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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 pweau of Heclawation projecis in tue 17 western states of the
United States of America, indicated that the everage project water conveyance effi=
ciency for 1949 to 1960 was 63.1 percent but ranged from 17.5 to 82.7 percent (u.5.
Dept. Interior 1962). Reservoir storage efficiencies for these projects were not
evailable. Average farm irrigation efficiencies for these projects for the same
years ranged from 32.3 to 78.2 percent with an average of 59,8 percent, It goes
without saying 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 79 percent, derending on the type of channels., Tne overall project
irrigation efficiency would thus usually range from 31 to 40 rercent.

A recent FAC report (de Miredieu and Pillsbury) states that "there is no single
factor as important for saving water as proper use of water cn the land". The report
soes on to say that the universal use of proper water technigues wculd allow for an
increase in the world's irrigated area of 50 percent or more, using the same amount of
water. Owing to the very large amounts of water involved in irrigation projects, even
a slight improvement in irrigation and water-use efficiency would result in immensely
great benefits, For example, the U.,A.R. now has at its disposal about 60 x 109 cubic
pzetres of water per year (after completion of the Aswan High Dam Froject). Should
irrigation and water-use efficiency be improved by only 5 percent, this would be
equivalent to the production of 3 x 107 cubic metres of water (at the site of the
dam without any evaporation and conveyance losses).

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, Inprovements 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 from the fazrmers, taking into
account the cost of arrlying certain beneficial technigues in relation to monetary
return, The main investigations and developments needed for impreving 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 of water.

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

(d) 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
periecds on crop )ields can be minimized.
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(e) Often the deficiency of only a single plant-food element causes a
marked loss of water-use efficiency. As the element becomes scarce,
the rate of growth as measured by the assimilation of 002 is greatly
Teduced with no ccrresponding decrease in the transiiration. Ade-
Quate fertilizer ajyplication and the supply of cll :ieficient nutrient
elements can therefore greatly increase the etficiency of water use,

A1l these irvestigaticns woulsd benefit a great deal fror the uee of isotope and/
°r radiaticn techniques, The Joirt FAO/TAEA Division of Atilic Sner o in Food
and Agriculture sponsors act-vities along the indicstes lines, in the form of irdivi-
dual or coordirated resesrch progremmes and through cocparatizn with the Diviesion of
fecknical Assistance in planning and implementing progects sired at improving the
efficiency of water use with the aiq of isctope end ragdistion techniques,

Among the sctivities spensored by the Joint FAO/TAZA Div.sicn of Atomic tnergy in
Food and Agriculture is the "Coordinated frogramue on the Apilication of Radiation
Pechriques to Aster-Use sificiency Studies", This prograume was initiated in 1965 and
aims at making the best possitle use of the limited amcunts cf water available for crop
treduction in arid and semi-zrid regions, Identical exjeriments were and are being
carried out to cbtain eévapotranspirstion data under different cliratic conditions
through the following methods:

(a) Directly through the daily weigring of hydraulic lysimeters; Eg
(b) Indirectly by following the changes of moistu-e contznt in the soil
profile with a neutron woisture metre; Ly

(c) Computing the potential evapctranspiration sfier "Ferman"; Z
(d) =Zvaporstion from an open class-4 pan,

Based on the results of thise experiment, it is expected t-at a fairly good esti-
mate of the actual evapotranspiraticn under certain well-defined conditions could be
made through soil-moisture messurements with a neutron rcoisture metre and through
bringing aprropriate correction factors to either the rotential evapotranspiration
computed after Penman or to the open pan evaporation, Examples of the developments
made and results obtained through ihis programme are indicated below,

The weighable hydraulic lysimeters were developed during the implementation of the
prograume through replacing the metal by rubber holsters (nylor. covered with a layer of
necyrene), the water manometre by a pressure transducer znd the gypsum candles placed
1o ensure adequate drainage under a suction of 1/3 of ar atzosihere by ceramic ones,
There are, however, still problems asscciated specifically witk the cperation of hy=-
draulic lysimeters in additior to the problem of the furdarentz! nature of all types
of lysimeters, nately the degree to which the lysimeter crop is representative of
the field crop, It was impcssible to pack the soil in lysimeters to the ssme density
28 in the field and the water holding capacity of the lysimeter soil was higher,
Appreciable differences in Plant height were recorded with the zaize crop,. Difference
in plant height causes apyreciable dirference in absorbed eénergy due to the propor-
tional, additional expcsed area of tae projecting aides, In spite of 811 the indi-
cated problems, the use of welghable lysiceters is necessary fcr water balance studies
10 take into consideration the loss of water through deep percolation (drainage).

The lysimeters used in the programme are essentially those designed by the East
ATrrican Agricultwe and Forestry Research Crganization (E.A.A.F.R,0.) and their volume
is 2 x 2 x 2 metres,

The experiment carried out by £.A.A.F.R.0, in Kernya during the period 1965 to
1967 indicated the fcllowing:



meteorological data were recorded in an enclosure established immediately
upwind of the experimental site znd in a second meteorological screen
mounted on a strong vertical metal pipe in the field so that the screenm
height cculd be adjusted to 30 cm above the crop. Comparison tetween
temperature and humnidity 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.
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(b) The evaporation estimate according to renuen (bo; was higher thzn the
ev.poration weasured from & raised grid pan, while neigubouring rice

fields were floocded with water, The contrary was observed due to advection.

when the neighbouring tields were dry after p-rvesting rice. The eva=-
poration of intercepted water contributed ajpreciably to the high Ft/Eo
ratios observed in Kenya as peak values occurred in periols ol silldn. and
maximum ground cover; for the 19ob crops, however, the peak was avtsent
at the tasselling/silking stage and occurred with the onset of heavy rain
when the leaves were drying off and transpiration ratle was very low,

The effect, as expected, is greater in talleq aerodynamically rougher
crops (maize) than in shorter crops (beans).

(e¢) Although sprinkler irrigation makes possible & reasorably gcod uniformity
of water application, variations of up tc 15 percent were observed and
the zmount of water lost through evaporatior before reaching the soil
amounted to abcut 15 percent of the total irrigation w=ler applied through
syrinkler heads,

This coordinsted 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 & part of the abovementioned
coordinated programme, was carried out on maize during 1967 in hungary by the Hesearch
Institute for Irrigation and Hice Cultivation. The results indicated mainly that:

(a) The highest yield of 10.65 tons/ba was ovtained for skerter irrigation
intervals, ap;lying a total of 242 mm of water in addition to 19E mm
of rainfall. Mhe yield increase was significant in comparison with
the trestment receiving a total amount of 442 mn irrigation water epplied
in longer intervals, The grain yield increase in comparison with the
control treatment (wnich depended only cn rezinfall) varied between 24
and 33 percent according to the irrigation treatment.

(b) The control treatment gave a relatively tigh yield of © tons/ha.
Measurements witih 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
(¢) Inadequate water supply reduced
(d) Tre most efficient use of water

of the trestment which gave the
water). The control treatment

ebout 130 mm ol water,
the grain/stalk ratio,
among irrigation treatments was that

highest yield (2.1 kg. grain/m” of
shcwed an apparently higher value of

2.4, as the decrease 1n the anount of water stored in the soil was

not taken into ccnsideration.

(e) For maize grain the percentage of N 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 sci)l profiles, irrigation to supjlement rainfall or as the main water

supply, management practices aiming at reducing water losses, ani adeguat: urainc
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nutrient uptake, yield and the efficiency with which fertilizers are used. Examples
are briefly indicated below.,

Results obtained under the coordinated programme on the Use of Isotopes to Study
the Efficient Use of Fertilizers in Tree Culture, initiated during 1966, have shown
that soil moisture Plays an important role in the pattern of root activity in trees,
For example, experiments on coffee in Kenya showed that in the wet season root activity
is widespread in the upper 15 co of soil. In dry weather, as the soil dries out, root
activity is restricted to a certain depth. Im all crops studied - cocoa, coffee, citrus,
¢nconuts, soil palms - root activity was found to be more intense in the wet season
when soil moisture is not a limiting factor.

The Coordinated wheat Fertilization Programme started during 1968 and is now the
Division's main brogramme in the field of soils, irrigation and crop production, The
programme aims at increasing the vield of wheat, mainly through adequate application
of fertilizers and iuprovement in the efficiency of their use with the aid of isotogpes
N-15 and P-32, The effect of environmental conditions, the related evaporative dezand,
rainfall, amounts and intervals of applied irrigation water, and the moisture content
of 801l profiles on the nutrient's uptake, the yield of wheat and the quality of grain
411l be gziven due consideration. Institutes in Brazil, Creece, Hungery, India, Italy,
Lebanon, Mexico, lorocco, Pakistan, Peru, Romania, Turkey and the U.A.R,, are coope-
Tating in the abovementioned coordinated research programme. As ar example, the re-
sults of an experiment carried out on winter wheat in Bungary during 1968/1969 indi-
cated that not only the yield was increased through applying one or two supplementary
irrigations but also the total nitrogen content was affected, as car be seen in the
fcllowing table:

AV-RAGE TCTAL IX PERCENTAGES

Treatment Ny F K, NoFK NEK (N = 750 kg/ba)
150 kg 15 kg o0 kg
at planting at planting at planting
15 kg 50 kg
at tillering | st tillering
50 kg

at beet stage

in wheat €rain

No irrig. 1.7T1 1.70 1.97 1.95 2.13
one irrig.* 1.72 1.87 2423 2.12 2,15
two il‘rigo** 1.7? 1088 2.13 2.20 2.41

ir 8 traw

no ir?ig. 0.39 0.39_ 0.61 0.54 0,62
one irrig, 0.43 0.46 0.72 0.61 0.68
two irrig. 0.39 0.52 0.69 0.65 0.74

* at tillering stage
** at tillering and beet stage

The obvious effect of moisture content on the total N percentage in grain will be
further investigated when our new coordinated research Frogramme aiming at increasing
¥lant protein production is initiated,
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late in 1969 the Joint FAO/IAEA Divisicn of Atomic Znergy in Food and Agriculture
initiated a programme on "Rice Production" for Scuth Dast Asia and the Far Zast. Tha
-rogramne aims at increasing yields through adeguate fertilizer application and the
development of proper water-management technigues which would lead to the provision of
giequate drainage and to water savings, especially during the dry season. Ceylon,
Cnina, Indonesia, Korea, Pakistan, Thailand ani Vietnam are cooperating in this rro-

gramme.
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