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Introduction

Pomegranate (Punica granatum L.) is one of the most important horticultural crops in Iran. Its cultivated
area is increasing due to its adaptability to diverse climatic conditions, suitability for cultivation in a wide
range of soil textures (from heavy to light), tolerance to salinity, drought and water scarcity, as well as its high
genetic diversity. However, fruit cracking is considered one of the most significant and damaging
physiological disorders in pomegranate-growing regions both in Iran and worldwide. Several factors have
been reported to be associated with this physiological disorder, including irregular irrigation intervals,
untimely rainfall, cultivar type, diurnal temperature fluctuations, hot and desiccating winds, early autumn
frosts, deficiency of certain nutrients such as boron, zinc and calcium, soil texture and composition, improper
pruning, and damage caused by certain sucking pests, particularly mites and aphids. Accordingly, this study
was conducted to investigate the relationship between pomegranate fruit cracking and certain morphological
and physiological characteristics of fruit and leaves in two cultivars, namely 'Malas Toshkan' and 'Zard
Toshkan'. A better understanding of these associations may facilitate the identification of traits linked to fruit
cracking tolerance and provide useful information for the selection and breeding of crack-resistant
pomegranate genotypes.

Materials and Methods

This research was carried out in a commercial pomegranate orchard located in the Chegni region of
Khorramabad, Lorestan Province, Iran, using a randomized complete block design (RCBD). Two pomegranate
cultivars, 'Malas Toshkan' (relatively resistant to cracking) and 'Zard Toshkan' (relatively susceptible to
cracking), were selected from a commercial orchard with uniform irrigation management in the Chegni region.
For each cultivar, three blocks were designated, with three trees per block. A number of flowers from the first
flowering flush were tagged to facilitate harvesting at maturity. This procedure was performed to distinguish and
identify the primary flowers from those of the second and third flowering flushes. At the ripening stage, 40
leaves and 15 fruits were randomly collected from different parts of the tree canopy in each sampled tree and
examined for morphological and physicochemical characteristics.

Results and Discussion

The results of this study revealed significant differences (p < 0.01) for most of the evaluated traits between
the two cultivars. Significant differences were observed in leaf moisture content and peel moisture content
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between the two cultivars, with the cracking-resistant cultivar exhibiting higher values for these traits compared
to the susceptible one. Peel thickness (0.56 mm) was significantly greater in 'Malas Toshkan' (cracking-resistant)
than in the susceptible cultivar 'Zard Toshkan' (cracking-susceptible). Crown diameter (2.03 cm) and crown
length (3.04 cm) were also significantly higher in the resistant cultivar compared to the susceptible one.
However, crown opening was greater in the susceptible cultivar than in the resistant cultivar. Fruit weight, fruit
length, and fruit diameter were significantly higher in the cracking-resistant cultivar (‘Malas Toshkan’) compared
to the susceptible cultivar ('Zard Toshkan’). Leaf length and leaf width were also significantly greater in the
cracking-resistant cultivar (than in the susceptible one. Regarding fruit biochemical composition, the results
indicated that ascorbic acid content, total soluble solids (TSS), and titratable acidity were significantly higher in
the cracking-resistant cultivar compared to the susceptible one.

Conclusions

The overall findings of this study demonstrated that pomegranate fruit cracking is associated with
numerous morpho-physiological characteristics of leaves and fruits. The percentage of fruit cracking
decreased with increasing parameters such as peel thickness, fruit length, fruit diameter, fruit weight, fresh
leaf weight, dry leaf weight, leaf moisture content, leaf chlorophyll content, fresh peel weight, dry peel
weight, peel moisture content, seed length, seed diameter, seed moisture content, 100-seed weight, crown
length, crown diameter, ascorbic acid content, titratable acidity, and total soluble solids (TSS). In contrast,
fruit cracking increased with increasing fruit pH, crown opening, leaf dry matter content, peel dry matter
content, and seed dry matter content. A comprehensive understanding of these factors can facilitate further
studies aimed at controlling this disorder. Moreover, the identification of cracking-resistant cultivars can
promote their cultivation and utilization in breeding programs to develop new cultivars with enhanced
resistance to fruit cracking.

Keywords: Ascorbic acid, Fruit cracking, Peel thickness, Pomegranate.



Sl O gpamo jo (o j e GG & i Q

https://jabssh.znu.ac.ir —

gy dlio
AF — AD .o AP0 Gliwo) g jl ) oplouis ) al>

S (S 5 4 Joxto 9 (ol )l 98 30 30 0940 9 S 3 (K592 4899 )90 Wlho (B 1 b))
(st b i by
o3l S5l Cpdia GU o 3l g (gl o o e
VE0/ 0/ ) 1l s b

VRO P/

A~

0 gmt (53,555 TS ;5 Ll 8l Ol 55 (6 s S 05 0300 OLS 53 o S e 51 S (PUica granatum L.) ,ul
(5595 02 05 9 S 5 (N3P g Pose St g Fp b GeeS il 5 BAs el UL A S 5o (g (gladiene
adlain 53 golow (Bl s bl ol o (S8 5 4 Jomie) oS5 e 5 (S8 5 4 ples) K25 555,
e Dl gat 235 e SIS Y s olas JalS TS G b B s 5 ad ols! Bl ) Okl ) ;\Jﬂf,-:-
FS1 03 0y 53 o 15T me  3ls L il w e gl A (S T3 e g 5 S 5P 5 )
Job (7 s 2/0F) o gon o gy Calied p3lie (KE5 ke pglde (3 55 513 DLl 5505 3529 (2L5)) 350 Dlae
by A3 oSy S 055 oS F 055 (o 8 VIV g 055 (o (Fla VIIV) 0 g b (7 (Sl V/0Y) 0 gn
6 gt S 33 Sy gb ) A )3 (e gy S 09 gy 5 O35 (HO/MI YANVE) S 5y b5 AS i (OV/OF) S
€l (AT Sy sl Al b A8 gl dsb il do 03y il Cygb; dep s ils b dils Jgb ((OV/0A)
035 5\ Olge o g0 05l PH il (™2t ls (55 Js ta g g (TSS) Jgloms dalor 190 5 (TA) b gl 25 J6
FYL 55 5,5 el o) 53 cails S a3le Hlie 5 00 e gy S 03l Sl oS St wsle Hlaks g U
Bre 3w g 5l Pl sl s LTS sl KL Ol sisay Ll o Slie cpl Gl 5 plulid olg s Loy
38 Sl eslisul 5,50 SU1 3 (SAS 5 4 polie o)

‘;‘ztid‘r\?u g‘ﬁ"})h GL; gb}é’u‘r\f ga.uj};..ﬁ U:".J uw.;\.w‘ :64:.15 CJMS



M e lus Ul 85 93 52 o090 9 [Ei g ‘50”35)5;"‘.:3—93;5.0 Ol (S g b o g fu\ﬁn@@}: gl gl

ceel wzan glasl S bl g0 )8 Lg)L“..ﬂ S, 0,50
gy (ST g ogue (A3 Gl idu &y g0d g ol
05_’?5 g;u\_v)l.» €0gu0 UJ......J) ULA) )J as w‘ Gﬂ.bl...a ).)
(Holland et al.,, 2009; EI-Rhman, 2010) s,
30 09 (S S 5 9w o0 (lAS AT o) gy la )T
oo Ul 0 (20 5 3T al> e 5l saelcawsdas slaogas

.(Mohamed, 2004) <.l

3 U ege Cangy (pliend Sliogas iyl
aS ols Las @bl g ad (o) 2 0gee (S5 5 L bLS)
Sleogas 5l (F 50 Dolis 5l (86 (SaS 5 4 Suglis
Acar et al. 2021;) coul ogun 8L jo pgaray 5 S5
050 Sui9lsd 90 Oluogas 51 >, (Saei et al. 2014
(ool 40y slaws 5 IS Y Cwbis alexl (Ul
4o 0g—n Sl Ly Ceoglin 40 0ge ojlail g JSC
L, .(Bargel and Neinhuis, 2005) aiws e SouS 5
20 09—e (SIS 5 0,500 00 5 S Sl 552y
s (Matas et al., 2004) 5534 >45 ol SYsame
G ilSo 050,50 Lo iils «(Lane et al., 2000) M5
L Soglio o S5 (S5esdy90 Slio 5 (So5edo
Saei ) cewl sgume lizmen Ul jo SoS 5 4 conles
gy sla Fhe i 4 Olllhs & (et al., 2014
«(Bargel and Neinhuis, 2005) cwg culs .l
oS laaten 5 oSy wile (sbo o)l SLS 5
Slwsas o (Cybulska et al., 2011; Hepler, 2005)
Saei ) wlos,S o,lil S 5 g iy yiiS udai  SolSagn
Sy50,0 i 3w sba T (Jl> ol b (et al, 2014
3,10 0525 (SIS 5 4 Cooglin [0 Cawgy Cwls Coesl
o0 (pad Jsle |) Cules (lids (S0 &S (59b
SS9 (SHlSegm sla S hy (b 5 ol
Saei etal., 2014; ) als s 5,0 1) Covgy olonds
.(Lane et al., 2000
09— (509 5 (liae )3 )3 gme gl (aizmen
e (ol saalice o calize i b UL s s o
O 1L ol on 29294 0900 (59,955 5 (e &5

S Jelse .(Yuan et al, 2010) cowl a8l ]38l e o
S 9S  dn Caoglie b ol o (gloaisS (el (A 5

doddo

O p—teo 3l =5 (Punica granatum L.) Ll
o Sl Jl_..u )IJ_Q \s )‘ w..»_' FLRW 0940 LSLQAM)Q
(Chater et al., 2021) »,.5 o ,|,3 ,5 5 <iS 5,50 ol !

Ot Ul G 55 Sl 88 Olge s o2
S Bl o1y egme (ml (sag g o llS glgil pudp )5
-t 3l s ,Ul .(Zarei and Sahraroo, 2018) s ,ls
e ol ciS iy s o5 cosl plnl j5iS 2L Y ez
0o oS LB alsm gl Dgline byl b 6,55k Jle
N PSR W SRR SUNPINE {ER
S AY sga> ccl olidl Jls o YU Sy g
315 Lk sLajyo 53 bass &5 lnl (3l 51 Jia
s AVl 5 wlazdly plazsl Ul obo adgs 4 wiloads
Sdgs )saS ol yo LUl G Ll elriy 5 dans 5 (ke
JLs ol L O F Y o) ,5las slgm aslylel) og o
5 S 5d 2)lse e 5 (S bl s (S5 5
Cowie Lo 5 5905 5 LS Ul sblie ples o o, Lus
52 85 (85t el Ul g SIS 51 e 5 S5se
150 0ge gy jo a5 (BILE Lol LUl S milgs 5l
7B sl len (b Sel 03,5 oo Sbml (SuS S
Iy olS6lS p,5 alox 3l «ldl & Lz 5 098 0 0500 o
ONew a5 )le ol .(Abubakar et al. 2013) was oo (ol 38]
aslbe Jelge 31 o ccbilo gy 5l b &5 0 (59, ol
Sl 1y 055 Byl 00,55 S 5 sleoges 098 slml jLaS
by 45 (F)eme 10 g wmd o0 Swws 5l 595050 5
- on o3l (658 sy o] 5l il suts e0g)l Loz,
Srislonzed adyle ol b b)) s goaaze Vs s
359 (o3 @il s Bl55on abozjl o5 ool oad lyie
3 Dyl a0 Sl (o8 g5 cedge e (S sl
0395 Sley Olig g 5 wad slasly )bt
CL peelS 5 (55, )5 wle polie I (B 09T w0 imly
ST 51 3 oyl comlials oy oSS i
Holland et al., ) 5,5 o,Lal daais g asS 0% gds c0niSe
0ga0 (SOS 5« ob)l55 50 .(2009; Abubakar et al. 2013
Gl b ogaza obie 55kl b )l sime j5bay Ul
o=l L (Prasad et al. 2003) cwl a8l alS ¢glo lad
3o ogee g5b ploy 5o Sk Cnl osd asine (>
D9 09ms (S S T )0 gy Sl (SES 0,90 S
Slo iy Casb) Jolss pae bl a4l nl e



10 Gliwo) § b o oslod ¢ | Al « SUdb DYV gamme 30 sl pd GBI 4, AY

sbiean Slolas (ol o o NS Al Gap) (b;
5 P90 S slads U el sl 5 bl 5 S5
Sy el ga; Gloy 5o W8S plil (23 S psu
aS o 5 5l Jeolbs 0ge VO 9 S 00 T oadllas 0,40
gl g cldle y Bolal Ogeds (o oud (g laS sl
b )2 ler Do 8 g S39ls8 50 Dliogas

alozl ogme 9 I Slio 5l (B p e cnl o
Coghy do,0 (I S oole Llade (IS Cugb, vy
Cgb ) Ao )0 g Cawgy S oole Hlade g Cawgy
©0as (139 0gr0 Cawgy CaalBns il St oole lade ails
gl ks cogee gb Job cogus yhad ogee Jobo cails w59
JasslS o5 s e o5 Jobo el ylaS cadls Jb cogas
PH (TA) Goeml s Jolb ayol woge g6 (55 oS
sn 30 & Cpmalisg o (TSS) Joloo sl lgs cogus o,las
oy dn by Slhw 5,25 05lul gl ol (6 S o5l
039 S 5l am als g 0ge o5y SCiS ole g Cogh,
Ve slos o celin FA o ay by T il 51 s, luie sl
S Sl oole g Cugb, wo 0 g i ol 5 ol ax o
1 oolaial L 5 Jglono sl slsa (5,5 o3lasl g 5 o
als ol plol ol zalejl bl )i o a9 8,8, olSiiws
3l oolaiwl b 4ils g 050 « 5 39 4 gy e (gl (5 T o;l]
S ol plnil )5 pao S Es b (g iUl 583 (595l
ol oS sl oslaiwl b 5 g alo g slayl 4y by e Slao
d=B asaulos o, Fojlasl e e of0) e Ly
5 e PH Lojlas PH 5 (ol 25 (A9 4 gensl s
el 9o L geml i (g, 5l esliiwl b & el
«l,— (Mussa & El-Sharaa, 2014) o 5, —5o;lol
T 39,45 ol 51 S 1S JB9 1S (5 50l
1 al> o d 0 Cdo oyl g ool (SPAD 502 PLUS)
0,99 4 (eSilee § 03,5 CoF 92 4ed 5 210 ye T slaole
S S S S JBe)lS lare

L Lo as L o ,Sososil 5l ol claosls ay 320
dgliio o 2Ll (UF aen) SAS I3 8le 5 5l onliz il
oz o o 5Sils glacalsaiz (ypesl b baosls (Sl

uﬁ)f C_'))}o ..\.o)\)a

3 pglie cnds jobay (Ul pB )| 50 aS (6 sbay tas)ls
su_:‘ — 09)LC ‘(Khalel'KhUb, 2015) vi—wn u.a).aLw
asly oy a8l Ly pl 3l a s cwl ool )l ol sllas
(ol 0)l50 50 G 7eS (i Jdo 4 (GlsPesle )
Zarei et al., 2013; ) a5l SoS 5 ag (6 ydon Camlus
sle s, 5 (Sarkhosh et al., 2011; Zhang et al., 2020
S ez ol LUl LS o il Jaloee a7 5l 0429 (oS
clale b opsol Joyo ol jen 4 i 0 0,5 Lo V0 cdale b
Cowl oas JUl oo (SuuS 5 ials el o 06,8 o B
5 ok s o338 b SO el (Mohamed, 2004)
09— (S5 S SalS  ymie ogee gy (s piqSLladl
Ozturk et al., 2018; Rouhi and Esmaeilzadeh, ) ss,5
ol odle Sy ol Ly il Jedxe (2013
El-) 355 o 55 090 (335 GRl8 2ol Ul ogee (S0 5

.(Mahdy et al., 2010

Sl RalS 5o Sge Jelse 51 (o jUl ogee (S5 5
J=B olaidl ol crely AVl 5 058 0 g
O by (o pslaiedn ooy ) 008 o0 (e
5 S Slogad 5l S L Ul ogme (9SS
OS5 33 9 (fSid ke 08 90 30 5y g 00 (So55lgn 58
Slasilg e o9 yo (SoS 5 He ool amo S w)y
SIS 5 4 pglie slapde )i olelil o S5 slaSal,
bl byl S5 g cnS s g bl ogus

L gy 9 lge

Ao 1) U Lot 51 S 58 gy ol

oS ke HUl 085 90 0l plosl Solay S sla Sl
ol L) 5085 8,5 5 (S90S 5 45 pylie L)
2 oS okl lld b o)l (£ 5l (S
alols L LUl sl o () o) was ol (85 ddhais
5 Ndgy odd Sl oyl S ZBL L o) 50 S O 50 0
35,080 5, Ve Sy alols b B IS 4 L]
B0 2 sl S VO (B Ol )kl 050 50
70 S w9 Sshaw o3 e sl 285 Ojge
sla S 5l eoloas g os ass 5, b o iulesl axlg
30 oy jedaieas oS0 20 5 gl (s 4 Doy e



Q. wrd ol 3BT 085 93 13 0gu0 § &F 9 (58091 - 99390 Dlao By (b3Sl ¢ (P § PR S 4 (NGl gnl

u&&)é}})b' ﬁb)' R J&J)

7

Sl 2

Fig 1. Pomegranate cultivars: 'Zard Toshkan' (right) and '‘Malas Toshkan' (left)
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Table 1. Results of analysis of variance for some morpho-physiological leaf and fruit traits in two pomegranate cultivars: 'Malas
Toshkan' (cracking-resistant) and 'Zard Toshkan' (cracking-susceptible)

Source of Leaf Leaf Peel  Peeldry Peel Leafdry  Leaf Vitamin Titratable TSS
variation width  length thickness matter moisture matter moisture C acidity

Block 2 0.003™ 036" 0005™ 82" 8.2™  8.09™ 8.09"  56.44™ 0.001™ 0.03® 0.13™
Cultivar 1 423" 3267 0337 19647 1964 14377 14377 028" 028" 27387 9537
Error 16 0.004 030  0.002 4.67 4.67 7.39 7.39 0.002 0.002 007 012
CV% - 307 6.26  12.56 3.94 3.94 6.00 4.96 1.71 171 333 220

EN
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ns, *, **: Non significantly difference, significantly difference at 5% and 1% of probability level, respectively.
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Continue table 1. Results of analysis of variance for some morpho-physiological leaf and fruit traits in two pomegranate cultivars:
'Malas Toshkan' (cracking-resistant) and 'Zard Toshkan' (cracking-susceptible)

e et 100 s 10 swo swq FOU PR PO e S
S chlorophyll moisture "~~~ diameter length . h diameter length
variation weight matter weight opening diameter length

Block 2 10.26™ 27.48™ 0.44™ 0.44™ 27.48™ 0.003™ 0.002™ 0.008™ 0.004™ 0.05" 0.04™ 0.08™ 3996™
~ 15007 20.26™ 2926 1500 1.95™ 2257 17.74™ 0257 11127 235" 534" 5688"
Eror 16 633 2197 118 1.8 2197 000 0002 001 0006 005 007 007 891
CV% . 1144 1695 124 124 1695 233 546 508 413 997 394 462 104

Cultivar 1 304

# NS

o)) g 0 Jloso !l mdaw 5o 510 Sxo Wglai gl Sxo Wglai 09w i g 1
ns, *, **: Non significantly difference, significantly difference at 5% and 1% of probability level, respectively
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Table 2. Results of mean comparison of evaluated traits in two pomegranate cultivars: 'Zard Toshkan' (cracking-susceptible) and
'Malas Toshkan' (cracking-resistant)

Trait” Zard Toshkan Malas Toshkan Trait” Zard Toshkan Malas Toshkan
Fruit weight (g) 145.7"° 217.1° Fruit crown length (cm) 1.47° 3.04°
Fruit length (cm) 5.93° 7.02° Fruit crown opening (cm) 3.29° 1.13°
Fruit diameter (cm) 4.45° 7.17° 100-seed weight (g) 18.52° 36.872
Peel moisture (%) 51.47° 58.07 2 Seed diameter (cm) 0.60° 1.062
Peel dry matter (%) 52.482 41.92° Seed length (cm) 0.01° 1.302
Peel thickness (mm) 0.29° 0.56° Seed moisture (%) 66.40 ° 88.952
Leaf dry matter (%) 48.10°2 42.45° Seed dry matter (%) 13,592 11.04°
Leaf moisture (%) 51.89° 57.54° Total soluble solids (Brix") 15.38° 16.84°
Leaf length (cm) 7.04° 10.17 % Vitamin C (%) 18.94° 32.83%
Leaf width (cm) 1.58° 2552 pH 3292 3.04"°
Leaf chlorophyll (ug/ml) 18.23° 28.76 ° Titratable acidity (%) 1.33° 1.85°
Fruit crown diameter (cm) 1.78"° 2.032
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Wyl 70

Means followed by similar letters in each row are not significantly different at 5% probablity level using Duncan,s Multiple Range Test.
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