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IRRIGATION AND DRAINAGE 

··Prospects of Modem Technology In Agrirultural Engineering and Management 
of Environmental Problems: 179 - 192 
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u.;....4 (% t ·- Y' o )Ui-1 c.A.>:Il ~I.J ~I c;.,>ll i~U.S. u"oalb.ll Do- ti'-.,>31 ~ .J 
U.J 4lUi! ~ u"oa~~ ~ ~ SBWRMS (2001 ) .J (1996) wJ-i.T.J 

• r\lallll~ f:Jij.JI i~ ~! 2.it...} tS.Ji."ll ~I c;.).l ~ ~Jl. UJJl ~I 
.~ ~ r!~ .J ~I tS.).I i~liS ~J ~I 2.i.l~l I!J.\.:a . .,"ll ~1..»1 ~\ ~ ~ "-.J 

~I ~4 J.il.J. Swge Jnigation ~ItS~ UJAi \...~I ~"11 ve ~_,lSI 
~ ~.J ~Stringham and Kellel( 1979 ) ~~~ ~~ c;.).l,} ~~ 
~.fJ.J\ ~ ~ ~ J!a.fo ~"11 i.lW.JI ~"i~ U.JI "-4"i.J ~4- c.,i I!J.~"ll 
~WI~ t) '*.J .W. JWI ~~~!·~I J.,...J .la.f.l.~ ~I c,ll-~ ~ 
~.,... ~ ~~~ ~u\ ~ yS..fJ ~.~J' ..:L.t- U....l~ i.fo .la.l ~! ~!.J ~ 
J4&JI 1:a ~ ~.J. c,;wll ~ ~..» ~t--11 ~}Do-~I ~Ull ()e J...\ 
~.WI~~~\ Ji-_,l.W.c;.,>ll Do- t.Jlll !:a ifii cUi.. ,:)S. ~ i.J"U.. ~) 
d-1, ~L..;.!i.l\.c:.!.J~.fol ~~.l~.).l u--uw...JI ~u~~u.-..)11 ve'.fo~l 
(t.) JWI ~~~!~WI J.,..) rY-ll t.::.ai)l u\ ~. ~I.J ~ .ll.lJ! (Ar) ~I Jl-

• ~~ J_,la ~ ·~I ~.fJ ~ tSfo- u--l ~ ve.J ' ~~ .li 
Bishop et al .J Allen (1980) .1.~ ~~ c;.).l ~~I I!J.~I Jlfo4.J 
, ~ ~"i~ 4:fi 1~1 ~I.J ~IJ4ii-"ii.J YJ4-lll Do- u.....l...I.J.>i"\ .W ( 1981) 

'*.J ~I c;.,>ll ~~I c;.,>ll ~Ju.J 2.....1y ~.J . ~ iJ.J.l '-.l.j\ , i.J.J.l c.,.wl 

~I~~ IJi"L\1 (I) ~.).1 J.l-.J (Ar )...u:al J.l- u\ Poole ( 1981) 
c;.,>ll Jl\ ~ U.JJi ~ljlll ~ c,ri ~I fo 'AY' Ut.....J (t. )...u:al L)Aj J+la\.J. 

~4-=i.JF.a Ut....;."/1 i~U.S. u--JSu\ Muhib ( 1983)'*.J.J. ~I c;.).l~~~ 
~.J ~ LM.)>Ai tS.JI '-b.~~ ~I ~ ~~ c;.).l '-b.""·~ cu ~.fol 

• i.fo.oll ~I cli~lf~"i.llw ~ 

~ "-~ ~ c;.).l ~ t.;-J ufo ~I ~"i.llw u\ Ghalleb ( 1987) ~.J ~ 
tS..>ll u.i 41.. ~' ~ ~ c;..>ll ;~u.s. u' '*.J t....s. ~ ~ c;..>ll c.r' ~ 
~Iolli uJ-111 ~ .lu..)J ,:;s. ~.)ill c,r~_,la.).l tSJi-11 ul ~.J w .. h .~ u~ 

~ 
J._,l..:..l4 c;.).l,} ~~ c;.).l ~P ~~ c;.).l ..»aJ t.. u\ fo Evans ( 2001) d '1! 

_,..w.. ~ c;.).l ve ~JW Ji\ ~ ~ c;.).l rl~ J'WI "-4~ ~! ~WI r.lil u\ 

2.iW.."il s~liS.J ¢'jjill ~ v-f~ v-:~ t.::.ai)l u.il,} ~ uJ-111 u.il rl.lilwol ~ 
.~1~.,..~ 

i•U.S. ~~I tS..>ll y_,1....1 ~"i ~.J~.J ~tu.J yj.+J ()e ~ ~ ~~.J 
:~~I I~ f:_,.._,...~l .ii1i ~I~ ~I tS.).I 

~I uj_,l;JI ~.b~ ~ tS.).I ~l.liS ~ ~fi ~I tS.JI fiiil-
··"~··'1 ·"·~U.. .r-- t$,J''1 '.) 

tS..>ll u--t.J;.j ~ tS..>ll ~~~u.s.~~ ~Iolli c,;WI u~l Jll,.l ~- .. 
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IRRIGATION AND DRAINAGE 

~ltl)yJI~I 

y •• y ~ W..~'- ~I ''1~-tL"t~l~l~ '·'l . ..i~'"' 'I '-"11 I I ' r • '"i" J.J' ~ . , , J..ro ..,....~ YJ......., • .». r.a 
Uoil o/t;YO ~ .t:_ ~ T' I 'T'Y ~ ..a.U;.~~~~j~.~-'~-·-LU,.. ~·"='I. !J 0 ~ !J ,.... ('+ • ~ --~ ~ , J .'J"" ~ 

~ ~ ~ .a.J , J.,l:,JI u.t.J... ~ v- ..fo.l,.... Y. c)l~ ~~ .w1.J%, • J~ 

.%·.Y~~~I 
~ Split plot design~~~~ rl~ ~~"il ~~ t,-~1 '-"' ~~.J 
~I J.W ~I ~WI u_;-:ill ~"1:.-.J main plot ~.)1 ~I c;.)l ~,_>l:. c..fi,.j 

~I ~t.......I!U\S.J .~IJA ~ ~l.oo.JI c.)A U.t... JS ~J.fi.J split plot ~I 
fo ' . o ~I UJI.J ..fool .l..~l UJ1 ~t.....JI .J j1A T' • ~I J_,J.. uiS ~ , 'r T' • xT' 

~ ~ • ,; ; ... 11 ~t-11 Ufii ~.J ~IJ.fi.JI c)c. ~I .,:.C. iJ~ ~t-11 U:. J.J.J • 

-:c)Ull_,.,...ill 

. < ~w .ftl) •JI.li.. ~l.l ~ ,.1~4 ~ ~ c;J (Cq1)c)}:ll U.t-11-1 

. ( ~ fi 2) OJI.li.. ~l.l ~ rl~ ~ ~ ljJ (Cq2) ~~I U.t-11- 2 

. ( ~'W fi 3) OJI.li.. ~l.l ~ r1~4 ~ ~ ljJ (Cq3)~1 U.t-11-3 

( ~'Uf .;:ill} OJI.ll. ~l.l ~ r1.lll...4 ~ ~ ~jJ (Sq1) ~1_)1 U.t....JI-4 

• ~\.u11 ~""'~ 12 iJ.JolUo-j r1~4.J (YI' ) lAJI.li.. iJ.Jol~.J 

< ~w .;:il2) •JI-ll. ~~.l ~ ,.~~ ~ ~ c;J (Sq2)2.......WI u.t...JI-s 

• ~\.u11 ~""' ~til6 iJ.Jol Uo-j rl~\.u ( Yl' ) lAJI.li.. iJ.Jol ~.J 

( ~'W .;:il3) •JI-ll. ~l.l ~ rl.lll...4 ~ ~ c;J (SqJ) ~I...JI U:.1a..JI -6 

• ~\.u11 ~""' ~til t i J.Jol Uo-J ri~.J ( y I' ) \.\ Jl.li.. OJ.Jol ~.J 

~UJJ ~.J y.,.....WI rl.lll...4 ~.J~I ~u......Jl ~ J a ... 'i.ll ~U~I ~ r-l.ll.J 

.SAS ~1...-:.."11 ~~ 

JS UL..:..:i.J ~t.....l. c;.;ll ~"- c.J.A U.t... JS ~J ~l..r.AJI c;.)l •\!.-~~IS .lil.J 
.WI yl....:!.. ~ ..!lll.J , i~ c)c. U.t... ~ W.J l..l..j\'I.J ~U_;-:il4 .l:....jWI c,.i r~1 ~ 
~I .WI Uo- (%o • }c)J U.t... ~ oy..ll ~ ~ Uo-.J,.... T' • ~I,_;- ~jill ~I 

YJSjJ ~ ~.J. ~ ~""' (f""' 'Y) cS1 J..J.../ T' r • .n ~ ,.... T' • ~I,_;- ~.ftl c,i 
~~~I c.J.A rrJUJI ~.)1 y~\11 c.)c. Flowmeter u~IIJ"\.jS j~ 

.U.t... ~ c)J4lll.lJ y_,lJ-11 ~~I.J ~U..,._:ill 

~U!c. l:..\1 T • ~~. \ T • .u.......:n.. L .J..J.. . ~~ ~~~ ~ ~u-... ~ ~I , w; , .t..alll -~~ .J .&.mid !J 0 U'"' , • J , ~ 

~lb..JI c.J.A u_ JS ~ ~ JL-1 ~ c.J.A ~.)l ~IS ~I.J ~.ftl ~_,J..J IJ"~ 
.l..Ulll ~ \.4 ~L...JI ( 1.a, ~. Lt. )~J...\.:ij ~ J'-#--1 ~ ~. ~I...J I ~I 

•• WI r.ii:i Uo-j IJ"t.i5 U:...JAT .fo. 10 
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:~~~ ~l•"•·w: .. IJ..=.o ~c)} ~ll.iw..JI.~I ~J 

D = (Q.t I L W) (Meniam and Keller, 1978) 

,JlJ4 uw..JI .w1 ~ J-.,;a.. = n : ~ 
~ y.S..ll ~..bi.ll Ja,l.lll ~I J-.,;a.. = Q 

~ .w1 UW.! c.)6j = t 

~ J-&.11 J_,J. = L 
...)lJ4 .l._,l.a.l\ UH ~I l.il.-11 = W 

-:~I ~I c.:wi.A:WI J.._,l.:JI ~~I .WI~ ~J 

L = a tb (Christiansen et al, 1966) 

~ ~~ l.it..... J_,J. = L -: ~ 
~~~I c.)6j = t 

~~~l]t=a,b 

d L, .s1 ~ ~ (,...) Rz J.J411 til.l.. ~ ~~ .w1 ~ J-.,;a.. _)l§_, 
-:~I~WJ(j.)l~t...~_, 

Rz = ( ~::10 ~: Db) Dr ( 1988 ~ ) 

(Z) 41.)1 ~_, 41.)1 ~ c,;j)l c,r._,l..)l ~ji-ll J.Ji = /l.()w -: ,:) ~ 
.orr/ ri»4+-~U:Jil.I'US11 = ·'nb 

• (""' -1 cJ,...ill J_,l;JI ~ = D r 

-:~I~~ (11/oF.) ~ ~W."il•-~ ~..)li ~ 

F. =(Rz/D )x 100 (James,1988) 
•• WI U..:..J••~ = F. : ~ 

J.J411 til.l.. c,i ~I .WI~= Rz 
.uw..JI .w1 ~ = D 

-:~~~~(&) ~~·-~~rlJ 

F. =·too• (RZ/ FC) Qames, 1988) 
J.J411 til.l.. c,i ~I .WI ~ = Rz : ~ 
.~1 ~I~ u..,p...ll J-11 =Fe 

-: ~I plll ~ Cu ~J-;'"Jfo ~\J:.lj"il J..t... U....I..H t;Ufll ~\J:.ljl_ yl.-. rlJ 
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cu = 100 * ( 1-

d t-WI ~ .l:....ji.o c.:,c. ~~v-i u~l ,.WI~ c~.l.WI ul~~l = d.C. : ~ 
c~.)l~>~l u_p...JI 

.u..p..JI ,.WI ~ .J......,ji.o = d 
• ~!,.!Jill .l.lc. = n 

t@l.l.tJ g:.:t:i.i.!l 

(R.J ...u4JI ~c) ~I ,.'--11 J$ -1-_,:L. ~! 
~ ~ u.>:....JI ,.WI ~ .l.;!ly ( ' ) JS..!a ~.J:I ~ u~ ..b_,l:.:.JIISJ 4..16. ~ 
~.J .l:..:..U ~Iolli ~WI. ~U~I Ulli...o ~ ..b:JI ~~~ ""4Jc. ..b.i.ll ~~ o\;-..t"'4 J~l 

.u....;..__,91S.lll ( • . Y •%) ..b_,l:..=Jl c)_,lJI .JI~'/1-.»J"i:J c)1.!1U C;;;!-JJ ~.J. 4J T' ' Y ' ' 
Uhl,. . .-i • ' ' -'1 l..JI l.li.. ·l~t..S • ... 11.~ ---:'1'··~ I -:11~1~ ..,- c.J..>"'""" t- J c.J - • ~~ .~ .....,. i:!.» u- -· 
.l...JJl J=,.l.l.ll u~l ~lj ~ J.i:! .l...:i..ll J.,.J.. u-1c-~I ~I.J..\..ij .u:. .JMI 
a...JWI ~\.i .. _<:IJ.U:, • '.-: -'1 - L. -'1 ·L ·- 11 • .l.iUl ~ UU:. t..J . - ...... - '..>--"' c-'.?""' ~ c.J -..F."'~ ~Jl...J. - ~ ~.J~.J 
t..S S fl • L":Ut . · tt _. • •\.J..JI ·~1 · L -l:W....I ·.<. • ~\..l:..:..)l.JI o11. . .ill\.u....U w:ge ow c-- IS..>"" -,.... ~ c.JA ...,... IJ""""; ...,-. -· 

Ul..l.. u-9 u.>:....JI ,.WI o.lu..J.J ~ cs-liiS.ll ~IIS.)I ul ~! (Y) JS,.!. c).o ~I.J y. 

,;A L.S~_jjll ~ 1!.1/J T', Y, ' ~U~ ~% H, A.V£ , '•.YY ~ J~l 

.illll ~ ~ ,Jl....ill OJ.J.l.J ~IIS.;-11 ~L-:.. cs-11 ~ ~Jl...J. (T') JS,.!. U.o ~I.J 

~~u~ 

~lf.i.J .1-_,_, ~~~c) (~) .JJ~I ~c) ~1 ,.\..oll ~ (1 )J¢' 
~ cJ.J 1!./J 3 _, 2 ' 1 ~\1..;-1 ~~I 

LO lmid Lend 
ISjll ~ c.1J1. ~ ~loW 
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IRRIGATION AND DRAINAGE 

.loU ~la..w~ui..ul.JUW...}~ ~ &J- ( 2)~ 
Surg flow~~~~ .et.J 3 • 2 •1 ~ 

3. 2. 1 ~~ .:.al.,A.A Ulal.a.} OJWI ~ &J-~ (3) ~ 
~~~,;.~~" -

·~~.Jt~~ 

. . (Ea) ~~ 
t:A~~f/~~.1-.J EaU...:..lli.lDJ-.jl.J~fo&fo~(i )~ 

, y , ' 0"1~ ~.,UJ...:iJ12.k.b~ di.J-1 ~ & .,..w. ~ .s.i' ~ .1-. 

US ~J...:iJl~ u..JooAil ~ cJil.itwalli.\iS () ~ u-~ .(~I .AT' 
••• .,..~ ~ .,..w.JI .s.J'_, ei..LI .s.i' ~ u- .. 
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~ ~ ~I IS.>-11 ~~ u.i <,)c. I ~t. • .: • .-il i"US: ul ~ ~.,.JI c&~l ..x-J:.:i W. 

~I o;;, iell ~li_;-:ill ul ~! o~l c&~' e;+e...fi. ·~' ~li_;-:1]1 ~ .,l,jc, .)Alwll IS.;ll 

~ - 11 - 11 ~ , ~ .ILII ~li · _-:II • -"- 11 u.bl.. 'oU.JH ... ll'' ~ ·':<I •· • <-: • • u.....,.,. J "'":t'...... ~ t..J-'4 .)~ II"'" ~ ~ ..;- UJ--

u_;-:1]1 IJA uJ.;}:JI U..U .,l,jc, .)Alwll ~J.;ll ~~ ~.Jta.. .,l,jc, ~~ IJY' ~t...J 

o.l.AJ ,.lll.i]l J.:!li::iJ o4-Jl UJ~ l...)eoG.;-i o-l4j ~~~()A ~I ISYl W ~ e;+e.J:. ~ 

'Galleb,1987 and Evans, 2001 IJA JS ~~ J-~ \.. (;" ~lfo c&~l 

",Jll crllil ~ ~ ~~ ~Ea •'+-31 .UW:.t ;,.us (4) ~ 
~~J~I 
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II Con. Flow • Surge flow I 

l 3 

(Es) U~~l ;,.us 
tS.>-1' ~t-J ~ ~ tSY' ~t..... .,l,jc, ~~ •"us: .J.......,W l.l.)ta.. ~ (0) ~ 
~ .J. • ~ ..• I!.' •• ~·'' ( ulj 1 . -:1\ ,.. .,. ' ~ u ~ t~L • t:•-:A . -:.li-:, w.....- .. -'+ J ~ J't"'"'' ~\,.W J ' ~ ,J-' ' ' ~ ..>--J r . c--- ....,........., 

c&t:ml ~ ~J , ~~ •"us: Jij u_;-:1]1 Ue;~j ~ , ~~ ~li_;-:1]1 U# ~~ 

~~ u!J .~u~t u..u .,l,jc, JAlwl' ISY' u.i 4.l. <.)c. I~~ ISY' u! ~JJ_p.:ill "us: ul 
1 Jll1) O.JI.ll. ~ ,.,~~ ~ ~ tl.J U.t..... ~J (Sq1)' U.t...Jl uiS. u~ •"us: 
~J (Cq3) U..t...Jl ui.S U).i. i"lli J,.§IJ 0.5 i.JJ.l ~J ~ 12 i.JJ.l ()AjJ ( ~lj 
\.. ·~ 'Wll ~~ ( l_ulj I .-:1 3) l.li.. . I• 1-l . -:.t~ '~ ~ . :_u-;_. U.t..... (;"~~ 0 J. ~ .J-' 0.) ~ ...,..........,. • ~ ..,.--.IJ.) • 

. (Goma et al, 2003) ~~ J-~ 
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1 2 3 
(1!.!/J) ~~~~~~u~l 

<Cu l cY.J.J?ll4-lli'lll J,.t
~,jjil ~14-tl;.:i.jl ~~I c.j._>ll d)L..t.- ul ~ (6) ~ ~_,.JI c&Ulll 
ul u-- rt-~ , u~l ~ rl~l ~ ~~ c.iYI d)L..~ ~.;u.. .b.i.ll u-S .~1 

· (Stringham and Keller ,4! J,..-ji \.... ~ ~lji:i c&t.:illl o:a '~ ~ rl &.;ill 
,(Moustafa ; 1992)' ( Alemi et .al ; 1987) '(Muluo ; 1983)' 1979) 
~ 4-tl;.:i.j')'l u.k. .l.l.:l..o .Y.:J"U o _#...ll uti .;..-:ill ~ rl ~~ ":a' I .(Evans ; 2001) 
~_;:; Ut..:l.. ~tl;.:i.j')'I..:.U\S. ~ ~ I!J/JY u~l .we. .la..:U ~tl;.:i.j')'l ,-, · ;..i;. il 

92 

;:::)85 
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84 
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DUUGATIONANDD~AGE 

~'li4R-~ &-J ~ 11.;1 f\la.V ~11.!:1\i~l ~1..>/J:J 
(j)l ~,_ ut=....l.J.b.i.ll J_,l.. c.}:. ~I ~'1~ ~ J n'i·'l ~~I UiU.. ~ 

~I plll ~ I"""'_,JI ~ ~ ~Ul.. ~~ ~ ~..b...._;W 
1.!:1\.tJ ~·~I ,.:13.1-,e 

..w:. ~1.1am ~ ~~, 11;1 ~,_ ~ ~ ~ w.Ji ~.YI-, ~! ~ p 1 J~ 
U.\a..Jl u15. .Wl ~ l)oaj .l.....fo Jil ul ~! ~~ ~ t..s ' ( •• • ') ~ IS.fo

'-4H ( ~U I Ji13) •JISL.. ~~~ ~ r1~4 y.l..w ~ (jJ U.l.... ~ ,_,A.J (Cq3) 
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English summary 

EFFECT OF SURGE FLOW AND INFLOW RATES ON 
THE FURROW IRRIGATION EFFICIENCmS 

Abdelellah O.A.Saif * 

This study aims to evaluate furrow irrigation systems as continuous flow 

furrow irrigation and surge flow furrow irrigation under different inflow 

rates at conditions sana'a of Basin in Yemen to study the effect 

difference this irrigation systems on soil moisture content ' depth water 

storage in root zone 'application efficiency ' storage efficiency. Water 

distribution uniformity ' yield 'water use efficiency and face wetting 

advance times. Purpose to Improvement Irrigation efficiencies and 

increase the yield of crop. The study tookplace at the collage agriculture 

in experiment farm of university sana'a on crop squash during periods of 

2002/ 8/17 to 2002/1217 . Was use study statistic~ design; split plot 

design. Was conducted where six Irrigation treatments are the main 

treatments and three station and three observation wells along each 

furrow .as sub treatments each irrigation treatment was replicated three 

times .The replicate size was 3 *30m3 .And irrigation treatments were took 

place as follow: -

The continuous flow treatment (Cq1) with inflow 1 L I sec. 

The continuous flow treatment (Cq2) with Inflow 2 L /sec. 

The continuous flow treatment (Cq 3) with Inflow 3 1/ sec. 

The surge flow treatment (Sqi) with inflow (1 1/sec) and cycle ratio 0.5. 

The surge flow treatment (Sq2) with in flow (2 1/sec) and cycle ratio 0.5. 

1- The surge flow treatment (Sq3) with in·flow (3 1/sec) and cycle 
ratio 0.5. 

*Prof.of Ag .Engineering- Faculty of Agriculture- Sana'a Unive. 

The 19111
• Annual Conference of the Misr Soc. of Ag. Eng., 14-15 November, 2012 - 191 -



IRRIGATION AND DRAINAGE 

The results obtained could be summarized as follow: -
1- Average total depths water storage in root zone for three evaluations for 

treatments l6 't5 'tt 't3 't2 ' t1 were 20.42' 17.89' 15.45' 22.66 ' 19.98 ' 
17.24 '(mm) respectively.distinction by about of7.21(mm) between the 
highest value for treatment (tt) for surge irrigation system at (1 Usee) 
and the lowest value for treatment (t3) for continuous irrigation system at 

(3 L/sec ). 

2- Average application efficicienies for three evaluations and for treatments 
t1 't2 't3 '4' t,' l6 were 61.95 '54.10 '46.94 '68.88 '60.42' 52.38 (%) 
respectively. distinction by about of21.94(%) between the highest value 
for treatment (tt) for surge irrigation system at (1 Usee ) and the lowest 
value for treatment (t3) for continuous irrigation system at ( 3 L /sec ). 

3- Average storage efficicienies for three evaluations and for treatments t1 
't2' t3 'tt' t, 'l6 were 61.50' 53.88. 46.53 '68.24 '60.17. 51.93 (%) 
respectively. distinction by about of21.71(%) between the highest value 
for treatment (tt) for surge irrigation system at (1 Usee ) and the lowest 
value for treatment (t3) for continuous irrigation system at ( 3 L /sec ). 

4- Average distribution uniformity for three evaluations and .for treatments 
t1 't2 't3 '4' t5 ' l6 were 89.97' 87.37' 89.18 '91.84' 89.34 '91.15 (%) 
respectively. distinction by about of 4.47(%) between the highest value 
for treatment (tt) for surge irrigation system at (1 Usee ) and the lowest 
value for treatment (t2) for continuous irrigation system at ( 2 L /sec ). 
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