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Irrigation in 
Arid Zones: 
The Israeli Case* 
llan Amir 
Benjamin Zur 

"For the land, whither thou goest in to possess 
it, . . . where thou sowdst thy seed, and wateredst 
it, with thy foot, as a garden of herbs. " 

(Deuteronomy, 11:10) 

Many definitions and criteria have been suggested to describe an arid 
zone. All of them take into account some or all of the following factors: 
rainfall, temperature, humidity, evaporation, radiation, soil types, flora 
and fauna. The various definitions reflect the interest of the persons involved 
and their fields of research. (1) Since we are dealing mainly with irrigation 
in this chapter, we define an arid zone as an area of land which, only by the 
use of irrigation, allows the harvest of crop yields needed to support a mod­
ern standard of living. 

Such a definition describes extreme arid zones, excluding regions where 
farming practices are possible without irrigation during the rainy seasons. 
In Israe l the region south of the 200 mm isohyet (a line of equal average an­
nual rainfall), near Beer Sheva is an arid zone according to the definition 
stated above (See Fig. 16. 1. ) This part of Israel, the Negev, is a wide re­
gion and has a significant agricultural potential and Israel is continually fac­
ing the challenge of finding a solution which would enable the establishment 
of modern agricultural settlements there. Several settlements had been 
established prior to the declaration of Israel's independence in 1948. Since 
then, however, tremendous efforts have been made to increase the number 
of agricultural settlements, mainly in the Arava Valley , a strip along the 

* The authors wish to express their thanks to Mrs. A. Kroch, Mrs. D. 
Ariel, and Mrs. H. Altshuller, Technion faculty of Agricultural Engineer­
ing, for their help. 
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eastern border with Jordan, and in the northwest coastal region west of
Beer Sheva. Extensive agricultural experience has been accumulated in

these settlements with regard to the agricultural practices and production
most suitable under extreme arid conditions. This experience clearly shows
that when irrigation water restrictions are released, even the most extreme
arid regions can provide significant agroeconomic advantages over Israel's
intensive agriculture in the semiarid zones north of the Negev. Based on
this experience, a large new project, the Southern Project, is now being
developed to establish more than a hundred new agricultural settlements in
a 35 thousand hectare region southwest of Beer Sheva.

The purpose of Uiis chuptor Is to describe the climate, soil und water

conditions of the Negev and the agricultural practice developed to overcome
the difficulties they impose. We will concentrate on the Arava Valley since
it presents both the most extreme arid conditions and, at the same time, a
significant agricultural success. Among other factors, drip irrigation is
probably the major technological reason for this success and will, therefore,
be described in detail.

CLIMATE, SOIL AND WATER

Climatic Conditions

Rainfall

In the Negev, the annual amounts of rainfall vary from 200 mm near Bee]

Sheva to 25 mm near Elat. (See Fig. 16.1.) The annual rainfall, however,
should not be the only measure of rainy conditions for agriculture. Another
important measure is the variance, or the standard deviation, of the rain
fall, since for crop growth this is probably as important as the total amount
of precipitation. In the Negev, the variance in rainfall is very large, re
flecting its sporadic nature. The following example emphasizes this vari
ability. (2)

Nineteen rain gauges were installed in a ten hectare area near Avdat in

the center of the Negev. The mean, X, of one rainfall was 5. 21 mm while
the variance V, calculated from the 19 measurements, was 2. 79 mm2 and
the standard deviation, a , was 1. 67 mm. The coefficient of variation, which
is the ratio x", was about 32 percent. In general, when extrapolated, such
a value reflects a very high degree of nonuniformity, particularly when it
represents only one rainfall on a very limited area.
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The rainfall intensities and the number of rainy days are additional fac
tors to express the rainy pattern in the Negev as presented in Table 17.1.
From probabilistic considerations, rainfall exceeding 25 mm is expected
once in two years while rainfall exceeding 50 mm is not expected at all.
Less than 20 days per year of rains exceeding 2. 5 mm are expected, where
2. 5 mm of rain is considered to be the minimum of rain required for signif
icantly affecting soil moisture content. Therefore, it is quite obvious that
rainwater could not be considered as a sufficient and reliable source for di

rect watering of crops.

TABLE 17. 1. Average Number of Days per Year with Rainfall
Exceeding Specified Amounts

Rainfall

(mm/day)

0.1

1. 0

10

25

Beer Sheva

35. 1

27 3

5 9

1 2

0

Central

Negev

15.8

12. 1

2.7

0.5

0

Source: Michael Evenari, Leslie Shanan, and Naphtali Tadmor, The
Negev: The Challenge of a Desert (Cambridge, Mass.: Harvard University
Press, 1971), p. 33.

Temperature and Humidity

Averages of monthly relative humidity and daily minimum and maximum
temperatures are presented in Fig. 17.1. The data from Tel Aviv represent
central Israel's semiarid conditions, and those from Elat represent the Ne-
gev's extreme arid conditions. For Tel Aviv, the maximum daily tempera
tures during wintertime, October to April, vary from 17 to 27°C, and the
minimum daily temperatures range from 3 to 17°C. During the months De
cember to March, the daily temperatures do not exceed 10°C, and chills or
frost are often experienced. These low temperatures are the reason for not
growing vegetables in the northern part of Israel during winter. In Elat, how
ever, the daily temperatures during the winter months are always above 10°C:
frost is never expected, thus allowing vegetables to be grown during the winter
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Irrigation in Arid Zones 

In Tel Aviv the relative humidity is almost constant, around 70 percent, 
while in Elat it varies considerably, from 50 percent in the winter to 25 per­
cent in July. Humidity affects intensive agriculture mainly be cause of pests 
and plant diseases. Humid areas, in general, require more insecticide 
sprays than dry areas . On the other hand, humidity might reduce the amount 
of irrigation water needed. In most cases, humidity is of a secondary sig­
nificance for irrigated agriculture, provided that the crop varie ties are cho­
sen properly. 

Evaporation 

Figure 17. 2 presents the average annual evaporation measured by a class 
A evaporation pan. The values of annual evaporation in the Negev vary from 
1, 700 mm near Beer Sheva to 2, 700 mm near Elat. In Te l Aviv, however, 
the annual evaporation is less than 1, 400 mm. But such a comparison be­
tween Tel Aviv and Elat does not reflect the true evaporation conditions for 
agriculture since, as previously mentioned, the major gTowing seasons in 
these two places are different. Surprisingly, if one compares the evapora­
tion in Tel Aviv during the spring and summer to that of the autumn and the 
winter in Elat, one finds that the totals are quite the same. Such a compari­
son is presented in Table 17. 2 with the author's own data. 

TABLE 17. 2. Average Monthly Evaporation in Tel Aviv and Elat 
During Their Vegetable Growing Seasons (In mm) 

Elat Tel Aviv 
Month Evaporation Month Evaporation 

September 292 April 104 

October 216 May 143 
November 135 June 169 
December 108 July 182 

January 81 August 169 

February 108 September 156 
March 135 October 104 

Total 1075 Total 1027 

Since during the summer there are no rains in Tel Aviv and the amount 
of rainfall duri ng the winter ne ar Elat is negligible, the evapor ation is a good 

~ ~ ~ ~ ~ 2 ~ S? ~ ~ ~ 
(.;,) eJnHedwel. 
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measure for water deficits. Moreover, it should be noted that the growing 
season for most of the vegetable crops is slightly shorter near Elat than in 
Tel Aviv. Therefore, even though the totals are equal, the actual water 
deficits are even smaller in Elat than in Tel Aviv for the same crops at their 
different growing seasons. 

Solar Radiation 

The amount of solar radiation in Israel is relatively high and varies from 
182 Cal/cm 2/year (Cal= kilogram calories) in the north to 201 Cal/cm2/year 
in Elat. (3) A typical distribution of solar radiation during a year is present­
ed in Fig. 17. 3. Solar radiation flux is of great importance in determining 
the potential yields of agricultural crops due to its effect on photosynthesis 
and temperature. This is one of the main reasons for developing agricul­
tural settlements mainly based on greenhouses in the northern Ne gev. It is 
felt that the greenhouses use the solar radiation efficiently while providing 
protection for the crops against hazards caused by low temperatures and 
winds existing in this region. 

Climatic Phenomena Characteristic of the Negev 

Khamsin 

The khamsin is a dry desert wind which blows in Israel mostly from the 
east and southeast direction, passing over the Arabian or Sinai peninsulas. 
The wind is extremely dry, and the relative humidity drops rapidly to 10 per­
cent. Temperatures are high and may reach 48°C in the Arava Valley. 
Khamsin days are prevalent in almost all the regions of Israel, mainly dur­
ing March and April and September and October. These dry and hot days 
impose difficulties on people, animals, and crops in general and the vege­
table crops in particular. In the mountain areas of northern Israel, 100 
khamsin days are usual, while in the coastal region and in the Arava Valley 
only 30 to 40 khamsin days occur every year. 

Dew 

Dew is one of the most important factors in maintaining arid flora and 
fauna in the wild since it is the only source of water during the summer. 
IIJ. Avdat, located in the central Negev highlands, the average annual amount 
of dew is 35 mm, totaling 185 dew nights. For modern intensive agriculture, 
however, dew amount is a very small factor in the water balance and, there­
fore, is of small importance. (See Chapter 12 for another view. ) 
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Fl~o:. l 'l ,:.! , M .qo , , :tii!HI,t l , -v a llll f:tll<Hl tu l ,; r :wl ( IIW!llilll"t'<i with 1· l : oHH 1\ t 'V .tpo.J r .o­

(i!>l\ pan). l'onr ..u n ; an· lines ul •:qu.d annual cY ~t poraii< JT\ {111111) . 

Sourn,: :l!__l:t:; vf _ L~.:!.!.0. (ls ra t." l i.),·parlnH:nt uf Survey, L9 :'1 1i ) . 

10 11 ~ ~ 

M o nth s 

h~:. 1. \., ,-_,",. ol. .. ly ~ul,ot r ... ll. ll i<>to 1lw... ,. t llruu~h<JUI 1111' \< '- 11 11 1 1-. o·.u-1 

S,,",-,-,., I t...<hu•·lsun, C h 10 1, IJn o"""' <•I I ' Jom ah· 1~ """" " " ' - • 11"" b 
•~• · I />1 , 1 .,,.,,,, ,_,.-;ol .·..-n on, 

Sand and Dust Storms 

In the Negev, including the Arava Valley, sand and dust storms occur 
mainly from February to May. Such storms carry several m illion tons of 
dust and sand over the Negev and are a potential hazard to the crops, espe­
cially to the quality of the fruit. This is still a major problem awaiting a 
technical s olution. 
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Winds 

The wind regime in the Arava Valley is different from that of the rest 
of the country. . The winds follow the direction of the valley and normally 
blow from the north and occasionally from the south. The average velocity 
is 20 Ion per hour, and cases of standstill or heavy wind storms are rare. 
In the Arava Valley windbreaks 25 mete rs high are used and are usually lo­
cated 40 to 50 meters from each other. These windbreaks were found to be 
a good means for reducing wind damage. In fields where no steps had been 
taken to break the force of winds, crop yields were r educed by 40 to 100 per­
ce nt depending on the crop, its growing stage and the location of the fie ld . 

Soils 

The Negev is comprised of many types of soils and those currently used 
in agriculture are sandy and loess (Fig. 17. 4). 

Sandy soils 

Sandy soils can be classified into three main groups: (1) coastal sand 
dunes found in area TI; (2) sandy regosols, a mixture of coastal sands and 
loess materials, area I, and (3) coarse des ert alluvium as found in ar ea 
VI- the Arava Valley. The advantages of these sandy soils for agriculture 
are related mainly to the ease with which accumulated salts can be leached 
out of the root zone. 

Loess soils 

Loess soils cover extensive areas in the Negev and appear in various 
mechanical gradations from sandy to clayey loesses. These soils are m ade 
of eolian deposits, the origin of which is not very clear. They are charac­
terized by a deep uniform profile and by their tendency to form impermeable 
crusts on the surface during rains. 

Water 

The main factor in the agricultural development of the Negev is water. 
Regarding the water resources, the Negev could be divided into two regions: 
the northern Negev which, at present, gets its water through the National 
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BRO WN, SHALLO W ROCKY DESERT SO ILS ("BI~OWN 

~ l.l TIIOSO LS"), LOFSS IAL AND LOESS IAL GRAY 
DF.SEkT SO l LS ( "LOf:SS IAL S I ERO ZEMS") 

m ROCK OLITCROPS , HAMMADAS AND SHALLOW ROCK Y 
DESERT SOILS ( ' 'DE S ERT LilliOSOLS'' ) 

D LOESSIAJ. GRAY DE SERT SO ILS 

D 
REf. SO [ LS , CRAV HLY SLOPE S (REGO I 0 ANU 
IIAJ.f.tAOO J D SLOPES) AND COARSE DESERT 
ALLUVIUM 

FRESHLY LA ID ALLUV I AL SOILS AND SAN D 
F I ELDS ( " SAN DY REGOSO LS" ) AND ARID 
BROWN SO I LS 

Jrnm SAND DUNES 

~ 
SALI NE SO l LS ( " SOLONCHAK SOILS") 

BROWN SHALLOW ROCKY DESERT SOILS AN D 
LOE SS TAL ARI D BROWN SO ILS 

I.OESSIAL ARID BROWN SO I LS 

Fig . 17 .4 . Soil map of the Negev, s ho wi n g t he main r egions: (f) coas tal str i p (northe rn Nel-{cv ); (11) IIU I'thwes tern p lai ns 
and footh ill s (nortlwrn Neg-ev); (lll) cen tra l highl ands (ce ntral N el-{ev ) ; (I V) lowe r ~~·dinwu to. II'Y Nege v (central 
Ne~ev); (V) ibrneous southern Negev (sou t hern Negev); (Vl ) t h e Amva. 

Source: Michael Evenari, Les lie Shanan, and Naph 1a li Tadrnur, ~cv: ' 0 1e Chal l e n ge or a IA·:.;e rt (Cambridge, 
Mass.: Ha rva rd Univers ity Press, 1971) p . 40. 
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Water Carrier from the north of Israel; and the Arava Valley which is de­
pendent on local water resources. 

In the Arava Valley, in spite of its being an extreme arid zone at pres­
ent, a large amount of water is accumulated in underground aquifers. A sur­
vey of water resources in the Arava Valley is presented in the data summa­
rized in Table 17. 3. 

TABLE 17. 3. Estimated Underground Water Stored in the Arava Valley 

Storage Water Quantities 
(million m3) 

Total underground storage 1300-1850 

Year recharge 10-65 

Yearly amounts to be·harvested for 30 year period 

under 600 mg chlorine per liter 25-35 
600 - 100 mg chlorine per liter 35-45 
1000 - 4000 mg chlorine per liter 33-44 
above 4000 mg chlorine per liter 2-4 

Water amount used in 1974 35 I 
I 

. I 

Source: Finkel and Finkel, Master Plan to the Arava Valley (Haifa, 
Israel: The Jewish Agency, 1974). ! 

l 
From Table 17. 3 one can see that 35 million m3 of water were used in 

1974 (see also Chapter 18, Table 18. 2). This amount is almost the entire Jquantity of relatively good·quality water potentially available. The yearly 
potential of water under 1000 mg chlorine per liter is estimated to range be­
tween 60 million to 80 million m3. This situation calls for an extensive u13 e 
of saline water for further agricultural development. 

Recently, a large aquifer of good quality water was found in the north 
of the Arava Valley (not included in Tabl~ 17. 3 totals). Two other sources 
are also currently being developed, namely, desalination mainly for drink­
ing water and recycling sewage water. These two sources are quantitative­
ly marginal at present. 

IRRIGATION 

The Past 

In ancient times human settlements flourished in the Negev. (4) Israeli 
scientists have drawn on tl1e past to reconstruct runoff collection systems. 
(5) The so-called microcatchment method, Negarin in Hebrew, is worth­
wh~le describing as a unique approach based on ancient Nabatean technology. 
Th1s method was suggested and experimentally carried out during the years 
1961 to 19G7. A typical microcatchment is schematically shown in Fig. 17. 5. 
(See Arava Valley example in Chapter 18.) It was found by Evenari , Shanan, 
and Tadmor tl1at, within certain limits, the smaller the catchment the higher 
the relative water yield per unit of surface area. (6) An area or 2. 5 hectares 
was chosen for microcatchments, reflecting a typical loess plain in the Ne­
gev highlands near Avdat. This area was divided into 117 microcatchments 
ranging in size from 16 to 1000 m2 . The average annual yield obtained in 
the microcatchments of saltbush (Atriplex halimus), a highly salt-resistant 
pasture plant, was 660 kg/ha fresh matter (400 kg/ha dry matter). This 
yield is equivalent to about 160 to 170 feed units per hectare wifu 40 kg pro­
tein per hectare. The control areas without tile microcatchments produced 
only 5 to 20 feed units per hectare under tile same conditions. It was also 
found that fuis irrigation method efficiently leached tile soluble salts down 
to a level which actually caused no hazards even to medium salt-resistant 
plants. After six years of irrigation the total soluble salts dropped from an 
average of l. 02 percent to 0. 08 to 0. 12 percent. 

Such mefuods, as ingenious as they are, cannot, of course, be tile basis 
of modern agriculture for several reasons. First, machinery cannot be ef­
ficiently used. Next, fields are very sparsely planted; fuus proper manage­
ment becomes a difficult task and requires a very high degree of skill. Fin­
ally, the cost of constructing microcatchments is economically unjustified. 
In other words, outdated concepts and techniques could not compete wifu 
modern cropping technology and practices and, therefore, could not support 
a modern standard of living. 
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a 
I 

I 
I 
b 

Fig. 17. 5. Top view and cross-section of a microcatchment (Negarin) plot. 
Arrows indicate direction of runoff flow. 

Source: 
a Desert. 

Evenari, Shanan, and Tadmor, The Negev: The Challenge of 

Modern Irrigation Methods 

Background 

About 90 percent of the 200 thousand hectares of irrigated land in I.srad 
is irrigated by pressure methods, mainly sprinklers, and some by drippl'n.. 
In general, these methods provide several basic technological advantage::; : 
(1) the amount of water and the application rate can be adapted to given fi 1•ld 
requirements and can be easily controlled; (2) the hydraulic network can IJv 
adapted to the shape and the topography of the plots to be irrigated; and (:I) . 
the operation of the systems is relatively simple. 

It should be emphasized that water in Israel is firmly controlled by the 
government through the 1959 Water Law. This law states that "water re ­
sources are public property, subject to the control of the State, to be used 
to provide for the needs of the population and the development of the country... 
(7) The princip~l responsibility-,for all the aspects of water supply is born <" 
at the national level by the Ministry of Agriculture and the executive auUwri ­
ty is vested in the Office of the Water Commissioner. Water allocation lor 
agricultural purposes is based on a system of annual license procurement 

Irrigation in Arid Zones 

by the farmer, using norms and maximum quantities of consumption related 
to the various agricultural crops. Such a central administration enables the 
efforts concerning all water aspects to be firmly directed and controlled. 
This is, perhaps, one of the main reasons that Israel has been able to de­
velop advanced irrigation technology and methods to face her demographic 
needs. 

Agronomical Aspects 

The general objective of irrigation is to control the water variable in 
the dry matter production process. This variable affects the dry matter 
production process through its influence on the crop water deficit. The water 
deficit develops in the crop as a result of the delay between water absorption 
by the roots and the evapotranspiration through the leaves. Normally, crop 
water deficits develop as a result of the gradual drying out of the soil. 

In arid zones, however, short-term transpirational water losses are 
even more significant in the development of water deficits than the gradual 
drying of the soil. The factors which affect the high amount of transpiration 
in arid zones, namely temperature, humidity, and radiation, are also those 
which can result in record high dry matter production rates and, consequent- . 
ly, crop yields . This can only be achieved if other variables such as water 
and nutrients are maintained at sufficient levels. The sandy soils, which 
are preferred for agriculture in arid zones for reasons previously discussed, 
are characterized by low water and nutrient storage capacity. The proper­
ties of the sandy soils call for frequent water and fertilizer applications in 
order to maintain optimal levels, requiring a fresh approach and a high de­
gree of sophisticated irrigation technology. 

Surface irrigation cannot be used efficiently to solve the problem of fre­
quent irrigation. Using the border and furrows methods, if at all possible, 
would require highly excessive quantities of water. Sprinkler irrigation, 
in principle, can be applied as frequently as required. Howeve r, when the 
irrigated water is saline, as is normally the case in the Arava Valley at 
present (and it will be more likely in the future), sprinkler irrigation cannot 
beirequently practiced because of leaf burns Wfncfi resUlt m considerable 
yield losses. The method of drip irrigation is ideally suited to the combi­
nation of hot weather, sandy soils, and saline water. It is, the refore, due 
to the development of drip irrigation that modern agriculture has been made 
possible under such unfavorable conditions as exist in the Arava Valley. 
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Drip Irrigation, Theory and Practice 

Drip irrigation is basically a controlled furrow irrigation method. The 
water flows through a plastic pipe into which equally spaced water emitters 
are introduced. As a result, the soil water distribution along the line is 
made up of a series of wetted circles as can be seen in Fig. 17. 6. The wet­
ted volumes, characteristic in drip irrigation, are of onion shape (Fig. 17. 7). 
The dimensions of the "onions" depend on the type of soil, the flow rate or 
discharge of the emitter, and the amount of water applied. During the watet· 
application, the soil is saturated close to the emitter. The soil moisture 
gradually decreases radially due to the soil diffusivity and conductivity and 
due to the gravitational force. Generally, the diameter of the wetted soil 
increases with the discharge of the emitter and with the decrease of infiltra­
tion capacity of the soil. The depth of tho wetted soil volume increases with 
the increase of both the quantity of water applied and the infiltration capacity 
of the soil. The latter depends mainly on the soil texture. 

The wetted volume characteristics of the drip irrigation method are pre­
sented in Fig. 17. 7. As can be seen in this figure, optimal conditions fo r 
root growth exist only in zone B in which the soil is moist and well aerated. 
In zones A and C, however, root growth conditions are poor because of ex­
cessive wetting or even saturation and high salt accumulation conditions, re­
spectively. Experiments show that the root density in the onion-shaped wet­
ted volume follow these three zones, and in zone A very few roots have been 
found. 

Drip irrigation has further advantages over other methods as far as the 
efficiency of water distribution in the soil is concerned. Efficiency of an ir­
rigation method can be defined as the ratio between the water available to 
the roots and the total amount of water applied. The losses of water are 
caused mainly by wind, evaporation, and deep percolation below the root 
zone. Since drip irrigation wets the soil directly, wind drag losses are en­
tirely eliminated. Evaporation is reduced because only a small portion of 
the soil surface is wetted. Deep percolation is still a problem, but it can be 
partly controlled and diminished by frequent and low-rate application. For 
a given amount of water, when compared to furrow irrigation methods, the. 
deep percolation due to the drip method is significantly smaller, since the 
uniformity of soil wetness along laterals is higher. 

Consequently, drip irrigation can be regarded as a very efficient means 
of irrigation, particularly when applied in the Arava Valley. The resulting 
success of the drip irrigapon methods and its advantages over sprinkler and 
furrow irrigation in the Arava Valley can be seen in Tables 17. 4 and 17. 5. 
Table 17. 4 presents the results of an irrigation experiment conducted in the 
Arava Valley during the growing season from September to December. They 
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Fig. 17. 6. Typical view of drip ir rigated fie ld in the Arava Va lley. 

A - Execessively wetted zone. 

8 - Well aerated moist zone . 

C -Salt acc ummulation zone. 

F i g. 17 . 7. Sche m a tic representation of typical zones i n the 
onion-shaped volume wetted by an emitter 

with drip irrigation. 
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TABLE 17. 4 Effects of Irrigation Methods on Muskmelon Yields 

Yield (tons per hectare, t/ha) 
Irrigation Methods Total Export Grado 

Sprinkler 23.8 . 13.0 

Furrows 24.2 16.7 

Drip 43.0 35.0 

Source: D. Goldberg, B. Gornat, and D. Rimon, Drip Irrigation (Kfar 
Shmaryahu, Israel: Drip Irrigation Scientific Publication, 1976). Publi!lhud 
with permission. 

TABLE 17. 5 Effect of Irrigation Methods on the Yield of 
Tomatoes and Cucumbers 

Arava Valley El Arish (Coastal Sand DuneH ) 
Growing Season Yield (t/ha) Growing Season Yield (t/ha) 

Drip Sprinkler Drip Sprinkle 1 · 

Tomatoes Sept. -March 65.3 39.0 Sept.-March 79.0 30.0 

Cucumbers Nov. -Feb. 39. 0 0 Apr.-June* 1.5 3.6 

* Summer growth - out of season in this region 

Source: D. Goldberg, B. Gornat, and D. Rimon, Drip Irrigation (Kfa1• 

Shmaryahu, Israel: Drip Irrigation Scientific Publication, 1976). Published 
with permission. 
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show that under drip irrigation the yields of muskmelons were essentially 
doubled when compared to the other irrigation methods. The quality of the 
muskmelons, as measured by their export grade, was even more responsive 
to drip irrigation than the total yields. 

The advantages of drip irrigation over the sprinkle r irrigation method 
in other ve getable crops is demonstrated by the experimental results from 
the two main regions in the Negev as presented in Table 17. 5. The yield of 
tomatoes was significantly higher under drip irrigation than under sprinkler 
irrigation in both regions. Under sprinkler irrigation with saline water in 
the Arava Valley, no yie ld of cucumbers was harvested, since the leaves of 
this crop a r e very sensitive to saline water. (See Chapter 13 for a discus­
sion of this topic.) 

. The extreme conditions of high radiation flux and temperatures, sandy 
soils, and saline irrigation water call for a highly controll ed intensive ag­
riculture. In: practice, this means daily irrigation using the ddp method 
and daily fertilizer application, mostly nitrogen, with the irrigation water. 
The overall result is relatively high yields during seasons when normal ag­
riculture is practically dormant because of the weather. Typical average 
yield results in the Arava Valley, compared with the average yield received 
in the north of the country, are presentee! in Table 17. 6. 

From Table 17. G one can see that several crops, denoted by dashes in 
the last column, are grown and marketed exclusively in th e Arava Valley 
during the late autumn and winter and, thus, provide considerable economic 
advantage. For others, the average yields in the Arava Valley are greater 
than those achieved in other zones (late autumn tomatoes and trellising to­
matoes). For onions, both sprinkler and drip irrigation systems are used. 
The yields achieved clearly favored the drip irrigation syste m, although 
sprinkling provides some operational advantages and requires lower capital 
investment than dripping. 

Drip Irrigation, Technology 

Drip or trickle irrigation is a system for supplying water and fertilizers 
directly to the soil. Wate r and fertilizers are delivered through an extensive 
pipe network to each plant by emitters. The emitters dissipate the pressure 
in the pipe by means of either small orifices or long paths. These pressure­
reducing means allow for small discharges of only a few lite rs per hour. 
Figure 17. 8 shows a long spiral path emitter of two liters per hour, common­
ly used in drip irrigation systems. 

A typical drip irrigation system is shown in Fig. 17. 9 consisting of the 
following main components: water supply source, control head, main pipe, 
submain pipes and laterals with emitters. 
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Control Head 

The control head is comprised of water metering devices, valves , au to­
matic flow rate and pressure controllers, filter and a fertiliz e r tank (Fig. 
17. 10). The filter is installed as a result of one of the main problems of 
the drip system, emitter clogging. As mentioned above, all types of emit­
ters are made up of small water passages which require water free of tJ ut> ­
pended solids. This is accomplished by filters of various types such a:; grav­
el packs, screens, vortices and othe rs. The filters have to be cleaned 
regularly, and this is done either m anually or automatically. In many ca:;u11 
mechanical filtration is not sufficient to prevent clogging. In these ca:;e:;, 
a chemical washing is applied through the entire piping network using diff1:r­
ent soluble acids . However, all of these devices do not solve the problen 1 

of clogging entirely, and the problem still remains. 

Main Pipe 

The main water supply line connects the water source to the subm a intJ 
through the control head. Its diameter varies from 75 mm to 200 mm (:1 to 
8 inches), according to the total discharge to be de livered; it is usually uu 1·­

ied under the soil surface. 

Submains 

The submain lines connect the main line to the laterals, usually laid 
on the surface. In most systems an automatic water m etering valve is in­
stalled near the main line. This automatic valve enables the se tting of a 
predetermined amount of water to be applied through a group of later al:;, 
all irrigating at the same time and connected to this submain. The diam eterH 
of the submains vary from 50 mm to 100 mm (2 to 4 inches), and they are 
usually made of plastic. 

Laterals 

Laterals are the. pipes which include the emitters and ar e r esponsible 
for distributing the water in the field. Depending on the crop a nd its spac­
ing along the row, laterals are commonly placed along the row in the arr an ge­
ments shown in Fig. 17. 11. Type one is commonly used for vegetables, 
while types two through four are mostly used for orchards. The spacings 
between the laterals vary from 0. 5 meter to 2. 0 meter for vegetables to a 
few meters long for orchards. 

The lengths and the diameters of the laterals are determined by the 
following contradictory considerations: to provide maximum discharge 

Irrigation in Arid Zone s 

Fig. 17. 10. Sc· he matic d iagram of contro l head fo r dri p sys te m. 
Source : l s l'ae l Cente r of Waterworks App lia nces , Te l Aviv: 11\e Standards Institute o f l tHae l , l 91i9. 

l 
! ' A SING LE STRA IGHT LI NE FOR 

EACH ROW . 

DOUBLE LATERA LS FOR EACH ROW . 

ZIGZAG SINGLE LATE RAL . 

Planl Emitt e r 

.o.~o.o.a.o.o.o. o ,a.o. 

.o. a .o.o.o.o.o.o.9 .a .a. 
lateral 

Plant Emitter lat e ral.\ . • fl( • • . .' . .0 0 0•o•• o. 

lateral 

Sublateral 

SUBLATERALS CONNECTED TO A SINGLE @@J@@
LATERAL SURROUNDI NG A TREE . 

Fig. 17 . ll . Com mon layouts of drip la terals. 
Source : D. Karmeli and J . Ke lle r, Tr ickle Irr igation Design (Glendora, Calif. : 

Rain Bi rd Spr inkle r Manufacturing, 1975), used with pe rmission of Rain Bir d Sprinkle r 
Manufac turing Corp. Copyright U.S. A. , 1975 by Rain Bir d Sprinkle r Ma11ufac turing Co rp. 
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uniformity of water distribution along the lateral, and to minimize the cost 
of the system. Thus, it requires an appropriate hydraulic design, as will 
be explained. 

The uniformity of discharges along the lateral, the main factor of an 
irrigation system, depends on the length, diameter, and material of the pipe 
and the topography along it. Pressure head decreases with the length of a 
given pipe line and can be calculated by multi-exit pipe hydraulic formulas 
such as: Heizen-Williams, D'Arcy-Weisbach and Chezy, adapted to multi­
exit pipes by coefficients which depend on the number of the exits. (8) There­
fore, the flow rate of an emitter depends on its location on the lateral meet­
ing the following equation: 

Q(X) = CA[ 6.H(X)] m 
where: 

Q(X) = the flow rate of an emitter located at the distance X from the be­
ginning of the lateral 

C = a coefficient which depends on the type of the emitter 
A = the area of the exit 
H(X) = the difference between the pressure head existing at the X loca­

tion and the atmospheric pressure 
m = a coefficient, the values of which range from 0. 5 to 1. 0 

Typical flow rates as a function of pressure heads are shown in Fig. 
17. 12. In order to control the uniformity of flow rates along the lateral, 
one must minimize the difference between the pressure heads at the begin­
ning and the end of the lateral. In Israel the most common practice is to 
limit the flow rates along the lateral to the range of 90 percent, that is, 
Qe..? 0. 9 QJ) by meeting the constraint of He? 0. 85Hb where~. ~. He and 
Hb are the flow rates and pressure heads at the end and the beginning of the 
lateral, respectively. 

It is therefore clear that for a given length of a lateral, the larger the 
diameter the better the uniformity of flow rates. But, at the same time, the 
cost of the lateral increases with the diameter. As a result, optimal lengths 
of laterals are called for in order to maintain the flow rate uniformity lim­
its achieved by minimal lateral diameters. A typical design data for recom­
mended lengths of 12 mm (1/2 inch) diameter lateral is presented in Table 
17. 7 for two emitter types and various emitter spacings along the lateral. 
The lengths of laterals in Table 17. 7 maintain the flow rate uniformity con­
straint of Qe~ 0, 90 ~mentioned above. Detailed nomograms, graphical 
aids) and computerized routines for lateral calculations are available for 
the designer. (9) ,_ 
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Pressure head 

Q) 
Q).... ... 

(Q 
20 co... ... 

~ 
0 

u.. 
10 

Pressure 

Fig. 17. 12. Flow rate as a function of pressure head for various long path 
emitters (drip irrigation). 

Source: D. Karmeli and J. Keller, Trickle Irrigation Design (Glendora, 
Calif.: Rain Bird Irrigation Manufacturing Corp. , 1975), used wi th permis­
sion of Rain Bird Sprinkler Manufacturing Corp. Copyright U.S. A. , 1975 
by Rain Bird Sprinkler Manufacturing Corp. 

Emitter 

Many different types of emitters are available. All of the.,!!l dissipate 
pressure heads so as to achieve small flow rates ranging from 2 to 15 lph 
(liters per hour). The mechanisms for reducing pressure heads are differ­
ent: long spiral path, orifice, vortex orifice, twin wall tubing and porous 
tubing. The latter is made of a porous material through which water leaks 
into the soil. A long spiral path 2 lph emitter is prese nted in Fig. 17. 8 as 
previously discussed. 
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TABLE 17. 7. Recommended Lengths of 12 mm Diameter Laterals 
(In Meters) 

Flow rate of Spacing between Laterals (m) 
emitters (liters per hour)* 0.5 0. 6 0.75 1. 00 1. 25 1. 50 2.00 

2 45 50 60 80 90 110 140 

4 25 30 35 40 50 60 no 

* At pressure head of 10m (H20). 

Operational Considerations 

The irrigation regime for a given field is determined mainly by the crop 
requirements. These requirements vary during the growing season of the 
crop according to the growing stage, the depth of the main root zone, soil, 
and climatic conditions. Once the hardware of the system (that is, the type 
of emitter, the lateral spacing, length and diameter) are determined, the 
irrigation regime can be controlled by (1) the amount of water per applica­
tion, (2) the emitter flow rates by varying pressure head, and (3) time in­
tervals between applications. 

The second factor above is rarely used, while the other two are the main 
decision variables to be altered from time to time. The amount of water is 
automatically controlled by means of the metering valve. The third decision 
variable, the time intervals, involves additional considerations related to 
the degree of the portability of the laterals. With regard to portability, 
three types of drip systems are commonly used: stationary, semiportable, 
and fully portable laterals. A stationary lateral system is one in which lat­
erals are not shifted during the irrigation season. A semiportable system 
refers to a technique by which laterals and sublaterals are manually moved 
only a few times from one place to another. With the fully portable system 
a group of laterals is dragged manually, or mainly by a tractor, along the ' 
crop rows. When short time intervals (one to three days) between applica­
tions are required, stationary laterals are preferred. For longer intervals 
the semiportable and the fully portable systems can be used. All of these ' 
techniques are practiced where labor-cost exchange considerations deter­
mine which one should be applied. 

Irrigation in Arid Zones 

l 
CONCLUSION 

In the Arava Valley there are at present about 20 kibbutzim and mosha­
vim. Their agricultural production activities are comprised of livestock,l 

! orchards, vegetable crops, corn and animal food crops. 
Table 17. 8 demonstrates the high level of agricultural intensity achieved 

in the Arava Valley and presents a production plan for three kibbutz settle­
ments near Elat for the year 1973 which was to be carried out by 180 fami­
ly units. This plan required 6 million m3 of water, 750 thousand m3 of which 
were recycled sewage water. 

From Table 17. 8 one can see that 6 million m3 of water is required to 
irrigate the 575 hectares of land. About 90 percent of the income is derived 
from irrigated crops of which 73. 1 percent are vegetables. The yearly 
amount of water per hectare, 10,500 m3 in the Arava Valley , is about the 
same as for the rest of the country. Another measure is the amount of wa­
ter per family unit per ear, the valu~of which is 33 thousand mS for both 
th va a ley and the state's average. A significant diffe rence arises 
concerning the gross income. The annual average gross income per urban 
employee family in Israel was 17,500 I li for the year 1973. (10) The plan 
in Table 17. 8, however, presents an annual gross income of 24,890 It; for 
that year in the Arava Valley, which is 42 percent higher than the state's 
average. 

The Arava Valley presents extreme arid zone conditions imposing se­
vere difficulties on human existence. However, as far as agriculture is con­
cerned, it has been definitely proven that these extreme conditions provide 
significant advantages and enable a modern high standard of living when wa­
ter is available and appropriately used. 

Eve n though Israel is unique in type of settlers, efforts directed toward 
the development of its arid zone by governmental agencies and other factors 
make the conditions as well as the technological difficulties and solutions 
and the economic successes presented here sufficient to arouse interest, 
especially of planners who must face similar conditions . 
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TABLE 17. 8. Production Plan of Three Kibbutz Settlements 
near Elat, 1973 

Level Income (lli)
a 

Activity (%) 
Unit Amount Per Unit Total 

Cows head 300 790 237,000 
Calves head 308 320 98,560 
Eggs 10,000 490 300 147,000 

Total livestock 482,560 10. t! 

Palm trees hectare 21 8,500 178,500 
Other orchards hectare 64 8,500 544,000 

Total orchards 85 722,500 (16. 1) 

Vegetablesb hectare 170 12,000 2,040,000 
Onions hectare 210 4,750 997,500 
Muskmelons hectare 15 7,200 108,000 
Corn hectare 50 2,600 130,000 

Total row crops 445 3,275,500 (73. 1) 

Animal food crops hectare 45 _c -c 

Total irrigated crops hectare 575 3,998,000 89.2 

Total 4,480,560 100.0 

a JJ;is Israeli pound, 1 Iii =0. 25 U.S. dollar. 

b Tomatoes, cucumbers, eggplants and peppers. 

c Included in livestock income. 

Source: A Proposal for Developing Agricultural Settlements in the 
Arava Valley (Tel Aviv: Israel Ministry of Agriculture, 1973). 
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NOTES 

(1) W. Koppen and R. Geiger, Hanclbuch der Klimatologie (Stuttgart: 
Gcbruder Borntraege, 19:10), and C. W. Thornwaite, "An Approach 
Toward a Rational Classification of Climate," Geographical Review 
38 (1948), pp. 5G-94. 

(2) Michael Evenari, Leslie Shanan, and Naphtali Tadmor, The Negev: 
The Challenge of a Des~!J:_(Cambridg·e, Mass.: Harvard University 
Pre:;:;, 1!:171), pp. :5::! -:J:J. 

(3) G. Stanhill, "Solar Radiation in Israel," Bulletin of the Israel Research 
Council llG (1962), pp. 34-41. 

(4) Evenari, Shanan, and Tadmor, p. 33. 

(5) Ibid. ' p. 40. 

(6) Ibid., p. 220-228. 

(7) S. Arlosoroff, Irrigation Equipment and Methods - Trends and Fore­
cast (Tel Aviv: United Nations Food and Agriculture Organization, 
197 6). 

(8) A. Benami, "New Heaclloss Table for Sprinkler Laterals, " Proceed­
ings of American Society of Civil Engineers 94, (1968), 185-197. 

(9) D. Karmeli and J . Keller, Trickle Irrigation Design (Gl e ndora, Calif.: 
Rain Bird Sprinkler Manufacturing Corporation, 1975); and D. Goldberg, 
B. Gornat, and D. Rimon, Drip Irrigation (Kfar Shmaryahu, Israel: 
Drip Irrigation Scientific Publication, 1976), p. 32. 

(10) Statistical Abstracts of Israel , No. 24 (Te l Aviv: Israel Central Bu­
reau of Statistics, 1973), p. 345. 
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