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Introduction

Tomato is a product with a wide range of genotypes with different yields and selection based on this trait and
its components can accelerate the breeding programs of this plant. The most important goals of tomato breeders
have been to increase yield, disease resistance, early maturity, and improve the quality characteristics of the fruit.
Therefore, awareness of genetic diversity in the population is an important step in plant breeding, and to achieve
this goal, the studied genotypes must first be identified in terms of genetic potential and favorable agronomic
traits. The usual approach for describing and evaluating populations requires cultivating sample populations and
evaluating their morphological and agronomic characteristics. In this regard, multivariate statistical methods play
an important role in studying genetic diversity and selecting appropriate parents. Unfortunately, the tomato
cultivars used in Iran are often not at the favorable level in terms of important traits such as the number of days
to fruit ripening, fruit weight, fruit yield, fruit length, and width, and few studies have been done on these traits.
Therefore, this study was conducted to investigate the morphological diversity, evaluate the yield and its
components among some imported tomato lines using analysis of variance, cluster analysis, and principal
component analysis.

Materials and Methods

This study was performed in Sari University of Agricultural Sciences and Natural Resources, Mazandaran,
Iran in 2020. The plant material included 24 tomato lines imported from the Canadian Plant Gene Bank and one
check variety. The experimental design used for morphological analysis was a randomized complete block
design with three replications. Evaluated characteristics were included of the number of days to first flowering,
number of days from germination to first fruit coloring (early ripening), plant height (cm), number of fruits per
plant, average fruit weight per plant (g), plant yield (g), length and width of the fruit (cm). After measuring the
characteristics at the farm and recording the data, analysis of variance was performed to examine the diversity
between lines in terms of the studied variables, and Duncan test was used to compare the means and SAS
software was used to test the correlation coefficients of the variables. Cluster analysis for grouping of tomato
lines was performed based on the mean of the main data of standardized traits, which was determined by
Euclidean distance to determine the distance between the lines, and the UPGMA method was used to merge the
clusters. Principal component analysis was performed based on the mean of the main data of morphological
traits.
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Results and Discussion

The results of the analysis of variance showed that there was a significant difference between all lines in
terms of the studied characters. Also, principal component analysis based on morphological traits showed that
the first two main components accounted for 75% of the total phenotypic variation in the data and the number of
days from germination to first fruit coloring (-0.606), the number of days to first flowering (-0.516), fruit weight
per plant (0.492), fruit width (0.480), fruit length (0.472), plant height (-0.445), fruit yield per plant (0.395) and
the number of fruits per plant (-0.367) had the highest contribution in yield changes. Therefore, these variables
might be taken into consideration for effective selection of parents for hybridization programs for broadening the
genetic base in the population as well as to develop elite lines or F1 hybrids. UPGMA cluster analysis also
divided the studied lines into nine groups. Group IX lines were in good condition in terms of yield traits and
components, group VI lines in terms of maturity and flowering, and group IV lines in terms of fruit number per
plant. And the lines in groups | and V were in moderate condition for all traits. According to these results, the
cross of the lines in the more distant groups can produce hybrids with high diversity and maximum heterosis.

Conclusion

According to the main purpose of this study, which was to evaluate the yield and its components and
according to the analysis performed, lines 8, 11, and 17 due to showing the least number of days to flowering
and early, lines 10 and 14 due to having the highest yield, the highest fruit weight, and highest fruit length and
width and lines 2, 9, 15, 21, and 24 due to having the highest number of fruits per plant and the favorable height
are also recommended for use in tomato breeding programs.

Keywords: Cluster analysis, Correlation, Genetic diversity, Principal components analysis



SLl pole 4 5L

https:// jhs.um.ac.ir

PLET T

d"'.:'hﬁj‘% Jlae
FIO-FYY o AF) ol ¥ o)los ¥'F ol

bl 4 3 eslinl b K pam 8 sla w5 Shes obiyl 5 S54058,90 EallTab,

¥ - -
ON >
- o

st o 5 aBIS IS o TGS L et IS DLl

NV AL R PP

VEeo/oA/YY 'U;‘J':“L- 'CJ_)U

daSe

o g ol il g 9, Shos o (bl 1 (5055 5 ol Sglito slad Slas b Wiy 5l (orpmg i b Jpame (S5 j3e255

ook B > tlojl (S sS 2V YD (g9, o il 5 0Slee ()l elateds pole Gimgly )3 ittty e s oS () (2ol (slaaels
Gy gyl o((039) 090 6150 gl U (S8l92 51 o) ol ((2AST g, Sl Jolb o b plosl 1S5 4w L (Bolas ol slacS oy
oL iyl 455 @l 539 (e Bls) 0gen 42)= 9 Jobo (p)S) Wgz 53 0gue 3Sdas (p)5) Lgr )3 0900 (g ign 1 ogun S (o L)
Seigledyge Slio (ol g Lol shaidge & a0 (uimen )13 3929 (w2 3)90 Clao i I (5 l> e gl lacpY (ooled (s 53 31
ool U (S3elen 5l 50, sl clio g 23,8 angi |y odld o 50 S ieid g0 5l duoyd YO ggeomo 1 (gl (ol ddlge g3 oS oy )l
(= TFFD) gy £lisy) (+FYY) ogs Jsbo <(+/FA+ ) ogso e d+IFAY) gy 13 ogso (i3 o+ 1DVE) LmdlSTs g, s o /5+5) ngpo (6,555,
ey sldbsd a0 pioren Wb 0y Slas Ol oss 13 1) prw (i i (S IYFY) g 0 ogae dlaxi g (+/YAD) dgy 1> 0gee 3 ySlas
L5 VI 05,8 slmepy o] slinl 5 3 ,Skae lio 55 511X 05, (sl 5313 5,5 05,8 & 3 |y adllaa 5,90 (slacpY 55 UPGMA
Sl 55 Vg | slmog, S ) 95290 lagn¥ g aiwils )13 (ogllas Cundg )3 Wiy )3 0gen 2l Jlai 51 IV 09,8 (sl Y g (2S5 ()39

(o oS53 95 (Slbgp @25 (ol (laadlys ¢ 4jo0 1505 gLl

=35 2 3l D9 slagsdaei I (S8 Jgaze S (K)84255
le tmo LS 05950l .(Osei et al., 2014) cuol Ll olis
gmme Lo s o1550la8" (sl sl ko ke (S s
S (gl (YL 055Ul e Gl (b 1 g g oo
03,5 Sloml (Gae Ay g ool wae gite Glgis s Ol oo
ol a sl Sle Jole G cuasS L b Mg die; ol ol
ki) Slogad o § Sileimw Slalllas (g laie
3 Ul ol e glaasio 5 oli)slis sl (SypensS
4 93,3 (Alves et al., 2020) il o 45555 1 (3L Cuod
s slacss) elol aiej > (il lillas audis
Hannan et al., 2007; Mirshamsi-Kakhki et) cul ouss plosl
al., 2008; Sekhar et al., 2010; Mohsenifard et al., 2011,
a8 ol SNl Blial oy sene 5 (Hassan et al., 2021

LVRUFY

;1 Solanum lycopersicom L. _ole pLi L S04 555
Olomsdny YN=YX=YY 45505, olisi b o Solanaceae oolgils
adb (njo jlan Olea 3 (e pre Jgae (o9

Ay oo JSt 1y Gl (Bt @) 5l (olul (350 5 39
(Engels et al, 1995; Athinodorou et al., 2021)

Ll eMsl 09,5 ¢ y)luiild § (st (6555 (gl iy =Y 4 ¥ o)
Ol i)l (il b @lie 9 (555l pole ol 25 pale oasasls
(Email: gh.kiani@sanru.ac.ir (s o g — )
pole oSl (ol g5 0aSils (GG gIgiSigm 9 LS ol 095 luiils =¥
Il 05 IS5 b s 5 (spskiS

DOI: 10.22067/JHS.2021.70173.1048


https://
https://jhs.um.ac.ir/
mailto:gh.kiani@sanru.ac.ir
http://doi.org/10.22067/JHS.2021.70173.1048

1F+) QLMMJL’ Al G)Lo.af) NP ol s(é})sw el»o 9 P}‘L:) LS’L":b F’h 4_,)*';,) ¥\A

e S Slio g3 Sles lp (NS s (Se)
Sor 5 58T hgy llllas dipe) gl > sl 00 4B S
Al-Aysh et al., ) l,Len 5 o] T (Agong et al., 2001)
OlSan 5 dai o (Osei et al., 2014) 4,1 g ol (2012
ot 555 Slillas L sl 005 plsl (Tembe et al., 2018)
039 0900 () U gy dlas daddos sl jlas (caqe lao ()
O 5l 6l ke 9 0392 09se 4555 9 Jsbo 0gee 3 )Slas c0gee
S5 e Ao 0 1y S Mol il 5 auiss slaaisl ( Slas
Ol 5o edlaiwl 5y5 0 (K845 65 Bl dlawlie aad o yiul38l
el g J._S)l.).i )1).9 u_’?uaa (’*E.‘a..u 0 D.))J:AU Slao )Ja.) )l u.l_C‘
alllas ol 13 el a8 5 o ] (g5, 5 ooS Ollllas
2ol Glial o, Slos bl ((Se5dghyge 55 ooy sslaiods
au i il edlaiwl L byl (S,84565 slacpY il ol ol
W) IaL}Ul L;L.«ol L;L.md.an,o LY 4\:)>u 9 d‘d.w? du)>u ‘U‘“L)I9
5 l_zzy‘j 5 gaen y o 5 5 gl o8 cleade b ol

25wl p o] 3 (S35 (55,95 9 ool slaasl

W yg; 9 dlge

)l (b @l g (65,58 pole olKiils > adlllae
0P 9 (B BT g a2y OF bl Job CusBse L) o)l
o jl e WY el b g Jledd adBo YA g do 0 Y8 oLélias
b ploal VAN oass Lo 0 olyl ohhjle ool oLy
Jhs ¢ ogedi a3 VA Lo yiSTas wlidlgn o] o] s
S5k (e 0)d W Cugbo) (1 ke gl 423 A Lo
sy dag adlale (alymocl o) 9 pte ke VAUY Sl
o= Y VY Jold imgiy ol )3 o3kl 3590 (LS Slge A3l
o 28 05, Sy 5 BUIS a8 5 Sl J) bl SishnsS
045 S0 Y Jodo y0 odliiwl 0yg0 (Sy8dx 65 sla pY Glasuin
Ll
3y Sdas wile Jlaw las 5l g5 dgmg by ol sl Hlse
Ot 2 Sefsdiige o g gl g 0 0,8kes (sl
calisee Glaw gl ga5 owyp Ban b odlaiwl 5y90 lapY
s5bie peddy A pbol Ggs g ogme (gl Clas des 5l ely;
g b S (Setodly oS )3 adllas 3)90 (sl Y ek
1 JyS Ll 3 gl (5 e 93 e & gy
(ol e LS dloyo ol jldns g 123,57 1,8 LIS
o Sl oozl 5,90 alojl )b ol (e 3 sind Jitie
o S5 b oy JulS Sl o ¥ (Sejlshe

D92 9 ()09 cud)w )_gl)g Bl Mg‘&ﬁ s.))ﬁlo& uwl)_e\
Ly ) o (Foolad, 2007) el 035 osee a5 (o Shs
oS g ol by i Camen 13 3290 (S5 55 51 25T
Weising et al., ) asb o bl (canaib 5 4lalS Mol ;> e
pl8,l )y jataiods > pen 4,.(1995; Zhou et al., 2015
5l addlas 3)90 slacuigy Cosl p3Y Il by yods 9 >
Kia) 35 alolid ely3 ollae Slio 5 (S5 (slo Jpusly
Olao pod wlwl y uw o (Mohammadi et al., 2012
S5 dediy S sl ol oMo 25 ©jg0 i ollas
&55 i)l sl ogge (S5 P42 lalS (Mol (55)]
Rick and ) Joo 5 Sey dinj ol 55 it o sl (S35
 (Kaemmer et al., 1995) |,LSen 4 5035 4 (Holle, 1990
Slodyins pboy & plerdon 5 (=) ((Soioedrse sloyialil
S o ATl s edlaiw] caliste WY guaze bl 52
3 olgee (LalS (Sf £55 (e g (luslid (sl
9 (stloadion ((Seise9y9e (1oL dlen 5 il (sl )
3509y S (Nolshy90 bl g Cirogs )5 el (JgSge

Khadivi-Khub et ) 55— eoleiwl ( S55 £95 Juloxigay jous
al., 2008; Terzopoulos and Bebeli, 2008; Nikoumanesh

s sote 3 Se5lshyge lio s wen 4 (et al., 2011
RS B9y (S5 Syl SeS &y 5 st iy e
9 oy Gl Jgene 2509, S (o0 Jses |y UL Mol
i) g assel lacapmen S pilis dacomen b))
Perez-de-la-Vega, ) cowlsl cly; g (059099590 Oluoguas
5 gldgs 4o dlox jlopite A sloo)lel e (il o (1993
95 (yp 2 otee Ui (PCA) (ol slaadlge 4 o0
Lo 30 )0 glddsd a0 )l cawlio pills Olocsl o (S5
A5 ()90 sNslingS Capnd RSy b &S ally plolid sl
O—zxed (Moghaddam et al., 1994) 5,5 .o )|, eolitwl 5,50
M e 035 o 8 ddlllan 350 Catio (6L laay &S o
o L 1 el e o929 o ) e bl sl Jidaey les
Aad LtnlS 1 Laodls e 48 sl ol b, 5l o3lis_l

4 400 g e odliwl die ol 53 a5 elolol g e
Lis G b b yiie i 2alS jlaieds (PCA) Lol slaadlge
Iy ol sl pusio degomme ay ol b puxio 53 D55 50 lebo]
dsgecne (il 4 G9oa )5 Jiad SesS dsgerme Su 4
Cox et ) oS o angi |y bodly jd 39390 Olpuss 5 o So68
4 430 g glades 430 (al., 2003; Jiang and Telen, 2004
Clogad oy it liise bowy Jol slbddss



YA Ll oolinl b (K5 ,342 65 slagn¥ o Shas (255l 9 (S 59989 590 E455 (om0l Kod g Aoy JS

adllas > owyp dy90 (N ddseS slaopY Olasuin -) Joua
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Number Line name Gene Bank Code Origin
1 Trophy CN 16474 Canada
2 Bibor CN 16407 Canada
3 Century CN 16414 Canada
4 Clarks special early CN 16416 Canada
5 Earlianna special CN 16423 Canada
6 Stoners M.P. CN 16471 Canada
7 Devons surprise CN 16420 Canada
8 Earliest of all CN 16424 Canada
9 Fanal CN 16430 Canada
10 Harlekyn CN 16444 Canada
11 Stoners exhibition CN 16470 Canada
12 Heropert CN 16446 Canada
13 Horney CN 16449 Canada
14 Marhio red CN 16460 Canada
15 Plovdiv CN 16464 Canada
16 Best of all CN 16405 Canada
17 President roosevelt CN 16465 Canada
18 Pecz gyongye CN 17689 Canada
19 Abundance CN 16396 Canada
20 All clear CN 16398 Canada
21 Vahle leader CN 16477 Canada
22 Bermes erntesegen CN 17652 Canada
23 Det. Cerasi for me CN 17658 Canada
24 Oahu CN 17683 Canada
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Table 3- The morphological traits of studied lines
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Table 4- Correlation coefficients of 25 tomato cultivars
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Table 5- Number of components, selection criteria, total variance (Eigen value), proportion of variance for each component
and cumulative variance

e A s J5 ity e 2 rdlls e xS iy
Component Selection criteria Eigen value Proportion of variance for each Cumulative variance

(PC) component

PC1 0.255 3.832 0.479 0.479

PC2 0.334 2.239 0.280 0.759

PC3 0.561 0.793 0.099 0.858

PC4 0.674 0.550 0.069 0.927

PC5 0.962 0.270 0.034 0.961

PC6 1.091 0.210 0.026 0.987

PC7 1.735 0.083 0.010 0.997

PC8 3.535 0.020 0.003 1.000
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Table 6- Eigen vector values for selected parameters in PCA
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Figure 1- Dendrogram of grouping 25 lines of tomatoes based on Euclidean distance, by UPGMA method
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