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Table 1. Geographical coordinates of habitats of studied Papver pseudo-orientale populations.
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Fig. 1. Some morphological traits measured in Papaver pseudo-orientale.
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Table 2. Range of variations including coefficient of variation and mean, minimum, and maximum values obtained for studied traits of populations (Papver pseudo-orientale).

o S5 Sy Coro OBesds Conen
Characteristics Solik population Golshikhan population
Sl Al Sl S e Ol Sl S S5 aye
Mean Maximum  Minimum Diversity coefficient Mean Maximum  Minimum  Diversity coefficient
(Faile) 5 s 45.3 67.75 21 39.1 25.6 29.2 23.1 9.5
Leaf length (cm)
(o) 0 252 13.8 17.8 8.5 28.9 11.6 15.1 9 243
Leaf width (cm)
SRR Jjj.a = . 3.2 3.7 24 15.1 2.3 2.6 15 21.5
Leaf length to width ratio
S olaw 76 9 5 22 6.8 9 5 21.8
Number of leaves
- A.~LMJ e
(Fagile) oo s 11.8 26 4.1 59.5 6.4 105 2.2 50.1
Petiole length (cm)
(el T ol o) Jslo 5.2 8 16 55.2 4.1 4.9 35 135

Length of leaf end lobe (cm)
(ragilo) S p 2l of L2y 28 43 08

48.6 2.4 2.6 2.1 8.2
Width of leaf end lobe (cm)
(logtle) S T 2 Jsb 8 10 5.8 23.9 6 7.6 5 18.1
Length of leaf large lobe (cm)
Grogbile) Sp Sy od o5e
1.8 2.5 1.2 30.8 1.5 2 1.1 27
Width of leaf large lobe (cm)
St Sk sl 28 4 s S 45 4.9 3.8 9.7 4 45 35 105
Length to width ratio of large leaf lobe
S el o) Sl 8.2 9 7.7 6.6 8.1 9.2 6.2 14.7
Number of leaf right lobes
i 8.8 9.7 8 7.8 7.9 9 6 14.6
Number of leaf left lobes
lostle) 5z og) 99 (oo ol 3.4 43 1.9 28 0.8 1 0.4 25.9

Distance between two leaf lobes (cm)
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OHlSos 5 (] e

el og) 5> S ol Sl Sl 5.3 6.5 3.7 193 5.7 6.2 45 12
Number of right leaf lobelets in the end lobe
LSl od 8 S p o Syl slaws
14.4 21.7 5.6 45.9 9.8 11 8.7 8.3
Number of left leaf lobelets in the end lobe
S sl 6 6 6 0 6 6 6 0
number of petals
(ol J5 B8 16.2 185 145 11.7 17.4 21 145 15.4
Flower diameter (cm)
.
5 S 42 5 3 19.9 28 3 2 16
number of bracts
(o) JmsS o 12 2.2 2.5 2 11.2 2.4 3 2 15.9
Capsule top diameter (cm)
s
ol 15.2 17 14 7.2 13.2 15 12 9.9
number of carpels
(ol ol £l 100.8 113 92 9.2 68.8 79 54 14.4
Plant height (cm)
S S lS Slasd 3 3 3 0 3 3 3 0
Number of outer petals
el Fom S5 sk 7.2 85 6.7 10 85 10.6 6.9 185
Outer petal length (cm)
Gl Gy S8 2 8.7 11 6.8 17.7 9.9 125 8 191
Outer petal width (cm)
o S5 2o & s Sond 0.8 1 07 13.7 0.9 0.9 08 3.9
Length to width ratio of outer petal
)> S5 slass 3 3 3 0 3 3 3 0
Number of inner petals
(ol 9y 5785 5k 7 8.6 6.2 13.8 7.9 9.8 6.5 17.4
Inner petal length (cm)
Cragile) F5) S5 2 7.9 10 6.5 172 9 12 7.3 21.9

Inner petal width (cm)

(59,2 S8 P8 o ol ol 0.9 1 0.8 8.9 0.9 1 0.8 8.5
Length to width ratio of inner petal
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Table 2. Continued.
o S5 sokad S Comoz 4w la
Characteristics Qotur population Between three populations
_ ) S5 oo _ i P oo
eSlee ’5_‘“\’ _J'?‘» Diversity eslee ’5 = _J’:“b Diversity
Mean Maximum Minimum o/ coefficient Mean Maximum Minimum (o coefficient
(ogtile) 52 Job 36.4 47.6 22 27.2 35.8 67.8 21 38.4
Leaf length(cm)
(Faile) S 28 11.2 13.1 10.2 10.1 122 17.9 8.5 24
Leaf width (cm)
S 20 % sk o 3.3 42 2 25.1 2.9 4.2 15 25.1
Length to width ratio of leaf
=z s 7.6 11 5 28.8 73 11 5 23.4
Leaf number
(loslo) S ye2 J5b 14 24.1 7.8 47.9 107 26 2.2 69.1
Petiole length (cm)
(o) 52 gl gl Jobo 7.2 115 5.2 35.3 5.5 116 16 44,7
Length of leaf end lobe (cm)
Giotile) Sy Qlel o) (850
2.7 3.5 2.3 17.1 2.6 4.3 .9 29.9
Width of leaf end lobe (cm)
(logtle) S T 2l Jsb 6.5 71 6 6.6 6.8 10 5.3 21.8
Length of leaf large lobe (cm)
(lotle) 52 552 s P 13 15 1.1 12.4 16 26 11 276
Width of leaf large lobe (cm)
Tt Soit sl 28 Jsb S 4.9 5.9 4.4 123 45 5.9 35 13.2
Length to width ratio of large leaf lobe
Sy el ) olas
8.5 10.2 7 15.1 8.3 10.3 6.3 12.1
Number of leaf right lobes
njﬁ [ors u}] slass
i 8.1 9.7 6.7 16 8.2 9.8 6.8 13
Number of leaf left lobes
lostle) Sz g) 99 (oo ol 16 1.9 14 14.6 1.9 4 0.9 65.3

Distance between two leaf lobes (cm)
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L,}JLQ,.;‘ s.;9.| 3o 5)9 C,w:‘) s.f.l}.‘ Sl
Number of right leaf lobelets in the end lobe
ks 0dd 0 S p o Sog slass
Number of left leaf lobelets in the end lobe
S5 olaws
Petal number
Gioslo) 5 s
Flower diameter (cm)
4.?).3 slows
Bract number
(osls) JgmeeS oo 53
Capsule top diameter (cm)
az p olass
Carpel number
(ol oS glas
Plant height (cm)

Sy S Rl slas
Number of outer petals
(rastilo) g SIS Jsbo
Outer petal length (cm)
oSl (S S pl5 o pe
Outer petal width (cm)

SS9 Sl (ose 4 Job s
Length to width ratio of outer petal
$90 S ,lS sl
Number of inner petals
asil) igye SIS Jsbo
Inner petal length (cm)

(o silo) (S5, SIS (o0
Inner petal width (cm)

90 S 5 2y 4 Jsb s
Length to width ratio of inner petal

13.4

4.2

17.3

3.2

2.4

12.4

98.4

2.2

6.9

0.9

2.2

5.6

6.1

17.2

19.5

13

112

8.5

8.1

7.6

9.6

5.2

10.6

14

11

85

4.6

52

0.7

4.5

4.8

0.8

131

21.8

10.6

14

26.1

17.6

7.2

10.2

20.3

24.8

18.5

121

20.3

221

32.4

4.4

5.6

12.5

5.4

17

3.4

2.3

13.6

89.3

2.7

7.2

8.5

0.9

2.7

6.8

7.7

0.9

21.8

21

17

112

10.7

11

9.8

12

3.8

5.6

14

11

54

5.3

5.2

0.8

4.5

4.8

0.8

14.7

35

16.9

13.2

26.8

145

11.7

19.6

16.7

22.2

22.9

10.1

16.7

22

27

8.1
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Fig. 2. Amount of thebaine in different organs of three populations (A: Golshikhan, B: Solik and C: Qotur) of
Papver pseudo-orientale. Means followed by the same letters are not significantly different at 5%
probability level using LSD test.
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s

Thebaine(/)

J?""'«S iy S
Capsule Root Leaf Stem
cildes glaaladl

Different organs

Fig. 3. Amount of thebaine in different organs of three populations (Solik, Golshikhan and Qotur) of Papver
pseudo-orientale. Means followed by the same letters are not significantly different at 5% probability level
using LSD test.
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Table 3. Amino acids amount in the stem of different Papaver pseudo-orientale populations.

((a)f\" )o‘n)f)wiwl)w

aro] Sl Amino acid amount (g/100 g)
Amino acid Sgs Cona etlS Conas S
Solik population Golshikhan population Qotur population
ol 1.241 2.936 0.812
Alanine
S| gS......al 5.211:9‘?“3.[‘ - 0.002 0.041 0.001
Alpha-amino adipic acid
el Sy el 0.005 0.058 0.004
Alpha-amino butyric acid
O3 0.384 1.785 0.249
Arginine
23! 0.003 0.107 0.002
Asparagine
el 45! 1.068 2.169 0.722
Aspartic acid
o~ 0.007 0.083 0.005
Beta-alanine
Cystathionine
O 0.037 0.171 0.038
Cysteine
Sl S gl - LB 0.557 0.635 0.430
Gamma - amino butyric acid
Sl Salisld 1.351 3.873 1.087
Glutamic acid
uwﬁf 0.754 1.840 0.103
Glycine
i 0.348 0.667 0.358
Histidine
Olon omT 3y 0.169 0.363 0.139

Hydroxyproline
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Oesls3! 0.281 0 0.222
Isoleucine

Oy 0.823 1.950 0.569
Leucien

o5 1.034 2.096 0.171
Lysine

Oge 0.160 0.391 0.107
Methionine

Orielsg 0.031 0.067 0.019
Ornithine

o et 0.510 1.399 0.367

Phenylalanine

o5 0.941 1.430 0.728
Proline

o 0.881 1.885 0.115
Serine

Ooeig 0.624 1.915 0.420
Threonine

i 0.242 0.981 0.179
Tyrozin

o 0.506 1.553 0.416
Vallin

S 11.96 28.34 7.26

Total amount

O b olulid ael 0 ul YO 5 VF Y% i a gsamme jo jskad 5 el «Silse slacomex Sy o
3 (FJga2) ab cud GleadS g jelad (Sgur lacures 10 coi 4 S 0 oad (6 S o3Il slaarel sl J5 laie
S 50 00l 5,45 ol il slaanwl e jo 1y jlade YL YT g ol Salighs canllas o490 Corex dw ,n
iz & sy 4 el oals 3,15 (P.somniferum) (olseis 4 g d gy 50 (F Js02) wisls olaislsgs
oSy 555 555 Glanllan sl 2 05331 (FD) dizied (i3] 5 ool SoabiglS sl S o] (slpaialil 51 i
i Sloaio] Sl ol o putig e ol a5 ols oLis (P. somniferum) sbseis ails alluS 10 o5 (J98dg0 (59 b
33l TS 5 (55 5 a0 sl sl 3l ) S ] ] 55505 0l 5 5055 o Sl
(Y9)

.Papver pseudo-orientale calizus slacares 5 40 oo (S0l aiel (gl polie -F Jgao
Table 4. Measured amino acid amounts in the leaf of different Papaver pseudo-orientale populations.

(S Ve 50 p,5) aiel ol luie

o] Sl Amino acid amount (g/100 g)
Amino acid Selgs Coraz ObetlS Conan J3kad Cumezr
Solik population Golshikhan population Qotur population
ol 2.180 1.548 1.402
Alanine
Sl Sl giaill 0.030 0.003 0.036
Alpha-aminoadipic acid
Sl Sy el WL 0.036 0.011 0.028
Alpha-aminobutyric acid
o5 1.395 0.459 0.739

Arginine
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. 0.078 0.002 0.047
Asparagine
Seel S 2163 1.224 1.274
Aspartic acid
o 0.066 0.005 0.054
Beta-alanine
g - . 0.012
Cystathionine
O 0.087 0.084 0.082
Cysteine
sl S g1 giel - LS
Gamma - amino butyric 0.496 0.459 0.405
acid
el SeebslS 2.946 1.551 2.719
Glutamic acid
: 0.040 ; 0.001
Glycine
Cdetes 1598 0.227 1.011
Histidine
Celo oS5y 0.580 0.088 0.369
Hydroxyproline
Orsls 0.423 0.214 0.371
Isoleucine
o) 1.659 0.973 1.133
Leucien
o5 1.777 0.330 1.196
Lysine
o5 0.365 0.161 0.185
Methionine
Ol 0.123 0.034 0.018
Ornithine
ol Jets 1173 0.600 0.669
Phenylalanine
ooz 1.185 1.002 0.920
Proline
o 1.826 0.230 1.349
Serine
i 1.684 0.662 1.247
Threonine
G 0.784 0.287 0.390
Tyrozin
o 1.254 0.791 0.985
Vallin
Sl 24.85 11.30 17.29

total amount

a8l g Sy 0 oad (g S0l Blidge) e ¢ Oldend e «liwadl e «ldgid e o pzal Jlaz polae
a8l o ouds (5,8 osll oy slaanul Jlade sgesme (o YL el 0ol ools iuled O Jguz )0 axdllas 5,90 Comes A

%9 Sllgid Jue 4y bgaye e 50 00l (s pSojll pz sl Jladie 0 s 39 OBedlS Conex 4 Lo S g
oz Sl (oS5 e Lol el )0 il Cud GBedlS Conex @l o5 0g Slilly e 4 bgrye Sy
ool mezs Canl oads )55 aes oo lid g9 el srcimes Gl fuiren 5 Sy g aBle (o cul (5,505l
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iyl g S s olaws L a8l oy sl lade o e ol lis 1) (g lolne e Koo (1= +/29) Sy slows
Sl las 1y o oliae cite ( Siwad aiSTy sland Ciio b JguaS a8 o § 50 Job b aBl aicel sl jlaie olS
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Papver pseudo-orientale (el slacesss S g a8l (wo,0) > laaul loade -0 Jo
Table 5. Amounts of stem and leaf fatty acids of different Papaver pseudo-orientale populations.

(22,0) w2 dl oo

Fatty acid amount (%)

<y sl a5l Sy
Fatty acid Stem Leaf
Solik Golshikhan Qotur Solik Golshikhan Qotur
population population population  population population population
ng = - 12.224 9.956 7.842 9.144 -
Methyl linolenate
Slielly
Beally e 8.787 11.855 9.796 7.712 13.155 11.303
Methyl palmitate
S e 11.923 10.841 - - 4549 6.716
Methyl linoleate
Slielss) e 2,058 3.432 2,944 1.630 0.816 1.845

Methyl levolinate

Jol adge sly jlade cpl a5 auS amgi |y JS il lg doyo Ve o asiiilys Jgl addge g0 Lol slodalge 4y 4552 4o

) hie alpd b ot (o JgmeS o lad g 5 5la8 Dlao (Y guz) 092 9o y0 YA 093 adlge (6l g o) OVIY

o blasez O U Hloged 508wt (2 imdion sl Aty 8l g JaweS (3ls Slae (PCH) pgo ddlgo o axils
w‘ 0l oolo ULMO-‘ f Jiw )J JS‘ d.ﬁlyo 90 u,..:LM:‘
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Table 6. Correlation between studied traits in Papaver pseudo-orientale

Papver pseudo-orientale ;5 w550 o Shs e Ko —F Jgo

Sy b . S o Jobo . JgmsS o yhad Sl oS glis) L,wb:s‘ww céwfs‘%m i N ‘
sl S aily SR Glegtly S0l (el - (e i) Sy il alo anel sl Wl Gz
Characteristics L’?’J. dth Leaf Petiole Bract  Capsule top c "ﬁl Plrﬁ?' ht Leaf Stem Stemamino  Stem fatty
eatwi number  Jength  number  diameter arpe ant heig thebaine thebaine acids acids
(cm) number (cm)
(cm) (cm) content content
(o ble) S p 250 1
Leaf width (cm)
= Sl 0.348 1
Leaf number '
(o) S o2 J5b 0067  0.959 1
Petiole length (cm)
‘s
5 s 0.901 0.721 0.494 1
Bract number
(Rastls) JyesS o S8 -0.917 -0.693 -0.460 -0.99* 1
Capsule top diameter (cm)
s
I 0944*F 0240 0046  -0846  -0.866 1
Carpel number
o, L) oLF lis |
(el o €5, 0.41 0.988* 0.937 0.766 -0.74 0.305 1
Plant height (cm)
il sl
Jﬂwl e -0.940 -0.006 0.279 -0.697 0.725 -0.972 -0.073 1
Leaf thebaine content
NG R
T o S 0.968 0.101 -0.186 0.762 -0.787 0.99 0.167 -0.998* 1
Stem thebaine content
8L arcel ol
“ w M -0.141 -0.977 -0.977* -0.557 0.525 0.029 -0.961 -0.206 0.112 1
Stem amino acids
HI |
2T e -0.374 -1** -0.959 -0.72 0.69 -0.239 -0.99* 0.004 -0.099 0.978 1

Stem fatty acids

il e oy S g iy il molaw jo jlo ciee Solas g jlo s Sglas pae Kl o 5 Ay e g cns'f‘

ns, * and **: non-significant, significant at 5% and 1% probability levels, respectively.
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Second Component

First Component

Fig. 4. Bi-plot diagram of studied populations of Papaver pseudo-orientale based on the first two components
obtained by principal component analysis.
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Table 7. Specific values of first and second components of morphological and phytochemical traits of Papaver
pseudo-orientale.

o S59 Jol adlse P> 4dlge
Characteristics First component (PCI) Second Component (PCII)
(Grosile) Sy Job 0.32 0.17
Leaf length(cm)
Grosile) Sy Loye 0.34 -0.12
Leaf width (cm)
S olass 0.22 0.32
Leaf number
(o sile) S e Jobo 0.13 0.38
Petiole length (cm)
S I8 slows 0.13 -0.38
Petal number
(otlo) J5° 5as -0.35 0.02
Flower diameter (cm)
oS olaws 0.35 0.05
Bract number
(o sl) JgmnsS yan lad -0.35 -0.03
Capsule top diameter (cm)
4z olows 0.32 -0.17
Carpel number
(ol oS glis )l 0.23 0.30
Plant height (cm)
S 5ol (lgiomo -0.06 -0.41
capsule thebaine content
ady)y Ol Slgtoee 0.03 041
Root thebaine content
S oils lgiome -0.27 0.25

Leaf thebaine content
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FETR QP ICE 0.29 -0.22
Stem thebaine content
oy ymolie 8.01 5.98
Special values
JS il sl sy 57.2 42.8
Percent of total variance
RPN PR PRI 57.2 100

Cumulative variance percent

-
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Morphological and Biochemical Diversity among Different Populations of
Papaver pseudo-orientale Medw. in the Northwest of Iran

A. Nematolahi, F. Raouf Fard*, M. J. Saharkhiz*, A. R. Khosravi, G. Kavoosi and A.
Karami?

Papaver pseudo-orientale Medw is a hexaploid plant with 42 chromosomes found in the
northwest of Iran and throughout eastern Turkey. In this study, three populations of P. pseudo-
orientale species were collected from three habitats (Solik, Golshikhan, and Qotur) in West
Azerbaijan province, and their morphological characteristics as well as amino acids, fatty acids,
and thebaine contents were measured. The results showed that within all three populations,
petiole length had the highest variability. The distance between two lobes of leaf and petiole
length as two important features had the highest coefficient of variation among examined
populations. In the studied populations, the highest amount of thebaine was found in the plant
capsules. In this regard, Golshikhan population showed the highest amount of thebaine
concentration in capsule. Also, this population was superior to other studied populations in term
of thebaine amount in roots. The highest total amount of amino acids in stems and leaves were
observed in Golshikhan and Solik populations, respectively. The results of this study might be
applied for breeding programs of this species and could be used for domestication of this
valuable alkaloid containing plant.
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