Journal of Crop Breeding Vol. 17, Issue 1, 2025 p: 11-24

Sari Agriculture Sciences and Natural
Res versity

Research Paper

Genetic Diversity and Relationship Analysis of Different Local and
International Cultivars and some Strawberry Clones
(Fragariax ananassa Duch)

Masoume Abedi!, Mehdi Hadadinejad?", Kamran Ghasemi® and Ghafar Kiani*

1- M.Sc, Department of Horticultural Sciences, Faculty of Agricultural Sciences, Sari University of Agricultural
Sciences and Natural Resources, Sari, Iran
2- Assistant Professor, Department of Horticultural Sciences, Faculty of Agrlcultural Sciences, Sari University of
Agricultural Sciences and Natural Resources, Sari, Iran, (Correspondlng author: m. hadadlnejad@sanru ac.ir)
3- Associate Professor, Department of Horticultural Sciences, Faculty of Agricultural Sciences, Sari University of
Agricultural Sciences and Natural Resources, Sari, Iran
4- Associate Professor, Department of Plant Breeding, Faculty of Agrlcultural Sciences, Sari University of
Agricultural Sciences and Natural Resources, Sari, Iran

Received: 20 July, 2024 Revised: 27 September, 2024 Accepted: 09 November,, 2024

Extended Abstract

Background: Strawberry (Fragaria x ananassa) is a perennial shrub of the Rosaceae family that
has become one of the most significant fruits globally due to its unique characteristics, ease of
care, and delicious flavor. This plant thrives particularly well in temperate regions, although it
can also be cultivated as an annual. These traits have made strawberries popular not only in home
gardens but also in commercial agriculture. It has emerged as an important economic crop in
many countries because of its tasty and nutritious fruits. Given the economic and nutritional
significance of strawberries, it is crucial to assess their genetic diversity and identify various
genotypes. Genetic diversity in this plant enables researchers to develop newer, higher-quality
varieties that are more resistant to pests and diseases while yielding greater outputs. Therefore,
the use of morphological markers is highly beneficial in distinguishing and identifying different
strawberry cultivars and populations. Consequently, this study was conducted to investigate
genetic diversity and identify relationships between domestic and imported strawberry genotypes
and clones.

Methods: The present study was carried out in Mazandaran Province, Sari City, from November
2020 to June 2021. Transplants of imported cultivars were sourced from the Kurdistan
Agricultural and Natural Resources Research Center. This selection was made due to the high
diversity of cultivars and their specific characteristics, allowing for an accurate assessment of
their yields and quality. The plants were grown in pots filled with a substrate of cocopeat and
perlite in a 70:30 ratio. Due to its favorable physical and chemical properties, this substrate
promotes better root growth and enhances the absorption of water and nutrients, thereby providing
optimal conditions for plant growth. The comparison stage of cultivars was conducted through
detailed studies at the Sari University of Agricultural Sciences and Natural Resources, aiming to
investigate genotypic and phenotypic diversity. The experiment utilized a completely randomized
design with 23 treatments, including mother cultivars in three replications and daughter cultivars
in four replications, all within a hydroponic medium. Measurements were taken on fertile plants,
and various data points, including growth habit, leaf density, and growth vigor based on
international descriptors, as well as traits such as leaf length and width, leaf area, the number of
individual flowers, the number of inflorescences, and total flower count, were analyzed
quantitatively.

Results: The examined genotypes exhibited significant differences in reproductive and vegetative
traits. The highest genetic diversity coefficient was associated with the number of fruits per plant,
the number of flowers per plant, and plant yield, all of which showed variations exceeding 50%.
In contrast, a narrower range of variation was noted in traits related to vegetative growth, likely
due to environmental influences and cultivation conditions. The correlation analysis of the growth
habit trait revealed that a more erect plant positively impacted the growth of leaf components,
which in turn enhanced fruit length and width. This is a crucial discovery as it can aid in the
selection and breeding of superior cultivars. Factor analysis successfully identified several main
factors representing qualitative and quantitative traits, facilitating a better understanding of the
relationships among these traits. The Camarosa cultivar, the predominant cultivar in Mazandaran
Province, along with the cultivars Merck, Tan Beauty, Missionary, and Queen Eliza,
demonstrated positive vegetative growth but negative reproductive growth. However, the selected
clone from Ghaemshahr excelled in both vegetative and reproductive growth, placing it in the
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fourth quadrant and positive section. The evaluated values for strawberry traits indicated that
phenotypic variance surpassed genotypic variance, highlighting the environmental impact on the
studied traits. The maximum phenotypic coefficient of variation (PCV) and genotypic coefficient
of variation (GCV) were attributed to plant yield (67.25 and 65.67), followed by leaf area (38.92
and 39.47), respectively. Furthermore, high heritability was observed in the traits of leaf area
(97.3%), plant yield (95.35%), and the number of flowers per inflorescence (90.59%).
Conclusion: The results of the correlation of morphological traits indicate that the plant's growth
habit has a positive and significant correlation with various traits, including leaf length, leaf width,
leaf area, petiole length, and fruit length and width. The correlation results for the descriptive trait
of growth habit in three forms (erect, semi-erect, and creeping) demonstrate that a more erect
plant positively influences the growth of leaf components, leading to improvements in both fruit
length and width. Additionally, the correlation findings suggest that an increase in shoot density
and leaf number can negatively and significantly impact the plant's growth habit. Therefore, shoot
density may decrease as the plant grows, resulting in a more open structure with fewer leaves.
Finally, considering the genetic distance among the cultivars, it appears that crossing these
genotypes could yield greater heterosis, which can be leveraged to produce new cultivars and
enhance orchard yields. Utilizing genetic and phenotypic diversity and incorporating these traits
into breeding programs can significantly improve the quality and yields of strawberries in Iran.

Keywords: Cluster decomposition, Environment, Genetic parameters, Heritability

How to Cite This Article: Abedi, Masoume., Hadadinejad, M., Ghasemi, K., & Kiani, Gh. (2025). Path Analysis and
Correlation between Quantitative Traits in Cultivated Sugar Beet (Beta vulgaris L.) Germplasms under Rhizomania
Disease Conditions in Miandoab. J Crop Breed, 17(1), 11-24. DOI: 10.61186/jcb.17.1.11



https://jcb.sanru.ac.ir/article-1-1461-en.html

W s VEF /) olads femin Sl /sl bl oMol 4k jings

S reb qalio g (55,9liS pgle olSily

S5 O gl (A g Glisce 0By bulyy 4125 9 (Si§ £
(Fragariax ananassa Duch)

ESWS e o ol 4 ols T 815 o0l sage ¢ sls doguare

Olrl sl )l (b lin 9 (55)9laS pole olStils o2y pole 0aStily ¢ SLel pole 095 iyl (ulid)8 Szl 6 -
(m.hadadinejad @sanru.ac.ir : Jggue odiuw 55) ¢yl o ylo (gl (ruslo mlio 5 (55)5LiS pole olKuisly ¢ £y pole 0uSiily ¢ SLel pole 09,5 ¢yloluwl —Y
SRl skl sl (b wlin 5 (655l pole oSl o5 polle 015Ul (SLEL pole 098 Lutsls —F
Al sk eyl s lio g 2559058 pole oty ¢s; pale 03l (LS ol 095 byl —F
VET/ AN bl VEYIVIF el ) VY EY el oyl
YE U aio
boune 20,5
g 3,84 yamie sla Shg Jdda 8 cul (L S 03l dluss <laig oS K (Fragaria x ananassa) 55,5¢s5 1dad g doddo
5300 5yt sl by Jaine (3blie )3 (ogada olS cpl sl 01 has plea sloosee cnnte S Se 4 jadst slaoge 5 plul Cudlye
Sygm 55 5 Sty Sl (SIS SIEL > 585 (S350 S el 01 el o Sy o) ey 351, e S & gy a8 (it
dog b Cunl 0ad o5 b ysuiS 3l (gl 10 o (dbail Y guaze §l (S 4 g3 (gdse g 0j0uisd slogue WJg Jdody olS ] )5 )8 v g
oS nl )3 (S5 55 el 53 slofey Canl ol il slaciss lolid 5 (S5 €55 i)l (S @lis 5 ooladl coenl 4
Gl VL o Slas g sl Jpglie laisjlow 9 Il )5 & dind dewgi ) (6 5CudeS b g Sy pB)l lgns o5 am oo ) Sl (ol e 4
o 5 s ol e Sl (SiB055 il lnedg 5 o8 Lol 5 2leT (sl SeSolgn (sl SOLS 5] izl (> ey aind
Lol 018 ploxl (9055 (2)6 g B> laglS g iy ple bl (2lolid § (S35 95 ooy B L img}y
o 5 £55biS Sliio 35 51 )5 Al Lis 5 ol VE-+ 13,5 B YRR Ul el 108 colyuile il 3 0l Limgds 109, 9 Slge
il ol S 3,Shae 1 (B3 3] 52 5 8 Sy ] Lol csla S 5 o) VL 55 s ol ) 3,8 4 ol S e
cslio o 5 (Suzed Sloogad L5ty CutS iy gl NE CoES ingy VoiF'e e Gl 5 CapsSsS sy 5> 45 oS )3 Laaig
Gk 31 £ duglio dlo po 059 0wl laLS 1) (sl Ty oy Ll osiman 5 A8 o S8 (IS Slse 5 O g Gl g oy e 0 4
b (olas MlS” (ol B > talol s ol i 5 isi) €55 opnt Bon b il b e 5 (65)5LS pole oSl )3 38> Slalllas
g b el o)l g (59 s pSo3lul Ll al 4 Sggyten st 3 S5 ¥ 53 (655 pl)) o ST 5 (ke pBY Jals jlews Y
(S5 5 a5 5y s S g 5 Ui Jol i s i St (ol 5 18 €8 5 o) 815 iy 3l el Lnosl
WA w05 Oygody e g S dlass (3] S5 oluss
Lgiye (S5 €55 capd 025Vl i)l 5S0aSe b (oo sime gl (g 5 ol Slaio jlas ) adlllas 350 (slacis o b (L ol saidly
£ diald gy ady b lape Clas p3 oS Jbs 3 i oo LS ) a3 00 Gl i (545 45 Dg wig 0ySlas g digy ;0 JS i (digy ) gue Dl 4y
Al odliv! gy dya a8 ol L Ay Cole Cubio (S golt il culS bylyd 9 Jae Ql),,j‘b" o ol S oS A5 saaline (S5
5 bl 4 Wl o 15 Conl pho Bl S ol g oo Wogee ()5 5 Job dante 4y oo 35 ol &S il daled Sy (glinl ud) p g cuze ).ul:
i (ol s sy e S50 20 3 35 ol ol Jole 1 ooty |y o 5 S i ol 35 o e ¢ 025 5SS g o8 e
cial] L0y 5 Cute (pagy 18 5l 33 13l S 5 Sadee 5 (Fam F S e p) ooy hile il 1> GG 8 lgisas Lug Lol 18, lel S8
Cue IS0 9 )l @y 3 9 292 (Aoge 3Shae (Sl (Llj g (pugy AB) a9 1 53 o8 S ) ] (glS (el b idgr )95 ke
2 e 3 oaimd Lt ol & ol ik (5 by S| aigid il 4 0 (S (S sl Sy (sl 0dd b)) palle 85,8
oo & g 5 (POIPY 9 FVIVO) aigy 3 )Shos 4 i iy (BCV) (15583 €55 iy 5 (PCV) (aigid £95 oo y81as canl adllas 350 o
555 U5 dlaw g (o0 AD/VD) wgy 5,Sdas (o) AV/Y) Sy rdaws Slias 13 YU (6 dscilys eyl pogMe s 03ld olaid! (FA/AY FA/FY) Sy
A5 osnlie (Lo >+ /0R) opdl
53 s St o Syt oo i il |y €5y 15y Sl o S (L5 (Sailghygn (sla Sy (St | Sl ol 16 S A
o3lian) Sl s )3 48 Cle oy Chio (e @l () p Al ()l sne 5 Cute (Stuer > 0gee (2)e 9 Job g S > Jobo
Wogee o) 5 Job Sgutc 4 oxie 9590 (nl 9 )1 S lipl 43y g s ute T Bl Sodliuw] gy a2 y0 45 A83 g0 L5 (04535 5 03Ul
sl ALl Wg Ay e gyl Gxe g shie S Wlet o Sy dliad g o)l WST5 iuliEl A8 wimd o Ui (Stued ot ogMeds b Jnlgs
4 g b aoled )l 4Ll (g8 Gy ol g ik olS g bl GhelS o)l o515 Canl (e ol ) )3 ( Skl SRl L e B s
S92 9 22 )] g5 (el @l ) g 0,0 Camdns plgiee |y oyt g daceis nl ) M Pl L s o laias )] (e (S alole
3, Sles 5 CutS o)l 4 Wlg o golBa sladsly 0 b Shy cpl 605,84 5 (aisd g (S5 £a5 I eolaiul ges edlaiwl il jo 5, Sles
Aeles (SLld SaS 988 3 (Sy8s

Sl il e (Sladgd a5 ( S5 sl il b 1 glST saojly

a5 ol oald uL»J )ol dLavJL» 5 ui;)suy 09x0 y 0D LVRU-VY
OlaS g Kb sl ¢ Jame dlge w el (slgie o5 ;| Fragariax ananassa s pb b 55804

) 3 1y b sl T ) oYL plie S8 S, (20 = 8X = 56) wssblis] S5 ksl L Rosaceae
Cuto S (i8S 55 3 b amse Y3 GBAS Gpan glke (lgme g iy lae Jdoa ol ) sloges |
L5 B ASCS pas 0 p0l bl Ceods a9l SluS 5l 4 03,25 ysbay 5 (Chen et al., 2011) G pas
)l gm0 8 (mbligg GlS 5 L Sl &Y guae b L pbul clllas (Whitaker, 2011) wb o oyon ol


https://doaj.org/toc/2676-4628
https://orcid.org/0000-0001-7776-4832

N2

@LS )Lé.é 9 w@ O\).A\S ‘:\;‘5:\» (SR csule doguazo

N8 g sls (B g cilizee pB)l Laily) 45 5 (S g0

A5 el (£A0/Y) bl lgixe g (STIF) il
el 5939 9 lulys 4 a5 L (Singh et al., 2018)
S £95 (yp B b gy cnl 98 3 (80
plxl ()l 5 (J313 slagygls 5 ey Laly) (alulid 5

, g g 2lge

V¥ ol 3 UAYAR UL bl sl o imgh oyl
o 5 5339148 i 3§ 25 5 L5 03 o
e Sl LS (ionen 0 ad (liwd S (b
gk S @bt pelely (sl (o (bl Jb )
MURILWy} Ol).\j)'l.e OL:.»I eS8yl pous 51 o e
S g9l QS Opgody (Spog slaay cuils
2 OgeSIS Pyl duslie dl> o g ploxl iy 9 CsS S
€95 ar b )l (oub @l 5 (5jysliS pole ol
| pbdl (oigid g (oo

SSgg)h s ) (S3lai Nl g5l B 5> ialej]
PB) 5 S Y 33 s ple pByl ol (V Jgaz) Jlos VY L
Jolis yia (g5lwoslel llos ol ys Lalay 1SS F )3 ¢ ion
Ccudle .83 plool Yo sV Camids Culy g CnsS'sS
b aasle oo s g ohie gl Jold p3Y
Afsharipoor & ) s pbsl wilSsa olie Jg0,8 5l oalasuwl
u.]o )5)lg L;lzzsdﬁy &9 lmd)tfo)'b.ﬂ 9 (Roosta, 2010
ole gly (635 glrodls .uis plosl V¥ v 5 VYA ol Lo
O 89y Y NS g edbiuldes B A5 ol ¥ 0S) WS,
N 3 dawsio D S wiiSTy ¥ 35) o)l (ST (ool
VS dhwgio 0 S wams Y AS) Ay @8 g (ST
o (Hofer et al., 2012) Mol oy Kooy ololy (98
Syt o in5le) Sy o o) Sy Jsb
STEDENIEN ERE NENR KRR
S50 Sles ¢ opdl 5y S5 dlas copdl J5 slaws o SO IS
Age A Cud (S5 2) ogp0 Joloxo sl dlge g (p)5) iy
Nz 5y b (swd yiegiS by S5y (TSS) Jobro dal
B e ot J 69y p ogee Ol o lab

21y oge ojlas 1 ) e G oplssi] Stomis &y
el g Al Jpilie) sl Joilio i e 03 b iz gl
5 0.5ke MolS () 44 A% o> Cows 4 allB Sy 18
YF Codods g Ab diBu,y ogupw islejl sladly) )3 0)las
T oy g S8 Sl 3 9 (Sl s el
zoe Job > Jole i 5 Goipilo 593 B ) addd
Jsey8 il eolainl b clale auolos A (650310l yiogls OO+
Yoo g o 0l odilgd sae &S el cunday A=gbC
A D9 o pd Vreerer 4d odol Cawdds dis g oS
WIS BTl S ke) ool e Jols
(Wagner, 1979) cuwl (o500 &l y2d 55 Ylg ST

reliy g el Olilgugss 5 odlitl b ogee & (uelitsg
S50}l (gl 5 gy dtwlds Bpee Jolowo 1> by
(Elgailani, 2017) 1.

Sl Vb 238 Glgime b (K305 SGpae ©yso (0l
b (Sp0g (laceip] dag 3 (63b Coenl (oMo
o Slge olize 1 Alar | S 5 (oS lio 4 25
Slegdge cn ) aggl g (n St 1 o g (St 0]l oalo
a8, s o;s)al (Saridas et al., 2021) cuwl (5jg0l
Pyl g ST UL 5 0392 (So)ly 928 )3 29290 (S 095
4 g byl (e300 Cudild yy dield IV sl oo 0l35S 5,
SAOF NP4 g b))l (alelid g2 ge cbcydgixe
Karami et ) casl 5,05 0 oYU Cuonl j jais™ 5 )
SS9 b iy sy ol s 5 (al., 2023
CutS g 559y Pyl (Byme dlex (K pog cuts
ol o yiwd 30 Sl Job 0 03l (55,8 gs ot cladlo
[(Folta & Barbey, 2019)

Slyice & Cwsl 033bag; (£l Y gare | (S8 g
SFEYsb loj e b g A, oS S ©jgon
2 Sogrg)dn S 9 02l ()9 ()b )90k
bl 3929 Cunl drgi Jl 5 S pdy ] gli8 bl
Sl edls (S5 il el el ais S wle
G Jpamo (45 5 (o5 Gl g BT g s lons o
ol 3 ool Caansdy |y 2l HEASAg ( SB cuiS 4
(Afsharipoor & Roosta, 2010) cuwl edls Fgw b9,

I oslitel (K pog diltte w2l cax
i e Wodgs ol (sl 45 Sujsledyee (ol Silis
Sp0g B pllid 5 Cnog sy (2osllS Cinoy
obls wie glaays jl cblis Mol 43! lawg
LS LS55 ale Jloe can 5 (UPOV, 1995)
ogo ¢ v 5 S, (HOfer et al., 2012) wi sbg)
Pl (alolid (sl (S3198590 oS hnoss (n Finkee
oor B s (Spos ey sl
o1b plxl (58 0y cilizee pB)) (gl Cliv (g5,
WL0)S andll i g iyt diwd g3 Ay |y BByl pl &S ol
LYoy f’@)l COmed o VAYO— VAFF Jls )‘ 04 il ‘nté)‘
oS Loalls oKl > VA= Yeof o ) od
3)90 Dy Cguine (S5 50e e sl aaby (IS AL
JSV» ©gxo o)'l.\.il ©gro J)fJ.a& ﬁ)Lb'.n g,a)f )|)§ u"l"))]
92 ) hwgle j5bas ogse plSocul 5 090 ()5 5,all
YVAF e pB)) el (st 9 00) (PLel it
39 VAFO—VAFF o 5l o yuiitio a8y 3 s duoyd
(Shaw & s sanlis s 3,Slas > Liljil oyt &S
bl jl (S,805 Cuigl VW ibgh > Larson, 2008)
352y oAU @bt (85 1S () 3)90 (SBS £95
opd W g (g 3y90 Slao G (g)bline (S5 g9
»38dee ¢l (BCV) (15955 5 (PCV) (aigid s
9 J5 ol B i g 3 0o ol Jliday 5 S
P YL gphcdly a5 ol (Ui @l g 13,5 () p Gy
2o goyi ol Jlida g (ZAAUY) sxals,e B
e > 5Slee (LANE) G 3,Sles (WNSFY)
G IS ol (LAAY) as 59 owSbe (LAAS)
el (/AVIE) TSS (/AV/R) &5 45 00 jlaia (AAZL/Y)



VO

LS Hlas g Lewld lelS ol eolis gage sls doguare

VEF /Y oyl [ppdan Jlo [ £l); lalS oMol aob jings

o _ L S e 3 (e 390 (NROE o8 T Slasidie =V g
Table 1. Characteristics of 23 strawberries cultivar hydroponic cultivation
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Accession number Origin Breeding parents Photoperiod Genotype Number
254 Italy Marmolada®Onebor x Irvine SDP g;?é: 1
i ) gmsS
FRA085 Italy Miss. x USB 35 DNP w O 2
Queen Elisa
ERB0243 USA Cal 63.7-101 x Sequoia SDP 9)_&"-‘ 3
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Fresno
264 USA A chance seedling in USA,1900 SDP O 5
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- USA Howard 17 x Missionary SDP o 6
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- DNP Bugiz 5 7
Duchnista
5130 USA Cal 52.16-15 x Cal 51s 1-1 SDP b9§‘“’ 8
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Lo
- SDP 9 9
Ventana
5014 USA Missionary x Howard 17 DNP 29e5L: 10
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- SDP Sy oS 14
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L Jl
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Qaemshahrmahali, ,

SDP: Short Day Plants DNP: Day Neutral Plants
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Table 2. Analysis of variance of vegetative traits of 23 strawberry cultivars in open hydroponic
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** Significance at the 1% probability level
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Table 3. Analysis of variance of reproductive traits of 23 strawberry cultivars in open hydroponic cultivation
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==Significance at the 1% probability level
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Table 4. Correlation of strawberry traits
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Table 5. Principal component analysis for different physiological and morphological characteristics of 23 strawberry
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Figure 2. Dendrogram (in the form of heat map) resulting from cluster analysis and correlation of 23 traits
of strawberry in hydroponic cultivation
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