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Table 1. Characteristics of Achillea species and ecological in different locations
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Table 2. Information about the studied habitats
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Table 3. Soil characteristics of Achillea plants in different habitats
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Table 4. Variance analysis of traits in the studied Achillea species
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Table 5. Mean comparison of traits in the studied Achillea species by LSD method
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Figure 1. Essential oil percentage in Achillea species

Taw ) e g Cute dbaly (+/AAY) (g5 o)
0)Ske alold b JI pyS ) vy doyy Yl
doyd O Jlin] maw )3 (gl dme g Cuto alal, (+/AAY)
9 Cute abasly (+/AAY) 3ex b T odle laie o 5l
Colia o )b dgg doyd Vil maw 0 (gl gime
g Cute daly (+[AN) SBapal L SE S
Loy e b deg dopd Vi maw 3 (gl gixe
» o 3 St dady (1Y) IS lizg 5 o
Sand g Sl e D)l derg doyd O Jleis] mdaw
doyd O sl maw )d (g3 gxe g e dhaily (—+/200)
) (/AYA) 51 5 (g 9 e e )3 3529
O )l 0gg doy 0 Jleis! maw > (o)l xe g Cuo
Sy Jib s (1AA) o)k alols b i s
lop O Jlas] mdaw 13 gyl xe 5 Cute dlaly (+/20Y)
2 b Sisen ol 515855 o0 (A Joi2) 2)b 3924
sldnia jials a0 g awyyp 90 Olae ials
i 3y90 Slaal a4 plied 4 adSy e g g ()

235 o )y ool 3)50 (Mol sladolyy s

lhao (s Ssod

On & b lE Sgedyee Clie u (Siares
O DY dexg (gl sz dlayly dalllae Dy Clan (S p
G dze g Cute dlayly (+/AAD) Sy Job b 0,k aliold
Job b (oo 58 dBlu slaws )3 dg3g doy & Jlein] s p
3 oS dlas ((+/AQF) Sy olaw (Moo ) ey asle
5 Cute daly (+/220) Lwilwl o3l 9 (+/22%) &y
Bl Job o b dop Y Jlis] o (0 (o) ne
(+133%) wg ;5 (IS dlaws (+/AAF) Sy sl b o)
daw O )b gxe g Cute dlayly (+/AAY) Luilul o33l 4
NS Sl b Sy sl o 0y g9 oy V Jless]
5 Cuto dlaly (+/2QY) Luilwl e3jl g (+/A2Y) @
On Osed D)l g dod N Jleis] mhaw 3 (6> sime
g o abasly (+/22Y) (uilol 035l b igs 1> (3] IS slass
(A Jgi2) 33 3529 203V Jloinl s 53 (553 sixe

olts SB clic g Sijlssyge Clao G (Niuen
Ghme daly adlle dyg0 Claw 5l Sy e a8 0b
5 (Veee) Josko laio b JI 008" e o 2505 5929



Oy Uh9) 4 Olleg: aalllas 3)90 (e sS 5> (bl 023l 9 SUIsh 90 Clio (o (Staser —A Jgi

Table 8. Pearson correlation between morphological traits and essential oil percentage in the studied Achillea species
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Table 9. Pearson correlation between morphological traits and soil characteristics in the studied Achillea species

o %C.0 % O.M EC pH % Clay %Silt %Sand Oiar Jo Y
% C.0 )
% O0M \/. . .** 3\
EC <JAVE"™ -JAva"™ \
PH Y™ R AR \
% Clay VY Iy -Josy™ AT \
%Silt _./‘,.P\ns _. sl _.MMns _./bwns _./‘,\"ns \
%Sand -Iyav™ Iyov™ NIV IR —JEVE™ —o ™ )
Oisr sy v -IAva"™ -[3\" A —ry." vy \
hud oA o[- AV vy -yag™ -Iyve™ Y Sy o[y \
ety NV -1svy™ AN <AYY"™ 1vy™ —.ay.™ o™ -103A™ <IA-A"™ y
ol glis)| N -[s5x™ -av\™ - [oYA™ -iyva™ -/yva™ —-Jova™ ™ — /o™ — o[\
bl dls 90 Nt IEv0™ ooy ooy — oy N —o/f."™ <I¥OA™ — /AR —o/¥ys™
0yl alols AN <JAAS -y AN YRV —/vo-™ <IyeE"™ A" —./o¥a™ — o™
= 4l oluss —./say"™ — /5y e —IAY™ — WA SNAF™ Niande — vy —/oys"™ aw™
=5 il Jobo /sy i e —JADY™ — /YA <IVAY < fyyy" - vy —+/-ys" —-fowv"™
Sy olass — vy -y A -+ /A" - ysa™ <IY A -fyry™® - vy —e/yy." —f5-a®
Lf){ J?Io ns ns ns ns ns ns ns * ns ns
Sy o -/a¥0 -Jaf0 -I5AD -IVY¥ —ofov A% g -[30Y —</¥Y) -Iyay
Gy > 31 JS olas -[ava™ -lava™ -Ivas™ <IAYY™ —ofof™ — /5" N -IAn™ -xa-™ <Jysy™
oS e —ofy-q"™ —y® — oAV —/An-" —~/vav:*°' oo™ <y —vay™ Jeay™ —./¥aa™
™ -ay™ -java™ -/gag™ sy —ofey"S —. /570" <IVEA™ ™ -Ivon™
g ¥ i —/xos"™ —f0s"™ —Jovy™ —Jove™ —ofo5¢ 7N — /A" —o/ya.™ —o/AY™ —oa.A™
By S s ™ ™ o[ -fovs™ AIN¥ <IAY" —JAVY™ Ata i —fa..™ —-JavA™
— sy —. s\ —</AV"™ —o/Ag." —fyas"™ A <fypa™ A —fey™ —/oy-"
omibol 033l

bl oo doyd iy o S5 Jlain] e jd (61 gixe g (60 GixeyuE sy g ww NS

EL

K <‘7'€0~](‘ﬁ (g5 Comp lm]rwo 6 ¢€J.—rﬂ]<~p < l( é{{\wqﬁ ééolc(lo



v

Opbe) S3 &8 cuib bl ad 4 Cuwd YL
939 plp ST &5 b &l glisy] (liee H5 1 5 (bl
Ollege) S2 g5 Adlige w55 93 (nl (4B 095 ea >
Sl 815 bas plo 4 Cund (94550 b 3);
Jol 095 @l ol b bl L 1) pslie o yieS
5 alj plal 3 Shos 5 03y Bl I (S4 455 & byyye)
5 S1) loaiss (usly s 4 pg3 09)5 5 (uilul w0y
St wlie s (ougy Slaplyl 43, L 5l (S3

Slanigd & 5o
5 Suidsdyge Cluogad el (lades aps
d"\*’M °9)§ Y » I) aalllas d)90 dlﬁ&ﬁ uw.:l.wl Lo yd
S 35 153 (oles) 84 855 Jgheg,S 53 (¥ JS5) 8
Wo 50 pdl 5 dluw ¢ o8 dBlo wile Sluosas b jl
plo & Cund iYL polie Guilel Moy g Sy ool
3 s i) Sz blod J (se Sholes) SIS

wile  lie Sy o 5 Jsb o)Sibe dlols (Lol dils
-3057 1
12,951
2
3
E
(2]
56.48 1
1m.m_% X
Sl S3 S2 A

omee ol Gl Gk

Observations

S9y 48550 lpleg @5 o)ldlegs ol

) ul).)Lo}: 6&:4)5? u,u.)l.ml b.))L: 9 &)9.[959)94 ul.uoya} u»lml » .))l5 O"B) A:L;‘M? fl;B).\J) —Y ng
Figure 2. Cluster dendrogram using ward method based on morphological traits and essential oil percentage of
Achillea species

JeoSS Ty 3 (S5 a5 pp g 038 A5 WeelKing) ()
L»I).w Jilo 53 oS cunglie oimd L u.»‘ &S el 63905
Obdleg: ladisS cul ()l oS Lalyd g Cglite (551
2 BES plo & Cunsd 5958050 9 3)5 olpdleg: 5 (mge
St homia e Fomly led 5 oS (Sl b LAl
s 535 S sl A pllesy 5 5 5
i odel Cawds ol wlel g cpioren b e (gyin
JG g5 olSisy p g SB clogal awlis
bod o> 465 ¥ slaglplogy My ytws ;o (sldasMo
P S plo & Cund mge Glplog 455 @S 4 oy
Sl olme 9 Il oS Aoy g Jodbe dopy b olasSs
2l & Cans llog w55 9 0 gy bl jin
B 6y )5 5 Cunglio b SIS 3 lndiyS

ge XS ¥ o & b Gl ol Giagg mmls

bulyd (poyp b o)ls 3929 (b gime ol 3Ly,
allas 3590 slaglplegy jl 695 2 olllag > Sjgles]
los 5 Sl (SNl i Gryide o 83 panie
L;dj; L dlxuo MLAW —")159,3 oli.;':g.” 0 Py
dLbbliwa9) 2 Ltbu] uJ)uof 9 BNV u.’u»a ul).)lny
925 Ol g Omge by a4 Blaie )
P el g Ol @l 4wy b albie gyt
il Jilis oS 1b asuie adlas dype (slmolSitig,
g Sl 0392 @B () 3y90 (log 465 ez 2 sl
byl o 5l Golie (2led 5 O 5l olpolegy slaseS
» @ & olplegr ol (Bl Ol > ol nl 392



YA

(W) p b dogs oS LJ" d.)l)xb dledAb)J ‘5]).: cddlaio
5 25 ohdleg 455 5l Camex W 5 (gGlg8y5e i
45 5l Cumex YY 4 (A. biebersteinii) (sq,ac)ie
acyio bolys ,d (A millefolium) Sy Jlia olyless
aloa 3l o (gS0jlul Glaw les Hlas 5l as ol L
ogen g5 £9p loj (S £9p (loj b £9pb lo
Blo olis Wiy gl G ey E9pd Olej o g
a8 04> 295 g (glalanMe LB £oi5 iy lia 459 4 o.\.u:an
i gl (V) o, caislas el ol gels b Mels
ol olyolegs alisee (sladisS (64, ol ploul Calisee
ol 45 Wile adlae 3y5e cbdisS ) YU £ omd
Sl ol oy lae g (SBf Jelgs 5l U gsl
sladiss 5> il 033l 20> 5 (SSolsige £95 (YY)
e ) ciliee Jolss 5l 5 Lol Wl oo oid adllla
2 Ogli g olldng) b 53 d2ge Sgliste (SjgleST Ll
2 i G ASlg oo plUS oS A3l &S a S
8l andly g5 5 3 Sles g (Sjglsh 90 Cluogad
oliwl & ab jasede Giagh cpl @l ell »
sds wiy slp awle byl b o2 bl
E95 sl s ol bl e Achillea s calise
ol 03jly 5 (BLbpg (ad) Sluogad b3 5l (ol
59 lolid OBl cplply sl Gl laaiss plos oy
(@l glio odlpa cbaly dly gy cbas
033l ((SSielgdyae Clawe l edliiwl b Cais g (29)b
sbdigs ¢ jingh L‘ﬁl 5! ).:.Lsul.{.ol A de»l
(A. wilhelmsii) ;oo g (A. setacea) cyuge lydlog:
ol 455 9 o3des 5 (o) Cluogad bl
oesbol 033y yiiay (09 Lyl bld 51 (AL wilhelmsii)
5 M (29)d @lio )3 WlF o 455 93 cnl g 392 S
olitwl )90 (3B sl sl (Sre 5 Siloslas
S )3

‘j.lb)-\g 9 ’&M&"

15l asbighl i e o @b
B 55 3ty o i b ] 5 sl
ol Z e (§)skex Cawl) B8 (e sl Sl
4 OBSS o ol g gl oSGl I Ay cpy
iagk ol bl sl oY Sl apes el s
20,5 o Sb0)a8 g S5

olleg gaaisS Sl (B (Blidps g puilsl 10> (oud) Cluogad o)y

ol S5 2l g lie ol a5 dlasMo Ll 45
SB Ll e 0yl glleg olS YL Jeuily
GliE olie Jaie ) dasdMe LB (el A5l
1 oholagy ol8 (i il 5 olis SK sl 5 NPK
2 olpbe ) 0 Ses i bl cwl LS
ol polic ] anlin sk sl | i S slacSs
sloplil a3y Gl Cop pely 5 s Ol b
Olize Cladllas )l Luilwl Liol38l 40 uioeed o (v,
(ol 5 Bldpe slacgles a5 cuwl ool lis Ko
OlalS (54 5 (slopaiges T 2 NS 5L Jelse
osll o> 5 Sjslgige Clio (cwyp (YY) s
b bl 033 5 sty bl o j1 laassS 48 oy s
wlbasMe BB g95 basS o g Wbl Oglite oo
bl @S o aglws 51 BU g e a5 3yl 242
Gl cmse olylos 4 il o Sug g e
s S b 3 Jio oSl elols iy £l ity
i (o8 dBle Olawe cpyin chb olply 465
L;Lm; O u,v.;l.»)] Loy g &ﬁ sy @igy ‘_ybiJf
4 Ly i)l GlEN S 285 Gl (V) g adlas 550
g5 C8lyd 5 olS > i Sy ol sy 4 b
b Al LS 50 Jegd (Il cuw plis )0
S Shy S Sl oS e )] cplple
ol 4 e &5 ASL A plo 4 Cud 5 S5 gy
old s Cbal 4 Wy Sp ey clio
Oy sl lydlegy 43S ol Gy S S8
S S8 G ol o3y eVl 5 IS
13 S bl g o Wlod,S oy e 39y anllas
LSl 3 eye dgo ol oSl sy olals
Sl o olS S o 5 ol g YU cplpls il o
Gy oyl &5 23 (2LS W5 S gpp paSl
Oluogad dg @alate (YFANY) Wil o bo gl ouls
sy by il cladiss o ikl Joyd g (g,
b (AA) hlSen 5 58 ol 0ad SIS 55 lapiagh
PO Spolia gl e Gacures o)y
(SEroglalydl glel b gloolRiyg, > dilaie cin
o 85 33,5 I il 5 Sojilsiygn i S
5 Seisledrge Cluogas Ll jl adlas 350 slacuner
Ciglae b gl b zuls ol &S ol vgmg cglay il
i 4 il 5 mowl Cumex 3 o] @IS 3o g il
weldl b e 655 5 el (VL B 3 Shos (i



Y4

10.

11.

12.
13.
14.

15.

16.

17.
18.
19.

20.
21.

22,

23,

24,
25.
26.

&l

. Alimardan, E., P. Salehi Shanjani, A. Jafari, and S.R. Tabaei Aghdaei. 2015. Evaluation of yield and

morphological traits in Iranian populations of Yarrow (Achillea millefolium L. and A. bieberestini L.).
Iranian Journal of Medicinal and Aromatic Plants, 31(4): 661-675 (In Persian).

Azani, N., M. Sheidai and F. Attar. 2009. Morphological and Palynological studies in some Achillea
L. species (asteraceae) of Iran. Iranian Journal of Botany, 15(2): 213-256.

Bouyoucos, G.J. 1962. Hydrometer method improved for making particle size analysis of soils.
Agronomy Journal, 54: 464-465.

British Pharmacopoeia. 1988. British Pharmacopoeia, Vol. 2. Her Majesty's Stationery Office,
London.

Chevallier, A. 1996. The Encyclopedia of Medicinal Plants. London, UK: Dorling Kindersley
Publishing Inc.

Espahbodi, K., H. Mirzaie Nadoushan, M. Tabari and M. Akbarian. 2006. Investigation of genetic
variation of wild service (Sorbus torminalis). Using Morphological Analysis of fruits and leaves.
Pajouhesh va sazandegi, 72: 44-54.

Ghahrman, A. 1996. Flora of Iran, Volume 15, Publications of Research Institute of Forests and
Rangelands. Tehran, Iran. 250 pp (In Persian).

Ghanbari, M., M.K. Souri, R. Omidbaigi and H. Hadavand Mirzaei. 2014. Chemical composition of
Achillea millefolium L. essential oil from different regions of Eest Azerbaijan province. lIranian
Journal of Medicinal and Aromatic Plants, 30(4): 529-538 (In Persian).

Ghanbari, M., M.K. Souri, R. Omidbaigi and H. Hadavand Mirzaei. 2014. Evaluation of some
ecological factors, morphological traits and essential oil productivity of (Achillea millefolium L.).
Iranian Journal of Medicinal and Aromatic Plants, 30(5): 692-701 (In Persian).

Gudaityte, O. and P.R. Venskutonis. 2007. Chemotypes of Achillea millefolium transferred from 14
different locations in Lithuania to the controlled environment. Biochemical Systematics and Ecology,
35(9): 582-592.

Izadpanah, M., E. Seyedian and P. Salehi. 2016. Assessment of Agro- Morphological Diversity among
Populations of Achillea nobilis L. and Achillea aleppica DC. in Iran. Journal of Plant Researches,
29(4): 702-716 (In Persian).

Judzentiene, A. and D. Mockute. 2012. Essential oilcomposition of two yarrow taxonomic forms.
Central European Journal of Biology (CEJB), 5: 346-352.

Kalagari, M. 2003. Investigation of ecological and genetic variation in Iranian natural habitats.Ph.D.
Thesis, University of Tarbiat Modarres, 145 pp.

Kiumarsi, A., R. Abomahboub, S.M. Rashedi and M. Parvinzadeh. 2009. Achillea millefolium, a new
source of natural dye for wool dyeing. Progress in Color, Colorants and Coatings, 2(2): 87-93.
Knudsen, D., G.A. Peterson and P.F. Pratt. 1982. Lithium, sodium, and potassium. In: Black, C.A.
(Ed.), Methods of soil analysis, Part 2, Madison: American Society of Agronomy, 225-246 pp.
Malakoti, M.J., P. Keshavarz and N.A. Karamiyan. 2008. Comprehensive diagnosis method and
optimal fertilizer recommendation for sustainable agriculture. Tarbiat Modares University Publisher,
Tehran, 755 pp (In Persian).

Mazaheri, D. 1994. Zeraat makhloot (Mixed agriculture). Tahran University Publisher, Tehran, 262
pp. (In Persian)

McLean, E.O. 1982. Soil pH and lime requirement. In: Page, A.L. (Ed): Methods of soil analysis. Part
2. Chemical and microbiological properties. Madison, Wisconsin, USA, 199-224 pp.

Mohammadi, N., A. Ghasemi, B. Aghabarari and B. Hamehi. 2016. Essential oil mixtures, anti-
bacterial and antioxidant activity of essential oil of Nigella sativa L. different ecotypes in different
habitats Iran. Eco-phyto chemical Journal of Medical Plants, 4: 58-68.

Mozaffarian,V. 2008. Flora of Iran No. 59: Compositae: Tribes of Anthemideae and Echinopeae.
Institute and of Forestry and Rangelands of Iran, Tehran, 448 pp (In Persian).

Naghdiabadi, H.A., D. Yazdani, F. Nazari and M.A. Sajed. 2002. Yield Seasonal changes and the
composition of the thyme essential oil (Thymus vulgaris L.) At different planting densities. Medicinal
plants, 2(5): 51-56.

Nelson, D.W. and Sommers, L.E. 1982. Total carbon, organic carbon, and organic matter. In: Page,
A.L. (Ed.), Methods of soil analysis. Part 2. Madison: American Society of Agronomy, 539-580 pp.
Olsen, S.R. and L.E. Sommers. 1982. Phosphorus. In: Page, A.L. Miller, R.H. and Keeney, D.R.
(Eds.), Methods of soil analysis, Part 2. Chemical and Microbiological Properties. 2nd ed. Agron.
Monogr. 9. ASA and SSSA, Madison, WI, 403-430 pp.

Omidbaigi, R. 2000. Production and processing of medicinal plants, Volume 3, Astan Quds Razavi
Publication, Tehran, Iran, 438 pp (In Persian).

Omidbaigi, R. 2005. Production and processing of medicinal plants, Volume 2, Astan Quds Razavi
Publication, Mashad, Iran, 438 pp (In Persian).

Rahimmalek, M., B.E. Sayed Tabatabaei, N. Etemadi, S.A. Hossein Golid, A. Arzania and H. Zeinali.
2009. Essential oil variationamong and within six Achillea speciestransferred from different
ecological regions in Iran to the field conditions. Industrial Crops andProducts, 29: 348-355.


https://dl.sciencesocieties.org/publications/aj

¥ olleg gaaisS Sl (B (Blidps g puilsl 10> (oud) Cluogad o)y

27.Rehus, L. and J. Neugebauerova. 2011. The comparison of the content of essential oil and flavonoids
in selected species of genus Achillea millefolium agg. cultivated in conventional and organic way.
Acta Fytotechnica et Zootechnica Special Number, 14: 33-35.

28. Sefidkon, F. and A. Rahimi Bidgoly. 2003. Quantitative and qualitative variation of essential oil of
Thymus kotschanus by different methods of distillation and stage of plant growth. Iranian Medicinal
and Aromatic Plants Research, 15: 1-22.

29. Siddiqui, M.H., F.C. Oad and M.G.H. Jmaro. 2006 .Emergence and nitrogen use efficiency of maize
under different tillage operation and fertility levels. Asian Journal of plant Sciences, 5(3): 508-510.

30. Suleimenov, Y.M., G.A. Atazhanova, T. Ozek, B. Demirci, A.T. Kulyyasov, S.M. Adekenov and
K.H.C. Baser. 2001. Essential oil composition of three species of Achillea from Kazakhstan.
Chemistry of Natural Compounds, 37: 447-450.

31.Taheri, E., R. Shirzadian-Khorramabad, G. Sharifi-Sirchi, A. Sabouri and K. Abbaszadeh. 2016a.
Assessment of Genetic Diversity of Three Yarrow's Wild Masses in Hormozgan Province Using
Morphological Traits. Journal of Plant Genetic Research, 2(2): 73-82 (In Persian).

32. Taheri, E., R. Shirzadian-Khorramabad, G. Sharifi-Sirchi, A. Sabouri and K. Abbaszadeh. 2016b.
Investigation of Genetic and Photochemical diversities of yarrow (Achillea wilhelmsii) in Iran.
Modern Genetics Journal, 11(3): 367-376 (In Persian).

33.Wunch, A. and J.I. Hormaza. 2002 a. Cultivar identification and genetic fingerprinting of temperate
fruit tree species using DNA markers. Euphytica, 125: 59-67.

34. Zargari, A. 1992. Medicinal Plants, Volume 3, Tehran University Press, 116 pp (In Persian).



Journal of Crop Breeding Vol. 11, NO 31, AUTUMN 2019 ... . ..o eieeeie e e e e e e et e e ene e eennneeneneaenennens 41

Evaluation of Growth Characteristics, Essential Oil Percentage and Ecological
Factors of Some Different Species of Yarrow (Achillea spp.)

Kosar Taheri Boukani' and Roghayeh Najafzadeh®

1- M.Sc. Student, Department of Medicinal Plants, Higher Education Center Shahid Bakeri Miyandoab, Urmia
University
2- Assistant Professor, Department of Medicinal Plants, Higher Education Center Shahid Bakeri Miyandoab, Urmia
University (Corresponding author: r.najafzadeh@urmia.ac.ir)
Received: October 26, 2018 Accepted: August 6, 2019

Abstract

Achillea is an important medicinal plant with many properties and applications which has
been distributed in different geographical regions of Iran. In this study, the characteristics of
growth, essential oil percentage and ecological factors of four different Yarrow species
including (A. setacea), (A. biebersteinii), (A. tenuifolia) and (A. wilhelmsii) were evaluated in
order to better understanding the characteristics of different Yarrow species. Plant sampling was
done at flowering time and 13 morphological traits of the species with ecological characteristics
were evaluated. The essential oil was extracted from dried plants by using Klevenger's
apparatus for four hours. Analysis of variance showed that there was variation among studied
species in terms of traits studied. The species of A. setacea was superior and difference in terms
of height, main stem circumference, leaf length, leaf width; the species of A. wilhelmsii was
superior in terms of stem number, inflorescent number, leaf number. According to the cluster
analysis the species were divided into two distinct groups. Correlation between traits showed
that there was a significant correlation between some morphological traits and morphological
traits with soil. Essential oil yields varied from 0.52 to 0.82%. Based on these results, the
species of (A. setacea) and (A. wilhelmsii) were better in terms of growth and vyield
characteristics; also (A. wilhelmsii) was better in essential oils yield. Introduced plants of this
research can be used in pharmaceutical, food and perfume industries and introduced for
breeding programs.
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