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Abstract.The present study was aimed to investigate foliar anatomy and flower, fruit and seed morphology of three
subspecies of Agrimonia eupatoria (i.e. A. eupatoria subsp. eupatoria, A. eupatoria subsp. grandis and A. eupatoria
subsp. asiatica) and the species of Aremonia agrimonioides, belonging to the subtribe Agrimoniiae (Rosaceae) in Iran.
Firstly, plant specimens were collected and then identified on the basis of relevant references. For anatomical analysis,
the cross sections of basal leaves of each taxon were prepared, studied by light microscopy and then photographed by
means of a digital camera. For morphological analysis, the flower, achene and seed characters were carefully examined
using digital microscopy. To determine the relationships among the taxa, 57 characters were included in the Principal
Component Analysis (PCA). The results supported the classification proposed by Flora Iranica and showed the
importance of leaf anatomical, flower, achene and seed morphological characters in separating inter-generic,
intraspecific and interspecific relationships among the representatives of subtribe Agrimoniineain Iran.
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Table 1. Information of the studied species.

_ TribeAgrimoniese |

|. Subtribe Agrimoniinae
1. Agrimonia eupatoria L.
1.1 Agrimonia eupatoria subsp. eupatoria

Guilan prov.: Lahijan, Faghir 5753 (GUH)

West Azarbayejan prov.: 14 km to Ashgholor, Arasvali 55289
(THE)

Mazandaran prov.: South west Chaloos, 400 m, Attar & Zamani
8595 (TUH)

Tehran prov.: Damavand, 1900m, Mozafarian 32384 (TARI)

1.2. A eupatoria subsp. grandis. (Andrz. ex Ascherson &
Graebner) Bornm.

Mazandaran prov.: Noshahr, Darzi Kola, Sabeti 2277 (TARI)
Mazandaran prov.: Kelachai, Ghahreman 26281(THE)

1.3 A. eupatoria subsp. asiatica (Juz) Schonbeck - Temesy)

Mazandaran prov.: Ramsar, 1962 m, Mobaiien 401 (THE)
Markazi prov.: Arak, 1900 m, Julliet 402 (THE)

2. Aremonia Necker ex Nestle
2.1 A agrimonioides (L.) DC.

Gilan prov.: Asalem to Khalkhal road, 1200 m, Faghir 5754
(GUH)

Mazandaran prov.: Ramsar, Janat Roodbar, 1150 m, Roneh &
Maassoumi 21625 (TARI)
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.D-E Agrimonia eupatoria subsp. eupatoria A-C Agrimoniinae aulb,; ,o Lol S8, 3 S Jols Sy oo p -) JSi

ke ¥ i elie Aremonia agrimonioides .J-L Agrimonia eupatoria subsp asiatiica .F-1 .A. eupatoria subsp. grandis.
Fig. 1. Leaf cross-section including blade and midrib in subtribe Agrimoniinae. A-C. Agrimonia eupatoria subsp.
eupatoria. D-E. A. eupatoria subsp. grandis.F-1. A. eupatoria subsp. asiatica. J-L. Aremonia agrimonioides. Scale: 4

mm.
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Table 2. Leaf anatomical charactersin the species studied

Characters Species
A. eupatoria subsp. eupatoria ~ A. eupatoria subsp. grandis ~ A. eupatoria subsp. asiatica A. agrimonoides
UCT 0.62(1.02+0.48)1.75 0.77(1.44+0.42)1.82 0.6(1.47+0.56)1.92 1.22(1.62+0.37)1.97
0.82(1.46+0.44)1.87 0.66(1.37+0.32)1.67 0.60(1.62+0.59)2.17 1.37(1.52+0.26)1.63
LCT 0.60(1.25+0.55)1.92 0.6(1.47+0.69)2.17 0.85(1.45+0.55)1.92 1.17(1.58+0.49)2.12
0.85(1.09+0.37)1.7 0.4(1.35+0.23)1.93 1.22(1.60+035)1.97 1.23(1.18+0.32)2.26
LUE 15.4(17.62+3.31)23.22 9.52(11.57+1.47)3.05 10.1(14.03+2.75)16.82 10.47(13.93+2.28)16.35
12.72(15.19+1.43)16.45 9.36(10.36+1.25)12.36 11.25(12.45+1.26)14.52 9.26(11.34+1.21)15.38
WUE 27.65(31.26+2.50)34.37 18.1(19.03+0.71)19.87 20(21.30+1.14)22.42 18.57(20.03+0.87)20.85
16.10(17.06+1.16)19 17.29(18.34+1.89)18.47 17.77(18.65+0.61)19.50 17.33(18.27+0.63)19.38
LuE 10.72(12.67+1.5)13.92 7.8(10.91+2.50)14.52 7.9(9.34+1.06)10.37 7.42(8.65+1.28)10.70
9.27(12.2+1.65)16 8.23(9.29+2.33)12.67 7.32(8.66+1.35)10.65 7.32(7.87+1.39)19.94
LET 23.05(25.63+1.69)27.52 17.92(18.79+0.89)20.25 17.92(18.95+0.79)19.82 8.12(8.73+0.57)9.5
16.07(17.31+0.88)18.55 16.87(16.77+0.36)18.32 12.55(13.31+0.64)14 7.36(7.45£0.89)8.43
St Depressed Raised Raised Oblate
Raised Raised Raised Oblate
PalT 84.6(122.92+4.93)149.35 32.52(34.64+1.79)37.12 28.27(29.97+1.48)32.32 20.85(22.94+1.57)24.45
24.27(29.43+5.39)37.37 28.47(31.39+1.36)35.39 24.4(30.29+3.55)33.75 22.37(21.36+1.36)23.36
NPal 4-5 1-2 1-2 1
45 1-2 1-2 1
SP - 27.5(29.04+1.83)32.02 30.12(31.92+2.9)36.37 27.62(31.55+2.57)34.12
28.07(37.17+5.58)42.75 26.7(27.36+1.45)30.27 31.50(34.92+2.54)38.12 26.67(33.42+1.78)35.47
NSP - 2-3 2-3 34
2-3 2-3 2-3 34
T + + +
+ + + +
G - - cylindrical - circular head cylindrical - circular head
2-3 - cylindrical - circular head cylindrical - circular head
C Polygonal Polygonal - cubic Polygonal Polygonal
- Polygonal - cubic Polygonal Polygonal
- Polygonal - cubic Polygonal Polygonal
MSh U shape U shape U shape Triangular
LUEE 20.82(25.36+3.26)28.2 12.7(14.30+0.96)15 12.85(15.87+2.26)19.07 18.8(20.51+1.55)22.97
13.52(16.21+2.04)18.27 11.1(13.79+0.37)16.32 13.17(14.61+1.31)16.10 17.3(21.63+1.28)21.39
WUEE 17.90(19.10+1.47)21.65 8.35(9.37+1.00)11.05 5.87(8.44+2.05)11.12 14.62(15.60+1.28)17.05
15.82(18.07+1.44)19.5 7.73(8.41+1.29)10.65 5.47(6.4+0.76)7.22 13.79(14.76+1.25)16.39
LEL 9.92(11.80+1.06)12.55 8.35(9.37+1.00)11.05 5.87(8.44+2.05)11.12 14.62(15.60+1.28)17.05
10.1(11.59+1.06)12.65 7.73(8.41+1.29)10.65 5.47(6.4+0.76)7.22 13.79(14.76+1.25)16.39
LEW 15.70(16.83+1.06)18.20 8.45(9.04+0.55)9.9 7.27(7.63+0.30)8.12 12.5(13.13+0.63)13.87
6.72(7.52+0.67)8.47 7.39(8.70+0.49)8.93 4.37(5.12+0.63)6.02 13.78(12.43+0.79)14.97
UColT 34.32(35.75+1.50)38.2 19.35(20.51+0.81)21.62 20(20.91+0.85)22.32 27.5(28.18+0.66)29.27
15.82(16.44+1.05)18.32 17.82(19.39+0.93)22.37 15.5(17.18+1.05)18.42 24.72(27.37+0.69)29.69
LColT 40.72(41.47+0.63)42.15 35(36.27+0.8)36.85 38.12(38.99+1.21)41.1 43.07(44.02+0.87)45.1
28.75(30.79+1.29)31.9 34.38(35.79+0.65)37.73 33.07(33.68+0.56)34.32 40.82(43.29+0.91)43.74
UPT 28.75(30.79+1.29)31.9 18.8(19.88+0.86)21.02 25.15(25.94+0.75)27.12 30.30(31.41+0.77)32.42
19.62(20.26+0.55)20.92 17.6(18.67+0.36)22.72 25.67(27.33+1.34)28.95 31.28(30.37+0.46)30.38
LPT 41.12(41.97+0.87)43.45 36.27(37.57+0.83)38.42 38.55(40.48+1.35)41.9 49.95(52.88+1.79)54.89
28.05(28.87+0.61)29.77 34.73(36.49+0.79)39.38 45.97(49.18+2.2)51.70 48.87(49.83+1.63)52.73
NUColL 1-3 1-2 1-4 1-4
1-2 1-2 1-2 1-2
NL ColL 1-4 1-4 1-3 13
1-3 1-4 1-2 1-3
NUPL 13 1-3 1-2 13
1-4 1-3 1-3 1-3
NLPL 1-3 1-4 1-3 13
1-4 1-4 1-3 1-3
NXV 6 7 11 5
7 7 10 5]
MidwW 210.32(210.55+0.35)211.17 173(176.06+1.91)177.8 260.02(263.2+2.77)266.17 291.05(293.45+1.54)294.92
138.95(141.24+1.45)142.85 165(171.93+£1.83)179.27 212.57(214.95+2.09)217.32 283.49(291.93+1.82)293.432
MidL 284.07(286.01+1.69)287.85 227.52(229.78+2.08)232 277.77(278.35+0.51)279 252.9(253.88+0.80)254.52
184.40(185.93+1.37)187.57 223.73(226.91+2.26)227.31 250.67(252.47+1.55)254.8 247.39(249.73+0.86)251.79

Abbreviations: UCT Upper cuticle thickness; LCT Lower cuticle thickness; LUE Upper epidermis cell length; WUE Upper epidermis cell width; LUE
Lower epidermis cell length; LET Lower epidermis cell width; St Stomata; PalT Palisade parenchyma thickness; NPa Number of palisade parenchyma
layers; SP Spongy parenchyma thickness; NSP Number of spongy parenchyma Layers; T Trichrome; G Gland; C Crystal; LUEE Upper epidermis
cell length; WUEE Upper epidermis cell width; LEL Upper epidermis cell Length, LEW Upper epidermis cell Width; UColT Upper collenchyma
Thickness; LColT, Lower collenchyma thickness; UPT Upper collenchyma Thickness; LPT Lower collenchyma thickness; NUColL. Number of upper
collenchyma Layers; NLColL. Number of Lower collenchyma layers; NUPL, Number of upper parenchyma Layers; NLPL Number of lower
parenchyma layers; NXV Number of xylem vein; MidW Width of midrib; MidL Length of midrib; Mi Midrib.
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Table 3. Flower morphological charactersin the species studied

- 1. Agrimonia eupatoria
1.1. A. eupatoria subsp. eupatoria

9.2*15.6 3 5.6*6.4
A. eupatoria subsp. grandis 22.8*18.4 3 5.1*6.4
A. eupatoria subsp. asiatica 23.6*21.2 3

2.Aremonia 29.6*16.4 8-12

2.1 Aremonia agrimonioides

2.8*24

7.2*8.4 11.9*6.8 = Ob ObEl 520
12.4%6.4 11.6*6.4 - E Ob-El  5-20
3.3*44 9.6*6.9 = Ob Ob-El 520
25.3*6.2 20/*10.5 L obco = 5-10

Abbreviations: PD Petal dimension; NBL Number of bract Lobe; In Involucre; Ob Outer bract; Ib Inner bract; CD Calyx dimension;
Epi Epicalyx; CSh Calyx shape; Ob Obovate; E Elliptical; L Lanceolate; Psh Petal shape; Obco Ob cordate; NSt Number of stamen

S5 oyl sk Jsb (LCT) s JS58 canlnds
pywl Jsb P ails o) 0ucls mlave cwd oy (LUE)
S8y S el 2y 5 (LUEE) Lol 5,5, Jl6ss
e (RL) &ls (o0 (VU 3 cwly o) (WUEE) Lol
SB metilly culs (WUE) Sigp g o
Jsb (WUEE) Lol 5,5, B o0l (2 «(PALT)
Sy e (SD) wly Job (LUE) Sty sbiss g0l
5 Sy Caons) (ODW) Jgpm a5 5 oe 5 (DW) U1
Cwls «(SSh) als JSo (PDW) 5,05 5, (0wl
Jsb «(RIFD) JLsfaisy Jsb comd (UCT) g JoSsss
S s, slaws (St 4y, Camdga ((G) sae (PD) S U5
(NXV) Coz sloas, slaws 53 (YU 5 w> ) (NSR)

Cwow) (ML) polea (556 9 (SLW 5 SL) J1> (20 9 Job
ad (NS (ol 5 o

5 OB S o Ol 0 S ey LSl adlas

axlly (18 ldie azgi 090 dlwen o) Al (glood
bl 5 (Metcafe & Chalk, 1957; Singh, 2010) <.l
sy 5 D8 Cumdse (Silgy S5 g5 Gl nl @l
s g ooyl Gl sk ol (oo yinl slodshe & o
S g Sy 5o (Shoy Y Cwls g olasd (JoSSS o)
g S5 G il 5 et Culis ol S5,
Slao piste ol S5, 0 wex Kyl &5, slaws
Wl ool aseis adlhas 850 LS o sne o is
shls Agrimoniinae aulb,; Hlls ids s S
B 5 Sl Sy e sk ) Gl S 00 5LE Slio
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pokn Jsb tsia s £ VIFE ail, Jsb 1SS 5 Jsasls o]
(KLY S el oo o] JSo 5 e e YIYO
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4 mm

4 mm

A. eupatoria subsp. .D-G . Agrimonia eupatoria subsp. eupatoria .. A-C . Agrimoniinae asls ;5 ,o J5 owliscsy, Y S5

Aremonia agrimonioides J -L .A. eupatoria subsp. asiatica H-I. grandis
Fig. 2. Flower morphology in subtribe Agrimoniinae. A-C. Agrimonia eupatoria subsp. eupatoria. D-G A. eupatoria

subsp. grandis. H-I. A. eupatoria subsp. asiatica. J, K. Aremonia agrimonioides.

axdllas 5,50 slodiss ;o 0gu0 elsesy,; olas -fJyos
Table 4. Fruit morphological charactersin the species studied

Characters

Species/Subspecies Hsh Hd NSR Sd SL

mm Lr/Ur Lr/Ur
|. Subtribe Agrimoniinae Ca 14.4+17.6 3-4 Ho-EP/E 4.8-5.2/8-10.8
1.Agrimonia eupatoria subsp. eupatoria
1.1. A eupatoria subsp. grandis Co-Ca 18.8%20.8 34 PIE 4.4-4.9/11.4-13.8
1.2 A. eupatoria subsp. asiatica Ca 12.4%14.6 3 R-EP/E 4.4-4.2/11.16
1.3 Aremonia Cy-Ob 17.2¥25.4 - - -
A. agrimonioides (L.) DC. Cl: 4.8-88

Abbreviations: Hsh Hypanthium shape; HD Hypanthium dimension; ClI Crown lenght; NSR Number of spinerow;
Lower row; Ur Upper row; Ho Horizontal; EP Erecto-Patent ; SL Spinelength; R Ridged; FD Farrow direction.

249/7 ¥4

R/FD
mm
1.8-3.2/*12.8-8.8

2.6-2.4*16.4
1.87-3.81*14.3-10.8
2.8-4.6*9.2-11.3

Sd Spinedirection; Lr
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Table 5. Seed morphological characters in the species studied

A. eupatoria subsp. eupatoria

A. eupatoria subsp. grandis

A. eupatoria subsp. asiatica A. agrimonoides

SSh SFB S-FB O-FB S-FB

HT 3.84 2.37 2.83 0.78

HL 512 +4.32 +55 2.35

ML 11.81 8.68 9.98 =

HS L-Sm L-Sm L-Wm R-E/-Sm
RL +9.79 +7.02 = +7.44
HL +6.12 +5.02 +1.23 +9.8

A +1.65 +1.62 +0.7 +1.15
SD 27.7513.06 12.14*17.38 13.04*12.08 11.15-*12.55
SC LB-DB Y-LB B G

Abbreviations: SSh Seed shape; O-FB ovate- with flat basal part; S-FB spherical-angular with flat basal part; HT Thicknessand length
of hilum; HL Hilum length; ML Margin length; HS Hilum shape;L -Sm linear with broad veined margin; L-Wm Linear with broad
margin; R-E/-Sm Round-elliptical/margin without vein; Rl Raphelength; HL width of the flat basal part; A, Height of conical end; SD
Seed dimension; SC Seed color; B-DB Light brown-dark brown; Y-LB Yellow-Light brown; G green;

Y Cawy oppoie (Pyankov & Kondrachuk, 2003)
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Raven et d., 2005; ) 438 oo pll Slidss glao
5 olS iU cow wlis ol (Metcdfe & Chak, 1957
A Q)5 (gan 00 (gl 5 o JE e Ll
Sl S8 o J5 ol Slas (i (nl lS el 2
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465 5 e 0 SS& gl 9 (Faghir et al., 2010, 2015)
ool 4 o W9, (5 1E Cexdse el i
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L35 .‘
.
g‘;r 1

i
4 mm & 4 mm

A. eupatoria subsp. .D-F .Agrimonia eupatoria subsp. eupatoria A-C .Agrimoniinae. aulb,; o ails 5 ogee - ¥ JSb
Aremonia agrimonioides .I-| A. eupatoria subsp. asiatica .J-H grandis

Fig. 3. Fruits and seed in subtribe Agrimoniinae. A-C. Agrimonia eupatoria subsp. eupatoria. D-F. A. eupatoria
subsp. grandis. G-H. A. eupatoria subsp. asiatica. | -I. Aremonia agrimonioides.
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Table 6. Character used in PCA andlysis.

Abbreviation Character

1. UCT. | Upper cuticlethickness of blade

2. LCT Lower cuticle thickness of blade

3. LUE | Length of upper epidermis of blade

4. WU Width of the upper epidermis of blade

E

5. LuE Length of the lower epidermis of blade

6. LET | Width of the lower epidermis of blade

7. PAT | Palisade parenchymal thickness

8. SP Spongy parenchyma

9. LEL Length of the lower epidermis of midrib

10. LEW | Width of the lower epidermis of midrib

11. LUE | Length of the upper epidermis of midrib

E

12. WU Width of the upper epidermis of midrib

EE

13. UCol | Upper collenchyma thickness

T

14. LCol | Lower collenchymathickness

-

15. UPT | Upper parenchymal thickness

16. LPT Lower parenchymal thickness

17. Mid Width of midrib

W

18. Mid Length of midrib

L

19. ST Stomata shape: sunken:0, raised:1, oblate:2

20. G Glandular trichrome: absent:0, cylindrical-
circular head:1

21. C Crystal type: polygonal:0, cubic-
polygonal:1without crystal:2

22. MSh | The shape of the midrib, U shape:0, almost
triangular:1

23. NXV | Number of xylem strain

24. T The presence of absence of hairs:
absent:0, present:1

25. PD Petal length

26. Pdw | Petal width

27. SD Seed dimension

28. < Spine direction

29. SIN Number of stamen 5-10: 0, 10-20:1

s «A. eupatoria subsp. agatica o euSly anil il
A. eupatoria subsp. eupatoria ;o) ogee (9, S5 Sy
A eupatoria o S S oyl 5 S5 a0 Lo, leari,
A gl SS sl bb)ls 5 latz, subsp. grandis
9% 9 adl> (59, yuiw S S eupatoria subsp. agatica
Lghbd.t;).:) &&m 6‘)4 ..\a‘yu’dc 0gu0 JJS 89,\ Oporod ‘(Lm)l...w
«lls A eupatoria subsp. eupatoria o34 4,) A eupatoria
sl A eupatoria subsp. asiatica ¢ ol ¢ S slos S

Abbreviation Character
30. NB Number of bract
L
31. Ob Outer bract length
32. Ob Outer bract width
w
33 1b Inner bract length
34. |bw Inner bract width
35. CD | Calyx length
36. CD Calyx width
w
37. Epi Epicalyx length
L
38. Epi Epicalyx width
w
39. Csh | Calyx shape, ovate:0, eliptical:1
40. Psh | Peta shape: Oval -eliptical :0, obcordate: 1
41. Hsh | Hypanthium shape: cup shape: O, cup shape-
rounded:1, obovate-cylindrical:2
42. Hd Hypanthium length
43. Hd Hypanthium width
w
44. NS Number of spinerows: 3-4:0, 3:1, spine absent:2,
R
45. R/F | Farrow /ridged Length ratio
D
46. R/F | Farrow / ridged width ratio
DW
47. SSh | Seed shape: angular-spherical:0, ovate:1
48. SL Spine length
49. SL Spine width
w
50. A Height of the pyramid shape part of the apex
51. P Width of the flat basal part
52. SC Seed color: light brown-dark, brown: 0O,
yellow - light brown:1, light brown: 2, green:3
53. RL Seed width
54. HL Seed length
55. HsH | Hilum shape
56. HT Hilum thickness
57. ML | Width of hilum margin

2B B Gl b el (ArEMONIA )3 £ya055 Loy
Soyks b g s Ls (Aremonia s 1> 86 4 Agrimonia
95 (Gilwlaz o (sl ArEMONIa ospm ;o Ld Jadd) 045
(@, F-7) b )l> a0, ol lad olal a5 Jb> 50 055350 00y
A eupatoria subsp. 4 A eupatoria  subsp. grandis ;o
& cq> (A eupatoria subsp. asiatica ,» Y eupatoria
A. eupatoria subsp. eupatoria ;s ousSTy a3l adl)
—awsS 9 A eupatoria subsp. grandis o awil 3l g easST,
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Fig. 4. Ordination diagram of principal component analysis of flower, fruit and seed anatomical and morphological
characters of the species studied A. charactersloading. B. Species loading.
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