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SUMMARY )

Irrigation watar manogement ia bhecoming more important as irrigation
competes for limited water supplies and enzrgy, and as landa throuphout
the world deprade and decliine in productivity becouse of poor water man-

agement, This paper discussca the atnce—of-tha-art of frrigation water
management and its effeacts on water and energy conservation, current
trends and new developments in on-farm irrigation syatems, recent devel~
opeents in water use-crop production technology, new lrrigation schedul-
ing technology, and listg expected chanpes in technology.

Effectiva irrigation water management ig important for the success
of individusl farm units and ie vital to the succeaa and productivicy of
irrigntion projacts, Efficient and effeccive water management tecimol-
ogy {a a challenge, It must be developed concurrently wich proeject works

and must be upgraded continually,

Irrigation efficiency with older unimproved surface systema is
usually much less than those artainable, The difference between actusl
and attainsble efficiency with newer sprinkler syatems {a usually leas.
Surface irrigation systems can be modevnized and operated just ag efil-
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cleatiy as sprinkler systems oad with less enerpgy.

Thi area of Leeigated lasd in the Unlted States Increased 174 dur-
Ing tle past % years, Most ol this Lacrease ocourred in the semiarid
central and southern Great Plains and in the gubhumid and humid southern
and southeaslers USA,  Groumlwater has been the principal eource of

water for these newly drvigated lawds,

Center pivot sprivkler systems sre now used on about 40% of the
sprinkler lrrlpated B84 londs,  Must of these systoms are uged in pemi-
arld ventral and southern Great Plains, Side roll apd tow line laterals
are next in popularity, and are ¥eplacing hand move laterals., Traveller

and gun type systems are used malaly in subhumid anud humid areas,

Heeent watel use-crop production studles ahowed that the yileld of
many crops ix Jinearly related to seasunal evapotranspiration (ET) if
Limited water {8 distributed properiienally e ET rates, Coutrolled
witer stress on some cTops cun luwer LT wlth little veductlon fu yleld

or guality, Uims increasing wuter use ctflciency,

New Lrrigation scheduling technolopy hae stimslated commercial frri=-
gation management services., 1In 1977, commercial firms provided Eield-by-
field scheduling service on over 10,000 fields and 231,000 ha (571,b00
ac,) of summer and winter crops, The U, §, Burcﬁu of Reclamation (USBR)
provided siwllar services to 63,000 ha (156,900 ac.), and the Salc River
Project in Arizona provided services tu 5,8&0 ha {14,400 ac.). General
acheduling puides also are provided by che USBR, and ET rates for major
cropy are being printed twice weekly in many newspnpers. Commerclal
ond apgency services for individual ficlds have growm from less than
40,000 ba in 1971 to an anticipated 300,000 ha for sumeer cropa in 1978,
Hajor changes in scheduling services include the use of neutron probes
for sclieduling and ﬁonitarinu and gome companies now offer aerial color

and volor infrared photography to supplement ground obgervations,

The tole of consultanty in providing managemocnt servicea is dig—
tusnud,  Consultants specializing ia providing mauapgewent services, in-
cluding systew improvements, for irrigated farws nre bacoming more com=

mon in moders irrigation projects,
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INTRODUCTION

Development of irrigaved land expanded tapidly durlong the past twe
decades, but not without problems and emerping challenpes. Inrvcases in
irrigated lands Lave paralleled inereascs In world populacion. sShmuell
(1973} estimated that the lrrigated land increased from less than 10
million hectares in 1800 to about 40 wmillinn in 1900, YeoO milYion in

. 1950, and 200 milidon in 1969, The Food and Agrleultaral Deganization

(PAQ, 1977) estimated that In 1975 the totol world irrigated areu was
22) millien hectares, and is expected to increase Lo about 273 mllliou
by 1990, ' '

Development of modern autowited spriukler systems In develogal
countries has stimulated rapid eapansion of irrigated lands amd cunver-
aion of surlace systems co eprinklers. Some lands previeusly vonsidered
unsuitable for irrigation because of soll or topography and lLilph pumpling
14fta are now irrigated, Rapld expansion of frrigatlon ln the USA is
accelerating groundwater mining in some areas, LncreaSing eaeriy censusn=
tion, and increasing publie concern for alicrnative wues of waler vo-
sources, For example, in the PFaclfic Nerthwest, Irrlgation aw lypdve-
electric power uaes are now in conflict becauge fuvther development of
1$nd for irrigation decreases the capacity to puncrate hydroclectiric
power. Increased concerns about envirvnmental quality, parcicalacly the
quality of return £low Erom irrigation traces, {5 placing new constralnts

on frrigated agriculture,

In developing countriea, recent adverae publiciLy concerning lavge
irrigatlion schemes lias increased, while the main purpese of the projuet,
increased crop production and living standards, are deemphasized by
apecial interest groupe {Worthington, 1977), OFf major concern is the in=
cidence of diseasep tranamitted by mosquitves, simnllem fly, tauL‘su‘fly,
snails, ond fregh water crustaccans (White, 1977). Public Lealth pre-
cautions must assure potable drinking water supplies, adequal: sanitation,
and washing facilivles in areas where populatiun deuslity fpov-ncivs with

irrigation developauat.

Hapid expansion of irripated agriculture and Luereagloy size of
farming unite in developed countries; increasing farm costs, pariicularly

for energy; aml current low farm prices for farm pruodecis arc creatlag
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pew witer management challenpes,  Piaem omanagers need flexibilicy in warer
deliverices to maximize ner returu for Lhelr investment in facilities,
labor, and other agriceitoral inputsz, LEfficilent waler storage and dias-
teibution networks that minimize the constraincs and provide this Flexi-
bility are peeded, Lfficient waler munagenent raquires ilrrigatfon gys-

temy to uniforuly apply the desired amount of water at the proper time,

On-Larm water mapagement is a daily or weekly decislos—making pro-
cess, Since the farm manager stands to gain or lose by his management
decisions, it is very important that this decision-making process be re-—
tained as his opetion. It Is highly doubrful that an frrigation asjocia-
tion, or agency, can make better management decislons than the individual
farm manager, provided of course, that he has acceas to data needed to

make puod decisions to maximize hia management objectives,

The development of computer technology during the past two decades
has provided the breakthrough needed to enable farm managers to apply the
latest irrigation scienca and technology to irrigation water management,
Aerial color and color infrared photography is another modern techpologi-
cal tool that is now being applied and made available to USA fare manag-
ers, This technology can enhance irrigation water management decisions
and improve irrigation practices, JI¢ may enable detecting problems of
plant nutrition, diseasé, and poor distrjbution of fertilizers and the
effeces of other cultural practices at early atages that would otherwige
not be known except in terms of unexplainable low yielda at the end of

the growing aeason,

V¥artous aspects of water management will be diacussed in this paper.
The primary emphasis will be on farm systems because success of the total
irrigation scheme depends on the success of the individual farming unitse,
Primary emphasia will be placed on techniquea by vwhich the farm manager
can improve his datly declsions to achieve his manegement objectives,
The primary management ohfective in most developed countries is to maxi-
mize net veturns from the input of various soil and water resources,
fertilizers, pesticides, labor, and related cultural practices.

Recent trends of current popular on-farm irrigation systems will be
summarized, Emerging new technology in aurface irrigation that will en-
able efficient irrigation with low labor and energy requirements ulong



with new technologics In sprivkler irvigarfon will be dlscussod,

Recent experincntal studies indicated that we can control plant
water streas during the growing scason to oprimize water use efficlency.
Thia 13 becoming more impartant with increased water costs, due co high

pumping lifcs or limited water supplies.

Recent developments in irrigation technology that are enabling the
application of irrigation acience and remote sensing to individual Fields
will be described. Also, the current status of irrigacion managment and

related private consulcing services in the USA will bLe presanted.

IRRIGATION WATLE MAMAGEMENT

Hater 19 essential for plant greowth, Seeds need water to germinate

and seedlings nced vater to emerge. Water provides the transport mechan-
ism for plant putrienta and the products of photosynthesis. Irrigation
is the application of water to the soil to aupply water essential for
plant pgrowth that is not provided by natural precipitation. Yield re-
sponses to water applicationa cccur only where soll water and precipita-
tion are not adequate to prevent plant water stress, When enough water
1s provided to elfminate plant water stress, there ia nermally no benefit
from applying greater amounts, Excessive water applications, may produce
water logging, reduced crop production, and iucreasad salt load in the
return flow water. lrrigating a new land area with fmported water causes
a large change in the hydrology of the area, Limited natural subsurface
drainape ofton must be increased just to handle unavoidable seepage and

the minimum leaching requirement,

When irrigation is introduced in an area, agricultural production
may be increased substantially, Continued production from irrvigated
agriculture is often much below that obtained by an optimum combination
of irrigation and drainage, apprepriate scil reclamation and management
practices, and selection of crops hest suited to local conditions
(Gulhati and Smith, 1967}, GCulhati (1967} also stated that succesaful
irrigation projects involve much wmore than the Yspectacular engincering
feats involved in conserving natural waters and making them uaable for
irrigation, conveyiny these waters over lomg diastances, and distributine

them equitably among the farmers,"
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Tradillonally, when water is f£irst brought into a nonirrigated srea
and guppliva are plentiful, overirrigation ls the [irat and most common
error made by farmers (Buffum, 1892), Negative effects of overirrigation
caused by inefficient systems and poor management have developed on praj-
ecta Ehroughout the world, Meuston (1977) indicated that degradation of
land by water logging amd salinity is a common by-product of irrigacion.
‘More than 70% of the 30 million hectares of irrigated land in Egypt, Iran,
iraq, and Pakistan are moderately to serjously affected, India has about
12 million hectares affected, Salty areaa are found jn northern and
central Africa, central valleys and plains of Chile, Peru, Argentina,
Venezuels, and Haiti, and more recently in the Far East in traditional

rice areas,

After decades of irrigation development and similar experiences in
many areas, problems like those mentioned by Houaton go unsclved, even
though 1in mast casea, "we do know what to do about it from the scienti-
fic standpoint." These experiences clearly indicated that one of the
greateat peeds in improving irrigation technology is to improve irriga-
tion water management., Levine {1977) stated that syatems in developing
countriea are often lnefficient because the importance of the management
component and goclal constrainte haa been or is underestimated., He alao
cautioned that deaigns based on preconceived norms of efficilency often
fail because the role of water as a factor substitute for other inputs,
like labor, capital, and managerial akilla, is mnot recognized. Likewise,
public objectivea for aystem perfermance are usually not congruent with
farmer objectives, or even with irrigation bureaucracy,

History has clearly shown that good irrigation water management will
not occur if left to chance, Withour a dedicated water management pro-
gram, 4 new scheme will encounter many of the same problems that have
been encountered by other irrigation schemes throughout the world. Irri~
gation water management technology must be developed and implemented con-
currently with the development of water storage and distribution works,
and gteps muat he taken to assure continued application., Good irriga-
tion management practices usually become more important in time a3 a
project approaches a new hydrologic balance am large quantities of water
are imported each year,
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The success of an lrrigation scheme depends First of all on the
success of the individual Farm unirs, The farm manager must be given the
freedom to exercise decislon-making to maximize his management abjectives
without creating adverse effects on lis neighbors or downstream projects.
The moat common monagesent objective is to maximize net profit by optimiz-
ing the inputa of all resources, When water supplies are scarce or very
expengive, maximum net profit often coincldes with the management objec-
tive of maximizing water use efficiency, which 1s the production of the
marketable product per unit of water used in ET, or pef unit of irripga-
tion water applied {sce Eq, 11). When land resources are scarce amd
water supplies are ample, the management objective may be maximum yield

per unit area, although this may not be the most economical alternative,

With plentiful water supplies and low and often Efxed water delivery
costs, farmers try to eliminare water as a production variable. Avcelar-
ating energy coste and limited energy supplies may limit water applica-
tiona., The management objective mny still be to muxi{mize net returns,
but more emphaaia will now be given to minimizing energy costs, Increase
ing energy costa are expected to cause substantial improvements 1o irri-
gatlon efficiencies where pumping is involved,

In the USA, problems of erosion on irrigated land and sediment in
{rrigation return flow have become critical fssuea in some areas of the
Pacific Northweat and western Intermcuntain areas where land slopes are
fairly steep, A major water quality problem that is receiving renewed
attention ia salt loading, For example, in the Grand Valley of western
Coleorado, groundwater from seepage and deep percolation diasolves and
carries about 635,000 tonnes of zalt per year to the Colorado River,
Thia ia about 22 tonnes for each irrigated hectare, This situation is |
unique because groundwater [low passes through marine shale that containg
crystalline salis before returning to the river system (Duke et al,,
1976),

Improving irrigation water management with most existing systems
that do not have automatic controls so that small amounts of warer are
applied as needed requires a better understanding of facturs controlliog
water gtresa and effects of contrplled witer stress on crop proluct lom,
Planned optimum timing and amounts of water applicacion ahould bo dewe!. p-
ed before planting and then modified as needed during the growlmg sedco..

8
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These decinlons are made dailly or weekly,

Long term management declsions affecting water use efficiency may
involve alternating decp and shallnw;rooted crops to maximize the recov-
ery of water applied to deep solls, This is especially important when
water is pumped because most irrigation pumplng consumes energy chat nor-
mally cannot be recovered, Excess water pumped from deep groundwater and
applied to shallow rooted crops may not be loat, but the energy used in
pumping this water is lost unless a deep rooted crop can be grown the

next year to recover some of this waker,

Hew challenges are facing ivrigated agriculture, Efficient and ef-
fective water management offers a great challenge to farm managers, Im-
proved irrigation water management is needed to maintain productivity of

some irrigated areas and to increase productivity of many other projects,

IRRIGATION EFFICIENCY AND ITS EFFECT ON WATER AND ENERGY CONSERVATION
Irrigation Efficiency Termm

The buasic concepts of irrigation efficiency have been described by
Israelsen {1932, 1930) and used by irrfgation apecialisty for many dec-
ades, However, the concept of irrigation efficiency is not well under-
stood by wany policy makers and nonagriculturalists., Proper use of irri-
gation efficiency cerminology ia esasentia]l in discugsing irrigation water
management. Therefore, several of the more important terms are defined

and reviewed in this section,

Irrigation efficiency was defined by Ieraelsen (1950) as the ratio
of water consumed by the crops of the agricultural farm or praject to the
wvater diverted from a river or natural asource into the farm or projec:‘

canals and laterals.

m
n
"f.i n-:

[1]

where vc ie the volume of irrigation water consumed by the crops during
theilr growth perioda and VH is the water diverted from a river or other

natural agurce into the project canale or to farms during the asame tiwe
peried,

To further 1llustrote the full significance of this term and the
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implications that changes in irrigation water management can have om the
ugse of water resources, we can consider that the volume of water with-
drawn from the stream or other natural source like groundwater fs used
conaumptively (evaporated) or nonconsumptively, that is UN = Vc + vnc.
With this notation, and assuming thoat congumptive waste is negligible,
we can aleo define irrigarion efficilency as

v v

3 - - Jhc
Ei vw 1 vu f2]

The net depletion of water within a river basin or groundwater systom for

irrigation, ¥, , ia

dep
vdep - Vc + (1 -zr)vnc ' {3]

where Er 18 the fraction of Vuc that is or can be removed (Jensen, l977h),

The net or effective irrigation efficiency Ee is

vc vnc
E v tE v [4]
W W

which alao can be expressed as

E = Ei+Er(l_Ei) [5]
These variations in efficiency terma are presented becavae the recovery
of water that is diverted for irrigation and not consumed, Er(l —'Ei)’ isg
often ignored by the general public and sometimes by policy makers con-
cerned with low farm or project efficiencies. The magnitude of this term
can be ignorad when Er ia very small or negligible, but this is often not
the case in wountain valleys and in many river basins. For example,
Sylvester and Seabloom (1963) showed that almost the entire Yakima River
in Washington flow late in the season consisted of recurn flow,

Israelgan (1950) also defined water gpplication efficiency as

E = EE . [6]
a Uf
where ?s » the volume of water stored in the root zone of aoil on a farm
and Vf
can be applied to individual fields,

More recently, Hus and Nugteren {1974) presented an excollunl summiy

w the irrigation watar delivered to the farm, The wame definilion
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of a couperative irrigatlon survey conducted early in the 1970%a by the
. Internatienal Cosmlssion on Irrigation and Drainage (ICID), the Univers—
ity of Agriculture, and the International Institute for Land Reclamation
and Improvement, Wageningen, The Netherlands. The wazer quantities de-
fined were:

Water requirement (crop), W —-Pe - Vn = rainfall deficit

Field application, “a

Farm supply, Vf

Praject supply, Vt
The efficiency terma defined were:

v
Water conveyance efficiency mw e = £
3 Ut

v
Farm diteh efficlency = e = ?ﬂ
£
¥

Field application efficiency = L FE

v a
N n
Farm efficiepcy = ?; e

A much more detailed diecussion of these terme and standarde for
caleulating efficienciea was recently presented by the ICID Committee
on Apsembling Irrigation Efficlency Data (ICID) in 1978,

Similar discusaifons of efficiency terma can be found in other recent
articles by Jensen et al. (1967), Jensen (1974), Kruse and Heermann (1977},

and Shmueli (1973),

Observed Efficiency

The average calculated efficiency values reported by Bos and
Mugteren (1974) for Group IYI projects (includes Auscralia end the USA),
based on completed queetionnaires for 32 irrigated areas, ace presented
in Table 1, The repocted values of field application efficiency ranged
from 40 to 75% and averaged 60X, Several items were denoted apecifical-
1ys

o aprinklers were wmore efficient for applications less than 60 mm

o no correlation existed betwean farm size and farm application

efficiency

o highest field spplication efficiencies were obtalned with flowa

of 30 to 50 /e per field

Other observed field water application afficiencies (Ea) and farm
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efficienclies (Ef) are presented in Table ! along with estimated artajin-
able efficiencies for various field systems (E:), and for farms using
these ayatems (E;). Evaluations made in che 1960's showed litcle im-
provement in Ea ad compared with studies made three decades earlier by
Israelsen et al. (1944), Israelsen er al, (1944) made meticulous sofl
moisture measurements before and after irrigations using gravimetric
techniques, The results of 145 tests on 11 Utah County farms over 3-year
period ranged from 24 to 51X, wich an average of 40%. Efficiencies for
¢ tesata on six Salt Lake County farms ranged from 18 to 58%, with an
average of 35%, The greatest single factor contributing to low applica-

tion efficlencies was excessive water applied during an irrigation.

The ability to uniformly disLribute water over a flald and to con-
trol the amount applied {s a key factor in achieving efficlent irrigation,
Without this control, very low cfficiencles are inevitable, This has
been clearly shown by Clyma and Ali (1977) in Pakistan, even though, on
the averng?, water supplies are inadequate for full cropping throughout
the year, Very small basins are used in Pakistan because the farmer gen-
erally ia not able to level his land and there are nn surface drainsg,

The farmer must apply water to cover the high spot in each bagin at each
irrigation to avoid salt problems, Most people have azsumed this to
amount to 57 to 100 mm, but Clyma and Al1 (1977) found in 700 measure-
ments that the amount applied warded from 25 to 330 mm, Over one—third
of the basine had elevation differences greater than 12 em and one=third
had from 6 to 12 cm ¢ifferences, which indicates why many irrigations are

excegglive,

Characteristics of Irrigation Systems that Influence Efficiencies

Values of E and Ei on individual fields or farms are near the
attainable values when the amount of water applied is controlled nnd
limticed to the amount the soll can hold, For example, with a aprinkler
system, the entire system 18 enclosed and the amount of water applied 1s
not influenced by the soil characteristics or the rate of flow, like it

ig wicth borders or furrows.

Furrow irrigacion on sloping flelde can produce very uniform applica-
tiona of water if sufficiently large streams are used. However, If the
runof f cannot be recirculated the attainable effiediency mny not exceed

75% and often it will be no more thon &5%,
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Grided borders can be very efficienr if balanced stream slzes are
used for the slope, length of run, type of crop, and intake rates involv-
ed. Some surface runcff is common with bordera, but if border systems
are properly managed, runoff usually is less than with furrow aystems,
Level or low gradtent borders with diked ends can result in very high

efficiencies,

With basin irrigacion, the attainable water application efficiency
largely depends on the levelness of the basina, Actually efficlencies
also depend on the amount of water depletion before an irrigation, If
shallow rooted crops are grown, only 8 small smount of soil water may be
depleted before another irrtgation ia needad, but at each irrigation
usually sufficlent water wust be applied to cover the high areas, This

practice often cavses extremely low water application efficiencies,

With sprinkler systemsa, Ea will be fnfluenced by operating pres-
sures, wear on the nozzles and heads, damaged heads, plugged nozzles,
broken springs, windspeed, and wind direction and irrigation scheduling.
E: may be limited by design conatraints and water delivery policies, but
upiformity of water application and evaporation and epray drift are the
major factors affecting E; (Jensen, 1975).

Moving sprinkler laterals tend to apply water mors uniformly than '
statlonary-operated laterals, aince each aprinkler esaentially becomes a
line source rather than a point source. The uniforﬁity of uatar.applica-
tion with stationary-operated laterals can be improved if they are placed
in different positione at alternate irvigationa. Solid aet sprinklers
usually are not moved during the entire growing season and the distribu-
tion tends to be the same all sesson. The uniformity of water appliéa—
tion by sprinklers is not greatly influenced by the amount applied,
wherens with gome of the gurface irrigation syatems it i1s difficulc te
achieve uniforn application if one attempts to apply & small or a large

amaunt,

Center pivet ayetems can be fully automated, the amount of warer
epplied per revolution can easily be set, and they can apply water very
uniformly., Alsc, they can be used on fairly rough topography and sandy
aotls, and they can be used to apply fertilizers and herbicides, MHoat
¢urrent systems, however, require mora emergy to operéte than standard



sprinkler systems,

PactArs affecting Ea for trickle systems are similar to those for
sprinkler systems, except for wind, but mechanical problems are differ-
ent, These conslst of clogged nozzles, by mechanical, biological, and
chemical procesaes, and pressure varlations., Doth trickle and sprinkier
aystems which control the rate of application tend to reault in higher
actual efficiencies than the other syatems because they are less subject

to mismanagement.,

Irrigation Water Managemeat and Efficiency

The relative magnitude of present water applicatien and irrigation
efficiencies as compared with the attainable efficiencies for a given ir-
rigation method can be congidered as an index of the level of jrrigation

water management, (Imo)

E E

Lo = wy _S"wi (71

w0 a’‘o i‘e
the management index when coneidering a potential change of water distri-
bution and Irrigation methods ia

Ei

", *
whera (Ei)o ia the attainable efficiency uasing the present distcibution
and application method, and (Eg)n is the attainable afficiency with 2 new
or mpdified syatem, Low valuea of Ino and 1ln may be acceptable where
water supplies are sbundant, crop ylelds are acceptable, irrigation
energy requirements are low or negligible, and natural drainage is ample,
so that water-logging and salinity problems have stabllized at a minimum
level; and a high proportion of the water not used consumptively (Vncf is
being recovered for other heneficial uses without high pumping rifts.
When one or more of these stipulations is not achieved and substantial
water and crop production lospes or imdirect coats are encountered, then
the management index must be improved. However, the =sconomic analyses

required often can become very complex,

Irrigation Effictency, and Energy Requirements and Costs
Irrigation efficlency aignificontly affects the energy requirements
for irrigation when water is pumped from a river or groundwater supplles,
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or applied under pressure, Any Improvement Iin irrigation efficiency will
reduce the net energy required for most irrigation projects and farms be-
cause there usually is not significant recovery of this energy (Jensen,
1977h), The encrgy required per unit area, Qe’ is

Q=+ Qp) -Q, K3
where qu = the encrpy required to withdraw water from a river or ground-
water aquifer, Qp = the energy required to apply water under pressure,
and Qt = the energy Lhat can be recovered within the distribution network
or by running the surface return flow through hydroelectric plants before
returnlug it to the river if a significant fall ig invelved, I1f Qr -0,

g, = (Q, + qp) = 0,0272 EEE_EEE . [10]

ip

where (Qw + qp) is the total pumping energy required per hectare to with-
draw and provide operaring pressure in kWh/ha; ?c ia the nat depth of ir-
rigatlon water used consumptively in mm; HB is the total dynamic head
(TVH) consisting of the gum of the pumping 1ift, pressure head for
gprinkler systems or pressure delivery, and friction logaes; and Ei and
Ep are the frrigation and pumping efficiencies, respectively, If bol:h3
E‘.1 and EP are between 0,70 and (.75, the energy required to apply 10 m
(1 mm depth) of water per meter of TDH would be about 0,05 kWh/ha.

Two examples 1llustrate the effecta of different irrigation mechods
on energy requirements, The firat aituation existe in southern Idaho
where very high }ifts (about 1B0 m) are required in pumping fron.the
Snake River, 1f the values of the variableg in Eq, 10 are:

vV, =700 m (net annual irrigation water requirement)

HD = 180 m 1ifc + 50 m for sprinkler syatems or 180 m + 10 m for

a pregsure distribution to aurface syatems

E = 0,70
E: = 0,75 for sprinkler ayetems and 0,60 for surface syetems,
ther the annual energy requirements will be:
Sprinkler sygtems Surface aystems
Annual energy (kWh/ha) 8,340 10,430

In this particular case, irrigation wacer could alternatively be diverted
from Lhe river by gravity at some distance upatream and delivered to the
area by gravity although enlargement of a4 major cenal and at least onz
inverted siphon would he ded, The 1 energy reaquirement for the




o

two irrigaction methods uged for gravity diversion and delivery would be
Sprinkler gystem Surface systems

kih/ha 1,510 450
Unfortunately, the evapotranspiration of 7,000 mjfha (ET = 700 mm} Erom

each new hectare of land irrigated reduces the ennual potential for gen-
erating hydroelectric power In downstreom plants by about 10,200 ki,
The cost of enerpgy should take into account both tlic present cost of
hydroelectric energy for pumping and the replacement cest of the loss in
potential hydroelectric power generation which 1s considerably higher
(about $0.03 ve, 0.007/kWh).

The second exanple developed by Eilsenhauer and Fischbach {1977), 11-
lugtrates the fixed and operating costs to be conmidered with and without
an energy escalation factor. The cost of energy in the YSA has been ea-
calating 9 to 11X per year., The example summarized in Table 2 {llug-
trates the relative coets of improved surface irrigation systems and a
center pivot gystem, each capable of achieving a 73% or better irrigation
efficiency, The fixed costs include the deprecfation of the well, pumps,
and motors, The operating costs are based on a 30-m pumping lift from
groundwater and a fuel o1l energy source, except for the reuse system

which usea electricity,

This example clearly indicates several important characteristics,
First, improving the irrigation system generally will increase the total
annual fixed and operating costa, Second, the example also clearly
indicates that energy costs are rapldly becoming a greater component of
annual irrigation coats, As Irrigation custs increake, farm managers
ahould place greater emphasis on maximizing net returns per hectare and
less emphasis on maximizing yield, The relative effects will be ampli-
fied with greater pumping lifts,

Improving the Irrigation Water Management Index

After complecing a4 study of five irripgation farms in the gouthern
Idahe area from 1964 through 1968, the ¥, 8. Bureau of Reclamatton {1971)
made a very detailed analysis of atrainahle efffciencies with addltianal

laber, and with improvements in management and exdstipng {rrigation sys-
tems, Most fields were irripgated from unlined ditches, or from voncrete

lined ditches and using siphon tubes. Some flelds were still butng {rri-
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TABLE 2, Typical fnitial and ammual costs for several commem Lrrigation

systems En Nebraska and relative labor and ‘power costa. Asasum-—

od pumping 11ft = 30 m, (Source:

Elsenhauer and Fischbach,

1977.)
Gated pipe
With reuge Automated with Center
system reuse aystem pivor
Area, ha 61 61 54
Inftial cost, $/ha 512 853 887
E,» percent 5 85 85
Annual cost, $/ha
Fixed costs 66,70 108,70 118,10
Operaiing coats:
Hithout eacalation
factor 36,00 29,10 49,00
With energy eacalation '
factor 51,70 43,30 76.70
Total annual costs, $/ha
Without escalation
factor 102,00 137.80 167,10
Wicth energy escalation
factor 118.40 152,00 194,80
Labor and power costs, percent
of total annual costs
Labor 9.9 1,6 3.0
Power; Without escalation
factor 18.6 11.9 20,2
With energy sacalation
factor : 25.3 19,6 31.5




gated using cuts in a head ditch. Tihe average resules for the [ive farms
are summarized in Table 3. The entire 5484 hectare project 1s supplied
with water by a set of pumps or the Snake River, The 20670 kWli/ha annuzl
energy requirement included lesses in the capals and laterals, The USER
estimated that by more ecarefully examining soil moisture before Lrrigac-
ing, uaing cleaner ditches, and using furrow slickers to make smocth ana
uniform furrows, the farm efficiency could have been increased to 51,5%
(Level 1), With an ingrease in labor, the farm efficlency could be in-
creased to 58.2%. Providing concrete lined head ditches, land planing,
rashaping flelds, and irrigation scheduling services could increase the
farm efficlency to 64,.21. The energy requirement for Levels 1, 2, and J
swould he 1730, 1570, and 1460 kWh/ha, respectively, These changes would
haye regulted in 8 change in irrigarion management index from 64X with
the present aystem to 79, 90, and 99X for Levels 1, 2, and 3, respective-
1y, I estimated chat if a system to recaver surface runoff were used in
addition to Level 3, aasuming that BUOZ of the surface runoff be recurnad
for reuvse, the farm effilciency could be increased ta 73.64, and the an-
nual energy requirement reduced to 1370 kWh/ha, Similarly, if each farm
were converted to a gprinkler gyetem and achieved a farm efficlency of
75%, the quantity of water pumped Erom che river would be reduced, but
the energy requirement would be iIncreased to 2470 kWh/ha.

In thia particular project, part of the surface return flow {3 now
being relifted ro the conal system, There are no drainape problems, and
sediment in return flow could bé contrelled if zach farm or group of
farms installed return flow systems. Thus, there would he little juati-
fication to convert from surface frrigation with reuse systems to a
sprinkler system which would nearly double the energy requirement, uqlcss
there were other henefits to be derived hy farm managers, UDrainage wells
nov used far disposal of surfaece runoff, for example, may be prohtfbited

in the future,

Curvently many surface irrigation systems are belng converted to
gprinkler systems largely because of reduced labor requirements, Slde
roll lateral aprinkler systems, which can be used on most short crops,
are popular in soughern Idaho, The side roll laturals are either moved
with a central power source using a gasoline englue, or an end-drijvc sy--
tem powered by an electric motor and generater system mounted on 3 Eruc-

tor.



e e o et T o —

TABLE 3 (continued)

Level 3 - Level 2, plus concrete lined head ditches, land planing, reshaped fields, and irrigation scheduling
services

~ Estimates for Level 3 by the USBR, plus an asaumed BOZ recovery of surface runoff for reuse. Also, water
delivery assumed Teduced by the ssme amount,

= Approximats values if each farmer converted his surface system to a side roll sprinkler system, &nd assuming
an irrigation efficiency of 75X, of which 10X would be deep percolsacion, 10 evaporation lose, and 5I mis-
cellaneous losaes.

& Based on actual pumping volumes for 1966-68 for the encire 5485=ha project, a 51 m total dynsmic pumping hesd
(TRE), and an 80X pumping plant afficiency. Total water delivered to farms = 994 mm, total pumped = 1195 mm.

3 Assuming a return flow TDl of 15 m, a sprinkler TDH of 55 m, and farm pumping plant efficienciles of 70%.

7y Al AL



TABLE 3. Estimated iosses and attsinable efficiencies for the five-farm study area in southern ldaho {(Source:

U$’R, 1971), amd estimated effects of system improvements on energy raquirenents. o
=
Presgent Improved management, additional Level 3 Estimate
Bystenm labor_and improved uumnmsw\ plus recurn for
196468  Level 1 Level 2 Level 3 flow svetems’ sprinklers’
Average losses (percent}
Evaporation - hand —_ - - 10
Farm aystea .5 7.7 7.1 6.1 1.0 3
Surface runcff 16.4 23,7 19.0 16,0 3.7 2
Deep percolation 31.8 17,1 15.7 13.7 15.7 _1g
TOTAL 58.7 8.5 4.8 35.8 26.4 25
Fara efficiency 41,3 51,3 58.2 64,2 73.6 75
Annual energy requirements
{kWh/ha}
wﬂouonom\ 2070 1730 1570 l4e) 1320 1300
on-farn’ 0 0 0 o - 50 1170
TOTAL 2070 1730 1570 1460 1370 2470
1/

=" Eptimated attainable efficiencies with various levela of lnereased input as described by the USBR (1971)
Level 1 -~ Examining soil moisture, cleaner ditches, furrow slicking, etc. .
Level 2 ~ Level 1, plus additional labor
{continued)



Water c-o Lificiency (U.)

Looep owator supplies ave scarce and the manug. ment objuective for the
farmer aad the nation 15 te uaxisize [ood and [iler production per umit
of water used in KT, the corm water use efficiency (Ua) is used ro evalu-
ate the production under wvarious irrigation practices, Water use effl-
ciency has heen defined in terms of the marketable crop produced per unit
of water used in ET {Hatse and Viets, 1957). Viets (1962, 1965} also de-
fined water use efficlency as the ratio of dry weight of crop co depth of
ET.

Y

. _m b
u LT"

or U = == [11]
u

8 ET

where Yw = [he marketable yield, DM = dry matter produced, and ET is the
total d;pth of water used in ET. The ET far a given crop in & climatic
region is very similar from year ko year, thus the major emphasis in in-
creasing Uc has been to increase the production of either dry matter or
the martetable product per uni_ area which inecreases the numerator of Eq,
11, *ove recently, Shmucli {1973) described an optimization approach to
maximize water nse efficiencies by maximizing both yleld per unitc area and
afnimicing IT for the amount of irrigution water npp;ied. He cautioned,
however, that there may be hazards in attempting to minimize the denomina-
tor of lig, 1l, such as reduced fimancial return from the Investment in the
irrisation system and inereased soil salinity from continued partial

wetting of the root zone,

Irrip.tion Watoer Storage and Distribution Systems

ho devalepnont of eoptizum watsr ctorage and diztributicn systems
to moxirize the use of water supplies for energy production and agricul-
ture i3 z major subjecc in dtself. I «will not deal with this aspect
of dlrripation warer management, other than ro indiecate that a good water
distribution system should allow the farmer to obtain water wien hie needs
it at u rate sufficiently large 8o that he can utilize the stream effi-
clently with a minimum or reasonablo amount of laboxr, The irrigation dis-
tribution system should also permiet the farm manager to rejcct water when
tt in ot needed or as doon as lrrigationa ave completed, rather than at
arbitracy time intervals, like 24-hour perioda. In sowe countries, a con—
timtour [low of water cannot be rejected or disposed of through a surface
dradp e syatem, “he woter must he applied whethar needed or not, This

dgicunt 1on exiets In Paklston amd hiaa been oné of peveral factors contribe



uting to high water tables and salinity problems. Many farmers in
California now use overnight storage reservolrs to permit larper dellver-
tes to individual fields and greater Elexibility in the rate and duration
of irrvigation sets (ferriam, 1977),

The current general methods of delivering water to farms consist of:
(1) the continupus flow system where each water user veceives hls share
of water throughout the irripation season; {2) the rotation system where
rotations at fixed time intervals are made between two or more water users
or groups of water users under one or more laterals or aegments of a proj-
ect canal system; and (3) the demend system which is capable of delivering
water to the farm at any time and in any yuantity as required by the water
uger. The third type is ideal from the manager's atandpoint, since {r
allows him to plan his other farm operations knowing that he can obtaln
water when it is needad and he can reject water when it is not needed,
Because unlimited capacity cannct be bullt inte the entire system, the
demand syatem sometimes must he modified during the perlod of peak water
uge, When this occurs, the aystem ie changed to a modified demand system

and a rotation process may be used for a period of time,

ON=-FARM TRRIGATION SYSTEMS
Curyent Irripation Trends in the United States

The extent, distribution, and changes that have occurred in irriga-
tion aystems during the past five years are summarized in Table 4 by
climatie and phyaiographic regions, Alsc shown is the proportion of ir-
rigation water obtained from ground and surface sources, Several major
trends are apparent.,

1, The areas irrigated in the arid Southwest, the arid Pacific
Horthwest and the semfarid Central Mountain regions have
remained nearly atatic,

2, Surface systems are used on 83 to 84X of the frrigated landa in
Regione 1 and 3, About 508 of the irrigation water is withdrawn
from surface sources in Reglon I and 832 in Region 3.

3, Recent major expansion of irrigated land has occurred in seml-
arid, aubhumid, and humid areas (Reglons 4, 5, and 6), Sprink-
ler irrigation has increased more rapidly than surface irriza=-
tion in these areas and 61 to 77% of the wuter sources 1s from

groundwater,



TABLE 4 ({continued}

Y Murray and Reeves (1977)

2/ Irrigation Journal (1977) ]
31 Percent of the total 1977 irrigated area that is sprinkler irrigated




TABLE 4. General characteristics of irriparion development in the United States from 1972 to 1977 by reglons.

Source of water Total area wn«wmrﬂu"mx rrinkler Hnﬂwmmnchmx wnnwnﬂﬂ
Repion Ground Surface 1972 1977 Change 1972 1977 Change of ponuwm\
109 ha
1. Arid Southwest (AZ and CA) 50 50 3977 3779 ~198 611 605 -6 ‘16
{-4,9%) {~0.9%}

2. Arid Pacific Northwest 17 g3 2916 3015 105 482 1373 892 46
{ID, OR, and WA} _ {+3.6%) (+185%)

3, Semiarid Central Mountains 12 -1 L&40 4571 51 403 13 +267 15
(Co, MT, NV, UT, and WY) (+1,8%) (+83.5%)

4, Semiarid Central and South- 77 23 679l BbEE 1875 1440 2628 1188 30
ern Plains (KS, KB, MM, (+27.6%) (+83,54
OK, and TX}

5. Subhuwid Cormbelt {IL, IA, 77 23 202 466 264 128 375 247 af
MN, MO, and WI) (#1317%) {+193%)

6. Sublumid and humid South 61 3 1747 2602 855 384 999 615 k1)
and Southeast (AR, FL, {+48.92) (+160%)
GA, LA, MS, NC, and 5C)

All states (including others 40 60 20,215 23,658 3443 4068 1122 3054 30
in additiom to those (+17.,0%) (+75,1%)

listed above)

{continued)



Yo The older, semiacld mountain irrigated areas {Hoglona 2 and 3)
lwiwe the highist proportion of surface irrfgation, From 83 to
B34 of Vwe irripation water 1s Erom surface sources,

The P bfic Yortbweste {Region 2) has the highest portion of

apr ik ber frefpation (46%) of the arid and semiarid regionms,
This is associated with the large increase in sprinkler irriga-
tion during the past 5 years {1B5%), However, B3% of the
{reigation water is from surface supplies, Since the total
irrigated area increased only 3.6%Z, this incresse represents a
large conversion from surface systems, mainly furrows and rills
to sprinkler systems, Several factors have influenced these
changes, Ample, low cost hydroelectric power has been readily
avallable until the last 2 years, and the rolling, highly
erodible lands have not been suitable to level for efficient

surface systeme,

The energy used per hectare to apply the irrigation water varies
with the quantity applied and the pumping lift. The Mountain States
{(Region 3) use the least energy per unit area (Dvoskin and Heady, 1976),
The Southern Plains (Region 4} and the arid Southwest (Region 1) use the
most energy per hectare because of high pumping lifrs from groundwacer,

The current distribution of various sprinkler sethods in these
Tegions Ia summarized in Table 5. Because of the tremendous increase in
center pivot systems, it now represents the major sprinkler irrigation
method (39%) in the U.5, Towline and side roll laterals and hand mnve-
gystoms are next (21% each). Side roll syatems, however, tannot be used
on tail crops, like corn, (The traveller and gun type sprinklers are
becoming more popular than the large boom type irrigators in Europs
(Butterworth, 1978), even though large boom systems have amaller droplets
degired for many soils,) .

Three major improvements in surface irrigation have been implemented
on & large scale, These are gated alumioum pipe for water distribution to
furrows, underground comcrets and plastic pipe for on—farm water distribu-
tion, snd concreti-lined ditches with siphon tubes for water diatribucion
to furrows, Llarge concrete-lined ditches with single or multiple turnouts

to level Lagins are uged in Arizona,
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Hany return-flow systems are belng installed to recover gurface run-—
off, wspecially where groundwater is pumped, Desilting basins, vegetated
strips, and other devices are buing installed to remove sediment from ir-

rigati.n recurn flows where soll erosion 1l a problem,

Trickla or drip irrigation systems are only used on a very small
part of the irripated land in the U. S. The 1976 survey (Guatafsen,
1977) indicated only 74,000 ha of trickle-irrigated land, which is 0,32
of the total 1977 irrigated land,

Trends in asprinkler and surface irrigation aimilar to those in the
U. 5, are occurring In other countries, In the USSR, for example, nearly
one=third of the irrigated land was sprinkler irrigated in 1975 (USSR
Natiopal Committee of ICIL, 1u477),

Will these trends coptinue? Wil most of the irrigated area sventu-
ally be sprinkler lrrigated? Beéause of che larger annual operating
coats with sprinklers, escalating energy costa, and the much larger enerpy
requirementa for sprinkler sysrems, I predict a slow down inm the rate of

expansion of sprinkler irrigated land during the next decade,

I€ficient frrigation is currently easier to achieve with aprinkler
irrigacion ayatems, With the modern controls, they provide good controel
of water applications, except under high wind comditions, The inveatment
in rescarch and development of sprinkler irrigation since World War I
has heen ataggering, amd the impact on aprinkler sales for both new land
and fnr converting obsclete systems on exiating irrigated lands haa been
phenopenal, as shown in Table 4. Unfortunately, we have seen anly a tokenm
research and development effort on improving aurface irrigation systems.
There la now a renewed interest in low energy, low pressure systems which
shuuld atimulate Ilnnovative mew technology for surface gystems uaing lin=
wil dlichea or low pressure distribution aystems, We arc now beginning to
uwodernlze guxfice {rrigation techniques, but we are much buliind the de=
veloprent of modero spriokler syetems. Until October, 1976 we did not
Lave an organlzation in the U.5, concerned speclfically with surface sys-
temy. AU the 270h Annual Convention of the Sprinkler Irrigation Assocla=
tlon In 1976, the name of the organlzatlom was offictally changed to "The
lrrlpatlon Aspoelation,™ The Asseclatlon decided to adopt a brosder namc

becante o1 Lhe developnent of new typea of “clonwed" irrigatlon systoeme,



Hew Developments in Surface Irripation Technology

During the past two decades much of the limited surface irrluation
research has been on the hydrodynamics of surface systems. When combined
with modern computer technology, we now have the capability fer utilizing
fundamental mathematical relationships that deseribe the dynamic nature
aof overland flow, Iinfiltracion, and distribution of water in the soil
profile to improve irrigarion management (Katopodes and Strelkoff, 1977a,
1977b), The greatest limitation in applying these mathematical relation-
ships in the design and operacion of irrigation systems will be In pre-
dicting che infiltracion capacity of soils and the surface hydraulic
roughness, Both of these variables change with time, crop, and growth
stage. MHowever, I do not anticipate significant problems with these
variables for future cfficient surface irripgation systems becausc, uwhere
land alopes are small, we will be seeing much greater use of large basinu
that are annually smoothed with laser-beam controlled land levellng
equipment, For syatens on sloping flelds, water controls will incorpo-
rate feedback mechanisma and microprocessor electronica to regulate flow
rateg to borders and groups of furrowa to achieve effiecient Lfrripation.
We goon will have fully sutomated surface systems that can apply small
water applications as needed to maintailn an cptimum available soil water

level in the root zone during each growth stage.

Level-basin irrigation, using large 2- to 4-ha {5~ to 10-ac) basins,
has become popular In ome project in Arizona where slopes are flat; large
flows are avallable, intake rates are low, and surface drpinage normally
is not needed, Provisions for surface drainage should be provided in
cage of overirrigation or exceass precipltatien, Mligh efficiencies {70 to
90%) can be obtained when vaing laser plane technology to level and an-
nually smooth the basins {Vedrick et al,, 1978). Automaced large gate
and pipe turnouts and volumectric water cantrol gystems are being develop-
ed for level basin aystema (Haise et al., 197U; Dedriek aund Erle, 1977,
1978; and Crie and Bedrick, 19?82f). Lroslon control turnuouc Structursg

are needed to handle tiie large flows at a single location fo each bhasin.

3
A H, R. Duke, Fort Collins, Colarade, will b preseanCing a japor
on an automated volumercie flow measurement and control system at the

December 1978 meeting of the Americen Socicty of agricultural Ingineets,
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Cutback irrigacion, where furrow flow 18 reduced after the water
advances to the ends of the furrows, has been advocated for decades,
However, bocause of the increased labor required with manually operated
systeng and problems associsted with handling a constant flow, this
teclmology has not been implemented, With automation, these problems no
langer newd constrain thls system, The high initial flows arc usually
pruvided In one of two ways: .

1, A return flow system is uvsed to boost the flow during the

advance of the atreams in the furrows; and

2., The set fa eplit after the water haa advanced to the ends.
Fischbach and Somerhalder (1471) reported application efficlencies up to
42% using the first method {Table 1), Design criteria for return flow
systems have been provided by Bonduraunt (2969}, and Stringham and Hamad
(1475).

With the development of automatic valves for pipe (Humpherys, 1978,
and Humpherys and Stacey, 1975), and their availability commercially, we
can expect greater use of the second method, Wich this methed, one-half .
of the total set is irrigated with the full gtream uncil the water
reaches the end of the furrows, The flow 18 then directed to the second
hall for the same time period, Then the £flow 18 discributed over the
full set for the balance of the Irrigation perilod providing a 30% cutback
in the furrow stream size. Humpherys and Horstellif obtained a seasonal
irrigation efficiency of 78X in 1977 with a semiautomatic split-set cut=
back syatem using gated pipe on furrow {rrigated beans, Only 57% effi-

clency won obtained on the concrel,

& third wethod of achiieving better application efficiencien with
furrow frrigution 18 to reduce the lengtl of run for the furrows by us-
ing multiple water distributora. Bacause of increased labor with manual
sydtens, this technique generally has not been used, Actually, run
lengthe have incresased to reduce labor and farming coste. The multiset
technique can be achieved with gated pipe on che surface, but more labor
is required to place and move the pilpe for cultivarfon and other opern~
tions (Rasmuseen et al., 1973), A burled multisec system, which elimi-
nates gome of these disadvantages ia being evaluated fa gouthern Idaho
(Worstell, 1976), Humpherys and Horstelli! obtained a seasonal irriga-

4 Unpublished data from 1977 experiments,



tion efficiency of E9% with a semiautomatic experimental muleiset system
on a bean fleld in 1977,

A fourth method using the bubbler concept, but with low cast coerru-
gated plastic tubing, has been developed for an orange grove {Raswlins,
1977), Corrugated 10U-mm diameter plastic tubing is buried between every
other tree row. Smooth Y-mm tubing is inserted into the main tubing to
deliver water to each tree at a rate of 0,06 &/s (1 gal/min)., The flow
rate 1e controlled by the elevation of the putlet stapled to each tree.
When using a4 simple calibration technique, a 90X emiasion uniformity is
achieved, With a simple dynamic readjustment, a 98X uniformity can be
ochtained.

Improving Farm Surface Irrigation Systems by Automation

Host water diatribution systema on older projecta were not designed
to provide water on demand or te allow farmers te reject water when not
needed, Many project systems nced improvemept. This can be done by more
automation and by providing storage within ﬁistrihution networks, Open-
channel delivery systems without autometion now limit the extent to which
farm systems can be significantly improved and automated. Until project
gyatems can be improved, on=farm reservoirs can be used., On-farm reser-
voire provide greator flexibility In water [lows and enable farmers to
use automated farm irrigation ayatems, und they reduce trash problems
assoclated with direct deliveries from open, unlined channels. On-farnm
water diatribution syscems are being improved by replacing apen ditches

with buried pipelines.

Automation is extremely important in achieving the kind of control
needed with surface systems to achleve efficient irrigation. Automation
can reduce labor ro 10 to 30% of that required with nonautomated systems,
depending on the systems involved, Automated border—dike systems used in
New Zealand have greatly reduced the labor requirement, Previously, 1 ba
required one man-hour of labor, but now 60 ha can be irripated per man-
hour.éj Pipeline systems generally are easler ro automate, especially
if gated pipe 13 used. Commercial, low-cost valves that do not require

separate power supplies are now available for pipelines, Une of Ll

5/

=" A. R, Taylor. Personal communication.
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wvalves, Frown as the Snake River avremated Irripacion Valeve, was developed

ar our Beostreh Center (lomphecys and Stacey, 197,

Prewnalie valves for pipe turnouts and alfalfa vatves have also been
developed and are avatlable commercially (Hailse et al., 1965; Halse and
Fiachbach, 1970; and Fischbach and Somerhalder, 1971},

Autonating on-farm surface lrrigatfon systems has progressed sporad-
ically, There are geveral very modern essentinslly fully automated systema
operating in California and Arizona, Typically, low lahor automated sur—
face irrigation systems require failrly large flow rates, Stream sizes up
ta 0.4 o 0,6 mafs {15 to 20 cfa) are used in Arizona, Automated border—
dike systemg are used extensively on pasture lands in New Zealand (Stoker,
1978), The sysctem at the Wiochmore Irrigation Station uses a flow rate of
0.23% m3!s (8 c¢fs), Four border atrips are irvigated at one time with a
timer= or sensor—controlled drop gate automatically sequencing the aystem

upstream,

Recent Developments in Sprinkler Irrigation Systems

Perhaps the newest development in automatic agricultural gprinkler
equipment is the "linear move" system, Problems encountered with center
plvet systems have involved che aystem hydraulics, water application
rates, and physically fitting common square or rectangular farm fields,
Water is supplied at the pivot, but most of the water 1s applied near the
outer end of the lateral, causing Ligh friction losees in the lateral,
Larpe gun sprinklers are needed at che outer end to extend the area cover-
ed and these require either a high pressure for the entire system {much
greater than necessary closer te the pivot), or a booster pump. The rate
of water applicatfon varies throughout the system with rates often so
high near the outer end that runoff occura.

The new lincar mave.ayatems use some of the standard relfgble pivot

- eomponents and new electronic controls to minimize problems encountered
with earlier linear move systems, The pressure at the end of the lateral
cun b as low asg 140 k¥a (20 psi), and water 1s applied at about the same

1 rﬁf

rate chroughout the entire lateral, The Valley "Ralnger and the

6
Ly Trade namea and company names are included for the benefit of

the vreuder sad do not imply any endorsement oy preferential treatment of
the prodoce listed by the U, S, Department of Agriculture,
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Gif ford=H1l] “Curve—A—Linear‘ég bYoth pump from ac open ditch aa the sys-
tems move actoss the ficld, Witl the Gifford-Hill system, a flexible
hose connection can be made to a pipe gystem, An electronic guidance

system controls the alipnment of the system with the field,

Clues to Future Trends

We can learn much from the past three decades of experience with ir-
rigation syatems and practices, Firat, recommending that farmers adopt
practices like using cutback flows and shorter rurn lengths is a waste of
time, unleas we provide the technology to accomplish these practices with
less labor and lems fnconvenience through coordinated agency and industry
resaarch and development. Research and other professional irrigation
specialista have underestimated the farmers' willingness ee adopt complex
technical equipment that usually require gservices of skilled technicians,
Fully automatic center pivot syatems with complex corner devices and

routine use of lager—controlled land leveling are two examples,

1f we can develop dependable equipment and methoda to predict or
control the amount of water needed to maximize net returns, and enable
farm managers to conveniently and economically apply water uniformly,
they will adopt the technology.

RECENT DEVELOPMENTS IN WATER USE-CROP PRODUCTION TECHNOLOGY

During the paat three decades, many experimenta have been conducted

to determine optimum irrigation practices for mest farm crops. Tradi-
tionally, these studies atcempted to delineate critical stages of growth,
the maximum allowable dupletion of soil water before irrigation, and the
response to irrigation, Today, because automated syastems can apply light
uniform irrigations, new irrigation studies have been initiated to refing
optimum water amounts ond frequencies to achieve the Farmer's management
objective (MO), The MO may be to maximize production per unit of limited
water supplies, bubt most oiten it is to maximize nret returns when consfd-

ering all variable inputs,

There are many publications on critical crop growth periods when
plant water atress is apt to produce large reductions in crop yield and/
or quality, The reasons forlthese yield reductions are not clear (Vaadia
and Waisel, 1967}, Viecs (1972) indicated that reduced mineral nutrition



under decreasing water availabilicy cannot he closely related to reduced
. prowth, Some experimental results can be atiributed to the ET rate which
detormines the rate at which plant water stresa 1s imposed without plant
conditioning, and the severity of the water deficit or stress index (ET
demund vs. available soll water supply during a critical period) as defin-
&d by Nix and Fitzpatrick (1969). Recently, sclentists have determined
that, for many crops, plant "conditioning™ lessens yield reduction and
quality caused by a period of limited available soil water, Soms sensi-
tive crops, like potatoes, growing on sandy soll, require maintaining a
lowoer soll water tension to avoid tuber pgrowth problemsz that do not oceur
in finer textuered soils with high ET rates, Sufficient root shrinkage
also may trigger severe plant weter stress, Recent studlies by Huck et
al, (1970), and Herkelrath et al. {1977a, 1977b), indicated that root
shr inkage can cause a significantly large Increased resistance to water

fliw frum soil to the plant roota to reduce water extraction,

Today, effective irrigation water management requires distributing
limited water supplies or reducing high pumping costa, while maintaining’
crop yicld and quality, This is being accomplished by irrigating to cone
dirfon the plants to water stress and to reduce ET, We are learning how
te contrel spll water levels on more crops to regulate unnecessary plant
growth and to improve crop quality by coentrolling plant water stress and
by curtailing undesired nutrient uptake at certazin growth atages,

Production = Fvapotranapiration Relationahipa

Most scientists have observed and reported curvilinear relationships
between ET urd the yileld of the marketable product of 2 farm crop when
approaching maximum ylelds, Typical examples for alfalfa, cabbage, corn,
cotton, grain sorghum, and winter wheat are illustrated 4in publications
by Jonsen and Musick (1960), Musick et al, (1963), Stewart and Hagan
{i9v9), Thomas ot al, (1970), Stewart et al, (1973}, Fitzgerald et al.
(1971), and Crimes and Dickens (1977). As minimum or zero yield of the
marketable product, like grafn, is approached, momt atudies show that the
relationsbip ls essentially linear and intersects the ET axis between 100
and 150 mm (Staple and Lehane, 1954; Leggett, 1959; and Musick et al,,
196:). Relationships for dry matter production va. transpiration are es-
seilially lipear, and those for dry matter production ve, ET are nearly
Uacar, '



41

Yield va, total frrigation water applied is generally curvilinear,
though for aome crops yicld responses can be approximated by linear rela-
tionships, Typically, the return from increasing increments of ireiga-
tion water diminishes as maximum yields ave approached, An excellenk
.compilation of about 20 years of experimental results of yleld vs, water
application for eight field crops, four orchard creps, and four special

crops in Israel has been presented by Shalhevet et al, (1976),

Stewart et al, (1977) recently sumﬁarized the resulte of a compre-
hensive four-state study of optimizing crop production through centrol of
water and galinity in the soil. All studies were conducted with a hybrid
corn variety adapted for each area and all experiments used a sprinkler
line continuous varialble design (Hanks et al,, 1974}, The results showed
that, 1f a deficit in ET 1s caused by limited irrigation and the limiced
water {s distributed proportional to the ET rate, the grain yleld ws, ET
relatjonship becomes nearly linear on a deep soil in an arid areca. Most
previouvs studies involved delaying irrigations until various levels of
soil water depletion occurred befgre irrigating, Linear regression anal-
ysea relating yield to ET showed high linear correlation coefficiencs.

ET ranged from a low of about 60X of the maximum ET to 100Z and the in-
tercepts of the ET axis were nenr zero, However, all other data indicat-
ed that grain yleld should approach zero with an ET of 100 to 150 wm,
Thus, the near linear relarlonships presented could be migleading il ET
is reduced to less than about 50X of the maximum by limiting irrigations
because the intercept does not agree with the other data as ¥ + 0, At
Davig, California, normally ET would not be reduced to leas than 60X of
the maximum because corn can extract about 400 mm from that soil when
thoroughly irrigated before planting, When plotting the means of grain
yield and ET for Daviu within water levels, curvilinear tremds (decrcas-
ing yield response as ET = ETmnx) dare apparent for the treatment irrigac-
ed throughout the season (III) as shown in Table 6., Wesulta from Forl
Collina, Colorado ard Loganm, Utal showed more curvillnear relationshipa.
The corn treatment not irrigated during the vepetative stage (0II) pro-
Juced as much grain'us that irrigated all seascn, The response way cssen-
tially linear and it intercepted the £T axis ac 190 ms, The more linwar
reaponse is probably due to a smzller evaporation component, gince oo jir-
rigations were applicd during the vegeracive growth stage, This praciice
may not be advisable in all areas, however, since stress may delay the
date of maturity and increase the risk of froast damage.
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TADLE 6. Yield of corn graiu ac Davia, California, and evapotranspiration

as ifrripation is limited, ({(From Stewart et al., 1977,)

Year and . Hater 1evelgf

ttcnt:‘.u’rltl/ 1 2 k) 4 5 -]
Grain yield, kg/ha

=111 6900 8220 9 920 11 o00 11 &350 11 350

1975711 8180 9080 9 500 10 650 11 700 11 950

1974=-011 180 8830 10 350 14 700 11 200 11 600

EF, mm

1974=111 ﬁ35§! 485 533 636 673 674

i975-11t 410 450 498 524 599 612

1974-4011 440 496 - 325 553 559 571

i III - Irrigated throughout the growing season
01T = Mot irrigated during the vegetative stage, but in the pol-
lination and maturation atages.
2 Zones adjacent to the sprinkler line source (6 {s next to the
line).
EY,

Maximum water extracted from the soll by corn = 404 mm.

Controlling Growth and ET by Water Stress

When imposing a controlled stress period, ET is reduced, yields are
wsually less than when watered throughout the seamson, but amount of frri-
gation water spplied during the growing season may be reduced subatantial-
ly, Me are beginning to see more Irrigation practices in arid areas to
contrel plant water stress and limit undesived plant growth during some
atages, or to enhance partitioning of photoaynthate to the marketable
preduct, Miller {1977) summarized a series of experiments in which daily
sprinkler frrigation was used (Table 7), - The amounts applied ranged from
slightly in excess of daily ET down to 50X of pan evaporation, The treat-
ments began after mufficient growth occurred to provide canopy closure,
Typically, available scil moleture was genarally deplated on the 50 and
75% treatmente during the season, More important, ET was reduced with
little change in marketable yleld, and production par unit of water used
incrensed, Additional details gn the sugarbeet superiments wore presentad



JE

TABLE 7, Effect of defjcit irrigation on water use and sugdr porcentase
and yield of sugarbects, and prain ylelds of dry beans and
wheat (from Miller and Aarsrad, 1976; and Miller, 1977),

. Toral
Crop and daily Sugar Water water
irrigation treatment— Sucrose yield use anpnlied
% kp/ha mm mm
SUGARBEETS (1974 sugar yield)
1002 15,7 13 200 718 760
75X 15,8 12 500 670 615
50X 17.6 13 000 485 356
50X after 10 July 16,7 12 500 370 477
50% after 15 August 15,5 12 300 660 600
50% after 13 September 15,8 12 900 743 106
NUGATIMES WINTER WHEAT
100Z _ 6 640 732 6Q7
75% - 6 950 670 510
502 to flower (6 June),
then 73% -— 6 990 536 G54
152 to early boot (19 May)
then 1007 - 6 910 721 632
507 to flower (6 June)
then 1002 —— 7 110 597 521
50% to early boot (19 May)
then 75% -— 6 470 615 " 50)
DRY BEANS
100 -— 4 350 345 340
5% - 4 390 302 264
50% - 4 200 202 211
100X to 6 Aug., then 50% - 4 360 353 387
50X to 6 Aug., then 75X -— 4 910 277 231
50% to 6 Aug., then 100X - 4 360 115 251

y Irrigated daily after canopy closure, baged ow evaporatlon from o

USHS Class A pan,
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by Miller and Aargtad (1976). Similar resules on supgarbeets were obtain-
ed by Carterzf. Trrigntiong were terminated early in an experiment in
1977 to evaluate the effects of drought and limited water supplies on
sugarbeer yleld and sucrose productien., The last Arrigation was applied
on one treatment on July 16, another on August 1, while the control was
irrigated all season. Only a few light rains occurred after September 15
before mid-October harvest, Rnnt.yialds were reduced to 82 and 93X of
the cortroel which was ilrrigated all seapon, However, since sucross per-
centage increased with plant water stress, sand as soil nitrogen uptake
wvas reduced, sucrose yielda were 91 and 98X of the contreol for the July
16 and Avgust 1 cutoff dates, respactively. The reduction in irrigation
water applied during August and early September was about 10X for the .

S¢A80N.

Other crops, like alfalfa grown for aesed, typically produce more
with somr controlled plant water atress, A thorough irrigation early in
May at Kimberly, ldaho with no other irrigations the remainder of the ’
season produced the largest seed yields in 1969 and 1970 (Kohl and Kolar,
1976; and Xolar and Kohl, 1976). Similarly, Krogman and Hobba (1977) re-
ported that over a b-year period in aouthern Alberta, there was no advan-
tage to irrigacing after alfalfa was in the bud to esrly bloom stage
(June to early July),

These atudies indicated that when gradual plant water atress is im—
posed and some poil water is available, gome cropz adapt to these condi-
tions. Cutler and Ralas (1977) studied the effects of frrigation histery
on reaponse of cotton to subsequent water strega. They concluded that
cobtton subjected to water stress during development is leas aensitive to
tiesue water deficita,

Most observed yield va, ET curvilinear relationships may be associ-
ated with the manner in which ET reductions are imposed, Typically ET
was reduced when irrigations were delayed, allowing greater levels of
soil water depletion before irrigaring, Musick et al, {1976) found a
diatinct curvilinear relative yield va, the lowear observed soil water
level for 12 crop years of data at Bushland, Texaa, on grain morghum,

iy Carter, J. N, Unpublished data,
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soybeans, and winter wheat, In these experiments, the maxisum stress
period usually pecurrnd during panicle develapment and grain £filling for
grain sorghum and winter wheat, and during flowering through pod £illing
for soybeans. These reaults indicated that a single maximum siress pericd
may determine the bulk of the decrease in yleld, thus causlng more of a
curvilinear response siance ET may not be reduced proportionally the entire
agagon, Also, the lack of gignificant yield reducriens, vhtained by
Miller and Aarstad {1976), by dally deficit irrigation indicated that pre-
venting asevere atress for at least part of each day may be 8 significant

factor increassing water uee efficiency,

Increasing Irrigation Water Vae Efficiency

Most of the studies previoualy mentioned generally coneldered crop
production per unit of irrigation water applied only during the pgrowing
aeagon, The four-state, 2-year corn study (Stewart et al,, 1977} requir-
ed that the initial scil water content be broupght to field capacity buforc
or at the time of planting. From an irrlgation slLandpeint, whon water
supplies are either limited or expensive, production from irrigation both

before and during the gseason must be consideread,

When irrigation wos just beginning to expand in the southern Iligh
Plains of Texas, preseason irrigation to £ill the subsoill was counsidered
an efficient use of water. However, Musick et al, (1971) in a 4-year
atudy showed that irrigation water use cfficiency (the increase in pro-
duction pf grain per vnit of irrigation water) was alwaye less when bart
of che irrigation water was applied preseason, Average storage efficicney
{201l water stored rel:xtiwrs tp amount applicd} of 20 prescason lrrigalluns
plus rainfall from fall +» mid-May ranged from 41 to 49X, Also , préscason
fall irrigaction deereuzed subzeguent spring rainfall storage ta abouut Sie-
half of that on nonirrigated trestments. Similar results were repotil by
Jensen and Sletten (1905%a, 1965b) , where preceason irrigation pluy rain-
fall storage efficiency was 206 to 13X for spring Irrigations for grain
sorghum and about 40% [or summer vainfall plus the preplant lerigativae for

fall-planted winter wheat,

Crop lrowth Modeling
A tremendous effcrc has been devotued to modeling plant growt! und

erop production during the past decade. Space does nut permit A Lhoron b
review of this subject in this paper, We can cxpuoct many ¢Pop mede’s o
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varylug complexities to be described in the literature during the next
few yoars. Tiv less complex models requiring daily climatic data as in-

put will be incorporated into computerized irrigaction acheduling programs.

IRRIGATION SCLUEDULING TECUNDIOGY
Iseaclyen {1950) astated that uniform discribution of irrigation

water and adequate depth of water penetration into the soll would be much
eagler to obtain if the irrigator could see by simple inapection how deep-
1y into the soil his irrigation water penetrates and to directly estimate
the depth of water stored in each foot of enil,

This statement is atill applicable today for most farm managers.
The neutron probe, now used by aeveral irrigation service groups and some
farmers, permits direct determinations of soil water with depth at sites
wheve access tubes have been inatalled, Surface moisture probes general-

ly still are not used by service groups.

Irrigation acheduling ia predicting the time and amount of the next
one ot more irrigations, taking into account expected precipitation. - The
most common management obhjective, where water 18 not limited and ies cost
is elther very, very low or not based on volume, is to eliminate water as
a production-limiting varisble, WNegative effects of excess water applica-
tion are avoided by delaying irrigation until aoil water depletion is suf-
ficient o permit efficlent irrigation with the sxisting syatem, Plant
water atrese effects are avolded by irrigating before crop yield and/or
quality are reduced because of inadequate available soil water, Irriga-
tion scheduling technology conaiders rainfall and ET since the last irri-
gation, the allowable soil water depletion at the present growth stage,
&nd the expected rainfall before the next irrigation., Irrigation schedul-
ing is ¢ decipion-making process that farm managers encounter daily or
weekly., They can moke better decisions 1f more specific information about
ET ard the current soil water atatus are available, The type of schedul-
ing information desired by farm managers depands on their mode of opera~
tion. Many farmers prefer to obtain thia information from a reliable
source rather than to determine it themaelvea., This 1§ where frrigation
congulrants have a role, The information currently provided by consult=-
ants or irrigatien management groups can be adapted to any of the follow-
ing management options,

1. High frequency irripation with constant or declining solil water

during the growing season and a targeted leaching fraction (LF),
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2. Normal periodic irrigation to bring the soil to field capacity
and a targetcd LF using censtant or variable amounts per irriga-
tion and fixed or variable intervals,

3. Normal pericdic frrigatiens, but with planned gradual depletion
of soil water during the erep svason with the gargeted LY
planned during the noncrop or some other erop season,

4, Limited or supplemental irrigation to optimize production or net
returna per unit of water, and slternating, well watered, shallow
rooted crops with monirrigated, or partially frrigated deep
rooted crops.

5. Combinations of the above,

Farmera often wint more than data, They want field inspecticns hy
qualified professionals or technicians, Periodic field monitoring is an
essential component of a successful scheduling service ro reduce the
uncertainty of the predfcted soll water status caused by unknown irripa=-
tion or precipitation ampunts and nonuniform Irripations, and to observe

other factors that may be limiting crop growth (Jensen and Wright, 1978),

Current Scheduling Practices in the United States

Many standard procedures and puides for irrigation scheduling have
baen advacated for decades, Moat depend on soil preobing, using scil mois-
ture blocks and tensiometers, and evaporation pan data, I have labeled
all of these methods rraditional because they have one thing in commone-
the farm manager muct use or apply some technigue and develop some degree
of akill to get the information he wanta. Although tensiometers and seil
moisture blocka are valuable tocls for irrigatlon scientists and techni-
cians, they generally have not been adapted by most farmers for various
reasons even though they have been available commercially for three dec—
adey (Jensen, 1975), We have overcmphasized the tradicional approaches
and not adequately considered alternative procedures to provide vital
decision-making data that are needed by farm managers to achieve efficlent
and economical irrigaction. Irrigation schedulipg requires current Infor-
mation on tremds and probable effectr of alternative actions. As Jensen
{1972) atated, the modern farm manager needs amd wants a concinuing scr-
vice that gives the present soill water status on each of his ftelds, pre-
dicts irrigation daces, and specifies che amounts of water to apply wn
each field, He 2lso could use predictions of adverse offects, like delay-
ing an irrigation for several daya or perhaps termivating lrrigations, on

the yield of marketable products.
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The most widely used peneril procedure for providing irrigation
scheduling services in the Unlted Stateg ia the climatiec data based
approacly. Most current service groups use or have adapted the USDA-ARS
computer program for scheduling, We developed this program in southern
1dahe from 1966 to 1969 Lo supplement a detailed use of water study
conducted by the USBR (1971), The program waa evaluated in 1968 and 1969
in Idaho and on the Salt River Project in Arizona (Jensen, 1969; and
Jensen et al, 1970}, The computer program waa released in 1970 and modi-
fied slightly in 1971 (Jensen et al., 1971),. and has been described in
several publications (Jemsen, 1972, 1975, and 1977h; and Lord and Jensen,
1975). The program has been revised for small desk type computere by
Kincajd and Reermann (1974) and specifically adapted for center pivot
systems by Heermann et al, {1976}. A comparison of six nonacheduled and
11l adjacent scheduled center pivot aystems on corn in 1977 ehowed over a
25Y reducticn in water pumped From 740 to 530 mm, respectively {(Heermann
and Duke, 1978).

The Kincaid-Heermann version of the USDA-ARS program was used by the
University of Nebraska in developing ite scheduling program for ics AGNET
(Agricultural Computer Network) system {Thompeon and Fischbach, 1977; and
Tscheathke et al,, 1978), The AGNET scheduling program uses soll mois—
ture block readings as am optional input for its Method 2 and requires
these readings for the Methed 1. An estimared 20,000 to 40,000 ha were
acheduled in 1977 uming the AGNET program.

A more detailed program has been developed by the USBR for ita Irri-
gation Management Service (IMS) program {Buchheim and Ploss, 1977). The
progrom also has been used to devslop optimizing techniques (Trava et al.,
1977), and the USBR IM$S program has been modified in coaperation with the
Extension Service to provide weekly general estimates of ET for various
crops in Idnho, These estimates are printed in lecal newspapera (Larsen,
1878), [Irrigation ascheduling technology 2lso is being used to reduce
peak electrical loads and to limit rachet-type electrical rates that are
based on the maximum electrical demand for tha peak 15— to 30-minute use
periol during the year (Schleicher, 1977). A current suemary of electri-
<al load management practices in relation te water management and ached-
uling to avold mignificant reductions in crop ylelds was preaented by
Reermann and Duke (1978}, .
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Woodruff (1968) and Woodruff et al, {1972) developed an irrigation
scheduling guide for Missourl based on the expected average ET rate for
corn, Wilcox and Sly (1974} described irrigation scheduling procedures
for British Columbia using pan evaporation. Similar procedures using pan
evaporation were described for the Columbia Basin (Jensen et al., 1961,
and Hagood, 1964), EBrosz and Wiersma described procedures based on aver-
age expected ET rates for corn and alfalfa, Other methods and procedures
were described by Jensen (1975).

Kanemngu et nl, {1978) developed procedures for eatimating water re-
quirementa of corn using a "pecket" calculator, The program 1s oriented
toward conditions in Kansss amd is based on an earlier ET model (Kanemasu
et al,, 1976; and Rosenthal et al,, 1977).

Current Status of Commercial and Agency Scheduling Services in the USA

I recently contacted 10 commercial consulting f£irms rhat are provid~
ing acheduling as part of thelr services, They estimated that they had
provided flald-by-field scheduling services to 231,000 ha (571,000 ac)
of aummer and winter crope in 1977. They estimated they would serve
232,600 ha (575,000 ac) of summer crops in 1978, The USBR provided
field-by-field IMS to 63,500 ha (156,900 ac) in 25 different districts,
The Salt River Project provided scheduling services to 5,800 ha (14,400
ac) on the project in 1977, These two groups expect to provide service
to 69,600 ha (172,000 ac) of summer crops in 1978, The USER also pro-
vided Irrigarion "guide'! information to about 35,000 ha (87,200 ac),
The USBR is now placing emphasis on acheduling irrigation system opera-

tiona.

Commercial and agency acheduling service for individual fields has
grown from lesa than 40,000 ha (100,000 ac} in 1971 to abour 302,000 ha
(746,000 ac) in 1977, Including the Nebraska AGNET program, the total
would be over 325,000 tm (> 800,000 ac), The commercinl firma employod
about 250 speclalists, technicians, and other support staff and the
agencies employed 60 in 1977,

All of the commercial firma provided plant mutrition (petiole and
soil sample analyses) services, and most provide pest management services,
Many commercial firms supplement these services with aerial color, color
infrared, and black and white photographs or transparencies of schudilet
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flelds, cost accounting, ond system evaluation and improvement engineer—
ing, ©Of the 10 commercial groups cantacted, seven had 5 to 10 years ex-
perience, one had over 10, and two had lesa than 5 years., Each techni-
clan, or professional staff member genevally moniters from 1,000 to 1,500
ha (2,500 e 3,700 ac} but some handle 2,600 te 3,600 ha (6,500 to 9,000
ac). Fees for irripation ascheduling vary from about $8 ro $15 per ha

($1 to $6fac} depending on the service provided, With other services
included, they may range from $12 to $30 per ha ($5 to $12/ac), In some
cages a flat fee of §175 to $300 per field is charged, depending on the
type of service provided. One commerical firm specializes only in merial
color infrared services on a weekly baais. Their results are made avatl-
able within 24 hours to erable customers to asseaa system operations and
varipus problems affecting crop growth, like water and fertilizer uniform—
ity, disease, atands, pesticide applications, ete, Feee are negotiated
based on the number of photographa provided, but range from sbout $2 to
$3,75/he (50,75 to $1.50/ac}. These fees also depend on the size and

number of fields,

The Salt River Project charges $7.60/ha ($3.10/ac¢) for a year,
This includea irrigation scheduling and weckly f£ield inapections, two
petiole pamples per Field and crop, and one so0il sample for N, P, K,
755 and SAR analyaea,

Becent Developments in Irrigation Scheduling Services

Protahly, the major chasge that has oczurred during the past 2 years
with eevvice proups is that they are now begimning to use noutron probec
to measure gsoll moiature, Two small firma schedule irrigations using
neutron probe data and a large firm uses the probe to calibrate and as-
sigt technicians to monitor soil moisture by the "probe and Feel" method,
Tha YSER vses the probe to adjust cowputed soil water levels, The other
hnjor change 1s the addition of aerial photography ta aid in detacting
crop prowth problems at an early atage, Also, aerial phetography often
clearly reveals water distribution problems associated with the deaign
and operation of automatic sprinkler irrigation ayatems, and plant streas
areas within fielda caused by soil compaction sreas due to vehicle traf-
fic, forzilizer application uniformity, peaticide and herbicide equip-

ment malfunctiona, ete,
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Bole of Aericulcural Consultants

The private consultant has an Important rele ia providing irrigation
management and related services, Pfrivate consultants atimulate competi-
tion and new innovations in irrigation services, Also, since not all
farm managers will want the same degree of service, agency groupa should
consider providing optional services for a fee to those who want them,

ag is done in the S5alt River Project in Arizona,

Agricultural consulcants must work in the best intereat of rhetir
customers--the farm managers, Therefoxe, they should not mell or recelve
commissions on produccs they recommend, and their recommendations must be
based on valid experimental data i{f they are to maintain the confidence
of the farm managers they serve. Sometimes rraditiomal practices and
pressures from fertilizer dealers are difficnlt to combat, For example,
Carter et al. (1975, 1976) showed that 70X of sugarbeet flelds studied
in southern Idaho had excess nitrogen fertilizer applied im 1971, If
these f£ields were representative of general practicesa, and 1f the farmers
had used soil testes and better ferrilizer prediction metheds, they would
have gained about £1% million on 69,200 ha (1974 prices) because of the
higher sugar content, root yields and lower N fertilizer costs, Supar-
beet quality is adversely affected by excess N wuptake, and root yleld
way be limited by incdequate N and sometimes exceas N,

A sugar company in southern Idaho conducted four detailed experiments
in 1977 using fertilizer rates based on laboratory analyses and recommen-
dattons made by three commercial laboratories, the sugar compapy, and the
University of Idaho {(Kerbs, 1578}, The zoil samples were collected and
aplit into four parts by the company, but they were submitted by the farm-
erg a8 routine requests for fertilizer recommendations. The results are
summarized in Table 8, The important point in these data 1s that apply-
ing a wide range in fertilizer elements to avoid all possible risk of
deficiencies, even though soil tests did not show deftciencies, did not
naximiza net returns to the farmerg, One Important conclusifon is that
there fa still vroom for comsultants who are working for the fﬁrmers and
not the qutilizer industry, Also, A amall investment in goil analyses
and obtaining a valid fertilizer recommendation is probably one oi the

beat inveatments a farmer can make.
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Table 8, Average fertilizer recommerdationa and yield of sugarbects at

four locations in southern Idaho (from Kerbs, 1978).

Laboratory making Rex wled fertilizer amounts

scil test and

recomneudat ions N P205 KZO s Zn Mn B Cu
kg/ha

Lab, 1 344 254 194 29 11 7 3 0.8

Lab, 2 Joo 134 40 0 13 4] 2 0.6

Lab, 1 186 231 B8 386 0 1] 1 1]

ascol/ 119 0 0 0 11 o o 0

Univ, of Idaho 4] 4] 0 0 11 1] 0 0

Average ylelds, quality, costa and returns

Root Sucroae Priceg Croas Fert, Cost Net

t/ha  percent sfk $/ha
Lab, 1 59,5 14.7 24,96 1485 185 1290
Lab, 2 5.1 14,8 25,08 1482 - 166 1316
Lab, 3 61.2 14,8 25,11 1536 185 1351
TASCO 59.7 15.4 26,29 1570 40 1530
Univ, of Idaho 58.5 15,5 26,52 1551 10 1541
$y Twin Falls Amalgemated Sugar Company

2 Price i{s based on beet quality

Irrigation recommendations likewise must be based on valid experi-
mental data and recommendations must be targeted to maximize net returns
to the farmer or to conseérve his resources, Irrigation management ser-~
vices will become even more important ag irrigation coste, like labor and
energy tncrease, Where high pumping 1ifta are involved, energy now rep-
resents & major part of the total annual irrigation costs and it will 1n=

cteaaw,

Monitoring Crops and Soil Water

Periodic monitoring of fields by irrigation service groups is an
essential clement of a managment service, but it also represents a major
part of the coscs, One technician or specialist can inspect 1,000 to
1500 ha once or twice a week., Thia usually requires chh travel, since
customer fielde are not always located in a concentrated ares. Once a
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field hae been checked, the climate-based computer program can estimate
aml predier further depletifon with sufficient accuracy for several wevks
(standard ET error of 1/VAr in mm/day where At is the time period in
days), or until the next irrigation that {3 applied (Jensen and Wright,
1978). wWith some irrigation systems that uniformly apply spectfic known
amounts of water, monitoring for acll water may not be needed all season
(Heermann et al., 1976). What fa often overlooked by ilnexperienced groups
ia that visita to the fields and with the farmera mean muech more than
checking the soil water status and unifprmity, BEach field techniclan or
profeasional with a successful commercial firm serves as an advisor on
many crop production problems. Queatlons he can not answer himself are
relayed to the home office by radioc or radio-telephone to obtain an immee
diate qualified anawer. Thus, remote sensing uvsing aerial mecthods or even
satellites may increasc a service company's capability and may reduce the

cogts of monitoring fields, but it will not replace field ppeclalista.

Satellite data and aerial techniques have been used to estimate
leaf area index (Kanemasu et al,, 1977), Other atudies have shown that
remotely sensed canopy :émparature relative to air temperature in mid-
afterncon can result Iin a "streas degree day" (SOD) whose sum starting
at day 100, or the head growth period, was dnversely related to yleld of
duram wheat (Idso et al., 1977), Dacta also indicated that albedo measure-
mente could be used to determine the period to begin summing the 50D
parameter; 1.e., Erom the firat appearance of awns until heads produce no
more dry matter. Albedo incresses dramntically as planta approach matur-
ity. These techniques are poxpected to he pdopted by irrigation management
aervice groups to aupplement, but net replace, computer computations up-
ing crop growth models. Theae models relate growtlh amd moil water deples
tion to ET, They are very economiecal to use and therc are good yield-kT
relationshipa availablu, The SDU parameter will he most effective where
uniform climate and predominantly clear skies prevail. Obviously, this
technique would be valuable in predtctiﬁg ¢rop ylelds over large areas.

fRemote sensing can increase the capability of groupa providing
management services. One company operating in Manitoba, Canada {The
Furrow, 1978) charges $40 to take an infrared photograph, and $6/print
per 260 ha (1 aq. wi.). These are used for working with farm manogers in
assessing crop production problems ceused by nonuniforn fertilizer ard

herbicide distribution, drainaga, insect damage, ond weeds, Hicrowave
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techniques are being evaluated for remotely observing surface soil mols-
ture (Schmugge et al., 1978), Currently, the method may permit aasesaing
the water content in the upper few ccatimeters of soil from aireraft or

gatelliites, but the method will not be operational for a few years.

NEW IRRICATION MANAGEMENT TECHNOLOGY
Changes In irrigation management technology that vequire major

modifications or complete replacement of axiating facilities will oceur
slowly during the next decade becauae of manufacturing, distribution,
installacion, and construction problems. Design and construction or
manufacture of ready-to-vse equipment for large irrigated areas will not
cccur suddenly. For example, consider the current status of center pivot
irrigation systems some 25 years after the firat one was buillt., Manage—
ment techniques can change wore rapildly, Modern irripation scheduling
could be implemented on & project-wide haais in 2 to J years, Adoption
of new concepta of riming or applying specific amounts of water can occur

over large areas within 1 to 2 years.

Kajor management goals will be to improve the ability to control the
amount of water applied and to distribute it uniformly over the fields;
After pchieving this capability, we will require better knowledge of
optimum irrigation amounts and timing. Some changes in frrigation tech-—
nology expected during the next decade are listed below:

A. Water Storage and Distribution
1. More automation and closed pipe delivery systems to provide water
as needed with automatic adjustments when irrigations are com-
plated, -

2, Automatic volumetric measurement or control of water deliveries,

1, More combined use of surface and aubaurface storage by all users

within & basin or project,

4, More regulating surface reservoirs to lncrease water delivery

flexibility ond reduce operating wastes,
B, On~Farm Systems
1, Substantial incresses in the use of automated controls or remote-
ly controlled faciliries to reduce labor and increase water ap-
plication efficiencies,
?. Greater use of soll water and/or salinity sensors in automated
syatema will oceur, .

3, Irrigation controllers or senaing-readout devices (powered by
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solar radiation or wind in romote locations) will measure 1incom-
ing sclar or nec radiation, air temperature, and, possibly,
humidity and windspeed which will be processed by self-
contained microprocessor units.

Qutput from clinatic sensors will be used with ET and crop models
to control or imdicata the need for the irripation, Sensors
mentioned in item 2 will provide feedback. For controllers,
manual programming will be used for semlautomatic gyatems.
Remote read-out deyices will enable irrigators to determine the
gtatus of water controllers from a centval location as ia now
done with canals and laterals,

Gated pipe will be equipped with gates that permit automatic
opening and closing of groups of gates and pressure regulation.
Other surface systems will have computerized controllera to
optimize flow rate and volume delivered to achieve maximum
{rrigation efficiencies,

Sprinkler systcms will operate at lower pressure to reduce energy
requiremants,

More moving systems, both sprinklers and other typea, will be
used to increase water application uniformicy,

More on-farm resarvoirs will be used where delivery flows are
amall and constant, or small wells are uscd.

Return flow ayctomz for reousing curfpee runeff will beceme more
COmMOT.

New, Innsvative uater opplicatica systems will be developed,
More closed conduit on-farm systems will be used with greater

usie of plastics.

C, Water Use~-Crop Productiion Technology

i,

Plant growth and crop production models that have soil water and
ET variables will be available for planning before the irrigation
season, and they will be incorporated into computerized trriga-
tion scheduling programs to enable becter dymamic or real time
decisions te be made in managing irrigations throughout the grow-
ing seapon.

The models mentioned in item 1 will include crep yield and qual-
ity aspscta, plant nutritlon relative to soil and fertilizer
nutrient supplics, and will be coupled with models of plunt pents

and diseases,
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improved puldes will be avallable for regulating plant water
atresy ta eprimize the yleld and quality of marketable crop
producty while reducing water and energy requirements,

Plant breedlng étforts will be geared more gpecifically to
devoloping crops under controlled soil, water, and plant stresa
regincs.,

Hew tecliniques will be developed to stimulate root development
to fully utilize the full potential rooting depth in arid soils

wherte crops now have geverely restricted root systema,

I, Irrigation Scheduling Technology

1.

2,

3.

Improved croﬁ growth~ET modela will be incorporated in private
and agency programs providing irrigation scheduling services,
Improved estimates of daily ET for major erops, including fore-
casta, will be printed twice a week In many newapapars serving
irrigated areas,

ET estimates and computer acheduling programs will be made more
accessible to consultants and farm managers through computect
networks using telephones,

Improved techniques for monitoring woil water statua, both on
the ground and from aircraft will become readily available for
comrercial use.

Plant nutrition subroutines will be incorporated in computer
programg used for real time esztimates and predictiona of water
requirements,

Automatic irrigation asystems will utilize either output from
climatic or scil water sensors and microprocessors to turn
systema on and off, or light {rrigations may be applied in
pulses to maintain apecified moil water levels, Fields may
still be monitored b} congsultants pr agency epecialists,

E. Social and Instituticnal Aspects

1.

2.

Some water lawa and policies will be changed to atimulate water
and energy conservation, This will acceleracte the implementa-
tion of new technology. )

Water users in developing countries will have a greater input in
irrigation water delivery policies to reduce yield losses caused
by arbitrary changes in water deliveries or unscheduled aygtem

maintenance,
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