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Effect of Converting Furrow Irrigation to Drip on Water Consumption, WUE
and Growth Traits of Sultana Grapevine

S Ghasedi yulghonolou™, H Zare Abyaneh?, MA Nejatian®, R Karimi4, M Maleki®

Received: 19 June 2017 Accepted: 31 January 2019

Ph.D. Student, Agronomy Dept., Institute of Grapes and Raisins, Malayer University, Iran

2Prof., Irrigation and Drainage Dept., Faculty of Agriculture, Bu Ali Sina University, Iran

3Associate Professor, Horticulture Crops Research Department, Qazvin Agricultural and Natural Resources
Research and Education Center, AREEQ, Qazvin, Iran

*Assist. Prof., Green Space Engineering Dept., Faculty of Agriculture, Malayer University, Iran

°Assist. Prof., Biology Dept., Faculty of Sciences, Malayer University, Iran

*Corresponding author, Email: sajadghasedi@yahoo.com

Abstract

In order to evaluate the effect of switching the furrow to drip irrigation methods on stem
length, water used efficiency (WUE) and depth of root zone of Sultana grapevines, an experiment
was conducted based on a randomized complete block design with four replicates in 2015-2016
growing season in Malayer, Iran. Treatments were: furrow irrigation (11), combination of drip and
furrow irrigation system (drip-furrow) (12), bubbler irrigation (13), drip 1: three dripper/plant (14),
surface-subsurface drip irrigation (I5), drip 2: five dripper/plant (16) and drip 3: -eight dripper/plant
(17). The results showed that the drip irrigation caused significant decrease in the shoot length, leaf
area and water consumption compared to the furrow irrigation. In the same order, the average of the
mentioned parameters for furrow irrigation were 133 cm, 11.1 m2/vine and 5337m3/ha
respectively, and for the drip irrigation, 121 cm, 6.5 m2/vine and 3625 m3/ha. These results

indicated that there were positive correlations (R2) between the mentioned parameters. The

treatments 16 and 17 had a yield of 31 and 29 ton/ha respectively, exceeding the furrow irrigation
with yield 24 ton/ha. However, the other drip irrigation treatments showed less yield than furrow
irrigation. The maximum WUE was evidenced by 16 treatment (10.3 kg/m3) and the minimum by
furrow irrigation (4.9 kg/m3). The results showed that 16 with five dripper/plant, was the most
efficient treatment, so it was considered an appropriate irrigation method to change from furrow to
drip irrigation. At the end of the experiment, samples were taken from the vine roots revealing that
the drip irrigation systems caused shallow roots.

Key word: Leaf area, Root, RWC, Soil moisture, Stem.

5 sos oladl SB sladdn, (V440 G0 sS)

Sl 8uS 5y B8 5 sugee SHpen S Al o
Gt ol laglusSE LlEl (VAT sslass)
sl gbsly ) € wese ol Ml
Sllaos el (Yo JSias Jud g ewbie) Wl 5a 5
GalS Jla Lo s sssas LedS o] b o ol

soliiol (T aS (B35 555 3 (509 sl 5 33l e

L Furrow irrigation

95 SB o0 saae Shhe 51 (S ol Hsas

Suaal G133 (35,1 5 51 Sl s s 5 Sl g
AB L L (VTVY G s L) wyls YL
G oy ool YL Glaa o 5L Vitis Vinifera L. gale
OLlSea 5 sode W) wabie aslis olaS i
Slsb wd, €€ el suig, YU glaiao SE (VWA
A Gle)y Ha gl (Si01a 3 am o slaals

398 (oo A8 gie (S dda yo pond b s i



AN

sl Gpan S (pas Oy gl oyl 4y lasmen )l s )

ol Sy a5 Lials ws, GRS dadd g4 oLS
Ooaa 5 selSy 38 Wee Kas 5 J i)
sloshd & lassa 3 olul spnd Luis (Y-
S5 4S 0l SB o (SBa QIS G550 daels ol (Sas
9 Pea) ol GlAlS Wi, u age suiiSugans Jole
5 oble wiile GlalS (A sl (S35 51 (VAAY =l <
Creal oL S colin (alid) oTaS Lol p 50 SB
e 5 So i aaly Lo Jsgl pand Case S
AYAY  old 5 sawls) sl e St il
ohalS sels loshd okl (WA ollen 5 (oMb
s M olnl 4 cus SB o Slae (a0 V1
5SS S JMans (0AVE SLKaa 5 olawl)
5 b sloohs solul sad aw (VAVY) ) Kan
@ WS obo) LS slase o, 1, B2
Sl o Slae s 51 okl slas st G ol las
Sals olas (@1448) oLKan 5 g gyl Lodla ssa
Seds SB ) Gud abs Bels gla bkl ol
5SS it y alini 5as s Ko s ol &
Job 53 sleskd @ AL okl s s Huas 31
e O am Ll aabd sSade o)) Jad S
ad idw Lgseshd 5) oo i, (JEsJad
S 53 LS ladtn; 42 81V sy 5 5 )
e e a8 Cpl Lol gl oo 3 gane (sle skl (ol
VAV olKen 5 Sl £) ety (5,80 o Slac

i 3 obool Ghassy ) el Saa
ad 5 sleshd solel slas s & sMauss o]
99 o Slee 5 ) oS S phe dala b
flana o pcabe Of Gme LIS 4wl
s S olanl L]
Lagdig, 9 9l 9o

(U Jlew) AY=8¢ els Sl 50 L0 Badiad ol
Ol s dpad el 51 (S Hu (ago Jlw) 4810
YOV plidhhaa olaiie o glaea ol i

w51 i WVe gl L 3ym 6A%8R 5 e

LS LI s wse wb ol ol b
sla,Ksl, 5 (S (WAL GLKas 5 Sle S SEwK)
lal b ol Gpas S sap (ol oS L lis
S ALt 5 SL) adle ool (s slae st
olol b slaesad 5 (S sloskd solal (VYAN
sk oos Oseskd L @iy, Gk O of € el
ol sbie (\VA: salile) wa S e 4las Lasss
DSy S s asle ILHISE sl slesks
s daulgn e ad; 5o of e 1y s,
golial 5 mle) ol maly WalS (solol i
omdd oolhall w5 5l (S S Gobews (V40
wolel Gigs suas 3 s SBogladas, s,
9 Sisse) wdb oF cusas 5 o Cia (halS Wl g
SMamsn by 50 SE i,y alaw (1248 55K
S i @loukd olul ghal b 4 el suiul
55 95 S it o] slacdy, 5 S22 S
LS (PRD) ‘edu, i bl wlie o)se
Sgd o Slae 5 wdy (alS (ol &S5 Hlaa (Sae
235 oS ol et 5adS (Y2 oV GuasY  Llse)
saald Jsb (ualS cels gloshd 4 ol 5 ol
Slae Lol s S GialesT Jol Jls s 5o S s
OoSan 5 5 58s) w8l LualS Jo) Jlu o b J pmnns
olal (VAAA) idisa 5 dadss GBI Gab (Y41Y
LSE sud Luss sladali o5, ials sl glo b
S s Sae 5 e wolel Choot cas
Golsl Gig, oS wals olas (VAaY) Kby 5 Gula
o8 omdd aae o Ladals wd, (alS &els PRD
OF 4o € i S SB slal 5 als O ssise
JAS Gask S el 5 (pings sl O Julas sl
L oLS PRD (ol iy oo -l odng, wdy
Gok 11 3025 Oloae el Kol (5058 (il 5
Ol e € wla e JSES GOy, culaa (hals
gl o9 Sids o5 368 Jelas wShae cudS 15

! Partial root-zone drying



WAR Lo /) ojlos Touls | SB 5 T il 4yt

Y SR AY-AL YAY

Glaw a3, smidA wd asd 0 dlu V6 gLASE o Slac
s ol Jol€ glacSsl LB Lo bl cui
L G Y- 6l ialedl aaly 58 5 LSS Slea
A3 Gule 3T lLaSE .o alas) Sie Hlea 5o g0 Gil,]
solel slaslas was o okl Glan s o) ot
(1) Masss @olel slas my Jols Jy) Jlw o
Y slaskd (13) LLL ((12) sMaess 5 sleskd okl
W (I5) alas 55 5 b gloshd S5 5 (14)
Jol s ol a8 b ago Jlos 5o @i (et
5 sleokd golul (1) glamss ol slajles
3 (16) ¥ (sloskad (la) V (sloshad ((13) LLL (12) sleas s>
d5 5oLl Hlas (i3 Cpas i Jlae! (17) ¥ (go 5
Jol s so0sSa clibae (b (Sws cunl Jalsgs
5 Gin aSB by e os slacile il
2o ) doss wad e Kol 17 516 ol slasles

aas e olin | okl slaslas sla S5

OSilee (KA dan dlbie slsa g o ol alail Lo
Yore G vaay oL Lo ol (Saob oy a¥le sles
HAoslie YE0 5 (o sanulis da 0 VW/Y il s (gudkue
Y a5 Gabenl iy 51 U8 g (WA abp)
@das Sl gie gl V-4 5 Ty Y-
sl s edlas ol O Gsal sulaas 5 S € gad
il el Jime sl&anle)l € la S50y A s
odilin Ghgot soall JEs (silegsma (R
5 EC as,t (ECE) plul slme (sl culua
SLYe 5 /Y laiSe o cusb sulEe Atron Jao
Ofinad b uat sold clabe oKins i
S csise S aanlly 5 S8l (500 nulie
o ol S et aald 5 el (JlalaS glaglis,
38 (5ouSe31l & sal A5 (Bt wiLK
olel Ghay wiS A e Lskied

5 iy olie Ay oy slooks © gl s

ol slao gk SS9 A ) dge

olel 58 paaa ol sluss Oseskd au Gseskislaas lKge ki el Sl slaas Sl
(m*ha) (poo Jls) (Js! ) (L/h) (G55 58 51 ) (cm) (s > L)
4AN 0 0 - - - - l1
JAY q WY A Y "0 \ I2
V- Y \¢ yeo \ = \ Is
A Y Y A v "o \ la
Yoy - VWY A ° 1o \ Is
Yoy \Y - A o—¢ o \ le
$5Y \ - A A o Y I7

(13) ¥ (glo ka3 dl6) Y (glo ks ((I5) adacuyny 5 adaw (sloshad (14) V (gl shad (I3) LLL (12) (slias sa ol raads (gloshad (1) (glamm oo

i LSE U ol gl € wile Li<a
S b 358 soke]

omds kulyd o € cuwl suly Glas olEEsS

28b sls sleskd @ b 51 LASE (oLl st

S el g sl (15 QLS sl (s p el S

A daa SIYL oo b i slagSae sk laas

1n 098 saliiad HLL ol 1L cela 5o 3 ¢

Slas cas ool slagiunn gloal 5 alik

S aladl (18- sulile) ale Jseal gubialys
ol 70+ 2B il b SBSE o 5Ls ol
6l (FAOPM) il opai £l slacalae (b,
5 ol x3 s setigas sl gbasle L e dilaie
oer 5 AT ATES ATV FVe GBS L eed
o9 ol aSe ie £0A g gane 5u g HUSA 5 aSs e



VAY

sl Gpan S (pas Oy gl oyl 4y lasmen )l s )

YV dibie Ciye Gubalys ol eu il S8 s
Ol olel paa 5 (Saa; B auK dase 31 55,
53 waSasie AV6 Jolae (SMD) 3\ dasl, Loleals
o 58 b eolaidl) oo o S dlas HKa
L gt Bee (piaas a4l e 5l VA
S Yo 5l Gt QLaSE ol so e ) slao]
olul aladl s apde 12 ol Llas o aibipe
3 Ol il Hu abs ol g go (sloks
oo HESA Ho e ie AVO Hlalads (LS ol !
G d2 glajles 4 palaidl OF e J 3K .08 8
S /Y 280 b S b S apan Glgots 7
i alas!
slacile A 5 JAS gl ok loal oled Lo
9 o b oun (5 dea 5 (Slaalie 55a
Gaa g 5a o (SilSe o) ke By, el S il gl
Soa Ale oI5 ralK (gl ek s S K0 LS
5 Sole UK 5wk, Jad bl Lo aa LS
ALl 5o s S L i s oSG ks S0l
o o my oluly Sadiinn iSle 5wl Jead
Jae S Gus sosll Jidots b suliiul La
Jl 5o sbe L8 ilsl Lo wnan)y adl 4 b))
e su /e Jslae coseds HudS IS sdia
2B 0 el as @ LG gl O s
o) dla 53 (sa S Sl els sl S Gile]
35S LUSA o 05 00wl a8 g SN A 5 Jo)
wd iay bgsa Jals Lo sanws (@ulS) (elo
2hasd 0sS HESa 5o o SlS Vo Llude sgdleds
058 LUSa o A SIS Y s Ju s olid s
s> JAb a Sy oot pmally olilsn ol
ady ) Glaebl (sl S skie S 58 (sl

R0

JB) 9ol galsy Geae 5 o0 80558 LASE Gl iy
ok 3 (WA b, 5 BOKS XA (LK
SLLusSE Lo gloohl gkl Slaal 31 Glh,slas
L L sloohl solol slassad 51 5 Gils daaly (e
ale S JLEial ouly oo s OlSaeskd sl
casb,y olall Blad g lal slaca s slaas s ol
slos Gug s K 5 solul sanse Glo) guas 5o S
soldiil uy 90 slag ook wes Jul Jle Lo 15
olul S5 Dlas Lo g ol ol Cailn
Lo golaidl i osgde (I5) abuw pn) o b
Al b abas 505 GlSge ks g0 (alais (S50 k3
3ac o3 (Sl Cladil 3o,k 5 ool Ho il cuia
Jie s S el SB e gl S gt il Y
bl (gt @lobl glajlas S sy O
doye 0o wlds el (SMD) 2SIA el
o9 Gkl du) wal S Gustes BB cusb,
(Ve T Sosme) 9 ) sl Gollee
SMD=(0tc-0ir) poxD;
[\]
Btc (Lo le) SIA cugh, ol SMD o Lo «
cusb,y Oir (amso)ae e cnish Hu (Sos cugb,
oo seade asa Pb (s ) solul alast 51 U8 S5
Gee Dz (oo Sle il 5 p5) S (galk
Of Do L3 s bl e (Siele) w) da s
solul plesly Llad 5 SMD aaslas 31 Gy o]
5 obb @l wess A gleshl gl w4
ol
solnl Glnly 5 (VA4e ) sad Jleel HLideuas

LS'.)l:‘:‘T claslas dad (gl dsys V-

Ak 5,8 Ll ,s wens 00 aa () s sl
e sMauss wolel o (WAE ala, 5 B0y
Ao ¥ ladidy (a0 5 5ie ) Ladansa (oo d1 Hlas

©otie 5o SE B, S Gy 58 gl S s

1 Netafim
2 Soil moisture deficit



WAR Lo /) ojlos Touls | SB 5 T il 4yt

Y SR AY-AL VAY

Sl Slate 4o Shee o 31 ol slasles B S
Lol el csts (el mhw aaly o (S
alays b ags elo) Jlw Lk Lo adn, Sad 0
VWWe B G Joo 5 g & Jold a0 G 1
Voo B G Jae O 4 g0 5 dause ot Bl
£ Voo Y g e Ay otetle
Shoom ey, Saa o5y ad aladl jie il
cela $A saeds Gals LI585 SK 5 bagT golalaa
OSile dewlio a6, Se5lasl dayu Vo wlas S o
ey Jlaial o 5o (S5 5905 b plaleT slasals
JIlass o laeals Gubioly wiad 51wy we s
2d S & s Minitabl7
S g b

Ao el sl Shs Y Jesa oo
ol sael Bae Y 4w yo S b sla S5
b sie (5500 Bl Ve Fae B SIA sl ol Gillas
S aib o (S B gte Bl N4 Y
Salan Bl Al Slee da s e 5l (S 00
WS caal ie 5 ey e V3 S S S S
ol (GoslES gl cmasane aac saiaslis
aa Ol G S sl S o Hlaie (VYAY [ sdalsa)
Y Ol AS) ouslas slasla gl sud s 5 Hlae
rolic A i pae Cage Sl (G ge b

S ESa Lo a,SHLS Vor e S8 i
S ams (AR 5 U8 g d 5o S o sads o)
okl 0sS Sosmet (Sas; o 5 U 5 a0
OlinlesT ulelys 505 aga el Jlass ad Byeas
O59535) NPK 3 A 50 2 Sl Yo Hlate Ska
Ao gts s 99 o9 (AY+ aneslly —7V- 808 -V
o R Gl SEG oS Sl

S aals 4w dolas oDl b laals Jsb
dials o aSE (B Sy glaoas 31 5 LIS
o) e oley b (Swaw; posa B s Sl
LA) 'S & mlacs w586 500 (LLSS 595 V0
St ol ) ((San; posd dase 5o
5 euS) ad g T a5 LIS 5 B L
2h o8 5 ol gladals slaad Guse (VA4Y Souws
dals oSeslal by Gioled oA D) an SG
A S paddie SB o S placs Las Sokee

S 99 0SS 8 ) Saay dlaje pgsd b
olal alas) 51 US 5 55 baaly) 5o Gl dam s 830
Sk i @S [0 SBa b sl b el
ousalis a8 Sley Lhie OT Hu G 8 (FW)
L gl goses Sl 3 G g oulel ciels ¢ Suees
L gad 85T (TW) wad o5 loaas 532K Jlaies
o Vo alas S 4o ulule celis $A 3 aay
TS5 e o sins saulie 5 (DW) sud ()8
lus I3 o HI5S) wd uyul, ¥ dal, 31 (RWC)
Y-y
RWC=[(FW-DW)/(TW-DW)] [¥]

sl (sl Lgd) elo) Jla 5o sl o
sl SS 5 S glacs d wSlae Gussl
omal Ol Guy ad ey wals 5 Giaa b cahia

BL-ISE) (WUE)V%;T A_;‘)A.A.A u:'l‘)ls )ﬁJl:Q.A Jjg‘ JJS.LG\.E_

1 Leaf area
2 Relative water content
3 Water use efficiency



AL

sl Gpan S (pas Oy gl oyl 4y lasmen )l s )

Gas s yo de 50 S LA S 59 - Y gua

) pos coshy S goall s el iud o355 cloSe (SaNola (%) olisilsl cdl oY
o Susesy =byadh (gomd) (mgkg) (6 (MgLY)  (@smY) e b od () (m)
\Y Yy \/¢ Yy o/l A% \s A% \o/o ¢ gY/e 6‘\9] Yoo
Y Y¢ \/¢ YYo o)V Al A <A YY/e YA Y4/o 6‘\9] =Y.
Y Yo \/¢ YYy¢ o/V A Y A% Ye/o Y1 ¢Y/o 0 ?J“ q.-".

sales oot Lasals Luibiyly wiad il

ouliols 3a3 oosets 5 Gledl lagle Jol
Jlow o ol S36 a5Y ol saal ¥ o 5o Sye
ady 5 aad Gled 53 iscnad Jaduts Is Hlas a0
99 5 DA LSE 26 ) Lo Hoa slacale ua 5 Gl
oiloly 3l o 1A wad XSl 17 5 s slas
plat dlancs (shasmeals Sl 358 slaslas Ssm

Woasiie S jaud 5 G508 Slas aa

saiasLis «S sl oSS o S e Yo 5 s o
Do Gob S (Fanls 5 sas saie 9o (pl wgaeS
S s e ol g oyl obaad glas S
50 okl O AS cunds wuf oul sl
SN cglaa VAY PH e el s

oS v Wb Oe alle e 5 Guiadhe

SOLP ! ool clio S o 8 Sle V/E 5 VAN S S
(VYVY uil;.o) A
Olale )T Sae ya ousdi (5 80 Il Sildus il g dajad —F Jgua
WUE aSkae solwlaaa RWC Gos 5o Sy s als Job galhlaags Sl S pie Jla
R Y PR o/ £y 4 va¢ \ Ssb
oY s Ve Y \ VEA ¢ okl
[oooN  feeey A VA \ YYA \Y 1Y J
\ 1 \ 1 Y4 4 - cV
) \YY ey £ A ENAV ¥ Ssb
W Vv Vo ¢o N Ve o okl
e ovY A 1 V- Y144 \o L e
\ 1% ¥ \ A " - (AY,
yT \Yo \V A Vo a1y ¥ Ssb
Yos™ YT v WY 40" YAWT \ Jlw
. £o A ay W vovy™ ¥ okl
v to v Ay A YYYA" olsT # Jl >
YY YYa \ Y4y oY 0\Ao Y\ aa
\ Vo ¢ ¢ ¥ \Y - (AY,

ool wiad aladlaae = o/v0 o o/ ) Jlalal macs Hu Slopne L B0 ¥ 5 F

o5l pulesl s LGSl dnlis Cinan 5 Glle)]
C.u.u‘ ﬁAAT «/+0 c_'a.._u_)d L$S~5:

%

‘}JJJQAA.:LJ._\SJJ;A:AS‘):‘\_}(G:U‘;AJ‘)\ JS.A.:ZIJJ
Al 50 Koo i3S 5 aus WJy) e Lo Lals



WA Jlo /Y oyl Youls / SB 5 T iy 4y i

(CM) «als J oo

(€M) aats g

o1
=17
a3
a4

() Jlow 93 @S o 43S 9 () pga Jlow () Gliale 3T J gl Jlow (5 5liaT (sLa jlass 5o Lada Ll (A oho audiy w39, =) S
(l6) ¥ (slo a3 (I5) alocu ) g sl slo ks (14) V (slo4kd (I3) b (12) slaas g of yaads slo kol (I1) (Slana g

oSl uls Glis i ael cewas (Jlw 31 5y
Jls Lo bl slasles ol aala Job Sha
Caeal Sia Bl 8/0 o Jilaa 0 Kle 5 VYY/Y a0
Jdol Jlw glacals Job sbLIe Hulie 51 jiS o
Jleo 5o 8ol (Sodlesw shlag Wil g o cpl 0l o
5 Jdsans G35 Gn 5 caw € aab gabel Jyf
lassly cwsys o £ ladals Job ad, il
09 IS il da 0 =Y B Lo il Sl oenlil sa
dase g9 S cmdgmaol Vo (passsd Yo
Ll oid Sad o 4 a5 Ll Sa5le e

(¥ JSa) a Joh Jlw o g T asbiss Gl

Oy s 5l Jola laclaaa g S A,

(VTAF Jlew) (abe 3T J gl Jlew 5o 05l iy ya0 SLo ps A 59 LAGALE dif gan (uch Suid Y JSub

(I3) ¥ (516 a3

ala Jsb ohie fpidn V S8 mls Gills

dol b 3115 514 03 J2 d1 okl slaslas 5o
59 sieBl YTO 5 AYY AEY Afo ALY e
Blie ool (Ul 31 560 Ve ) aolen oSkl
398 ol slasles so aals Jsb Ll oS
59 shemla Ve 5100 A AT AV L
ook ) ad saaline (Ul 51 555 AY) sl s oSe 5l
o9 Al b Shse Gt paledl ase Jle Lo
AN CSSe b7 506 Ja 13 12 di solul slaslas
soSeslal 5o i Bl VEE 5 V0 Aee AVY ANV
Ve VY csie als ok slie (S 5 sl
AY) Js) enSeolsl 5o Liegmla WV 5 Ve VY AV

y

L oS goskas tola usay culi, SU pdul) o ot



YAY

sl Gpan S (pas Oy gl oyl 4y lasmen )l s )

Olis & Joon bt Seosba il glooks o5kl
Jla Lu sl s ol Jo Saas OF St sas oo
Ol b su 5 Silee 5 EAVO a0 Jlaw 5o AV Jyl
5 YoVe Y (glahd s lul slajlas Hu 5 08Vo
Ol ool ouSesll S o Sl yie YO
Lol ol Oloee b ladals ad, olhee ohash
el Glie GaS olEdEal mlo b € cully sl
ooV OLKas 5 (Pap ¥ 0¥ OllKes 5 pusiila)
(VoA JealS 5 sl sl Y-V 1S 5 Hls
S e Sl Sl Sbe wwlie £ ua
Olope RWC) S (s oF (slsims (LA) 4555 5
Sy oS 5wl saly o 3 Slae (B pas O
sladls 5 ol slajles SS& 4 (WUE)

aas o Glas |, el

adiy Gy Jol Jlas (Sodle e 5 Guy Lads) sa saae
o o S Jla 5o 0 S0 waa glaals s
LEE 5 wo,S saabie Sojleyw iule)] pye
als a6l 1) SRl o) Jeala glac jlaua e S
i onaas WS e e basa 5 Ll
Golul Sl Lo Ladala Job o3lul Kl uly olas
WJol s su goSeslal da je & b o (slaam s
AYV/o e GlabesT Jla go Spe w3a3 5 ags
solnl slaslas ol 5o 5 sie Bl VWYY 5 VYEN
Liad 5 pod dJsl Jlw o Ladals Jsb o5lwl (gle ks
Sregiles AYV/Y 5 VAV AYAN LS Sse
ol Dbl GlSee GBS G el sty
Al so Laals Job ai; lashd okl slasles
ol ol cle ol sug L3S gSeolal Jale

slaslas 5o golel O S G yae 5 80 W5

lisle 3T 690 Jsb ya ouddi (5 S0 sl cilis (aSilie dewlle —F Jgaa

S e w)a3 as Jle Jol Jbe

E o ¢ s FOE LY s %TOE oot osoZ
= P i 3 =P ! 3 =P I 5

'[__1 .E—l '[__1 C
= ERE) = R % 3 3 t
< = =2 =2 0 < = = = 0 < = = = n
Y/EA® AYY' ogved  AYA\R AR £3°  YE®PC gAVe?  \gAT ay? -4 Joo? AVE V/ER A
Y/NeP /A gy ab Aa? ALY L PP/ LR & SIANE cfer®ggxVE MR AofeR
YA A% yaye® YR Aafel o/® AVC YAAVE /e ayd NG fen gveD T ARl Is
7o Ao /Y? voo ot s AAT Ae® N4/ yrrvd APy AR fos YAVYS oA Aof®
- - - - - - - - - - AP /ga? gave® VA AN? Is
- - - - - (RYAGE CLEE N LV VPLEEL - - - - - ls
- - - - - o/a%  YA/AT gAYV yy/At 4.2 - - - - - I,

.Mlséajlﬁldfj‘;mem.sbm"—'..A...‘z.L.:Go._\...a‘,ao Jlaial macs Hu 5,18 S @ plas a8l S ide g a sl slag s

(13) ¥ (sl skas (l6) ¥ (slashad d(ls) (oadaca a5 5 (oadaa (sloskad (14) 1V (slo ks (I3) LLL (I2) (slanu s ol jands (slo ki (11) (sl s

JEBI 5 iy 59 el Sl 5o 98 355 320k )
bhis 5 LS, gm0 guall oga Ly, « Gl

s olel slaslas 31 als plas & Jpuas b
pos 5 ol Jls (sl sules 45503 LB ;0 RWC 4l 5
ool WBU - celyh Jla 5o S wlad 52l



WA Jlo /Y ojless Youls / SB g T iy 4y i

Y SR AY-AL YAA

ol Giyme € ol Jla 5o ol Louls (R%=0.55)
O Ol dalods 50 laanss OBuu 1B Lo R
S (g o9 1y el aStae (Rl Lkt plewsl
(VAR Gidisa 5 Ja3ds)
99 dabos Jol Yl o Slee 5 SR e b
Jlw o Slae Gals 518 Gae 5 o5l (Sudlo s alase
omd i 1 eolul Ghas suas (B Ol age
€ aas e GLES (8 Jyaa) ass b B 13 s ga
O b (1) lamss olnl Hlas 5o o Shee it
Lol ool LGS Lo (3 Ve Julas ae Of Jlais
L (l6) ¥ sloshd olal slajlas o o Slae i
03 2K ie EAYY L (17) ¥ (glohad 5 cale yia Y- YO
Opl el cnnads S Hu o3 YA/A 5T s i LK
5 @loobd ol i, YL glsl, Soly
Sy wdlbee i) wall cngb, Sowlbe Gl
w3 (12) lamss 5 looks ol Llas o
s 9 s B s sl o A adll lSse ks
5l soliial Ll 5 Gl Ho lassy sols!
Ol a3l L (1) V sleokd golel Hlas Lo
w08 saliieal Sl s 50 O (el (5l SR A il
olasi o Slae 5 HESA 50 5 VA/Y 12 Hlass o Slae (Sl
SBSA Lo 3 VA Llaane culs g 14 k]
el Gl Llaie o ol dwlie 3 el cwsds
SloosliS € G Glea Gl olul € s S
SUT L S50 03oke sl (e sits dialad oo leh!
ol (18 T als Lo s ol @38 Gl
23 sMaess wolel cup S Guga dlal sl
iy o Slae Gl 33l e Gl 5o 12 g5lul Hlas
olel Llas Lo o Slee (BAK G5 e Bl 0l o
1 (12) glasa 5 @looks @olul 5 (1) shlgess
S ch ol plesly Gus oml O ab
sl eilio GBa5 (18) S okl s pad & oo
Sl 5 4l usa b oy aals SBs,l]

soSlae Lk 3 Lol ass sl (I6) ¥ (glookd Llas b LT

case el Shenl Gsassa oo oobews (Yoo
e54 o Laald wd, (RalS (gl 5, weslie (il )
£ Jois @l Bl ad 5o S opd o Sy s
slooks okl slaslas 5o Sy ol 280 e ol
olad 4 cand Job Jlw 5o Lladae ne o) et
oalS g ol il (palS (aald) gligss ol
pos Jl Lo olul Gigs suis danl s S pla
Sola s olagtae bl 5o S e i3 5oy o2b)
L SG glaals wi, Ghal€ 50 (Y++V) ohiSes
oleTaS slaslas o ), e glie Ll sl S5
5 >olibiy iles gad (3,1 oS (s5lul Hlas & s
1 5sSl slad g 5o Ko el GRalS (Y44 0) Gusb]
ol gu SB gladals Job aalS ol s 5 b
VOKE i s sad (3518 Las Solie wlaad rals
slasles 5o 1, SU gladals b ad, Ghals 5o
wb 1) s wolel Llad @ cws ol
o (R?) (Ssen uyes (B3 (ol o € wlad e
ey [T Jolae S place b Laaals g
63 508 ORalS Bel Iy, cweglia Gl el
9 S oesw gl 5 Sy 4 (S as
325) 90 Sie S o 5 Al wty (2alS cules o
YoV Sl
o Dle Cpjidn o Joaa B Gk
pos o Jol Jl Lo e olel Hlas 5 (s
5 OUSA Lo S ie EAVE 5 LAV Julae a4
Slasi @ GBS wiaju 00 b (duae ST Hlalis 0 ieS
Js) Ul 53 caSe e YAVY L (12) V (gloslad sl
Oaed wols Blad age Jle Ho aSe JRe VYTV
s y0 VA 12 sl slaslas o as O aals
0 d7 5 doyu YV de w3 ¥ d5 a0 YV 3
ol GhalS wd Gy 50 M8 € G Ko lea s wam
sSlae (ualS o Wil ce adiy Juad Jsb Ho (B e
53 aS (YooY sy s lsa) abls didls (25 adi g
o (Siaes ool paa Lo Slee (rags ol



A

sl Gpan S (pas Oy gl oyl 4y lasmen )l s )

o) ads saaline laasa 5 slooks slajlas o
(VAAA

558 8 SlS s Juals 0T a8
Suly) wdbie Gras O caSejie 5o G Lo
54 (14) V (sloshd o (l6) Y (sloshd g kel (VATY
Ceoidn ol GaSesie 5 a SIS Ao 5 VY L
09 s ool (Edses) amals 1, oK
35S Jalo g ol ageuye Ol 3l 51 (g ks
L SE okl glacs wulg s glhoslas ol
Giso ol oo ol Gias oK Ll Laias il
50558 ol plie s sl uy ol 38 g5kl
ool cad Giin LSS Gusgl e @l
ol @ sleskd okl slas s
s

99 03 s G Sl wwlie 0 Jgua
olis 1, Sl gyie la €41 5 Vo-Yo 4
Golnl Llad 3l et 4 oS uls plas mlD aas e
ool ol slsles wl 5o (1) glasss
Geb 5 9018 S ol LY 59 Gn ol e
o9 isleshd okl slas gt 5o SB ;) o @l
e Bla €010 5l Sl 55k Bl 10-T0 Zac
039 EMamss wolsl L S Sssmss el S
83050 (solafre sudd sad bl Y s o s,
Slosdea (@V438) lKaa 5 sa,l i L S o

.AJ‘J

Olesily (s ol oo vemadl o 51 51 ,6<a 50 03 Y
I EASe S aan 5o of @ilealsl didsts o]
sobsl slasles sla 31 A adn, wab Sk
ol slagis, SSu o Sl o ol (glo ks
pan Oud ogboe ddot ol plesl, (slesks
oy O (S e YL iy sl SO g ia
Soliieal Ll € g a3l s k5 slalS
e S il (ol ) @bl menn
soSlae Giln8) 4 sate qpdugy adiy GaS Jalate
sl dalllas 5o (Yo V olhlSea 5 S5la) s
ol Gpas a2 le (16) Y (sloshd Hlas o Slae ol
© S s (1) 7 @leohd Hlad bl LB GisS
Goslnlb Llas o drame Of Sl Sily e
© aeglie caale 4 da g b Slae Gas; SSlaa
somd mdS RasSy (pl o8 adlbe SB KA
o3l ase 17 Ll (sle skl 4 slausa ) okl
Gliie (Y+1Y) OLlSen 5 oo B b oS ad o Slae
slokes O sSlae Spe flas 5 33 ol
Olds 1) olspne sl ags 5 Jol Jlusu Syide
s 3b eolol ssad (VAEE) Luls 5 Saslaey wls
ol (gloslal 4 (gl sa 51w dlay SOl
5 G wolsl on € ol plas mls sl
a0 Lol a5 sm s 35l o Slae LS 51 (gl b3
pladl oldas (pinas e il lookd 5o a1
ol €S ol Gl 50 a3, VE s Slae (g5, sk

Olale 3T (sl lasi o SIS (5 30 Tba Fr—Pr 9 10-YO anlf gu (s dlia) (559 (S3lao deawiliio -0 g3

(S waSesie 5o a X) solul slasles Hu i 05

6‘,|J)::4_’:‘9A3 ‘L;:Y

Y\l Yo Yo-\o
VeV YV AR

(1 0) Sl solspae @l aals (S5 ¢ sedT L ) witews Syidie Cina S ol S plag st

Slas (VAAY) oo sSla 5 oY 0 o aalsa S
Sl Lolyd 580 el s o Ly adg S il
Shla 4 slehd g ket Lo aili oo o by dlaa

Golsl) lassa € cuwd okl olads Hogs sidu

ol 5o Sl Bl & gl olal Lo
Jad Job o S VL lacians o) i
Slad ol slagiy, sle € caws wa,

SE YL lady o laddy ) wd, o a0 5d o



WA Jlo /Y ojless Youls / SB g T iy 4y i

Y SR AY-AL 4.

e pinl)y ad, Lol il (uals SUB oo, ad)
(laess) JS olel € cows b owss A
okl ssd 5l oS oy lis B wd aa b
cage (I7) ¥ slosks 5 (Ie) ¥ (sloskd 4 slamasa
lo slass Sl 4 aa i b Lol s S o Slae il
ot ol Gpme LS ety 6538 0T U puas
pira (bl o ol sols elaidl sea 4
has oS ol Gme SIS GbA o LG o]
colgs e il o s 3a LSE Ll gl ulio
LS g S Gl LS s ol s G e gl
I ol st wl i glagliust o
Otiapd ol Luds (lo) V0 leskd w0 glanss
Osd b case @l golel slasss
€ S s el ¢ cws SEgladi,
Jolse slos oo SUB w58y Bllaad] saian las

al oo S cush daa Bl aias

Gl bl (sboilas wlals wsys 00T
el Lge S abas Y o was sladdy; wd,
SE gladd; miss (Y0 F) OLSes 5 sanls <S5 530
pan S ma g Sae y slookl golal At oo 59l
ConlBo aals 1 w)ls (gloold @ cas g5k goke]
058 O sloold (55T Hu why Glis b . S
Vot Geacns 5 Lgaeokd 5 Lo ady,
w@a g Sue okl e Lol fetls Hls S (g ie ke
Sla ot Bl A=V Baeju dduy GOy G idu
o) 83 53
S 5 aSaais

oAl 3ok ) leokl solul (slas s
cha 5 LAl wi) Had 3 cage ol Bas
solel daa 3l) olal &S kalbd 50w S S
Ol Cage el Ssenl Gsessa (Y (sleks

S sladsle OF sgine bis 5 gloys, cwlis

sad iaS (3T 516 slasa, gl 58 Jolie Lo 4S uu S o

ouldicil v,y g0 (',‘.'L:"“

Abasi F and Shinidashtgol A, 2017. Evaluating and improving the sugarcane furrow irrigation management
in Khuzestan. Journal of Water and Soil Science- University of Tabriz 26(2): 109-121. (In Farsi).

Alizadeh A, 2012. Design of Pressurized Irrigation Systems (Second Volume). Imam Reza International
University Publication.

Anonymous, 2018. Meteorological Yearbook 1992-2014. Statistical Data. Meteorological Organization,
Tehran.

Araujoa F, Williams LE, Grimes DW and Matthews MA, 1994a. A comparative study of young ‘Thompson
Seedless’ grapevines under drip and furrow irrigation. I. Root and soil water distributions. Scientia
Horticulture 60:235-249.

Araujoa F, Williams LE, Grimes DW and Matthews MA, 1994b. A comparative study of young ‘Thompson
Seedless’ grapevines under drip and furrow irrigation. II. Growth and water use efficiency and nitrogen
partitioning. Scientia Horticulture 60:251-261.

Bowen P, Bogdanoff C and Estergaard B, 2012. Effects of converting from sprinkler to drip irrigation on
water conservation and the performance of Merlot grown on a loamy sand. American Journal of
Enology and Viticulture-Published online, 1-26.

Chaves MM, Santos TP, Souza CR, Ortuno MF, Rodrigues ML, Lopes CM, Maroco JP and Pereira JS, 2007.
Deficit irrigation in grapevine improves water-use efficiency while controlling vigour and production
quality. Annals of Applied Biology 150(2):237-252.

Choi IM, Lee HC, Yun F and Lee CH, 1997. Influence of number of clusters per vine on vine growth and
fruit quality in 2-year-old Kyoho grape (Vitis labruscana L). Journal Horticultural Science of Korea
39(1):134-1309.

Davies WJ and Zhang J, 1991. Root signals and the regulation of growth and development of plants in
drying soil. Annual Review of Plant Physiology and Plant Molecular Biology 42:55-76.

Esna-Ashari M, Gholami M and Almasi P, 2007. Biology of the Grapevine (translated). Bu-Ali Sina
University Publications.



V) g.jg_é)m.ndl)lfzg)mg—lﬁdlo)la.‘éle%?d)lﬁ’l)mﬂ)il

Ghasedi S and Hadi H, 2014. The effect of foliar application of salicylic acid on mung bean (Vigna
radiatal..) under water deficit stress. Master's thesis in Agronomy, Faculty of Agriculture, Urmia
University.

Ghorbani B and Shahbazianfard A, 2017. Evaluation of hydraulic performance of existing drippers in some
trickle irrigation systems (case study: sides of Zayandehroud river, Chaharmahal and Bakhtiari
province). Journal of Water and Soil Science- University of Tabriz 27(4): 1-11. (In Farsi).

Goldberg SD, Rinot M and Kant N, 1971. Effect of trickle irrigation intervals on distribution and utilization
of soil moisture in a vineyard. Soil Science Society of America 35:127-1 30.

Golestani-Kermani S, Tabatabaei SH and Shayannejad M, 2011. Improvement of the volume balance model
by adjusting water surface storage term in furrow irrigation system. Journal of Water and Soil Science-
University of Tabriz 1(2): 47-61. (In Farsi).

Gomez-del-Campo M, Ruiz C and Lissarrague JR, 2002. Effect of water stress on leaf area development,
photosynthesis, and productivity in Chardonnay and Airen grapevines. American Journal of Enology
and Viticulture 53:138-145.

Gonzalez L and Gonzalez-Vilar M, 2003. Plant Ecophysiology Techniques. Kluwer Academic Publication,
London.

Goodwin 1, 1995. Irrigation of Vineyards. Institute of Sustainable Irrigated Agriculture Publication, Tatura,
Victoria.

Henrigue Bassoi L, Hopmans JW, de Castro LAJ, de Alencar CM and Silva JAM, 2003. Grapevine root
distribution in drip and microsprinkler irrigation. Scientia Agricola 60(2):377-387.

Intrigliolo DS and Castel JR, 2008. Response of Vitis vinifera cv. ‘Tempranillo’ to partial rootzone drying in
the field: Water relations, growth, yield and fruit and wine quality. Agricultural Water Management
96:282-292.

Jones HG and Cortlett JE, 1992. Current topics in drought physiology. Journal Agricultural Science 119:291-
296.

Karimi MM and Siddige KHM, 1991. Crop growth and relative growth rate of old and modern wheat
cultivars. Australia Journal of Agricultural Reserch 42:13-20.

Khajehpour MR, 2015. Principals and Fundamentals of Crop Production (third edition). Isfahan University
of Technology Publication.

Ley TW, 1994. Irrigation System Evaluation and Improvement. Good Fruit Grower Publication, Yakima,
Washington.

Mojalali H, 1994. Saline and Sodium Soils (Principles-Dynamics-Modeling) (translated). University
Publication Center, Tehran.

Morang L and Kliewer WM, 1994. Root distribution of three grapevine rootstocks grafted to cabernet
sauvignon grown on a very gravelly clay loam soil in Oakville, California. American Journal Enology
and Viticulture 45:345-348.

Morlat R and Jacquet A, 1993. The soil effects on the grapevine root system in several vineyards of the Loire
valley. Vitis 32:35-42.

Myburgh PA, 2003. Responses of Vitis vinifera L. cv. Sultanina to level of soil water depletion under semi-
arid conditions. South African Journal of Enology and Viticulture 24(1):16-24.

Nikanfar R and Rezaee R, 2015. Responses of old grapevines to switch irrigation system from surface to drip
or babbler. Iranian Journal of Horticultural Science and Technology 16 (2): 161-170. (In Farsi).

Peacock WL, Rolston DE, Aljibury FK and Rauschkolb RS, 1977. Evaluating drip, flood, and sprinkler
irrigation of wine grapes. American Journal Enology and Viticultural 28:193-195.

Poni S, Bernizzoni F and Civardi S, 2007. Response of ‘‘Sangiovese’’ grapevines to partial root-zone drying:
Gas-exchange, growth and grape composition. Scientia Horticulturae 114:96-103.

Richards D, 1983. The Grape Roots System. Horticulture Reviews Publication 5: 68-127.

Richards LA and Weaver LR, 1944. Fifteen atmosphere percentage as related to the permanent wilting
percentage. Soil Science 56:331-339.

Saayman D and Lambrechts JIJN, 1995. The effect of irrigation system and crop load on the vigour of
Barlinka table grapes on a sandy soil, Hex River Valley. South African Journal of Enology and
Viticulture 16:26-34.



WAL Jlo /Y ajless Yeuls / SB g O Lzl & s R S U RAPL \ay

Santos TP, Lopes CM, Rodrigues ML, Souza CR, Maroco JP, Pereira JS, Silva JR and Chaves MM, 2003.
Partial rootzone drying: effects on growth and fruit quality of field-grown grapevines (Vitis vinifera L.).
Functional Plant Biology 30:663-671.

Smart RE, Turkington CR and Evans JC, 1974. Grapevine response to furrow and trickle irrigation.
American Journal Enology and Viticultural 25:62-66.

Soar CJ and Loveys BR, 2007. The effect of changing patterns in soil-moisture availability on grapevine root
distribution, and viticultural implications for converting full-cover irrigation into a point-source
irrigation system. Australia Journal of Grape and Wine Reserch 13(1):2-13.

Stoll M, Loveys BR and Dry PR, 2000. Hormonal changes induced by partial rootzone drying of irrigated
grapevine. Journal of Experimental Botany 51:1627-1634.

Tafazoli A, Hekmati J and Firoozeh P, 1994. Grape. Shiraz University Publications.

Taize L and Zaiger E, 2007. Plant Physiology. Oxford University Publication.

Talayi A, Ghaderi N, Ebadi A and Lesani H, 2012. Biochemical response of Sahani and Thompson Seedless
grapevines to soil moisture change. Journal of Iranian Horticulture 42(3): 301-308. (In Farsi).

Tayel MY, El Gindy AM and Abdel-Aziz AA, 2008. Effect of irrigation systems on: Ill-productivity and
quality of grape crop. Journal of Applied Sciences Research 4: 1722-1729.

Valdez-Aguilar LA and Reed DW, 2010. Growth and nutrition of young bean plants under high alkalinity as
affected by mixtures of ammonium, potassium, and sodium. Journal of Plant Nutrition 33: 1472-1488.

Van Zyl JL, 1988. The Grapevine Root and Its Environment. South African Department of Agriculture and
Water Supply Publication, Pretoria.

Van Zyl JL and Van Huyssteen L, 1998. Irrigation systems - their role in water requirements and the
performance of grapevines. South African Journal for Enology and Viticulture 9(2): 3-8.

Viets FG, 1962. Fertilizers and the efficient use of water. Advances in Agronomy 14: 223-264.

Williams LE and Ayars JE, 2005. Grapevine water use and the crop coefficient are linear functions of the
shaded area measured beneath the canopy. Agricultural and Forest Meteorology 132:201-211.



