[ Downloaded from jispp.iut.ac.ir on 2025-12-19 ]

YEF-YYV iamin VECF oloss 5,31 FA oyled N F Wi aLE 5 SIS 5 Al

el WS SU Shd s b ke 5 K g (K3 5 alordin ekS 5 e

Ol ol a8l o (a8l p0 JKisls (8o aliS suSKiSls (SEL ke r_,.‘.& ajjf
SARMEZAEITIETE W B S (AL A SR ISP Y 1))

oS>

Ol g DL 51 (S 53 ke (35 580 o5 (A S Sy p gl SUS S Shdskone 35 s Dan b adllas
~dn (LT e s F Ll 1S5 au b ledaliniin &) 4 ok WS saS ol & b IB s el s plodl OIS
5 0ge JKE5 3 ey ain 53 (AME I i Al e aw 5345 3 (lia 3 F 5 Y ) aald) mhau Sler 55 ey SUS SG S 3L
Gloalindkir &) gm0 4 S s iged olS S50 5 S50 SS9 e sl 4 .08 S plomil p s e Sl ey ol S
ogr S B S5 21 ST ot el SUSHE Hi5n 55 F ChlE o 315 0L mls A3 4 UL 5 By (ol Condgo 4w
Olgen « focshen VWAV a5 4 Jsb oo fa il 0 S 5hS Y17V 4 ogmn (gl Sl sl il ol (aUL S 5 55 .2uils
o5 e YAYS 4 IS 43 (51531 comge clile pan il SLaS p 53 AB TV/AY @ s 5 05 p g S e OMNY a4 g sllS
L3y 0dd Slag l5a 5o ¥ CBE L a5 Sle S e AS VYV 4 alty 5 YAV w jid UXIPA 4 0555 ¢ 8
Al Lisls 0L 15 (05 p S e /A A3 5558 5 (08 1 p S s ¥/07) S35 )8 (p 8 5 5 oo FA/AY) Ji5 5ldo cp ey
O pady 4 LBl cpl oAb odalie Hlpa 55 ¥ Clle b b S b 55 35 (V/PF) g ol Oljen o 08 4S4) 42 9
55 25K AS S Shs s slp Fie SRRl K Olse 4 LIF s e 50 T ChE b el SUS SG G eslitul 45 das
b LI5 e gl opl el gl odd Bl glovs Sy Comdsn 4 4ty OF SN 45 S5 nl b 3 S 15 ealizal 5,50 Slak

Al UL S K DL s 4 o pde 53 OIEL & OF IS5 5 asme e Ll 5 )3 1SS

033 U (s gt e 1Ky (S i (GldemS T ST 1 galdS slao3ls

Ol U5 e Cpmezu 501 .(Ma and Zhang, 2017) andie
Shawsls s Ukl e el asle e sis 5 o VW lls Vitaceae o3l 4l I (Vitis vinifera L.) 5
p35 3 Obs Olss 3l (omomen it OF ol 0SS 5 el 0 i 0L L gl IS 4 S Ve s
Ol 3 LSl e eslizal (gileol g gl Olly S o Ly s Saas 5 e S bl s Titas olS oyl
WYAVY 5 Sles bawgie b CiS 55 mhe LS VITO0: s by, dame slagdsl s 0 S 45 Ll
e 02 s Sl els polantl st w ) LS s e Sl Sy LS 558 A Sl Sl 53 e Jpames S Ol e

bahmani@maragheh.ac.ir : S s 2SI G SLis J fos ookinn 55°


https://jispp.iut.ac.ir/article-1-2153-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-19 ]

VY Jle A a,k&g\fﬂ?gwlszﬁ)&}@]} YYA

(3038 e el sy LUSSL p Sees e
Seif ) cul ol 5 sy O3 ety sOUS L
e Ol calies Olaass s (Sahandi et al., 2019
5 El said ol sns 218 K0 sy » WSt
Wols ol S (5 oS S Lo (T418) OiSas
Sl s JB b 55050 28 48 sl 0L
3 Shas 5 byt O3y g sl oS ol Chle 5 o
O, Kan 5 SabIr sty 2153l Jpens 555 b anslis j3 1, IS
S 53 el L sl S L35 IS (2014)
SRl S s ) I e 35 e
A oge 5 S olAE lse slae 5 JdyJS chle
53 It 0588 SO ey (K558 Bl
Glar 5l gl 53 S Gl iE &S cl LS
IR R R e R e T e
R R e X - R TS IE-Npe e
Mengel, ) 5,05 (20T sl LKas 5 W ys, 04 4z 5 5L
Q15 Dlassiie m > CekS s e ol (2007
Bl oo A8 e Wl s A8 oS s s ol sede
anlts Sl (lay g JBIS oS o 5T 03 ST b il
Al-Juthery et ) 55 5 o CudS 35 s Lied 1S5
5 ote OB ey ols o s s ol (al, 2021
S5 iS5 S CehS 5 ansl L3 lediS
el O5n5 Say &S A o (Keller, 2015) s,l»
i () Gl el SUSHL 58 28 S
Rohi ) sls ol cue iU opr sladeal 5 ,ole
Sonop Aol 36 ) 5 sk 40 (Vishekaii et al., 2022
5 A g gt s S Lol es bl S S 558
BB 5 A s Bl ol B (Gl S Ses
9515 AU et B Jalse oS5 308 S Sl ol
A Al ol Wl s a sl e 1S Slis
Rasouli ) cils JS Jgloe 30 cam 035 cadp 035 olS
CobeiS Lol b co &S 5,50 byl s (et al., 2024

S ol Ol s s el LS0) ) o Y s

D sl ady 5o GIVIVIYYY W5 b Ol sla5is
(FAQ, 2023) ol 4 S
Ldg b $osles Slpame el S (63050 51 S
e DL sl oS ol las S Sl s eslizad 1S s
Lo el 5 L ooslis Ol culle
(Vattani et al.,, 2021) &S . 5545, 3L ol bl
(B 03 pagr B S el Dy polie (S el
L b, o8 > 5 ol alS Gladhe el foily
Al S el 0L Sldlas mmes S e J 28

oo 51 BTYY 51 G 3ledbed 55 odies b 5 s

5 O5a pedlio (8350 5 eslial Jstee S glagy 5
ol 5l .(Cui and Tcherkez, 2021) s ls ciitean _uds
5 5LeST Al e Glagel pamd ol ol OIS oS
GRS ) e s & el e 355 e S
Lo soe 5 Laods slias 2alS Culg 3 5 olS asee L,
bS5 s JWl gl eenlsy (Lester et al., 2010) 5,
(b Sl plxil 5 (1555 Sl )l S
53 Bl oSl 5 Canslie (ol Jooily w5 ol
.(Zhang et al., 2020) sl (55,5 sl Suls= Ll
iy adls ghslas DUSle Wy s SU g5l
b Ol w anly mleo 5 G3uslS psle 3 1) s oKL
g e Dlsame 53 SU a0 S L 2-dl s 5 aS
Sajyan et ) ssi o eslazl (i3 OIS fGals 5 adss gl
2 $b s slas S o S s .l 2018
Ol Sk o s 55,5 il sla i) S 5 e
51 eslizal ol OLLS 4ds gl LS 5 5l eslinad
Ll e e sl ge gilola,y Gds J S skien Ll lS 5L
Lok 5 Sl g5oslas @ plaws S 53 S o8
$U IS, sbas (Al-Juthery et al., 2021) ail o jlaes
Srers GassS 5l Swbon Osde 5 S e sy
38ee  lodes U U slassS gl 5l eslinad 5 A
o el s b sl Sl Bl (65)5lis Dl e
51 (Al-Juthery et al., 2021) syls o 55 1 W5 sl p 58


https://jispp.iut.ac.ir/article-1-2153-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-19 ]

YT 2o b Gl K e g (S5 5 plerdsn CohS 20k st

Al ol Loy (isl) Fe-NPs L e bl 5o
58 Kl s a3 S S 4 dsys 0/ s (EDTA)
(El-Gioushy et al., 2021) ol 21530 (5 5 Aka

2 eSSl 36 elys ol sl alS s L
Abely el Sl e U pame
o bl (35 Sl AS Gl Sy 2 eemln b lUS 5L
STl sy S cilisee glacamdge b L3I 3 o35
A 5 AS S S dse 2 eely AU o
(sl ols SL e SO der ) Cilitee DU pae
LB Ul L5 e e sl 656 g Sl eslinad U
5 Span Ui Sl o QLI LI b ey
Oldllas sl a0 kls cod s Sles g
ot Cleosar ey 50 J g 4 (5250w
b aslie Guaa b iasn opl ol clastls L S
G35 e Sl 2,8 S Ll e 5 el 50
S 2l sloe abin CaaBse 5 03350 cpl g Clle
e 3 Se Sl e s b salg s el S
Sl O il ege Slsame A5 3 Sl g e
e & o pame LokS RIS 585 OF ezl Sl ol s
Wl Ghds el L Sels b SUsame A
Ll 5 Sl G50 (Bran 355 onlie Jlile o (pl 2l
LG () 258 g R0 S8 glerd G S s
oy SUS SU e o (S5 ) A ) S
B oS e pladisn 5 et b Sy 2
Ll s b plale

LBy 93l
a polas W slasyh b B s ol ey
ol DL 1 (S 00 LSS e b ledaliair o) 50
Comdpe b (B0 Ol Oe Ok ,ed 3 &l
@B VY 5 a0 YF 5 3,0 ai3s P) 5 ax o YO LSl e
5 S Slopast A8 bl Ve Jl s Jles

Jle Y )jf.»‘ QL’.‘:'-): RSO Y W eJJjT \ J}.\;—

B bl g el S 5 ol SbEL sl
Sl n oG o D diS e S5 Do
G opme 5 XS Ol s JB b e b (S8
Mozafari ) 555 J =8 Ll b 4 s OOT Sl 2l 580
aslio 5 oy S b o s anlllas (et al., 2018
s el Je b b ely e 50 3Ll T
OEa Slyme 53 Ses el Dl el DUS SU
Slagi o 3l OLES gl A el Jste Sl 53 b 0535
Ssk Gk Sl LS Jol chle sl SUS SU
S5 RS gl S Gl gl
Slio 53 ,Shas (imen U e 6 O o
s hle UL &S (el SUS S e et S e s
SUS 5L Ahdsbee Sl G 0905 P00 SedS 5 el e
Rohi Vishekaii et al., ) ol 5l of alsl clale uly
SUS U 2l 1 s skt w88 (shanlllan 5 (2022
A plowil olsly (ol 1 S 5 oS Dlsgast 2l
bales olad 53 S 5 s dras,y ol clale oS sl 0L
e R I LIP LI TSN LSy PP
3 2l s sl esme JSL Ao p min il (Guls e
S35 eilidslome 5 35S0 (35 x lee plll s s Shes
23 ole s adsl o IS5 Ass p keSS 5 A e s o
L oealie bl s Byl sl s aals
et 5 olUs ($U abd sl>e (Mohammadi et al., 2024)
Gl Cansy ), il Gl Jsems ool gla
Job ity Wy Ol o g CodS 5 a3l laass
aw Sk Olse b bl s .as (Citrus sinensis L.)
Fe-) oUs 5 (FeSOs) ol s (Fe-NPs) 4L &:J e
J& okt s sy 2 ssbdshe &) 504 —(chelated
oialesT gla el slie o UL W38 S5 ) 35
5 oAl DL e SUL S A 518 Sl el
@ s el EDTA) ol olUs =5 sl
I 5 0kt ys il &8 315 0L Jhlesl s sdelicansa,

SLEL oo st 5 alie o Ll 5 53 oS b Kl


https://jispp.iut.ac.ir/article-1-2153-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-19 ]

VY Jle A a,k&g\fﬂ?gwlszﬁ)&}@]} YV

L SL alend 505 Dl g ale3l -V s

oo S o

JO ol JB s sesl Jles Satdd SSae Ges

() ) ) (1) cd= (1) ol ) ) (pH) gLzl (dS/m) (cm)
\A YA ¥ fr ov/s YY Y/Y5 VIA +/a4 Yoo
Y ¥ ¥ e YO/A YA YIAY 2 /Y Fay

(Vf+ Jae) Corning zepH L alsbilly pH o gee T e
A S el

o b S Uil a3 Dlie 1S s 3
JAZEN VIS gl 5 e A s (VAAV) Kochert
YA 53 o5 il (Sl Al -8 L sy
2 s chl 5 Sl g Sl b e sl
(o 035 05 2 e S hen) SIS s lbad pmie ol
3 S aloes

3o © mlus Ol tese 890 5 C omluy
Looasly 5 1) dl Sl b Ol 505 500
Fenech et ) . (¢ . So3lul el O+ 55 Ldsusls IS 6o
s (\ave) Bradford s, L 50 S 55 .@al, 2019
Ao S v ;e 5l 040 5 BSA 5kl

oo b JS Gladd gols Ol togme JS b 5 Al 65U
Meda ) (ot 555 e ) 2056 10 53 LlJIS o s S]T
05 8 e e, L s olS 5 (et al, 2005
Chang ) Lus (s, Selul (Aol SIS e ) 2o L VY
(et al., 2002

5 JS S Sl Gl g eSS,
Sheslaal b eslazad (V42V) Arnon s, 51 A8 55,8
e S 5 IS S8 e 5 slad e
daly cpl 53 A 0351 sy Bged 5 O35 05 e S ke
Sbrsdsb 53 5 cdr (A) wlas Hlg e (V)
Ll S e diged 05 W) (el
Total Chlorophyll = [20.2(4645) + 8.02(4663)] x */,,, x 100)

Carotenoid = [7.6(A4480) — 1.49(4510)] x U,Hr(w * 1000)

r-:wb-; 5 P) ,aud ((N) U598 pols ‘5}:§e5|.ﬁ|

oslaal 5,50 olesl esle Slala ) (Vitis vinifera L.)
SUS 50 ol sloms Jals b3l Jlas g iass opl 5o
B ¢(B|OZAR, Iran) ))ﬁb C,SJ.J: )‘ e.L.:Jé)\JiJ} ‘V‘:‘.""'bi
O\JA_AAJ.;()UA)J)L@.?;})‘}A)J}DU“}A)J &i)cb_ﬂm
S>3 (S 3){6)\3){43}«3 ExY (wivlid}bm ‘_)‘5.,\4) dals
)}bm(ubgf)bjgfcﬂtigff)oi.ﬁuﬁﬁwb
5 Sodshise s Sns bl s Ol s
YWl ey SUS L 03 8 el olS K558
Jjbu ;515 IS NC SR Sy eod 9 sdsUS V—:aﬂt:i Loy
A eslinad bl gl esliad LB T s
)‘ m 4.L>JA “‘<:’. JALJ: o.\..j:li 6[.&)\,%3 k;jlf.dj-k’“
d}f}'\mcu&i}oxﬁw)"mmjsgfm
Q)}ﬂ asSU XD 64,1:} K L);Al.iv.w &; )\ oslaiul L’ r)}
S 28,8 e iy a LSE (bl Job s 23 S
Sl 5l ey A Gl LK wia 55 e (g
ol c)Li\ﬂj)JAS‘;L“SQW ff L;w)ﬁ(.',.g_?l.hoxﬁ
L iz oKl 4 e
055 SrSe3l bl sl togmn PH 5 (fh ca b (055
oS ) &5 s a3l Lo adss a5l
oS b ! Jsb 5 (Sartorius, Basic, Germany)
c..[ g\.&ho_}:ﬁ k;?.ﬂ..» u:?r.\.w S J._:J; v.ﬁ 9 LS_}'.‘S")“L"
boﬂwﬁ&w)uw\dfﬁ)‘gbwu?
» (Lutron FR-5120) PMM oy (fw pmimw s ol
Sl bas Jle Cwnd 55 358 59,0 Sl bl
ol pH s, Seslul &l (Al-Qurashi et al., 2023) .

ler.:.wl )\ o A 6‘)“).’4.5}&.’ 0 40 M)LQ.:JJA)‘ 0 a0


https://jispp.iut.ac.ir/article-1-2153-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-19 ]

W)t b Gl S e g (S5 5 plerdsn CokS 2 st

slml 4 sk 5o S i Dl eslitul 55 il
o el SUSHE (BLd e &S s (pl 4 S
e Ao S Gl 5 S0 gl sl 55w Jsb 8
Sl whle Dles by e e e VTV Olge 4 b
Jsb op S 5 UL S Candsn 3 il SUS L l5s o
soooml S als Jlas a4 Glate e e V0YO L e
O S5

Sl a8 sl Ol daesls Kl dslis o gm
CUSSL Aldslme 38 4 by epe e Oy
omb S Bbdske 3 s Ll 5o ler chle b ily
e YIVY L 0T Ol S 5 el s o558 ¥/8) L
(Y UK 55 (UL S ) aals s & Glase

o3 0L Laesls (Kike avglin ) Jols il 1 JS Jib
Cilise bl 3 ol SUS 56 2bd slows 508 &S
Soogbas b QLS bege IS 18 Olse 3 (3520 L,
2 S R e Sk AT Ol a4 JS JS ke Sl
s odalin by S p EL o 53 5 olpe 55 Sl Jles
dosd S el w3 dald jles 4 cad Sl
SORPRI

Csb 305 oS sls 0L Laesls s 1SS A5 5i5WS
olPl e i S s nly SUS U il
LS a505W Olie (i A o IS A5 55U Ol
Sl B s Ly UL S, e S e S L DAY
o ol e (g el sy poly SUS U 1 5o
“Jsloe 05) als Sl 5o 0 S e S ke VV/PY Ol o
(F JKE) wd sdaline Lawy S 5 (3L

S sl ol el 5 Ske awlie € mbys
ol sl el SIS 50 i slac bl LS sl
L& ol s Olme o i 4 sbas 3 S 05 & sl 5
“dsle e 0 ¥ Bl 58 L 2 s e S e PUAR
S 5 Ad Jol (UL S ) ey S0 S
pde) dals e 3 1) 53 p S oo £0/0V Olpe s 0T Ol e
O K2 el case U S, (Labd e

Ll b S ladised O3 @Sl sl (K)
S HCIOBN L 5 o5 o oo 55618 5 o5l o
Nelson and ) ds 8wl 25 g b b 055550 5 L
.(Sommers, 1973
(ioss ) a3 = ((0.0014 x V)/P) x 100

S Lol e VS e Wsad 035 P
Ak e 2 Ol 5 e 55 (B e

o3lial b (6 200 JIS gy 51eS 0 ied Sl i (5l
G 3l S el CBE 5 g Sl s
LE el (g pes P ok oes Sl eslinal b aedad
OTVO (sl

5 GenStat16 Jissle 5 5l eslizal L ol (slaesls ST
53 Sl lasls dim Oga3T Grob Sl baesls  Sike 4yl
A S 15 e s e 3 5e Ao sy e b

Cou g mls
ooy SUSSU ahdloe ls DL Wbl 4 S
S8l G Shs sld sy » 4 05 sl o
CLL sad LS Sl pme Aoy SO Jle| ck..ﬂjs RW
Golsgme sl o gme 5 olS Ciliue Condge 4 3l el
Gl o GSeilll sy sl Sy sl Bl sl
23 Ss g o Ole pl po &S Ll sdalle (S L, IS
S leck.w): b S5y sle 5 Loy 0 JL@}\C&“
SUS oL Labdghe Sl ioman sy Sl g Loy
) e Cond go an Sl eddangd (S Wsed a0 ely
S 25 sl gae o ys S Jlaiml e s (4 035 gl
Admesls 5Gds Jes 5 e Slelbl s ke 4
s sop ek nl 53 (S edalie wn (Al o
TNV | 7% QS| EWIPVRICH OV S SUSVINT-S U SV S S
w Sgie b ow Aoy L Ol S 5 Ll e
o3 B 235 a5 3k polantl o g C bty 5 A 5350
(Y Jsd) das e OLES 1 a1 Se 31l

slackle sls OLis Laesls wf;l.:.a doslle tas d)b


https://jispp.iut.ac.ir/article-1-2153-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-19 ]

VY Jle A a)ws\fu?s@kfb;)ts".’.}ii} YYY

(50 058 S5 P55 SPsose SB Sy Fa g ey SIS U e b 5 Sy e S Slls 4 - Jsds

ok
Slay o S )l
; ; ; ; : e alcas
JSdske 3 C o pslyy A3 55U g o Jsb S w05 sl
/eyns ey feayns agms agms ey s Y S sl
YV EE QAN NAVE/RNYHE AV 0pTE \VEEE AAZAN A "Ny Y b sl
Y /eYY TR VY /0 o/ A s ot
(VAR YEVER L 0p/TVEE Wi VV/OVE® AVAZ. S (Vi i Y  ga
Y/04%° RVEZE A LYY/ VNS £ 7\ SR VAL A YA Vo YA ? e x4 500
/0 e /g AN ¥ /Y /0 \$ G154 3a e
A oY oY % \/$ \Al \\id (1) &l i
L2330 5\ Jlexl ch.d 2 I3 s g ol fee pb LS 5 4 sk g NS
—Y Jgd asls
Sla o S0k o
> ; ; - . el
by Sk O34 S MRS S e lpH ol
VerATS L ATS TS e /eayms Lo ayems Y S s
AVARRY~NSEVAL vV VVA RV T YA £Y0 b VAR CRRSR A v/ S i A \ b s
YN o0 /reed YO YO \rAS VRRRIN 2 Uast
/e£aqF eeqE VO Y ey EE A VARES Y  god
COAQYTE Ve QAT OV o/ NVEE VA% JARES s 5l sl X4 gl
YREAN /ey ORAR ey fenY ¥V e \$ Gl S ges gl
Y/ o/f \/f \vAS #/0 V/Y /5 (1) & a5 g o
430 5V Jlaiml mhas 3 s pre 5 la e b S 4 R 5 NS

53 el SUS U Sl5a L3 Sl sles LV/FP L ol e
V JS8) del st s S
Jlize 1 aS sls 0Lid besls o Sle anslia 1S Jby IS
Sogme IS J5 IS Olsen 5 S Canbse 5 3L o
055 2 pS ke Y107 Olgn r S Jd5 IS Ol 250G o5
ol 8 A edalie Ly S 55 5l o Ll Dles o
Aoy K dlaaml s s dald les 4 cd i
A JSE) 55 s s

adlas 55 odel s mE el 1S A,

R oS A Ol A5 55508 Gl il Sl

L5l Sl beesls (ke anlie 1S J glowe A3

335 el OWSHU e glacble s IS J sl
L odoss YATZ Ol ap S Jslomn A3 0 2l oG5k
3018 3 ol chle by SUS SU 2 gloe 5 08
LUL S, el s 4 s S el s 0l S50 2
G JSE) 550 s s oy S ezl o s Lo s TF
S sl Ol el oSl aslie fogm 4o

ot Aol Al o ge eslinal 5, pe e glac bl
YL oo O ayidnd Ol o ke 45 sbe A, S
iS5 (2 s BB) UL S dals Sl @ Glase


https://jispp.iut.ac.ir/article-1-2153-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-19 ]

T b b il ol o (S5 5 et kS 5t

16 OLNS, DL, @S,
o B AT S
2| o N TS
! \ \ X
3 \ \ \
STHN HEN TR
NN R
\ \ X
0 1 2 4
G 03 p5) pamly OIS 556
af'u"J“‘;'5))3{5‘°}:‘J.9-bﬁ)_9§5‘3ﬁ@y3ﬂu%awjudzgdﬁbuﬁs;\s—\JS._:
T
"%34 ] o e [] d d e
%3 f Py
2 §
\ \

[GSUSH pf) by S 5L

Sk 135 55500 0500 o 5 g S Camdsn g el SUS SU SLT gl ST -Y IS

G Oss e oS ) IS U

N
%
\
\
\
%
\

a ab
+§

0 1 2
G 53 5D el SIS 536

4

ks (1355580 050 S J5 0 5581 Sy Camdge 5 el SUS U AL glons 3T ¥ IS

S sl OLis Laesls wf..l.:.e dns Lo @u g S g &;ﬁ):jvﬁvlt{: QLLS}J’UJ\P\)))%WJJ.})LSL:CJ;

Dt 4Ssba s S Gl ) s ege S

(4 JKE) 55 s pme Aoy S


https://jispp.iut.ac.ir/article-1-2153-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-19 ]

VY Jle A a)ws\fll?swtgb;)sjlﬁei} YY¥

0 D.:l“fj,-! Dj‘-‘“}j,—: B,.abo,
B : L
+ C d —
2, %0 [ ] ef
35 40 g
B _ hi
- j :
< 20 Kk =
| %
5, 10 '\
2 I—I

0 N

0 1 2 4

(&d 5 C)f) r-_v—ol:: OIS U

ek (55 55K 050 JS A5 55U 55K S Card s g el SUS 56 SL lons 3T -F S

~
N

OWS, Dh,s, B LS,

a
c ——

—I— C
h h oh 3
HH

0 1 2 4

o o =
o o O
@

(5053 pSVer 2 eS8 o) Comels
[42] D (2] [=2]
[ee] o N e

(o)
[o2]

(S
N

CA 53 05 ol IS 50

Sk (35 55550 0500 C el g 5 5580 Sy Camdsn g el SUS S SLdglowe ST -0 Ko

30 DS, Dh,s, 8.8,

o

ab ap a
0 1 2 4

G 53 08D ey DS 536

ek (3, 5580 Sy Jahoms 43 5 580 S CanBgn 5 ol SUS 56 LT s 3T -F IS

I

b ab a
E bc —
25 d —

®

20 __

G855 p8 2 eS8 Gh) IS sl 13

o
R
X
N\
N\
X
X
X

X
§
R
\
\
\
\
%
D

\
\
\
\
\
\

Q‘J:A L LSDM JJ}) V.:.«.«:l:.i C)US}JL’ gﬂ.bu C}lﬂ—w \/QYLUL: 5}")‘)“ DL )LRQIG.LO‘)J L L)':::jf-’- O‘j""
Sl ol & sbas als las Slakes 5 SO1 55 6 gme 055 50 A JK8) Ad sdaline s s
Sy Sope w GBS s Gle (ol S e s 305 a8 sl OLES Laesls S0k anmlis s 1 IS 055


https://jispp.iut.ac.ir/article-1-2153-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-19 ]

WO 2o b Gl 5K e g (S5 5 ploerdism CohS 20 ooy
45 OV, Ou,s, Beis,
‘ c _alb_ bc _a.b_ @b 2 o8
35 —=— q >
N N
° de d § §
25
T :\ \
2 Il
\ \
15 % "%
\ N\
. R
. X N
0 1 2 4
G 52 p5) ey OIS 55U
ke (55 558 6300 ardoml 558 S Camds g ks SUS SU BL lons 3T -V S
6
3, O VS, DL, B8, ab
5 ° b _I_
>4 " 4 d BIEE
3 o _
v, 3 g1 8
S \
3 h o R
b \
RENEN \
0 1 2 4
(A 53 5) ol S 536
Sk 135 5,580 Sy S S5 AS  5 5K S Canbgn 5 el SUS SU LT s ST -A S
1 O WS, OL,s, B L5, a
, 09
% 08 be ab _I_ ab
3 od c =
o 01 o s 4
i s TR
w0 S N
% 04 % %
50 \ \
0 1 2 4
G 02 5 el 2S 550
ek 035 580 Sy JS w3555, 2 55K S Camdgn 5 el DUS 56 LEL T govs Ab-a s
v.n.ml:.r oS 4L J::J BE Df A el e gl el sl 33 v.:.wt; QUSJJL}J::}): ijza 38 J:f.’l...a sk 4

LS 5 Gl s She S 5l riy L S L sl

03558 e do s /0P S0l sk 4 (L s

05350 Ol oo s 330 S8 S 5l 2t 50 Sl ol 501 e s 3 (y = 555.08x + 1.28; R? = 0.997)


https://jispp.iut.ac.ir/article-1-2153-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-19 ]

VY Jle A a)ws\fu?swtgb;)s}.l@j} \Ad

25 O VNS, OL,S, B..L5,
a2 a gp ab
1, 3 C =1
j:) " de de d d §
5 N N
\\2l 1 f 2 § %
N 1IN
2 os \ \
N R
0 N N
0 1 2 4
G 53 08) ool S 530
el (135 55850 gm0 g 55N S Lol ga g el SUS U BL T slowe ST -0
45 O NS, DL,s, @5,
4 ab :
3.5 c —E
3 =
. d
k25 : ;
15 !
1
05
0
0 1 2 4

G s r;) el OIS 56

ek (3, 5580 S 5y 05575 2 558N S Camdsn g pely SUS SU BLD gl ST -V IS

O JK8)
S5 6 s 0L esls Sl alie bt feemly
Ol bt Sl o pe ol DU SU s -5
o on Rl s Gl 500 s e el
oA skl LIl L A A edalie (S i
Nle s 4 Gl o ey US S 2 5o e S
y = 353.81x + 0.99; Rz = ) m-wl.g clble dsys Y0
S s s Ll ol .adl sl 5l e se 55 (0.963
4 do s VY 5N N0 o g B s Sle  oSL
Ol ptode s by SUSHL 2d s 05 s Sl
ChlE 4 by Aoy TVF L g ely Ol 0 At
DMe op meS 5 s edaline b S 03 s Lls 3 Llex

dol ks UL S als Jles 53 Ao V¥ L e oyl

S p s sl ool Chle 4 by e Ao YA L o
o3 WYY L aie cpl ldde o maS 5 b edalie ool
O JS2) del o by S sl L s
35005 48 5ls 0L Laosls (ks aylie il JS i
Aed Olgn 53 3520 Ky peoly OUS 5L Cils 5o
A Bl Ik 4 cils Glale 5K s 6 e
Sle psb w Gibd e o ey SUS S 1) 02 6 S
y = 68.286x + 0.5169; R2 =) ,i.5 chale dojys v/ FA
A S ol allae . 3b SRl S0l 6 g s (0.882
Sl SBS 5 3 O e eS 5 SB5 S e SR
cble 4 by e doys AV Loy i Ol op i 3
SMEe op S s s edalie b S o3 s e L3 Ller


https://jispp.iut.ac.ir/article-1-2153-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-19 ]

YWV 2o b Gl oK e g (S5 5 (plordism CokS 25 st

1.2 o5,

—

\
%
\
N

B

OL,s, Bots,

a
c
bc
E3
ded

0 1

2 4

G 53 05) paly OS50

ek (55 55K Sy i 5K Sy Camdge 5 el SUS 5L AL one ST -Y IS

3 O WS, OL.,s, B.L5,

1) el
-
[$2]

a
b
c E
—E—
de
e

G 02 05D pomly SIS 530

Sl o35 5581 Sy aly 55K Sy Carin g el SUS 5L Sbd o 5L Y S

el oo eld sdalis Lyl .(2020; Jia et al., 2020
dse Mg Blae 53 leed) LS 5 cnl SOslg s
ool baasl ol (Keller, 2015) Wil Lo o (g e g
)ji.“ &_JLGL C".'.J'.’.'LA B b LQC)LLS)JL' )‘ Ladda salata!
(Yo¥+) OLKea 5 Shalan axllas 5 s5la 0wt
035 il corge O S 5SS 53 palty Sl g 3 28
Lug o,uu;)ljf@up,@u- A5 s 45 A b

Sls Cillas O iyt
DL )‘JLS.'«M u:'-:\ﬁ‘ —r c‘)‘ﬁ B )L@.?: QE.LG L °5‘.’.ﬁ4’3
A5 S el les b oavslis s LM}.:AJSJ;:’Lg\)WCLM
55 (PAL) 1l s0lS (sl 5T 55865 Olse & el

(Y Jﬁ.:)

ou

3 S Slio Olojen s s Olpa 03 Jler chle)
53 A O3 e Sosba s S Gl S asS
5L S s Gra b WWAY) a= Jsb o 2t ly S
A edalis Lfﬁ\i gﬁ L;.::L_:J}lm B TJJ\N L;?_L..a ‘-JJ"M
sop 2ose Slio w68 (Saemen I S mls gl
eL:f szjjﬁjaﬁ DL ML:J“ Ml}-.&?: J..EJ OMJOL:».; 45 &;M.»l‘
)l JJIL EW\ th).a.e_: u.:\ nw&» OL?JU_‘J )‘ &:M»l‘
Wil bobaas S Mg 5 ey GLE i
Rawat et al., 2022; Mokhtarzadeh and Shahsavar, )


https://jispp.iut.ac.ir/article-1-2153-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-19 ]

VY Jle A a,k&g\fﬂ?gwlszﬁ)&}@]} YYA

L 55l 5 s (Sl s 3 SIS (28 ks Lol
Olge 4wl (Wei et al, 2024) coul o o)l
Jed 5 (CHS) sl 08 wile gl duwﬂ oS Jlad
o Lol s s 3 (PAL) SULT (0l
L;LAMKA {(Richter-Laskowska et al., 2023) .S .
s SAIST 05 Ol SRl el Gl cal s
Petrussa et al, ) aoly b Cou Ll 5o s
Sl oS Sasle i M 5 s LIS 3 pee (2013
s o8l sl (Daoetal., 2011) lans 55U s 5
Lide oo o5 UL GBS 5 3 ) el JWEEH 5 ol &S
LS 5 SLS s sdsedalin sl (Hasan et al., 2022)
SUL S ke ol oS a3l bUs cpl 4 Llge b
23 B8 I wsl olS s W s b bS8,
Zhang ) Laad 5isle b s 1o sla03 Oly a5 2dy 555 2 2
LS 5 53 AL sladse, s ag =5 s (etal, 2021
e Sl L5 AS o S o | (Davies, 2010) UL
L olS i) b parls K 4 e el SUS 5L
Ll 2als o el cal s e UL Ll s ek
ol sdd Ll ol s ely il e ols
.(Marschner, 1995)
SUS 5L ibd sl & Wlesls Ol ) slaasly
b besee 53 & ualiys Ol (550 usb 4 Ll oo only
s e s Fochle oS,k 4 was Ll
o5 8t Bl 3l o s 1y 36 mi
L Llg e el ol aS e plie s nlyy S8
S sSal dd fs e 53 A Glam BT A
ool 5 Ol L e 503 Oly SR 5 (& el )
(nlpesle (Lester et al, 2005) aas Jiolsel |, by
g oS eS| sl s CopE Ll
U T S CJE V| K VWK RO SoH Iy R L PO |
(Hu et al,, 2016) &S (5, Ssl> Wi o & uelis
W3 S S eIl s 4 55 el SUS G SH eslind

S sbadsle & ey JEl 5 Cde nlE0 Esly

S A4S Joo Kislsn b ULl Gl LS s
.(Sharma et al., 2019) .l JLé ols 5 Lol sl iy
Sledled Jala Wig e 2l ol el il
St B L 5 SleS)y wile GlSI ST slag 5T
5 3MeeSlyy & (Gao et al, 2018) asl wnly b o
e S3badlad 53 e 1 OAST ST sla BT S
S M Dl e e 5 s Al b
el ol S 5 e (S 5 b sl s 5l sl
ol o el OF Gl oS ol UL pol (T b o 3T e
s has e &5 OMeSI ST slan 3T ol il b
s (Sharma et al., 2019) 543 0 03 olo Eeb ROS JLS
5 Pt Susl Gk Sl 8 sty s SR
w5t Ceols 5 (Rengel etal., 2020) Lacl,un 5 S 0 &
P el JE 5 Sl S ol
.(Nanehkaran et al., 2024) iz o 35 AL slacsl
Lol (See buy S oL s sddedalie ooyl
st 5 s o by b8, Sidps cudye
By Gl sl 5 Losesss o w55 sl slacd pbe
S g6 ols 5 (Watanabe et al., 2013) ail a0 ol s
g 580N S e 3 G AIS (gla, pSB Olse @
P e psba 40 gl dple ol S 1 s e
Sl S e Llsy der 5l ope o slamlil
Gao ) wawa LIS 56 PR PP VTR - o Liaseals
Co S0 glaas 5 L4 s IS s c Ll (et al., 2024
Wl e 514 3,8 o 513 e 5 55 Julse T
Slosat o3, S35 b Shy 4 Olse
(eBlAr Cadpe el Bl Sl plend S5 58
b Gl Sl oy 4 a0l gt (23 S e
.(Garcia-Cabezon et al., 2020) s S oL
& by SIS HE 3, oS sl 0L adlles ol il
o2l sleS L s le s Ll chle b oeny
Loanslie 53 laegs IS A3 5ls (lsme Jls pime il
Ol &S (eodaze Slllas Lol ol s § aald s


https://jispp.iut.ac.ir/article-1-2153-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-19 ]

WA 2o b Gl oK e g (S5 5 plordsm CokS 20 st

Rengel et al., ) >3 o avdowl oS & e badshe
e JUS| W15 o el L 2153 (e slls (2022
Sl sl 5 A4S Jogd 050 ladsbe 4 1) (g ymm 53
SLS 5 s Ol as cpl ey Sl s olS 5o
Upons odomn sladid (slymme 2ul33l Al copoe gl
(Wang et al., 2013) Xzea ol o andul JZalS L
(S 5 el lapdile B0 Ll (e
Rl e a8 5 badsle Al S5 00 e SO
S e Wl el SOLLE s Sl Sl ] LS S
.(Shin, 2014)

Lo s Gk Sl oS Gl 2 laas S
53 5 0o sl cdliie QLS 5 2ol 53 0T Jssds
NS G e A s Usans OlaLS 1
LS oo My 2500 (s s b 5 o 25 ok
K Gl s iy s oSa (G et al, 2021)
OBGl 355 as 4 &S 550 205 Ol & e (g3dae
o syge nl 45 355l wal L alansSs s ssledls
E e OLLS 5o 5 5,8 e JlE elS g <6
G2, (Hegazi et al., 2011) Jas o ol sl
e Rl e ol DS (S s l8 ol
SUS S A > s Olie Rl 45 A e JS 85 2
U lacs gy me i cle a Ul ol
b Al L s e Ll 4 pslis b0 Ol
(Hegazi et al., 2011) coul (5 5 skiSay o (slags ]

(el 5 e 855 %0) S 5 0500 2lAe jolis lade
Lsls OF Kist osle 5 050 CokS el 3 lpoets A
sbadals 5 o8 darl 2L Slles 5 (S55 Jlye
2ok b Gt 5 S b G ) S5 S)
5,8 (Daretal, 2015) Ll oge 5 S 5 jols (gl gims
ey OS5 SBle (LI o el SUSSL S
ooenbe Gaiash 03 amd pl S bege jald
5 Gahe YA OLes 5 eshile) Sl ol 515
3 ool e 35S OF ol Bs il (0744 O Se

WS 5L LSLJ sk a5 .(Nair et al., 2010) 545
Ll SUL LB Ly 2l by 05 Seal b b eenly
& bty e RISl el cdled s o
i oalg 53 3 035 SaS gildenS] oyl a5
03 & el lgeee s 1 e see 53 & el
e e 508 b e Sl (55 S s
L ol nl 6 ols 0l Gosmo digs by SUS L
baaiy) b s O Sranl o 53 sl 28 4 0150
3 sl 5 5 53 OF e 6 iman 5 S 6,05 J 28
2 lg e el ol S ol s s 40 S
Mubashir et al., ) toes S50 Woge & ol g Aol580
.(2023

QLS da) Gl $os 2 ,ole 5l (S Ulssa (uly
g ez 5l (S5 gladul B s @S i
Rengel ) 5,15 olde slse Ul 5 Joho (genl SLES (...L.J
L bas o r.‘.wl.d SUs b V,.w&a (et al., 2022
S5 338 3l go JUE (B (g w8 b g 4 OIS e
30 b el ol Lod Jsbe 5 el (i LI
O i 5 5k iS5 b 51 CO2 ol 5 8 ol
Heidari et ) das o Jiolsl | aad i  alS sladss,
S e s Ol geames J_'.'.MUS Jizl RRC I (al., 2023
L3 2l mead 4 e ol S 5 0 QUL sbS
s el (Wang et al, 2013) s s cpl o
2 5 ol sl Chle HI51 Gl gl sl
spie JS Jsdee ok opd 5 g Sl e
.(Rengel et al., 2022)

B S Ll sy ol 53 andesl halS
Sl 5 s > SSdasd ek p by
CLogn o SRl 4 e oS il S ple gl b
SR 3l B 5 e o sladsle 5o el
Bl Cand (gl L;Lavmg&a w Ol oo 1y e gee an il
A sladsle pH b 53 S jole 51 (S ely
53 (HY 1l) sl sladg 03585 Gk 5l 5 o


https://jispp.iut.ac.ir/article-1-2153-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-19 ]

VY Jle A a)ws\fu?s@kfb;)ts".’.}ii} Y¥.

hdshme S 55 oS Vs Sk ol @B
Sl Shs 03 x50 s Glp 55 ) ly S5t
Sl 5 os aliE obe CBlE g A4S 5 S
solwdled s el A8 Sl i las g ol 38 sl
5 e SedS 5 s 2 alendian Gle s
g gk sl JUS! 5 Cder il s 0T sl casls
SUS 5L Sbdsbe S Ol5 e elal Coly 25 Gl
e S S s 4 el il &S (60150 3 ey
o el ge (S b adn Gl 5L 5 L e ((S32)

pams &S 5 Sladss il 355 5o (SaS oo, Olse

okd o3L3l gabge nl 4 e Gble 53 85l olS
Ol 5 OF0) 3 llae VTAY (OLs 5 (535 5u0) o
QU Jogms 5 raml @b 53 GEE oe OF 35S
Sl 5 JEl s Sl s ) ol slaes sl
Ll SRl e 03 pole GBS e s 5 eld ole
3,0 G ose Sole lade Jaul58l 51 (Keller, 2010)
055 53 OYAY) OLler 5 Dby baws el Sl e
(Vitis vinifera L.) 5| 5 s «(Olea europaea L.)
o @u S ol 0d )5S (Sarikhani et al., 2014)

15 Slsan 3 g LIS L Sl

5505 o3l 55

S S aoms

Cf:t"'

Ol S (ol 5 S Sl des 3o .J sl Ui 0lS w2 gla™ s, (VYY) aiSle (bl

sk gl 5 GOl Dlidss S e clagg slas,sles (OYAY) plal OLaly e 5 Oganay ke ol (63,500
o hlasl L B ol

o V*“““L’ Sl g LLdshe Sl ) 5 (VAT [ gmte Ao Sl5dew 5 ¢ oadas QFE\SM (S cruts (o Gl e
(A alS Sty lsal oles 5 O Ll s 55 (Olea europaea L) 05 b, 5 oge A4S 5 o5 sl axls

Ye-\Y

J».J 9 @)S \:,J“J.LJ.A J:J;U (\Y""\Q) O.?aUS ‘\j“) 9 46.\.;:.«: (s ;qu.bb ‘fJS\ gst..._...j sdjw
AYF-NA () e bl by 5 ST Cy ke alzes . GlOBAS Lol 15 53 50 3 &l S

514.;.1.%5 C,\.g...é)ﬁ &

4.'/,4;.' (CND) nulf.,\.;- u‘*‘"':’ Ui'j) )‘ oslaiul L: ulm QLM:\ )j—<-’| CJLOL: 6\4;“.)@.7 gL.:Mj u"Ll)J\ (\f'\) V.,a-) LJfJ‘UQA
YEV-YVO ()1 (S 5 of

SO m s St el Sl g (S w85 JNOYAY) S e i pdeses 5 clllz ) oan S sl coalili

NaS—AY () ) ‘wgwﬁ,&.@ﬁjx@)ﬁl

Al-Juthery, H. W., Lahmod, N. R., & Al-Taee, R. A. (2021). Intelligent, nano-fertilizers: A new technology for
improvement nutrient use efficiency (article review). In IOP Conference Series: Earth and Environmental Science.
IOP Publishing. https://doi.org/10.1088/1755-1315/735/1/012086

Al-Qurashi, A. D., Awad, M. A., & Ali, M. A. (2023). Exogenous ascorbic acid and procyanidin application affect
quality of sensation mangoes during ripening. Journal of Animal and Plant Sciences, 33(3.)

Arnon, A. N. (1967). Method of extraction of chlorophyll in the plants. Agronomy Journal, 23, 112-121.

Bradford, M. M. (1976). A rapid and sensitive method for the quantitation of microgram quantities of protein utilizing
the principle of protein-dye binding. Analytical Biochemistry, 72(1-2), 248-254. https://doi.org/10.1016/0003-
2697(76)90527-3

Chang, C., Yang, M., Wen, H., & Chern, J. (2002). Estimation of total flavonoid content in propolis by two
complementary  colorimetric  methods. Journal of Food and Drug Analysis, 10, 178-182.
https://doi.org/10.38212/2224-6614.2748


https://jispp.iut.ac.ir/article-1-2153-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-19 ]

YO tlhd e b Gl 55K g (S5 5 alberdsn CokS 20 -

Cui, J, & Tcherkez, G. (2021). Potassium dependency of enzymes in plant primary metabolism. Plant Physiology and
Biochemistry, 166, 522-530. https://doi.org/10.1016/j.plaphy.2021.06.017

Dao, T. T. H., Linthorst, H. J. M., & Verpoorte, R. (2011). Chalcone synthase and its functions in plant resistance.
Phytochemistry Reviews, 10, 397-412. https://doi.org/10.1007/s11101-011-9211-7

Dar, M. A,, Wani, J. A., Raina, S. K., Bhat, M. Y., & Malik, M. A. (2015). Relationship of leaf nutrient content with
fruit yield and quality of pear. Journal of Environmental Biology, 36(3), 649.

Davies, P. J. (2010). Regulatory factors in hormone action: Level, location and signal transduction. In: Plant Hormones:
Biosynthesis, Signal Transduction, Action. (ed. Davies, P. J.) Pp. 16-35. Dordrecht: Springer, Netherlands.
https://doi.org/10.1007/978-1-4020-2686-7_2

El-Gioushy, S. F., Ding, Z., Bahloul, A. M., Gawish, M. S., Abou El Ghit, H. M., Abdelaziz, A. M., ... & Zewail, R. M.
(2021). Foliar application of nano, chelated, and conventional iron forms enhanced growth, nutritional status,
fruiting aspects, and fruit quality of Washington navel orange trees (Citrus sinensis L. Osbeck). Plants, 10(12),
2577.

El-Said, R., El-Shazly, S., El-Gazzar, A., Shaaban, E., & Saleh, M. (2019). Efficiency of nano-zinc foliar spray on
growth, yield and fruit quality of flame seedless grape. Journal of Applied Sciences, 19, 612-630.

FAOStat. (2023). gttp://Fa.stat.Fau.org/site/626/default.aspt ancor

Fenech, M., Amaya, |., Valpuesta, V., & Botella, M. A. (2019). Vitamin C content in fruits: Biosynthesis and regulation.
Frontiers in Plant Science, 9, 2006. https://doi.org/10.3389/fpls.2018.02006

Gao, F, Guan, L., Zeng, G, Hao, X., Li, H., & Wang, H. (2024). Preliminary characterization of chemical and sensory
attributes for grapes and wines of different cultivars from the Weibei Plateau region in China. Food Chemistry, 10,
21, 101091. https://doi.org/10.1016/j.fochx.2023.101091

Gao, X., Zhang, S., Zhao, X., & Wu, Q. (2018). Potassium-induced plant resistance against soybean cyst nematode via
root exudation of phenolic acids and plant pathogen-related genes. PLoS One, 13(7), €0200903.

Garcia-Cabezon, C., Gobbi Teixeira, G., Dias, L. G., Salvo-Comino, C., Garcia-Hernandez, C., Rodriguez-Mendez, M.
L., & Martin-Pedrosa, F. (2020). Analysis of phenolic content in grape seeds and skins by means of a bio-electronic
tongue. Sensors, 20(15), 4176. https://doi.org/10.3390/s20154176

Gu, X., Liu, Y., Li, N., Liu, Y., Zhao, D., Wei, B., & Wen, X. (2021). Effects of the foliar application of
potassium fertilizer on the grain protein and dough quality of wheat. Agronomy, 11(9), 1749.
https://doi.org/10.3390/agronomy11091749

Hasan, B. K., Leiby, H. R., & Al Ghasheem, N. (2022). Effects of nano-chelated micronutrients and seaweed on
nutrients uptake and chemical traits of quinoa (Chenopodium quinoa Willd.). Caspian Journal of Environmental
Sciences, 20(5), 985-989. https://doi.org/10.22124/CJES.2022.6052

Hegazi, E. S., Mohamed, S. M., EL Sonbaty, M. R., Abd El Naby, S. K. M., & El Sharony, T. F. (2011). Effect of
potassium nitrate on vegetative growth, nutritional status, yield and fruit quality of olive cv. Picual. Journal of
Horticultural Science and Ornamental Plants, 3(3), 252-258.

Heidari, Z., Noruzi, P., Rezapour-Fard, J., & Jabbarzadeh, Z. (2023). Different LED light spectra’s and nano-chelated
potassium affect the quality traits of Dolce Vita cut roses in soilless culture condition. Scientific Reports, 13(1),
6769. https://doi.org/10.1038/s41598-023-34056-4

Hu, W., Lv, X,, Yang, J., Chen, B., Zhao, W., Meng, Y., ... & Oosterhuis, D. M. (2016). Effects of potassium deficiency
on antioxidant metabolism related to leaf senescence in cotton (Gossypium hirsutum L.). Field Crops Research, 191,
139-149. https://doi.org/10.1016/j.fcr.2016.02.025

Jia, K., Zhang, Q., Xing, Y., Yan, J., Liu, L., & Nie, K. (2020). A development-associated decrease in osmotic potential
contributes to fruit ripening initiation in strawberry (Fragaria ananassa). Frontiers in Plant Science, 11, 1035.
https://doi.org/10.3389/fpls.2020.01035

Keller, M. (2015). The Science of Grapevines: Anatomy and Physiology. Academic Press.

Keller, M. (2010). The Science of Grapevines: Anatomy and Physiology. Burlington, MA: Academic Press.

Kochert, G. (1978). Carbohydrate determination by the phenol-sulfuric acid method. Handbook of phycological
methods, Physiological and biochemical methods, 95.

Lester, G. E., Jifon, J. L., & Makus, D. J. (2010). Impact of potassium nutrition on food quality of fruits and vegetables:
A condensed and concise review of the literature. Better Crops, 94(1), 18-21.

Lester, G. E., Jifon, J. L., & Rogers, G. (2005). Supplemental foliar potassium applications during muskmelon fruit
development can improve fruit quality, ascorbic acid, and beta-carotene contents. Journal of the American Society
for Horticultural Science, 130(4), 649-653.

Ma, Z. F, & Zhang, H. (2017). Phytochemical constituents, health benefits, and industrial applications of grape seeds: A
mini-review. Antioxidants, 6(3), 71. https://doi.org/10.3390/antiox6030071

Marschner, H. (1995). Mineral Nutrition of Higher Plants. 2" Ed. Academic Press, London.

Meda, A., Lamien, C. E., Romito, M., Millogo, J., & Nacoulma, O. G. (2005). Determination of the total phenolic,
flavonoid and pralin contents in Burkina Fasan honey, as well as their scavenging activity. Food Chemistry, 91, 571-


https://jispp.iut.ac.ir/article-1-2153-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-19 ]

VECF Jlo P4 oyled AF W aLE 5 S8 sl p YEY

577. https://doi.org/10.1016/j.foodchem.2004.10.006

Mengel, K. (2007). Potassium. In: Handbook of Plant Nutrition. (eds. Barker, A. V. and Pilbeam, D. J.) Pp. 91-120.
CRC Press.

Mohammadi, S., Karimi, S., & Tavallali, V. (2024). Differential responses of green-synthesized iron nano-complexes in
mitigating bicarbonate stress in almond trees. Heliyon, 10(3).

Mokhtarzadeh, Z, & Shahsavar, A. R. (2020). Effects of gibberellic acid, potassium nitrate and calcium sulfate on
pomegranate fruit splitting and fruit characteristics. Agriculturae Conspectus Scientificus, 85(3), 237-245.

Mozafari, A. A., Ghadakchi asl, A., & Ghaderi, N. (2018). Grape response to salinity stress and role of iron nanoparticle
and potassium silicate to mitigate salt induced damage under in vitro conditions. Physiology and Molecular Biology
of Plants, 24, 25-35. https://doi.org/10.1007/s12298-017-0488-x

Mubashir, A., Nisa, Z. U., Shah, A. A., Kiran, M., Hussain, I., Ali, N., ... & Abd Elgawad, H. (2023). Effect of foliar
application of nano-nutrients solution on growth and biochemical attributes of tomato (Solanum lycopersicum)
under drought stress. Frontiers in Plant Science, 13, 1066790. https://doi.org/10.3389/fpls.2022.1066790

Nair, R., Varghese, S. H., Nair, B. G., Maekawa, T., Yoshida, Y., & Kumar, D. S. (2010). Nanoparticulate material
delivery to plants. Plant Science, 179(3), 154-163. https://doi.org/10.1016/j.plantsci.2010.04.012

Nanehkaran, F. M., Razavi, S. M., Ghasemian, A., Ghorbani, A., & Zargar, M. (2024). Foliar applied potassium
nanoparticles (K-NPs) and potassium sulfate on growth, physiological, and phytochemical parameters in Melissa
officinalis L. under salt stress. Environmental Science and Pollution Research, 31(21), 31108-31122.
https://doi.org/10.1007/s11356-024-33306-w

Nelson, D. W, & Sommers, L. E. (1973). Determination of total nitrogen in plant material 1. Agronomy Journal, 65(1),
109-112.

Petrussa, E., Braidot, E., Zancani, M., Peresson, C., Bertolini, A., Patui, S., & Vianello, A. (2013). Plant flavonoids—
biosynthesis, transport and involvement in stress responses. International Journal of Molecular Sciences, 14(7),
14950-14973. https://doi.org/10.3390/ijms140714950

Rasouli, M., Bayanati, M., & Tavakoli, F. (2024). Improving quantitative and qualitative traits of Grapes cv.‘Fakhri’of
Iran with foliar application of potassium silicate and humic acid. Russian Journal of Plant Physiology, 71(3), 86.
https://doi.org/10.1134/S1021443724605251

Rawat, J., Pandey, N., & Saxena, J. (2022). Role of potassium in plant photosynthesis, transport, growth and yield. Role
of Potassium in Abiotic Stress, 1-14. https://doi.org/10.1007/978-981-16-4461-0_1

Rengel, Z., Cakmak, I., & White, P. J. (2022). Marschner's Mineral Nutrition of Plants. Academic Press.

Richter-Laskowska, M., Trybek, P., Delfino, D. V. & Wawrzkiewicz-Jalowiecka, A. (2023). Flavonoids as
modulators of potassium channels. International Journal of Molecular Sciences, 24(2), 1311.
https://doi.org/10.3390/ijms24021311

Rohi Vishekaii, Z., Soleimani, A., Fallahi, E., Hasani, A., & Ghasemnezhad, M. (2022). Response of olive (Olea
europaea L.) trees to foliar spray of nano chelated and chemical potassium fertilizers. Journal of Plant Nutrition, 1-
13. https://doi.org/10.1080/01904167.2022.2072740

Sabir, A., Yazar, K., Sabir, F.,, Kara, Z., Atilla, M., & Goksu, N. (2014). Vine growth, yield, berry quality attributes and
leaf nutrient content of grapevines as influenced by seaweed extract (Ascophyllum nodosum) and nanosize fertilizer
pulverizations. Scientia Horticulturae, 175, 1-8. https://doi.org/10.1016/j.scienta.2014.05.021

Sajyan, T. K., Shaban, N., Rizkallah, J., & Sassine, Y. N. (2018). Effects of monopotassium-phosphate, nano-calcium
fertilizer, acetyl salicylic acid and glycinebetaine application on growth and production of tomato (Solanum
lycopersicum) crop under salt stress. Agronomy Research, 16,(3).

Effects of Monopotassium- https://doi.org/10.15159/AR.18.079

Sarikhani, H, Haghi, H, Ershadi, A, Esnaashari, M., & Mehrdad, P. (2014). Foliar application of potassium sulphate
enhances the cold- hardiness of grapevine (Vitis vinifera L.). Journal of Horticultural Science and Biotechnology,
89(2), 141-146. https://doi.org/10.1080/14620316.2014.11513060

Seif Sahandi, M., Naghdi Badi, H., Mehrafarin, A., Khalighi-Sigaroodi, F., & Sharifi, M. (2019). Changes in essential
oil content and composition of peppermint (Mentha piperita L.) in responses to nitrogen application. Journal of
Medicinal Plants, 18(72), 81-97. https://doi.org/10.29252/jmp.4.72.81

Shalan, A. M. (2020). Fertilization by nanonano-powder potassium potassium sulfate sulfate enhancing production
production of Grapevines grapevines cv. Crimson crimson seedlessseedless. Journal of Plant Production, 11(3),
207-213.

Sharma, A., Shahzad, B., Rehman, A., Bhardwaj, R., Landi, M., & Zheng, B. (2019). Response of phenylpropanoid
pathway and the role of polyphenols in plants under abiotic stress. Molecules, 24(13), 2452.
https://doi.org/10.3390/molecules24132452

Shin, R. (2014). Strategies for improving potassium use efficiency in plants. Molecules and Cells, 37(8), 575-584.
https://doi.org/10.14348/molcells.2014.0141

Vattani, H., Vafaee, N., Moghadam, A. L., & Keshavarz, N. (2021). Research and comparison of different levels of


https://jispp.iut.ac.ir/article-1-2153-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-19 ]

Y tlhd e b Gl 55K g (S5 5 alberdsn CokS 20 -

fertilizer nano zinc chelates and zinc sulfate and its effect on the growth parameters of parsley
(Petroselinum  crispum L.). European Journal of Agriculture and Food Sciences, 3(1), 23-27.
https://doi.org/10.24018/ejfood.2021.3.1.220

Wang, M., Zheng, Q., Shen, Q., & Guo, S. (2013). The critical role of potassium in plant stress response. International
Journal of Molecular Sciences, 14, 7370-7390. https://doi.org/10.3390/ijms14047370

Watanabe, M., Balazadeh, S., Tohge, T., Erban, A., Giavalisco, P., Kopka, J., ... & Hoefgen, R. (2013). Comprehensive
dissection of spatiotemporal metabolic shifts in primary, secondary, and lipid metabolism during developmental
senescence in Arabidopsis. Plant Physiology, 162(3), 1290-1310.

Wei, T. L., Guo, D. L., Pei, M. S., Wang, Z. H., Liu, H. N., & Yu, Y. H. (2024). Hydrogen peroxide promotes potassium
uptake by activating flavonoid biosynthesis pathway and ethylene signaling in grapevines. Scientia Horticulturae,
326, 112728. https://doi.org/10.1016/j.scienta.2023.112728

Zhang, C., Pan, C., Chen, H., & Wang, S. (2020). The relationship between carbohydrate translocation and the leaf-to-
fruit ratio in walnut trees. Horticultural Science and Technology, 38(3), 308-322.

Zhang, M., Liaang, Y., Chu, G. (2017). Applying silicate fertilizer increases both yield and quality of table grape
(Vvitis vinifera L.) grown on calcareous grey desert soil. Scientia Horticulturae, 225(18), 757-763.
https://doi.org/10.1016/j.scienta.2017.08.019

Zhang, S., Zhang, L., Zou, H., Qiu, L., Zheng, Y., Yang, D., & Wang, Y. (2021). Effects of light on secondary metabolite
biosynthesis in medicinal plants. Frontiers in Plant Science, 12, 781236. https://doi.org/10.3389/fpls.2021.781236


https://jispp.iut.ac.ir/article-1-2153-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-12-19 ]

VEF Jlo P4 oyled AF W aLE 5 SIS 5 ani s YYY

Improving the biochemical and physical quality of Sultani grapefruit by foliar
spraying with different levels of potassium nano-chelate
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Abstract

This study aimed to investigate the effect of foliar application of potassium nano-chelate on the fruit quality of the
Sultani grape cultivar in a vineyard located in Malekan, East Azerbaijan. The experiment was conducted as a multi-
observation randomized complete block design (RCBD) with three replications. The experimental treatment was foliar
application of nano-chelated potassium fertilizer at four levels (control, 1, 2, and 4 kg thousand L), which was sprayed
in three stages: pre-flowering, two weeks after fruit set, and one month after the second spraying. To determine the
morphological and physiological characteristics of the plant, leaf samples were collected as a multi-observation method
from three positions: lower, middle, and upper. Results showed that the 4 kg thousand L concentration of potassium
nano-chelate had the most significant impact on fruit quality attributes. In the upper leaves, this concentration increased
fruit firmness to 4.61 kg cm2, berry length to 13.87 mm, flavonoid content to 58.13 mg g, and protein content to
1.92%. In the lower leaves, the same concentration enhanced total sugar to 28.26 mg g%, nitrogen to 3.68%, phosphorus
to 0.97%, and potassium to 2.76%. Interestingly, the middle leaves treated with the 4 kg thousand L™ concentration
exhibited the highest levels of phenols (68.02 mg g), chlorophyll (4.56 mg g1), and carotenoids (0.80 mg/g). Notably,
the lowest fruit acidity (1.66) was observed in the lower leaves treated with the 4 kg thousand L concentration. These
findings demonstrate that using potassium nano-chelate at 4 kg per thousand L concentration can serve as an effective
strategy to improve the qualitative characteristics of Sultani grapes. However, the effects vary depending on the
position of the sprayed leaves. These results provide valuable insights for producers to optimize nutritional management
practices for grape production.
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