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Evaluation of Morpho-physiological Fruit Traits of Some Tomato
Landraces in Iran Using Correlation Coefficients and Cluster
Analysis
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Table 1. Physical and Chemical Properties of Soil in Research Field of Gorgan University of Agricultural
Sciences and Natural Resources.

QW d o )'“""'9 5/8
Available phosphorus (ppm)
Py 0 WL*-’ 160
Available potassium (ppm)
QU 53 D)9 11/9
Available nitrogen (ppm)
Q) )0 28
Clay (%)
- 42
Silt (%)
o= 30
Sand (%)
oS sl 2/084
Organic carbon content (%)
S gl 7/14
Electrical Conductivity (dS m™)
gl 7/14
pH
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Fig. 1. Comparison of means of fruit length, diameter, weight and volume in different tomato landraces.
Columns with similar letters are not significantly different at 5% level of probability according to
Duncan multiple range test.

wliv sl > b glaggin (58425 bt Glatuner 13 ogme px> 5 (139 b (Job GlaThg (ele amlie -) S0
35,105 70 Jlesl o 40 (Sl (glasalsaiz cyge3] wlal 1 (5,10 Gre B

@ 5 BB sl 5 (S Jslme welr gloosls sla Shs ol plis Soiglen s o Thy (el anslie

(V) o 5 Sler 0,00 |, ke ot Gl S Canaz o camimm Voo 5o p,Siddee +/Fe 5 VIV olin b s
e sl 3V (JBa o5 alans, g S oo Iy Gl 55 egee JBa Jaie Sup MBI W0 57 815
iz 9 YU s BB ahacul Jlade (ol b b S Cumex 09 i 58 ol ege O 5o Jele vl (slaesls
@lerdsSond oSy oncudyl )0 1n) 205 o0 Sty Silee) @le ln G Jolre welr sleosle
S YL Aol 5 i Jeloe asle slaosle (iils wis,S 3,155 (VF) o, Sen g Wang o5 o) aldgi sl (S5 ez 55

0


https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.1.4.8
http://journal-irshs.ir/article-1-393-en.html

[ Downloaded from journal-irshs.ir on 2025-10-19 ]

[ DOR: 20.1001.1.16807154.1399.21.1.4.8 ]

K2 5 g

2O Sl 550 0500 mab 0922 39 8 BB Al Glalidl a5 ol 51,800 (som 1wl J10y55 2 50l Soes
Ol 9925 b (nlyhesl Comez g wllior iiamez Koo & Cond b s> o5 LS (lws S Comer bl
Sz ope g pab (V) Sgn 9 Sl (515 olol 2 0o sl & S 5505kl mabs iy € (reling jlaie
O3t 3ot sl by w3lss i % sl S 5 Jole slaaid wiile (oS 5 ) boyye (T slovesl (lie 2 038
e (S Comer Gl 53 SIS ke 05wl 53 Gl 58 SIS lie 99081 56 el (S (] Cipraz 05
Wil oo s iaraz 500 om0 1) 0gue 0ll o JSo S a5 ¥ 55 Corez g0 40 S92 g0 S oS Jlade g Ilo |,
b el o 0aiiS (el ol Sliaemss S a5 5 ogee )0 S5zge 553575,8 Jlake wBlige (nlyil Comezr 5l iy OV
Crl 50 0958 00 Fin e Cnl s g jlalie 0 i | GelS Cumen j0 09 5 (g 5 50 0595 ABIVA Jlade
VOB Comer Rl WYY Gl e g 018 1) ogee 9Ssig)lS Jlade (n i lried) Cumezr 30 S92y Conex
) e 0yt odem; 0500 53 9 03,8 Iy Glali8l ogee ) Jolie (b )3 (534295 0500 35955)5 jlade ol e
e jo glad plpliy wivgs (o Al o S 50 (Kb llrer | odd (5)slaez slrogie aSLl 4 Az g L .(VY) o)l
D950 bgrpe Bunaz oy (S5TUsT 5 Dol 4 lag] agiig S
5995998 )90 GBS 119 o ki Aold

b wn 3590 Slacenes o Vb (G5US 2529 &5 ols (Las 1) (mmmg 0 o Sy yidn slp oot atals
2 05 e 108 Juie b cnlhal Cxaz 53 qmigm V0t 0 05 oo YIVA 51 C pmaling i Jlis sl oled oo 0
P59y Gl g (Fam; b (K pazsS 50 C ppslig Jlade (V Jga2) 0gr peitie | Gl Comozr )3 (oo V0
KRz sS Al slaed; (59, (N VTR0 Jlo )3 Ggn 5 Slo & (L2agh ;0 S (oo b (Rl broges 23l ol
Sy ¥ BV elS S b 55, oS al s 5 ccilien (glapd, oy 50 Ll ol 8,5 b3S aisls alosi
odplive (84>95 (S, U o alo o 31 1) al Sooj98ul jlade ial33l (V0) oo g Tabasi S0 o&)055 50
2l 2l dpnsl Sy 5Kl e ] 51 e Ll cio S

000 GLas 1) (ormg 05 525 0595515 g JS A cogee x> cogen (59 wiile (6,500 Sla S slp b s ansls
P OFINF B (B S Comex p3 0,5 MAR jlecanl LLS)I 5o 0 ,Shose b puiitas j5b 4 45 0900 (3 ylade &5 & j90 ()
A5 S o les O B AN ¢ (e AliSie slacuner G ogee px> b S ez ed Sn e (pelyy Somex )
P Ny e )5 50 S (dee (VOB A G w3559 g 0gee 5 0jg p5 0 S 9See VAT BFYY G S
GY e 2315 50 ogue dlaws (sl poss aialos caiols plosil (S5 3465 o3, a5 (g9, (VF) ;Ko g Regassa a5 _iwgh
KPRz (pyw 25995 5| Jol> L) S5 a5, AT (59, (V) hlSen 5 0l )lag & (6,503 Gipgl 5o 08 8150
it OF 4575 6l 59, VAL BAYD a8, (gl 59, Ve 5l (Saus, 70+ Gl p3¥ 59, olaws (gl Ol asals wiols plowl
D9 yuicio TYA a5, (6l 2,5 A/+F LAYA &5, ol 0,5 MY 51 gl (nl 10 050 (59 (Gl et dials (i en 09
VEIS+ 5 YT iy 55 ogee shab g yioickos AVFY 1 YOINY oy il slaaS, 1o osee Jsb sl s corizd
4 el Oglite oy 0 3590 GBSy G 50 S97ge (F5US A5 OIS (i okl o pd (o MO ke Siacee
T35 35 S iy Gyt s 052y S ST F 0 s obj 5T Lo Thy (F e 58 Sisysh
Olis (P30S 09 (spp 3550 Sl TRy 0 Sde (il i (GPUSS s saamslis a5 b esalie o ()
(V J592) 092 (Jghomo sl sloosle) uSs 0 (S 4 bogwye 55 oy o po

Slatunor ;0 (o) p 3590 Sla STy Glopds o pd g KeS g Side e Sl Cune polie 008 . Sils
aels Gl 992y Cewl ol 03,51 Vg N SIS o ba Ty neNke anlie slajloged 5 ¥ Jguzr 0 (S ez il
2 Olge o 3l g 00 dbe Yl lapadypys 3154 Caz Sl wemsp S50 S SRy e lp gy Slo i
2,5 oolatwl ST soliay slaasl

55


https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.1.4.8
http://journal-irshs.ir/article-1-393-en.html

[ Downloaded from journal-irshs.ir on 2025-10-19 ]

o SloCarar 0 ogi0 ol f58)00 clo STy j!

LSLQW )») oy »))9& 6L&>L;)49 ub.».».u wfo 9 J».QS 9 ).».w.».) )‘u\.&c 6‘)‘.) Coros> doeld su.».i:l.».c -y de?

Table 2. Average, range, landraces with higher and lower values and coefficient of variation of studied traits in
different landraces.

_. PR oo
Lo Siles v
. Range Landrace o ol
Traits Average i . .. . e
Oy (2 fS. Oy (2 S s
Max-min Max-min
o9 sk 31/48 44/58-25/04 Varamin-Gorgan2 17/05
Diameter (mm)
230 Job 28/62 45/85-21/89 Varamin-Gorgan2 15/42
Length (mm)
250 03 20/36 56/86-8/99 Varamin-Gorgan2 30/82
Weight (g)
o5 20/23 59-9/1 Varamin-Gorgan2 19/39
Volume (mm?)
Jslre el slaoole 6/97 7/73-6/5 Kordestan-Rafsanjan 3/87
Brix (%)
) - organ2-Esfarayen
el 1077/44 1339/99-851/29 Gorgan2-Esfaray 13/16
Glucose (1g g-1)
59597 45/97 85/18-18/31 Khanbebinl-Varamin ~ 15/54
Fructose (Lg g-1)
J5 o 1390 1820-643 Rasht-Khanbebin2 13/34
Total sugar (g g-1)
e 031 0/4-0/25 Kordestan-Esfarayen 18/59
Acidity (mg 100cc-1)
Comebuy 1/4 2/38-0/56 Esfarayen-Khanbebin1 16/21
Vitamin C (mg 100cc-1)
oS 0/12 0/13-0/09 Varamin-Khanbebin2 12/29
Lycopene (mg g-1)
el 0/18 0/25-0/09 Rafsanjan-Gorganl 8/08
Carotenoid (mg g-1)
Sl 0/01 0/03-0/001 Kermanshah-Esfarayen  12/54

Anthocyanin (mmol g-1)

[ DOR: 20.1001.1.16807154.1399.21.1.4.8 ]

Y


https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.1.4.8
http://journal-irshs.ir/article-1-393-en.html

K2 5 g

Z uigaqueyy|
T uigaqueyy|

uelsap.oy

zuesion

Tuesion
udAeseysy

ysey

j ueluesjey

ulweiJepn

0.45

(192001 Sur) Kyproy
Irete g o

de cde

T T T T T T T
A 0 N O IN & m N - O

(%) xu1g
oo Lev gl

c ulqaqueyy)
T ulqaquey)
uelsap.oy|
zuesion
yeysuew.ay|
Tuesion
udAeseys3
wsey
ueluesjey

ujwesepn

i yeysuewuay m
]

M

Landraces

Landraces

bTﬂE

v HFE 9

0.30

0.25 4

0.20 4
1

(,-8 Buw) sprousjore)
Ey\fzalaad

e n o wn o mn Q9
m &N &N =@ = o o

(109001 Sw) O ey A

[ 6T-0T-G20z uo Jrsysii-feunol wouy pepeojumod ]

c uiqaqueyy
T uiqaqueyy
ue)sap.oy|
zuesion
yeysuew.ay|
Tuesion
udAeseys3

Wsey

j ueluesjey

ujwesepn

C uiqaqueyp)
T ulqaqueyp)|
ue}sap.oy|
cuesion
yeysueway|
Tuesion
udAeseysy
wsey
uefuesjey

ujwesepn

}

]

M

Landraces

Landraces

C

[

100

T T
o O O O o
0N O N <

T T T 1
o o O © o
(=)} 0N N -

(;,-3 81) asoronig
ol

Rl Y Y Y
=
oo T Y]

0.03

T
-
e
S S

(-8 Jow) urueAds0Uy
[f2alussiza®

T
o
e

0.02 4
0.02 4
0.01 A
0.00

c uiqaqueyy
T uiqaqueyy
ue)sap.oy|
zuesion
yeysuew.a)y|
Tuesion
udAeuseysy
Wsey
uefuesjey

ulweJepn

c ulqaqueyy
T ulqaqueyy
uelsap.oy
cuesion
yeysueway|
Tuesion
udAe.ejs3
wsey
uefuesjey

ulwesepn

]

K]

}

}

Landraces

Landraces

[8%'T'T2'66ET¥STL089T T'TO0T 0 :HOd ]

A


https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.1.4.8
http://journal-irshs.ir/article-1-393-en.html

[ Downloaded from journal-irshs.ir on 2025-10-19 ]

[ DOR: 20.1001.1.16807154.1399.21.1.4.8 ]

o SloCarar 0 ogi0 ol f58)00 clo STy j!

1600 2000 |
1400 ad ab 1 - 1800 - ab ,p
\ | bc - 1600 4 b
3?1200 ¢ by c 2 2 1400
2 401000 c 3;5 1200
o0 -
"1:)5-800- b v, S 1000 1
W 5 = C
a2 9 ™ N8 600 A
o =400 | > Y, 3
EU : < = 400 -
- 200 - : 200 -

0 4 > 0 4 |
£EEE285TETE 2o cfErgTEsED e
Ec3s88 8855 ECs:880855
egzhhchwww Ea » = £ = 9 95 9
c £ 8 0O @ 0 T o o c & 8 0 @ O T o 2o
> © n O € O g ¢© ¢ > ®© » O g O g c ¢
o w = ¥ @© @®© oc w = ¥ ®© @®©

Ql L < (] L
4 ¥ X x ¥ X
L Couro> B Couxo>
Landraces Landraces
0.16

Rasht

Esfarayen IO TTTTReee T

(P55 5 p5 o) 295
n (mg g-1)
e 0 9 © o0 o
© O R R
A 0 O N
Varamin Y ¥ ¥ ¥y ¥ ¥y ¥y ¥y ¥y uE

Gorganl TSR
Kermanshah XXX x>xxxFn%

Gorgan2 ESSSSSSSSFSES SN H

Kordestan XYY yyyvyvvvvwey &
Khanbebin 1 EEdssssssssaa 1o
Khanbebin 2 fY¥YYyyyvvvvvws H

Rafsanjan

i

Landraces

Fig. 2. Comparison of means of brix percent, total sugar, glucose, titratable acidity and content of vitamin C,
lycopene, anthocyanin and carotenoid in different tomato landraces. Columns with similar letters are not
significantly different at 5% level of probability according to Duncan multiple range test.

C opoliyg lsiomo o s B atyimsl 55355, 5558 (S ab (Jslme dul (gloosls duoys eiles duglie -¥ S
J)LO‘ M)Lw.c L.SLQ"-Q):’ L: 6[.&:09.».»: b_i:).%\?; i GLQW )Q 0G0 .\,39»5)[5 9 U»JLWJS»JT ‘u;}i,.l

A0 Jleix] pdaw jo SSls glaslsaiz el bl 5 (g)lo sixe

b 59 (Fwrnd
0098 Sl e Sdedy amd o LA 1y agh cal 5o ead Sl Gla Sy (e (Sered oy T oo
J992 (nl 9 ey 090 Sl T 3l plsSamd b ogee px> g aianl € faling adsi)lS Sla Shg ( (Knnon
)08 0925 1Y Jluizl mhaw o (gl gime g Cude (Kiod 0gae Hhd 5 Jsb o a5 ol lid beaseasaleais 03]
aom 50 9 03,5 May Gl 5 ogee b wosee Jsbo (Rl L a5 cenl G5l (Sl (Sian nl (T Jsuz) €= +JAY)
Sk ey 2 Gl e gandinn (g s ogee ojlail g UKD (s b lls munles 5 (69,5 5 5 05 slaose

£


https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.1.4.8
http://journal-irshs.ir/article-1-393-en.html

[ Downloaded from journal-irshs.ir on 2025-10-19 ]

[ DOR: 20.1001.1.16807154.1399.21.1.4.8 ]

OhlEan g lpsses

Al sloosle G So3ele i bLSI az ST (V) i (5505 ol (85 5 o> 5 65,0 e 10 45 (5y5b 4 05
Jslowe sl sloosle g ytim (359 b slrogae ;o yitow 5565 5 5 0 Jlade Lol counl L2l 5550 0900 (59 9 Jolone

Sl 8gzg s

ol gl 50 el (S oill sla S (e Oy 03l (Ko culpo Y Jou
Table 3. Pearson correlation coefficients between the measured traits in the present study
R ¥ ‘5 6Lmoou _ . _
T Lol s T
Diameter Length o5 Jsloee el Anthocyanin Fructose Glucose ota Lycopene
Weight Brix sugar
oo )']‘5 1
Diameter
o9= sk 0.8 1
Length
°% 09 0.7 =043 1
Weight
Jobe salzSlye g ogus g 13m g.21m 1
Brix
Oebemys! 034 026" 056"  0.69" 1
Anthocyanin
5555 -0.54"  -0.56™  0.51™ 0.52"s 0.88" 1
Fructose
Sl -0.46"  -0.46™  0.61" 0.66" 0.94" OLE 1
Glucose 6
J o -0.45"  -0.45™ 0.6" 0.64" 0.94" 03§ 0.99" 1
Total sugar 6
s N . - N . 04 N N
Lycopene 0.45 0.55 0.87 0.12 0.93 gns 0.34 0.28 1
039 (= 1 100) oge Jsbo 5 (oS Hlade (a5 ol LiS 0ol (g pSojlal Sla Sy S e (Need (g
ol (V7 Jeaz) oyls 092 7V Jleixl mhaw jo (gyld gime 5 Cudie (Kwaer (= +/4Y) QML“"9"”| 5 (= +/AY) o5.e

28 psboler ain @b (s polie Gl it 0y 5 ok b lese o5 cul (T 5l (Sl (Shen
Ol Jlade alloe 0985 9 039 sk Jlade (it SIS (slyg Samex Sl oudols LS Vg ) e JSCo
Slogne 9 Sote (Smron 3 (1=0/4F) JS 08 5 (=0 A+) j9559,8 (=2 /18F) 3565 polio b einsSd » (938 ogee
bty Wigd (LS Sl Ko o w8 Gl G e a5 else (IS ek 4 o)l Y sl mla s
logyl ol (55, (S50 51 ity wigh laad clil b 5 JoSts ile o5 elge 5 atmo oo GRl3l 1) bailow s
K425 0gen g sLli kS (59, (F) B g (Fuline &5ty laaml b Ghegh cnl laazct (V0) W)l
i 80,5 )1 ol Sy ool o)l cillas wisly plnil asl Soye g 550 405 4 guly T s o,
RSSO POV 3 P VRRVON RS VY VI/AYA SPISTI 1 IVZ. JEWC SIS VEPRR OO i/ BPIS 9151 PIVA IR NG RS O PP e
20l plsil Lusg,lalS 03, (55,8 g (g9, (F) T g (Suline a5 _igh b idgh opl lodms ol saus +/OY 4 +/F+
(J5aid e b ol Glaalass) lade (i Cute (Sieed 0925 oaimo Lt dagy] (hagh slaa oo cdllas 33

g 05 9 S p 09)3 5,8 5 Sk

Super A -\


https://dor.isc.ac/dor/20.1001.1.16807154.1399.21.1.4.8
http://journal-irshs.ir/article-1-393-en.html

[ Downloaded from journal-irshs.ir on 2025-10-19 ]

[ DOR: 20.1001.1.16807154.1399.21.1.4.8 ]

o SloCarar 0 ogi0 ol f58)00 clo STy j!

50 lse 65900 ] LSid gl 08 0539 a5 atiea (5055555 slacuS 5 lapilwgi] a5 col oo 155
) M S9g Ju¥o o 00) Wl e srals L:eugb.,.oy.)—l ol do puiign Colu glp baud Bras b axs
IS ol 4 ABL pg3909,S G (59) SRy 99 ol eaiS S (55 sleSah b lagy; (285 3 51 (5L wilgice (S 90
Cad 4 (Shy M2 6595 05 2 D @b 5 W e 1iSen p dan) o () (Siwgn dbiwg 4 (Sasod
sbed aly p GsS el ) ohes 4 oliia Gla)ls 0 e Shs a5 m Feer I alply (VY)W
Lol 5590 B Sy
ladgs &y joxi
Slasg> g +/+A Ll ] (Norm Root Mean Square Distance) aisgs (9,8 o 5ol o alols 45 54 sliile,S g )
uibLu..v Lg‘)‘..) (w) W) A o)LoJ:.v 4..»9} L: (Q( o)Lo..J:: 4~.v5>) .).3)‘..) )‘)5 u] 3 oL..uLo;ﬁ \ Ub’; Coroz> 90 U‘i‘ as
)|u\.0.4 as u\.?»)sg Ub |) ;,@Lw u)).u.u.o.) (Y u—‘-‘-‘-’l’ 9 Y ulf)f) \ O)LQ.:J 4..»9? Qﬁ)') 6L®W L)T )‘ o ..\.wl;sn b.aYla
Vg A sloabss 5l o a5 &5, 0929 (pliawl 9 ) eils Glacases £ o)lod adg> j0 09 < NY L il QT Lo
Sl calis cuby abgt b cplawl gV el glacaaes o] 5 e ad sl Ay opl o ol o i
Y el g ¥ Q[f)f P Q‘:“‘")ﬁ slcores a5 00 V/FY 6|u5>' alold b ) oyleds adigr 4y bogype jud )L).Lo S
Ol Jgl aligr 0 el yg 08, nl 0 A ol sl adigs T gladier (gumundi olul g e )ls 13 QT
Ol SN ol (nl &5 08,5 )15 o aligs )0 lalumanr b g ploz adss ;0 (Lws S pgd aligs DY 5,5 ¥

R
Cluster Analysis

0.00 025 0.50 0.75 1.00 1.26
b g oo alold oSl
Average Distance Between Cluster

Fig. 3. Analysis between different tomato landraces based on morpho-physiological traits (A: Varamin, B:
Rafsanjan, C: Rasht, D: Esfarayen, E: Gorganl, F: Kermanshah, G: Gorgan2, H: Kordestan, I:
Khanbebinl, J: Khanbebin2).
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Table 4. The Results for classification of different genotypes by cluster analysis (A: Varamin, B: Rafsanjan, C:
Rasht, D: Esfarayen, E: Gorganl, F: Kermanshah, G: Gorgan2, H: Kordestan, I: Khanbebinl, J: Khanbebin2).
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Evaluation of Morpho-physiological Fruit Traits of Some Tomato
Populations in Iran Using Correlation Coefficients and Cluster
Analysis

N. Sousaraei, K. Mashayekhi®, S.J. Mousavizadeh and A. Dadrasi!

In the present research, different morphological and physiological traits of fruit were
measured in order to evaluate the variation and morpho-physiological traits in 10 Iranian
tomato landraces. The landraces were collected from Varamin, Rafsanjan, Rasht, Esfarayen,
Gorgan (2 landraces), Khanbebin (2 landraces), Kermanshah and Kordestan. Based on the
results, the wide range of variation confirms the existence of high diversity among tomato
landraces. A significantly positive correlation was recorded between length and diameter of
fruit as well as between lycopene content and fruit weight and anthocyanin. Fruit anthocyanin
and lycopene were positively and significantly correlated with glucose, fructose and total
glucose at 1% probability level. This indicates that increasing in sugars synthesis increases the
biosynthesis of anthocyanin. The results of cluster analysis for categorizing similar landraces
showed the highest similarity between Gorganl and Kermanshah (cluster 9) as well as cluster
9 and Rasht landrace. The results also indicated the lowest similarity between Varamin and
Gorgan 2 and Khanbebin 2 landraces. Overall, the results of this experiment show a high
diversity among landraces that can be used in tomato breeding programs.

Keywords: Plant pigments, Fruit sugar, Titratable acidity, Vitamin C, Biochemical diversity.
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