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Irrigation water supplies mist e used more efiffciently, for reasous
of conseyvation and econaxy. In oxder that this might be done, the
efiiciencios of different Lrrizstion methods must bo koowm at the time
syctom axe deslgned. High efficioncy of water spplication fnvelves nod
only the ctorzge of u high percentage of gpplied waler In the soil root zoms,
tut 2lso uniforn disterioution of the stored waler, muximr utilization of
the ooil zouo avalleble for clorege, and muxizm svallsbility of the stored
water to the erop belng srowm(s).

Field measuremnds of Lrypation effieibncics have been reported Wy 2
nuber of inmwvestigators(S, 1, 3, 7, 9, 10, %, &, 2). Nowever, topogrophic
and clinmatic ddflerences telwcen ficld sites moke 1t difficult to compare
the morits of differcat methods. '

A eaparative study of frrigation efficizncies of sprinkler and
furrow motholds 1s reparted in this pmper. Iyvigations by sprinkler and
forrow were conducted simmltancously on & cysien of palred plois. Thus
clizstic and coil factors wore quite siallar for bBoth methods during the
comrse of the studye.



The various types of Lxrigation efficiency hmve been defined as
follows(5) «

Water spplicatlon efficleacy, E =W (100)
'id 2
Woter distribution efficiency, Ea- 100 [100 - LI/!’hJ
Water storege efficlency; E= W, (1c0)
L
Conmuwptive use effieiency, CUE = U, {100)
Y.
d
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wsnw-.tcr stored in the coll root zone during the irrigation.

X = devistlon of the Individual depths of wobor stored froaz the

meon depth ¥, of wolor stored In a ficld or plot.

1 = muder of individunl oboervablions.
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the sofl to field copocity.
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For the study reported beredn, wnter gpplicallion sad water distribution
efficiencies wvare determined direetly with the ald of soil moisture mvplea
toiten before and after eoch irrigetion. Soll madisture sorples wore taken
in cock of twelve grens wilhin ench plot to provide a tosis for caleulution
of*'.:.d. | '
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secording o @ consteat sooumed value of I cmmlta&Omemt(t.c.Uf-

/o.w) The values of B, m:.beaimmeamw.

Conmupidve use efficliencies were not meammed divectly. However, oo
porison of crop yiclds with the mumounts of woter gpplied bty each mothod gave
ga indicction of relotive conswplive use efficicncye.



Yoter Avplication Efficloncies

The water gpplication efficiencices on tho sprinklewveirrigeted plots
avercged O1.9 per cont auring the three yeors of tenting. Tho mverage
efficlency of Nuorowr irrigetion wes 73.7 per cent.

She ocowrrence of runoff, deep percolation end eveporation oll pre-
venved waber from being stared dn the goil oot zone and thus lowered the
sppliceiion eificlentics. Rumolf from each plot wos messured. Combined
decp pexcolation end evaporation losses can be estimated indivectly by
subtracting rumoll and wobcr retained in the root zone fram the total emount
of waler epplisd.

Rnoll measurcments are shown In tedble 1. Avercsge runoff on the sprinkler-
Irrigeted plots was 0.9 poxr cont of the water spplied. On Swrrow=irrigoted
plots 82 por cent of the wpplied watar was loat s rumofd.

The average difference In woler gyplicntion efficlencices of the two
methods, 8.2 per ceat, is roushly equal to the difference in runoff, 7.2 por
cent. This indicntes thob 42 runoff on furrow~irrigated £iclds can be
meduced, the efficiencics of fwow 2nd sprinklcr irrigotion ctn be mode moxe
noerly equal.

Come runof? mst be fllowed on scloping ficlds dxwigoted by gravity methols
in order to aoswe that tho lower portion of the {icld will recelve cnough
weter. Adequote frrdgation of the lover end of the £icld con be fcoomplished
with & minireq Of Yanoff locs I wabter is initislly discharged Into the
furrows ob the moxime, nonecrogive raie. Then, when mmoff begins,; the dige
chorge cen be reduced 10 an caount just sufficient $0 cause the Hurrow streams
{0 mumn the eatire length of the field,

Anpther means of preventiing furrow runcll is 4o use level rather than
graded Durows. Lovel furrows con handle loyge oiresns of waber without
crocion. Voter distribution is not adversely affected becguse the lamge streans
of water advoace seross the £421Q in & shoet Jongth of time.

Each of the ccperimental plots wos irrigoted tuvice eoch yesr. Waler
coplication efficicneies aversged 5.5 per cent highaer for the first Lixigabtion
thon for the seccond. The tendency for the firct fxyigetion of the ccuson to be
more ¢fficient then the sccond wos evideat for both methods of drrigation.
The reduced efficiency for the sceond irrigution wos reflected in increasod
Mmool for both methods. A methind of preserving soil intele rate from oxe
Lrrigetion to the next woald help to maintein high sgplication efficliencies.
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Statistical enalysis shows the differonce in water spplication efficiescies
of the sprinkler and furrow systems to be highly significant. During the three
years of study, an aversge of 8.0 inches of lrrigation water per ycar was
uged by the sorghum(excluding pre-ceacon epplications). To provide this water,
gpplications of 9.7 inches by sprinklers or 10.8 inches by furrows were
necessary. If it hed been necessary to supply ell water by irrigation, o
greater yearly weter saving would have been reelized by use of sprinklers.

Hater Distribution Efficiency

Water distribution efficicncy for sprinkler-irrigated plots averaged 76.2
per ceat. The value for furrow plots was 74.0.

The value of dfstribution efficiency alona gives no indication of how the
non-uniformity occurred. Table 3 shows the avergge relative water distribvutioan
for each irrigstion metlhod os well as the method of division of ecch plot into
sapling areas. Under furrow Irrigation, 35 per cent more water was added to
the oot zone of the upoirvesn fourth of the plots than to tho dowmsirean fourth.
fopeated irrigetions of the same ficld with this type of distribution will
ultinately couse & shortsge of water at the lower end evea though the rest of
the field may receive & sufficiency. |

In otker words, water storage efficiency on the downstream fourth of the
furrow-irricated plots was low and becane lower with each successive irrizatioan.
If storage efficlency becomes low enough, water will not be availodle to suse
tain plant growth in this area for the full period between irrigations.

. A 8light gradient in water distribution occurred across the furrow plots.
Discharye from the gunted pipe used to supply the plots varied from one end
to the other due to head loss in the pipe.

Variations in water distritution over sprinkler plots occurred more or less
randomly. Therefore, & gseries of irrigations over the same erea bty sprinklers
would tend toward uniformity, with subseguent irrigetions correcting any
deficiencies left Ly the first frrization. To illustrate this, the values of
E, given ot the first of this section were obtained by averaging the vealues of

da

B & colenlated for cach irrization of eack plot. The difforcune is 2.2 por

cent, If instead the depth of water odded to ecch sampling exea is totaled
over a2ll irrigations for ecch method and the dlstribution efficiencies then
celeulated, the resulting values of E el 95.3 for spriankler and 90.5 for
furrow, e differeace of 4.8 per cent. This indicetes that the none-uniforamities
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in cprinkler ifrrigation teunded to compensate cach other to a greater
cxtent than in furrow irrigation.

Vater distribution did very slightly across the sprinkler plots.

The sprinilers tended to opply slishtly more weter on the west side of
the plot than on the cost side, due t0 preveiling easterly winds durinz
the frrigation secson. Distribution parallel to the sprinkler latersls
vas quite unifora.

The effect of changes in intake rate on vater epplication efficiency
between the first and seccond Irrigetion has elreedy beea dlscussed. These
changes also had en effect on water distribution efficlency. E a dincreascd
from 1.3 per cent for the first irrization to 70.1 for the sccond on the
Turrow plots. The change was caused because the reduced infiltrgtion
rates allowed the water to alvauce ecross the plots in & shorter lesgth of
time, thus allowing the upper and lower ends & more nearly equal time of
intoke,

A slight deerease In Ed was noted for sprinkler plots. Slightly more
runoff occurred oa the secoad irrigation. Runoff during sprinkler irrigze~
tion tends to decretse uniformity, causing more water to be stored in thoe
doum slope end of the plot.

Consumtive use efficiency.

The smounts of water added to the root zone by each irrigation method
are shown in Table 1. On the avercge 3.805 inches were added to the root
zone by sprinklers and 3.07 inches by fwrrows. 7This difference is not
sebistically significant. Therefore, growing conditions should have been
comperable under both types of irrisstion. :

Sorghua yield samples werce determined cach year, Table 2. Yields
averaged slightly higher for fwrrouv-irrigatod plots but the difference is
azain not statistically significant. Oince the same water spplication prow
duced the same yield for both irriotion methods, it can be concluded that
consuwptive use efficlencies were nearly identicale.

Timitatiocns.

The study just reported voes conducted on @ site with fine sandy loom
501l and mild slope. Under these conditions & given amount of water was
23ded to the soil with less total gpplication bty sprinklers than vy fwrrow
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irrization. Furthermore, the distribution of the epplied water was more
uniform vhen sprinklers were used. It must be emphasized that on
different site conditions, cousiderably different results might be
obtained from such & study. Differences in intake rate would de parte
icularly likely to affoct relative efficiencies of sprinkler and furrow
mathods . |

An irrigation system for a given site caanot be selected only on the
basis of efficlency. Economics, particularly cost of eguipment, land
prepaxation and labor, is o major factor. However, the cost of vater
saved bty more efficient spplications and profits from increased crop
yields due to more uniform water distribution must be considered.

Conclusions.

Under one set of conditions, conducive to irrigation by elther sprinkler
or Durrov methods, sprinklers epplied water more efficiently than did the
furrows. [Hgh water storage efficiencies can be obtained with eldther method.
Vater distribution was slightly bvetter for sprinkler-irrigated plots than for
furrow-Lrrigated ploto. munm.mmgmmmm
the two methods. |
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TAILE 1

Vater Requiremeats and Irrigetion Efficlcncies of Sprinkler
and Gravity Iarigation of Sorghum Plots

Required Water So1l, Hoisture Increase, Vater Appli- Ruoff,
Application, Corrected for use, cation Effie % of total
inches inches clency, % vater spplied
1955 |
rinkler 15%.2 11.8 83.0 1.70
urow %0 1.0 770 7.38
1956
rinkler 8.6 ) 81.8 0.50
1957
srinkler 7.6 6.2 8.6 0.65
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TATLE 2
Yield of Grain Sorghum from Sprinkler and Furrow
Irrizated Plots

Yield, Pushels Per Acre

Sprinkler Furrow
1955 65.6 6.0
1956 67.6 &2

1957 91.6 95.8



Relative Water Distribution on Sprinkler and Furrow
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TAILE 3

Irrigated PlotsH
Felative
Distribution Farrow
Along Plot

AN | A

101.1 11h.3 | 120.8 | 113.3
o Ty By

oko 92.8 | 102.3 | 102.2
Q @ %

102.3 99.6 | 104.8 | 100.3
B | D Dy
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xpressed os & pexr cent of the sverage depth of water added o the

oot zone of the plot.
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Delative
Distribution
Along Plot

116.1
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