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Effect of planting method on seed yield and essential oil content of fennel
(Foeniculum vulgare Mill.) ecotypes
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Effect of planting method on seed yield and essential oil content of fennel
(Foeniculum vulgare Mill.) ecotypes

Sabzi Nojadeh, M.t, Amani, M.?2and Yeganeh, A.3

ABSTRACT

Sabzi Nojadeh. M., Amani, M. and Yeganeh, A. 2024. Effect of planting method on seed yield and essential oil content of fennel
(Foeniculum vulgare Mill.) ecotypes. Iranian Journal of Crop Sciences. 25(3): 362-376. (In Persian)

Introduction: Medicinal plants are among the most valuable natural resources in Iran which can play an important
role in people health, job creation, and non-oil exports if they are properly identified, improved, cultivated and used.
The increasing use of medicinal plants at the global level makes the importance of cultivation and production of these
plants clearer. Currently, many researches are being conducted in the fields of identification of effective substances,
therapeutic properties, cultivation and domestication of medicinal plants. Fennel (Foeniculum vulgare Mill.) is one of the
medicinal plants that have many uses in foods, pharmaceutical and health industries, and is used in traditional Iranian
medicine for long time. Therefore, the cultivation and production of this medicinal plant is of great importance.
Materials and Methods: To investigate the effect of direct seeding and transplanting on the yield and yield
components of 10 fennel ecotypes, factorial experiment completely randomized complete block design with three
replications. The experiment was carried out in the research field of the faculty of agriculture of the University of
Tabriz, located eight kilometers east of Tabriz, Iran. Eight native fennel ecotypes of Iran from the provinces of Isfahan
(Tatmaj Kashan), Isfahan (Zeyare), Alborz (Karaj), Lorestan (Khorramabad), East Azerbaijan (Bonab), North
Khorasan (Shirvan), Hamadan and Ardabil (Meshkin Shahr) and two different foreign ecotypes from Germany
(Saxony-Anhalt and Thuringia) were cultivated by two methods, direct seeding and transplanting.

Seedlings were produced in winter in controlled environment and were transplaned in the field at the six leaf satge. In
direct seeding, the seeds were sown in the mid April 2019. Hand weeding was done several times during the growing
period. After harvesting the plants, sampling was done from the mid August until the late November 2019. Plant
height, biological yield, seed yield, 1000 seed weight, essential oil content per hundred grams of dry matter and harvest
index were measured and calculated.

Results: The results of analysis of variance showed that main effect of ecotype and planting method were significant
on seed yield and essential oil contents. The interaction effect of planting method x ecotypes was significant for all
traits except for seed yield and essential oil content. The average seed yield in direct planting method was higher than
that of transplanting, however, the essential oil content in transplanting method was higher than in direct seeding. The
highest seed yield was related to the ecotype from Shirvan and the highest essential oil was related to the ecotypes
from Germany (Saxony-Anhalt). The observed genetic variation for seed yield, important agronomic traits and the
essential oil content among studied fennel ecotypes makes it possible to use these ecotypes in fennel breeding
programs to develop cultivars with high seed yield and essential oil content.

Conclusions: The results of this experiment showed that there was considerable variation for most of the studied traits.
Since the heritability for most traits was high, it can be concluded that most of this variation is probably related to
genetic factors. Therefore, the selection of these traits can be effective for the development of fennel cultivars with
higher seed and biological yields and essential oil content. The significant correlation coefficients between traits
facilitates the indirect selection for important agronomic traits. The results of the cluster analysis showed that the
morphological and phenological traits, to some extent, separated the fennel ecotypes based on geographical and
climatic regions. The genetic variation among the studied ecotypes makes it possible to use these ecotypes in fennel
breeding programs to develop new cultivars with high seed yield and essential oil content.
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Table 1. Geographical coordinates of fennel ecotypes used in the experiment

@Bl db LBl o e
Country 8 Province Ol Region aikate Longitude (E) Latitude (N)
Germany  oWT  Saxony-Anhalt Salzlandkreis 11°77' 51°78'
Germany  oWT  Thuringia Dachwig 10°87 51°07'
Iran ol EastAzarbaijan = 3,2 0lol,3T  Bonab ol 46°03' 37°35'
Iran ol Isfahan Oiol  Tatmaj Kashan oLl Lo 51°62' 33°69'
Iran ol Ardabil Jos,t MeshkinShahr ez S 47°69’ 3837
Iran ol Isfahan Olgao!  Zeyare oyl 51°94' 32°50°
Iran o, North Khorasan Jls ol = Shirvan Olg b 57°96' 37°39’
Iran ol Alborz 5 Kargj =5 51°06' 35777
Iran ol Lorestan ot Khorramabad ST = 48°44 33°48'
Iran o, Hamedan ols  Hamedan Olden 48°48’ 34°81'
sle 3T sl o STl Dladeiin =Y J g
Table 2. Characteristics of the soil at the experiment site
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Sl sl K P N SaT Organic matter Sand Clay  Silt EC
Soil texture  (mg.kg?) (mgkgl) (%) Lime (%) (%) (%) (%) (%) (@dS.m?) pH
o 295 58 0.1 11.2 11 63 18 22 1.12 1.7

(Loam-Sandy)

Lﬂ\}\):)i.gﬁﬁ:.mwlf.u\}ﬁ oL 5 e
slassS w5 e golwesleT Al el 3559
M}ijrygusf.&CW‘wl{jitpaﬁg
e 3D S s oS SN0 50 uslie b 5
ady L Lol S 4 (o 5 Oland s g g0y

Cjﬁ&f))gfrw@)}_aﬂ‘\_gdjjj_’;é:}j

Y70

Jsb g cals Gy aw Jols LaslajT dsly ja

S90 Aol 5 e Il B0 s,y ol L e Hler
jriuia.\;i_.xlj_é-\)\jsdsﬁj_:.asﬁb\'b Iy
Sl 5 sl oS Wl s (gjleesle]
2 baals el Ol 5 53 5L 515 slacs ST

Gu‘&njpdsjjréhﬂ\}ljaufﬁui&bf


https://agrobreedjournal.ir/article-1-1332-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-19 |

TEPY-XVE P Y OSKan 503 a5 (6 e il a1 bl gl s 55 Shes 8T Sy, 1"

g g Jeame i 00,550 L il oo 313
s slapll 059 g puilal o2 Sl 51 il
(Safaei et al., 2013) L& 4wloes Lo )3 o s olS
SLa 2 =3 6ol 5 il )l am 2 1 3
Lo il sls (2515555 5 Dbl il 555 05 e
Laosls uils)ls a2 6l oAb (ob5ol soles 0955
Excel J13lp 5 31 U )ls sas ey (512 5 SAS ,l5ble 5 5|
O a1 5 oslimal U La 1 S0 ds i i sslizul
4 s et ploil Aoy iy Jlel o 53 (ST
5 el slaad e 4 g o Sleslial L s Jolew,
3l sy an slad g a5 S ey i
uf“ﬁ) EEISE] wﬂw‘ PYEE )‘ ol .l l_s (Ward)
Seslial L el &y soa o5 o SIS
L ol sl tiﬁ,).ug 5 pLil SAS i3l

Ahosls Sy esiS C:U 4 e 3l eslasal

o g b
1A sl plis Laesls il yly as o mls
T Sen 5 o5 S5 Sl gy slales
L;u)ugumﬁ.sﬁ)b@”ﬁ dﬁzw)lw
T 03 ala 58 05y o i ST LB i,
sl okins Ol 45 35 4l gme Ao 3 &K Jlez>|
ST slasles SIS 2 sl sl ias
e 53 s 3, Shae s (STl 2l e
S5l elasOlis & 5 g Hls gme Ao s &K Jlez>|
il o L Glacs ST s ails 5 Shes Sl gne
bl slags STy Csls By, e -
ﬂgu):@JW\ch):Mjsrgw
N3 e Lo 3 &G ez o 55 bl el
Sy
Ol oS48 503 0L b e g lie s
o 5L \YE/Y C&QQWMK&))JJ
31 S50 J@);._;m,uﬁtw,\af_;ﬁ

55

Y0) (A 5 LS 3 S 5 S Y0) sl
3 e dhobBy s L1 ST 4y GBS s p S LS
.qug)LxT&lJ}Q)HQuQJScC_&L(
&G;ﬂ)%jjawfj.s);a&ﬂ&hdﬁ
L
e 53 aS als 4l 0y g als 3, Shee
S hs S ol tleT asly a 45 Salas
S s il (¢, S0l S 6 Y 3 Sliws Ll
i le3T sty a5 0 p—f LRRISERES I
gLyl sy gL (6,8 o1 (slr b (5 8 o 510
ou;,;éueffudfuclg_w;\éu@;uf
5, s (6,8 03101 shateds s (S oIl Cusls
5odd ¢SCis arle 3 (Bl 3l ey W ga ¢
HNeslial L laas g glsp hdm SCis 05 o
A 02555 (0,5 pdeo S35 L) el (5515
et Slayds 055 (2555 5 Sdlap b ails 5 Slas
S35 L e e S5 Sl ol Sl 4
Slaas g S 51T sy (p 5 oy ol
NI P R X P S e IS S ey
355 5l 5 ol ety o8aus 1 eslizall
5, Shes S 31 iy e la s 5 syl e
it ) 3 Shes 4 ((golasil 5 Shas) 4l
HNosliwl b 5 ST L bty &)y pots il ] Sz
wls oSV r eyl (s s plonil i S ot
&SSPl s 555 G okl Sleslill s 55
4 e OT (oI psmiSS oo 40 5 0wt ) (5 2
a3 Y0 las L mm g9y 43 5 odd sl OT
S ealiil by s 5 Ay i g ool 4y o ok
e i oLl (6,8 il iy ST oS
Ay g T asan § b js Colu aw 6,5 wlul
N Jeol Sl okl s cglatind U s s OLT
ST Js 5 e s s L Sl s Sl dn OT
ST gl 55 il mloe )3 50l (ST,

j(d.}b“' J}A})Qbéﬂ)\wuw


https://agrobreedjournal.ir/article-1-1332-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-19 |

VEoY o\:.,,ﬁ,"fa,u;@)%u?‘"glﬁ\g\,;wu.u_,:;"

OHKer 5 plio b godd 5138 s
3550 61y e ST o o (Safaei et al., 2013)
5 gLl 31l e sl (LT o5
O LSan 5 ol ings ool O3NS 5 ils 55
Cebagy 5o 6,8 iy« (Ahmad et al., 2018)
SIS L ol g i 5o el ad g il A 531

A G5 53 8 g ) el sl

u Transplantinﬁ

I

160
140 B
120 i
100
80
60
40
20
0

wpps)
Plant height (cm)

éA‘ ).
«\ o F
Ca"’\'b% N F «\

& c>“§

& ¥

&L LS s «(Abdoli et al., 2017) o, us
)JUIJJJSL‘.;L:&\;)\}AQ)}O&@‘_;M
5, ke 55 Slas gl plo o (Stmes b 4w lie
als Gl 05y .ol L;::yr.&o_- JB 5 5l cails
Lo 3 03,5 ails 3, Shoe o go gl 51 oS
SLadles 8 51 dm (5 g ol pe 0L 2 Sbos
Ui U 5 olS (g ylar s g 5l 5l pme ol ol
L s lacS s casslv 3 odd o 55 515 s 3
23 a5ls 5158 059 054 s Mgl o ol 3 guS
YU a5 g 5o als sl 5 JsnS 53 adls sl HLS
(Sien o I L3y o 5 Shae (151 ey
(St b gl 3 &l 3 Shoe b 4l 5158 055 0
)Rucu‘)b&ﬁj}&é‘ﬁ‘ﬁbﬁ

P Y PRy

Ct_a,,\o,\_:sw J_ﬁb;)\u_iﬂ,;_wluﬁ
S e Mt olie O3 ol 5 S s 2 Lg
ST 355 Glayles & Gl o 315 .ol ol
Sl bl el olie sle  awyd el L
By St S SIL oS s sy gLl
L—u! » .(Shafagh-Kolvanagh et al, 2017)

Ly

Direct seeding & i oS

ab
ab
be I
de
de
|I ef ef
o
‘ g
S of ,;,\fj i {\-s"’
& & ke
.,.“*( & @6 ‘&&b
v & &
& ¥

Fennel ecotypes

Fig. 1. Mean of plant height of fennel ecotypes in interaction of planting method and ecotype
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Fig. 7. Cluster analysis of fennel ecotypes based on plant traits in direct seeding (right) and transplanting

(left) treatments
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Table 3. The results of analysis of plant traits of fennel ecotypes based on transplanting datas

b Jols
Components
Plant traits Ao, 1 2 3 4
Plant height sppw,l 092 026 020 -0.37
Biological yield s Ske 069 039 024 -0.14
Seed yield alss Se -0.11 -0.8 036 0.11
Harvest index cab, sexls <060 -0.74  0.08 0.10
Essential oil content  «ls sl gl 0.17 006 -0.34 0.9
1000 Seed weight als ey -0.24 -04 0.03 0.69
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Table 4. The results of the analysis of plant traits of fennel ecotypes based on the direct seeding datas

b Jsle
Components
Plant traits A Slis 1 2 3
Plant height sepw, 007 -001 0.96
Harvest index cab, sesla 019 018 -0.94
1000 Seed weight Gaylmozs 023 -017 08
Biological yield s Ses 064 009 073

Essential oil content  «t> ulul glg=. 016 073 -0.11

Seed yield

abs ke 091 021 -0.26

Number of branches ¢ sbslo sl 0.62 029  0.49
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