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Relationships between seed yield and plant characteristics in synthetic cultivars
and elite ecotypes of fennel (Foeniculum vulgare Mill.) under drought stress
conditions
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Table 1. Fennel cultivars used in the experiment

o) ooleds
Origin clise No. Synthetic cultivars Sz o1
Fasa (W 12674  Synthetic early maturity 0385 S
Moghan oke 13297  Synthetic medium maturity 0ke St
Meshkin shahr b i 10580  Synthetic late maturity oo S
Khash Sl 22084
Rafsanjan Ol 23038
Hajiabad ST 2= 26867
Qazvin psp 23793
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Table 2. Plant characteristics of fennel cultivars

No Plant characteristics 28 ok, No. Plant characteristics A8 Slis
1 Plant height (cm) sppl, 11 Number of seeds.umbel! S 3 &l sl
2 Seed viability (%) awbos 12 1000 seed weight (g) 4l )l 03
3 Number of nodes o £ sl 13 Middle internodes length (cm) Ly o Sila J b
4 Pedicil length (cm) K> 14 Terminal internodes length (cm) sle e Sl b
5 Number of branch «oslaw 15 Essential oil content (%) bl Ol e
6 Number of leaves ¢, sl 16  Essential oil yield (kg.ha™) bl s Shes
7 Stem diameter (cm) 4l ks 17 Biological yield (kg.ha™) G5 g 5 Shas
8  Umbel diameter (cm) & ks 18  Harvest index (%) Sl Lesls
9  Number of umbels s sl 19 Seed yield (kg.ha) 4l 5 Shes
10 Number of umbellate ¢S >l 20 Harvest index of essential oil (%) elal s e ls
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Table 3. Seed yield and yield reduction rate in fennel cultivars under normal and drought stress conditions

Seed yield (kg.ha') wls > Slas

S Os S AR Ol e
Fennl cultivars SLjl, e, Yp Ys Reduction (%)
Fasa Lé 1075.1 755.7 -30
Rafsanjan Ol 830.1 618.8 -25
Synthetic early maturity 38 St 1181.6 848.8 -28
Khash S 2107.3 1037.0 -50
Moghan Olke 1719.1 906.1 -47
Meshkinshahr S S 2208.1 1091.9 -50
Synthetic medium maturity . 0obe ¢S 2357.1 1081.5 -54
Ghazvin R 484.4 452.7 -7
Hajiabad AT 1576.3 571.8 -64
Synthetic late maturity oo > S s 908.7 577.8 -36
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Table 4. Genotypic correlation coefficients (below diameter) and phenotypic correlation coefficients (above diameter) of plant characteristics

of fennel cultivars in non-stress conditions

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

1 1 -0.92* 0.78™ 0.01 0.20 0.78* 0.12 -0.25 0.24 -0.48 0.34 -0.11 -0.73** 0.67" 0.46 0.06 0.65" -0.71° 0.00 -0.70°
2 -1.00 1 -0.66" -0.10 -0.21 -0.62° -0.03 0.37 0.01 0.57 -0.11 0.21 0.63" -0.73** -0.55 0.17 -0.36 0.81™ 0.24 0.78™
3 0.85™ -0.95* 1 -0.40 0.55 0.86™ 0.54 0.21 0.64" -0.10 0.53 -0.28 -0.91°* 0.22 0.64" 0.39 0.75™ -0.47 0.29 -0.44
4 -0.06 -0.26 -0.52 1 -0.60° -0.26 -0.64° -0.46 -0.75* -0.67° -0.49 0.55 0.57 0.70" 0.02 -0.73* -0.54 -0.39 -0.71* -0.38
5 0.21 -0.43 0.67° -0.80*" 1 0.50 0.59 0.71* 0.63" 0.50 0.50 -0.07 -0.49 -0.18 0.19 0.54 0.43 0.14 0.52 0.21
6 0.85™ -0.80*" 0.94 -0.29 0.54 1 0.28 0.17 0.52 -0.20 0.34 -0.04 -0.81°*" 0.37 0.33 0.23 0.70" -0.47 0.21 -0.51
7 -0.05 -0.48 0.59 -1.00*" 0.69" 0.33 1 0.60" 0.81* 0.57 0.76™ -0.29 -0.50 -0.42 0.37 0.72° 0.52 0.25 0.61° 0.38
8 -0.33 0.43 0.24 -0.52 0.77* 0.16 0.72* 1 0.70" 0.81* 0.59 0.20 -0.17 -0.43 -0.16 0.72° 0.33 0.65" 0.75* 0.63"
9 0.27 0.03 0.69" -0.80*" 0.72° 0.54 0.88* 0.72° 1 0.70" 0.87* -0.16 -0.64° -0.41 0.09 0.92* 0.84™ 0.34 0.88™ 0.36
10 -0.77* 0.93™ -0.21 -1.00*" 0.86™ -0.21 0.73* 1.00** 0.88* 1 0.56 -0.06 -0.02 -0.76*" -0.41 0.79* 0.25 0.90™ 0.83* 0.88™
11 0.38 -0.10 0.55 -0.58 0.59 0.35 0.79* 0.63™ 0.92* 0.76™ 1 -0.03 -0.49 -0.18 0.07 0.89™ 0.82 0.31 0.83* 0.36
12 -0.19 0.20 -0.32 0.66 -0.11 -0.06 -0.53 0.18 -0.23 0.03 -0.05 1 0.46 0.34 -0.25 -0.05 -0.10 0.15 -0.02 0.21
13 -0.85* 0.77* -1.00*" 0.58 -0.63" -0.87*" -0.76*" -0.16 -0.69*" 0.00 -0.53 0.60" 1 -0.11 -0.41 -0.45 -0.77* 0.32 -0.40 0.39
14 0.69" -1.00*" 0.17 0.76 -0.35 0.43 -0.95* -0.58 -0.46 -1.00 -0.20 0.49 -0.18 1 0.25 -0.50 0.00 -0.73* -0.51 -0.75*
15 0.49 -0.82* 0.73* 0.04 0.24 0.38 0.44 -0.23 0.06 -0.55 0.09 -0.41 -0.47 0.32 1 -0.11 0.10 -0.66" -0.30 -0.47
16 0.03 0.19 0.44 -0.77* 0.69" 0.26 0.94* 0.76™ 0.97* 1.00* 0.99* -0.10 -0.48 -0.64°" -0.18 1 0.76™ 0.58 0.98* 0.58
17 0.65" -0.53 0.82 -0.63" 0.54 0.74* 0.61° 0.35 091 0.20 0.89™ -0.15 -0.85*" -0.07 0.10 0.82 1 -0.01 0.72* -0.03
18 -0.77* 1.00** -0.49 -0.38 0.22 -0.50 0.39 0.72* 0.37 1.00* 0.40 0.18 0.34 -0.89*" -0.78* 0.59 0.03 1 0.67* 0.93*
19 -0.03 0.29 0.32 -0.75 0.65" 0.23 0.74* 0.79* 0.94* 0.89* 0.89™ -0.04 -0.42 -0.64° -0.36 0.98™ 0.77* 0.68" 1.00 0.61°
20 -0.94* 1.00*" -0.59 -0.52 0.27 -0.61° 0.77* 0.82" 0.50 1.00™ 0.57 0.30 0.53 -1.00*" -0.68"" 0.71" 0.17 1.00* 0.74* 1.00

* and **: Significant at 5% and 1% probability levels, respectively
Names of plant characteristics related to each number, have been presented in table 2
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Table 5. Genotypic correlation coefficients (below diameter) and phenotypic correlation coefficients (above diameter) of plant characteristics of fennel

cultivars in drought stress conditions

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1 1 -0.49 0.88" -0.64° 0.78" 0.91* 0.09 -0.21 0.56 -0.19 0.16 -0.55 -0.70°  -0.44 0.7°1 0.24 0.76™  -0.54  0.09 -0.53
2 -0.80™ 1 -0.44 0.52 -0.18 -0.48 0.35 0.46 -0.07 0.49 -0.10 0.51 0.52 0.44 -0.26  0.26 -0.56 0.79* 0.33 0.80"
3 1.00* -0.52 1 -0.73  0.70™ 0.92 0.06 -0.17 0.67 -0.36 -0.08 -0.72  -0.79™ -0.54  0.77" 0.23 0.82*  -0.62" 0.08 -0.65°
4 -1.00™ 0.68" -0.82*° 1 -0.34 -0.50 0.29 0.45 -0.57 0.56 0.30 0.47 0.93** 087" -0.27 -0.09 -0.67° 0.54 -0.05  0.64°
5 0.89" -0.25 0.77* -0.49 1 0.82* 0.59 0.22 0.65" 0.20 0.20 -0.34 -0.54 -0.16  0.51 0.54 0.74™  -0.26 0.42 -0.25
6 1.00* -0.59 1.00* -0.61° 0.88" 1 0.30 0.03 0.66™  -0.07 0.25 -0.65"  -0.63 -0.28 0.76™ 0.37 0.86™  -0.53 0.20 -0.51
7 -0.08 0.34 0.01 0.39 0.66™ 0.24 1 0.87" 0.55 0.85 0.53 0.18 0.08 0.49 -0.07  0.86™ 0.34 0.46 0.83" 0.47
8 -0.58 0.60" -0.25 0.48 0.16 -0.07 1.00* 1. 0.34 0.88" 0.49 0.31 0.31 0.6" -0.23  0.70°  0.06 0.62 0.72 0.59
9 0.67° -0.10 0.73 -0.69° 0.68" 0.71% 0.66" 0.36 1 0.22 0.18 -0.32 -0.69 -0.27  0.18 0.81 0.84 -0.05 0.75 -0.12
10 -0.48 0.55 -0.43 0.54 0.20 -0.05 1.18 1.16 0.26 1 0.68 0.51 0.44 0.71 -0.35  0.71 -0.06 0.75 0.74 0.77
11 0.05 -0.26 -0.11 0.32 0.12 0.22 0.69° 0.54 0.15 0.90* 1 0.36 0.31 0.56 -0.09 048 0.15 0.39 0.45 0.42
12 -0.95™ 0.64° -0.84" 0.53 -0.43 -0.86" 0.17 0.32 -0.32 0.57 0.42 1 0.65 0.53 -0.71 0.07 -0.62 0.82 0.21 0.76™
13 -0.95™ 0.6°0 -0.84" 1.00™  -0.62° -0.73** 0.04 0.32 -0.74* 0.47 0.37 0.72° 1 0.83* -034 -024 -0.83" 0.62° -0.17 0.69°
14 -0.71° 0.52 -0.64° 1.02 -0.23 -0.36 0.57 0.77*  -0.39 0.80" 0.73"  0.63° 0.96™ 1 -0.27  0.13 -0.43 0.58 0.15 0.62
15 0.93" -0.30 0.94* -0.47 0.55 1.00"  -0.07 -0.28 0.19 -0.58 -0.09 -0.82  -0.42 -0.36 1 -0.10  0.40 -0.57  -0.28  -0.49
16 0.28 0.27 0.29 -0.13 0.62 0.45 1.00* 1.00* 0.97* 0.82* 0.57 0.05 -0.25 0.19 -0.26 1 0.53 0.43 0.98" 0.41
17 0.85" -0.78"" 0.89* -0.81"  0.79™ 0.92* 0.24 -0.02 091"  -0.11 0.07 -0.87 -0.95" -0.59 0.56 0.61 1 -0.52 0.41 -0.55
18 -0.68" 0.95"  -0.66" 0.65*  -0.25 -0.56 0.72° 0.82*  -0.01 0.89* 0.48 0.96™  0.72° 0.72*  -0.72° 0.42 -0.54 1 0.54 0.98"
19 0.07 0.38 0.10 -0.07 0.48 0.21 085" 0.96" 0.77* 0.86™ 0.52 0.17 -0.16 0.21 -0.38 1.00 0.46 0.53 1 0.52
20 -0.72"" 1.14 -0.75 0.83"  -0.29 -0.61 0.98" 0.96 -0.12 0.99* 0.53 1.05 091" 091" -0.83 0.29 -0.59 1.00"™  0.44 1
* and **: Significant at 5% and 1% probability levels, respectively Lo y3 685 5 gty dlal = glaw )3 Jla s o 5 1 FF
Names of plant characteristics related to each number, have been presented in table 2 ol 0 51 Y J gk 53 05l 5 4 by 0 ks gl
Y.V


http://www.sid.ir

WA Olis ) oF o)led cuadtin dlor 0151 (1) p ke dlns”

3 8 sl 50, S sl g Ll L
das o 0L (Soan il ol s
SV sb Ll ey W a s sl gi S
ool Ol e g anbls (g b oy
DS 5 Sl s sy 55 on 65V
bl Ol e 45”53 S 3,158 (Safaei et al., 2010)

..\)‘J 4;‘4‘")‘)

ﬂj}&@l—:d)bw}f

O3 15 sl p8 4 8 05 S 4 ol

Q}EU#QWJJ‘JO@(?J)Q)&
w\étﬂ.xﬁwgb@ﬂ;gdmﬁjgu&
Sl s dly e Ol e 4 41 > Slas ) shaia
o ar g L s Ol Jae oiie Ol 4o
il 5, Shas 5 il et ls Sliw S
A 4l 3, Shes 56,8 53 605 3 Shes s
‘oiaaﬂ&ﬁ;powﬂu&uuwﬁu@
!l Ol Sl oS LS 0 85 o
S Lo 5l Cmlg 53 5 08l Sl
Ay i s als sluss g 4l Jad (S i sluay ¢ i
Sl ple . lits Jue 34l H1IE 56 Slaw Ol 2o
Ot Ao ARBIL e (65l (g 30 addllas 5 50
1y adls 5, Shas s b5 1 pl5 1 Bl s
o2 3 il B0 Dlaw 5> Ol 4 Ol 5
Sl a3 A aS sl plis odd 351 o Juds s
23352 5o Jin Lo e Lo g5 Shes O s

4 55 Ssem Syl ams 55 9558 a5 Jbe

:J.AT Cwd
Y=952.44 - 99.04 x1+130.28 x2 - 2737.23 x3 +
222 x4 (F) dayl

S g 5 4 X4 5 X3, X2,X1 5 415 5 Shae Y
o 3 asld sluss g a8l had (S e sluas
Sl opl 5148 g o )s o bl ol sl e
Cb_a\,ot;_;\,uw;\waﬁgﬁﬁo\}:@
3,5 oslimal Coda ol gl 2§

Mc:&é\ﬁ\gﬂlﬁub:ﬁw
55 3 s 55 b 93 ;8 53 (6)15 mme sl
oml 318 o edS e il edias Olis oST Zils
Koy dl 5 Iy el &ls 5 Shae Ol k5 s 55|
25 S 5,138 75 (Jindal and Allah-Rang, 1986)
03 asls i 53 SS e caS g g i sl 4 S
AL e b il s Shes 5 LS o
..U)\.sgizw

Siasar 0,8 3w 5 uill Oljs Sl
¢¢,_&\>:,_g-,‘5)b@”3c~;e&:5}_é)&:sy'j
Pl 53 6,8 sl g 0 oS iy o i 0
sl YL 5 el Oe cABL 2t L3,
}D‘JJJ&&W)‘JM}MM
ls gl 4T das e 0L ¢SS e 5 Ses
S0 50l S Sy (gl ) 0 YU Shes
Sl el gy L) Sl Ll s )
Sl o8 s asle a5 diy 4 by e Slis
ol aS s e s adls sl g e sl i)
.5}_.&:&}_»4_?\::}_(&;&\)_6\;‘_&\;.6}_&}»
}@w\aﬁpugomﬂw@
L;l_;a(a\.,\_s‘ 035 2L Sy o 53 350 Hld ne
u)o)jJQHE)J&‘bﬁu-SC@L;OM}&w}é
il 3l el (ladils 4 conlia JSt &y go 5 olS
.x};@wbﬁyu,muﬁw

Sl (58 5 (o5 555 (SNed 2 b
S bl s s aS sl ol S 25 Ll s s
}&:S}_ijél)bul::)_ilwé&;
;lu‘ﬁ,wawpd)ladw}wsgﬂ
3.0 Jsds) s a8l ,Lad 9 S oo sldas ¢
Ol 5, Sas ¢ A5 gl Ll s O i Ll a
JM\JWMJ_}:—)JD‘JJ\M\_:
B - LI S P P ST SRl
ol s il Oljmn Bl s Ll 0 s o

[, SID.if


http://www.sid.ir

"...Jal:f Sl 5 4ls :)ﬁl...p om Liley b5 "

u:;so}.gb"l,.:);ag;\”s)\ﬁ@Lfawﬁu)u;;ﬁwwvt?w@oﬁfﬂka-fd}.\?

Table 6. Stepwise regression analysis for seed yield and other plant characteristics in fennel cultivars in non-

stress conditions

Step Plant characteristics A8 Slis a Bl B2 B3 B4 R?
1 Number of umbels sl -697.15 138.61 0.76
2 Number of umbelets oS sl -2421.05  91.89 121.48 0.90
3 Stem diameter Sle ks -998.26 138.97 13120  -2533.62 0.95
4 Number of seeds.umbels™ S s alaalds -952.44 99.04- 130.28  2837.23- 222 098

B 5 5 s 3 Sl o 553 ey 0155 oo

JEE DU N RIS PP SN U TN NI,
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Table 7. Stepwise regression analysis for seed yield and other plant characteristics in fennel cultivars in

drought stress conditions

Step  Plant characteristics a8 ol a Bl B2 B3 R?
1 Stemdiameter Sl ks 44474 167875 0.69
2 Number of umbels s=ols -500.36 0 1212.65 36.58 0.80
3 Number of nodes o8 sl 274.55 674.47 84.40 -96.20 0.95
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Table 8. Direct (on diameter) and indirect (out of diameter) effects from path analysis for seed yield in fennel cultivars in non-stress conditions

o sl S o e aslo jbs Sy 4l slaw als s Slas b L;:-M
Step Plant characteristics A8 Sliv Number of umbels  Number of umbellate  Stem diameter ~ Number of seeds. Umbels'  Correlation with seed yield
1 Stem diameter Bl ks -0.15 0.59 0.15 0.08 0.74
2 Number of umbels o -0.12 0.83 0.18 0.09 0.94
3 Number of umbellate &S o sl -0.11 0.73 0.20 0.20 0.89
4 Number of seeds.umbels™ o 3 4l sldws -0.12 0.76 0.15 0.10 0.89
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Table 9. Direct (on diameter) and indirect (out of diameter) effects from path analysis for seed yield

in fennel cultivars in drought stress conditions

sl s o 5 slaws JRONRR a5 Shee b Sosen
Plant characteristics AE Slis Stem diameter Number of nodes Number of umbels Correlation with seed yield
Number of nodes o 8 slaws -0.57 0.03 0.65 0.1
Stemdiameter Bl s -0.05 0.35 0.55 0.85
Number of umbels o sl -0.38 0.20 0.96 0.77
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Relationships between seed yield and plant characteristics in synthetic
cultivars and elite ecotypes of fennel (Foeniculum vulgare Mill.) under drought

stress conditions
Akbari, A.l, A. Izadi-Darbandz, K. Bahmani’ and H.A. Ramshini*

ABSTRACT
Akbari, A., A. Izadi-Darband, K. Bahmani and H.A. Ramshini. 2016. Relationships between seed yield and plant

characteristics in synthetic cultivars and elite ecotypes of fennel (Foeniculum vulgare Mill.) under drought stress conditions.

Iranian Journal of Crop Sciences. 17(4):301 -314. (In Persian).

This experiment was conducted using three synthetic cultivars and their seven parental populations at two
different conditions including: non-stress and drought stress. The experiment was carried out using randomized
complete block design with three replications at the Research Field of Aboureyhan Campus, University of
Tehran, Iran, in 2013. Analysis of variance showed that there were significant differences between genotypes for
all traits in two experiments. The highest seed yield in normal irrigation belonged to medium-maturity synthetic
cultivar and Meshkinshahr with 2357 and 2208 kg.ha, respectively. However, in drought stress condition the
highest seed yield obtained from Meshkinshahr and medium-maturity synthetic cultivar with 1091 and 1081.5
kg.ha’l, respectively. Genotypic correlations in non-stress condition between seed yield with umbel diameter
(r=0.79""), number of umbels (r=0.94""), number of umbellate (r=0.89"") and number of seed umbel™ (1=0.89™)
were positive and highly significant. In drought stress condition condition also the genotypic correlation between
seed yield with umbel diameter (r=0.96""), number of umbels (r=0.77 ), number of umbellate (r=0.86"") and
stem diameter (r=0.85 ) were positive and highly significant. Results of stepwise regression analysis revealed
that in non-stress conditions number of umbels, number of umbellate, number of seed umbel” and stem
diameter, and in drought stress conditions number of umbels, stem diameter and number of nodes were identified
as independent variables that explained variations in seed yield. Path analysis for seed yield also indicated that in
both non-stress and drought stress conditions number of umbels had the highest direct positive effect. It is
concluded that in normal and drought stress conditions, number of umbels is the most important trait for

selection of fennel genotypes with high seed yield.

Keywords: Drought stress, Fennel, Path analysis, Stepwise regression and Synthetic cultivar.
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