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rule out conventional methods of surface irrigation must inevitably lead_ 
t o a considerable increase in the use of sprinkler plants , 

Little information is available in New Zealand regarding hydrauli 
efficiencies under sprinkler irrigation. American research findings c 
(Davis and Hart , 1963) indicate that application efficiencies as high as 
85 percent are readily obtained with well designed and operated sprinkler 
plants under favourable climatic conditions. Field studies under a range 
of outdoor conditions have shown application efficiencies ranging between 
65 percent and 95 percent with wind velocities ranging from 2 to 19 mph 
and temperatures ranging from 60 to 90 degrees Fahrenheit. 

A recent study of comparative irrigation efficiencies between 
sprinkler and surface systems on major irrigation areas in the Pacific 
North-West of the U.S . A., where conditions of climate and topography are 
similar t o those in New Zealand, showed an average water application 
efficiency E for sprinkler systems of 64 percent as against 43 percent 
for surface (Redfield , 1964). Conveyance efficiencies, and thus 
overall irrigation efficiency E. , can be expected to be considerably higher 
with sprinkler systems. J. 

The high capital and operating costs associated with sprinkler 
systems may, however , produce lower dollar efficiencies than can be 
achieved wi th surface methods which are less efficient in a technological 
sense. Here again there is an almost total lack of published data from 
which any quantitative comparison can be made at the present time. 

TOWARDS MORE EFFICIENT WATER USE IN AGRICULTURE 

On-farm water conservation 

Agricultural water supply projects in New Zealand, with the 
exception of some irrigation schemes in Central Otago and a relatively 
small number of st ock water dams, depend on run-of-stream utilisation. 
This forces project capacities to be limited on the basis of minimum summer 
flows and allows water which could otherwise be utilised productively to 
flo w into the sea. A considerable improvement in resource utilisation 
efficiency can be achieved under such circumstances by the construction 
of regulating reservoirs , which conserve water in periods of high flow 
and increase the availability of water during periods of low flow. 

In New Zealand agriculture considerable potential exists for on­
farm water storage utilising surface runoff or surplus flow in streams 
and rivers. Although this technique has traditionally been used as a 
means of providing stock water , it offers considerable potential for 
irrigation development under favourable circumstances. 

In areas where winter runoff is reliable and topography and soil 
types are favourable, large farm dams can effectively utilise surface 
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runoff for the irrigation of pastures 9 fodder crops or orchards ., Con­
siderable care is needed in the design and construction of large irrigation 
storages - this topic has been dealt with in detail elsewhere by the senior 
author (Burton, 1965). 

The dollar efficiency of such projects can be high, as is evidenced 
in some :projects designed by the authors and now in successful operation 
in the South Island, Each projec t requires individual evaluation in the 
ligh t of t he financial situation of the farm under investigation and the 
farm management changes needed to make effective utilisation of the added 
wa ter resource, A detailed study of such an evaluation for a project in 
No:rt h Canterbury involving the irrigation of 70 acres of lucerne from 
two large farm sto·rages has recently been published (Plank, Heiler and 
Tayl or, i970), 

As agricultural water usage increases, competition for irrigation 
water from s treams characterised by low summer flows will become 
increasingly serious, On many streams in the South Island the total allo­
cation of water rights for irrigation is approaching the minimal dependable 
summer flow, and in one or two cases has already exceeded it , 

'ct· In many of these areas winter streamflow is high and reliable and 
flood events are likely to occur more frequently during this period., Under 
such circumstances there is considerable potential for the offstream 
storage of water in large reservoirs constructed adjacent to the stream 
bank, A technique commonly used overseas is to pump water from the stream 
during periods of high flow using high-volume, low-lift pumps, storing the 
water in large circular embankments or 'ring tanks', Under favourable 
conditions such storages may be filled over a much longer period with 
smaller pumps operating on offpeak power, or by dj_version of water from 
upstream in earth races, Enough storage capacity must be provided to meet 
all water requirements during the summer season, 

This technique has considerable potential for the irrigation of 
fodder crops or cash crops . Preliminary investigations into the use of 
offstream storages in different parts of the South Island have indicated 
that adequate levels of dollar efficiency can be achieved, along with much 
improved levels of resource utilisation efficiency . 

The engineering technology for this form of water development is 
wa11 established, alt hough improved hydrologic data for design use are 
needed. The major impediment to the widespread application of these 
!echniques lies in the lack of suitably qualified personnel to recognise 
tne possibilities of on-farm water conservation, to design and supervise 
t~e const ruction of the necessary engineering structures and to undertake 

e necessary project evaluation studies, 



Stock Water Supply Systems 

Considerable development in stock water supply techniques ha 
occurred in recent years, with resultant improvement in both techno~ , 
and economic efficiencies. The most significant development has bee
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introduction of piped community stock water supply systems. By comp~ t 
with race distribution or normal techniques of on-farm supply, these l:":lso 
systems show very high levels of hydraulic efficiency and appear, by v:t 
of the extent to which they have already been accepted, to lead to im~ rt 
dollar efficiency. They are likely to be extended into all districts ~~ 
topography is favourable, partly because of the assurance they give of & 
guaranteed supply during drought periods and partly because of the ver·/ 
high hydraulic efficiencies associated with the~, a matter of increasing 
importance in many South Island districts where competition for water 
rights exists. 

In areas where community supply is not feasible, a number of possibl 
avenues for improving efficiencies on farm water supply projects are ~ 
apparent. In particular, there is considerable potential for the use of 
farm dams, already discussed in the preceding section. To be fully effeet­
i ve stockwater dams must be carefully sited, designed and constructed. 
The principal shortcomings of the majority of existing stockwater dams 
include inadequate capacity, which leads to frequent water shortage and • 
high potential levels of pollution, inadequate catchment area, which leads 
to similar problems, and an almost universal failure to fence storages and 
provide adequate reticulation from them. 

Whether a farm water supply is provided from a community scheme or 
an on-farm source, its performance and overall efficiency depend upon the 
careful layout and design of the reticulation system, which must be planned 
in relation to the overall farm management programme. Whilst technical 
design data regarding the hydraulic performance of water supply system com­
ponents is now reasonably adequate, very little factual information is 
available regarding stock drinking habits and stock water requirements . 
In consequence reticulation systems are designed on a rule - of-thumb basis; 
the resulting inaccuracies can greatly influence dollar efficiency by their 
effect on system costs, 

As stocking intensities increase and techniques for more efficient 
pasture utilisation are introduced the need to plan ~ater supply reticula­
tion in relation to pasture and stocking management becomes more and more 
important. Intensive grazing techniques require the location of adequate 
watering points within each grazing unit area and pipelines of ample 
capacity to meet the. heavy water demands imposed by mob stocking, The 
recent drought has shown that few farms are adequately reticulated from 
the viewpoint of efficient grass utilisation. 

Although the existing technology for stock water systems is reasonablJ 
adequate, research is needed to provide accurate design data about stock 
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water requirements and to develop techniques for the safe construction of 
farm dams in all soil types. Data on rates and amounts of runoff from 
farm catchments are also needed. The first need, however, is for an active 
extension programme aimed at improving the overall efficiency of stock 
water supply systems on the basis of established technology, As has 
already been suggested, the most urgent requirement is for the training 
of sufficient qualified personnel for this purpose, 

Irrigation 

Agronomic aspects: improved water use efficiency 

The primary objective of irrigation is to increase agricultural 
productivity by removing the limitations imposed by deficiencies in rain­
fall. Agronomic interest in irrigation relates largely to possible im­
provements in water use efficiency, and can be summarised in the following 
questions -

(a) For a given crop and locality, what is the best watering pattern 
to ensure maximum crop yield per acre foot of water, i,e, maximum 
water use efficiency? 

(b) For a given supply of water and locality, what is the best crop 
to irrigate in order to obtain maximum return per acre foot of 
waterp i.e, maximum dollar efficiency? 

Answers to the first of these questions are of particular significance 
t o the irrigation engineer, for they specify the amounts and frequencies 
With which irrigation water must be applied and thus determine the overall 
hydraul ic design of the irrigation system, 

It is generally assumed that the objective of irrigation is to main­
t~in soil moisture stress within allowable limits - with pasture irrigation, 
i~ particular, this implies that water must be applied at frequent intervals 
~lght throughout the growing season. Considerable research has been under-
a,k.en on a variety of crops (Salter and Goode, 1967) to examine crop response 
~na~~ varying irrigation conditions and at different stages of growth, 
esults of such research indicate that maximum yields can be achieved by 
~king strategic applications of water at critical periods and permitting 
~tgh . stress levels at other times. There is an urgent need for local 
wa~~le s along these lines to determine optimal amounts and frequencies of 
bethr application for different crops likely to be grown in New Zealand, 
aqd to ensure that maximum use is obtained from available water supplies 
00~ to allow for more precise engineering design of irrigation system 
~ff~o~ents , leading to reduced costs, higher benefits and improved dollar 

.l.c iency , 

tQ In New Zealand most of the total area under irrigation is devoted 
h~sture production, largely on the grounds that overseas markets for 

forms of irrigated produce are not favourable. There is a need to 



investiga t e the production of alternative crops which might lead to 
higher water use efficiency, including a study of possible market 
potentials. It has recently been suggested , for example (Morrison , 19 that an area of 100 ,000 acres in Canterbury will go into process cro ? 
production in the next decade. The optimal production of such cropsp 
will be heavily dependent upon an adequate supply of irrigat ion water, 

Engineering aspects : Improved hydraulic efficiency 

Engineering interest in the usage of irrigation water is centred 
l argely around aspects of hydraulic efficiency . There is very considerao 
scope in New Zealand for technological improvements in all aspects of 
hydraulic efficiency, from system design , through application techniques 
t o the efficient distribution of water in the root zone . 

An extensive research programme is needed to develop techniques 
for improved hydraulic efficiencies under New Zealand conditions. The 
following topics warrant immediate attention -

(a) The development of better methods of survey and land preparation 
for areas to be surface irrigated, in order to reduce land pre­
paration costs, improve water distribution efficiency and reduce 
disturbance of root zone soils . 

(b ) The development of methods of low-cost land preparation and 
water distribution for undulating country not suitable for border 
dyking and now irrigated, if at all , by wi ld flooding methods. 

(c) An investigation of alternative methods of water application , 
including furrow irrigation , piped surface irrigation using gated 
pipes and similar techniques , sprinkler irrigation and trickle 
irrigation , with particular reference to the potential production 
of forage crops and process crops . 

(d) An improved understanding of the hydraulics of border dyke irriga­
tion under New Zealand conditions , aimed at the development of a 
rational design procedure based on soil type, slope , border 
dimensions and availa.ble water stream. 

(e ) A s t udy of techniques for reducing labour requirements , including 
the further development of automatic control for surface systems 
and the introduction of modern techniques to reduce labour 
requirements in sprinkler irrigation. 

Some areas where immediate technological improvement is desirable 
and considerable improvement in both pydraulic and dollar efficiencies can 
be achieved on the basis of existing knowledge are suggested below • 

. · . ., 
,., . 

. .. 
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Irrigation efficiency in the irrigation areas of Central Otago, 
}'there wild flooding is almost universally practised, could be drastically 
improved by the introduction of controlled watering practices, Many areas 
now under wild flooding, such as the Ida Valley, are amenable to border 
dyking, and Department of Agriculture Advisory Officers are now engaged in 
a campaign to encourage the wider use of this technique, On slopes which 
are too steep or uneven for border dyking an improved measure of control 
could be achieved by the introduction of water spreading techniques, 
including Keyline irrigation (Burton, 1957), which achieve improved 
dis t ribution efficiency at little additional cost, It has already been 
demonstrated by Department of Agriculture officers that the introduction 
of aut omatic irrigation leads to much improved water application 
efficiency and widespread adoption of this technique must also be 
encouraged. 

Sprinkler irrigation, which a],ready accounts for JO percent of the 
irriga t ed acreage in New Zealand, is likely to become more widespread as 
farmers remote from irrigation schemes embark on irrigation programmes 
and as process cropp~ng in Canterbury becomes more important, 

Although the technology of sprinkler irrigation is well established, 
little data on the performance of locally-available equipment has been 
published and irrigation plants sold by equipment distributors are of t en 
;inadequately designed . Current studies of the performance of locally 
available s prinkler heads, now being undertaken by the New Zealand 
Agricultural Engineering Ins titut e and Winchmore Research Station, and 
the pending publication of a sprinkler irrigation standard by the N, Z, 
B~ndards Association, will provide a basis for much improved design from 
~qe viewpoint of both hydraulic and dollar efficiencies. An extension 
pr0gramme to disseminate these new data and standard design techniques and 
educate farmers in the use of sprinkler plants is essential to an overall 
impr ovement in sprinkler irrigation efficiency, 

i . A new technique which has considerable potential for improved 
tr-igation efficiency is trickle irrigation, now under investigation by 
i : Agricultural Engineering Institute and already in use by some orchard­
!~ s , This technique, developed in Israel and Australia from methods used 

glasshous e production , involves the reticulation of water at low 
bssure through small-bore plastic pipes and its application through micro­

i~es or dripp~r nozzles at extremely low flow rates, In orchard irriga-
e n, where the technique is most suitable, water is applied to individual 

11:-:t:oot systems at rates approximately equal to the rate of evapotrans-
t e ion so that moisture stress is maintained at a very low level and 
~1n~ application efficiency can approach 100 percent, The method is also 
~l~ntly suitable for row crop production and has be en shown to be 

Ot' lcable to the irrigation of lucerne . It offers considerable potential 
~e~ow-cost irrigation at high hydraulic efficiencies, particularly where 
h~ supplies are limited and farming methods or labour requirement s make 

me t hods of irrigation unfavourable. 
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Economic Aspects: Improved dollar efficiency 

As we have indicated, the ultimate criterion of the performance of 
an irrigation system is its dollar efficiency. Regrettably 1 locally­
derived data from which dollar efficiency can be evaluated are almost 
entirely lacking, and there is a particularly urgent need for research 
in this area, 

Such research must include the collection of data on irrigation 
costs, including engineering costs, farming costs and water charges, and 
must analyse the benefits from irrigation in relation to these costs, So 
far as we are aware only one study of the economics of irrigated farming 
in New Zealand has yet been published (Stewart, 1963) although other 
studies are currently in progress at Lincoln College, 

Research is also needed into broader aspects of irrigation economics , 
such as the establishment of policies for water allocation and water pricing 
and the determination of precise objectives for water development planning, 
There is an extensive overseas literature which cou1d serve as a basis for 
such studies, although it is clear that a specific New Zealand policy must 
be worked out for local conditions. 

One aspect that requires immediate attention and is particularly 
relevant to the question of irrigation efficiency is the matter of charging 
for irrigation water supplied from public schemes. There is ample evidence 
from overseas literature (Jensen et al., 1967) that increased water charges 
lead to increased hydraulic and water use efficiency. By overseas 
standards the prices charged for irrigation water in New Zealand are 
ridiculously low, and one effective means for introducing the technological 
improvements we have suggested above would be to make a realistic charge 
for irrigation water based on the recoupment of capital costs. The need 
to investigate this suggestion in the light of an economic study of exist ­
ing irrigation practices is, we submit, a matter of urgent priority, 

Education for Efficient Water Use 

Whilst the preceding pages suggest that a great deal of research 
and investigation into agricultural water usage is both necessary and 
urgent, much could be done to promote more efficient water use on the 
basis of existing technology. The key to the problem is education. 

The need for education at farmer level is evident almost everywhere, 
and has been emphasised strongly during the drought conditions of 1969/ 70, 
The need for education of advisory officers, agricultural engineers and 
research scientists, although perhaps not so obvious, is even more urgent 
than the need for research and data collection, for which in any case it 
is an essential pre-requisite. 
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National water authorities in many parts of the world have come to 
realise the importance of the human element in the success of water 
development projects. Various a ttempts (Steed, 1967) have been made, 
firstly t o convince the water user of the desirability of adopting 
efficient techniques of water control and secondly , to ensure that he is 
supplied with the information needed t o operate his water system effic­
iently . This t wo-pronged approach, essential to the successful ·operation 
of major irrigation schemes, is no less important in other aspects 0£ 
farm water usage . 

New Zealanders have established a justifiable reputation for their 
expertise in agricultural extension and the first of these objectives 
could be me t by proyiding an adequate task force of extension officers 
specialising in agricultural water use. Whilst some progress in this 
regard has been made over the last t wo or three years, there is a need 
to accelerate the recruit men t of such staff and improve existing teac hing 
facilities. 

The second objective is more difficult to achieve, since it depends 
not only on the availability of trained extension and research staff but 
also on the existence of the research data re£erred to in previous pages. 
Although the nucleus of .an organisation equipped to provide operating data 
and information exists between the Agricultural Engineering Institute and 
the Winchmore Research Sta tion , coordination of effort, augmen ted staffing 
and an aggressive extension policy are all essential requirements. 

In the final analysis, improved efficiency in agricultural water 
usage depends upon education and research, which in their turn depend upon 
the availability of governmental funds. We submit that the most effective 
way of improving such efficiency , both short-term and l ong-term , is not to 
develop another major irrigation scheme or subsidise another community 
stock~ater project but to invest in the training of extension and research 
specialists and the upgrading of teaching and research facilities . The 
dollar eff i ciency of s uch an investment, whilst dlificul t to quantify, is 
likely to exceed that of any other form of na tional investment in 
agricultural water use. 
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