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chapter 5: Irrigation

Today, because of increasing population and demand of food, the mobilisation of land and
water resources is proceeding fast. The development of irrigation is especially dynamic
because it is often the most important factor for increasing agricultural production. For
example only 30% of the cultivated area in the Near East countries is irrigated, but produces
about 75% of the total agricultural production (See also chapter 1, water withdrawal).

5.1 Water in agricultural production

5.1.1 livestock farming (WBGU 1997)

The water qualities required in livestock farming depend on the water turnover of the
respective species and the weight of the individual animal. As a rule, very high salt
concentrations in livestock water may induce physiological stress or even the death of an
animal. Guidelines issued by the National Academy of Sciences in the USA permit a basic
classification of salt tolerances for water given to livestock an poultry (table 5.1)
This values and the guideline for maximum level of toxic substances in livestock water
(table5.2) are partly based on the WHO drinking water guidelines, but allows much higher
values for other substances (arsenic, selenium, aluminium). In contrast to the drinking water
standards, there are no guidelines for irrigation or livestock water that include contaminant
groups such as organic trace substances and pesticides.

Table 5.1: Suitability of saline water for cattle.
(WBGU 1997)

salt concentration suitability/ problems

<1,000 mg/l suitable without restriction for
livestock and poultry

1,000-3,000 mg/l
well-suited for livestock and
poultry after adaption

3,000-5,000 mg/l

still suitable for livestock 
needs
after long-term adaption,
less suitable for poultry, high 
mortality, low growth

5,000-7,000 mg/l
restricted suitability for some
animal species such as sheep 
and pigs

Table 5.2: Maximum values recommended by the National
Academy of Sciences, USA, for metals and salts in water

drunk by cattle (WBGU 1997)

Substance Concentration
[mg/l]

Substance Concentration
[mg/l]

Aluminium 5 Lead 0.1
Arsenic 0.2 Mercury 0.001
Boron 5 Nitrate 90
Cadmium 0.005 Nitrite 10
Chromium 0.05 Selenium 0.05
Cobalt 1.0 Vanadium 0.1

5.1.2 Irrigation

The suitability of water for irrigation purposes cannot be assessed on the basis of a common
standard, but instead must be subjected to a differentiated analysis of the specific climate,
soil properties, crop plants, irrigation methods and irrigation management, as well as the
available water supply. Irrigation water is taken from surface waters (rivers, lakes, reservoirs)
or groundwater (wells, springs). In addition, wastewater or brackish water with a salt
concentration of up to 2,000 mg/l and more is used.
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 Physical properties
Water containing coarse suspended particles such as gravel or sand is unsuitable for
irrigation. Negative consequences can be avoided by means of simple collecting and filtering
devices. Suspended matter has a potentially fertilising effect on the soils. The sealing effect
of small suspended particles in irrigation channels may also be desirable, although the
related siltation of reservoirs can represent an additional cost factor.

If the temperature of the irrigation water is too low (< 15 °C), slower plant growth and
reduced yield may result. A water temperature of approx. 25 °C is regarded as optimal for
most crops. Temperature- sensitive crops, such as beans, melons and rice, produce lower
yields even when water temperatures fall to below 20 °C .

 Chemical properties
The concentration of dissolved salts is one of the main properties determining the quality of
irrigation water, and is a crucial factor determining the suitability of the water for the
respective crops. Irrigation water already contains dissolved salts as a result of
weathering processes and the percolation of water through rock and soils. Natural salt
concentrations vary considerably around the world, depending on the geology of the
catchment area and the local climate (Table 5.3). Due to the osmotic pressure, enhanced
salinity makes it more difficult for plants to take up water from the rooting zone. Salt
concentration in irrigation water is measured in terms of electrical conductivity (in µS/cm).
Yields of salt-sensitive crops, such as beans or apricots, decline by 25% at salt
concentrations with a conductivity of over 2,000 µS/cm (or approx. 1 g of dissolved salts per
liter of water). In recent decades, various standards that take account of the salt tolerance of
the plants and the soil conditions have been developed for salt concentrations in irrigation
water.

Table 5.3: Salt concentrations in freshwater bodies world-wide. (Source:(WBGU 1997))

freshwater body salt concentration [mg/l]
Rain 1-10
Rivers 1-10,000
Streams 100-1,000
Lakes with outflow 10-10,000
Lakes without outflow 1,000-700,000

Another irrigation problem concerns the clogging and compaction of soils by calcium
leaching when there is an overabundance of sodium. This, too, can cause reduced yields
due to shortages of air, water and nutrients, and may greatly impair tillage operations. The
sodium adsorption ratio (SAR) of the water is used to assess this risk (Table 5.4). With the
help of this key empirical index, it is possible to fore- cast the extent to which sodium ions are
exchanged in the soil for calcium and magnesium as a result of the water input. When the
sodium adsorption ratio rises, so does the risk of cation exchange and the resultant damage
on soil structure.
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Table 5.4: Water quality assessment for irrigation. (WBGU 1997)

Irrigation problems
none increasing severe

Salinity EL [mS/cm] <0.75 0.75-3.0 >3.0
Sodium adsorption value low medium high

Boron [mg/l] <0.75 0.75-2.0 >2.0
Chloride [mmol/l] <4 4-10 <10
Sodium low medium high

<5 5-30 >30
Bicarbonate [mmol/l] <1.5 1.5-8.5 >8.5
unusual pH value

Damage to crops

normal range 6.5-8.5

Nitrate or
ammonium nitrogen [mg/l]

The toxicity of irrigation water is primarily determined by the concentration of boron,
chloride and sodium. An excessive concentration of nitrogen (as nitrate or ammonium)
enhances vegetative growth, promotes blade storage and delays maturity. Com- pared to the
WHO guidelines for drinking water, the maximum acceptable concentrations of metals in ir-
rigation water recommended by the FAO (Table 5.5) are twice as high for some metals (e.g.
arsenic, cadmium, chromium),but may be 10 times (lead, iron) or up to 25 times higher
(aluminium).

Table 5.5: Recommended maximum concentrations of toxic substances in irrigation water

 for continuos irrigation systems.(WBGU 1997)

Substance Concentration
[mg/l]

Substance Concentration
[mg/l]

Aluminium 5 Lead 5
Arsenic 0.1 Lithium 0.2
Boron 0.75 Manganese 0.2
Cadmium 0.01 Molybdenum 0.01
Chromium 0.1 Nickel 0.2
Copper 0.2 Selenium 0.02
Iron 5 Zinc 2

  Biological properties
The hygienic condition (germ count) of the water is of key importance for irrigation. Because
of the risk of spreading pathogens capable of reproduction, wastewater polluted with human
or animal excrement may be used only after mechanical and biological purification for the
irrigation of certain crops, such as fodder turnips, sugar beet oil seeds.



environmental techniques in rural areas

5-4

5.2 Wastewater reuse (Angelikasis, Monte et al. 1999)

In the Mediterran basin, wastewater has been used as a source of irrigation water for
centuries. In addition to providing a low cost water source, the use of treated wastewater for
irrigation in agriculture combines three advantages:

- fertilising properties (fertirrigation), reduction of synthetic fertilizers
- increase of the available agricultural water sources
- possible reducing the need for expensive tertiary treatment

However, wastewater is often associated with environmental and health risks. It is necessary
to take precautions before reusing wastewater.

The first element to be evaluated before reusing wastewater is the quality of water in
terms of the presence of potentially toxic substances or of the accumulation of pollutants in
soil and crops (not only heavy metals, but also synthetic chemicals in urban wastewater; e.g.
oils) . Another aspect to be assessed in order to guarantee a correct hygienic use of
wastewater is the presence of colibacteria and pathogenic bacteria and viruses in general.

There is no consistent regulatory world-wide. The alternative regulatory practicies
governing the use of reclaimed wastewater for irrigation are best illustrated by the major
microbiological quality guidelines from WHO and the State of California. (Table 5.6).

WHO and California
California and the providers of technology usually promote very high water quality standards
(comparable to drinking water), confident that the most expensive technology provides safe
enough water for who can afford it. The california criteria stipulate conventional biological
wastewater treatment followed by tertiary treatment, filtration and chlorine disinfection to
produce effluent that is suitable for irrigation. Food crops that were irrigated with municipal
wastewater reclaimed according to the California approach could normally be consumed
uncooked without adverse health affects. However, the nutrients removed by the tertiary
treatment are not available for fertilizing.

The WHO on the other hand, call for epidemiological studies to defend the less
stringent WHO quality guidelines. They say that the microbiological water quality
requirements can be met by a series of stabilisation ponds.

Microbiological monitoring requirements also vary: the WHO guidelines require
monitoring of intestinal nematodes whereas the California criteria rely on the required
treatment systems and the sole monitoring of the total coliform count to assess
microbiological quality. Similarly, the U.S. EPA criteria emphasise faecal coliforms removal.

Pathogens are difficult and expensive to monitor. Therefore, the WHO guidelines,
prepared keeping the needs of developing countries in mind, only prescribe a limit for faecal
coliforms (< 1000/100 ml) and intestinal nematodes (< 1/l). As a consequence, the whole
argument about standards revolves around the validity of such limits as a sufficient
guarantee of safety for the water used in irrigation. A large part5 of the answer lies in the
treatment requirements associated to the limit values.
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Table 5.6: Comparision of the microbiological quality guidelines and criteria for irrigation by the WHO

(1989), the U.S. EPA (!992) and the state of California (!978) (Angelikasis, Monte et al. 1999)
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 Cyprus
The provisional standards of Cyprus (table 5.7) are stricter than WHO guidelines, but also
someway apart from California regulation philosophy.

Table 5.7: provisional quality criteria for irrigation with reclaimed wastewater in Cyprus

(Angelikasis, Monte et al. 1999)

Irrigation of BOD (mg/l) SS (mg/l) Fecal coliforms 
(MPN/100 ml)

Intestinal 
nematodes ( /l)

Treatment and disinfection

10a 10a 50a nil Tertiary and disinfection
15b 15b 100b

(A) 20a 30a 200a nil
     30b 45b 1000b

(B)- - 200a nil
1000b

Fodder crops (A) 20a 30a 1000a nil
     30b 45b 5000b

(B)- - 5000a nil

Industrial crops (A) 50a - 3000a - secondary and disinfection
     70b - 10000b -
(B)- - 3000a -

10000b -

Amenity areas of 
unlimited public 
access

Secondary, storage > 1 
week and disinfection or 
tertiary and disinfection

Crops for human 
consumption. 
Amenity areas of 
limited public 
access

The irrigation of vegetables is not allowed. The irrigation of ornamental plants for trade purposes is not 
allowed and no substances accumulating in the eatable parts of crops and proved to be toxic to humans or 
animals are allowed in effluent. A These values must not be exceeded in 80% of samples per month.
 b Maximum value allowed

Stabilization maturation 
ponds with total retention 

time >30 days or secondary 
and storage > 30 days

Stabilization maturation 
ponds total retention time > 
30 days or secondary and 

storage > 30 days

secondary and storage > 1 
week or tertiary and 

Stabilization maturation 
ponds total retention time > 
30 days or secondary and 

storage >30 days

Israel
In Israel about 92% of the water is collected by municipal sewers. Subsequently 72% is used
for irrigation (42%) or Groundwater recharge (30%). Cost-benefit analysis indicates that
reclaimed wastewater is a very low cost source of water in Israel.
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table 5.8: Criteria for the reuse of wastewater effluent for irrigation in Israel

(Angelikasis, Monte et al. 1999)

Parameters
A B C D

Effluent quality
BOD5 total (mg/l) 60a 45a

35 15
BOD5 dissolved  (mg/l) - - 20 10
Suspended solids (mg/l) 50a 40a 30 15
Dissolved oxygen (mg/l) 0.5 0.5 0.5 0.5
Coliforms counts ( /100 ml) - - 250 12 (80%)

2.2 (50%)
Resid. avail. chlorine (mg/l) - 0.15 0.5

Mandatory treatment
Sand filtration or equivalent - - required

- 60 120

Distances
From residential areas (m) 300 250 - -
From paved road (m) 30 25 - -

Unrestricted crops, 
including 

vegetables eaten 
uncooked (raw), 
parks and lawns

Chlorination (minimum 
contact time, min)

a Different Standards will be set for stabilization ponds with retention time of at least 15 days. b Irrigation must 
stop 2 weeks before fruit picking; no fruit should be picked from the ground.

Group of crops/main crops

Deciduous fruitsb 

conserved vegetables, 
cooked and peeled 
vegetables, green 
belts, football fields 

and golf courses

Gren fodder, 
olives, peanuts, 
citrus, bananas, 
almonds, nuts, 

etc.

Cotton, sugar 
beet, cereals, dry 

fodder, seeds, 
forest irrigation, 

etc.

comparision
Wastewater reuse guidelines typically cover 4 areas for each application ( e.g. type of crop
irrigated): chemical standards, microbiological standards, wastewater treatment processes
and irrigation techniques.

In general, irrigation systems are categorised according to the potential degree of
human exposure. The highest degree of treatment is always required for irrigation of crops
that are consumed uncooked.

A brief comparison of criteria ( maximum limits) for waste water reuse is given in
table 5.9.



environmental techniques in rural areas

5-8

Table 5.9: Comparison of criteria (maximum limits) for the irrigation of crops consumede by humans

with reused wastewater. (Angelikasis, Monte et al. 1999)
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5.3 Irrigating crops: calculation method (Dupriez and Leener 1992)

The calculation method given here allows the grower to determine watering applications and
frequencies from day to day. There are three stages in the operation:
- establishing the data;
- working out the irrigation plan from these data;
- the daily follow-up of the watering schedule.

Collecting the data on which the calculations are based is not always easy, especially for
evapotranspiration.
The basic principle of irrigation method described here is: the actual moisture contained in
the soil never drops below half the useful capacity (table: 5.6). As soon as the moisture
reaches this level, it has to be irrigated.

Following aspects have to been taken into account:
- the volume of soil devoted to the crop and especially the rooted soil, as well as its

characteristics such as texture, structure and porosity;
- root spread;
- the periods of sensitivity and of high water consumption in cultivated plants.

These characteristics – very changeable as regards plants, less as regards the soil – as well
as atmospheric temperature, wind, atmospheric moisture, exposure to sun, and so on,
determine evapotranspiration with its two component features:
- evaporation on the ground surface;
-  transpiration which depends on the biomass activity of the plants in a given plot.

Measuring evaporation is not too difficult whereas measuring evapotranspiration is a
complex procedure.
We must also measure rainfall and know the natural movements of rain water – only water
infiltrating the ground and remaining in the rooted layer is directly useful to crops.

Where irrigation is concerned, we need to make sure that all the water falling on the
plot actually infiltrates. Water running off the plot is not taken into account when water
balances are calculated.

5.3.1 effective stock and useful water capacity of a soil

After a good watering, the soil is saturated. The useful stock of water reaches its maximum.
The water stock available to the plants is equal to the useful capacity or maximum useful
stock. Afterwards, the plants and the air take up water from the ground. The effective stock
gradually dwindles. The difficulties arise when the effective stock runs low, hence the
importance of not letting it drop below the level, fixed somewhat arbitrarily, of half the
effective stock.

Plants can only take up free water (moving freely in the soil pores by the action of
gravity) and fixed water (retained in the soil by capillary attraction and surface tension), if
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suction forces exerted by the roots are greater then retention forces by the soil, but not
trapped water.

Table 5.10 gives information on the useful capacity (free water and parts of fixed water) of
different soil.
The maximum effective stock is the useful capacity referring to the root zone depth.

Table 5.10: useful capacity of some types of soil (Dupriez and Leener 1992)

pure sand sandy-clayey soil loamy soil clay loam pure clay

useful capacity 
[% of the 
weight of 

saturated soil]

2-3 3-6 6-8 8-14 13-20

useful capacity 
[mm Water / m 

soil depth]
30-50 40-100 60-120 90-210 190-300

* 1mm/m² =1l

5.3.3  The depth of soil to be watered

The depth of soil to be watered depends on the roots of the cultivated plants. Two points
must be examined:
- the actual depth of the roots at a given time of the life cycle;
- the usual depth of the roots of a mature plant growing in loose, well-drained soil. Irrigation

must aim at promoting this normal growth.

As with this pragmatic method, a soil layer
25% deeper than the roots has to be
moistened.
Table 5.11 lists the depth of the roots of
some plants when they are fully
developed.

Table 5.11: Depth of the root system

of cultivated plants

(Dupriez and Leener 1992))

Species
depth of the
 root system 

[cm]
Cabbage 40-50
Lettuce 30-50
Onion 30-50
Cauliflower 30-60
Potato 40-60
Bean 50-70
Rice 50-70
Carrot 50-100
Pea 60-100
Chillies 50-100
Tomato 70-150
Sweet potato 100-150
Melon 100-150
Cotton 100-170
Maize 100-200
Sorghum 100-200
Sugar cane 100-200
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When water is scarce and irrigation costly,
it is interesting to follow root growth step
by step, in order to avoid wastage. It
should be also considered that roots are
much denser in the top quarter of the
volume of soil. So, water can be used
more efficiency (see figure 5.1)
This partly explains the concept of
irrigation efficiency which shows how,
during watering, only 50 to 60% of the
water reserve supplied to the soil is taken
up.

Figure 5.1: (Dupriez and Leener 1992)

5.3.5  Evapotranspiration

Water does not leave the soil in the same way as it leaves a sheet of liquid water. On
a sandy soil surface, evaporation ends when the first few centimetres have dried out.
Capillary rise from deeper layers is almost non-existent, given the size of the soil pores.
Vapour may form in the pores of warm soil, but it moves very slowly. On the other hand, if
the soil is clayey, the water can rise very close to the surface and can be taken up by the
atmosphere. In contrast, root suction and transpiration can continue, even if the first few
centimetres are dry. The interplay of capillary pull and root suction is complex and peculiar to
each plot. This complexity makes it difficult to measure evapotranspiration and it can only be
estimated roughly.

The evaporative power can be measured with the help of an evaporation pan of
which there are many types. (picture 5.1). The air must be able to circulate freely around and
under the pan. The loss of water (in mm water height) is measured daily).

picture 5.1: evaporation pan

 (Dupriez and Leener 1992)

For given sites, certain correlations have been worked out between the evaporative force of
water and the evapotranspiration of cultivated plants. A cultural coefficient, called K, allows
calculation of the approximate value of evapotranspiration according to the formula:

evaporative power of air [mm/d] * K = evapotranspiration [mm/d]

The coefficient K also varies during the season, depending on the phase of plant
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growth.Table 5.12 gives, for information only, some cultural coefficients for mid-season and
late season.
The data used for this table was taken from four growth periods:
- initial period: the crop provides minimum soil cover
- growth period: from the time the leaves begin growing until soil cover is complete
- mid-season period: when soil cover is complete and the plant is most active
- late-season period: from the time the leaves begin to fade or fall until the harvest.
During initial growth, the cultural coefficient is approximately 0.4. Then it climbs to its
maximum value. The table presents the maximum value of K.

Table 5.12: Cultural coefficients of some cultivated
species (Dupriez and Leener 1992)

mid-season late season
Radish 0.80 0.75
Garden Crops 0.95 0.75
Onion 0.95 0.77
Cabbage 1.00 0.85
Bean 1.00 0.87
Rice 1.00 0.95
Carrot 1.05 0.77
Soya 1.10 0.45
Potato 1.10 0.70
Sweet corn 1.10 1.00
Banana 1.10 1.00
Sunflower 1.12 0.40
Cotton 1.15 0.65
Tomato 1.15 0.65

cultural coefficients K

Table 5.13: Seasonal evapotranspiration of some
crops (Dupriez and Leener 1992)

species
seasonal

 evapotranspiration
[mm/m²]

Beans 250-400
Tobacco 300-500
Tomato 300-500
Onion 350-600
Potato 350-625
Sweet Potato 400-675
Maize 400-700
Soya 450-700
Cotton 550-800
Cacao 800-1200
Coffee 800-1200
Banana 700-1700
Sugar cane 100-1500

Table 5.13 gives information about the total amount of water evapotranspired by a field .The
great range of values depends on variety of weather.

This values only give an idea of the seasonal evapotranspiration of certain crops in
optimal conditions, as though water was always available at the right time and in the right
place. But it is obvious that optimal conditions rarely exist. Soil needs are always much
higher for two main reasons:
- water may be plentiful at times when plant needs are small or vice versa;
- infiltrating rain and irrigation water rarely limit themselves to the rooted layer. Very often,
some of the water percolates down to the subsoil and is lost for the crop.

5.4 watering plan

The calculations of a watering plan are made in three stages by:
- first establishing a periodic water balance and calculating the watering applications and

frequencies for a given period;
- then applying this method to a particular case and fixing a watering plan;
- and finally monitoring irrigation in practice in a particular field.
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The water balance for a short period allows to anticipate overall watering needs during
growing seasons. It concerns some basic data.

Example: potatoes, growing on loamy soil, monitored for seven days.

see table example 
useful capacity of soil 5.10 90mm/m
root zone depth 5.11 0.6m
depth to be watered (+20%) 0.6+(0.6*20/100)=0.72m
maximum effictive stock 90*0.72 = 65mm
evaporative power of air measured 9mm
cultural coefficient 5.12 0.95
half the useful capacity of soil 65/2=32.5mm
daily evapotranspiration 9mm*0.95=8.5mm

basic data

This information allows to draw up weekly water balances. Shown in figures 5.2-5.6
(Dupriez and Leener 1992)
The habit of checking is at the end of the day.

Figure 5.2:

Figure 5.3
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If 60 millimetres instead of 16 had fallen on third day, field capacity would have
restored but 25.5 millimetres would have been needed and 39.5 millimetres would have
percolated beyond the layer to be irrigated.

Figure 5.4

On the sixth day, the store of soil water has dropped below the threshold of half the
useful capacity. A watering application of 35 millimetres replenishes. The soil to its useful
capacity. In the absence of rain, the plot is then watered every four days with applications of
34 millimetres.

For planing in longer periods there is a watering plan useful. It comprises:
- how much water is needed for the whole cultural cycle;
- the maximum watering frequency
- the daily schedule
- a timetable period of five, seven, or ten days.

monitoring the applications

Figure 5.6 shows how to follow irrigation day after day. It covers three periods of ten days
and the figures on which the calculations are based are taken from figure5.2. In addition, the
tables take into account the rain water falling on the plot plus exceptionally high evaporation.
This has been worked out from daily readings and especially the presence of strong, dry
winds.
The changes in the effective stock at the end of the day determine the time and amount of
water needed (line 6). This stock can be replenished either naturally by rain, or artificially by
supplementary watering. The table is filled in, keeping account to:
- the water balances are worked out daily at the same time (in the evening)
- irrigation is placed the day after the effective stock passed down of half the useful

capacity
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Figure 5.5:
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Figure 5.6
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From these examples we see that we must approach watering from two angles:

• that of planning-what is the average amount of water that will be needed during a
cropping period and with what average watering frequency?

• that of planning implementation: bearing in mind what has actually happened in the
preceding days, how much water will have to applied at a particular moment?

Planning aspects concern the question of equipment, labour management and water
requirements. Implementation concerns expenditure management such as the purchase of
water, the cost of pumping and labour, and return from watering applications.

5.5 Alternative methods: Irrigation systems of the Nabateans
(WBGU 1997)
People in the arid regions of the Earth learned at an early stage how to handle water as a
scarce resource to their best advantage. A particularly interesting and still exemplary
irrigation system was developed by the Nabateans in the Near East. These extremely well-
adapted systems existed from 1000 B.C. to 700 A.D., when they were destroyed during the
Arabian wars. In regions with 80 – 200 mm of precipitation a year, this system enabled a
sustainable food supply for a family to be produced on a 35-hectare. plot for centuries with-
out needing external water supplies. The system was based on the fact that after rainfalls
(2 – 3 mm a day) in desert areas with silty soils, the water flows off from the soil surface,
collects in valleys and runs off in fast-flowing streams. This is caused by low infiltration rates
due to poor wettability and clogging of the surface soil. If this water is collected in sinks,
sufficient water can he provided to plants from the soil through the small-scale storage there,
so that longer drought periods can be survived without any connection to groundwater.

The Nabateans reinforced this natural effect of flood water retention through
structural measures, resulting in sustainable agricultural management of valley meadows in
the Negev Desert for over 1500 years. The structural measures included
- building canals that diverted the flood water along slopes to the farmland,
- collecting stones on the slope to increase the water yield (this was important in years of

low precipitation),
- constructing stone walls along the edges of valley meadows to protect the cultivated land

against sheet floods from the slope. and divert surplus water to a receiving waterbody
(important in years of high precipitation), and

- sluices for admitting water to the actual farm.
The farm itself was laid out in the form of terraces, where each plot was surrounded

by an earth or stone wall so that the farm area was lower than the wall. The terraces had the
function of retaining water and collecting sediment. The system can be described as follows.
At precipitation rates higher than local infiltration, a sheet flood occurs as described above.
This water was collected, diverted to the farm via canals and stored there in a system of
ponds. Surplus water was conveyed to lower-lying plots in the valley via weirs.

The collected floodwater infiltrated the soil in the course of about one week. The
stone walls were so designed such that the soil profile was not only thoroughly moistened,
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but also eluviated. This prevented an accumulation of salt in the rooting zone. After the flood,
the soil was hoed to prevent transport of water to the soil surface by blocking the capillaries,
because salinization of the topsoil would otherwise have resulted.

The plots were mainly planted with woody plants with a large rooting depth (olive,
almond, pomegranate, carob, apricot, peach, plum, pistachio, grape vines). In addition, deep-
root fodder (Atriplex, grasses) was grown. Cultivation of vegetables and cereals was possible
but was not carried out regularly, and then only on certain plots. The ratio between
catchment area and arable land was around 7 – 5:1. On experimental farms in Avdat and
Shivta, harvests were achieved even in dry years with only 80 mm of precipitation. Water use
was strictly regulated among the Nabateans:
- there were rights of use in neighbouring valleys (indicated by canals extending beyond a

single catchment),
- the height of the bordering walls corresponded to the usable soil depth (at the head of the

valley, where soils are shallow, the walls are lower than at the foot of the valley),
- surplus water was passed on in a regulated system (of sluices) to neighbours in lower-

lying valley areas, a receiving waterbody channelled floodwater away and simultaneously
filled large cisterns alongside streams.

Setting up a farm of this kind requires relatively little technical input (10 persons, 200 days of
manual work). Maintenance of the walls was the most important part of running the farm
since they can be damaged in flood years. The yield of a 5-hectare farm with a catchment
area of 35 hectares, largely consisting of slopes without vegetation in the desert, was
sufficient for the subsistence of one family. Today the fossil remains of Byzantine farms are
still used by Bedouins for growing grain – without any signs of salinization. The farms work
without a drop of water from man-made irrigation. The yield per tree is higher than with
irrigation farming, though the per area yield is lower due to the smaller number of trees. The
idea of a farm watered by collected rain- water could be implemented in all arid regions with
non-sandy soil. Since it permits only subsistence farming and not cash crops, this knowledge
has not been disseminated to the extent merited by its potential.
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