface waters quitd adequately and since no great hy­

drostatic head is present to force the water upward, it is felt that 

further high '\-Tater tables will be eliminated. In general the amount of 

water developed by this type fuquara is very limited and the quality 

very poor as far as irrigation is concerned. 

In constructing the dry type !uquara the verticai shafts and 

connecting tunnel were dug, · extending the tunnel to join the kanat sy­

stem. One of the shafts, usually near the outlet, was extended down-

ward to an artesian aquifer thus bringing water to the tunnel from below. 

Each shaft could be extended to the artesian aquifer to pro cluce addition­

al water if required. The static head created by waters from the artesian 

aquifer has proved to be the source of water causing high water tables 

in many areas where fuquaras of this type have been blocked., particular­

ly in the southern part of .the East Ghor Area. 
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The average length of the wet type fuquaras is much greater· 

than the dry type, which usually i.s be-c.t.~een 300 and 500 meters, while 

the former rangt: !:com 500 metiers ~u l .. S Kilomet~r~. The tunnel dimen­

sions, however, are es::;entialzy tihd same, 0.1 met.ers wide and 2.0 meters 

in height. A typical cross section of a fuquari is shown on Drawing 

JR-6, which follows, and the approximate locations of known fuquaras with­

in the project area are shown on Drawing JR-8, Base Map. 

Fortunately the dry type fuquarns occur in the same area as 

that affected by artesian seepage and the recommendation to lower the 

water table by pumping would reclaim this area also. The quality of the 

water .from the dry type fuquaras is essentia~ the same cis that found 

coming from the artesian aquifer. 

Investigations 

Some )8 undisturbed soil permeability tests were conducted 

throughout the project area, following the methods as set forth by the 

u. s. Salinity Laboratory Handbook No. 60 issued in February-, 1954. 

Water from the Yarmouk River was used throughout the tests and rate of 

infiltration, depth, lateral movement and salt dispersion care~ 

noted. The results ot the field permeability tests supported by soiJJJ 

investigation are used as bases for deterndning drain spacing require­

ments. The basic formula used to determine spacing i~ a modified adap­

tation of Darcy's Law as shown on Drawing JR-7, which follows. 

Leaching 

Lands within the project area requiring some degree of leaching 

before becoming productive amount to approximately 174,000 donums. A 
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specific leaching program will be required for approximately 1671 000 

donums located generally on the Eas t Gho r south of the River Zarqa, 

and on t.'1e West Ghor" Lar.d.s nt-: .:J.i' t.h~ Dea d Sea have the highest percent­

age of total soluble salts. 

In order to es tabli~h prucadure for leacning such lands 1 two 

test areas were selected, located approxirr~tely by coordinates as 

l42.0N 0 - 204.4E. ApproxLnately 150 meters separated the two areas. 

The physical difference between the areas was the installation o! drain­

age facilities in area 1 while area 2 did not have such facilitieso 

Soil samples were taken on a definite pattern from the areas before any 

water was applied and the same pattern followed in taking subsequent 

samples after water applications. 

The quality of water available for use as a leaching medium 

was not · desirable, however, the final results show that such lands can 

be leached and perhaps more successfully with a better quality water as 

shown by the infiltration studieso The final results of the trials show 

conclusively that definite patterns should be followed as to quantity of 

water applied and method of applicationo Another interesting fact 

Ci>bserved mr:ing the trials, relative to drainage, is that subsurface 

drainage installation must wait until after a degree of leaching _has been 

done, due to the poor stability of the soils until a large percentage of 

the salts have been removed" The salts ca.'1. be forced dowmtard more 

evenly Wi. thout a drainage sys tern, but a reverse roovement can be expected 

unless a drainage sys tern can be installed after salts have been removed 

to approximate]y 90 centi.'neters" The quantity of water applied for 
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norn~l i r rigation of shallow rootcn plants would not be sufficient to 

keep the salts at this level without the aid of subsurface drainage. 

Types of Drain 

Topography, size of farm unit, the need for fullest land 

utilization, and weed control have definitely favored the selection 

of covered drains rather than open drains, with the exception of a few 

shallow open drains to remove excess surface waters. Normally the 

closed type drair~ include a manufactured conduit such as concrete tile, 

clay tile or fiber pipe, with a gravel and sand blanket, placed in a 

trench which is completely backfilled, so that normal farming operations 

can be done directly over the drainage system. 

The high sallility of drainage waters, excepting in the northern 

portion of the East Ghor Area limits the utility of concrete tile. Clay 

tile and fiber pipe which would be acceptable are not manufactured in 

the Kingdom in quantities sufficient to satisfy the needs of the project, 

and i."'!Iport cost of such materials would make this type of drain pro­

hibitively expensive. For these reasons alone the rock or stone type 

drain is recor..mendedo All materials and labor required to construct 

this type of drain are available wi thiil the boundaries of the Kingdom 

and can be utilized fully o Properly constructed rock drains need not 

present any greater mainter~nce problem than tile draL~s. 
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