g allde FYV-FIY 0 OFT 5l g0 ol cpaniy ol [Sins 3blio 50 21, pole wlidins

Gobol gy 3l ooliwl b il 31y aliseo GLocaisST 35 S jeled 90 Wlao g5 (b))
N kS 1D w50 b 2l ol o

U‘)’I Oy PLu olKuiily cd)')QLiS (eWARo 9 r°9'l-° °9)§_\
daneshg_maryam@yah00.com :45lSe gt *

DOI: 10.22034/CSRAR.2022.334423.1213 VNLY[¥ il o, Ve AYIYO bl o )b

2aSs

¥ L ol SLls” oo 5l eslinl b alyjly csST VY () (salesl «Sagslod oo Slio e Lalyy 5 (S5 £55 sy sslaion:
3,590 swisS| Hleo (g lo cme WS il g 4500 gl wlul 5ol Tl YWAA Jls jo o8 e ply oKiils aldS o ) ST
olS o ails o, Sles vy Io,55 5 oYL egas s pdily 5l adllas 5y50 Dlas 25T 0005 cdslive Slho den gly asllhas
ils (10F) oL 5,8 slrasli dlasd o (1109) wig yo gz dlawd (¢ /FF) i 0 Sz olawi b glo pime g Cdie Ko
Soolaiwl b gladgs a4y 5o 050 ged duzrgi |y Waosls IS @l s 5l oo 0 YAIVE i 5 Lol Jule aw a5 ols Las be Jole @ 4y 50
olie rals cde 4 (e 5 J3)) pgo 4P Slacadss] oS saes S e 4o Jloz )3 1) (w2 3590 edsST VY w3 )ly (b
5 4l 5o 39 oS j0 S5 olasd i 0 S e slaad s jo iz slaw wlS o o8 sleasly slass iy gl wlas YL
slaasly 0 oglhe Su3elgd 00 Dl g Jpame p sloceisS] S sly loaassSl nl 5l lgion 9w aied)l s o Sloe

.09.0.3 oalawl L5>)L4|

S (6 pdyilyg sladg> @i Jele a4 5o i guadS” e lg

Ol 58 Fiin 0 )8des L o) Jlasil g ansi 6l (092 pB)
(Alawala et al., 2006) col ooy =S slaassS

9 Cude LIl ledoal o aljly aseSTY (0 50
5y S gz ol Olao b olF o Slas o 5 )lo sine
» (Safaei et al., 2011) w_s 5,155 JolS  Sau, U 3,
sWlcazs o ailjl, ca3sST V0 (55, slaallas gl Ll
b 59, olawd Slao gl YU b awsgie (6 p 38l o oleisl
il @0 I8 0o 000 b g, olawd (ol oo doy0 O
als 3, Shos 5 ls 50 559 0lS o o8 a5 Ld slass ol
Oliee o3 Y 45 sisges ol Loyl i (3035 oLS o
oo anlllae slacds a5 col il Sl Slio (g pdscdls
2 e slaghs; 5 3y e )13 e 8l oo s
Dgr el loye5 5 YL L Sl ole—o cul sl GinsS
Ladls 5 Sbos G 5)losine 5 St alaly Lag)] rizen
Maghsudi ) assls i35 oLS o o8 a5l & slass
(Kelardashti et al., 2014

aw g sully coisST Cdn 5, p 6, piubesl @l

dodlo
9,0 oS S (Foeniculum vulgare Mill) ailyjl,
osliiul St 59,00 5 1 lgrcas Ygons a5 Eul opad
oo LS L 51, (Hosseini et al., 2021) o5 5 o
J>lss o g <l Apiaceae oolgils 4y slate dll_wgo
Bblie jo all) (lez blas 25T 0 cwl adl iios gl
ol al0g; Jolo 50 9 (Jobow bl 4 So5 Sis

4 Lag,ls .(Diaaz-Maroto et al., 2006) = oo

wd e sleidlas olys shls abjl, 5l etz Fel slaulul
Novais et ) sus Slows] T slac s 5 5l l,00 )0
.al., 2004
oanl g Jlo aiidS jo 1) 093 Cuddge alS ol SO
5>y QhugllagS 5 DYy ame 0 (Se5 Sl s (moke
Slpos> 084, amis Ola vl 0 pl)) oo L:adl
Sharma et al., ) s isuagel (Mol gloasliy
O By, 5 (S eyt aall b (Lol G (2003
55 5l Jmol> bl (615 54 (Db ) sladcsorne



ok Glo 3 b (2L

FIf

§ Cede (Siwod 45 alls 139 9 iy adls olasy i
Kumar ) sgis (s yien 05T 0l ails o ,Sles b (g o sine
dsSTV  alllas Lo 6,500 o5 Siags (et al., 2017
oSy olass glar I L adls o Sl aS anged (3,155 ailyjl)
Cudo alayly Ko Job g S iz olaws iz olass sl slass
(Kalleli etal., 2019) sls ;Lzs Sl s g
O 9 Orpeelie G o8 gl plalS el o
(yslaor 1y s olse lazl asls ol by soe ol Laasly
21y oglite (ol lagty; w0357 bl 5 (o2
LS aily;l, (Bahmani et al., 2012) 5 5 Jlesl Loy
S eonl b ol (YL (S5 £95 il 5 00 (2550
2l ol pedlpy) Comogad Gt Slp i 425 &
2 08 Ol a)ls QLS o ohisar (Seif g9 5l (2T
g5 5l bl ecnlple .l oDy )5 Comogas (el
2Bl cblis 5 o WDlip s Slogad el (S5
ol adoz 5l ploanls Sy ay (S5 SaS (S
12anloo ) wles o ailjl, JolSS g (S gl )8 o S0i53
0357 5o absl, Coenl 4 axg5 b ragy ool (EL Al 2017
iy 5 £95 Gl et jsbiieds canele M
Sl Al Glitie lacadsST G Su3sls8 )5 Dlao

s alosl als o Sl Bl 51 50 slacud ST

L g, 9 dlge
&8ls o8 555 plo olKizils WS Jo VYA Lo jo inles]
(S aBB OF 5 a0 B oldlae Jsb) o8 Ll o
gl 5l )l 5 (Jlod 480 YA 5 az o VF Sl 55e
ST WY sl (Gudon ol ye iad plal (e AYY Lo
Soslear (1 Jyaz) sy 8 Glio 3blis Sl calisis
i Ll S5 a b olas SlS b B s byl g o
L slopals jo yie il +/0 oe o ailyl, slo,dn
o) 3L L S gl e Bl T Lasie L 5 glis)
Sl VF Sl Ll 8 Co 5 (V J902) (e (o)
alyyy slwed g (S celw Ve g (2,
5 ad etS gl VP E Y als gles s YA R Y
e B clS 51 5, olaws Slas 8,5 & yguo s ,Lo] 59, 4w

B ecals 5l 59, olass) 205 0o 0 00 b 59, olass (o

i T g GRS ey | Cod Al sl SCasin o8,
el Slas b ails o Slae ¢ iad g byl jo aS oy ylis
Lyl, b 0 g o 0wl slawy g S iz olass iz olaws (S
S iz olass g iz oloay Bl pad ¢ 5 a8 cla o b s
Slio olejl cpl jo.acils (g)ls gire g Cute  Siuaon
Jolis s e gl o ailo o Slas jo o e Jais
30 g a8l Hhd g x> o awils sl oS i dlased i ol
Ao iz olaad g 4Bl Lhad o 8 slass Jeold s byl i
=y o G et 5l (S a5 o gl gl (rashy @l
Sy iz olass s YU ails & Slee b ailysl, s, 238 5o
B e iz o s o (AKbari et al., 2015)
52905 ol e ailyjl, calitee CudoSTYY o (slala>dle
5o dils olaws e olass Jol i Cgllae glacssST Clsl
ool iz 0 S iz dlass g olS 4ol i slas (Lol g
ol=is &l o Sloe b (6,0 cire Cuiio  Siucron a5 Widg
(Izanloo et al., 2017) aisls

s 00 Al GadsST VA ol 5o v, GBS 50
iz o &l olasd e olaas b ails o, Slee a5 0l ools lis
Simad J3l 0 ko Jobo g (il (glgizme czuls yy azlis
G aly e i g sz H0 als slass iz ol .ol cude
sl lpeas plaels g 3 oo 5o udle (3L s
Sefidan et al., ) sia_5 418,35 Las o ails o,Slee S50
2 a5l eSS P s g9 ) 0 (2014
Koo iy St (30 b ol £l o e colitile S
a8l slawi g ol jo iz olaw Sl by g o gme g oo
Cdo Ol pess s 158 s pee g e (Ko 28
P 0 S olasi g aig jo yiz olawi b e ,8 A8l sl
9 g Sk (e D9 3 g gmped (Kon
Sz Sz olasd 5 S o 5 olawd Chs (o o sixe
(Farshadfar et al., 2017) o& soaliw

Wgr , iz slasd s jo Al eedyp s 00 adlas o
alo o, Slos ails (59 iz H0 alls slasd iz 0 S e olaws
o] sols lis oYU s pdscdlyy 2,8 laaslis slass 4
Sle—o 55, » b ailysl) (S35 Sgne gl 4T Wi 5 Gl

50 S yiz olaad daiey o i slaad o o)8 a5 slasy iile



1o

o puitio w5 Lol (Gl sy 31 ol b aily 31y caliseo Glacui ST 55 G jolsd g0 Wlio 435 (L))

0,8 dwloes Y alal; 5l oolal
MSg - MSe

r QD) ‘da%‘)
2
Sl e (oSle MSy ¢ 59y miliyly ©0

2
Oy

‘U‘ B as

arel Goyb 5l g jles Kl eluly odeid il s

230,5 dwloe ¥oalal ) 5l oolaiwl b Ol e 525Kk 280,
2
o
O'ﬁ = JS +=
r (V) alay,
ol o2
(o955 olyly 9 igid puibyly TP

2
D9 LS5 olaw g (MSe b 1) as il g O

ol a8

dwlee ¥ odal, wlol p Glio egee gpdycdl)y

=

Q0,5
2
09
h3 =
op D) “-]49‘)

2 2
e o < .. h i
=595 bl g (pes S pdudlyy Bl o a8
2

S G O'p
0% e o)ly 9

olass) JolS' Sauw, U 59, olawd (wgr (205 0oy B¢
b adsls alsld) aigy elas )l «([dy cdilon U oils oylej 5l 59,
2 =P s dlass (el co » iz 2l )
= Sloss s(LSL.A sl 9y #9990 laasLi slass) oS
I 03s oSz ) 5 slael i o S e sl g o
W (6 S ojlail gy o Sles cails
Sl dnlie ¢ i)y 4525 (DMl (6 glae 5l am
o9y 5l el L) lao o (Ko (S 59051 L)
ot w5 (Sl o ploxl B4l g 55 9 (g
O 555 0l 0 a6, Soslul Glics 51 S He o
09,5 sl g bafole 4y 4525 5l o) 2 990 SlacsS]
30,5 oolawl (Ward) sl 5y, 4 glaigs 4550 5l lagy]
S oolai Wl SPSS 13l i 5l aosls Julos 5 4325 (gl
2l el Golualyy (orgtd 9 (S e harma (il )ly (sl
3,91, Excel ,l;éls,i L, (Burton and Devane, 1953)

b Slay e 5xSle (o2l ) el ool yy (S5 ey ap0 5

29 ilizen 3ol 5l oudig )T ez syt 990 A3l GG G b ) Jouir

Table 1- List of studied fennel ecotypes collected from different regions of the country

o leds Ol ddlaie bl b bl o Lo zdaw 5l glas )l
Number County Region Longitude (") Latitude (°") Altitude (m)
$F e <l
1 . 4946 E 346N 1708
Markazi Arak
Syl Jeo)l
2 . . 48 17E 3815N 1332
Ardebil Ardebil
o8 (e}
3 5341 E 2858 N 1288
Fars Fasa
LSS Ll
4 . 5555 E 2819N 931
Hormozgan Hajiabad
Olezsly 5 Gl oL
ol
5 Sistan and 6112 E 2813 N 1405
Khash
Balochestan
S Soxe
6 . 5045 E 3391N 1775
Markazi Mahalat
Syl Ol
7 . 4755 E 3939 N 31
Ardebil Moghan
O O3
8 . . 500 E 3615N 1278
Ghazvin Ghazvin
S5y ol > sy
9 . 5743 E 36 12N 987
Khorasan Razavi Sabzevar
@ ol b
10 . 4530 E 369N 1670
Western Azerbaijan Sardasht
RURH &l
11 . 530E 36 33N 23
Mazandaran Sari
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Table 2- Some physical and chemical properties of the studied soil
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Electrical Acidity N P K Fe Zn Cu Mn Sand Clay Loam  Soil
conductivity ~ (Ph) (%) (mgkg?) (mgkg?) (mgkg?) (mgkg?) (mgkg?) (mgkg?) (%) (%) (%) texture
(dS m%)
(€]
14 7.6 0.4 59 720 375 87 4.5 77 202 413 385
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Table 3- Analysis of variance, genotypic and phenotypic variation and broad sense heritability of studied traits in ecotypes of fennel

16+ 6 39, Sy U 39 =5 sLasli olasy
T 4750 REEB L STY i e ,
u‘;.u.u égL-.n - ‘SQQJS JQU XY &Lm)l ‘,L‘,‘; 3
ol Days to )
SOV - Days to 50% Days to Plant height Number of
Df germination ) )
flowering maturity branches per plant
eS|
10 29.65™ 2118.61™ 2498.61"™ 4079.16™ 5.42™
Ecotypes
Uas-
22 0.82 13.27 22.73 10.37 1.00
Error
- 417 3.82 3.12 2.65 19.41
CV (%)
=95 obly
. . 9.61 701.78 825.29 1356.26 147
Genotypic variation
e bl
. . 10.43 715.05 848.02 1366.63 2.47
Phenotypic variation
oo sl
Broad sense 92.16 98.14 97.32 99.24 59.59
heritability (%)
alol -Y Jous
Table 3- Continued
- gy y0 gz dlaai gz 0 Sz dlaxd Sz jo S olawd il HIi (59 ol 4o ils o ,Slas
Ol i @loo ST azys ' ~ '
SOV Number of umbelsNumber of umbellets Number of flowers 1000 grain  Grain yield per
o per plant per umbel per umbellets weight plant
55!
10 11.50™ 34.72" 14.85™ 3.077 3.45™
Ecotypes
Uas
22 112 2.39 1.61 0.20 0.27
Error
- 16.63 11.09 7.74 1111 10.32
CV (%)
st b
w95 o=l
s 346 10.78 442 0.96 1.06
Genotypic variation
e bl
. . 4.58 13.17 6.02 1.16 1.33
Phenotypic variation
oo sl
75.52 81.82 73.33 82.72 79.93

Broad sense heritability (%)

™ Significant at 0.01 probability level

P <oV oo Jsl maw o )bs;u**
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of studied traits in ecotypes of fennel Table 4- Mean comparison

el O e G 39, PN G 59y S5 (S, b 59, wgr g oS 5 (588 lras L olus
Ecotypes germination Days to Days to 50% flowering Days to maturity  Plant height (cm) Number of branches per plant
=1 17.33°¢ 75.33° 146.67° 82.03" 6.00 %
Arak
“L"’é)‘_ 21.33°¢ 94.00 ¢ 145.00 ¢ 157.87 ¢ 7.002
Ardebil
- 20.67 ¢ 65.67 f 110.00 ¢ 83.23" 4,33
Fasa
bl 26.33° 11900 163.33" 11853 5.00
Hajiabad
S 2533 82.331 141.33°¢ 104.439 6.00 ®
Khash
e 18.33 ¢ 65.00 f 147.67 ¢ 82.57" 5.00 ¢
Mahalat
Ol 21.00°¢ 94.33°¢ 14533 °¢ 166.27 ° 7.67%
Moghan
C""”{ 24.00° 115.00° 170.67° 12550 ¢ 4.00°¢
Ghazvin
o5 18.67 ¢ 68.67f 113.33¢ 86.80 " 4.00°
Sabzevar
S 20.33¢ 131.33% 195.53¢ 150.50 ¢ 4.00°
Sardasht
‘SS’L“_“’ 25.67 2 137.00¢ 201.67 2 179.57 2 3.67°¢
ari

alol -F Jguo
Table 4- Continued

ST &gy yo gz Sluwy U BT REGUERIREY) S iz 50 S5 olawy &1 4158 39 oS s ails s
Number of umbels per Number of umbellets per Number of flowers 1000 grain .
Ecotypes . Grain yield per plant (gr)
plant umbel per umbellets weight (gr)
1N
6.00 « 16.67 ® 16.33 ¢ 5372 5.02
Arak
Jes)!
. 9.33? 19.33¢ 16.00 ¢ 4.43°¢ 7.42°
Avrdebil
(e
7.67 3¢ 15.67 19.332 413 451%
Fasa
alfl‘_,,_>l>
. 5.00 % 9.33¢f 16.00 ¢ 3.56 % 4,73 c
Hajiabad
el
8.33® 13.33« 18.67 %¢ 3.50¢% 5.58 ¢
Khash
Yoo
6.00 13.67 16.00 ¢ 6.20° 4,97
Mahalat
obe
8. 17.00 17.00 b 3.80 e 5.98°
Moghan
e
i 4.00°¢ 14.67 13.00¢ 3.77 < 5.22 bed
Ghazvin
N9
3.67¢ 11.67 % 19.00 ® 3.80 e 3.97¢f
Sabzevar
o
7.33 % 14.33 bed 12.33°¢ 257" 4.64 ¢
Sardasht
6)LM’
. 4.33% 6.67f 16.67 < 3.17°¢ 3.33f
Sari

(P =0.01) cosl 00 pund Sl (5031 Jasgs a5 Cenl o sme slaglas samsylid g S o Galis g,

Different letters within a column indicate significant differences as determined by the Duncan test (P = 0.01)
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Table 5- Correlation coefficients among studied traits in ecotypes of fennel
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Table 6- Stepwise regression with regard to yield as dependent variable and other studied traits as independent variable
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Table 7- Coefficients of common factor, relative variance and cumulative variance and percentage for studied traits in ecotypes of
fennel
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germination Days to
35101 b 5,
Days to 50% flowering

Jo (Sa, b 5,

Days to maturity
ag el
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Figure 1- Dendrogram of cluster analysis in studied ecotypes of fennel by Ward method
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Table 8- The mean of cluster analysis for composition of leaf essential oils in studied ecotypes of fennel
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Abstract

Introduction: Fennel (Foeniculum vulgare Mill.) is an old medicinal plant that is usually used as
food and traditional medicine. The main goal of studying genetic diversity and relationships between
germplasm sets is to use the information obtained from the diversity of native cultivars to develop
and release cultivars with higher yields among cultivated species.

Materials and methods: To investigate genetic diversity and relationships among morphological
traits, an experiment was performed using a completely randomized design with 3 replications on 11
fennel ecotypes in the greenhouse of Payame Noor University of Qom, in 2020. The measured traits
included number of days to germination, number of days to 50% flowering, number of days to
maturity, plant height, the number of branches per plant, the number of umbels per plant, the number
of umbellets per umbel, the number of flowers per umbellets, 1000-seed weight, and grain yield per
plant. After data collection, analysis of variance, mean comparison (with Duncan's test), correlation
between traits (using Pearson's method) and stepwise regression were performed. In order to
determine the relative contribution of each of the measured traits in creating diversity among the
studied ecotypes, factor analysis was used, and Ward's cluster analysis was used to group them. SPSS
software was used to analyze the data. Environmental, genetic and phenotypic variance components
were estimated based on mathematical expectation of mean squares to calculate trait heritability with
Excel software.

Results and discussion:Based on the results of the analysis of variance, a significant difference was
observed among the studied ecotypes for all traits. Most of the studied traits had high broad-sense
heritability. Seed yield per plant had a positive and significant correlation with the number of
umbellets per umbel (0.64), number of umbels per plant (0.59), and number of branches per plant
(0.56). Factor analysis showed that three main and independent factors explained 78.74 percent of the
total variance in all ecotypes. Cluster analysis using the Ward method grouped 11 studied ecotypes
into four separate clusters. The second cluster ecotypes (Ardebil and Moghan) are valuable due to
their high values of plant height, number of branches per plant, number of umbels per plant, number
of umbellets per umbel, number of flowers per umbellets, 1000-seed weight, and seed yield, and these
ecotypes can be used to select of high yielding ecotypes and desirable morphological traits in breeding
programs.

Conclusion:The results showed that fennel ecotypes had many differences in terms of the studied
traits. Among them, the early maturing ecotypes (Ardebil and Moghan) with high values of the
number of umbels per plant, umbellets per umbels and flowers in umbellets, and number of branches
per plant had high seed yield. While long maturing ecotypes (Hajiabad, Qazvin, Sardasht and Sari)
with low values of the number of umbels per plant, umbellets per umbels and flowers per umbellets,
the number of branches per plant had low seed yield. Therefore, in order to produce ecotypes with
desirable agricultural characteristics in breeding and selection programs, crossing between superior
ecotypes from different clusters and testing their results can be done. The results of stepwise
regression analysis were consistent with correlation analysis, so that the number of umbellets per
umbels, which had the highest correlation coefficient with yield, was entered into the model as the
first trait. The next trait, the number of umbels per plant, was entered into the model, which had a
positive and significant correlation with yield. Considering that the traits number of umbels per plant
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and number of umbellets per umbels were good indicators for yield, therefore, the selection of these
traits can cause the maximum increase in yield compared to other traits of yield components. In this
research, the ecotypes of Ardebil and Moghan are introduced as superior ecotypes, which can be used
to apply all kinds of improvement methods on them and achieve the ecotypes with favorable
morphological characteristics.

Keywords: Cluster analysis, Correlation, Factor analysis, Heritability



