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SUMMARY )
Irrigation water manogement ia hecoming more important aa irrigacion

competes for limited water suppliee and energy, and as landa cthroughout
the world degrade and deciine in productivity because of poor water man-
agument, This paper discussca the atste—of-the-nrt of frrigation water
management and its effacta on water and smergy conservation, current
trenda and new developments in on-farm irrigation systems, recent devel-
opments In water use-crop praduction technolopy, new trrigation schedul-
ing technology, and lists expected changes in technology.

Effective irrigation wacer management iw important for the success
of individual farm units and is vital to the succeas and productivicy of
irrigation projects, Efficient and effective water mainagement technol-
ogy ia a challenge, It must be developed councurrently wich project works

and must be upgraded continually,

Irrigation efficiency with older unimproved surface aystema is
usually much less than those artainable, The difference between actunl
and attainable efficiency with newer sprinkler syatems fa usunlly leas.
Surface irrigation systems con be modernized and opuraced just ag efi|-
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cleatiy as sprinkler systoms cod o with bess enerpy.

Thi area of Leeigated Lasd in the linited States Increased 172 due-
log the past 5 years, MNost ol this liacrease occurred in the semiarid
central and southern Great Plains and in the gubliumid and humid southern
amd southeaslern USA. Groundwater has been the principal source of

water for these newly irrvigated lauds,

Center pivot sprinkler syntems sre now uwged on about 40X of the
sprinkler lrrlgated B5A lands,  Hust of these systcems ave used in semi-
arld veatral and soughern treat Plains,  Side roll and tow line laterals
are next in popularity, and are yeplaving hand move laterals, Traveller

and gun type systems are used malaly in pubhumid and humid areas,

fecent water use-crop production studles shoewcd that the yield of
many crops is Jincarly related to seasunal evapetransplration (ET) if
Himited water {8 cdistributed propercionally toe ET rates, Controlled
water stress on come eTops Gun luwer LT with little reductlon fu yleld

or puality, thus leereasing witer use cfflclency,

New Lerigation scheduling technology hae stimulated commercial frri-
gation management services, In 1977, commarcial firms provided Eield-by-
fleld scheduling service on over 10,000 fields and 231,000 ha (571,000
ac,) of supmer and winter crops, The U, §, Burcﬁu of Reclamatiom (USBR)
provided similar services to 63,000 ha (156,900 ac.), and the Salt River
Project in Arizona provided services tu 5,8&0 ha (14,400 ac.), General
acheduling puldes also are provided by che USBR, and ET vates for major
cropy are being printed twice weekly In many newspapera. Commerclal
and apeacy services for individual ficlds have growm from less than
40,000 ha in 1971 to an anticipated 300,000 ha for sumser cropa In 1978,
Major changes in scheduling servicea include the use of neutron prnbes'
for scheduliing and monitoring and some companies now offer aerlal color

aud volor infrored photography to supplement ground obaervations,

The role of consultanty in providing management gervicea is dig—
cusned, Consultants specializing ia providing mauagesent aervices, In-
cluding systea improvements, for irrigated farws are bacoming move com-

mon o modern irrigation projects,
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INTRODUCTION

Development of irripgated land cxpanded rapidly guriag the past Lwo
decades, but not without prablema and emerping challenpges. lnereases in
irrigated lands lLave paralleled Inervascs lo world popslacion.  shmielf
(1973) estimated that the lrrigated Jand increased from less than 10
million hectares in 1800 to about 40 million in 1900, Vo0 millios in

1950, and 200 miliion in 1969. The Food and Agrlcultural Organizatiow

(PAQ, 1977) estimnted that In 1975 the totol world ivrigated ares was
22} million hectares, and is expected to Llncrease Lo about 27) mllliou
by 1990, ' '

Development of modurn autowmited sprinkler systems In developed
countries has stimulated rapid eapansion of irrigated lands and cunver-
alon of surface systems co eprinklers. Some lands previeusly vonsidered
unsuitable for irrigation because of soll or topopraphy and Lilpih pumping
1ifta are now irrigated, Rapid expansion of Irrigatlon la tle USd is
accelerating groundwater mining in some areas, Lacreasing eoeriy Cunsusp=
tion, and increasing public concern for altcynative wses of waler vo-
sources, For example, in the PFaclfic Nerthwest, lrrlgation awd lydve-
electric power uaes are now in conflict Lecause fuvther development of
1$nd for irrigation decreases the capacity to guncrate hwiroclectiric
power. Increased concerng about environmental quality, parcicalaily the
quality of raturn £low from frrigation traces, is placing new constvaints

on irripgated agrieulture,

In developing countriea, recent adverae publiciLy concerning lavge
trripation schemes has 1nc;cnsed, while the main purpose of thc projeet,
increaged crop production and living standards, are cdeemphasized by
apecial interest groupe {Worthington, 1977), OF major e¢oncern is the in-
cidence of diseasep cransmitted by mosquitves, simullem fly, tauL‘su‘fly,
snails, ond fresh water crustaccans (White, 1977}, Public Lealth pre=
cautlons must assure potable drinking water supplies, adequalr sanitatlon,
and waghing facilitles in wsreas where populativn deusity fperewcics with

irrigation developaunt,

Rapid expansion of irripated agriculuure and lucreagsloy sise of
farming unite in developed countries; Increasing farm costs, pariicularly

for enerpy; and current low farm prices for farm pruducis arc crvatlig
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new watvr munagement challenpes.  Facm managers need floxibility in warer
deliveriva to maximize net return for Lhelr investment in facilities,
labor, and other agriceitural juputs, LEfficlent waler storage and dis-
teibutlon networks that minimize the constraints and provide this flexi-
bility are needed, Lfficient waler munagenent vequires irrigatfon sys-

tems to uniformly apply the desired amount of water at the proper time,

On-farm water management is a daily or weekly decision—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 eption. It Is highly doubtful that an irrigation asgocia-
tion, or agency, can make better management decisions than the individual
farm manager, provided of course, that he has access to data needed to

make puxd 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
lateat irrigatfon science and technology to irrigation water management,
Aerial color and color infrared photography is another modern technologi-
cal tool that i3 now being applied and made available to USA farm manag-
ers, This technology can enhance irrigation water wmanagement decisions
and improve irrigation prackices, 1t may enable detecting problems of
plant nutrition, diseasé, and poor distribution of Ffertilizers and the
effects of other cultural practices at early atages that would otherwise
not be known except in terms of unexplainable low yielda at the end of

the growing aeason,

Various aspects of water manasgement will be diacussed in chis paper.
The primary emphasis will be on farm aystema because success of the total
jrrigation scheme depends on the success of the individual farming units,
Primary emphasia will be placed on techniquea by which the farm manuger
can improve his daily decisions to achieve his management objectives,
The primary management objective 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 drrigation with low labor and energy requircments along



with new technologics In sprickler irriparfon will be discussed,

Recent experincntal studiea indicated that we can control plant
water streas during the growing scason to oprimlze warer uze efficlency.
Thla is becoming more impactant 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 irrigation managment and

related private consulting services in the USA will be presented.

IRRIGATION WATLE MAMAGEMENT

Hater 1s essential for plant growth, 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
15 the application of water to the soil to eupply water essentinl for
plant growth that is not provided by natural precipitation., Yield re-
sponses to water applicatfiona occur only where soil water amd precipita-
tion are not adequate tc prevent plant water stress, When enough water
is provided te eliminate plant water stress, there la nermally nc benefit
from applying greater amounts, Excessive water applications, may produce
water logging, reduced crop production, and iucreasead salt load in the
return flow water. Ilrrigating a new land area with fwmported water causes
a large change in the hydrology of the area, Limited natural subsurface
drainage often must be increased just to handle unavoidable seepage and

the minimum leaclhing requirement,

When 1rrigation is introduced in an area, agricultural production
may be increased substantially, Continued production from irvigated
agriculture ia often much below that obtained by an optimum combination
of irrigation and drainage, apprepriate scil reclamatiovm and management
practices, and selection of crops hest suited to local conditions
(Gulhati and Smith, 1967}, Culhati (1967} also stated that succesaful
irrfgation projacts involve much more than the “spectacular engineering
feats invelved in conserving natural waters and making them waahle for
irrigation, comveyiny these waLers over lomg distances, and distributise

them equitably among the farmers."
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TradilLlonally, when water s first brought into a nonirripated srea
and suppliva are plentiful, overirrigation is the [irat and moat comwmon
error wade by farmers (Buffum, 1892). NKegative eBfects of overirrigation
cauged by inefficient systems and poor management have developed on praj-
ecfa throughout the world, Houston (1977) indtcated chat degradation of
land by water logglng amnd 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 seriously affected,  India has about
1?2 million hectares affected, Salty areaa are found in northern and
central Africa, central valleys and plains of Chile, Peru, Argentina,
Yenezuela, and Maici, 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 Houaston go unsclved, even
though in mast casea, "we do know what to do about it from the scienti-
fic standpolut." These experiences clearly indicated that one of the
greateat needs in improving lrrigation technology is to improve irriga-
tion water management, Levine {1977} stated chat syatems in developing
countries are often inefficient because the importance of the management
component and soclal constrainte haa been-or is underestimated. He also
cavtioned that deaigns baged on preconceived nosms of efficlency often
£ail because the role of water as a factor substitute for other inputs,
1ike labor, capital, and managerial akilla, is not recognized. Likewise,
public cbjectivea for aystem performance are usually not congrueat with
former objectives, or even with irrigation bureaucracy,

History has clearly shown that good irrigation water management will
not occur if left to chance, Without a dedicated water management pro-
gram, a new echeme will encounter many of the game problems that have
been encountered by other irrigation pchemes throughout the world. Irri-~
gation water management technology must be devaloped and implemented con~
currently with the development of water storage and discribution works,
and steps muat be taken to assure continued application, Good 1irriga-
tion management practices usually become more important in time ag a
project approaches a new hydrologic balance aa large quantities of water
are imported each year,
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The success of an drrigation svheme depcnds First of all on tLhe
success of the individual farm units, The farm manager must be given the
freedom to exercise decislon-making tc maximize his management objectives
without creating adverse effects on lis nelghbors or downstream projects.
The moat coamon management objective is to maximize net profit by optimiz-
ing the inputa of all resources, When water supplies are scarce or very
expensive, 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 (sece Eq, 11). When land resources are scarce amd
water gupplies 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 Eixed water delivery
costs, farmers try to eliminate water as a production variable, Avcelar-
ating energy costs and limited emergy supplies may limit water applica-
tiona, The management obJective may still be to maximize net returns,
but more emphasis will now be given to minimizing energy costs. Increase
ing energy costa are expected to cause substantial improvements in irri-
gation efficiencies where pumping 1s involwved,

In the USA, problems of erosion on irrvigated land and sudiment in
irrigation return flow have become critical issues in some areas of the
Pacific Northweat and western Intermountain areas where land slopes are
foirly steep, A major water quality problem that is receiving renewed
attention fa salt loading. For example, in the Grand Valley of western
Colorado, groundwater from seepage and deep percolation diamsolves and
carries about 635,000 tonnes of salt per year to the Coleorado River,
This 1a about 22 tonncs for each irrigated hectare, This situation is |
unique because groundwater [low passes through marine shale that contains
crystalline salis before veturning to the river system (Duke et al,,

Improving lrrigation water management with most existing systems
that do not have automatic controls so that emall amounts of water are
applied ag needed requires a better understanding of facturs controlling
water atresa end effects of comcrolled wuter stress on crop productlon,
Planned optimum timing and amounts of warer applicazion ahould bo dewel. p-
ed before planting and then modified as nceded during the growlng svano.,

8
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These decislons are made dailly or weekly,

Long term management decisions affecting water use efficiency may
involve alternating deep and shalluw;rooted craps to maximize the recov-
ery of water applied to deep solls, This 1s especlally important when
water is pumped because most irrigation pumplng consumes energy that nor-
mally cannot be recovered, Excess water pumped from deep groundwater and
applied to shallow rocted crops may not be lost, but the energy used in
puaping this water is lost unless a deep rooted crop can be grown the

next year to recover zome of this waker,

New 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 praojects,

IRRIGATION EFFICIENCY AND ITS EFFECT ON WATER AMD ENERGY CONSERVATION
Irrigation Efficiency Termsm

The busic concepts of irrigation efficiency have been described by
Israelsen (1932, 1950) and used by irrigation specialists for many dec~
ades, Howcever, the concept of irrigation efficiency is not well under-
stood by wany policy makers and monagriculturalists. Proper use of irri-
gation efficiency rerminology is esasential in discusaing irrigation water
management. Therefore, several of the more important terms are defined

and reviewed in this sectionm,

Irrigation efficiency was defined by Ieraelsen (1950) as the ratio
of water consumed by the crops of the agricultural farm or project to the
water diverted from a river or natural source into the farm or project‘

cenals and laterals.

=

[+
By 1)

where ¥V 1s the volume of irrigation water consumed by the crops during
their growth perioda and VH is the water diverted from a river or other
patural source into the project canale or to farms during the aame time
peried,

To further 1llustrate the full eignificance of thia term and the



implications that changes in irrigation water management can have on the
ugse of water resources, we can consider that the volume of water with-
drawn from the astream or other natural source like grovidwater is used
conaumptively (evaporated) or nonconsumptively, that is UN =V oEV .
With this notation, and assuming thot consumptive waste is negligible,
we can also define irrigarion efficiency as

v v

C nc
Ei-v_'l—l‘ [2]
L W

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

irrigation, V ia

dep?

v

dep “ Vo T a-EIV : {3]

where E_ is the fraction of Vuc that is or can be removed (Jemaen, 1977h),

The net or effective irrigation efficiency Ee is

vc vnc
B =V *tEy 141
w L

which alac can be expressed as

Ea - Ei + Er(l —-Ei) [5]

These variations in cfficiency terma are presented becauae the recovery
of water that is diverted for irrigation and not consumed, Er(l —'Ei)’ iz
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 ignored when Er is very small or negligible, but thim is often not
the case in mountain 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.

Israelsan (1950) also defined water application efficiency as
E = Eﬂ . [6]
a Uf
wvhere ?s = the volume of water stored in the root zone of soil on a farm
and Vf
can be applied te individual fields,

More tecently, Dus and Mugteren (1974) presented an excollent susmsary

w the irrigarion water delivered to the farm, The mame definilion
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of a covperative irrigatlon survey conducted early in the 1970'a by the
+ International Commission on Irrigation and Drainage (ICID), the Univers—

ity of Agriculture, and the International Institute for Land Reclamation
and Improvement, Wapeningen, The Netherlands. The water quantities de-
fined were:

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

Field application, “a

Farm supply, V¥

f

Project supply, Vt

The efficiency terma defined were: v
Water conveyance efficiency = e, = ﬁs
t

¥
Farm ditch efficlancy = e, = ﬁﬂ
f
v

Field application efficiency = L FE

v a
- n
Farm efficiepcy = ?; = ee

A much more detailed discumsion of these terms and standardes for
¢alculating efficienciea wis recently pregented by the ICID Committee
on Assembling Irrigation Efficlency Data (ICID) in 1978,

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

and Shmueli (1971),

Dbeerved Efficiency

The average calculated efficlency values rsported by Bos and
Nugteren (1974) for Group IXI projects (includes Australia and the USA),
based on completed queetionnaires for 32 irrigated aress, acve presented
in Table 1, The reported values of fleld application efficiency ranged
from 40 to 75% and averaged 60X, Several items were denoted apacifical-
Ly

o sprinklers were wore efficient for applications less than 60 mm

o no correlation existed between farm size and farm application

efficiency

o highest field application efficiencles were obtained with flowa

of 30 to 50 L/ per field

Other ohserved 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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graded borders can be very efficient if balanced stream sizes are
used for the slope, length of zun, type of crop, and intake vates involv-
ed, Some surface runcff is common with bordera, but 1f border systems
are properly managed, runaff usually is less than with furrow aystems,
Level or low gradtent borders with diked ends can result in very high

efficiencies,

With basin irrigatiom, the attainable water application efficiency
largely depends on the lsvelness of the basina, Actually efficlencies
also depend on the amount of water depletion before an irrigation. If
shallow rooted crops are grown, only s small smount of soll water may be
depleced before another irrigation {a needed, but at each irrigation
usually sufficient water sust be applied to cover the high areas, This

practice often causes extremely low water application efficiencies,

With sprinkler syatems, Ea will be influenced by operating pres-
pures, 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 constraints and water delivery policies, but
unifurmity of water application and evaporation and epray drift are the
major factors affecting E; {Jensen, 1975).

Moving sprinkler laterals temd to apply water more uniformly than
ptationary-operated laterals, aince each aprinkler_esuentially becomes a
line source rather than a point source, The uniforﬁtty of uatar.applica-
tion with stationary-operated laterals can be improved if they are placed
in different positions at alternate irrigations. Solid met sprinklers
usually are not moved during the entire growing seaaon and the distribu~
tion tends to be the same all season. The uniformity of water applica—
tion by sprinklera is not greatly influenced by the amount applied, '
wherens with some of the surface irrigafion syatens it 1s difficulc to
achieve uniforn application if one attempts to apply a small or a large

amaunt,

Center pivet aystems can be fully automatad, the smount of water
applied per revolution can eagily be set, and they can apply water very
uniformly. Alsc, they can be used on fairly rough topography and sandy
aotla, and they can be used to apply fercilizers and herbicides, HMoat

current systems, howsver, require mora emergy to operste than standard



sprinkler systems,

Factors affecting Ea for trickle systems are similar to those for
sprinkler systems, except for wind, but mechanical problems are differ-
ent, These consist of clogged nozzles, by mechanical, bilolegical, and
chemical processes, and pressure variations. Doth trickle and sprinkler
aystems which control the rate of application tend to result in higher
actual efficiencies than the other systems because they are less subject

to mismanagement,

Irrigation Water Management anil Efficiency

The ralative magnitude of present water application and irrigation
efficiencies as compared with the attainable efficiancies for a given fr-
rigation method can be congidered as an index of the level of irrigation

water management, (Imo)
. E E
T Y, * L o3
a’o i'e
the management index when conmsidering a potential change of water digtri-
bution and irrigation methods ia

Ei

Illl - (Tir“ [8]
whera (Ei)o ia the attainable efficiency uaing the present distribution
and application method, and (E:)n ia the attainable efficiency with a new
ot modified syetem, 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,
ao that water-logging and salinity problems have stabilized at & minimum
ievel; and a high proportion of the water not used consumptively (Vnc; 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 losses or indirect coats are encountered, then
the management index must be improved. MNowever, the economic analyses

required often can become very complex,

Irrigation Efficiency, and Energy Requirements and Costs
Irrigation efficilency significantly affects the energy requircmencs
for irrigation when water is pumped from & river or greundwater supplies,
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or applied under pressure, Any Emprovement in irrigation efficiency will
reduce the net energy required for most {rrigation projects and farma be-
cause there usually is not significant recovery of this energy (Jensen,
1977b). The energy required per unit area, Qe’ is

Q= (@ +Q) o [9)

where q = the encrgy required te withdraw water from a river or ground-
water aquiter, Qp = the energy required to apply water updex pressure,
and Q = the energy Lhat can be recovered within the distribution network
or by running the surface return flow through hydroelsctric plants before
returnlug it to the river if a significant fall ig involved, I1f Qr
Yo'ty

EiEp

Q, = (qw + qp) = 3,0272 [10]
whete (Q + q ) is the total pumping energy required per hectare to with-
draw and provida gperacing pressure in kWh/ha; ? in the nat depth of ir-
rigatlon water used consumptively in mm; HD is the total dynamic head
(TDH) consiating of the sum of the pumping 1lift, pressure head for
gprinkler systems or preasure delivery, and friction loeses; and Ei and
Ep are the irrigation and pumping efficiencles, respectively, If both3

E, and EP are between 0,70 and 0.75, the enexgy requirved to apply 10 @

i
(1 mm depth) of water per meter of TDH would be about 0,03 kWh/ha.

Two examples i1llustrate che effecta of different irrigation mecthods
on energy requirements, The firat aitustion existe in southern Idaho
where very high 1ifts (about 180 m) are required in pumping from the
Snake River, If the values of the variables 1n Eq, ld are;

v. - 700 ma (net annual irrigation water requirement)

0= 180 m 1ift + 50 m for sprinkler syatems or 180 m + 10 m for

a pregsure distribution to aurface syatems
Ep = 0,70
E = 0.75 for sprinkler aystems and 0,60 for surface systems,

3
then the annual energy requirements will be:

Sprinkler systems Surface aystems
Annual energy (kWh/ha) 8,340 10,430

In this particular casa, irrigatfon wacer could alternatively be diverted
from the river by gravity at some distance upstream and delivered to the
ated by gravity although enlargement of a major conal and at least one
inverted siphon would be ded, The 1 energy requirement for the
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two irrigation methods uged for gravity diversion and delivery would be
Sprinkler gystem Burface 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 annual potential for gen-
erating hydroelectric power In downstresm plancs by about 10,200 kWh,
The cost of enerpgy should take into account bath the present cost of
hydroelectric energy for pumping and the replacement cost of che loss in
potential hydroelectric power generation which is considerably higher
{about $0.03 ve, 0.007/kWh).

The second example developed by Eisenhauer and Fischbach (1977), 11-
lustrates the Fixed and operating costs to be conasidered with and without
an energy escalation factor. The cost of energy in the USA has boen ea-
calating 9 to 11% per year, The example summarized in Table 2 fllus-
trates the relstive costs of improved surface irrigation systems and a
center pivot aystem, each capable of achieving a 75% or better irrigarion
efficiency. The fixed costs include the deprectacion of the well, pumps,
and motors. The operating costs are based on a 30-m pumping lift from
groundwater and a fuel oll energy mource, except for the reuse system

which uges electricity,

Thia example clearly indicates several important characteristics,
Firet, improving the irrigatfon system generally will increase the total
annual fixed and operating costa, Second, the example also clearly
tndicates that energy costs are rapldly becoming a greater componeént of
annual irrigation coare, As Irrvigation costs ilncrease, form managera
ahould place greater emphasis on maximizing net returna per hectare and
lesa cmphasis on maximizing yield, The relative effects will be ampli-
fied with greater pumping lifts,

Improving the Irrigation Water Management Index

After complecing a study of five irrigation farms in the gouthern
Jdaho area from 1964 through 1968, the ¥, 5. Bureau of Reclsmatton (1971)
made a very detailed analysis of atrainahle efficiencles with add Lefanal
labor, and with impTovements in management and eximting irrigatfon sys-
tems, Most fields were irvigated from unlined ditches, or fros concrete

lined ditches and using siphon tubes. Some fields were still bulng drri-



262

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 emergy requirement, unless
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.
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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 losses and attainable sfficiencies for the five-farnm study area in southiern ildaho {Source:

USrR, 1571}, and estimated effects of system improvements on €Nergy reaquirenents,

Presgent Improved management, additional Level 3 Estimate
Bystem labor_and improved uumnnsw\ plus return for
1964~68  Level 1 Level 2 Level 3 flow svetens’ sprinklers’
Average losses (percent}
Evaporation - bt —_ - - 10
Farm aystea .5 7.7 7.1 6.1 1.0 3
Surface runoff 16.4 23.7 19.0 16,0 3.7 2
Deep percolation 31.8 17,1 15.7 3.7 15.7 _1g
TOTAL 58.7 8.5 4.8 35.8 26.4 25
Fara efficiency 41,3 51,3 58.2 6k, 2 73.6 75
Annual energy requirements
(kWh/ha) .
Project®’! 2070 1730 1570 1460 1320 1300
on-farn®’ 0 0 0 o - 50 1170
TOTAL 2070 1730 1570 1460 1370 2470
1/

= Eptimated attainable efficiencies with various levels of increased input as described by the USEBR (1971)
Level 1 ~ Examining scil moisture, cleaner ditches, furrow slicking, etc. .
Level 2 ~ Level 1, plus additional labor

{continued)

kA



Water vee Lifilciency (U.)

U wator supplies arve scarce amd Lhe manug. -ment objective for the
farimer aad the natien 15 to uaximize food and iiber production per unit
of water used in KT, the term water use efficlency (Ua) 1s used to evalu-
ate the production umder various ifrrigation practices, Water use effi-
ciency hirs heen defined in turms of the marketable crep produced per unit
of water used in ET (Haise and Yiets, 1957). Viers (14962, 1965) also de-
flned water use stficlency as the ratfo of dry weight of crep to depth of
ET,

. m R
l"u ® e OF Le ET (11

whero Yw = [he marketable yield, DM = dry matter produced, and ET is the
total depth of water used in LY. The ET for a given crop in & climatic
region is very similar from year to year, thus the major emphasis in in-
creasging Uc has becn to increase the production of either dry matter or
the marketable product per uni. area which inereases the numeracor of Eq.
11. *"ocve recently, Shmucli (1973) described an optimization approach to
maximizce water vse efficiencies by maximizing both yleld per unit area and
ofpimlzing BT for the amount of irrigation water npp;ied. He cautioned,
howewer, that there may be hazards in attempting to minimize the denomina-
tor of 1'g, 1l, such as reduced fimancial return from the investment in the
irrigation system and increased seil salinity from continued partial

watefing of the root zone,

Irrip.tion Water Storage and Distributfon Systema

vhe develepnont of oprimum watzr ctorage and diztributicn systoma
te maxirize the use of water supplies for energy production and agricul-
ture iz 3 =ajor subjeer in dtself, I will not deal with this aspect
of lrrigation warer management, other than to indicate that a good water
distribution system should allow the farmer to obtain water wien lie needs
it at a4 rate sufflciently large s¢ that he can utilize the stream effi-
clently with a minimum or reasonable amount of labor. The irrigarion dig-
tributlun system should algo permit the farm manager to rejcct water when
ft in not needed or as scon as irrigations ave completed, rather than at
arbitracy time intervals, like 24-hour perioda. In sowe countriea, a con-
tismour Flow of water cannot be rejectad or disposed of through a surface
dratpn e syatem, “he water musc he spplicd whether needed or not, This

dicuat jon exlets In Pakiston ard haa been one of several factors contribe



uting to high water tables and salinity problems. Many farmers in
California now use overnight storage reservolrs to permit larpger dellver-
ies to individual ficlds and greater Elexibility in the rate and duration
of irvigation sets (ferriam, 1977},

The current general methods of delivering water to farms consist of:
(1) the continupus flow system where ench water user veceives hls share
of water throughout the irrigation season; {2) the rotation system where
rotations at fixed time intervals are made between Lwo 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 demand system which is capable of dellvering
water to the farm at any time and in any yuantity aa required by the water
uger, The third type is Jdeal from the manager's standpoint, since {C
allows him to plan his other farm operations knowing that he can obtain
water when it ias needad and he can reject water when it is not needed.
Because unlimited capacity cannot be built into the entire system, the
demand syatem sometimes must be modified during the period of peak water
uge. Whea this occurs, the system is changed to a modified demand system

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

ON-FARM TRRIGATION SYSTEMS
Current 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
ciimatie and phyaiographic regions, Also shown fs the proportion of irw-
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 B4% of the irrigated landa in
Regione 1 and 2, About 50% of the irrigation water is withdrawn
from surface sources in Reglon I and 832 in Region 3.

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

groundwaterx,



TABLE 4 {continued)}

by Murray and Reeves (1977)
2/

Irrigation Journal (1977) )
3/ Percent of the total 1977 irrigated area that is sprinkler irrigated




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

Source of water Tt oarea wﬁﬂwmrnu"m.__ Sprinkler Hnﬂuanc.._Wx H_nnwr:‘..r
Region Ground Surface 1972 1977 Change 1972 1977  Change of tota1’
109 ha
1. Arid Southwest (AZ and CA) 50 50 3977 3779 ~198 611 605 -6 ‘16
{-4,9%) {~0.9%}

2. Arid Pacifie Northwest 17 g3 2910 015 105 482 1373 892 46
(1D, OR, and WA) (+3.6%) (+185%)

3, Semiarid Central Mountains 12 88 4440 4571 81 503 669 +267 15
(Co, MT, NV, UT, and WY) (+1,8%) (+83,5%)

4, Semiarid Central and South- 77 23 6791 :1-1-1.3 1875 1440 2628 1188 30
ern Plains (XS, KB, M, (+27.6%) (+83,5%
0K, and TX)}

5. Subhumid Cornbelt {IL, IA, 77 23 202 466 264 128 375 247 an
MK, MO, and WI) (+1317) {+1931)

6. Sublumid and humid South 61 k) 1747 2602 855 84 999 615 E1:)
and Southeast (AR, ¥FL, {(+48.92) {+160%)
GA, LA, MS, KC, and SC)

All states (including others 40 60 20,2135 23,558 3443 4068 7122 3054 30
in addition to those (+17.0%) (+75,1%)

listed above}

{continued)



v The alder, semiacld mountain irripated areas (Regiona 2 and i3]
lire Che Nighiost proportion of surface irrigation. Frow &3 to
Gty of Lhe frrigation water is from surface SOUTCESR,

o, The Paeific Yorthwest (Region 2) has the highest portion of
sprinkber freipation (46%) of the arid and semiarid reglons.
Thix is nssociated with the large increase in sprinkler irriga-
tion during the past 5 years (185%), However, 83% of the
{reigation water is from surface supplies, Since the total
irrigated area fncreased only 3,62, this Increase represents a
large conversion from surface systems, mainly furrows and rills
to sprinkler systems., Several factors nave influenced these
changes, Ample, low cost hydroslectric power has been readily
avallable until the last 2 years, and the relling, 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 1ift. The Mountain States
(Region 3) use the least energy per unit area (Dvoskin ond Heady, 1976).
The Southern Plains (Region 4) and the arid Southwest (Region 1) use the

most cnergy per hectare because of high pumping lLifts from groundwater,

The current distribution of various sprinkler methods in these
repivnn 1a summarized in Table 5. Because of the tremendoua increase in
center pivot aystems, it now represents the major sprinkler irrigation
method {39%) In the U,5, Towline and side roll laterals and hand move
systums 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 populaxr than the large boom type irrigators in Furope
(Butterworth, 197B), even though large boom systems have amaller droplets

degired for many soils.)

Three major improvements in surface {rrigation have been implemented
on o large scale, These are gated alumioum pipe for water distribution to
furrows, underground concrete and plastie pipe for on~farm water distribu-
tion, und concretu-lined ditches with siphon tubes for water distribution
to furrows, Large concrete~lined ditches with aingle or multiple turnouts

te level Lagsins are used in Arizona,
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Hany return-Elow systems are buing installed to recover surface run-
off, wspecially where groumdwater is pumped, Desilting basins, vegetated
strips, and other devices are bulng inatalled to remove sediment from ir-

rigati.m recurn flowa where soll erogion is a problem,

Trickle or drip irrigation aystems are only uged on a very small
part of the frrigated land in the U. S. The 1976 survey {Guatafsen,
1977) indicated only 74,000 ha of trickle-irrigated land, which 1s 0,32
of the total 1977 irrigated land,

Trends in sprinkler and surface irrigation aimilar to those in the
M. 5, are occurring in other countries, In the USSR, for example, nearly
one=third of the irrigated land was sprinkler irrigated in 1973 (USSR
Wational Committee of ICIL, 1Y477),

Will these trends continue? Wil)l moset of che irrigated area eventu-
ally be sprinkler irrigated? Beéause of che larger annual operating
coats with sprinklers, sscalating energy costa, and the much larger enerpy
requirementa for sprinkler sysrems, L predict a slow down in the rate of

expansion of sprinkler irrigated land during the next decade,

LEficient frrigatien is currently easier to achieve with aprinkler
irrigation ayatems, With the modern controle, they provide good controel
of water applications, except under high wind conditions., The inveatment
in rescarch and development of sprinkler irrigation since World War II
has been ataggering, and the impact om sprinkler sales for both new land
and fnr converting obsclete systems on exiating irrigated lands has been
phenonenal, as shown in Table 4, Unfortunately, we have seen only a token
research and development effort on improving surface irrigation systems.
There 18 now a renewed interest in low energy, low pressure systems which
shuuld avimilate Llnnevative new technology for surface systems uaing lin-
vl dltchea or low pressure distribution aystems, We are now beginning to
wodernlze surfice freigation techniques, but we are much belind the de=
veloprent of wodern sprinkler syatems, Until Goteber, 1976 we did not
have au orgaulzation in the U.S, concerned speclfically with surface sya=
temy, At the 270 Annual Conventilon of the Sprinkler Irrigation Assvcla-
tlon Iu 1976, the name of the organizatlon was offictally changed to "The
Ter e lon Asgoeiatfon,™ Tiw Assoclatlon decided to adopt a brosder namc

bergnge of Lhe development of new typea of “cloded" lrrigaktlon systems,



New Developmenes in Surface Irrigation Technology

During the past two decades much of the limited surface irrlgation
research has been on the hydrodynamics of surface systems. When combined
with modern computer technology, we now have the capability for utilizing
fundamental mathematical relationships that describe the dynamic nature
af overland flow, Infiltration, and distribution of water in the solil
profile to improve irrigation management (Katopodes and Screlkeff, 1977a,
1977b), The greatest limitation in applying these mathematlcal relation-
ships in the design and operation of irrigation systems will be in pre-
dicting the inflltracion capacity of soils and the surface hydeaulic
roughness, Both of these variables change with time, cruop, and growth
stage. MHowever, I do not anticipate significant problems with these
variables for furure cfficient surface irrigation aystems because, where
land slopes are small, we will be seelng much greater use of large basinu
that are annually smoothed with laser-beam controlled land levellnyg
equipment, For syatena on sloping flelds, water conmtrols will Incorpo-
rate feedback mechanisma and microproceasor electronica to regulate flow
rateg to bordera and groups of furrows to achieve efficient irrigation.
We soon will have fully sutomated surface systems that can apply small
water applications as needed to maintain an optimum available soil water

level in the root zone during each growth stage.

Level-basin irrigation, uweing largs 2- to 4~ha {5~ to l0-ac) basins,
has become popular In ome project in Arizona where slopes are flar; large
flows are available, intake rates are low, and surface drainage normally
is not needed, Provisions for surface drainage should be provided in
case of overirrigation or excess precipltation, MNigh efficiencies {70 to
90%) can be obtained wlen vaing laser plane technulogy to level and an-
nually smooth the basins {(Vedrick et al,, 1978). Autometed large gate
and pipe turinouts and volumetric water control aystems are being develop-
ed for level basin aystema (Haise et al., 197U; Dedrick and Erle, 1977,
1978; and Lrie and Bedrick, 19?82f). Erosion control turnuuc Structursg

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

3
A H, R. Duke, Fort Collins, Colorade, will be preseancing a japor
on an automated volumercie flow measurenent amd confrol system st the

December 1978 meeting of the Americen Socicty of aApricultural Lagibects,



Cutback trrigativn, where furrow flow is reduced after the water
advances to the ends of the furrows, has been advocated for decades.
However, because of the increased labor required with manually operated
systeng and problems assovinted with handling a conatant flow, this
teclpology has not been implemented, With automacien, these preblems no
langer newd constrain thls aystem, The high lanitlal flows are usually
provided in one of two ways:

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

advance of the streams in the furrows; and

2. The set fa eplit after the water haa advanced to the ends.
Fischbach and Semerhalder (1471) reported application efficlencles up te
42% using the first method (Table 1), Deaign criteria for return flow
systems have been provided by Bonduraut (1969), and Stringham and Hamad
(1475).

With the development of automatic valves for pipe (Humpherys, 1978,
and Humpherys and Stacey, 1973}, and their availability commercially, we
can expect greater use of the second method, With this methed, one-half .
of the total aet is irrigated with the full stream until the water
reaches the end of the furrows, The flow 1s then directed to the second
hall for the same time period, Then the £low ls distribuced over the
full set for the balance of the Irripation perlod providing a 50Z cutback
in the furrow stream size, Humpherys and Horstellﬁf obtained a seasonal
irrigation efficiency of 78% in 1977 with a semlautomatic gplit-met cut=-
back syatem using gated pipe on furrow {rrigated beans, Only 57% effi-~

cleney woa obtained on the concrol,

A third method of achieving better application efficiencies with
furrow frrigution 48 to reduce the lengtl of rum for the furrows by ue-
ing multipje water distributors, Decause of inecreased labor with manual
systensa, this technique gensrally has not been waed, Actually, run
lengthe have increased to reduce labor and faruing costs. The multiset
technique ean be achieved with gated pipe on the surface, but more labor
is ruquired to place and move the plpe for cultivatfon and other opern—~
cions (Rasmussen et al., 31973), A buried multiget system, which elimie
nates some of these disadvantages ia being evaluated fa gouthern Idaho
(Norstell, 1976), Humpherys and Horstell“! obtained a geasonal irriga-

4/ Unpublished data from 1977 experiments,



tion efficlency of E9X with a semiautomatic experimental muleiset system

on a bean fleld in 1977,

A fourth method using the bubbler concept, but with low cost corru-
gated plastic tubing, has been developed for an orange grove {Rawlins,
1977), Corrugated 10U-mm dlameter plastic tubing is buried between evory
other tree row., Smooth Y-mm tubing {s inserted into the main tubing to
deliver water to each tree at a rate of 0,06 £/s (I gal/min). The flow
rate 1s controlled by the elevation of the outlet stapled to each tres.
When using 2 simple calibration technique, a 90X emission uniformity is
achieved, With a simple dynamic readjustment, a 98X uniformity can be
ochtained.

Improving Farm Surflace Irrigation Systems by Automation
Host water diatribution systems on older projecta were not designed

to provide water on demand or te allow farmers te reject water when npot
needed, Many project systems need improvemept. This can be done by more
automation and by providing storage within distribution networks, Open-
channel delivery systems without automation‘nou limit the extent to which
farm gystems can be significantly improved and automated., Until project
gsyatema can be improved, on-farm reservoirs can be used, On-farm reser-
volre provide greator flexibility in water [lows and enable farmers to
uge automated farm irrigation ayatems, und they reduce trash problems
associated with direct deliveries from open, unlined channels, On-farn
water diatribution syscems are being improved by replacing apen ditches

with buried pipelines.

Automation ls extremely important in achieving the kind of control
needed with surface systems to achleve efficient irrigatiom. Automation
can reduce labor to 10 to 30X 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
raquired one man-hour of labor, but now 60 ha can be frrigated per man-
hour.éj Pipeline systems generally are easier to automate, especially
if gated pipe 13 used. Commercial, low-cost valves that do net require

separate power supplies are now availabla for pipelines, One of Lhvae

3 A. R, Tayler. Personal commnunication.
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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

&

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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Gifford-Hil) “Curve—A—Linear‘ég both pump from ac open ditch as the sys-
tems move across the ficld, With the Gifford-Hill system, a flexible
hose connection can be made to a pipe system, 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
practicea like using cutback flows and shorter rur lengths is a waste of
time, unleas we provide the technology to accomplish these practices with
less labor and less inconvenience through coordinated agency and industry:
research and development. Resesarch and other professional irrigation
specisliasta have underestimated the farmers‘ willingness te adopt complex
technical equipment that usually require services of skilled techniclans,
Fully automatic center pivot syatems with complex corner devices and

routine use of laser—controlled land leveling are two examplas,

1f we can develop dependable equipment and methoda to predict or
control the amount of water needed ko maximize net returns, and enable
farm managera 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 attempted to delineate critical stages of growth,
the maximum allowable dupletion of soil water before jrrigation, and the
responae to irrigation, Today, because automated systems can apply light
uniform irrigations, ncw irrigation atudies have been initiated to refing
optimum water amounts ond frequencies to achieve the Farmer's management
objective (M3), The HO may be to maximize production per unit of limited
water supplies, but most often 4t is to maximize net returns when consid-

ering all variable inputs,

There are many publications on critical crop growth perloda when
plant water atress is apt to produce large reductions in crop yield and/
or quality, The reasons forlthese yield reductions are not clear (Vaad]:
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, '
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Yield va. total Irrigation water applied is generally curvilinear,
though for aome crops yicld responses can be approximated by limear rela-
tionahips., Typically, the return from increasing increments of irriga-
tion water diminishes as maximum yields are approached, An excellent
.compilation of about 20 years of experimental results of yleld va, water
application for efght field crops, four crchard crops, and four special

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

Stewart et al, (1977) recently gummarized the results of a compre=
hensive four-state study of optimizing crop production through control of
water and salinity in the soil. All studies were conducted with a hybrid
corn variety adapted for each area and all experiments used a sprinkler
line continuous variable design (Hanks et al,, 1974}, The results showcd
that, 1f a deficit in El 1s caused by limited irrigacion and the limited
water is distributed proportional to the ET rate, the grain yleld ws. ET
relationship becomes nearly linear on a deep soil in an arld arca. HMost
previous studies fnvolved delaying Irrigations until various levels of
soil water depletion occurred before irrigating, Linear regression anal-
ysea relating yleld to ET showed high linear correlation coefflcientcs,

ET ranged from a low of about 60X of the maximum ET to 100Z and the in-
tercepts of the ET axis were near zero. However, all other data indicat-
ed that grain yield should approach zero with an ET of 100 to 150 wm,
Thus, the near linear relarionships presented could be migleading if ET
18 reduced to less thar about 50% of the maximum by limiting irrigations
bacause the intercept does not agree with the other data as ¥ + 0. At
Davis, 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 (decreas-

ing yleld reaponse as ET -+ ETM ) are apparent for the treatment irrigat-

ed throughout the seusen (111)129 shown in Table 6, HResults from Forl
Collina, Colorado ard Logan, Utah showed more curvillnear relationshipa.
The corn treatment net 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 ET axis at 190 mw, The more linear
regponse is probably due to a smazller evaporation component, since no jr-
rigations were applind during the vegetative growth stage, This praciice
may not be advisable in all areas, however, since stress may delay the

date of maturity and increase the visk of frost damage.
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TARLE 6. Yield of corn graiv ac Davis, California, and evapotranspiration

as trrigation is limited, (From Stewart et al,, 1977,)

Year wnd . Hater 1evelgf

ttcntmvnt!f 1 2 k] 4 5 6
Grain yield, kg/ha

974=-111 6900 8226 9 920 11 o00 11 &350 11 350

1975111 8180 9080 9 500 10 650 11 700 11 950

1974-011 800 8850 10 350 14 700 11 200 11 600

EF, mm

1974=111 ﬁ35§! 485 533 636 673 674

i975-111 410 450 498 514 599 612

1974-011 440 496 - 325 553 559 571

i IIl « Irrigated throughout rhe growing eeason
0IT - Not irrigated during the vegetative stage, but in the pol-
1ination and maturation atages.
2 Zones adjpcent to the sprinkler line source (6 {a next to the
line).
KY,

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, yfelds are
uvsuwally less than when watered throughout the eeason, but amount of irri-
gation water gpplied during the growing seascn may be reduced subatantial-
ly. Me are beginning to ses more Irrigation practices in arid areas to
contrel plant water stress and limit undesived plant growth during some
atapges, or to enhance partitioning of photoaynthate to the marketables
preduct. Miller (1977} summarired a series of experiments in which daily
sprinkler irrigation was used (Table 7). - The amgunts applied ranged from
slightly in excess of daily ET down to 50% of pan evaporation, The treat-
Bents began afeer mufflclent growth occurred to provide canopy closure,
Typically, available soll moisture was generally deplated on the 50 and
75% creatments during the season, Mors important, ET was reduced with
littla change in marketable yield, and produccion par unit of water used
increamcd, Additional details on the sugarbeet superiments were presented



TABLE 7, Effect of deficit irrigation on water use and sugar percentaye

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
irrigacion treatment— Sucrose yield use applied
% kp/ha mm mm
SUGARBEETS (1974 sugar yleld)
100Z 15,7 13 200 718 760
75% 15,8 12 500 670 615
S0% 17.6 13 000 485 356
50% after 10 July 14,7 12 500 370 477
50% after 15 August 15,5 12 300 660 600
50% after 13 September 15,4 12 90 743 708
NUGAINES WINTER WHEAT
100% - 6 640 732 607
75% - 6 950 670 510
502 to flower (6 June),
then 73% - 6 990 536 444
15% to early boot (19 May)
then 100% - 6 910 721 632
50% to flower (6 June)
then 100% -— 7 110 597 521
50% to early boot (19 May}
then 75% -— 6 470 615 T 501
DRY BEANS
100% - 4 350 345 340
7153% - 4 390 302 264
s0% - 4 200 292 211
100% to & Aug., then 507 - 4 360 353 387
50 to 6 Aug., then 753 - 4 910 217 P31
- 4 360 313 251

50% to 6 Aug,, then 100X

y Irrvigated daily after cancpy closure, bagcd wn evaporatlon from a

USWS Class A pan,




262

by Miller and Aargtad (1976). Similar resules on sugarbeets were obtain-
ed by Carterzf. Trrigatlons were terminated early in an experiment in
1977 to evaluate the effeets of drought and limited water supplies on
sugarbeet yleld and sucrose production. The last irrigation was applied
on one treatment on July 16, another on August 1, while the control was
jerigated 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 coptroel which was irrigated all seagon, However, since sucrose per-
centage increased with plant water stress, and as eoil nitrogen uptake
was reduced, sucrose yielda were 91 and 98X of the control for the July
16 and August 1 cutoff datea, respectively. The reduction im irrigarion
water applied during August and early September was about 10% for the .

S¢A80N.

Other crops, like alfalfa grown for aeed, typically produce wmore
with some controlled plant water stregs, A thorough irrigation early in
May at Kimberly, ldsho with no other irrigations the remainder of the
geason 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 G-year period in aouthern Alberta, there waa mo advan-
tage to irrigating after alfalfa was in the bud to early bloom atage
(June to early July).

These studies indicated that when gradual plant water atrese is im—
posed and some poil water is available, some crops adapt to these condi-
tiona. Cutler and Rains (1977) studied the effects of irrigation himtory
on responsc of cotton to subsequent water stress., They concluded that
cotton subjected to water stress during development is leaa aenaitive to
tiesup water deficita,

Most obeerved yleld 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
s0il water depletion before irrigacing, Musick et al, {1976) found a
diacinet curvilinear relative yield vs, the loweat observed soil water
level for 12 crop years of data at Bushland, Texas, on grain acrghum,

i 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. Tiw less complex models requiring daily climatic data as in-

put will be incorporated into computerized irrigation acheduling programs,

TRRIGATION SCUEDULING TECUNDLAGY
Israclsen {1950) stated that uniform distribution of irrigation

water and adequate depth of water penetration into the soll would be much
easler to obtain if the irrigator could see by simple fnspection how deep=
1y into the spil his irrigation water penetrates and to directly estimate

the depth of water stored in each foot of soil.

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

ly still are not used by service groupsa,

Irrigation acheduling ia predicting the time and amount of the next
one ot more irripaticne, taking into account expected precipitation. - The
most common management objsctive, where water is net limlted and its cost
is either very, very low or mot based on volume, 18 to eliminate water aa
a production-limiting varinble, Negative effects of excess water applica-
tion are ovoided by delaying irrigation until soil water deplation 1s suf-
ficlent to permit sfficient irrigation with the existing ayatem. Plant
warer strese effects are avolded by irrigating before crop yield and/or
quality are reduced because of inadequate available soil water, Irriga-
ticn scheduling technology conaiders rainfall and ET since the last irri-
gation, the allowablé soll water depletion at the present growth atage,
and the expected rainfall before the next irrigation. Irrigation schedul-
ing is @ decision-making process that farm managers encounter daily or
weekly, They can make better declsionms 1f more gpecific information about
ET and the current soil water status 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 themselves. This Is where irrigation
consulrants havae a role, The information currently provided by consult-
ants or irrigation management groups can be adapted to any of the follow-
ing management options,

1, High frequency irripation with constant or declining soll water

during the growing sesson and a targeted leaﬁhins fraction (LF),
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2. HNormal pericdic Arrigation to bring the soil to field capacity
and a targetcd LF uging censtant or variable amounts per lrriga-
tion and fixed or wvariable intervals,

3. Normal pericdic frrigations, but with planned gradual depletion
of acil water during the crep scason with the targeted LY
planned during the noncrop or some other crop season,

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

5. Combinations of the above,

Farmera often want more than data, They want field inspections hy
qualified professionals or technicians, Periodic field monitoring i{s an
essential component of a successful scheduling service to reduce the
uncertainty of the predfcted soll water status ceused by unknown irripa-
tion or precipitation amounts and nonuniform Irrigations, and to observe

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

Current Scheduling Practices in the United States

Many standard procedures and puides for irrigation scheduling have
baen adyacated for decades, Moat depend on soil probing, using scil mois-
ture blocks and tensiometers, and evaporation pan data, I have labeled
all of these methods traditional because they have one thing in common--
the farm manager muct use or apply some technique and develop some degree
of akill to get the information he wanta. Although tensiometers and soil
moisture blockas are valuable tocls for Irrigacion scientlsts and techni-
cians, they generally have not been adopted by most farmers for various
regsons even though they have been available commercially for threae dec-
ades (Jensen, 1975), We have overcmphasized the tredicional approaches
and not adequately considered alternative procedures to provide vital
decision-making data that are needed by farm managers to achieve efficlent
and economical irrigatien. Irrigation scheduling requires current [nfor-
mation on tremds and probable effects of alternative actiens. As Jansen
{1972) atated, the modern farm manager needs amd wanta a concinuing ser-
vice that gives the present soll water status on each of his fields, pre-
dicts frrigation dates, and mpecifiee the amounts of water to apply vn
each field, MYe also could use predictions of adverse effects, like delay-
ing an {irrigation for several days or porhaps termivating lrripations, on

the yield of marketable products.
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The most widely usald peneral procedure for providing irrigation
scheduling services in the Unlted Stateg ia the climatic data based
approach. HMost current service groups use or have adapted the USDA-ARS
computer program for acheduling, We developed this program in southern
I1dahe from 1966 to 1969 to supplement a detailed use of water study
conducted by the USBR (1971), The program was 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 (Jemsem, 1972, 1975, and 1977h; end Lord and Jensen,
1975). The progran has been revised for small desk type computers by
Kincaid and Reermann (1974) and specifically adapted for center pivet
systems by Heermann et al, (1976}. A comparison of six nonscheduled and
11 adjacent acheduled center pivot aystems on corn in 1977 ehowed over a
25X reduction in water pumped Erom 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 1te scheduling program for its AGNET
(Agricultural Computer Network) system (Thompeon and Fischbach, 1977; and
Tscheachke et al., 1978), The AGNET acheduling program uses soll moia—
ture block readings ae an optional input for its Method 2 and requires
these readings for the Methed 1, An estimared 20,000 to 40,000 ha were
ascheduled in 1977 using 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
program also has heen used to develop. pptimizing techniques (Trava et al,,
1877), and the USBR IM$ program has besn modified in cooparation with the
Extension Service to provide weekly general estimates of ET for various
cropa in Idaha, These estimates are printed in local mewspapera (Larsen,
1978), Irrigation ascheduling technology alsc is being used to reduce
peak electrical loads and to limit rachat-type electrical rates that are
based on the maximum electrical demand for tha peak 15- to 30-pinute uae
period during the year (Schleicher, 1977), A current summary of electri-
cal loml management practices in relation to water management and sched-
uling to avold mignificant reductiona in ceop ylelds was presented 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). Brosz and Wiersma described procedures based on aver-
age expected ET rates for corn and alfalfa, Other methods and procedures
were described by Jensen (1975).

Kanemagu et nl, (1978} developed procedures for eatimating water re-
quirementa of corn using a "pocket" calculator, The program is oriented
toward conditions in Kansas amnd fg 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 £irms rhat are provid-
ing acheduling as part of their services, They estimated that they had
provided flald-by-field scheduling servicea to 231,000 ha (571,000 ac)
of aummer and winter crops in 1977. They estimated they would serve
232,600 ha (575,000 ac) of summer crops in 1978, The USDR provided
field-by-field IMS to 63,500 ha (156,900 ac) in 25 differemt 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 ctops in 1978, The USBR also pro-
vided irrigation “guide" information to about 35,000 he (87,200 ac),
The USBR ies now placing emphasis on acheduling irrigation system opera-

tiona.

Commerciel and agency scheduling service for individual fields has
grown from less than 40,000 ha (100,000 ac) in 1971 to ahout 302,000 ha
€746,000 ac) in 1977, Including the Nebrasks AGRET program, the total
would be over 325,000 tm (> 800,000 uc), The commercinl ffrma employed
gbout 250 specilalists, technicians, and other support stall and the

agencles employed 60 in 1977.

All of the commercial firms provided plant nutrition {petiole and
soil sample analyses) services, and most provide pest manageinent aerviven,
Many commercial firms supplement these services with aerial eolor, rolor
infrared, and black and white photographa or transparencies of schudulet
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flelds, cost accounting, ond system cvaluation and improvement engineer—
ing, Of the 10 commercial groups contacted, seven had 5 to 10 years ex-
perience, one had over 10, and two had lesa tham 5 years. Each techni-
elan, or professional staff member genevally moniters from 1,000 to 1,500
ha (2,500 to 3,700 ac} but some handle 2,600 te 3,600 ha (6,500 to 9,000
ac), Fees [or irrigation scheduling wvary from abaut $8 eo $15 per ha

(53 to $6/ac) lepending on the service provided, With other services

inc luded, they may range from $12 to $30 per ha ($5 to $12/ac), In some
capes a flat fee of $175 to $300 per field 1s charged, depending on the
type of service provided. One commerical firm specializes only in merial
color {nfrared services on a weekly baais, Their results are made avail=
able within 24 hours to enable customers to asseas system operations and
varipus problems affecting crop growth, like water and fertilizer uniform—
ity, disease, atands, pesticide applications, etc, Feee are negotiated
based on the number of photographa provided, but range from about §$2 to
$3.73/he (50,75 vo §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 vyear.
This includes irrigation scheduling and weekly £ield inspections, twn
petiole samples per field and crop, and one soil sample for N, P, K,
T83 and SAR analyaea,

Recent Developments in Irrigation Seheduling Services

Probably, the major change that has occurred during the past 2 years
with eevvice groups is that they are now beginning to wse noutron probee
te measure soil molature, Two small firma schedule irrigations using
neutren probe data and a large firm uses the probe to calibrate and as-
sist technicians te monitor soil moiature by the "probe and feel" method,
Thz USER uses the prohe to adjust compured soil water levels, The other
hnjor change 1s the addition of aerial photography te aid in detacting
crop growth problems at an early atage, Also, aertal photography often
clearly reveals water distribution problems associated with the design
amd operation of automatic sprinkler irrigation ayatems, and plant streas
areas within fielda caused by soil compaction sreas due to vehicle traf-
fic, ferzilizer application uniformity, peaticide and herbicide equip-

ment malfunctiona, ste,



Role of Aericulcural Consultants

The private consultant hag an important role 1in praviding irrigation
management and related services, Private consultants stimulate competi—
tion and new innovations fn frrigation 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 Salt River Project in Arizona,

Agricultural consultants muat work in the beat {nterest of their
customers--the farm managers, Therefoxe, they should not sell or recelve
commissions on produccs they recommend, and their recommendations must be
based on valid experimental data if they are to maintain the confidence
of the farm mansgers they serve, Sometimes tradiriomal practices and
pressures from fertilizer dealers are difficult to combat, For example,
Carter et al, (1975, 1976) showed that 70% of sugarbeet fialds stndied
in southern Idaho had excess nitrogen fertilizer applied in 1971, If
these fields were representative of general practices, and If the farmers
bad used soil tests and better ferrilizer prediction methods, they would
have gairned about $1% million on 69,200 ha (1974 prices) because of the
higher sugar content, root yfelds and lower N fertilizer costs. Suvpar-
beet quality is adversely affected by excess N uptake, and root yield
way be limited by inadequate N and sometimes exceas N,

A sugar company in southern Idaho conducted four detailed experiments
in 1977 using fertilizer rates hased on laboratory analyses and recommen-
dactons made by three commercfal laboratories, the sugar company, and the
University of Idaho {Kerbs, 1978}, The go0il samples were collected and
split into four parts by the company, but they were submitted by the farm~
ers 89 routine requests for fertilizer recommendationsa. The results are
sumnarized in Table 8. The important point in these data 1s that apply-
ing a wide range in fertilizer elemants to avoid all possible risk of
deficiencies, even though soil tests did not show deficiencies, did not
maximize net returns te the farmers, One important coenclusifon is that
there fa scill room for consultants who are working for the tormers and
not the qutilizer industry, Also, a asmall inveatment in soil analyses
and obtaining a valid fertilizer recommendation is probably one ol the

beat inveatments a farmer can make.



2%0

Table 8, Average fertilizer recommerdationa and yleld of sugarbects at

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

Laboratory making Rex wded fertilizer amounts

acil test and

recammendat Lons N P205 KZO ] In Mn B Cu
kg/ha

Lab, 1 344 254 194 29 13 7 3 0.8

Lab, 2 Joo 384 40 0 13 0 2 0.6

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

asco:/ 119 0 0 0 1 o o 0

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

Average ylelds, quality, costs and returns

Root Sucroase Priceg Croas  Fert, Cost Net

tf/ha percent Sit $/ha
Lab, 1 59.5  14.7 24,96 1485 195 1290
Lab. 2 59,1  14.8 25,08 1482 166 1316
Lab, 3 6.2 14,8 25,11 1536 185 1351
TASCO 59,7 15.4 26.29 1570 40 1530
Univ, of Idsho 58,5 15,5 26,52 1551 0 154

$y Twin Falls Amalgemated Sugar Company

Y 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 conserve his resourceg, Irrigation manzgement ser-—
vices will become even more important ag irrigation costs, like labor and
energy tncrease, Where high pusping lifta are invelved, energy now rep-
resents a major part of the total annual irrigation costs and it will in=

cteaaw,

Monitoring Crops and Soil Weter

Periodic wmonitoring of fields by irrigation service groups is an
essential element of a managment service, but it also represents a major
part of the costa, One technician or specialist can ingpect 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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£ield has been checked, the climate-based computer program can estimate
and predict further depletion with sufffcient accuracy for several wecks
(standard ET error of 1/VAt in mm/day where At is the time period in
days), or until the next irrigation that {1 applied (Jensen and Wright,
1978). With some irrigacion aystems that uniformly apply specific knowm
amounts of water, monitoring for soll water may not be needed all season
(Hesrmann et al., 1976). What fa often overlooked by ilnexperienced groups
is that visits to the fields and with the Earmera mean mucli more than
checking the seil water status and uniformity. Each field techniclan or
profeasional with a successful commercial firm serves as an advisor on
many crop production problems. Queations he can not answer himself are
relayed to the home office by radis or radio-telephone to obtain an imme-
diate qualified anawer. Thus, remote sensing wsing aerial methods or even
asatellites may increasc a gervice company's capability and may reduce the

costs of monitoring fields, but it will not replace field speclalistg.

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-
afternoon can result in a “astress degree day" (SDD) whose sum startirg
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-
ments 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 plants approach matur-
ity. These techniques are expected to he adopted by Llrrigation management
Aervice groups to supplement, but not replaee, computer computations us-
ing crop growth models. Theae models relate growth and moil water deple-
tion to ET., They are very economical to use and there are good yield-ﬁf
relationahipa aveilable, The SDU parameter will be most effective where
uniform climate and predominantly clear skies prevail. Obviously, thix
technique would be valuable in pradicting crop ylelds over large arcas.

Remote sensing can increase the capabllity of groups providieg
management services, One company operating in Manitoba, Canada (The
Furrow, 1978) charges $40 to take in infrared photograph, and $6/print
per 260 ha (1 aq. mi.). These are used for working with farm managers in
assessing crop production problems caused by nonuniforn ferctlizer ard

herbicide distribution, drainage, insect damage, and 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



9.
10,
u.

12,
13.

293

solar radiation or wind tn remote locations) will measure incom-
ing solar or nec radiation, air temperature, and, poassibly,
humidity and windspeed which will be processed by self-
contained microprocessor units,

Output from clinatic sensors will be used with BT and erop models
to control or imdicate the need for the irripation, Sensors
menticened in item 2 will provide feedback, For controllers,
mantal programming will be used for semiautomatic syatems.
Remote read—out devices will enable irrigators to determine the
status of water controllers from a central location as 1a now
done with canals and laterals,

Gated pipe will be equipped with gates that permit automatic
opening and cloasing of groups of gatea and pressure regulation,
Other surface systems will have computerized controllars to
optimize flow racte and volume delivered to achieve maximum
irrigation efficiencies,

Sprinkler systems will operate at lower pregsure to reduce energy
requiresants,

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

More on-farm resarveirs will be used where delivery flows are
amell and eonstant, or emall wells are uscd,

Return flow ayciems for rousing rurfnce runoff will becere moro
COmNOT.,

Hew, ilmnsvative uater applicaticn systems will be developed,
Hore closed conduit on~farm Eystems will be used with greater

use of plastics.

C, Water Use-Crop Production Technology

i,

Plant growth and crop production models that have soil water and
ET variables will be available for planning before the irrigatfon
season, and they will be incorporated into computerized trriga-
tion scheduling programs to enable bheciar dynamic or real time
decisions to be made in managing Irrigations throughout the grow-
ing season,

The models mentioned in ftem I will include crop yield and qual-
ity napecta, plant nutrition relative to soil and fertilizer
nutrient supplies, and will be coupled with models of plunt pents

and disecages,
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Improved puldes will be available for regulating plant water
atress ta opfimize the yleld and quality of marketable crop
products while reducing water and energy requiraments,

Plant breedlog étforts will be geared more specifically to
developing crops under controlled soil, water, and plant atresa
regitiey.

Hew tecliniques will be developed to stimulate raoot development
to f{ully urilize the full potential rooting dapth in arid soils

where crops now have geverely restricted root syatema,

b, TIrrigation Scheduling Technology

1.

Improved crop 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 BANY Newapapers serving
irrigated areas,

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

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

Flant nutrition subroutines will be incorporated in computer
programs used for real time eatimates and predictiona of water
requirements,

Automatic irrigation systema will utilize aither output from
climatic or scil water aensors and aicropreocessors to turn’
systena on and off, or light irrigationa may be applied in
pulses to maintain apecitied soil water levels, Fields may
still be monitored by consultants or agency apecialists.

E, Secial and Inscitutional Aspects

1,

2.

Some water lawa and policies will be changed to atimulate water
and erergy conservation, This will accelerate the implementa-
tion of new technology. ]

Water users in developing countries will have a greater input in
irrigation water delivery policies to reduce yield losser caused
by arbitrary changes in water deliveries or unacheduled aystem

maintenance,
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