A

(,, o .‘
| Soe— | [ 1rSHS I] )_—"/
iranlan Soclety for\_ /, \ . . N . el -oad
Horticultural Science \ y, OFHNTVE LV sloaman Y oo,led Y8 ol o))l SLeb (58 g pole dloes
ol kil ple asl L k- iy allie
\> ) sR95
S

[ Downloaded from journal-irshs.ir on 2025-12-25 ]

(PP gm0 AT Wlaw g gy ST g 3 S W TS Wb
Effect of Deficit Irrigation on Some Vegetative Characteristics and

Quality Traits of Strawberry Fruits
el Jaslowsl ()36 pols ' Glakun (ol | churms yos Saxo

Olnl ol ol oBlails « SLel psle 09,51
Ol i s 5 SIS o L2 gl 05,5 ¥
(asoleimani@znu.ac.ir) : g xS S «Jgtams odinus gitk
VECEIVAY o ady g6 O Fe P )Y sl s g b

oS>

o, les Sl gime LiolS 9y SolaleS Lig, 5l eoliiul “S»—I il 9905 g oud8l o ladely (o il38l Jdoay
i 555 52 SIS 5 o) Ban b gy al 3 Al e et 6l S Sl sloy i 5 Jyan
sl S O g0 G.M.:Laj EEIRPPR ‘_g\:-\.......a il i &lo,lad (_;)L;.{‘ alolw co ‘u_:l.».o.»...a}u 560, as g 9,
1) Jols S cugb, adss calizes glaos s wluly (g,lol o dw b Sola MalS slacSsly 7 ,b sl 5 oasn )5
o Sy g Glew el 10 &Bly 05,5 (65,5l ladod o] jo 1SS A 5 (K805 o8, 90 L (PO (YT
S 39 wile Slao am j0 Lbag, ob,y (2elS el (1) gyl edle (25 Jlesl a5 wls oylis mls e85 18
s(I3) ‘),u.».’ A w.:bﬁ‘ La ..\Jb)i: )‘.bu’_».’.a L uj)a Sloss 9 CJa.w 9 M) e 5459]5 S U)9 9 Slaws sd..m.a) 9 o)Lw.‘>Lw
Fnien TYY) 5 e n 505 il 2815 5 5,5 13 5 oot oy (538 oS sl 5 s, 0
5 (332 VF/V) ogan dlowd (yuized o (5,5 FIVA) als; 9 (0,5 VVIV) o,luslis i (55 (e YVIT) Sy olows d(mo e
S JLA-C‘ L ).A;))LYLM: 9 )9.55).9 9 )55lf Sais 6‘9:"‘" O odolie Qo0 70 RS IGIN (r:; M) 0940 QJSLQ.C
ol ol 5l ol Sl 5 dusl S g8l Sl g olas lias  sols Ol SO wdl wisls olis malS SleS
5 8L als (o)l pre Hebds ogae Slawi g 0 Sl lade aS ololis 18) 90 o el duslie (W05 10,95 1
S ()9 e (n b g 0300l 095 5l )l 88 A S (6 i Suaglie (S Ll 50 1 lensS 08, Egecne
(5)L""‘T°S as M)LSA ).‘4.!4) sC)Lu uuLw‘ » ] o\)‘\)ul.w .)9} )l ‘) Aj).va.la.w 9 4......4) = e439.‘o S U)j 5o)l.m5l..i'4
Tl sialy g (sagy 0 Sas Joud BB Lai> 5 O 1aS Bras )0 Fige oSl plsied (Ko glaciiS o e

23

A0NR0
u;‘..\.CLm.AL: JA‘B.C )| aéu.} u,u.u .\Jjju;a )‘)3 ).ul; Cod Gla...?bc 6[&& 4.1....»9.' A.H..:j.u 037 M) 0,99 J}Jo o ul.QLS
olS (Jaleel et al., 2009) gl o Joamme CuwS g CotS Juals § S35 (LS 0 556099590 9 (Sujeles 1
s o 5 055 511, il 1 il 5 (S 5d « Seislsh o ol sl slop a2 b ablio sl 5
2l lade g o il slapss, Jolie ;o olS sl Jondl WSe sl (Aghaice ef al., 2019; Mozafari ef al., 2018)
Es8g Hlojar axgi b iis b ablie cga a5 Jglie slap3slSe 5 (Farooq et al., 2014) 5 .5 oo ,1,3 oLS o yiws ;o a8


mailto:asoleimani@znu.ac.ir
http://journal-irshs.ir/article-1-714-fa.html

[ Downloaded from journal-irshs.ir on 2025-12-25 ]

) oplact T ale Gl el 535 5 posle alno

3 Jg8 JB Jaams odgs (Gilbert & Medina, 2016) cewl pgo dins o ylid 595 3 i il ley e Jobs g
(SO el ogen 9 9L5 Sy s (Gos 1 5 (e Slaady; sl eslio 5 IS (g )lnl el « K R0g as 5
ol mbv 0908 15! sl Jls jo .(Martinez-Ferri et al., 2016) oS o odb o) Jad Job o1, Of 51 oYU o>
lse odie ) 5 s 5 AL eaials o 5 oelll ot lasaly ool oog: lnl 5)0liS i slratads (n e
Lol 03503 5 Sl | glogl (go5u> b (alidolse odsi 6l Comer SLOE Slojen 5 Susssm
Sl Slez 50 pab ism g slare Gloogely, o St 31 So (Fragaria x ananassa Duch) oole UL (S804
oy Sleogar Jdoay S5 3045 «opl » ogdle .(Natsheh et al., 2015) o,ls Jlsl 3 cosnl 55 golaidl Ll ;| a5
Sgdes wymite i duly; edlgils LS (Sjelpd )18, 5 (Se Shogas adlhae gl e olS )0
S FFVO S 5 mdaw 5 (5,805 o5 £FA-F 0dei b ol ) sodll (5,940> .(Rousseau-Gueutin et al., 2008)
YL guejli b lalS o 0,0 olS ! (FAO, 2023) o)l 1,3 (o (5,805 caiSades Jgl HouiS sy Coned o
s ool ol ol (S30s8 5L il s 185 Jgame 95 50 ikl S 5 Ol e 5 00d uail O
gy b, Slaw (Ariza ef al., 2021 )aziwd ol egee ol (Slgizme g 0L 5 mhaw (as o5 sloais, sl Hlals
w0dig, a8l 0gi « Sy ged g Ay g oy Jeld 08 8 Ol 058 50 Con wilgi e (5,845 oS 0 4T sues
9ol g g ud; alope 4 005 (0 0)ly Ol 09eS ST 0 a5 Sledo (e aitas Wogeo Slasi g ()59 cdy; (S
i 5 )5 ol syl a8 (iblis ;0 31 5l slin kel 4y IS Jyame sl Caz (SA05 00 (Shwn o8,
Ols Jdods obS (nl 13105 )18 osd Sy pae (SAS 5 S Wl o0 (KD )10 3929 O lie Casgaze 5 039
(Klamkowski & Treder., 2006) ol siojls oYU Ol poe>as 050 050 Jlul g 0Ly S mhas o o ai ) i
03,5 ol helae DS (53055 g0i 5 0y 40 Wil oo 450 50 SLBT ol 158 5 Lo )T e @y il ol 25
By% Jlaie 9 S v (59, (el mlaid ol (Liu e al., 2007) aos 1,8 150 cod Saday 1) adsi jlase g
(Grant et al., 2010) axily oo (Sid iid @ Jooo Ha 5l S5,8065 alies o8 )| Gl Cyz 4z 95 0,90 sloa>Lis )
a5 5 5B B Sl 5 2o Sslite glelisde BB obty T Bpae S 5 3, Shae 15 51 o Jaxie ol
ool 51 b Jolow anwgy ralS cleay Wil oo i 3l SO0 ol el (Ariza et al., 2021) swo oo lis Jgame
G 51 oolial Dbyl Gl prizran Wbl sy, bty | (56 iiegid lS 5 Jyho e 5 puilg,gs L
Shahnazari & Rezaiyan, ) el (6,90 Joame 9 5 kol Co pae jelaindy 305 ol oS § CoeS o (0fpS s
Cod Wilgd oo Wogas Slawd g (59 cdiliny (5 S conig, Al adgi (S ged g A diile oLS aliee lacwend (2016
lbordian 5 (Seilsed Slao p (Sid pae Sl 8l O sl G2l L olalS 0,5 18 T sgeaS 550
alises s8] SC5609: 50858 50 S Shg p Mad Sl aes o lis b gw ) (Khan & Igbal, 2011)0isS o (5,90
Sl (g i) 9 S SS9 oS a0 alla e 5 4l Sl s S g lenssS aler 51 (KR0S
a8yl jo ldame (5155 wlwl 5 (Ghaderi ef al., 2015)04.5 oo 0,8es g Ol (cod Slgizme (JS iz (59 9 0 Ll
5 Lie )l gl oSy O o sl o St S Gilidl s S O Glgime talS L (Ko calise
Sl padale poldleel oy o S s wliél (Ghaderi et al., 2015) wisls olis alS L8g,l5 )5
(iS5 3l 2o 3615 5 595598 5 00 ogne 3 Shoe g 0gen o3luil 55 2alS 5 o luenST T 5 bapyilwssT oz
U el Wlgh oo (38595 10 (5,940 9 S s (Gine- Bordonaba & Terry, 2016)anl oo (inl38l (5,804 4o
Ol pess el pl plo (Lieral., 2002) 05 Wogs g b IS adgy jralSay e cplply o ol ooy sboplail axwgs jo
5 @S )l el puyts jo a8 Ll ade 5 gyloleS Gl slajles blie [0 o5 (S Dlao 5 olS i,
oS Tg coadplodl asllae 5l Bas .ail oo Cowsl Pl wims o lis 095 5l i b dilie cge a5 Sslaie slap sl
o900 3 Sy sy SoaFls ool p (SAO5 )l 5 et 08 50 0 05 Al Jolpe jo o )laleS i 4 olS

.J}g

ARR


http://journal-irshs.ir/article-1-714-fa.html

[ Downloaded from journal-irshs.ir on 2025-12-25 ]

Ohles 5

Bty 99190

i lol 2ok 55 9 o) o)l
UTM., ) Y4+ 0+ 0F Jlads s SATOVY 3,5 ol sy mledl i olaiss ;o 3,8 o] iyl as 0 1o ibes] o
s 50 @bl yliws S bl el molie g (65,0l jeel g Olads S eas 3lae (Universal Transverse Mercator
1, wgmmnbos 4250 FF oo sllae 5510 5 ¥) ite 3lao Blas cibate alls oz colidlsn jlol 28,8 olol ot
Ll 5o Groices YO0l (S0l Lassio b duglin 10 a5 Consl jio oo FO+ bl S0,k Lo o o bt
Ll S92 Sl piam 3 308 18 (g paelasl Lalyd 5o Godhes A0 )0k (SH)L bwgte b avslis j5 5 S
ailag, ol 4 (Sie g oSl (glooly gte 5l ool loykad (55l Coi (b gy Sl L S iy (0 abyo )0
5 il cliie L (Paros) ug,ly 5 (S el clice b Queen Eliza) 150|858 55,305 (5,5 08, 53 slalis o Lad
0392 YUy 3 Shoe b ogeoainn Bl 5l 5 0392 0lgS 59, pB)] cl o adlS 5 DLl (K A0 (9SS (6 350 sladisy
.(Sarsaifee, 2016) wiloals 3,00 5l ansgs jo a5

ol e s ol 1o Loy i Lyl 155 s b oy ol clacSsly LB 1o onsn 5 (glacs S &gy iales]
GoltloS s T anls oy & (b s by I i ja) £O 5 Yo oo Jold SB ush, alss cilies gloao,s ol
5 e ol olyiets el s IllodsS (55055 6 5 ol el plyieay Iy aad 1o 5 b ol
S Bla YOXT - atiy (g9, )0 g o515 o il Ae plaSya boasy (o alold g 4ty (550 (alesl cnl o wadass 5
5 S JoS0sS GBras e g (Silfe g0y jmcale Lol ol alils slis Ve slawy siolejl OS50 g 0
by Sty (2lord GLodsS 5wy 10 (Slge> odsy 955 0,5 5kS A i) S gel elul p alerd
w205k 50 )l 0 YO cdale o JolS 3,500 955 5 (S B ras Oyl oy Vel g do )0 AV jaud sy VPP
(Sldslone ©jgots ol o dans g 0lo )3 S5l )3 1520 ¥ Clle b jgaandS 395 9 550 5005 9 91,5 Caiiges )| slaole
Sy50 Glopiile Cud Caz (6,10 pdigel B Dygo dsyie S50 (Y1, Y2) Jle 9o (byo isbesl slx! ol sl
loadle udg) alivals Giog) « (T1) Sutigmd)l 2ol 50 ((@30gee 5 (23U5) c0jler gy Ao al> o dnyd (o)
adyo jo glaosls 285 ygo (T3) e 25l 50 (5SS 5 955, 5D e3maly asy 5 (T2) Slsye 135l 5 (o,
B3 ,5 )18 o lel i 3,90 Al o & jgon
ol b))l

Slogee 5l g o pllinas ogre diges ogae 5,0l L 5l o )3 Ve (62T 5)) Wogee (e loj )3 9 5k Jad )0
oudi b o las 4yl gy b (K B0g oge (A5 Sloogas byl b agd (SR (31U ped (g el
Sl 3 oy fad el pe dn 3 (plagpad; oLy b plxl Jlgie Jlo 90 50 (ugaeds a0 Ve (hie s
Vo gloo ;o 0lo,l 3 5l o a8l g aly ) o luslis Sis 59 ol (5,0 Cublooly wle o gl j0 g 0lo i (o olo
o g1 o Jlezs 653l gtk oy (U B9t aTOT Sl G 5 0l UBIS )0 cele TA Gty Gugedes 4z o
2Risle;] Sy miwzlaw olfiws b g e yie o o S 5 Sy zlaw (Pan er al., 2006) wiods 5 .5o5lail o5
Cols  ogan Hlade 5 (o led D jgody ddgbs Slasd g ogue dlaad Sy olasd Lol (6 S ojlail (Leaf Area Meter stable)
oo 521 55 o Al | ) o 5 S0l (5l b 5 S0 5 oy S 555 el 0
ezt (2] e BV sy (9) o oalitis] xS o il oy ey JolS (395,58l b Ol e i
olac lawgi o5 wd> ol ¢ zl,5eul (Lichtenthaler & Buschaman, 2001) (yig, 4 S 89 S 4laSS, (5 .50 51l
S S 35 05 3 o5 en gl FYO 5 FFY n Job j3 (emway) Jao siasiy el b o gl
Sogs 5l g o plinds dlogan (5,0l 8L 5l ac o Ve (6,5 55)) Wogae (o Gloj 5o Jlee Jad 50 000,85 (s
Dygo & gy 50 0geadlasi Wiy p pyS ey 0500 OSkae b Sl 5 0h ad oy Aiged (ST g0 (6w

WYy


http://journal-irshs.ir/article-1-714-fa.html

[ Downloaded from journal-irshs.ir on 2025-12-25 ]

) oplact T ale Gl el 535 5 posle alno

039 xSl w0gee Slasd (a30ge (loj )d Grized b drulre 59 Ses dacidls p ggeme 5l g 0l plaxl (3l
A (6 S o3l ao e e sl a5 kS w5 ((FG-5020) Jow yog yisy aliwgs o5 (S 5 0500
S Jads l5 s S
Jos) ol (sRep 0095 & jg0as 5 0l ol Hlaie Ol L] (Lo O L iz ole G 0 gl 0 Sy 5l e )5 VD ke
ol il slie YO ey e ol L Jols olia (0 pladl 5 08 5 i Lams 5 23l 9,54 5 il
Yooo Gy bgaids Ve Goeds e g bgle doyo Ar gl ) Lo FI0 b ool oy bglses 51 i Lo +/0
2 0l @i plime cegidy 2l oKyl eolinul g ad atdloy gy Jolome (up 0D Saaks yiile aiids 50 560
Sloslitul b Sy Sas (059 055 50 o5 o cen p IS SS9, clale 5 0l ouileS egils FPY g FFF slagae ol
(Gross, 2012) 55,5 drwlre 34250 alail,
(HPLO) YU (52330 b galo (31, 5ilas,S bay 31 ooliius! b Jalono slowid (g 5o 31as
oy Ay 53 250 i ol (55 3 b €505 1025 (i S 5 555755 5519) slonn (sl 2l 5l sl
Lol o ol s ST il oo 1+ (KOs Ty jo 05 ) 4 i 4, JolS oy qole ¢y Ko b Lncdl
4B B0 Yo Doty akBs )0 450 Yoo Sy b plodl e oo Sseds sl gladlg) lags u BB lgiSy Sl aa
(6l (St G505 B8 55 5 el st S /D 5 en B 51 o5 Bl Jslons .05 55
g gloalol Caz VA (gite )08 )0 o (5,ladke g ool sl HPLC! oot 3y slp ol 5l 5 00,5 pslan
L abbgs yo pi— 31 ol sloaid (6,505l gy ()5 g50len—i Jow oiws .(Shin et al., 2002) 0,5 (s,lagSS
L loaid 4520 pguasme « SCR-10IN g4 51 oo o Yoo )0 Y/ slal 4y saiiSTas (ygi 0l (6050500 ) Sladeie
S e B i e b Yo 50 Y/ sl 4 SCR(N) (g Lidlxe U 5,8 «(Ton Exclusion) Jgs JU,¢ p5le
Y S e 5é lbye e JC-6A Joo HPLC oy coai ooy jligs ol S e 518 (Isocratic) SCs1,S 95!
RID 2o, LSSl o yuo SLuliss LTO68 o 391 b a4 30 £+ saniSTas gt los @ids o yd e
3 podio O plyp Oyl e yun F lyy e (Attenuation) Colus doaid Slulils pguass (plf gjolend Jow
So B 09w 10 0 dee sla Lo b oo toslel sladiges o yilid 5| s RhoOdyne &5 piwsw aiids
Cwddy OleMb| g 2l upw g 0Kwsay (Hamilton syringe) oygleod (55 So Ve SO, b 1S5 g0 b ]9 S0
4 azsi L aiged ;3 09zge (Lol slaad Clale 5 g5l (rizmed Wb S wised o lasimie ) laay by ol
0,5 duls g (atin el A8 je o luiliul sl g
(HPLC) YU (2335b b 2ol (31,5 gilog,S (b9 3l eolistwl b JT (slovams! (6 o il
A S et Jslowa 5l s B b Gialegl ) 3 S50 5 2 1030 i 5 B ke 4 (paslizg) e o]
oogaad— 4z 0 F sled 10 4880 00 o 4 Al B 0 10 PO G i b Jols bolie ai bgle oo, YO
Vot 0o VI S il ol b 5 4l ) g, Slad i 1 Sl /0 e A Sy
S 3,5 HPLC oK wsds o1 5l ey g 0 0000 jgue (9,500 +/F0 Sloo 5l Jol> byl .o osilw, yid Lo
Olgre 4 oo puhads Jbgs Ol .o AT HPLC olfiws (o oo F/8xY 0+ slal) C ygies 5l ool b S jgSolau!
A 0 VIV Jolae SO g8 gl 5l oolasiol b pH g oo oolaiwl agds jo pod Lo V b o Ce ps b S oo 518
N e iz glacdale o yeSil al s (gl 08,5 almil 1iegil YOF zge Jsb LDAD L, Sil b yailys
(Serio et al., 2014) o oslaiw] (LX) sl So sl Jlpl o Yore g Veve Do

B Jsbomo il Jon B g 00 a5 Jlso LT S5l s 1D (53055 S yo3 0,5 1 4 5Kllo gl 5 Skl
T Conty B 53 90 Frr et b g iy, Spmie il slaly) (5,00 |y Jsbne (53,5 Sy 51 g 5 4L
Ol 3l sl ot diged B1 10 5 ad 03l j5ee (9,See 1YO Blo 5l e 2Vl Blad Jglowe ol S50y il aido

High Performance Liquid Chromatography -\

Y


http://journal-irshs.ir/article-1-714-fa.html

[ Downloaded from journal-irshs.ir on 2025-12-25 ]

Ohles 5

SrSosn pj Slasie b JT slaacwl 6,5 05l0l sl gyolonss Jow olXiws o ooliiwl HPLC olKtwsds 33,5 &l
SCR- (ygim Ladloes ¢ JI (sladl & 525 oguase SCR-10TH g4 51 o Lo Yoo 50 AV slal 4y oaisSlos (g 0l
5 (PH=2.1) G 98l gas dmnsl b 00 (gl 01 S ot 518 o515 5500 S e 518 alols o Lo T+ 50 Y bl w H
az 0 YO ousS laz eiw slod ¥ ply i ol @B o 2 Lo /Y S i 5B L > ce s (N=0.009)
4>l )0 (Il ol Glolis (ogass 5,58 g cheb SLolid wids po oo &l )la S pus ogemdas
25 S sleacsl zlzaul 51w Rheodyn) (5,55 ailolw «ogili YNY zg0 Job jo (SPD-AV) Jow jidil 3 S
odel Cawsds Sledlbl bS5 1,55 90 il yidg,Sow Vo «(HPLC) pgass fohoodr Sy b 83,5 o) laws digos
Glagimie 4 axgi b aigei jo d5zge Sl slaasl CLl 5 g5 ad Sl S jp diged glaimien ) mlawdy by
ol jladeds a0 laslinl e agd (gl oads 00 )G sl cdale ol ailre § (asein (Al sl 2 ol
5 Slo a5l (o> G339 20,0) /oY g /o0 /) Y lacdale Lo ) s 09 Cgliie diges ,0 39340 JI
Sl 5l il s (gl ol angs S i el Gl (o ((Sig o yd) L NTD g/ YD /e B [0 lacdale
T 42 bgrye SNl 5 ool iy San ¥ 0 &2 32,55 o i ol 5 55 S0 VIO o 2 G55 o Sl
diged SiS G35 5 ) S ke Dypots polie ok oolial (Tl 52wy bgye 3 il Jloged g sln 5 ool
(Dokhani et al., 1988) ol Lo

osls g9l51g

0aid 3 slacs,S & jgoas « (Statistical Analysis System) SASo; s kel ,l38le 5 51 solitul b besls il )lg a2
«(LSD, Least Significant Difference) ,ls_sxo S| J3los> Solel gesl 51 oolainl b la Sl dslie g o plo]
L85 S0

Cugb ) a6 Lo dwlno 092

S oz Caghy VA lade coolitnl 5,50 iule;l slacs S S5 oogame s dFC! ac )i O (6,l0g55 cud b alais

ol o alol 5o aal Cawdy S oz g, VY edgame Hles ;0 TPWP e 0,0 (50,0 adais g o dwle
o b als adass o bl ply ol Jlesl Hlai o a0 il (S sozx> Cugb ) 0o )0 VT-YA oogaoms ;o g alads g0
b ol (S )5 cud b las b ST oz Cagby /YA @l 45 5 usl S gl |y 110 oz s,
S IF0 plyy (Vo o7 VO =+ [$0) jio cons pp SI- Bos g (250 ook 10 Jles 2 SL o 51 sk 0l (61
sl p3Y 558 o okl (VO xeED =+ - FYB) i VIO e o sl byl alas 4y ms, (6l bl anSo
EVIDOx- IV =XVITD) o FVITO o001 (S Cusb, doys Vo sl i) oS (irsbo delss woyo Yo ) Lo sl
2 kel I TYYIFYD ) (S Cusby 90,0 YO (el (m ((Ssb,anlss a0 £0) (sl jsbimed .ol L5 sk
Al pldl Skl ols 40 59, aw b g 90 o (slo,hd (g Lol s 4y a5 b ol LS (PY/Ox YO =YY/FYD) &S o
By 5 00,5 Glyz ol gy by o slagiay Cod 5 (eend TTDR lg0 5 (g 5l ool b laasiy cug, L o
2 O Cot sl land olaciiinuo )l (99,8 )0 95 sle0 T by, awgi esel Cussay Cugh I ndy b gLl ye0
i i Lo (l 5o Ll ol 3585 ol 4G jebody wind ouiligy (yshb b SBgs jsboar SLL sl
o g Wl

&9 5 dkos 9 SQ3gled g0 Wlho

S8 GlalnS Hlewd Sl con Daliay Bl o (g0, Sles g siug,y Olas aF ol lis b ke aslae Jglos mls
S5 s 53 5 e 5 5 i o JS L IS iyl b aBylo slash g S 3 lio o, loty iz 5
09 o)ledls Sas (s Slas g (hsb) 4lss aoye #0) wad 6)leleS sledd 5 (Gsk; 4ddss ao e To) el

Time-Domain Reflectometry -v Permanent Wilting Point -y Irrigation Field Capacity -\

YV F


http://journal-irshs.ir/article-1-714-fa.html

[ Downloaded from journal-irshs.ir on 2025-12-25 ]

) oplact T ale Gl el 535 5 posle alno

(Y 9V Jgaz) wals las s ye G mhaw [0,lo s Slyts wyads (6)loleS Hlews jo Ladd din ) poe> g ady, S
20,0 OF 0 S VIV 155 b oleasls al> o 0 ((Sugb, adss auo 0 £0) wad 5)laleS led jo o lusle Sas 59
Wald 4y o p, 5 VoV L ddgb Loz 59 9 duo)yo FAcdald 4 cond TIVA (59 b ady ) Sis (5 9 dald 4 Cos
Lo IS 50 () Jauz) wols lid 158 LielS due,0 OF vals 4 Cad wae YY/F 4 osw, b Sy olasd g 0o ,0 O
alia Cond iodle 5 keleS Laalpd po 3 ,Slos 5 Sy gl (a3 Ls (Sl o)l ls S g 5 (39 e e stelie
Ay el Seis i iuli8l L .(Shahnazari & Rezaiyan, 2016) cowl a8l alS 6 lo s jebas oS 5 ,Lol b
54:.;3|oolﬁ.m4.3|)JB}IL;)_';ASQTg;\_?‘o.\.&)_:ASQ’ﬁ@J@.;soa&)qmu;?ﬁé&w}suuljgsblw
v ol el (Sas b ablio gl oo L8 slaailis sl 51 Sy mha (ialS Slas .ol 0alinS 5,55 yliae
(Grant et al., 2010) ool o3, Clxl gl e Slg oo g Sl (Si ply 10 Caglin g, SO (S,8065 ;0 Sy
e (65l slesd 23l o 0] o adse guy i ol 59 (10 piged Jolhe 0 s o g (55 Sl Dl i
o o i SIS 4o 0,5 ol alisdla LB ol iy, o 5 533 ol 50 b Sl oS o s o
Sl 5L o onls ol 3 5 s 5 byl oash i) S5 5 0 s K 15tz (5 oS
Grant e al., ) wlaolas |, S0l o, Wgy 5 00l 9,409, g0 g oy (ialS b yiien Ol Jlade 45 5Ls 9 ol iy (3,95 4
25 O e il 4 Ol skl slend 5ol o g, 5 3els e Dlae (el g s e cn et 512010
Gl Jolye ol 5 Sislseied 5 (lomsdion: sloal B 8 S| agie 554 (ions 3305 0l Fiigsh Jac
3 (NP0 o8, dw duwslas jo (Ghaderi & Siosemardeh, 2011) &loals o)l ol GalS ;o o] 50 ¢ 3awgd

(Klamkowski & Treder, 2008) wsls ;lis juals wo o S mdaw 10 08 aw ;0 0 Sy mhaw (( Sis 35 iy

SN BDg d) 90 Sy olawd g ddebs g a0 LSl Sis 39 0 I T, I, T5) L;)LJWS Sl ke dunlie -\ Jgo
(T; T1.T2,T3) calizes (gl al> o a4

Table 1. Mean comparison of deficit irrigation (I; 11, I, and I3), effects on leaf shoot, root and crown dry weight,
and leaf numbers of two strawberry cultivars at different growth stages (T; T1, T, T3).
Different growth stages o, cilizew J>! 5

T T2 T Ti T2 T3 Ti T2 Ts T T2 T
3 3
Treatme P obasls 5 Sas o5 (p5) &ty S22 39 (p5) b S22 59 S olaws
nts Total shoot dry weight Root dry weight (g) Crown dry weight (g) Leaf number
(2
Ii 36. 38.2 42.4 8.39 8.5 9.90a 13.0 13.9 16.4 43, 48.2 51.8
4a a a a Oa a a a 6a a a
I 33. 343 38.6 7.74 7.6 9.44a 12.1 13.2 15.2 41. 40.5 42.2
6a a a a 7a a a b 3a b b
I 20. 17.7 21.7 4.99 43 5.24b 07.6 7.07 09.0 29. 22.6 27.2
9b b b b 8b b b b 9b c c
(I; I, I, I)Analysis of variance
(I, Il, 12, Kk sksk ek ek Kk ek ek kk ek kk skesk sk
I3)
V1,Paros 32. 28.0 31.7 6.53 6.3 7.78a 10.2 10.5 12.3 38. 36.8 40.5
2a b b a 4a a b a 2a a a
V2.Queen 28. 32.1 36.8 7.54 7.3 8.61a 11.6 12.2 14.8 38. 373 40.3
Eliza 4a a a a 6a a a a 3a a a
(V; Vi, V2)Analysis of variance
(V; Vi, ns * * ns ns ns ns * ns ns ns ns
V2)

by a0 ¥ 3 NSl LSD Sl anslin fyge3l el p o nSiles oy jlo sme NS 0929 odins (lid gt 0 0 Ciglie gy

el 0oy3 V90 s (o o pixe B ls e BB 5925 pac odims las
Different letters in each column indicate significant differences based on LSD analysis. 'ns' = non-significant, "*'significant
.at 5% probability, **' = significant at 1% probability
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Gl 5 1oy 95 les Galidl & lgin ) cllae cpl 85 Iy S 528 (T2 5 Ta) 5l Jol 5 aibinsls (510 ptiged
Ay (S A0 oS (55, 25 Sl U et Slislefl o S Ly Ly IS 55 ol el 5 pme oled
2L g 4Bl il S mbaw sles g oolidl 5lasl (5 Ol s Slgime ialS g 55 OYols zals deds,
oS (55, S i Slil cwyp Gmizen (Avestan et al., 2019)cul asl e Lég S ol 9 gpiwgid

.(Manivannan et al., 2007) 05,5 IS L3515 150 ;0 4295 BB ialS coge (Sis a5 sloglas ols Folél

C‘b"“’ 3 Jf "Lc_‘a”lf &.59.‘9 ).L:S ‘459.14 Slows Wioy x> p (I; 11, Ip, 13) LQ)L».:T“,S )Lo...a u_:‘)." u—‘-i’L“ MLL: —YJs..\?
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Table 2. Mean comparison of deficit irrigation (I; I;, I, and I5) effects on, root volume, crown number, crown
diameter, Total chlorophyll and strawberry leaf area in different stage of growth and development of two
strawberry cultivars.

Different growth stages o, calize Joy0
T T2 T3 T T2 T3 T T2 T3 T T, Ts T

e aty o s ol sl 1L J5 s s e
Root volume Crown number Crown Diameter Total chlorophyll Sy
(cm?) (cm) mg/g DW (mm2
)
Ii 27.6 339 381 443 435 483 149 146 155 155 144 146 58%
a a a a a a a a a a a a
I 250 304 352 350 358 393 138 129 136 148 131 135 574a
a a a b b b a b b a a b
I 158 182 185 1.85 153 1.73 075 044 054 137 1.05 1.04 322b
b b b c c c b c c b b c
Analysis of variance
(l;lll?,)si sk ek ek ek ek ek 3k ek 3k 3k ek 3k kk
g

oo i ¥ ¥ NS Cel LSD (nSile duslie (03] wlool p b puSiloo o o sime BB 3929 00idd yLis ygiw 4 40 Siglite g >

el 0oy3 ) 90 a0 o pxe B ls e BB 5925 pac odims ol
Different letters in each column indicate significant differences based on LSD analysis. 'ns' = non-significant, '*' = significant
at 5% probability, '**' = significant at 1% probability.

9 Doy g Swlonds (5155 alS S il (gl jo (SAS 15 Ll cod L8 k5 )lSle jss g tals

gl il gdasin Cadle S Wilgi oo (Sl i Cou HlS o Jdg ST malS plas ol S aioas
(Anjum et al., 2011) asb

Vb o lacslis 5 aid)S I8 aad )laleS et 5 madle syleleS e 8l o baoges sluss 5wy o Slos

& 1) YAY ) (Giash, 4l 0oy o) @bl ()l i 2 ,8kat (o Sy lire W o gine do

V&


http://journal-irshs.ir/article-1-714-fa.html

[ Downloaded from journal-irshs.ir on 2025-12-25 ]

) oplact T ale Gl el 535 5 posle alno

G ag ,0 03 YYIV logee olaws ols (lis yials as jo FY cald a4 cand g sy digr 12 ;0 0,5 VPV @ wigy 2 (Sl
297 Ay Bpas ol do,o Ve aS al i o Sl ol ol lis mels s ,e YY) sald a4 G g s,y dae YY/Y
5ok el 5,LeleS e 50 ez el g8 BB cslosls las poli8l i Slas ) sam blie 10 5 09d 0
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GY- 5l Sas gl s cov |, S804 Jaame o,Slee oialS Ol olaame ol Slaass ;o () Sloges g
(Aghaee et al., 2019) silos,S" 5,155 aus 0 FO
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Sglite 6,55, L g )0 g 3, Gladiges 5l (oSl 5 (S, loj 40 ¢ thuw Chio 45 Canns jglol 4 p3Y L0us 5 s
ogee 4z y1 lolas e alal) ogee 0,0 5 (S, e b (809 S Che @lin Oladss (o 0905 el
St 0al 6 S ol AlaSS ) e pol> gwy e, (Salamat, 2011) ol yiaS o s Sl Al JTodiw, g S0
Sl bl s cou il e sladwly s loleS i Con bogee (Soumw, poe bl ol leleS s
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Table 3. Mean comparison of deficit irrigation (I; I}, I» and I5) effects on, Fruit number, yield and Fruit firmness,
of strawberry fruit.

bl sl ogae Sl o Sles Ogas (sibw
Irrgation Fruit number Yield Fruit
(n) (g firmness
(Kg/cm?
Ii 33.7a 292a 3.70a
I, 23.2b 167b 3.95a
Is 16.1c 68c 4.52a
Analysis of variance
I; I, I and I3) e e ns

cip ¥ Fns ol LSD (Sl aslie (g3l wlol p laniSiloo o lo ime DS 8929 oind lid (gt yo 50 Sgliie g
ol 2o y3 ) 50 maw ;o o goe DS lo jixe BT 5529 pac oaims Ll

Different letters in each column indicate significant differences based on LSD analysis. 'ns' = non-significant, '*' = significant
at 5% probability, '**' = significant at 1% probability.
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Fig. 1. Effect of water deficit on total fruit weight of strawberry.*The presence of the same letters in each series of
averages indicates a significant difference at 1% probability level with LSD (Least Significant Difference) test.

(SR ) 93 0gen (e 9 JS B9 kS S mha (9, (Y2 5 Y1) Jlo e S (S0lee v lion ¥ g
Table 4. Mean comparison of year (Y; Y1 and Y») effects on, leaf area, total chlorophyll and fruit firmness in
two cultivars of two strawberry cultivars.

Jbe Sy gl IS Je s 0ga0 (K
Leaf area (mm?)  Total chlorophyll Fruit firmness
Y, 469b 1.20b 3.67a
Y; 497a 1.34a 5.45a
Analysis of variance
s YD) * *k ns
(Y2

b i B o NS Ll LSD Sle aslio fyg03] (wlal o o uSilos oy jlo cme NS 5929 o0imaylis (gt 10 50 Sigliie gy
ol oy3 ) 5 0 e (o o gae BB s e BB 5929 pac iy Lis
Different letters in each column indicate significant differences based on LSD analysis. 'ns' = non-significant, *' = significant
at 5% probability, '**' = significant at 1% probability
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Table 5. Mean comparison cultivar (C; Queen and Paros) effects on Foliage dry weight, Root volume and Root
dry weight in different stages of growth and development of two strawberry cultivars.
Different growth stages o, calize J>l 0

T T2 Ts T1 T2 T T2 Ts
o, sl IS St 5 s, o i S22 035 ()
cultivar Foliage dry weight Root volume Root dry weight
(€9) (cm3) (€9)
Paros 32.2a 28.0 317 20.9 254 10.2 10.6b 12.3a
b b a a a
Queen Eliza 28.4a 32.1 36.8 24.7 29.6 11.6 12.2a 14.8a
a a a a
Analysis of variance
(Paros, Queen Eliza) ns * * *E ns * * ns

e g ¥ o NS Cell LSD Sl dnslio (5031 (bl lopnSiloe crm o sime BMS 0529 soima ) Lis gt ;0 40 Siglite g >
ol 2o y0 ) 50 e jo o goe BB lo sime BB 5529 pas odimslis
Different letters in each column indicate significant differences based on LSD analysis. 'ns' = non-significant, '*' =
significant at 5% probability, '**' = significant at 1% probability

Slass oS5y mhans atile Slho G (g losine Dglis 45 ol s Jlo 5 )lol Jles 1iSen p slapSilie dunlie
Db e olsrgol Ol L6 cov Sasa 6)leleS Hled laS ols lad 55,10 9525 ogue 3 ,Slas g ogan Slowi oSy
Slaglas aaliay i 1 (5565 (2ol pgo Jlo bl ;5 qodle (15 b )kl Hlesd jo (S pog sladis ui,
9 30 eiad Jo Jlod Cumd ol Sl 6 LS 5o Lol il bsrje pgo Jlo o (Ll Sio Lyl Wilgs o a5
s 1y lags o3l (6Ll Camlons (5,135 (Guizs cnl slaaidl b 3l 50 (FJgu2) 3,5 oy |) (%68 Jgamo
(Terry et al., 2008; Terry et al., 2007) s oo ;1,3 56 cov (5 ls s
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Table 6. Mean comparison interaction of deficit irrigation (I; I1, 12 and 13) and year (Y; Y1 and Y2) effects on

leaf area, leaf numbers, Fruit numbers and Yield of strawberry at different growth stages of two strawberry
cultivars. (T; T1, T2, T3)

“\”)Mu}")“ cQ:.AAgJo%)AQLu
Different growth stages
T2 T3 Ti T2 Ts
b Lo O b (e o o) oy ol o5 Slass (05 s Skee
Treatments Leaf area (mm2) Leaf numbers Fruit number Yield (gr)
Jls Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2 Y1 Y2
I 520c  638a 544bc 676a 42a 45a 48a 49a S50a 53a 333a 34.0a 292a 292a
I 469c 585b  498c 599b 40a 43a 36b 45a 38b 46b 18.8c 27.5b 133¢ 200b
I3 232d 260d 298d 282d  33b 27b 23¢ 22b 30c 25¢c 182c 14.0c 74.6d 6l.6d
Analysis of variance
I*Y Sig * sksk sksk kK sksk sksk %
V*Y sig ns ns ns ns ns ns ns

e g ¥ o ns el LSD (1Sl dunlin fyge3] Lolol p locnSilee oo o dme WS 8429 oaimaylis Ggiw ;o 50 Sglite g,

Cal 0oy3 ) 9 0 s (o o sixe B ls e BB 5925 pac odimsjLis
Different letters in each column indicate significant differences based on LSD analysis. 'ns' = non-significant, '*' = significant
at 5% probability, "**' = significant at 1% probability

A4


http://journal-irshs.ir/article-1-714-fa.html

[ Downloaded from journal-irshs.ir on 2025-12-25 ]

Ohles 5

lordon Olao (55, 2 6l 23U (5)lolpS L a5 sloplis il )y 432 Jgaz yo Slas plo 26T o) 5
2 S5 559, 559,855, )lelpS 5 Bl cls SoysSlarsl 5 5565 oS 552898 lade : ol S
Slade cnls s gxe 3 (T1,Ts) (6l paiged pos g Jol Cugh 5o Sl SoysSnl 59, 9 (Th, T2 ) Ts) Cogh a2
P ks YYIV 5 VPIT 0 cod 5@ OV Jlade g osloplas|) (2als o it woad 5 mdle (o)Ll Lo cod 35418
YAID a5 YEIY 31 5955 9,8 « Sz (39 0,5 50 2,5 o FAIY 5 £V s YYIA 5l 59,510 0,5 lagy als Sis 59 0,5 50
9 (T2,T3) 5l 9 Gloasl Cogi 93 53 59,010 Jlade (55, 03, 10,5 oy (al5 Sas 59 05 50 25 e VFIT
9y 2 (T3) 5l (6,10 paiges alo o o Jadd Jlo J1.al g b coe (T2) (lisls )0 9 pgo > o y0 oo sl (59,
Pt 5 soeldl Sglie (Ll 99 Jdoas o8, 5 o i 51 GralesT Jlusgs po (Y Jgu) 0 o sime 1,51yl
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Table 7. Mean comparison of deficit irrigation (I; I;, I and I3) and year (Y; Y and Y>») effects on fructose,
sucrose, glucose, and ascorbic at different growth stages of two strawberry cultivars.
Different growth stages o, cilises >,

T T> T3 T T> T3 T T2 T3 Ti T> T3
liw 595558 55 Sl SS9l
fructose sucrose Glucose ascorbic
mg/g dw (mg/g dw) (mg/g dw) (mg/g dw)
I 35.6a 36.7a 37.2a 77.4a 73.8a 74.2a 54.1a 57.0a 53.0a 1.35b 1.32a 1.34b
I 25.3b 18.5b 24.1b 63.7b 66.3b 64.8b 42.8b 36.4b 42.0b 1.58ab 1.60a 1.57a
I3 28.3b 14.3b 17.0¢ 67.3b 68.2b 69.6ab 38.9b 32.2b 31.0c 1.76a 1.73a 1.71a
Vi 30.0a 23.6a 26.7a 64.1a 65.3b 64.9b 41.8a 43.2a 42.1a 1.68a 1.72a 1.62a
V2 29.4a 22.7a 25.5a 74.8a 73.6a 74.2a 48.8a 40.5a 41.8a 1.43a 1.39b 1.45a
Y1 28.7a 22.2a 23.1a 67.5a 67.4a 70.2a 45 8a 44 .1a 40.8a 1.54a 1.54a 1.62a
Y2 30.4a 24.3a 29.2a 71.4a 71.4a 68.9b 44 .8a 39.7a 432a 1.58a 1.56a 1.46a
Analysis of variance
I k sksk sk * skok sksk skok ek skok % ns skok
CxV ns ns ns ns * *ok ns ns ns ns *ok ns
Y ns ns ns ns ns *k ns ns ns ns ns ns

i g ¥ 5 F NS .l LSD 1 SKile auslin 5031 bl o nuSileo oyl e NS 0925 s0imo)Lid (w12 50 gl g,

ol 2o y3 ) 50 maw ;o o gue DS lo sixe BB 0429 pac oaims Ll

Different letters in each column indicate significant differences based on LSD analysis. 'ns' = non-significant, '*' = significant
at 5% probability, '**' = significant at 1% probability.
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Giné-) 5,5 &l (g, (6 S 4l Ol o3 90 Sllosnsl Sl i (ogas )3 28,5 )18 cogee s 51 LS (sla Lo
.(Bordonaba & Terry, 2016

(D Gl Jlie 0 (8055 08 99 el SILe
Table 7. Mean comparison of deficit irrigation (I; 11, I, and I3) and year (Y; Y and Y>) effects on ascorbic, citric
and malic acid at different growth stages of two strawberry cultivars.
Different growth stages o, calizew J>! 5

Ti T> T3 Ti T> T3 T T2 T3
b Sl Sy g S s ! Lo
ascorbic sitric malic
(mg/g dw) (mg/g dw) (mg/g dw)
I 1.35b 1.32a 1.34b 8.53a 9.00a 8.68a 26.32¢ 27.15b 25.9b
Iz 1.58ab 1.60a 1.57a 885a 10.7a 9.13a 36.40a 38.27a 36.7a
I3 1.76a 1.73a  1.71a  10.5a 119a 10.5a 31.08b 35.17ab 32.8a
Vi 1.68a 1.72a 1.62a 9.26a 10.7a 9.5la 31.20a 32.85a 30.8a
V2 1.43a 1.39b 1.45a 9.37a 104a 933a 31.32a 34.19a 32.9a
Y1 1.54a 1.54a 1.62a 830a 8.76a 839a 30.22a 31.43a 30.8a
Y2 1.58a 1.56a 146a 103a 124a 10.5a 32.18a 35.63a 32.9a
Analysis of variance
I * ns *ok ns ns *ok * *k
CxV ns ** ns ns ** ** ns ns ns

ol g FH o F ns il LSD 1 Silie aslie fyg03] wlol p o nSiloe oo o sme DS 592 caimoylid (gt ,2 10 Cglite g,
ol 2o )3V 50 e ;o o goe BT lo jiee B 5429 pac odimslis

Different letters in each column indicate significant differences based on LSD analysis. 'ns' = non-significant, '*' = significant
at 5% probability, '**' = significant at 1% probability
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Effect of Deficit Irrigation on Some Vegetative Characteristics and
Quality Traits of Strawberry Fruits
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The current study aimed to investigate the impact of water deficit treatment on some
vegetative characteristics, quality and biochemical traits of the fruits and leaves of two
strawberry cultivars, namely Fragaria x ananassa Duch. 'Paros' and 'Queen Eliza'. The study
was conducted over two consecutive years (2019-2020) and across different growing seasons,
including spring, summer, and autumn, to gain a comprehensive understanding of the plant's
response to water stress. The experiment was carried out in a split-plot design in a completely
randomized block layout at the agricultural research station in Graze, Sanandaj city. The study
included three levels of irrigation: 0%, 30%, and 65% soil moisture depletion, applied in a
hilling planting system with drip irrigation in a soil bed. The results showed that the mild
water stress did not have a significant effect on some traits such as dry weight of shoot and
root, number of crowns, dry weight of crown, volume of root, surface of leaves, and number
of leaves, but it caused a decrease in vegetative growth. With increasing stress intensity,
vegetative and reproductive growth of strawberry plant was strongly affected and decreased.
The lowest amount of leaf area (322mm?), number of leaves (27.2n), dry weight of shoots
(17.7g) and roots (4.38g), as well as the number of fruits (16.1n) and fruit yield (68g) were
observed at 65% stress intensity. The content of sugars glucose, fructose and sucrose also
decreased with the application of water stress, citric acid did not show any particular changes,
and the changes of ascorbic acid and malic acid did not have any particular order. Comparison
of the average between two cultivars showed that the amount of yield and the number of fruits
decreased significantly. In general, the Queen Eliza variety showed more resistance than the
Paros variety under stress conditions and showed the highest amount of shoot dry weight,
crown dry weight, root volume and leaf surface. It seems that mild irrigation in strawberry
cultivation can be considered as an effective solution for less consumption of irrigation water
and acceptable maintenance of vegetative and reproductive performance.

Keywords: deficit irrigation, strawberry, sugars, organic acid, yield.
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