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Contribution of the Joint FAO/IAEA Division
of Atomic Energy in Food and Agriculture to

Improving Water Use Efficiency

Despite the growing water shortage problem, the efficiency of irrigation and the
efficiency of water use are rather low so that great quantities of water are wasted.
This is true even for highly developed countries. A recent study using information
secured on 21 selected bureau of Reclamation projects in the 17 western stateB of the
United States of America, indicated that the average project water conveyance effi
ciency for 1949 to I960 was 63.1 percent but ranged from 17.5 to 82»7 percent (U.S.
Dept. Interior 1962). Reservoir storage efficiencies for these projects were not
available. Average farm irrigation efficiencies for these projects for the same
years ranged from 32.3 to 78.2 percent with an average of 59.6 percent. It goes
without saving that the cited values are likely to be appreciably higher than the
corresponding ones prevailing in most developing countries. Assuming no leaching
requirements and neglecting the reservoir storage losses (if involved), farm irriga
tion efficiency with gravity systems often averages 45 to 55 percent and conveyance
efficiency 70 to 75 percent, depending on the type of channels. The overall project
irrigation efficiency would thus usually range from 31 to 40 percent.

A recent FAC report (de Keredieu and Pillsbury) states that "t
factor as important for saving water as proper use of water en the
goes on to say that the universal use of proper water techniques wc
increase in the world's irrigated area of 50 percent or mere, using
water. Owing to the very l-.rge amounts of water involved in irrig
a slight improvement in irrigation and water-use efficiency rfould r
great benefits. For example, the U.A.R. now has at its disposal a
netres of water per year (after completion of the Aswan High Dam Pr
irrigation and water-use efficiency be improved by only 5 percent,
equivalent to the production of 3 x 10^ cubic metres of water (
dam without any evaporation and conveyance losses).

here is no single
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The importance and great need for improving irrigation and water-use efficiency
are well known to agronomists and considerable efforts are being made to achieve this
goal. Improvements in irrigation and water-use efficiency are, however, not easy to
carry out. They have to be based on sound studies covering almost all the research
fields aiming at increasing crop production and reducing water losses. They require
a high level of understanding and management skill frorr. the farmers, taking into
account the cost of applying certain beneficial techniques in relation to monetary
return. The main investigations and developments needed for improving irrigation and
water-use efficiency would, among others, include the following:

(a) Developing economic methods of controlling seepage and evaporation
during storage and conveyance of water.

(b) Development of more efficient irrigation techniques with special
emphasis on a better and more homogeneous distribution cf water.

(c) Estimation of crop water requirements including leaching requirements
under well-defined conditions, taking into consideration the effect
of water quality on both water requirements and crop yields.

u; As either too much or too little water causes a yield reduction, the
rate of water flow throughout the irrigation time should be regulated
according to the permeability of the soil, so that although water in
filtrates to the rooting zone, unnecessary losses due to runoff or
deep percolation are avoided. Also the amount of water applied and
the interval between two successive irrigations should be determined
in relation to different values of soil-moisture storage capacity and
the rate of evapotranspiration so that the harmful effect of drought
periods on crop \ields can be minimized.
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mfrked in def"len0* of °nl* a S^S^ plant-food element causes a
the rate It IZlt**'"*' •"*?««*• As the element becomes scarce,the rate of growth as measured by the assimilation of CO, is greatly
reduced with no corresponding decrease in the transpiration! Ade
quate fertilizer application and the supply 0f -U ;4ficient nutrient
elements can therefore greatly increase the efficiency of water use.

(a) Directly through the daily weighing of hydraulic lysimeterej Bt

(b) JrofUeCtwith"/°1]ring ^ Chang6S °f •oiBture con^nt i" **. -oilproiiie kith a neutron aoisture metre; Et

(c) Computing the potential evapotranspiration after »P»nman"i E
' ^o

(d) Evaporation from an open class-A pan.

Appreciable diffto.no.. io pltot".isht P'r. reoord.I X £r.!?l. "" ""Si

The experiment carried out bv EA A F 7? 0 ^ v«.^, » i —196^ indicated the following: -A-A-F.R.O. m Kenya during the period 1965 to



(a)

(*)
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meteorological data were recorded in an enclosure established immediately
upwind of the experimental site and in a second meteorological screen
mounted on a strong vertical metal pipe in the field so that the «cr««a
height could be adjusted to 30 cm above the crop. Comparison between
temperature and humidity records from the two screens over a period of
4 months did not reveal any appreciable differences and the difficult
operation of the field screen ...roved to be unnecessary.

The evaporation estimate according to i-enu.an (E0, was higher than the
ev ;poration meas
fields were floo

when the neighbo
poration of inte
ratios observed

maximum ground c
at the tassellin

when the leaves

The effect, as e
crops (maize) th

ured from a raised grid pan, while neighbouring rice
ded with water. The contrary was observed due to adv^ctior
uring fields were dry after h-rvesting rice. The eva-
rcepted water contributed a:>.reciably to the high Ft/E0
in Kenya as peak values occurred in period of silkin- and
over; for the 19b6 crops, however, the peak was absent
g/silking stage and occurred with the onset of heavy rain
were drying off and transpiration rate was very low.
xpected, i6 greater in taller, aerodynamically rougher
an in shorter crops {beans).

fc) Although sprinkler irrigation makes possible a reasonably good uniformity
of water application, variations of up to I5 percent were observed and
the amount of water lost through evaporation before reaching the soil
amounted to about 13 percent of the total irrigation water applied through
sprinkler heads,

Tnis coordinated research programme will be terminated towards the end of the
year and a detailed report is envisaged for publication early in 1972. A closely
related investigation, which was not considered as a part of the abovementioned
coordinated programme, was carried out on maize during 1?67 in Hungary by the Research
Institute for Irrigation and Hice Cultivation. The results indicated mainly that:

(a) The highest yield of 10.65 tons/ha was obtained for shorter irrigation
intervals, applying a total of 242 mm of xater in addition to 196 mm
of rainfall. The yield increase was significant in comparison with
the treatment receiving a total amount of 442 mm irrigation water applied
in longer intervals. The grain yield increase in comparison with the
control treatment (which depended only en rainfall) varied between 24
and 33 percent according to the irrigation treatment.

The control treatment gave a relatively high yield of b tons/ha.
Measurements with the aid of the neutron moisture metre showed that plants
made use of a considerable amount of the water stored in the soil.
'This amount was estimated to be about 130 mm of water.

lb)

(c)

(d)

Inadequate water supply reduced the gram/stalk ratio.

The most efficient use of water among irrigation treatments was that
of the treatment which gave the highest yield (2.1 kg. grain/m3 of
water). The control treatment shewed an apparently higher value of
2.4, as the decrease in the amount of water stored in the soil was
not taken into consideration.

(e) For maize grain the percentage of K derived from the fertilizer was
significantly higher in irrigated treatments than in control treatments.

In all other programmes sponsored by the Joint Division, the importance of moi
sture content in soil profiles, irrigation to supplement rainfall or as the main water
supply, management practices airuyig at reducing water losses, an 1 a'tequat' urainage ?re
fully recognized, therefore, in all the Division's coordinated research programmes aiming
at increasing yields through proper application of fertilizers, ue -^on^i'k-i-'.'tion i- . ivei.
to the effect of soil moisture on nutrient uptal.e, yicl •. a.:' the efficiency u: fck '.;liich
fertilizers are hrpi, siYaipnlpg =>^o ^riof!" 3v».i-j^«+.».-. .-.~n^--t
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.^""^rSoXd^o.:" -"-^ "ith ** **«»— •« used. Examples

the Emo^S^^^ of IsotoFes to Study
that soil moisture plavs an Imoortanf^T ^!' lnl*lated du*ing 1966, have shown
For example, expert ZTo^etTn V.^^r^nV^tT^ 'V"*
is widespread in the upper 15 cm of soil ! ! !u * *et Sea80n root activity
activity is restricted to a certain deoth In S? ™ i !! ?" SOil drie8 °Ut' r00tcoconuts, soil palms - root activity lit\ h J11"0'" studled " c°oca, coffee, citrus,
when soil moistLe is not a limili^ tlltllT ^ ^^ ** "» Wt 8e"0n

The Coordinated -heat Fertilization Programme s
Division's main programme in the field of soils, irr
programme aims at increasing the yield of wheat mai
S if 1 *"£• and "Prove^nt in the efficiency of
IW15 and P-32. The effect of environmental conditi
rainfall, amounts and intervals of applied irrigatio
of soil profiles on the nutrient's uptake, the yield
wiU be given due consideration. Institutes in Bra
Leoanon, Mexico, Morocco, Pakistan, Peru, Romania,
rating in the abovementioned coordinated research pr
suits of an experiment carried out on winter wheat i
cated that not only the yield was increased through
irrigations but also the total nitrogen content was
following table:

tarted during I968 and is now the
igation and crop production. The
nly through adequate application
their use with the aid of isotopes
ons, the related evaporative demand,
n water, and the moisture content
of wheat and the quality of grain

zil, Greece, Hungary, India, Italy,
Turkey and the U.A.R., are coope-
ogramme. As ar example, the re-
n Hungary during I968/1969 indi-
applying one or two supplementary
affected, as car. be seen in the

AVERAGE TCTAI IN PERCENTAGES

Treatment

No irrig.
one irrig.*

two irrig.**

no irrig.

one irrig.

two irrig.

No *oK0

1 n

1.71
1.72

1.77

0.39

0.43

0.39

N0PK NPK

150 kg
at planting

wheat

1.70

1.87
1.88

grain

1 ri

0.39
O.46

O.52

1.97
2.21

2.13

s t r a

0.61

0.72

O.69

* at tillering stage
** at tillering and beet stage

IN" 150 kg/ha)"

75 kg
at planting

75 kg
at tillering

1.95
2.12

2.20

0.54

0.61

0.65

50 kg
at planting

50 kg
at tillering

50 kg
at beet sta<<

2.13

2.15
2.41

0.62

0.68

0.74

f*th?i^Si2?2.foS^oSfiU"the tohtal Npercentage in ^wil3 tePlant protein production is^naUated "" fro^amrae ai*in* «t increasing
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Tate in 1969 th* Joint FAO/IAEA Division of Atomic Energy in Food and Agriculture
initiate! a programme on "Rice Production" for South East Asia and the Far «*.t. The
^o'ramne aims at increasing yields through adequate fertilizer application and the
•ev?opment of proper water-management techniques which would lead to the provision of
adequate drainage and to water savings, especially during the dry season. Ceylon,
China, Indonesia, Korea, Pakistan, Thailand ani Vietnam are cooperating in this pro-
gramme.
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