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Atloptiorr of Infoluratiorr 'f echuoloul, to Inrplove Irrigatiorr Water )Ianugenrerrt

DR. [.i\1,\ i -\]. I( \R.\Dsiti. '

i-iirrce 199i)'s .l neyi nriluagerrcnI concel)L ,'t,L- auslxipalrlc r-rtilizaLion irnci c-fiicic:rt t-r,"c ,.ri'

aqriculttrral r!'sor.lrcL's1 klrolrr ls "yrlccisit,Lt iLinrirrg" rtr'"site-specilic irianagerlcnt". siilils t{) r'cccile a

greaL l telesl duc to spatral variabihty in soiiptopertics. Li'ilg cotrventional practlce-s. lirnr nraLtagers

tend to treal tire f ield as a singic r-urit and rnaltage ri to optimizc the avclage productioll as l r','irole.'[he
objective Lrehinci precision farr-ning is. bLeakin-s tite Ilclrj into scveral horrogenise ,iuh-units lirrl
ttcating thcrr indcpendellt!-r,:. 111e1^q1- the pt otiirctiou of cu,:h r.uriI can be r;plinrizeil. r'athcr {ha,r ir.elLLinS

lhe entrt'c [ic-]d as an ir', crzrgc. v,hiclr. rn l,,rln- at'iect tirc proli'Labilitl'ol rnpLLts Lo lrlrrnts. ltgr.rcultirlrl
croL)l)t1tg s)'stcnrs dePend on the use of u aitl la-ioLrrccs ib| sLr|vir-al. anrl $'atet- nccr{s r-ill-,, sp.rtrallv in
l'rclils becaLrse of snatial ,sori rlrraL.ilitv (tertLire. iopc,llt-uplt1,. t,ater holdrng capacitl'auLl rrrl.iltration
ailcl draittage ralc). ' rclctbre, the r,eec1 1irr ilrigation ntar, cliflcr bcl.,,, e en diflct'ent zoncs ol a paliicLtLa,.
llcld. \\'hile moving irriuatioll s]'siem-s irprrh.' r',ater at c(jnstLlnt rates. sr,rme areas oi tirc f icltl rrr l-v
rcccive utucllilcss water tllan reriuired, Precisior; irrigatior-r. an eri,sLrn-s aspccb ol lr'cci:;ion ac,iicr.rllurc

.jr-rst begrnuirrg to be exploled. nlcar,s appli,inu u, r.ter jn the Light place rvith the lighL:urlouirt in order
to save w:Iter Lhrotr.glt pteventing cxceSsire r',atcl'r'rino1llald leaching ancl prevent deterjoralion tiue lo
less chenricals appllcrtion. f he u-ic of precrsion aqlicLlltulc 1-or irLrcation rr,iLtL'i uianagcmerrt is stiil in
tlre tieteloprnent slagc ancl lcrluires a lot o1'1nvesti-qalior'r and exocrirnent':1 u'or'rl to dcterrnine its
Ii'asil,r l tl rntl,rpPI rc;rbilir).

This tcscarch aciivrlv armed to lerrew the -state of precision inigation. ',o a,.1d nccessary
backsror-ttll inibrmation anri to tleveloD a s:rateg)'lbr its applicalion.'lhe futi.rre challer-rgc is Lo i-.irild a

rich dalabase itt order to tbnrlLLate a compLete decrsion support s,vsrem tbr prc-crsion lirn:rnq,
rnclutlitlq all fieltl actrvLties L.c. lrrrgirtion. ter-tilization. til)age. plant ptrltcctlL)n irnd l.eed conirol.-fhe
prescnteai protect conlribr-rte"c to lccluce the use of scarce \\.atef resoulces.

Becrar.tse the ertcr,t oi'sorl's EC is prnrarih'irttrbutable. but r.rot onh', 1s 1113 111111111r1[ 1rl'ariv
ftce rtloistllre in the soi1. the cstablisired strateg)' a''ssur.ncd. IiC, measured using Etr.l techniqucs cor.rLrL

be usecl as inclicator r-,t' sunogatecl properlv to ciuanirlrr.'lrr-lie1rl spatial variabiltil tn orcler to ilevelop
nlore precise variable-rate rvater applicatioll titaps. As proposecl in the strategJ.,. tlte varizrble-rate u,ater
appiication coLLlcl bc lLliilleci hl using sourc available iechnologrcs. such as sLrccd control systerns alci
rcur-rlating clschaige rale.

I{eseat.cher',' \rtional (letiicr lol AgricultrLial l{esear-cir ancl Tecllro1og1,- 
-irausfel (NC.\R I-1')/Amrnrr-.loltlarr.
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4ll=ll rJ.A .-J 5 ,,;'-,.,i1 j 
";:Jl =J siJt \, jl e,g j ^<-.rll Jj **4S ei[-l ![S .=r++ elJ , (Tec,hrtologl.

crLSJsi^'*.sjSf (13ig Glia) .r..i:Jl e jls (Centet. pn,ol) ;t:jl .g-,,Jl ,.^r r.,rJ,rj!:t i '.,jt ininyt

eS L --. -*,-,i:+,.r-':..: =:. ,Jl 1-..; -ll .Ji .+,--r! .-K 50 .rjl ,-;] +i;;=S !;-,. i--,-...o .,t,il^:_-:,.

;l +l't i;lYt rl"l-.,ir , ',,':r5,rrr srit L;,,,._Jr::;[r .^^]l crqjl ;i.^5;i ._r[*r;Jl ,-,i.rid].:-.fJl
L-*-rii,-.,:i cl:Jt ,J:J.iL;liJjl u;--:j)Gl .)L--;*ijt ^"it ol,i"ll 4+X1;,-'r,jS+6;j! .3;Jr

e'J"j 6.rlo \r \-':i JiJ++&{l e.U-r f:+ ,' ,,i- j #^Slt ; arrGyl +4; 
"r;i: 

pir 9i :"+f .[ rl ..5-;l ,r.;;

)

.4

.J

!r!l (jrl--iL-1 Jl -ri)uiu_il C;+:;ejJj^!_..J1-1,*trttitl ,.,.t_o:l r..,l^ri,ijl i; j"r_,,JiJl J+jl
..ttr-r"l o^JJ ri)\-ai (ir-

:41[il d:l-,)1.r r\,ill C!5+]l i-ISrJ.a .-,i...^i :,i! ,,)Lci ;Jjsll .AJ-_,jlJ:_yl .:_.^ .2002 -l 200l

(.tp utioI l1tritltiIit)' De|itrantiott) ar,H\ ayliil J.rr-:i t-l
Electrontugnetic lntltrctiott, ) .j-*+,,.ii.* _, i,rslyl ,",-tl i:-..,.o a,-.r.,i :!i! , +..-st i-Xt ,_+;S: L-S

i irjl (ti'1-i3) g*=^]t .LJrll .J "u (Electricctl Condtrctitit),, ECf -.,qJ+s.fl *,-_-1 _t* _..lt (El.lI
-:-tsll '''-ll i'r'.-1" r-i".",-r lGeortics Limited, r,[issis.stutgu, onrurio, Curitttl;)u;*:.1.0.-,r;,2"i
ric-.1 ,JL-'J .i,,- J,:)l *_-j1 -L3 jr+iir (; !:; "-lL +_)t :-i .,"Ic. ..-jlj jr. I .lJ! .rr(.ji l\ ..r_+ti:;
,..1 ' "f '.,:i'c.+S -t+, 1.,*! -"J. co r;j-i;,11, ;tr.: .*+irji* J;t :Jra _.!_+( l++,_JL;.Jr -il^ g:;
.-! -,6 -,!r i,t:lJ 1.5.L :-'*+,-r-;I 6:rt,:.,;1 j ij -.* -.rtl,-jj* rjr+^ J_* tlr ; _._-Li xsll ,1!rll lrA .;r .iji
a's,I.il Jlrj. J!-, ielJj *ll ,ijF A..LJ .-.i,j)r.c J r--r) rr,.,- oti j- ,n!;ir rl+.srlr JLii-) r .n.o -,
, -L .r+5-r: ;r o-.rojl ,,ll . ,.61 iJ- 4i-;'r.= *- jlt+']l ,U a-, ai . !J.j-,,t e,..t ::elt a-_J^.. ;i ;_. .(.8C.,, ttsiitn )



--,.tt*/e30-20.J1-..=41!*"L).+_rl-jJill ,rrit[-,il-o*rg;_"]iJl ,,\,r -.91t .i ..,."rit #Cyr
!"'-F 5J: -JU!:.-+E JS rrS*Ul -Sj Jt,t: vr --iL J.,ii 24.",,1-. iii( 5i J,iJl Ji JJLl.,i\l :-i qi^.
(ilobql ) .jlLJl Lr.-ilJ,"Jl e-:i r-.rl,i . ll \r_t;.l,.r; ,q}-iJl .sr.:lol;piil :-ii 4sly JJ-i-.i J-1.1 .;* .4+E JS 4--J,.X

uri- e+: (L.,,.jJlr JJ$l : "l"i J+! er$]r.-t ;"t;J JS oi-Lt ;q i-t+ (positirstliilg Systeil, GpS

,..-1-o g-:l.rJl J-.j.r"i e+ ..Jitll j,lrill i.']^c ;x c[i])l r,,r .(.DaLu logger:) ar-_&ll J,rL- ,_# q.-!l ,.J eLltllt

..t:Ul ; i*l'r-si^ ....,1-r=.e;rc Jl --l-" JiJr -tnlJ,ilt .X! 1",,.: ,l1lrcviett.) e-Uj{ i-t-t} -b.,1jJl

jLJ'j! Jlj\lill rrJl *-i Jlisa 20 .-Jl-..: ra-,-L* JJn +.l)rj.-1, (ENI3S) i!-t.l u-.,-ril ol-,+j -
*L .i$Jl Lj1-^cll LIUJ;.*j)Llt l"rt Jl J+(+-] i oll: :+; .2001 Jlj:(-i ;_&- Lj)L= 4rct_rJ,lt nr- j)U

u-!..i -,",1-,Jilt .,rta+).-l i(GpS)pl ,-:LL,9,otjifor,i)ejl;il U..r: \., \\'if +qll ll!l
l5,^:.;.,Jc.J_c.lt iJ;i:r.triii.U-l*.l ojn J.o,i-90rj.t,L..ijy3i0JSelllt ":r;^Lrlill c.,,.iJt ;,"
.+lt *- L3.r .L1 i'i-Yl ,JSIJ ,Jl etll 4-J^! $r A:liXr .r-. ci>nt; Jrr 0.3 -ti_; *1, ;i-rX.s-)l LJI .ij-n_r ;!

.(tvHC)

( Applicotion hlap ) a-iL-hYl 4hF 2-3

,4pplication ) 4i1*Y! 4:,r_> e-: i (t|Hq orll *-s + i'.ii-)l JS+l iiJl oLJl i*.S +::-i r+

,k-U4 c+ +il *sL-l ..+t dl e',-il i."S O, ;i,l3(fulap

(Variubl e-Rat e Te ch n o lo gy) ; r*i,L,Jl A.it,aYl !.sts:s ! +" 3-3

lrs6jJ-i L FJ +=ji'x-.i i:"..-,trutrtt elln L_,* _.,+r- i, io:_&t Ji.rAlt #Jl J i+-i1!

te-\*-Icc''-' ( Progam Rain 9):(lrriginratic 350):L"rij(+Y1 o-ra J d;c-.rJq.,=l ..u,'Jll .--,tS-Fi

a.i:Jl .9r* .-,!+l Jlrili (5L e30,25.30 ,lQ --,r iiIs. .il-iLJ u"/i40 ,24 ,32,lS .r,o a-iE; €br e';\
a3J..- Lriiii---ri:i.iL .^Jl c,+Jl Lr.oS*rJ+$l _,.!$.,::l;.,064-.li .,-,LL,liJl _,lF-:icll };,!Jt -s
J) 16i.i-.:;,;;ili ac Jl ..+."->l-,',,r-(2j*1)ru-.'q.rs+iJs-:t .,-]orLJl c+"+1 i.'.!6:j-il..tjr etl,
idsl --]erL'^1'YL.c.1-.2.-".-.,-.1i .it*llill rlJsil:-i3,r-.'-,/*10 )24..rs,uul?r6J:2.:*, -"rt4

nl-a.)il ;LJ)'l Jl-,.Jl ,6Jl 
!r-" ;e9.r,,..c,.;y.s^il t'! jL4; ,,{Bl - -Lli lrJJ.s^il t'-Jt J 4+*rl!

.JLJ* +il ^J - .,fJl eLj"r a," dr.Jl r.-till } $!-\,i.ll ;:a,- cl >l I .--!=.j[L .i,j .r ;-fa 1cr;]l
r.j)Lnl-l C!.-t ; J.+-I -rr+^S jk++,r a-itJ+ ,*l+_,, 3 ( Soieloid Valves) 4-"tiJ*S e+r--:.-j r-ti*:Ji

c-si. e).i+ cj:-+ cJS-l -J-; asU;yt +-Lr;;r;i: e .lllsj !.,-t.=jl (Jr a+jr:-i >_i*x 3.-u_q a.r.L6 i: .crut^tjl
,3li"r"+ 4ji,JL (.-S!1 e.Ll .,J. jLr_Jl dtl .ilU..!,_ir,-iJJt d).-dl ;:".3 L-et;Jt .,;,+ ..,- jijr ,r":.jjt el5
at-J fi-.-+^Sll e-U-f er+.Jilt .; --. J..ll i'--Li 1i.;l;_.y .-.lj- 

.'tr-il g11.r...,^ e -j -,1 ajel;r j-c.r..r-<Jl ;-^!;,r

L+ r-,+l '-r-sl J\ .-.,:r.,I"-Jl p L ;.-U;r,ur J' j+ j .J^J (i.rj.-lJ .,iJr ,r t';-t aLi i:.: ; +.j.i j,,.:.Jt ;Lr



e-L:!t ;'- .:)t-tJt ura+ Jrjirt i:Gl .^Jl ot,tJl L.S,-"!jl .(rDtiyl .., ,,-i.9_!l iE .,1c ,..,LJ:ll p; 4-.r.)

cr-u: ol 
.rr.6-,r-+r ! *!--r .-,,. qst Jl: tRlrdial)J:, jJS;rrLJ 1*_"J +1, _t" ,i" *ti ,ri)U.*J - -+-

1e l.:., ^ll ,"'.iiir ai.,,1 .$tl LLe Dti.c!tJ..a .-r*.i 4-it ^jl .,+Jl a+6 r,,S irLc JIF | .pi jJl *j ._,lJt

.-qe A Gl Cl-rjl i'-r-'rgrr,_t:n Jl c:rLi!-a)l Jljirl i JI15_,.r,it eE tt+

e.$r .jf

(Spatial Vuriability Delineation) (#'.l$l Oilj]l +ra: l-4
.s*+Ui;-rJ.]s])t ,', -tt i ' +" ,__lc r ..i-+ qeiJl (Ejl.t3g) 

"*Jl ,l ,r.i . ,L., .l-.:J]Jl 
u,.,.1+ C.Lii ,.., i,r

(Electrical Conductit,ity, tC)(rlJisl J*-,-+.ll u,,-lir.eril (Electronngnetic Intluction, EMI)

# *lt 4illiJl 
"r,r Jl (lyHq A+Jill .+ k+ ttii-yt jS+ *!l "'Jl a+^S ;!! qlr .:Le j:1.:, Llt J J--.j

ora 
...1,1 .r.--c;Jl olf e!L;) i-tr-F 

C..,,-J -).:il!-.9 
.-.',_ril .r.l Le ji,.i.'l-y f ,j& .,ll oUl a-,,^Sl *"rtrSJl ,_,.rtdt 5-r;

e* ol-r-l ','rr i-[^ill: 
"++xii!l ,i]ll C- L-;UL oL-J,Jl ] J-",-=tt;]Ur :a-Jt , i!i:.'i i :",i 4i:r!ll

r-rl.1P I , ^,ii o-i*:jJl "r+l: ..GJl i;JJjJ , ;,rtlsll , .".iiii .,r 1'L+ l*" 4+jll qiq. j- +S r:c riiJ ,jLX JilS
Lll,=-c.,riiri 

"+.:jLW;r-FJt "+LS.l 
..-L3J,J ..'lcJr-.:r ic,p.JlijLei r.i_F,+ijl +ls.J 

=., 
j,d].9;i

.d r'-=.nll .gii .itJ^*., asl .-,1+: c" 'Lr-Jr r3-'j 4lL j u.r:nr a;:ls^l-: ai 9.i s.rJ 
-"! aur ;^

(Vuriable-Rate Technology) ; ;$:',)l i.il,;Yl !+_d::si i++" 2-4
;j**i il-.-tr, cjr,.-ilj .rJl eS L_r- J++x,.+J! :L^j.l ;i 6jLJl ,-,r,,, ri! .r.,rill ,s_Jf J i.utf,
; (he'igitnatic 350) L"a r;<+)l o-:.4 aF dI'J-,i -.r,:r-,=f ilU rl..J ,LrJl (rfSJ-6 lrs ; j:.Jll i."!t, iSJl
*!q Li+-_r.-+,_, tiJt C-!-,Jt 

''. 
q_uLl ..:l;Jt ol+Jl +"S *L J..-Jt _1, ..U*,(program Rain 9)

'ULc :Jrii l$J ,clJiiJl +Jl eG a->- ,rr+.tr +Jl .,Jc t-d;ri !-ll+ Cjrjj ,-,iil LoS ri; .x+yl .ia g1 ..i_,,,l_dt

u+ (exponential) ,r--i a;-;t-,, .G)G cr'i-r .;:-trJl acrJl rjc ajrE kl]' luJlJ i.?JJl *.!"jJ SJI ,Je
J\+il --]c 'J+il1 j:pLjejDLlt 

"ra al .%g4 *Jl ci.+-uqrr &r.^r: g,,ll eE L_r:A-iL;^ji oLJr ar.^s.

.aJ J-ul al.:iJl .!FS .'L dJ--JJ i-,-,iil 4.e!l

;LJ)l .illJ+dl ,eJl #;s,-iJl_o+J#t +;Jt eUlo,5,ai .;ilr:i_'.ti-:t r,.r;L=jJl ejlr.!i!
Valvus) c-+:-,5;-'-.-Jl 4i"-;l -'' .,- -'.- . ;;-t ,'J ri --,1rai o-t ::)u:-jr ,i ,r..i- ;r *--..)u
,=e !t ,.LX *Jc t.;.1l.-=lt -j ...l:cL i ;; r++^s:l C-U)i lr- _," .rLju jr dril: Cj *lr ; ,.ti|-.ll, (Soleno id

,J +-.,1 Lart,ir.l fj \jJl cr>L"Lll Er[:r ,-,i,t, L"S .JLLJI d dy ,rlc l:L:-l 4.it.. Jl oLJl !^S ]x (+ .;Jrill 4j

coefficieut ) rdt &u^ a*,-i rdi ,u*sJl .,.]' J ,.rljr ,u; or:i1 ;e rjs *.r.  r.,jt+ J6i Li d$.ujjl "\l J!
tLt^" ,:**-: L-5 .rjllJ,:ll *..L ,I.-:ff r-+: J+ %4.17 ;) 7.0 Lj* 4rl ,. .r! oi-r-^lt riLuS r_rr (of Vu.iaticu
d+ 7;95.8 J SS.O rr-" Lhsil u!.s! (,rJJ.ri .,,.:.=.it ;;,j.tjJt j (Coefficient of Unifoflnity) il L.ri)l

il .rll ic. , L:Jl :-.-,.



t'r-l iril-t cJiJl jp,J' ,o$ll U,rll 'L ,F1l cr.)^ l-l Jl3 ,4ljil! 4#ttjpll eli. -ll ,;i 1,Sll {++,

"liJ,t 
tt "! -lr -r-.;. ,js-:i ; !t "Lr" 

a.iL:l ;i1 ri ; -r, *:ll -,.." g-1.^ol :-ii . :-rl 
-9Jl Jiill -; e 'JYl .,.i ,riq Jl

..Jil r!+Lj tt! .(Precisiort lrrigutiort) ,-.i srjt gJ! -i;r,.1 L l:r-: , cLJl-r .EGi.,Yl *'lc L ill ;;:i .,Jc l:kiet

o1.,:ll ,i-.=t O-e 6JJlJlJ q-gl*.:Jl ol ,rJl u:Lr.s ;- !.ius.ill ci-alJl JriJl JI'.i" .r+ 6Luyl +..J,l & ro1 ,j ai:,trll

rl Jl J;r."--)U LLl.=Jl .L+Jl v '-i G+C ui-,* J- ..-,.1JJ1 c.-r^J .r-1LJt ;Lr-.!f aS-i jc , ilill a,. $+ L^

;,--9 a-l-;:Jl o.!r L"ri.rr jii ..iilil| crtrJl*"6jl3 cljl ,_iull! , i:i:.i i rrL+ t^" .i.j!-,Jt c1.tJt JJ .r-r=lf .ULxrSll

r)^ e*l3 JS+ J#Ji +!l +C.-i ;*+lJ e-;r3 ..,i+;t &A 4.= GJI 4s-ritJi-yt 0i ,c,$.Jl ! ,llilt ejtii J)L.

r,'c qjUl *+l n-;Jill -l- ,J+H_t +.r'l-,1]l ;:L.Jl Lyr: r3lJ ^ll gr qol-,;_.!l *)ls:jl ,.rlc -Llj-il a+i

. 
ruil"1.o$l rif I 6:^,")lj crjl 

"p" 
ar.l_Ul eDi,t^Il r,lljil alJi,i-Y I

+r .r-,,L.jll i-,rl-iJ nt-rJiiJt ;-. ull'rj (Fertigation) i9;Jt-r -r,"-Jt ur-9Li a'-r .,,i '.;LJ c.,irl rr
.r.,,'ill e,Ji'Yl l:,t ..-.,..,.. 

1:-Jl '!^ cr-4;-:.A-Yl a:u4 
"+ 

fJX.iirJ.t .:'r.ri al;l.,

(irrigation Scheduting) :i r.;ll -r^-p ,,.r :++Jl r;lr)l o.:.a + Wrd ,,,rlJl 4ii..,LJ1 .:L^-JJI ;
4+J *Jl tL*)t],J^-:i-rl , l,U"Jl i.lj. -r:Lcl ,,,rJ !rlr.ll ql^r!.^ll 1 J:.jJ tdJjl cjJJ als r_ir;e_r 9[S,",,i-

.iJt 
"s 

+jt ,t,s. Jjl c',!JJ

rJu*j r.9 
-,,1 -," !ol--Jl 61J"u:.ill 4l1S] Ai'.!.:jl Ll_,_,\ 4jil,r.ll at_,,lJJl ;_" TLJI -;r:f! OJ.S:I ;i ,.,r1

(Decision Support System) crlJlJrill e.! eE,!j J_*-l"t $ +t-lrYt-: ctstl,aYt A.!K"J cFf)l ;9,:.r
.''JJSI1 irc,lJjll cfLti .'1t\l l-itS J,a.-bi

,-jr:-,-r ei .rll , : dl-..." . -L --u r 4;j r-JLu.5jl 01.,, iJhi cr- ++li +Alr ri l *iJr J#L:lr 6q. .Jr ri_ J. L J -:""""'- t;' J ----),-; * 

:,Jl

&t-byl ;.-t rF e-,--J J,'. t 1.1* L-.)tJ .:1" qLJl ;;1iJi t
4!"rS ejtjii .,Je J ,".--X (, , )Llill a-r[^

6+t-11 611.y1 o1a il",^i .lo rrp_rl-"Jl i,.rl ,,irjt ),!l ci]$1 .i:.11 LUl

i+bll .rJll ; x*i, ;r*Slt al 
rr.i. .l j .*._,tj^ll ;"ljs C!_i C-U_x e_-.t


