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Fruit cracking and sunburn are two major disorders that can negatively impact
pomegranate (Punica granatum L.) production. To address these problems, an
experiment was conducted to evaluate the combined effects of silica (0, 100, 300,
and 500 ppm) and calcium nitrate (0, 0.75%, and 1.5%) spraying on the fruit of
‘Malase-Saveh’ pomegranate. The treatments were applied three times during the
growing season and a factorial experiment was conducted based on the completely
randomized block design. The results indicate that most of the qualitative and
quantitative traits were influenced by foliar spraying of these substances.
Furthermore, the results demonstrated that foliar application of silica, calcium nitrate,
and their interaction significantly affected fruit cracking. The lowest fruit cracking
(1.06%) was obtained by spraying 500 ppm silica and 1.5% calcium nitrate, while
the highest fruit cracking (21.6%) was recorded from untreated plants. The highest
fruit weight (215.4 g) was observed in the treatment 1.5% calcium nitrate. Most of
the treatments had a positive effect on fruit weight and increased it compared to the
control. Moreover, the treatments improved some qualitative characteristics, such as
an increase in fruit acidity and decrease in sunburn disorder. Ultimately, this study
concluded that combined spraying of silica with calcium is more effective than
individual use and results in the highest fruit yield and quality, as well as the lowest
cracking and sunburn disorders. These findings suggest there are synergistic effects
between these compounds.
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Extended Abstract
Introduction

Pomegranate (Punica granatum L.), a member of Lytraceae family, is one of the oldest fruit species that
has been cultivated by humans. The growing body of evidence indicates that this fruit tree originated in Iran
and some surrounding regions. Iran contains a range of different pomegranate accessions, including wild,
semi-wild and cultivated ones, and is considered the main center of origin and center of diversity for this fruit
crop. Although the pomegranate is considered a fruit species that is relatively tolerant to various unfavorable
conditions such as hot and dry climates, salty soil as well as water deficit, however, various physiological
disorders as well as biotic/abiotic stresses are able to impede fruit production and significantly reduce the
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fruit yield, quality and commercial acceptance. Fruit skin sunburn and fruit cracking are among the main
physiological disorders that cause serious economic losses to pomegranate growers all around the world.
Adequate nutrition through foliar spraying is considered as one of the effective orchard management
strategies that can be used efficiently to reduce the physiological disorders in fruit crop. Calcium (Ca) is an
essential macronutrient and plays crucial roles during different stages of plant growth and development;
including fruit firmness and quality as well as acting as a secondary messenger. Although silicon (Si) seems
to be a nonessential nutrient for the majority of plant species, its beneficial effects on plants as a nutrient
cannot be overlooked. This element improves plant resistance to unfavorable conditions and its positive
effects on the qualitative and quantitative characteristics of agricultural crops have been well documented.

Materials and methods

This research was carried out in a commercial orchard of the pomegranate cultivar ‘Malase-Saveh’. The
orchard was located in the central part of the llam province in the west of Iran (Chardavol city; latitude:
33°56'51"N, longitude: 46°81'32" E, altitude: 787m). In the present study, an experiment was conducted to
assess the combined effects of silica (0, 100, 300 and 500 ppm) with calcium nitrate (0, 0.75% and 1.5%)
spraying on the fruit of ‘Malase-Saveh’ pomegranate. The treatments were repeated three times during the
growing season. A factorial experiment was conducted based on the completely randomized block design.
The first spraying was performed at full bloom (FB) (late in June), while the second and third sprayings were
at 30 and 60 days after FB, respectively. At the time of fruit ripening, the number of healthy, sunburned and
cracked fruits from each tree was counted, and 15 healthy, sunburned or cracked fruits from each tree were
randomly selected and some fruit traits were evaluated. Data analysis was performed using SAS statistical
software and the means were compared using the Duncan Multiple Range Test (DMRT) at the 5% level of
significance.

Results and Discussion

Results indicated that most of the qualitative and quantitative traits were affected by foliar spraying of
these substances. In addition, the results showed that foliar application of silica and calcium nitrate and their
interaction were significant in fruit cracking. The results showed that the lowest fruit cracking (1.06%) was
obtained by combined spraying of 500 ppm silica and 1.5% calcium nitrate, while the highest fruit cracking
(21.6%) was recorded from untreated plants. The highest fruit weight (215.4 g) was recorded from trees
treated with 1.5% calcium nitrate. Calcium nitrate spraying also significantly increased 100 arils fresh
weight, peel thickness, and fruit dimensions, as the highest values for these factors were recorded at 1.5%
calcium nitrate treatment. The results also revealed that 300 and 500 ppm silica treatments significantly
increased fruit weight, while all concentrations of this element reduced TSS and TSS/TA indices. Altogether,
the results indicated that combinatorial spraying of silica with Ca was more efficient than their individual
treatment and resulted in the highest fruit yield and quality as well as the lowest cracking and sunburn
disorders, which suggests there are synergistic effects between these compounds.

Conclusion

Fruit cracking is one of the main disorders in pomegranate fruit, which negatively affects the quality and
quantity of pomegranate fruit. In general, our results showed that the lowest fruit cracking and sunburn were
recorded in the treatment of 500 ppm silica and 1.5% calcium. Foliar spraying with silicon and calcium
nitrate increased aril and fruit weight and improved some biochemical characteristics of pomegranate fruit.
The data obtained from this study could provide valuable insights into the positive effects of appropriate
fertilization on reducing one of the main pomegranate disorders.



s 3 s
Y o b DO 0139 (1A LA (}" e

YEYr-Yar. Jf i
1}

Homepage: http://ijhs.ut.ac.ir//

u}:a& ’)JJJ@I

21 0gm (S5 g 65 Do 9o (TINS5 2 ol O i g ko (Sl ghno il

"L ooy 29000 | BT o8 15 o1 S0l [T oo 5By dlge | Y ool o1,

farzadabdollahi518@gmail.com :asbbl, .yl M M) olStils ¢(5559LsS” 018l ¢ SLEL pole 09,5 )

j.erfani @ilam.ac.ir :asbbl, ..yl p! M) o8l ((sjy9liS 0aSuisls ¢ SUl pole 09,5

Y
zarei@jahromu.ac.ir :asblbl, .ol pl ¢ e e olSuiils ¢ BLS S5 9 g5 09,5 ¢ g odiugs ¥
¥

m.rostaminya@ilam.ac.ir :asbl, .l n! M) M) olSiils ¢ ¢;y9liS” 0autsls « Sk g O 09,5

ouS>

A4

Ao OlNb!

)l 5 oSy ite Sl &S Bl Ul > ol as)le 93 oge (SBgw OBl (SuS 5
P (Pl B0 g Tor Voo Gho) s (B sle Sl guols Giulefl 3 05,88 o Ul ogee
3y90 0l (ule 88y Ul (&S 5 (o5 Slao (B (59, (203 VB 5 +/VB io) el s b oS 5
B > JysSl Sygo 4 Gialejl 5 805 1S5 0y Juab Jsbo 5 )l d ayles (2ES E )y
Jgbro sl o iS5 oS lio 58148 3l i gl 05 plogl Lok oIS (Sl oo
S5 595 ol ilite S g ordS Ol s (o3l Jslome cpizzen Ll S 18 oS S 5 ik
S g 3b &b aald GlalS 5> (10> VAIF) ogne (F2)58 S5 oy s D92 3 e yUl 0900 (5395
Cawdds 2oy VO andS Syt olyed @ pligio 00 Luabw oS5 bl Jgle )3 (aoyd V/F) o
om0 039 LRI 4 o S 5 ol o)l pae b duslie 3 LS 4 el g andS 218
ogme 159 Uil el g andls cuto 13U sgme 59y o edlitel clayle STl Lt ol 3,5
ol alex 3l ogre S Glaw 505 dguy el o oalatwl (glajloy pismed AS Jald & Cuns
ol (5 5 Bl gle 4 0l LS5 @l pgesme ) W3S (S OBl LS g ogee s
9 090 CuisS Slac p Vb 4 i g o3 HaallS gl (ool (slayles 4 s oS’ s L
ol Om w3 Ui &S Cunl 0l ogre (RBguw QLB 5 (53)5S 5 CYNB (1S (pionen

S 3959 oI5l o2 Ol Bl luS

FULTE Y

gl Al

VYT FIYE el s b

VY EINY 26,5550 &, U
AR IR A TR PRV TN
VY e 1, Wi g,

o jlaans
il as)le (3l plo
S S sopo (SiBgu
Hlizo ! ogso

sg00 A5 5 o8 Sloguas (A5 prelS Sz 5 el (Bl sbe 5 (VF0Y) dgacme i o) 5 Sl cio 5 Bl pdo Sy 31558 e 3L
DOI: https://d0i.org/10.22050/ijhs.2023.362286.2116  AYY-\YY (1) 80 « 3// el pole s

Nkt © oyt sty S b £ bl
Sy NG DOI: https://doi.org/10.22059/ijhs.2023.362286.2116



mailto:farzadabdollahi518@gmail.com
mailto:j.erfani@ilam.ac.ir
mailto:zarei@jahromu.ac.ir
mailto:m.rostaminya@ilam.ac.ir
https://doi.org/10.22059/ijhs.2023.362286.2116
https://doi.org/10.22059/ijhs.2023.362286.2116
https://creativecommons.org/licenses/by-nc/4.0/

VFeF S5l é)lais oimty g oloey 8,90 « o)y (ALLL oyl dy pd \YF

dodio

Mo jl (S5 g0 SAS 5 (Zarei et al., 2020) 345 0 g JUl £45 S 10 g Liulin Lol T o)
as)le Skl 3 ol dalge 31l ohl o3 b plg ST ohg 0iuly (9)95 sl g 5oy 9 b Dyl a2y
4 Ls )1 sblie plos ) Ly sgee SaS 5 as)le (Khadivi-Khub, 2015) aisl o )l ogse (SS 5
El cuwlio oo ogpe (555 5 EalS sl Sge sba)Saly S (S g 0) glyy Sis g 05 gblie 3 ogas
Wang et al., 2013; Hosein-Beigi et al., ) ail oo paudS” s5le glie yolis 55 0,8 o (Karami et al., 2021)
Pl pie Jds 4 b laogee )3 9 ol sbrogee 3 mawly 9 )5 ol S90S S5 4 baogee (S5 5 (2019
(EI-Rhman, 2010) a3 s 551  olos 405 blugs 5 Lisb,

090 (555 ) & oxie 45 35 o0 0500 Camgy (S jowsl Jpuilly JolaS pas sl ogie 53 masly 5 )92 udS 35008
OLO’" ).;.aL.C O J.al:u )9 050 Cuwgy u.stm.mf 9 L.,u’\o) Las 9 FK.’XM»‘ LS")L'C LY (Khehra & Bal, 2014) .).);L;o
2 @l a Cgenl 5 by Johe ) &8 (2G5 (i 4 w295 b el g eedS Wl polie (S 2908 g 28l e
~oAS wlall g (die dlge (2Bl ol cuslio (anle) Asly QLRS! )15 pgre (SAS 5 Culed 3 9 Cungy plSouil
90003, Cuvgy (SlSe Cuoglio 5 Cuolius inli8l 4y o 00,8 KoS as)le oyl JuS 4 SaS 5l Ld us) s
plo sbysiS i iae 3l olpl (Khehra & Bal, 2014) xS o KoS Cungy 3y5s Gl zals & cules
SIS 5 5 S Sl IS o5 LB basle (B gsed il wliolio 95 0 g Jlox )3 bl oS
Hogho o 98y JUl ogee (&S 9 (o5 Sluogad Glulil g (S8 y (al jolate 4 Ghaghy cpl > (nlpl )l
ol 005 o3lil 5 Jgloee S5 &y puedS g Lyl polis

oo (Sl jud CYMBI plp 53 g Cusl 5l 3)90 0lS (abo dangi 9 15) (sl & Cowsl Bpae (g paie penlS
Hernandez-Munoz et al., 2006; ) cusl 5o s sgee (sldisS I (sibuw > Esb & baype CYMB] 059 &
3 9 Aubly paline i ogee (hw yiul38l 0 Jolw oyled leidlu b ¢S yb b yaie oyl (Korkmaz et al., 2016
5 ool Mg 5l 6xSsle 5 it Gy il wlie Bl gpddes ablea Jsho (9)0 ol Sl (ol
eeudS” (Valero & Serrano, 2010) cuol 35,56 luel Juie i g 5Ugye8YE L slags 3l b ials
Afl.m&).gwd..gdpguu—9xfdIAgJL&JIdﬁMJ&)JoﬂMA{w‘J)MﬂLMJM
2 oos0 S Clale s il 4 e Syl pendS” ST ) )l (8,5 W)y oYU B g s e
m o oge 90 mendS I (sl (65 50 gy Bose (59) 2t wamelS (Bl gloe 4 53 03,5 o0 o) A5 090
[(Tabatabaei, 2013) il
2 pedS M2 i (Hegazi et al., 2014) 535 o )bl cuvgy (SaSy LialS el pendS 3,187 L b gl
GA&SL;O LS)l) 0guo rn&%a.w] uwl)B‘ 5 u.:Lé uuv u.)l.o.wu oole SHpo & oSl J;J.) L)" 4 ogro L_sfxf); MK
$9) 9 pelS polis & Cond liy 9 9 YL ke (plply 98 o> wlues pB)) > K /(Ca + Mg) YL
K5 oo 65 gl eedS Dl IS8 10l 5 erigel juolis 292y L camd e (I (SaS5 Ul laege 5
pbol JUl (S8 5 0o)d g pudS b (Bb Joloee o dlasly )y yelaie 4y &S i 4> (Hepaksoy et al., 2000)



vy IR0 g Al /... o5 Sleogas  SaS 5 Mul)ﬁungdé‘j}hoﬁl‘: (2931 — olc)

5 S b 03 (B Jslome (slaloss o Wl o3e0 (S5 5 A3 i 3] (s facstne WIS ST o 3l it gl a3
[(Hosein-Beigi et al., 2019) 5 > 559 Jali (sl Lo

ipd g s SBURT (pSedda psbds Bl oo el b LS Hlas oS cul ooy L (o3bj lalllas
Liang et al., 2015; Luyckx et al., 2017; Siam et ) &S S 1) (53550 5 Loy ¢ Sl oS ¢3S (sl 316 ASLo
ol G153 59y 4 ey o Bpas (Bl SYgams 3 Gudew Side (Sidnid ool U 4 (al., 2022
9 ) SIS 4 Cungliio (I8l wlS 3y 5y (RS (lie Cute Ol ke pate S lsie 4 b
2005) sl J5' jlad g Sy ghaw lo Jad iiwgd oL e ol adlge (LI een 5 () pé
5 05 iy a2 (e sy 3 S0l 555 (o (Jliwe 5) 15l csloals o3 Joloxe 1 5 (Fauteux et al,
ool LS5 g conl ogn saigl (gylul Lo (5B Wgd 0 Sy pdaw Sl Ol C) yan jl pSels coge
sdd )i cpimen (ROmero-Aranda et al., 2006) 5,5 o Cogby bis Coge dwg gy sl (g o
U155 o86lS 5,5 LialS g o S 39sa0 2 (site il i HUl 55 ko aie (sl (sbadgS I oslil 45
Shls a5 6l slaseS a5 ol T 5 S wls,l;$ (Olyaie Torshiz et al., 2017 & 2020) cal azils
5 3l B Sless (28l (6t U o jaie (pl BB &S elyl 4 Cod Wogr oliw paie
(Olyaie Torshiz et al., 2020) aczils glivoy o8, Ul 0 o54lS

A &t b sl 485 115 a5 3590 53] (sl Jlo 13 g 0392 i Sa o puate S, lgie & b e
21y Lo 23l Dlgty mandS b ] S5 51 (g 5 e pate ol 2,08 sy 0 i s ol Cunglio 53 il St
a3l )3 Llgi oo dilale orldl Ll g o3) £ Sl 4 i L ppizman ST 5 elS Sl 3 puaie (ol OILU i
Slaogas p polie ol SISl Gimgsy ol )3 bl andls (185 )l o Cluoguad plo b g (S guclidl ( SuS5
W8y )l wyp )90 498 b dlale ) ogl ule o8, Ul

o9 3 wliig 5
2L Sgo

oo 185 (59 LUl (6yl8 L I (SG s e il Jgb e Gl gl @lg5 1 (0)sB Gl ddlaie )3 hagd ol
YAY glis)l s 7Y 08" 0V') oldlhs (ope o (57 AV YY) Lldlss Job b Jghys (b yed 0 plosil sgles
Jod> p» alale SW)b g Cugby dod b lagye dls Vo no tily o8l (sl a3 ls cCunl 48,3 1,8 L yd o 51 (g 0
D53 3,5 gyt S5 by oolas JlS Sl 2 o 5 Loy led] Sy 4 ogke ude 35
Gy SB Ol il pdiged cpinpd g ) o ge Vg cdy (59) yio VIO CudS dold b e Jle Ve glyls Ul
SB waw jolaie py (Shahid et al., 2014) i plbx! ‘):b"LO).] 5590 &b plewd 9 (S350 Sluogad I (S oL
Sol b slabiges coles ;5 g b plool Wl IS5 4 Sob o sy g £l 5 cilises cond iz 5l 5l pdiges
eoliS B olStlejl 1> SB plawd 5 (So3d G S jl (S 9 45 dtd Sl (slp S 50 diges S5 g bybve
(¥ Jgin) 1 s piSosll o3l ol

AN c).o.»o)u]alcm).lwul)wbd))).) (F‘Lf’gf’ AR 9\“" Neo c).mo)u.,‘.‘a.l&)l{) )JWW



1Pt o Jg) 6)lois oty g oliy 6,90 « /i) (AL pale o VYA

a5 guolis] (ol ogre VO laws <840 o 5l g hlad B3 pa 5l 0393 S 5 g 4B gl (ol (slbogae dlusi gre
Slao j By Sad e pMl oKl SLEL pole 05,5 olSiylejl &y 5 el B3lal &g 4 03)55S 5 by
9 Cugh) Mo)d g Cungy SS9 5 (49 Ul disdenydy Mo (g w0gee slad g Job wgee (19 Jol ogee 4 bgaye
W oy 0900 Aol 9 Joloe dels dlge Mo )d oo Cuwgy Siid o3l

plos 4 adguolsl b 0dygd )5 clnogae dawd Cans | ogae (SiSgqulidl g  SaS 5 dop (g pSoslul oy
plo S By b Jluzud (655l 5l ealatwl b aogee 59 (Hegazi et al., 2014) wi oolatwl cé55 (g9 sooguo
als Claznl (gl oge Jobo g (oye Jlad 0 4B S a5 )3 0ge (g plie 4 ol iy (xSike 5 sl Cusd 4y p S
4 Jols slael ke o (Hernandez et al., 2014) wis (5,503l0] yiadeo pio G €85 b LudsS 5l o3lazl b IS
€ b (Sg sl goil 5 3l ogre Camgy St g 5 5y xS oilul Can b &85 Ll > g yoye 5 Jsbo i
o6l dly g (i Camgr 5 0 9 SN Cungy ) (o5 ogee aball s )3 jslaie (py A odlitul Sl S
mdges o 5l Geediad SiS wamdio a3 Ve glod 0 el 5o cel FA Gde 4 S 0 ladiges « Sl (i (685
b ogue dlaii L 1D ogm0 Cawgy CuolBus .0 duwlors das0 Cawgy Cugby duo)d g s odlo Hlado culed )0 g (pjo
€55 5 50 Casgy Caolbes i 4y Lol Sl 3 Sile 5 05 (655050 yaske pio Sy €83 b oS 5l 03litl
=o3ll £ )5 paio S By by (Suig Sl 95l b g i jled ogue o il dindsy ,hy Mo (Akbarpour et al., 2009) s
W) s G yieglS 8y dlg 4 Jolote dala dlge o> g ans o)las dadinde )y (n)g5 il n W3S xS
SS9y b ogae o)las yid dee 8 (305 115 b gml i () 4 ogme ojlias JS bl b (6 pSojlul (S
(Zarei, 2017) s (5, S0l pH t MY & oy b Jloys +/V o

Bosts b g 40320
odlatl (SSls (glaely din 9050 5l pSilo dunlio (lys g (A/V/Y a5eus) SAS 3l oy b laodlsy oo 5 4550
A eolawl Excel AAL)J )l Lb)l.)}o.; o ) LS‘)" 9 JJ.))?

sz b ed 3 Cugby 9 Lod b ke (Al 1) o sily orlil o a3 s Y Jgoa

ol Ao PR 21350 » 3,5 Cubgd) i el oSl
¥4 A FYIY FA/D VIV fa/f ¥a/y YUY e e slos yiSlis

YA YY) ¥a/A £Y/Y £Y/Y YV/A 2 WA egsde b Sl (Solee
v v \$ \SIA y. W B/ . gl olas clos Jils Lo

VoA WY YY/y vEIY vo/y YV/D \a/\ Voo epmale los Jblas (Lo

\SIA - YolY Y1/ VRN YRy Ya/y vY/5 W esede ailale glod o Sike

Voo ay A £\ fy AY aA aA 2o Bl cusb, ST

SYIY Ya/y Ya/A YV/IY A7 Yv/5 INAS led o yd Cogby Sl .S5ke
\ o ¥ ¥ Y . 5 . Loyd Glao cugboy JBlas cugb,
Yv \0/3 A Vel a/\ Ve/A Y YUE e cagby e Sike

INTAS Yv/o Ye/o Y \Y/A AYA% ¥ /A ¥A Jeo > wlale cugb) (:Ske

A-IY /A Vg <A . . Yals EYIY e ke Ol sl b

s 290 Bl S ol 9 (Kb Slaogad (S0 Y Jod>

N Ca?* K* Na* SO
(253 (2 e o) (2 o5 o) (2 2o o) (2 fp 5 )

o[o¥¥ YAIA -Iyys Ve IVA Yo/f¥




va IR0 g Al /... o5 Sleogas  SaS 5 Mul)ﬁungdé‘j}ho,uﬁ (2931 — olc)

s 2990 £l 2 S Slend 9 (S3d Sluogad (50 Y Jodo deld]

. . g pSIColan T op
Por (oplod  (oplche  (wplon it e oot
(0 1 o 3 wd) (we,2)
YIAA FAIY Yy Ao o9 b ¥lod VNS
g3 slasdl

pdon s 2o (g gee Cungy Cualbud 0gee yhab 4y Jobo Consd c0gen (g o 2 (LS (uilly w325 Jgio @l
ol sl 136 o agae (S 5 (S g Sl el 40 48 s g 25 BB Al (Jloxo dol Dlga ()l
22> wgen jhb 4 Job G g9y el g e Jlite SIST G cpl 0 (Y Jgin) 2385 )18 S i
ogen slad &y Jsbo s (il g2 I3 gme doyd Sy Jlais] s 3 Ul oges (S 5 g (K g LSI Ao )y
sy oS 0 ol ol (P Jads) b sdalie VY ke b o> VO punlS 5 plig o 000 ubio jled
bogee (1jg (ljwe oty B JmLS ) Sl ogme (19 il Cely g K39 S0 ogue (g 2 0 ool (sl )l
Ol el ol el 9 el 08 Jlb ol bl odalin 003 VB Sl 3 0,5 VIO (0L
(0 Jgi2) 23,5 SlaS 3 cnl 2 )l pas b duslie 13 0500 (g

2l 4 Cund bge0 Cangy Cuobus ]38l cel g culldS Sl Cuvgy Culbus j penlS 1 odlaul b lis s
Ol M (25268 9 200 VB dS o )3 o slio DIV o L ogeo Gy Gl (l5m t o(0 Ji2) 22,5
cel g CalliS gl andend Voo (s » GRoR (nl 2 peedS o A sdalie jho mrdS e )3 (e die ¥/-Y)
Mo ) p5 YEIVE jlade b JUl ledn)do Ve (g Oljne (o pir b Sl & Sl ogun dinignys Vov (g a8
U ol b g oo 2,0)8 i po0 syl ine (a3 LSl 33 b iliso gslaw (Jg b oanlie 003 V/O) el
(8 Jgiz) 3,5 40l b duglie )3 dindignyde Voo (g LRIl el (390>

wogles ule o8y il 050 (S 5 (o8 Slogad S 5 b polie Sl iy oV Jgde

. . Cuwoldes Cugb, Swis ool Ol pts 2ilio
ogee Job  ogme a8 Job o D980 (339 ; . . @
o o s - 0920 Canigy gy g ;
(o L) (5o Hlw)  ogse yhb & (=) . &33!
(0 (o) (w0 2) (%0,2)
< [5¥TS JJANS Jen™ vaay/s” o]y YEIEA™ YE/A™S ¥ Ol
VIYe® Al ofe¥T ASVY# YA SY/5A\MS SY[5\™ \ oS
VAT SJys"s N FEAMS of-am a/saM a/50" 5 oS gl
5y -5 oo YAV/Y IS Y5IVD YEIVO e s
a/50 VeIt vis0 AV VEINA AT Y/ - (3o 33) Sl yuis o p>

(Geioss (sl aBly zpia) I ixe gl pis g Mo )d N 90 Jloin] o )3 I gixe Cglds 0y Ui Gy 4y NS g ek

ogbs (b 18y Ul 000 (£ 9 (05 Cluogad g1 padS g usl polis J1 Guilly 42325 Y Jgaa ol

S oLsl o (39 ol 3lge PR Jgbro solo Slgs 4o () JUVE Sy 91 I
- . e . g >
ogeo (FKbgw Aoyl s [Jgome & i
(323) o940 = . (Sopaap) 25
(20,3) () 8 aawl  (w0))
\YY/Y . ro/ve ™ VE/VAMS - Jys Yo ¥/AY® W\ AN ¥ el
Yo/vE* yvo/yar VE\A® o[-y YY/FEn o1 V/¥Fays Y S
VW5 g ANA VAV AN YAQYTS N < [OAY™S 5 oS X i
NN TYIvE VA/TY NAYS SAR¥ AN -/aya A las-
INTAY Yy \YW/VA WA ov/¥Y F¥/.5 Flov - (30 3) oy o>

(a5 (glo Bl txiio) b e Golds pae g lo 3 ) 90 Jlois! gaw )0 )5 gxe glds odimd L o3 )5 4 NS g s o



1Pt o Jg) 6)lois oty g oliy 6,90 « /i) (AL pale o e

~sime 580 ks 20018 g 285 18 S 3 o5 /00 Jlazs] a3 ogee jlab g Jsbo (gl ol
3B b 5 opdlS 3 s 1) Jlain! s > ogpn b & Job o 22y i il bl 53 () 2 50
il > b s ol 5 C3,5 )5 b s 1515 5 it IS5 & plone el S (¥ Jpi2) 65
039 IS 5l ogee Sl Hlade y o ookl (sbdylass .03, 050 0jlias > Jalxe del> dlge ialS cely dald olS L
2 (Mo p> +I5Y) ogme (yaawl s BB atawl lime opyieS (Y Jodn) B dald 4 Caud g bl ok cely g
Qo )d +IVD oS g pl o0 O b lojen Hlad )0 (duoyd VIFY) dldwl Hlade oy i g A sdalie dald jleg
(¥ Jgia) 4 e

ST e i S0d 1alS 4y Cos ogpe (Sibgw il 5 SuSy LialS el oad odlizel (lalog
S5 L osd ojled slb oge 1 (803 Y/0e) o] Judo (a8 g A odmlite Sald Jlos 5 (10> YE/AY) (Siigu
b S 5 53 (203 VD) onlS sipmsly il caliols gols olul 31 A5 € 2oy +IVD sl g plssas Do+ Lok
(F Jgiz) cutly (Sbgucldl asjle (ials (ly syt QLI (10,0M0) o 5L clle 4 o (b
Slows 33 (o pd V+8) o) Jlade oy jieS g b odmlie dals jlaw ,d doyd YV/E+ Jlade boogeo (S5 oo (o pidio
(¥ Jain) ws sdalie 0o pd V0 muandS b S 3 pl oo o 000 Lddis

ol o @) Sl ogp0 (oS Sliogad 1 wendS 5 Gt blite Sl (S0 alie ¥ Jo

(bop) ogme Sy FOSSEp Bl Sl b e (o) el ol i (i)

(o)) (e ,3)

2 YE/AY -Isv P -[AA?P .

£/o6 ° YE/YY © v ® /a5 P IV

VISAC yo/£A @ y/.5 .20 be V/o

£/¥y P YY/yy 2 y/ya 2 NAT R . Voo
YIvy © yivs VgY@ -Jay e -Iva Voo
of-AP \O/A-PC y/y. 20 Ay P Vo Yoo
WAy € /oy P y/yy 2 .20 be Y.
v/¥o © VV/AD @ Ao ® .[an Pe -Ivo Y.
vy © yy/-q @ y/y. ® oAy Y Yoo
VA © vyt V/ys & -/ap ¢ . o
/sy © v/o. ® yvo @ MLV IV B
Y Vo' y/¥y Vy @ V0 B

S5 5SS yge5l o 30 Jleinl o y3 (6 I e gl oSyt Byn Ky s b ol pSile gt pa 40

gl yulo 18 ;U1 0gr0 (oS Sluogad y paadlS g uabeaw 03k Sl (ko dunlio O Jgda

OO ek T sy T et e sl e
(o) (ocsile) (o) (e5) (o) Js (Ses 22 2)

¥Y/.5 2 v/ay @ Ay @ Wy P /%0 @ vy @ /0o @

Yoy @ Mg @ AoA @ Ao/ ® /50 Vs yF/ay 3 Voo L

Yy/s @ Ay 2 Ay @ v.ols @ ¥/0a 2 \a/fy P VE/FE D y.. )

yr/vy @ Aoy 2 ANE-2 Yeva® ¥/sy @ VWAY P VF/-¥ D b+

¥ P YIM P AIYY P VY © ¥/v P \SIfY @ VE/FY @

vy/.y @ AYa® NS vans P ¥/o¥ WIFA 2 WY@ -Ivo ol

Y5/vs 2 ARV AR T AV Wiss @ VY- @ Vo (205

)5 Sl ygeil o p3 B Jlaisl o 53 (6l xe @oglis oS e s G JBlus b ola pSike olowi ya (gly g g m



AAg| IR0 g Al /... o5 Sleogas  SaS 5 Mul)ﬁungdé‘j}hoﬁl‘: (2931 — olc)

orY

QUi by 0)93 (o )3 ogse (19 Clyess Bl o HUl ogue )3 wre Sluogad I dledgy sl cuslio Slul 5 090 (g
Lol il (8l Jolomo 515l 3> blyign ogee JolS (yb i b osgo S5 o3 3 o] ey el oind
o950 (139 (I8l duyim 5l 4 (Jg )5 )13 eanlS lajles U Cou o ogne jlaB g Job iz pa D (g Rl
Jgpas el (30)d V/0) pudS (YU clale &S gygbas wunl 0390 o)l (59 Lol 5 by odd osalive
O > b 595 b padld (i )3 el Cglite Clale g s bt S1(F Jgi) 223)5 bndisden )y op FonSin
1 53] S 5 g 00 aS] Cllad Lial3l Cely S &S 03l >l &) Gl S0 pol gl 5 loline Al
5,80as s & Wls oo o3l I8l o pendS” id )b (S0 Gl ol il beb 0 5 (Jolu s
(Bakeer, 2016) .0l (Jobo mands Gial38l 5 Jolo 0)le3d 13 b pulgp g oy, Sl b LSy ) pusadlS

-(S/)AK U")") L’)Lo} 93 ) c(.ho).) ’/a 9 ./\c c’/Y c’/\) WK A;)lf aliseo dLm;«B.LC (_';WLJ?\N l; :UM9)J )9
(Khalifa et 3 0 ANNA 13 o sWoguo (59 il el puunlS a8 A s liio 000 oSl 1 dny g s gl
L g oge 0 Syt 5l achngng S JESl s 4y Canl 3San 050 0] il 5 pwalS L35 ¢y al.,2009)
Gl Gl col & Al Sapes 4 ady) 0055 palie 5 adyy (ol e 9o sloady) I > o i
s o5 plad 3l g olo S g S plad lo 53 oS IS L U1 505 o3l Jglome 9 00 o 5 Ol 5 lie olge
<lyd gl g el .(Ramezanian et al., 2009) cul odds digdbsnyds (i Lialisl dlawly & bogee JS (59 iul38l
25 sl ol plSoxtal ol Ll g aLS sla ol 5 Jsbo ol plSxid 1 odle Sy i 4 el
~0)l3 Sl gl (oo i > DSy g0 4y erndS Glakign 255 0 090 COL Hhw g Culus il a
5 badsand (MuS'0)S (slaog)S 9 laculawd b Low b pundS o Gl (gy9pd LS 8L 5 Jolw sla

pais ool & 0ad jasuie o6 4 Wb grhe Jle GlalS A5) (6l 908 pate Ko Glgin e 22 ya
sl b JiiSen s o (Jolw o)l Codi o sl Slke Cwglie inlidl 3 )b 5l (lS 0 awle aadle i
s gl slasgS 3,118 (GUerriero et al., 2016) w8 o ] 55 5 Hshoisod sh Jud 5l Jsho o)lgsd
13,5 iz o3y M ogme (A5 5 (Stbg B U] oSS 5.8 & (Sl line nlS el (S Oy
Goyb 93 4 )] coglie il g ogee cutS p b Cuto il Jol ) .(Olyaie Torshiz et al., 2020) .l
{Alhousari & Greger, 2018) Jgd luS'y g 365 Jod 5l olhidarbio (gjimwge (b yuus sl 5 )bl copdins
cute olysb (Ye et al., 2013) cuol oud 03l Cond Sligowls b 51 513 @luS 5 wes sl 52yl 5| qosiitane s o
Cond Jolw (Sl plSoctnl (iol38l 3 paie pl paiane (i85 4 yida JUl Glols Jials 5 ogme CutS p udiw
.(Olyaie Torshiz et al., 2020) 1,3 LS 5 Mg S0 b 5l paie opl padimne b Slpdl B sl o 03l

0By 3 il oge Cangy dorslin gy o gine (Kb g U] 2 S g s Bl Jsloe 18U il (Baio5
),_cwuw)o9xl,o@‘59bw9wlm:\;bui9>9w@;§w>9au‘wwo)5)lpuuiwwb
9 L;i‘)?”" ULS] Jm 3O 0900 Cuwgy u.A.w Sis u&l) u.iow UL\B] 45\‘4] & d>gl l.’ .)y.ouﬁ o_xS)J 9 odlal JJlB
S52y53S 5 o St gw OBl ol yen 4 el 1V g o Cawgy AoV Canold 3l cowd g b Gl A
Caels ‘.)9»)‘;0 )U 2 §¢>9~o uL&T wb:lf cel 4 L;»L..S)J cu)])JLJ Dgud o 0D o u_i‘by.u A_)L.QT J?r..o 3 Cuwg
Gl 00 ob Cavgy (53,555 5 ialS

yolie yudo do LI o)l (i85 polie Jlb Qlo g ()8 g Cilo 0 S a0l & do g bty 0 a5 4
Rachappanavar et ) sgu oo oS (S gw sl g ¢ pSols o 5emST 3151 cledlonly 15 51 oyl g 69y yls 9,500



’f’r.‘jj/sjlaﬁ;mja[_zea:,jéid/)g/‘;f[,sé@,aﬁqﬂ \YY

P 9 Sy 9 43LD drwgi g god 9 ) sl ST g 03,57 S8 (T Clled g it 4 S (S50 51 (@l 2021
ORI 5> 388 g wre Jalse 3l mandS 055 0 )3 My B (yme 53 S aoges g ok kS p bR,
1ile (SBgw Ol alex I e glai ply 3 el el ples 05 Sl g sk o)l plSoutl
[Davarpanah et al., 2018)

Ccaslio g ylo doly QL Cusl ogme Cawgy by byl mb 5 puite Hlaws calisee (glady )3 ogee (SAS S
Sl Canglin (5 gy calies GBI (SaS 5 ) S Ak cleesiiS @it 5 slie dlge (Sl Jobre
Colbus p> Lilidl a8 cuwl o saalin (Khehra & Bal, 2014) 1S’ o KaS Cavgy (095 SIS ialS 5 Cung
s (Garcia-Luis et al., 2001) >4 0SS5 4 Job (SO)U yiday Caoglie 4y joxio oS jlde 4y L b Cawgy
Hepaksoy et al., ) ogue (S0S 5 plp > Coglio iol58] el ogue bl )5 mundS 2o > (090 YU 0l lis bn y5 )55
Il mas i lS g eSS s 4 eedS 23,5 o (Rouhi et al., 2015) (S b3l 4 (2000
2> (o gl )3 (s Sl g g e (Jgbo e (Jgbo sl 2lgl e Sl g andulio o] 3
Rouhi et al., 2015; Hegazi et al, ) »,5 » Ul cuwgy (SuSy Lials el (Ranjbar et al., 2007) Jslo
.(2014; Ranjbar et al., 2007

S 5 4%

o9 S g CulsS lod S ol 4y a5 A3l oo jU ogue y3 (Lol YIS Sl ogue (Si gl g (5,558 5
WU Gimeh oy il as)le cpl b ablie cly ge slaySol, 5 canlio cudls llas .48 o dga5a |y Ul
@l 85 515 (g 2)90 o9l ule 68 Sl ogse 3 as)le pl g8y Glise 2 wandS g e polis b (2338
B e ol S gy S5 ogre (SS9 (S gl (el )0 i & polie ol b bl sl ol ol IS
o oo o imggy cnl ) Jols gl bl g 0,8 diden s g 0gee ()9 e Sl oge S0 sla Sy
GBS 5 o5 Clho gy sl polis l JlplS ja (SO lajles 4 Cond it 2D ek 5 S Glojen
oS yie 103 MO g usbies plig 800 losi 3 Ul ogre (Sigus Bl 5 (S8 5 liee 508 05,15 1l ogee
Oloogad (B 3900 9 09 (1j9 Aindgnydy Voo 0y Glal Bl el S Clits g o b (8L Joloxe 5 oanlie
P 350 0900 (S g (05 S hag dgstc A 53 g 0gpe (S S )3 &S W ogee oliendgn

S sl
13335 Colpe alusgipd SRS &5 canl 0a uels oY) oSy gy el §) gk ol csladizza

.—\3)‘.)‘_;0 PM.C‘ |) .)9&

&b

doxio OFY 35 o8l @l )Lisl ol ites 4y po! (WYAY) I ¢ olblb

2 9 ul.dy» 9 k_g.aj)».a} J.u.»‘ nglagbbu )»‘L (\\c“) .&)9] ¢u.ajl$ 9 f.)yu.wo s)j)l; f.)l? srb..\.s.o L_s.slﬁ).c HEUIRES ‘U")f
REFERENCES

Akbarpour, V., Hemmati, K., & Sharifani, M. (2009). Physical and chemical properties of

pomegranate (Punica granatum L.) fruit in maturation stage. American-Eurasian Journal of
Agricultural & Environmental Sciences, 6(4), 411-416.



wy IR0 g Al /... o5 Sleogas  SaS 5 Muijww&éJ}mﬁﬁ (2931 — olc)

Alhousari, F., & Greger, M. (2018). Silicon and mechanisms of plant resistance to insect pests.

Plants. 7,33. doi: 10.3390/plants7020033.

Bakeer, S. M. (2016). Effect of ammonium nitrate fertilizer and calcium chloride foliar spray on
fruit cracking and sunburn of Manfalouty pomegranate trees. Scientia Horticulturae, 209,
300-308.

Chen, H., & Chen, H. (2014). Chemical composition and structure of natural lignocellulose. In
H.Z. Chen (Ed), Biotechnology of lignocellulose: Theory and Practice, (pp. 25-71). Springer,
Netherlands, Dordrecht.

Davarpanah, S., Tehranifar, A., Abadia, J., Val, J., Davarynejad, G., Aran, M., & Khorassani, R.
(2018). Foliar calcium fertilization reduces fruit cracking in pomegranate (Punica granatum
cv. Ardestani). Scientia Horticulturae, 230, 86-91.

ElI-Rhman, I. A. (2010). Physiological studies on cracking phenomena of pomegranates. Journal of
Applied Sciences Research, 6(6), 696-703.

Fauteux, F., Rémus-Borel, W., Menzies, J. G., & Bélanger, R. R. (2005). Silicon and plant disease
resistance against pathogenic fungi. FEMS Microbiology Letters, 249(1), 1-6.

Garcia-Luis, A., Duarte, A. M. M., Kanduser, M., & Guardiola, J. L. (2001). The anatomy of the
fruit in relation to the propensity of citrus species to split. Scientia Horticulturae, 87(1-2), 33-
52.

Guerriero, G., Hausman, J. F., & Legay, S. (2016). Silicon and the plant extracellular matrix.

Frontier in Plant Science, 463,8. doi: 10.3389/fpls.2016.00463.

Hegazi, A., Samra, N. R., El-Baz, E. E. T., Khalil, B. M., & Gawish, M. S. (2014). Improving fruit
quality of manfaloty and wonderfull pomegranates by using bagging and some spray. Journal
Plant Production, Mansoura Univ., 5 (5), 779-792.

Hepaksoy, S., Aksoy, U., Can, H. Z., & Ui, M. A. (2000). Determination of relationship between
fruit cracking and some physiological responses, leaf characteristics and nutritional status of
some pomegranate varieties. In Melgarejo P., Martinez-Nicolas J.J., & Martinez-Tomé J.
(Eds.), Production, processing and marketing of pomegranate in the Mediterranean region:
Advances in research and technology. (pp.87-92). Options Méditerranéennes Série A.
Séminaires Méditerranéens.

Hernandez, F., Legua, P., Martinez, R., Melgarejo, P., & Martinez, J. J. (2014). Fruit quality
characterization of seven pomegranate accessions (Punica granatum L.) grown in Southeast
of Spain. Scientia Horticulturae, 175, 174-180.

Hernandez-Mufioz, P., Almenar, E., Ocio, M. J., & Gavara, R. (2006). Effect of calcium dips and
chitosan coatings on postharvest life of strawberries (Fragaria x ananassa). Postharvest
Biology and Technology, 39(3), 247-253.

Hosein-Beigi, M., Zarei, A., Rostaminia M., & Erfani-Moghadam, J. (2019). Positive effects of
foliar application of Ca, B and GA3 on the qualitative and quantitative traits of pomegranate
(Punica granatum L.) cv. ‘Malase-Torshe-Saveh’. Scientia Horticulturae, 245, 40-47.

Karami, K., Erfani-Moghadam, J., Bazgir, M., & Khademi, O. (2021). Effect of gibberellic acid
and zinc sulfate spraying on fruit cracking and quantitative and qualitative characteristics of

pomegranate cv. ‘Malase Saveh’. Iranian Journal of Horticultural Science, 52(2), 317-328.

(In Persian).

Khadivi-Khub, A. (2015). Physiological and genetic factors influencing fruit cracking. Acta
Physiologiae Plantarum, 37(1), 1-14.

Khalifa, R. K. M., Omaima, M. H., & Abd-EIl-Khair, H. (2009). Influence of foliar spraying with
boron and calcium on productivity, fruit quality, nutritional status and controlling of blossom
end rot disease of Anna apple trees. World Journal of Agricultural Sciences, 5(2), 237-249.

Khehra, S., & Bal, J. S. (2014). Influnence of foliar sprays on fruit cracking in lemon. International
Journal of Plant, Animal and Environmental Sciences, 4(4), 124-128.

Korkmaz, N., Askin, M. A., Ercisli, S., & Okatan, V. (2016). Foliar application of calcium nitrate,



!f'r“.‘j,/sjw‘m,alg.g5),.:“3/),._«/@:‘1*69,@1:4,{,&; \YF

boric acid and gibberellic acid affects yield and quality of pomegranate (Punica granatum
L.). Acta Scientiarum Polonorum. Hortorum Cultus, 15(3), 105-112.

Liang, Y., Nikolic, M., Bélanger, R., Gong, H., & Song, A. (2015). Silicon in agriculture. From
Theory to Practice. Springer; Berlin/Heidelberg, Germany.

Luyckx, M., Hausman, J.F., Lutts, S., & Guerriero, G. (2017) Silicon and plants: current
knowledge and technological perspectives. Frontier in Plant Science, 8, 411. doi:
10.3389/fpls.2017.00411

Olyaie Torshiz, A., Goldansaz, S. H., Motesharezadeh, B., Askari, M. A., & Zarei, A. (2020). The
influence of fertilization on pomegranate susceptibility to infestation by Ectomyelois
ceratoniae. International Journal of Fruit Science, 20 (3), S1156-S1173
https://doi.org/10.1080/15538362.2020.1778602

Olyaie Torshiz, A., Goldansaz, S.H., Motesharezadeh, B., Asgari-Sarcheshmeh, M. A., & Zarei, A.
(2017). Effect of organic and biological fertilizers on pomegranate trees: yield, cracking, sun
burning and infestation to pomegranate fruit moth Ectomyelois ceratoniae (Lepidoptera:
Pyralidae). Journal Crop Protection, 6 (3), 327-340.

Rachappanavar, V., Padiyal, A., Sharma, J., Gupta, S. K., & Negi, N. S. (2021). Efficient
exploration of silicon derived benefits to combat biotic and abiotic stresses in fruit crops.
Preprint from Research Square, 13 Dec 2021 .https://doi.org/10.21203/rs.3.rs-1052525/v1.

Ramezanian, A., Rahemi, M., & Vazifehshenas, M. R. (2009). Effects of foliar application of
calcium chloride and urea on quantitative and qualitative characteristics of pomegranate
fruits. Scientia Horticulturae, 121(2), 171-175.

Ranjbar, H., Hasanpour, M., Asgari, M. A., Sameei Zadeh, H., & Baniasadi, A. (2007). The effects
of calcium chloride, hot water treatment and polyethylene bag packaging on the storage life
and quality of pomegranate (Cv: Malas-Saveh). Journal of Food Science and
Technology, 4(1), 2-9.

Romero-Aranda, M. R., Jurado, O., & Cuartero, J. (2006). Silicon alleviates the deleterious salt
effect on tomato plant growth by improving plant water status. Journal of Plant
Physiology, 163(8), 847-855.

Rouhi, V., Nikbakht, A., & Hooshmand, S. (2015). Effect of sodium chloride concentrations and its
foliar application time on quantitative and qualitative characteristics of pomegranate fruit
(Punica granatum L.) cv. “Malas Saveh”. Journal of Horticultural Science, 29(2), 158-167.

Shahid, S. A., Abdelfattah, M. A., Wilson, M. A., Kelley, J. A., & Chiaretti, J.V. (2014). United
Arab Emirates keys to soil taxonomy. Dordrecht: Springer Netherlands.

Siam, H. S., Abd EI-Moez, M. R., Mahmoud, S. A., Taalab, A. S., Ageeb, G. W., & Abd EI Kader,
M. G. (2022). Ameliorative effect of silicate in soil and plant. A review. Current Science
International, 11(1), 28-50. DOI: 10.36632/csi/2022.11.1.3.

Tabatabaei, J. (2013). Principles of plant mineral nutrition. Tabriz University Press. pp. 562. (In
Persian)

Valero, D., & Serrano, M. (2010). Postharvest biology and technology for preserving fruit quality.
CRC Press.

Wang, M., Zheng, Q., Shen, Q., & Guo, S. (2013). The critical role of potassium in plant stress
response. International Journal of Molecular Sciences, 14(4), 7370-7390.

Ye, M., Song, Y. Y., Long, J., Wang, R., Baeron, S. R, Pan, Z., Zhu-Salzman, K., Xie, J. Cai, K.,
Luo, S., & Zeng, R. (2013). Priming of jasmonate-mediated antiherbivore defense responses

in rice by silicon. Proc Natl Acad Sci U S A, 110 (38) E3631-E3639,
d0i:10.1073/pnas.1305848110.

Zarei, A. (2017). Biochemical and pomological characterization of pomegranate accessions in Fars
province of Iran. SABRAO Journal of Breeding and Genetics, 49(2), 155-167.

Zarei, A., Zamani, Z., & Sarkhosh, A. (2020). Biodiversity, germplasm resources and breeding
methods. In A. Sarkhosh, A. M. Yavari & Z. Zamani, (Eds), The Pomegranate: Botany,
Production and Uses, CABI publication, P, 94-156.



https://doi.org/10.21203/rs.3.rs-1052525/v1
https://doi.org/10.21203/rs.3.rs-1052525/v1

