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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.
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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

genotypes
7 6 5 4 3 2 1 adla
Component
1.018 1.085 1.662 1.909 2.418 2.656 6.596 o e
Special quantities
4.846 5.166 7.915 9.089 11513 1264 31.412 ol
Relative variance (%)
e bl
82.58 77.741 72.576 64.66 55,571 44.05 31.412 Cumulative Varanes (00
component

. . . sy cosle

0.147 0.134 0.259 0.247 0.366 0.239 0.747 Growibabi L

-0.071 0.043 0.145 -0.112 -0.071 -0.016 0.957 ) £ 2
Growth vigor

-0.054 -0.046 0.153 -0.108 0.049 -0.022 0.962 Spdk g
Leaf length

-0.046 -0.029 0.166 -0.137 -0.05 -0.042 0.945 SrutE oy
Leaf width

0.188 0.079 0.202 0.22 0.059 -0.38 -0.746 Sresli g
foliar Density

-0.159 -0.003 0.012 0.016 -0.267 0.214 0.79 Syl g
leaves Number

0.272 0.085 0.244 0.004 0.222 -0.838 0.07 Sy
Petiole length

-0.007 0011 0342 -0.296 0.255 0.627 0.275 ) ol g
Single floy\{er Num

0.073 0.12 0.099 0.071 0.485 0.675 0.357 ol JSolus
Inflorescence N_um

-0.083 -0.068 0.334 -0.278 -0.145 0.715 0.095 ) ol gy
inflorescence

-0.039 -0.18 0.089 -0.175 0.845 -0.138 -0.225 ol JSewdse
Inflorescence position

-0.009 0.254 0.215 -0.298 0.588 0.071 0.069 wJk g
Berry Length

0.116 -0.029 0.192 0.809 -0.187 -0.086 -0.161 &> 02 g
Berry width

0.076 -0.151 -0.073 0.878 -0.117 -0.169 -0.106 >0 15
Berry weight

0.137 -0.038 0.419 0.186 -0.294 -0.162 -0.699 Sy g
Leaf area

0.051 -0.028 0.862 0.168 0.078 0.055 -0.044 S 38ke g
Plant yield

-0.11 -0.068 0.628 -0.148 0.283 -0.143 0.25 e
firmness

-0.439 0.692 -0.061 -0.09 -0.438 0.002 0.092 75 S “"»-#-:‘,_\‘ 19

0.075 0.909 -0.062 -0.117 0.135 -0.074 -0.152 oslgsl 50
anthocyanin

0.761 0312 -0.06 0.141 0.065 -0.382 -0.088 SepgSsl dpl g
Ascorbic Acid

0.771 0.174 0.019 01 -0.133 0.001 -0.416 Jsbe *‘B;S"S‘ 2

Slio g gy C8)S dom lgi 0 @l cpl @ 295 L
Foe S Ul dlgioe (SpOg Sy laShs g o)
SleMb pl pizmad 5L Lbe olS pl 5,Sles o A5
o e bl (sl canlio o) 551 55 Sl
[(Poling, 2012) &5 SS dakaio y»

i &8 placwisi Gl b e e ol L pls
S Sl 4 Cond )l e 5)50 Jole 3 65V
bl pl g0 plBl S50 1 Llaid g0 Cilo Do
b Jgpame 3,8es Coled 13 9 (253 Sas 3900 Ml
Doy gy Slawo 4 Doy 4 yoxie b il 4l ol yoray
O W el kel s @mls wlulp 35
46 55 501y ol Jelge 55 (5,3l plio 85 (ol
el (g0

lagSIl 5l (s yiae S g (S R0y Jole 4 o0
sboasly (2hb 3 Uyl wald 1) bewss om by 4
DY el (Spog Mol g dee
z ol » egMe (Shahmohammadi et al., 2020)

s gl &l gl gy Sy Jule 4 40
0329% 9 (55)9liS 52 9 o0 oMkl b pie (g ey Ly
830 (sl 1)l Wilgs o Jole &y o5 o S5 8 g5 Sy
(Jyae CuisS 93 Slos e Jolge (e b 3L andly
93 Mdes S92 99,5 e |y S e sl Ol
(Vultaggio et al., 2023) sy s |) Joeze Coas
h SSpog aSles p Jhe Jelie Glyie pimen
1y okigl 5,8kas «leMbl oyl 51 oolizal b g 03,5 sl
o idgh jd &S gysbds (Saygl, 2022) 55 o e
Ol sl g 0392 (ol (glaygSh dw g 93 Jalgs ol L
Shelip b a8 SaS gliplis 4 Wlgie laygsé
Sy 9 Kbl andly 393 (8 L cutS (gl (orlie
oo & Slgee Jole wppd paee e GLIEH,
Jolse ol A8 S8 (SO0 CudS p S5e Jlge
88 e S5y e bl T (e ol silos o
Vultaggio et ) wil Jaa>e oS sl Shy plo o
(al., 2023


http://dx.doi.org/10.61186/jcb.17.1.11
https://jcb.sanru.ac.ir/article-1-1461-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-12-08 |

[ DOI: 10.61186/ch.17.1.11]

u)l.f Sl 9 UMG QI)A[{ ‘.)Ijjdbl» EMe cule Aoguazo

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

) OS5 B e g wb @) g Bl g g
oriag) by bl ) Lol e oty 5, Blod 51 s ,S
Ol L o3) plgisds Logylals 08, aSJl> )3 290 ke
Ll msS 9 s ien 9 S oF oS o pB)1 US55 o550
S Ddg gty hie (ohal) M) 5 Cute (odg) 13
Lol (53 )Sdoe M- dinej )3 ) (K 3095 4M b (g5,
Blod 5l i sl ) A5l glS” ol b 22yl cisllne
5 el & 0 i) My Slao Bl Sl ea g (dag) A8
)5 8 Cute iy

a3 e Sl G1Kdmghs g (gl & g 435
Jsame iS5 3,Shas S0 cely 45 sllas lino b
Cuaglie g (€8l g pebo Alo) 0900 CusdeS 050 (g 9 0l
dge |y Slio (ol &5 Byl 905" (yp 1y Lasslow
Jole 6 33 0 e Gl 1 slas goomo ol yy cind oo
oialielly eyl Qlsesl jo cds gz (ol 2,8 Gl Lol
lio b o bls)| g S5 95 30 calis b my e
335 iS5 ollan Slie 1y i) e s
w2l ) Collas et lio w8l ausl Jlaas) & 1, o))
(Cockerton et al., 2021) > 5" > sl

2.00000

1.00000 o [camarosale -
)

QueenEliza ()

5 i sland) Sl g (bl Wl e Jelo @ 4y jos
duglio g oo b adl dbe jo 29290 pB)l L anlie
b slopd) oy il slagd) 3 Jlisyse sl Shy
Sl g ollid 3290 pBl o 5l ) llae sla Sy
(Arab Tajandarreh et al., 2015) >g03
S 9 4520

Sp0g pB)l g b Cigl (Il 4 s pl
9 gy 1) Slao b basye Jolo 93 (bl 2 (g2 390
) 4SS ysbods 39y SIS B Ijome 50 Yo > (o
i ol Blod I gy 48 oy il b (S
O (K05 2 &S (sl ) 29l Cams |y o1
Sltel oy Sl b Bgpme 5 (nliide) judyy 96 &
Blod 51 ol b ga3 s el lino oo 11, st
B 518 hwgie d (0 (ugy Gl

a9y Ay Slao bl I jlael (a8 (uiligd S o
ool 53l (msS 08) (53 59y PB)) O 53 908 ST,
9 LS &y cnl Mo g I)55 a4 S ik
ooles )l > 8y b bl Sl ey i baulys
o5 4 Jooxio plB)l alonjl o5 55 j50 SL o8 Bl e
A5, bld ;1 (Sharma et al., 2019) 558 0 gmono

(Qaemshahrmahali

2} Paros

00000 5

 [Graner

-

° BabolAlechal

REGR factor score 1 for analysis 1

-2.00000 MacDonance

-1.00000
Blackmore
o
Carsinber o

Atabaki

Kurdistan

-2.00000 -1.00000 .00000

1.00000 2.00000 3.00000

REGR factor score 2 for analysis 1

el gy a8y Slas eluly (K805 68) T g 93 o5 -V S5 )
Figure 1. Biplot of 23 strawberries distributed for vegetative and reproductive traits
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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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