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Abstract

Background and Objectives

Olive (Olea europaea) is compatible with Mediterranean and Mediterranean-like climates.
Due to its high adaptability to different environmental conditions, this plant has adapted well
to the varied climates in the world. It has extensively been cultivated in some regions of Iran
to the extent that some cultivars do not have any identification. Therefore, a genotype/variety
may be classified under several names and several varieties under a single name. Also, lack of
garden information, re-naming of imported cultivars, and non-standard morphological traits
for naming has led to fundamental problems in the pomology industry. Accordingly, it is
necessary and inevitable to eliminate these ambiguities and accurately identify different
olives’ genotypes in Iran. Hense, the first step in identifying the genotype is morphological
identification. To this aim, the present research was conducted to investigate the genetic
diversity and the relationship between the olive trees cultivated in some of the cities of

Khuzestan through exploring morphological traits.

Materials and Methods

This study was conducted in Indica, Baghmalek, Izeh, and Lali in 2015-2016. Fifty genotypes
were collected from the orchards of the Andika, Baghmalek, Izeh and, Lali. The
morphological traits of fruit, stone, and leaf were measured according to the IOOC guidelines
and the Seed and Plant Certification and Registration Institute for Research (2007)
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guidelines. The variance analysis of the traits was performed using SAS 9.1 software as a
nested design. Cluster analysis was used for the determination of the degree of relationship
between genotypes. The main components and biplot analysis were used to reduce the

number of variables.

Results

The results showed that there was a wide range of morphological variations among genotypes.
Factor and principal components analysis showed that 12 components could justify 87.7% of
the variation among genotypes. The first component explained 13.42% of the total variance.
In this factor, fruit length (0.63), fruit width (0.61), fruit weight (0.61), stone shape (-0.7),
stone width (0.66), stone length (-0.44), and leaf length (0.5) had a high coefficient. Moreover,
traits such as length and width of fruit, stone and leaf, stone and leaf shape, curvature of leaf,
stone number grooves, fruit base in position A, stone weight, stone surface in position B,
stone symmetry in position A, fruit size of lenticels, stone distribution of grooves, stone
symmetry in position B, were the most important traits in genotyping and grouping of the
cities studied. Based on the results of cluster analysis, the genotypes were divided into six

distinct groups.

Discussion

In general, it was found that most of the genotypes in Baghmalek city are located in a separate
cluster. In contrast, several genotypes in Lali, Izeh, and Indica are situated in a single cluster,
which can be due to atmospheric differences in precipitation rates in these cities. Izeh, Lali,
and Indica have lower temperatures and more atmospheric precipitation than Bagmalek. This
important difference can cause the genotypes of these cities to be different compared to

Baghmalek city.

Keywords: Biplot analysis, Cluster analysis, Factor analysis



Y Ve le ) oples FF uls ( alE il 5

[ i gy Adlia

Plant Prod., 2021, 44(1), 1-12 ISSN (P): 2588-543X
http://plantproduction.scu.ac.ir// ISSN (E): 2588-5979

S o3lizal b Ol g Oliel (laOkm g 51 (5 2 3 25 Calidun (S 935 (K55 855 (240
p4 /0 e
S5 Pss e S

vqu.tn Ay ¢ *YuﬁJlﬁ- Jozoww] c‘)%u.é..o Gy

Ol 3lsal Glsal O paz g o821 (65551587 oSl ¢ GLo poke 03,5 ¢ SLEL pke b)) clis )1 s gaT 23l )
(khaleghi@SCu.ac.in) ol 1 ¢l pal ¢l pal ol ez g ol8ils (555187 0S8l ¢ SLEL p sk 0 8 5L215 1 shumn aukiug 57—

Ol 31sal 5lsal O paz g o551 €63 55L2ST 0dSCi5 ¢ SLEL p ke 03 8 caleul ¥

WAV 4N Ly s WAV RV LSl s 06

oS>

N
8 daoa 35 G S S 005 ol 65 g 4k cogen (S50 00 Sl 1 (5 oS Wlesls LIS e ta g,
GEP3 00 (KBS g5 st 0 se 4 (b g5y 1 el oS S5 93 kS s Slieo 93 68 655 25,5 o0
23 s atum o g (SS5 405 g0 oo gt S o3lizal b Ol 5 Dbl (JY 5 ol K ¢Sy cglailin o 53 535
O 0 éj)y,,- Ol s 1 gmaw g 4als 45 5ls QLIS b T Hs ot 4 A¥AP-1140 Jlu s glalsT Y g T CJ.L nH
g 1y Olis JS il sl 51 o 53 VANV £ g 53 ail 5 1Y 47 55 5L 55 la Jale 4 455 gualss (28 5 o g Lo 35
o300 5039 (/7)o gen 2, (/Y 0 gun b ¢ Jale il 53 53 903 e 515 JS ilisly 51 oy VW/EY 4l fo ol 5l tis g
Aizbls VU b (+/0) &5 55 g 9 (+/F0) Jld alins (=4 /PF) dn b «(+/5F) dn 5,0 (=2 1Y) a0 o(+/9Y)
A Cord go 53 0 g0 04 it sl 31T 6By st 5y g n JS5 Ky g i con 52 9 s il Slis ripen
23 4 O ad (S35 e 555 o g0 (53 EKande 0L CA Cund 3n 53 i O B ond ga 53 ek pelans caun 59
2l ol L SuSS 51 andllan 3550 Slaokin g sikizes 8 5 o 55 ESSE 43 Slie oy Fppe dhar 1B i o
SIS Gt ST ESLably Ol g 4 Gl (SO 55 ik s [jen 09 8 8 4 Ll 535 e 5 4 51 ool
Wn gy (5 b o e Sl Kol cody! o JY Ol g 4 Gt gla s 55 Ll

Slad 2 4 o cla Jale 4 4 5o (O (Sl 4 o tlae S

Gl il 5 Calies  Jases Ll 3 4 YU b (5,850 dedia

20015 olil 5 Sn 5 g e ol Ll 5 L g e 5l pte Lan bl L 85w ALS 05

L .(Angiolillo et al., 1999) .5 iy (6,8 5L Olg SLa b o 53 i OT ST 5 Sl (614 5 doands
S 03l ) CiS an g s aS o Sobe Ahmad pour ) ceuleds ) 8 Jled 4,5 ¥O L YO

Mfcﬁ S ol BiS w1 Sl o5 0l bl 548 s 4 olE -1 .(and Avji, 2012; Therios, 2009


http://plantproduction.scu.ac.ir/
mailto:khaleghi@scu.ac.ir
https://orcid.org/0000-0003-4979-2478

e Sl 55 (S5 5 b3l 0L 5 ke ¢

e sLos ;S 53 0sS” 5 Usd557 s S5
TP R P S PP AP ) P g
TS Ll e 5 ailate o 61 L YL ()8 5Ly s
A aro 5 O g Gble (93154 slael 53 eslinl (s
asllles mwen (Ajamgard and Shafieizargar, 2007)
33 O 4l al oo 5510 Say 4 8 Sy
Sl S sl 3l oslizal L p b Sliions oSl 0 5enSUS”
g5 a5 e (slacs 55 48 ol Ol K5 ) 50
S (G135 ome S5 ahoold (glyls 5 azils oV Hlaw
= (Torkzaban et al., 2010) s I 2 L3 s
B35 0san o2 8 5 b A Glao & Likiimn i
Slkes S 53 e A o g S5 0 g S 5
a3 S ST Sl s s dls 0y )
= (Cantini et al., 1999) Lsl o Lol glaad 5
S5V S 55 o I Sl sl
Ot (So5 5550 oo VY jloslinal b 055 5 Cilibes
e 03,5 i s anllln )50 0535 55 V) 4S5l
Ll b 0> o555 ¢ 45 3 s 45 (5ysbe B 513
J s o e QLSS 313 o Clibs Jaomans
S P 548 ol o Colie L s (o5t slaosl e
€5J8 Jlw di 5 Ol 5 38 Jlod (a0l g
e e RO PREXYS S P RCI AN
:gyth&&;Q}éd\ﬂ)(aUupp);ébﬁb\
5 Ol (g B b s (I iy o
O OLs 53 s (sl 5 5 Sl 3 Ol e 5 (S35
SMo vy G b 3 bl sl 3l biS
58 e (Ko
TSR
SL2b 55 AVAF-ITA0 Jlw 55 s o]
55238 ploil JY 5 ol eSlatly Kl (slaokn g
Sl S0k g 055 DL Sl 5501 (g ol
St l (i 8 5 & aals caml 5 anll dilaie 4w )3)
33 0dul ¥ 5 aals 5 Y fanls o) 5 anls ailais 4w )

)J)J)L;‘yc(éj}—;}dﬂfcdw\:_wdbdbw

ol S 1 il b s 53 LOT 1 (glasbinlis
P S50 S o5 i 5 L il o 055 50
Hosseini- Mazinani and Samaee, ) Al ol gduaal
dLag Ly UMbl 5 45 aber S il el 05De (2004
2GSl 53 (B3 s ¢ (15 ol e (IS L
S5 50 Do Sl elisal Lo gt 5,255 0
S e 53 (Slods e IS a5 g e 3510l 5
Macdonald et ) Coul ol J guames ol Ciils 5 9 Sils
o) cé)g;eg-‘sh)&a\)jl oslizul ol 4l <(al., 2000
33 050 Calibes gla s g5 385 olulis 5 Slalgl
rt_? s I Bl o Rl 5 gy 60l O]
el 0T &S5 9 850 gLl e 55 gl
| = «(Fakhraei et al., 2016; Badenes et al., 2000)
3,08 0550 6, S el b6 ol yan La S5 ol
RS g e S s sl e
0554 (s Do g 10 LS
Al-Rugaie et al., ) Ules gad e3laiwl 6 ge Sl oz
AU e (K558 Do gt 4z 51,2016
s ol da ol)) i Olles 5 oo foaloe
o Sl s s o5 Gl e e S e
o255 gl (Rotondi et al, 2003) 4T o sl
05525 S8 5 7Y 08, 5l G 52 Slemr (555 okl
L ) caalllas 5550 a5 g8 s a S S 0L
OVt &8 5 it w0y (585 30 Dl ot
N Jeol- s (Bencic et al., 2010) —ils 552
3505 ot 085 33 31 S 53 YA (b s )
Lyl i b adlais Sl JI&T 2855 50,5 slapba O]
OLES 03 3 olibasl Ol 5l Jle 53 Calibes S5 4058T1
ddeds ksj:io_m? g5 <=l_§)l ol J1s 53 aS sl
~ esdle (Hosseini- Mazinani and Samaee, 2004)
W 3050 (535050 Do gt gy 2l )
052 Slacd s ogme () Ol 5 (o9 Slo o
S sl ol Oy g Ol > a.x_.:d)ﬂ@?

¢ e’ ¢N0.9 *¢No.8 ¢No.7 "¢ No.6 * sLae—s 5


http://www.sid.ir/En/Journal/SearchPaper.aspx?writer=312490

0 Ve le ) oples FF uls ( alE il 5

Ol d §o Jow 5 0l ]| foall) s 5 (2003
Seed and Plant Certification ) Jlg 5 )b a8 5o
)8 s 5 3,5 (@nd Registration Institute, 2007
o en S5 g Lo YA S 68 23 8
Weols oml 3148 as (g =S o3l aws 504 S
Sl s jlw Slawo (Y Jgd) Lo g Hlse b Cio
Sl ol ot i gy g aalllas e b & s
S Syl 4,8 o ) L 3t s 2SS
oS G301 53 i o sl Lo K 53 S
International Olive Oil Council, 2003; Seed ) !

and Plant Certification and Registration Institute,
(2007

S ails s slice San o5 (Ol jle 5 5 5 aikaie
s g e ST D o 5 IS Bl a3 b
5)ﬁ,@_.i‘Lguob‘é_bjséj‘:ju}g..\_::;gl_iﬂ
Ol 15l Ol 3 Sl o ol ola g
3 G2 g g Bz 5 Joma L § Dy s 0 il e
il ok 03,57 (V) Jgidor 53 aslllae 55 50 S 555
slaes s Sl WJo s Ao gen 5 8P L35 2 5l
International ) &l (5 e VO W&l 5l 5 s % 55
Sl p sl o&205T 4 5 (Olive Oil Council, 2003
QM;A_A:J?JJ;;AM_A\O\J_«{A:@_QQK_:J‘:
ol Jadl giaes llae &5 5 it 0 g0 S5 55 50

International Olive Oil Council, ) 5= 5 el ys

Table 1. Location and position of sampling and genotypes studied

. . . Geographical coordinates Genotype
City Location of sampling Level of sea (m) Latitude (E) Longitude (N) code
Ghaletol 1 690 49°52' 16.780" 31°31'57.835" G1l-G4
Baghmalek Ghaletol 2 700 49°52' 15.853" 31°32'12.254" G5-G8
Ghaletol 3 710 49°52' 18.042" 31°32' 26.607" G9-G12
Ghale Khajeh 761 49°27' 1.583" 32°12' 17.469" G13-G18
Andika Ghale Lot 750 49°53' 1.380" 32°42'11.230" G19-G23
Keveshk 745 49°34' 59.06" 32°05'03.18" G24-G28
Mal seyedi 757 49°45' 3.601" 31°49'1.938" G29-G32
Izeh Mousavi 847 49°52' 5.126" 31°49'19.364" G33-G35
Notarki 780 49°44' 58.328" 31°50'42.341" G36-G41
Lali Taraz 498 49°13' 1.080" 32°28' 15.280" G42
Miyanrodan 382 48°50' 4.565" 32°19'51.652" G43-G50

Table 2. Studied morphological traits

Leaf and fruit characters

Endocarp (stone) characters

Leaf length (mm)

Leaf width (mm)

Leaf shape (length/width) *
Curvature of leaf

Fruit weight (g)

Fruit length (mm)

Fruit width (mm)

Fruit shape (length/width) *
Symmetry in position A
Situation of maximum transverse diameter in position B
Apex in position A

Base in position A

Nipple*

Presence of lenticels

Size of lenticels

Pulp weight (g)
Stone weight (g)

Stone length (mm)
Stone width (mm)

Stone shape (length/width)*
Symmetry in position A*
Symmetry in position B*

Situation of maximum transverse diameter in position B*
Apex in position A*

Base in position A*

Surface in position B*

Number of grooves*

Distribution of grooves*

Termination of the apex in position A*

Starred traits are traits that are less affected by the environment. & the change in a stellar trait is the result of a change in the plant's

gene pool.
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Table 3. Mean comparison of effect of city on quantitative and qualitative traits of fruit of 50 olive

genotypes
@ E S EB
s £ % % i 3 £ ¢ ¢ £t
c= S22 T T 2 £ 2 E T 2 ESS
City 2E ZE (E (E B E 5 B ZE 3 s%g
5= 5= 5= 2< = S S < s = 5 cg¢g
L - g 2 g 8 2 g¢g=a
o S S s S¢
n n pd =
n =
Baghmalek 28.66°" 17.76° 588" 2950 141" 4978 270° 21.46° 363 091° 198
Lali 19.02° 12.19° 1.89° 250° 1.69° 1.32° 199° 1569° 2.89° 0.55° 1.90"
Andika ~ 21.65° 14.36° 3.01° 250> 162 238 190> 1585° 271" 061> 1.92°
Izeh 20.51°  14.17° 274> 224" 177° 215" 206" 16.65° 3.10% 063" 1.91°

In each column, means followed by the same letter are not significant at P<0.01, according to Duncan Multiple Test.
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Table 4. Eigenvalue and cumulative variance percentage for 12 main factors of olive morphological traits

Factor Eigenvalues Variance Cumulative variance

Factor Eigenvalues Variance Cumulative variance

(%) (%) (%) (%)
1 3.76 13.42 13.42 1.58 5.63 57.93
2 2.61 9.31 22.73 1.28 4.58 62.51
3 2.49 8.88 31.61 1.26 4.48 66.99
4 2.21 7.89 39.50 10 1.16 4.16 71.15
5 1.88 6.72 46.21 11 1.10 3.93 75.08
6 1.70 6.08 52.29 12 1.01 3.62 78.70

Table 5. Eigenvector of main component for fruit, stone and leaf quantitative and qualitative traits

. Component
Organ Trait 1 2 3 4 5 6 7 8 9 10 11 12
F1 0.01 -0.37 0.46 -0.39 0.06 -0.20 0.48 0.11 0.20 0.27 -0.11 -0.09
F2 0.63 0.03 0.32-0.13 0.41 -0.18 0.26 0.13 0.19 0.27 0.02 -0.05
F3 0.61 0.37 -0.200.29 0.40 0.08 -0.26 -0.01 0.02 -0.07 0.12 o0.00
F4 0.61 0.25 0.150.21 0.23 -0.07 0.02 -0.23 0.36 0.05 -0.13 -0.16
F5 0.39 -0.41 0.140.16 0.13 0.18 0.21 -0.35 -0.14 0.10 0.22 o0.01
§ F6 -0.22 -0.12 0.390.46 -0.23 -0.19 -0.21 -0.14 -0.09 0.21 -0.11 0.13
L F7 0.36 0.05 0.01-0.16 -0.39 0.14 0.28 0.20 0.37 -0.18 0.35 0.00
F8 -0.33 0.25 0.36-0.13 -0.24 0.21 -0.35 0.29 0.10 0.32 -0.12 -0.07
F9 -0.29 0.07 -0.56 0.09 0.36 0.19 0.01 0.08 0.37 0.04 -0.10 -0.09
F10 0.02 -0.48 0.07-0.01 -0.06 -0.07 -0.29 -0.24 -0.06 047 0.24 0.11
F11 -0.15 0.37 -0.02-0.24 -0.13 0.44 -0.22 0.02 -0.14 0.15 0.22 -0.30
F12 -0.10 -0.24 0.05-0.28 0.17 0.62 0.15 -0.40 0.14 -0.10 -0.25 -0.03
S1 -0.70 0.25 -0.070.49 0.18 -0.05 0.25 -0.05 0.15 0.19 -0.01 0.04
S2 -0.44 0.29 -0.07 0.60 -0.18 -0.07 0.35 -0.07 0.22 0.10 0.00 0.09
S3 0.66 -0.02 0.03-0.05 -0.58 -0.02 0.05 -0.03 0.00 -0.22 -0.08 0.08
S4 -0.20 -0.07 -0.51-0.33 0.22 -0.41 0.01 0.10 -0.02 0.08 0.29 0.15
S5 -0.07 0.11 0.520.30 0.02 -0.18 -0.09 0.12 0.32 -0.26 0.40 -0.10
% S6 -0.08 0.20 0.340.11 0.39 0.31 -0.05 0.18 -0.16 -0.33 0.04 0.35
o S7 0.33 0.12 0.15-0.08 0.37 -0.17 -0.52 0.09 0.06 0.17 -0.02 -0.14
S8 -0.12 -0.06 0.26 0.18 0.08 -0.31 0.19 0.29 -0.46 -0.18 0.05 -0.32
S9 -0.38 -0.04 0.28-0.28 -0.14 -0.03 -0.32 -0.17 0.39 -0.10 0.28 0.35
S10 0.02 0.37 -059-0.31 -0.28 -0.21 0.07 0.02 0.07 0.14 0.08 -0.15
S11 0.40 055 0.140.01 -0.32 -0.14 -0.07 0.05 0.06 0.10 -045 0.19
S12 0.12 0.02 0.120.29 -0.16 058 0.15 0.31 -0.05 0.30 0.22 -0.19
L1 0.30 -0.63 -0.36 0.37 -0.08 0.11 -0.19 0.32 0.14 0.01 -0.09 o0.07
§ L2 0.50 0.07 -0.28 0.15 0.01 0.16 0.17 0.24 -0.18 0.27 0.12 o0.51
- L3 -0.01 0.71 0.22-0.31 0.12 0.04 0.26 -0.22 -0.25 0.14 0.17 0.19
L4 -0.32 -0.16 0.18 -0.36 0.23 0.11 0.06 0.47 0.09 -0.01 -0.21 0.22

F1: Fruit shape, F2: Fruit length, F3: Fruit width, F4: Fruit weight, F5: Pulp weight, F6: Symmetry in position A, F7: Situation of maximum
transverse diameter in position B, F8: Apex in position A, F9: Base in position A, F10: Nipple, F11: Presence of lenticels, F12: Size of
lenticels, S1: Stone shape, S2: Stone length, S3: Stone width, S4: Stone weight, S5: Symmetry in position A, S6: Situation of maximum
transverse diameter in position B, S7: Symmetry in position B, S8: Apex in position A, S9: Base in position A, S10: Surface in position B,
S11: Number of grooves, S12: Distribution of grooves, L1: Leaf shape, L2: Leaf length, L3: Leaf width, L4: Curvature of leaf.
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Figure 1. Graphical representation of bi-plots of selected cities using two main
components derived from qualitative and quantitative traits of fruit, stone and leaf
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morphological traits using Ward method
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