
W~ ~C.ND.f:m ?:I SP~1 

FURRCti IRr.u:G.~Oti 

Go1'wn K1-twe~ 
?aul Schl~el .. > 

" tl.ter SeU>y 

~ 

Su!mt-"..ed. tar Publication 1n 

~rlcul.t-.trel. ~ ~ 

J~ or .~1cm1 ~ or 
:.~leul.tural ~~ 



.. 

Gorden Kr~c, 
Paul :-x:, w.oncr, 

ter .3ol'by 

end 

'?crtS~ 

tm.~~1" OU:,pllC$ t?'..mt. be UGed ~ 

t1 ec<:'.l'!l.O"C::T>r . I:l ~i~ 

effic1enc1c:i. o. clii"teran irrie t!on ~t~-t:llCt be J:mg_m at ~ t1r:..e 
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'l'r.e 'Var1ouIJ types ot irriemion of:f'icienc--J havo en de:Nncd ~ 

toll.cnm(5) • 
'Water ~J?l:tctttiou crticicmcy~ EfJ.=W

0 u; 
Wat · di:ltributio:i cti'ic1.a:Icy, Ea.• lOO 

Water atare&o effic1e:l.cy, E rt 
8 

n 

(l.00) 

[1.0 .. !4:~ 
(100) 

Corunlt3Pt1ve we etfid.cney ,- CUI?! .. Uu (100} 

~ 

W,.. • wo.ter d.cl1~ to~ f~ o:r~ 1n this ctua,y, to the plot . 
4 

W:, = -t • stored in tL.--a soil root £.orle durin$ the u-rica-tion. 
x Q: devi:ltioa o the ina.i·.r:tdual. depth.$ of ~ ctore fi-cn the 

men ~th :,t., of ~~ a"'...o i."l. e. 1'1alA or plot . 

n o n~ o-E il'.Wirl&.l:u oooervo.t1ons . 

Un = -mttcr nc~d :tn the root zone prior to ~OJ'l to a.µ 
tbc soil to f1el.d. Ct>i.locl.V. . 

'Wu 1:1 norm! conz,~tve 'W'lC' or vc.tor .. 
Yd = ~t ~ of w.ter &:plet(:d ~ the soil root %one. 

For tha stucy reJ?ortOtl oo:rc.1.n,. ~ter -~plication ifJl.d wter distrilP.t.;J.on 

cfflcl.encieo vei-e dctcmi..""ad ~ Vi.th the aid of ~il 0Qisturo ~lea 

tcltcn ~re and atter c.ccll 1....~1Da.. Soll ~isturc ~!ii were taken 

:1n ~h of ~ve ~~ v.ithi.11 ench pl.Ot. to :r>rovid:e a. ba.ds tar ceJ.:criln~il:,a 

~~- . 
The \rater delJ.ve::cd» U dt 1ro.G do~M by ~ the t14°ter nocdod 

~ to a conetant ~d voJ.ue o1! Bn eqttnl to S) pw ccm.t (1.-e. tit: • 

tJJO .~) • ~ val.uoa Of E~ ·will bG dincusscd. ~her. . 

~ti iro use ett:!.cicc.ciC$ vere not r~d. ~.. ~•er,. cct:1.­

p:.t..~ or Cl'Q.P yicJ.dG. ldth tho ·t?:.W:>unt!l Gt w.ter ~ iied: b:I' ea.ch method e;ev.e 
~ indieation of roJ.;tiw ~tive use efi"ici~-• 

• 



i-l~c B?licc.tion Ettl<!i.Cl"Acc 

The l.'?l.tc:'° ~Dlle:tt'lon c:i'f".ic.~IlCics Ot1 tho o:vrinla.C-"'-:l.rtice,tcd plotc 

ev~'t.-Ged Bl .9 pc cent durine toa t .'CC ~ o£ te:atine . ?ho nvcreeo-

~fflcl.ency Of' 1\1rrw j,.."TiOttio:i i."OS 73.7 per cent. 
2a.e OCC-ill'Tellco or x.,mof'f, deep pcrcolc.tion $:ld ev~tion ell re­

vented ~ter fl."0::1 ~ t>torod in the, aoil :.-oot zon.o and t.hu$ lD;.~ed the 

m>plicction -e.f.fi~. P...m.oi"t' frO:::l: ~h plot \mS moaaured. . Coi:ibinoo. 

cl£:~ l?~ tion end e~ion. loooe1J can be e~timE:l.ted indirectly by 

cubtract~ runoi't t10d wtca.~ ~d in the root zone ~ tho total ~ 

of wter spJ;>licd. .. 

fun.o:tf tiCcl.Cu:rc::t<mtc. .tl:X'~ s.~ 1n ta.ble l. J~~ runott on t.ba Gii~ 

ir::-:tcated plot6 ~ o J) per cent o-r the wter ~m,llcd. On tun-ow-1rrie;D.tcd 

;plotG 8.J. per cent of too nwlled wter uw,: loot as ~tt ~ 
The- aver~ · dif~e 1!1.. 'W.ter· a;;>],}licution c:ffioienc.1cw ot the tw· 

m.etn~, 8.2 per cent, io ro~h'l,y equal to tbe ~.ift"cl~o 1n :runoff, 7.2 per 

cent. ~ 1~ tlia.t tt runott 0:1 i'urr0'.1-1rrie,ated :f'iolds -¢ml be 

re~a, the efflclonciea of tur;:(f-.1 tmd svrin!:lcr ~on CWl be ~ ~ ­

ruzwrly eqtlnl.. 

~ runo-tt z::nwt 'be ~.rod OU sl01t~ fiOldD i.i.~~ by era,vi:t'.y' ~ 

in order to &S-~ tha~ the lo\1-0r portion Cit' tho field 'v.Ul. receive enauen 

~. Meg;udie irr:ies.tion o"f thC'J' lowr er..d. of' t.bc f-lcl.d c= be ~cd 

vith a. mn:hon or l"ml.Ol'T 1o::;~ Li' ~ is ini:~ diselml"Ged 1nto tha 

~ nt the lXlv,;i:i;tm, m:m,..eros,ive ra.to . 1'hcn, wen l"U:lO.'f'f' ~, tllQ & .. 

Ck!rGC ceI\ be redu.cod. to al ~t J· ~ St\i"l"'ic:tcn.t- to cauae tho run-mt ~ 

to r.m tho cntir~ l.cn,r"1:l of the ield. 

Anathcr tle:i:ru: ~ provent;tne furrov l'U!lOf.r ic to iwc level rather tnau 
~,:;. 1?d ~~"C. Ia.~ ~ em1 h:lruU(: lai.-se ctreatzw or w.ter. ld.th0l...~ 

erocion. Vster &trib\r~ ~ cot- advor~J:¥ e:ffocted ~ the 13Tee ~ 
or ,tater Mvu.--ice ~ the r1eld 1n a. :;i~ lc~'"th ot t:tm. 

Ench of too ~ i,lots "~ ~cd t'ice eox:h ~- ·water 
:;:m?llc.ation ¢.J..---ric1a,c:1es t::".J'cr---...ge<l 5.5 per cet'I:, h16b,o;r for the f1rt.t irr:tcation 
t.~ -£or tho oocond. ~ tcru!cncy ~or tlm fil."ct ~ion or the cc~ to be 

~ oi"i'ici:ent tmn ~ ~ond V:lS ev1dcilt t>or both mt.ho&, ot ~o:l. 

'l'b.o :reduced e:fi'1ciency ~ 't!le aeca.'l.11 ~ion ws ~octed. 1n ~~Qd 

l."'U:lOU for both ~. A ~ o prct;c~ ::oil ilt"~ ~ f'l"OJ:t ~ 

irrlGw..ion to the ne%t w-.lld llelJ? to ~ hizb ~llcat1on ~. 



Stnti.Dtical e.n::ilyo:le snows tbe dif'feronce 1n wat.:r epplice.t1on efficiencies 
or the oprinkler and turrov systeas to be hif;hly si!;n11"1cant . Durine; the three 

years of st~., au cvere.c;e o-: 8 .o inches or il·r1c,c.tion vater per year wa.:, 

used by the aorghum{ c2cl:ud.ir.g pre-ElenGOn '1.J.')J;)lico.tions) • To provide this water, 
rzpplications of 9 . 7 inehcs by sprinl:lero or lO .8 inches by furrow ver0 

necessary. It it bad beon ~eeaea.ry to eu,pply ell vatcr by 1rricet1on, a 

greater yet,.rly veter ~ would have be rcQ.l.ized by uae ot Gpr1cklera . 

Wc.ter Distribut ion Efficienci 

Wa r distr1butio~ efficiency tor sprinkle1·-i1T3.eated pl.ots a.vereeed 76.2 
per ceat . The wlue i'or furrow plots 1,,-ns 74 .o. 

The value of dia.tr1but1on c1"fic1eney alooo c:ive-s no indication of bov the 

non-unii'omity occurred. 'luble 3 showa the c~e relative tinter distribution 

for ea.ch irrigation =.?thod es 1;,~U as tho method of divioion ot ~h plot into 

~line :-eas . Under i"urrow 1rr1,eat1on., 35 per c~t more water VWi added to 

the root zone or tlle upatl·e2."ll fourt of · the plota tl:lan to tho downatrcaa !'Ourth • 

.Bepeated L--Tieetions of the $4lme field with thi:s type or distribution vill 

ultimately cc.1.We e. short4ee of wtcr at the lower end oven though the rest. of' 

the field rJJa¥ receive a. srutficiency. 

In other vards1 wt.er &tornue efficicmc-.1 on the downstream fourth oi: tho 

i'urroToT-irrien.ted pt,Jte was J.ov and bec.am3 lowor vi.th each successive ~ntion. 

I.f sto~e off1ciency becomes low enou~h. w:"-IA:lr will not be ava1.lel>le to sus­

tain pla."lt ~.Ith in tb1G a.rea for tho 1"Ull period between 1rr18at1on.s . 

. A sl.1.ght gradient 1..-, veter ~stribution occurred across tho f'u.."TOW plots . 
Ducllargc 1"roln the gated pipe used to t;1.7Pply the plQts varied tram one end 

to the other due to het!.d lozo in the pipe. 

Vs:r1.a.t1o~ 1n Va.tor diotrib-.;.tion over sp-rinkler plots occurred J::JOre or less 

ra.ndcxnly . ~ereforo, e aeries ot 1.rr~ations. over the S&lG c.ree. by sprl. .. t;Jors 

-would t-end towo.rd unifon:d.ty,. Tw"ith subzequent 1rr1eat:1ous correcting a..~ 
a~ticiencies lett by the :first 1rri.;nt1on;. 7x> ill.uctrate thi.61 too v"tllues ot 
Ed given et the fir$t of this section were obtained by a-..---erae;1aa; the '\1).1:uee ot 

Ed ccl.culated for ca.eh 1r~at1on of es.cu plot . The di!'fe:.:-0n<1f'\ ia 2.2 po.r 

cent. It in.stoe.d the depth or water o.dded to each oa:..,,,plllls crea u totaled 

over all irrica.tiona for ec..ch method and t.he d:!.ctribu.tion efflcancics thi::n 

ccJ.~..cd, the resulting values of Ed aro 95.3 for sprlnkler and 90.5 for 

turrow, d1f'terenco ot 4 .8 per cent • This indico.tes that the nou.-un1.f'or:n1 ties; 
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in cprlnlucr irri :t:.ion te to c~cuaate each other to t,TOeter 

extent th&\ 1n tu:rrov ilTigntion. 

;a,ter diotri"butioo. did ve;r-.J oUe tly o.cro~:J the sprinkler plots . 

Tho. • rinkl.el."'6 tended to ply slichtly :a.ore ee.t on tho west side o 

the plot tho.non t he CD.Gt Gide, d to prevnilin,: ew;terl.y winda c:lllricz 

th irrie -.ion zee.son. Distri tion parollel to tho Gl)ri r lateral.a 

ve.s uite un.U~. 

Th c.i"fcct o cbances in intake rate on w.ter 11ca.t1on efficien.cy 

bet, .,n tho first and. second irrioltion bas el.~ been discussed. Tbe$e 

~cs al.so bad c.o. e .feet on wa.t<?r d1stri'm!.tion ei'fici ncy . Ed in-creas d. 

tr 7l•3 per ee t for too- first irrization to 76.l for the second on the 

i'un"'OV plots • The cba:lg-e ~ cwsed because the- ·.l:'edul!ed infil trs.tion 

rates tlllor.red the w.ter to c.dvn.o.ce e.ci·osc too plots 1n a oborter leneth or 
time, thus allat.'in,g the ~r and. lover end.n A more nearly o ual. t~ of 

1nt3ke . 

A slight decreesc :tn Ed tit-00 noted ~ sprinkler plotG. Sl~htl3 more 

runoff' occurred oa the: eeco:id irriee,tion . nmott d.lrine sprinkler 1rriz~ 
tion tends to de~ u."liformity, ca.us1~ more vater to be stored 1n the 

~'ll nlope end o the plot .. 

Corururnnti VC!l ~ -e:f'f'lc1 ncy • 
Tho ~ts of vat.or ~d.ed. to the root zone by oocb 1rriGat1oa method 

C!'e ehovn in -Tablo l. On the- averes;c 3 .85 inc:hGS vore added to tho root 

zone bye rinklers c.rul 3.97 inc~s by fu...~.m . Tb1G ditterenco i'll not 

~:sticw.ly ::.ieuifico.:it. Therefore, grouing aolldition.s ohOul.d have been 

.c~e.ole uoe.cr bo+...h ~ or irrii;ation. 

Sorghuo yield o:l:!Jplc!i verc determined cnch ye;.r, Table 2. lield.o 

nvert1,G .clishtly h1char f'or ~'O".J•1n-i,zo.tod plotG but the dittorcmco 1.s 

~ not ntn.tistically aianiticant. Since the same wter ~1cat1oo. pro­

duced 'the S™ yield far both irri(.ation methOds, 1t can be concluded that 

c~tiv use eftici.encios vera nearly identical . 

The otudy Juot reported was conducted on · aite with fine soney loom 

soil c.nd mild ru..0£>G. Under t icse conditions a. given ~.mt of vator we.s 

z:dded to the sou vitb lees total npplication ey ::;prlJJlders tban ~ f\u'rov 



irrisatiou. iurtberz:&oro, tbe diatribution ot t.be e;wl1ed vn.ter vu Jlll1"e 

un1f'orm vbon ,pr1nkloro wze usod. It must. bo Gl)bu1zed that on 

different site cond1t1ona, CODaiderab~ ~e:rcmt reaulta 1Zda)it be 

obtaic.ecl t.raa 8UCh a •tud;r. DUf'erences 1n intake n.te vou14 be part-

1cul.Gr~ like~ to atf'GCt rel.att effla1enc1ea ~ apr1nk1er and tunov 

mothoda. 
jn Urlgat1ou G)'Gtem tor a S1von a1te cannot be Ml.ected only OEl tbo 

l:crd.o ot efflcieney. Ecooad.cs~ particular~ coot ot' ~J.Jt, 1aa4 

prepa.m.tion l\n4 l.abor, 1a a mJor tcatol'. tiowver, the coot of water 
. . 

ea~ 'by more efflCient appl.1ca.Uoaa and profita r.rc:. 1ncreaue4 cz,op° 
y1elda due to D)I'& 'WU1\m:ll w.ter 41str1but1o&1 mun be coaa1'1ered. 

Concl.usiona. 

On&n- ono set of cooditiona., conducive to~ 'by e1tbar aprinkler 

or fUrrov mth0d.G, apr1nklera ea;,-plied vo.tor D>nt et'f'1c1en~ tbau 41d the 

turrows. ll:f.l3h vater ~• etf:1c1cnc1n can be o~ned ¥1th eitbeZ' method. 

Ve.tor d1Dtr1lntt1on vu~ better f<Jr spr1nkl.er-~ plots than for 

turrov-11T1aate4 pl.Ota. ~Uve use ~ ~ DO\ 4UtG' 'betwGon 

tho tvo mtboda. 

I 
I 
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triakler 

IUTOV 

pr1nkler 

~ 

tnl<Jer 

~ 

~ l 

V&ter ~nts Gild. ~a4'"1on ltt1c1onci84 ot Spr1rakler 

8iJ4 Gravi~ Irr.tgation ot SoJ'8)lm nota 

:Required Water 
JQ;q;>licatioa, 

1ncllraa 

14.2 

14.0 

8.6 

9.2 

7.6 

a.1 

Soil Jt:)1ature Increaoe~ 

I 
I 

Con-ected f.or wae, 
incbe• 

1955 

11.8 

11.0 

1956 
7.0 

6.9 
1957 

6.2 

6.o 
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Vo.tor Appl.1- lulott., 
cation Btti- ~~total 
ctena;r., • wtu cpplied 

83.0 1.70 

T(.O 7.38 

&..a 0.50 

74-4 6.67 

&..6 0.6.5 

$.O 10.25 



• 

TA?-LB 2 

Uel4 0~ Q1'81n 6cqma fraal si,r.talcler and 1Urrolf 

Irrigated P1ot• 

1955 
19~ 
1957 

Sprinklw 

65.6 
67.6 
91.6 
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"i 
100.l. 

~ 
87.,9 

' ~ 
95.l. 

D.t 
96.5 

1.tivo 
t1"1but1on 
NPlot 

~ 

lOO.l 

132 

101.5 

c2 

106.6 

»2 

m .. 6 

Belativa \hl.tcr nlstir1but1on ou Spr1Dl:ler a.'14 Furrow 

IrriGated Plota* 

¾ ' Ai ~ ~ 
l.03.2 u.1 •• 3 L."'>0.8 113.3 

!3 ~ ~2 B3 

95.4 92.8 102 .. 3 102.2 

c3 ~ 
C . 
2 c3 

105.3 99.6 104.8 100.3 

1)3 Di D2 »3 

97.l. 81.-9 77.0 92.3 

• i 

~ value rap..-eacmts tho depth ot -water added to a. ~ina ~ 

~sod. GS C. per cent ot tho ~ cepth ~ wtor a4doc1 to 'tbe 

(OOt. %0:1e· 0~ the plat. 

\ 
\ 

I 
i 

I'!Cl.ntivo 
Dutr1but1on 
Al.~ Plot 

ll.6.l 

101.6 
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