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Abstract

Introduction

Dragon's head (Lallemantia iberica) is well-suited for cultivation in arid and semi-arid regions
due to its low water requirements and short growth cycle (approximately 80-95 days). These
characteristics make it particularly valuable for the climatic conditions of Iran, especially in
Azerbaijan. Given the diversity in growth and yield characteristics among different ecotypes,
evaluating various quantitative and qualitative traits using statistical methods can help identify
and introduce the most suitable and adaptable ecotypes for the region. This study aimed to assess
the seed oil percentage and yield of 49 ecotypes of Dragon’s head to determine the most
promising ecotypes for potential use in breeding programs.

Materials and Methods

To evaluate oil-related traits in 49 ecotypes of Dragon's head collected from different regions of
Iran, a randomized complete block design (RCBD) with three replications was implemented in
2015 and 2016 at the research farm of the Faculty of Agriculture, University of Tabriz. The study
measured key agronomic and qualitative traits, including fertile branch length, seed yield per unit
area, seed count in the main and lateral branches, oil percentage, and oil yield. Data normality
was assessed using SPSS software, and statistical analyses were conducted based on RCBD using
MSTAT-C and SPSS. Mean comparisons were performed using Tukey's test at a 1% probability
level. To classify the ecotypes, cluster analysis was conducted using Ward's method, and the
optimal cut-off point for the resulting dendrogram was determined using discriminant function
analysis. Figures were generated using Excel software.
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Results and Discussion

The results revealed significant differences among ecotypes in studied traits. Regression analysis
showed that seed yield per unit area had the highest regression coefficient (1.098) for oil yield.
Based on mean comparisons, ecotype No. 37 (Alwar village, Bostanabad) had the highest grain
yield (116.3 gr m?), followed by ecotype No. 23 (Tabriz 4, 107.7 gr m®), and ecotype No. 24
(Kalvanag, 14, 101.7 gr m?®) . The variance analysis of ecotype effect on seed oil percentage
showed significant differences. Ecotype No. 8 (Kalvanaq 7) had the highest oil percentage (44.3
%), followed by ecotype No. 27 (Param 1, Harris village). Ecotype No. 37 (Alwar village,
Bostanabad) had the highest oil yield per unit area with an average of 44.4 gr m™.

Conclusion

Based on the findings, ecotypes No. 37 (from Alwar village, Bostanabad), No. 23 (known as
Tabriz 4), and No. 24 (designated Kolvanagh 14) have been identified as the most suitable and
compatible ecotypes for the Tabriz region, particularly in terms of seed and oil yield. These
ecotypes demonstrated superior performance in various agronomic traits, suggesting their
adaptability to the local environmental conditions and agricultural practices. Given their
promising results, these ecotypes are strongly recommended for further cultivation efforts, as
well as for inclusion in potential breeding programs aimed at enhancing productivity in this
region. By focusing on these ecotypes, farmers and agricultural researchers can work towards
improving not only the quantity but also the quality of the agricultural outputs, thereby
contributing to the economic sustainability of the area. Additionally, the adoption of these
ecotypes could lead to increased resilience against local pests and diseases, further supporting the
agricultural ecosystem in Tabriz.
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Table 1.Characteristics of the soil where the experiment was carried out

Absorb_able Absorbable _Total Lime Organic Sand Clay Silt EC )
potassium  phosphorus nitrogen o matter o 0 0 1, pH  Soil texture
Y (O @) (%) (%) (dsm?)
(ppm) (ppm) (%) (%)
295 58 01 112 11 6 18 22 112 77 (oam

Sandy)




Table 2. Characteristics of the 49 ecotypes studied in the field experiment
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NO. State Ecotypes Longitude (E) Latitude (N)
1 East Azarbaijan Local (Kolvanagh 1) 46.99 38.10
2 East Azarbaijan Local (Kolvanagh 2) 46.99 38.10
3 East Azarbaijan Local (Kolvanagh 3) 46.99 38.10
4 East Azarbaijan Local (Kolvanagh 4) 46.99 38.10
5 East Azarbaijan Ahar 47 38
6 East Azarbaijan Local (Kolvanagh 5) 46.99 38.10
7 East Azarbaijan Local (Kolvanagh 6) 46.99 38.10
8 East Azarbaijan Local (Kolvanagh 7) 46.99 38.10
9 Ardabil Local (Sarab 1) 47.54 37.92
10 East Azarbaijan Local (Kolvanagh 8) 46.99 38.10
11 East Azarbaijan Local (Kolvanagh 9) 46.99 38.10
12 East Azarbaijan Tabriz 2 46.33 38.08
13 East Azarbaijan Tabriz 5 46.33 38.08
14 East Azarbaijan Tabriz 3 46.33 38.08
15 East Azarbaijan Tabriz 1 46.33 38.08
16 East Azarbaijan Tabriz 7 46.33 38.08
17 East Azarbaijan Tabriz 6 46.33 38.08
18 East Azarbaijan Tabriz 8 46.33 38.08
19 East Azarbaijan Local (Kolvanagh 10 46.99 38.10
20 East Azarbaijan Local (Kolvanagh 11) 46.99 38.10
21 East Azarbaijan Local (Kolvanagh 12) 46.99 38.10
22 East Azarbaijan Local (Kolvanagh 13) 46.99 38.10
23 East Azarbaijan Tabriz 4 46.33 38.08
24 East Azarbaijan Local (Kolvanagh 14) 46.99 38.10
25 East Azarbaijan Local (Tazekand 1) 47 38
26 East Azarbaijan Local (Kolvanagh 15) 46.99 38.10
27 East Azarbaijan Param 1 46 38
28 East Azarbaijan Zarnak 50 36.16
29 East Azarbaijan Varzghan 1 47 38.44
30 East Azarbaijan Ahar 1 47 38
31 East Azarbaijan Tazekand 2 47 38
32 East Azarbaijan Malekan 46.10 37.14
33 Mashhad Mashhad 59 36
34 East Azarbaijan Warzghan 2 47 38.34
35 East Azarbaijan Param 2 46 38
36 East Azarbaijan Pigam Kalibar village 47 30
37 East Azarbaijan Alwar Bostan-Abad 46.83 37.84

village
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Continued table 2.

No. State Ecotypes Longitude (E) Latitude (N)
38 East Azarbaijan Dehlan Hashtroud village 47 37

39 East Azarbaijan Komarsefli Jolfa village 46 38

40 East Azarbaijan Gundak village 47.52 35.87

41 Urmia Urmia 44.64 37.72
42 East Azarbaijan Avrlan Marand village 45 38

43 Ardabil Majra Khalkhal village 48 37

44 East Azarbaijan Lilab Varzghan village 46 38

45 East Azarbaijan Kharwana 46.17 38.68

46 Kurdistan Kurdistan 2 46.99 35.31
47 Urmia Tekab 47.11 36.40
48 Zanjan Zanjan 48.48 36.66
49 East Azarbaijan Nag;t;}gln siﬁ&g\éiSh 45 38
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Table 3. Variance analysis of traits in 49 ecotypes of Dragon's head

Mean squares

Fertile Number of

Number of

S.0v Df tIJranch segds per seeds per Seed yield percg)nl':ages Oil yield
ength main stem branch
Year 1 24" 106.7™ 74.3™ 510.9™ 51.8™ 22.7™
Error (a) 4 51.9 2524.02 315.6 2189.5 86.1 301.6
Ecotype 48 35.1%* 2415.8** 275.4** 1185.03** 13.71** 164.3**
Ecotype x Year 48 0.02"™ 0.2™ 0.02"™ 0.5™ 0.2™ 0.6™
Error (b) 192 8.2 813.5 92.7 375.7 0.7 56.2
C.V (%) - 9.5 9.7 12.7 11.3 1.9 112

ns

. and ": non-significant, significant at p<0.0/ and p<0.05, respectively
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Figure 1. Mean comparison of fertile sub- branch length of 49 of Dragon's head ecotypes
Means with the same letters do not have a significant difference at 1% probability level
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Figure 2. Mean comparison for number of seed per main branch in 49 ecotypes of Dragon's head
Means with the same letters do not have a significant difference at 1% probability level
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Means with the same letters do not have a significant difference at 1% probability level

&LAJ'T 3)}# %;‘fﬂ O.::b 45‘))3 &.9}) -\.é):

s 035) YWoolad ST sy ol s 4

3y e3P/ GSla b 55 (e el sk

JA s se G S o 53 Sda ad) 5 s o

Glwsy s 935 ¥ oyls glacs ST .cs S

G150 4295 3 hos § Moy

A dpder) (Sl 45 ol s apar 5L
dg.ldl.o::-lda.»)a PHE Cf.cj) MJJ}%;\
s 35 A oslai 5 S| ..b_:jf)\.sd‘.-.a RWBE

e ey FEY Kl bV BIIST Ol g



Y0

VP le o) olad FA W A8 Sl 5

s s by 3 Shee ity w03 0 S @ (5,0 ap 35) VF ojled 5 (L a Y USojl
SIS o 535) VY oled (ST sl ol doys S YEN 5 YO Gl Sle L sy
Sohns 4o 33 gy e 53 05 YU/ ool b 58 (VY 55 .0 JSK8) Wals ol s 4 1y &ls s b,
oSV e 5 s 3 Shes o a8 255 1 B YN s s8I s 53 e sy Ol (I
VO o Ske b o(Jlds 6 e (gliws,) FY o Lok Aghaei-Gharachorlou ) .z 3,18 asys ¥4 /9
s She S T 51 JK2) s B 0 (’4’? S oy s s s (et al, 2013
als 5 Sles 5 ks Aoy adlie 33 51 b ) Shandllas 3550 o1 o Hls fime DS 5 25 06 40
ol ol 3 hash s =B ol ol dod o e 5 b SIS Wy 53 ey Ay i
VAV Saeer s 3 Shes (ggd 65U Ao s YOIFr o S0a b 55 ol o35 s als (s,
Abdoli, ) sl 0Lis ol ol 6ls 3 Slas b ks s (o y3 WIOF o 8ike 1) ST skl o3, L3 oalie
5 Shee i aseie o K5 iags ol (2017 Samadi et al., ) cals 1y ey doys g S 5
I el OT o5y Aoy 5 ails 3 Shas I b 85, (2007
(o) Aoy 5 s 3 Sas p3 68 5 2SS sl aps mlh el
Aghaei-) aas o 15 56 Cou 1) sy 5 Ses (F Jader) s Sl gme o Uy 53 g5 5 Shes
.(Gharachorlou et al., 2013 ¥V ooslad 5 ST 4S5l OLis baesls Kok duslie

FEF oSk b GLTOkw il Sty gos 535)

50 a
~45 bbb, p b b b p b bb pbc, by b
3\0/40 b b pbb pbbbb Cb bbbb bphbb bbbbbbb bpb bPbPbpbob
o 35
&30
€ 25
© 20
815
= 10
O 5
0

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49

Ecotypes

Figure 5. Mean comparison for oil percentage in 49 ecotypes of Dragon's head
Means with the same letters do not have a significant difference at 1% probability level

50

b b b b
A bbb b

40 b b
b
b bb b b b b bb b b

30

b
bp bb
c c¢ N
20 d
10
0

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49

QOil yield (g m?)

Figure 6. Mean comparison for oil yield in 49 ecotypes of Dragon's head
Means with the same letters do not have a significant difference at 1% probability level.



\Y#

w3 e 5 o ys alie 5 b5, 0L SKes 5 HIIST Gas

C Onf it e Bl e 53 By 3 Shes
5 Sas Sl i e 5 T Cas & R'=0/8YY) s
by 3 Shee ls 0L 1) it aw ol g o,
2 05t e SIS VA G S5
G Esy Aoy Sl Oy e S Jb
s Jgb gl G S5 o la] s 4 (—4/FAN)
2GS b s & LT Csay (+/0A) 50k
& bl V Jsde) wib e ofsy 3 Shes s
AbOli (2017) i ) oteT Camsis igme S
> Sles B3I L sy 0 Sas Gl s 5 jatda
3 8es ) 3 Shos ol S D a0l on 4l
b oSe daly als 85y doys S Jlo 5 il o 4l
s s Il L m oSl il by 5 Shes
oA Sl il LI & a5 Shes

ol als 35 (6 SKakr
13 429 3 os Cule @ 5

Ol a5 Shas Cole 4o I Jools mls
DRI G5 g ke s s S 43 3 Ses &S 51
Sl ks deys S J ys il gy 5 Shes
(A Jsaz) 55 sl gy 3 Shes Olje e
S0 B op S il sal o p Bl dsb o
035 VU 035 o O g o g 232 B35 3 Sas
wiS Gl gy 5 Shae Sl bl Sl iy 5 Shes
S35 5 o s Sl 5 A3 oS ol b o
SPoT o . P LTS N P 7P s Shes
S0 3,5 55, CIOVY) g 5 Shes 3,k
Olidss (A JK&) Cbls aie ams 5 30 YU &l
w,:xdagﬁ;waf}t{&@muow
Looeay 3 ,Shes ol'= —+/YVF) &ls 25y 5 590
Abdoli, ) il alpl oms, 3 See ol
(2017

Sl 9 895 5 Fos (plul p Sldbes 4 oui

OT b & 50
3 Shae ool aallle 3550 Gl ST (skes § b
VS sward gss 4 5 50T s e i 5 )
T N R G PR |
Oals Ol gl (F Jadr) s Jools 05 5 55 Lasis
2 oSl 3 Ol doys et 516 a5l
Sls Jsl ab g i abme S o Kile 4 S i 5
MY ALAA AV AT AY Y O D F O Y glaes ST
S FF S EY (Fe OV OFF T Y O (YA YA OYF Y
a Sl i ol 5 IS oS ) Ol a0
Jobo 5 e a) A3 b dorly 53 gy 5 Slae oo
Hos B oAl Glacs ST a2 (e 530k 25 5L
Loy Sy JS oSle & o el S
AV F A Gl ST Jals 55 o5 b (0 Jsu)
FA FF XD Y YV TE OYF LYY Y 8 A0 OF &
51Ol il o3 55 FA 5 FA CFV (FF (FO FY (F) 04
(s 3, Nhes Dlio i ey 8 ol 53 IS Kk
hls 5 Ste Ho0k (2 p S b 5 s, A
S ol OT 310 Jgdr) 390 S 5Kke 51 VL 35
3500 Jleamt 1 (ol s 5 Sas w6 855 5 Slos
5 Ses 5l Lyl oYU a5 Sles & Llaes S|
olaT Jor () (b EL la 5 55 YL e,
BB bl s s S ST R )
Ls e Dl 5 o5, 5 Shee (slad g 4 2 3l Jool
Abdoli, ) Kus unaib 4 = 95 53 s ST0TL

2017
29 0 5los gaw 75 4 30

Slp S8 i 0500 55 iy 4325 5 Jol s
QWW%r\f#rggﬁﬂﬁfﬁﬁﬁé
$ s 53 5 0dkd auloes (E5y 3, Shas IS 50
Sl S 4 el e el s 8 g
23090k 2 b 5 ey e ss (s, 3 Ses

. w he e . “ s . <
2 lie 5 e Olge 4 s L 3)ly G S5 Jbe



A%

VEF le ) osles FA Wl ( alE Sl

Table 4. Analysis of the detection function to determine the cut point of the dendrogram resulting
from the cluster analysis for oil yield and its related traits in 49 ecotypes of Dragon's head

Group Probability level Chi-square Wilks’ lambda
2 6.9 x 10° 35.128 0.432
3 5.87x10° 14.529 0.728
4 0.987 1.02 0.972
5 0.548 1.22 0.944

Table 5. The average of the groups and their percentage deviation from the average of all traits in 2
clusters resulting from cluster analysis based on oil yield per unit area and related traits

Length of Oil
Group fertile Oil yield
branch percentage
The first group includes ecotypes 2, Average 9.23 20.23 15.33
3. 4,5,10,11, 12,13, 17,18, 19, 21, Percentage deviation from the total
25, 26, 28, 29, 30, 32, 33, 34, 37, 40, g -12.76 -5.64 -13.53
average

42, 44
The second group includes ecotypes Average 11.88 22.6 20.04
1,6,7,8,9, 14, 15, 16, 20, 22, 23, Percentage deviation from the total
24,2731, 35, 36, 38, 39, 41, 43, 45, average 12.28 541 13.56
46, 47, 48, 49 Total average 10.58 21.44 17.73

Dendrogram using Ward Linkage
Rescaled Dist: Cluster Combis

mﬁ%ﬁ

Figure 7. Dendrogram resulting from the cluster analysis of 49 ecotypes of Dragon’s head based on oil yield and
related traits using Ward's method

Table 6. Variance analysis related to multiple regression by step-by-step method for oil yield in
Dragon's head ecotypes

Sources of variation Degrees of freedom Mean square

Regression 3 406.354**
Deviation from regression 46 2.125
Total 48 R
R*Adj - 0.922

**significant at the 1% probability level
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Table 7. Regression analysis of oil yield per (dependent variable) with other traits (independent

variables) in Dragon's head ecotypes

Standardized regression coefficient ()

Dependent variable 5 Length of Oil .
Rni fertile branch percentage Oil yield
Qil yield 0.922 0.086 -0.688 1.098
Table 8.Causality analysis of oil yield with traits related to the studied ecotypes
Indirect effect through
) ) Length of Corre_la_tion
Attributes entered into the Direct effect fertile il percentage Oil yield coefficient
model
branch
QOil yield 1.098 0.020 -0.357 e 0.761
Oil percentage -0.688 0013 e 0.570 -0.103
Length of fertile branch 0.086 @ - -0.110 0.266 0.242
Oil yield per unit area
0.520 243
Oil percentage
Oil yield per unit area 0.161

Length of fertile branch

Residual effects

Figure 8. Causality analysis diagram of oil yield and its related traits in Dragon's head ecotypes
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