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Table 1. Plant sampling locations, population’s abbreviation, latitude, longitude and altitude (m) of F.

remotifolia, H. besseri and P. catenulata in North of Iran
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Figure 1. The collection site of F. remotifolia, H. besseri, and P. catenulata populations in north of
Iran.
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Table 4. Type and amount of fatty acids in populations of F. remotifolia, H. besseri, and P. catenulata
by using GC/MS
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Populations oS 5 ool
pcbo HbM TP ppa Frem BN Era Compound No.
Do Do
%144 9% 0.95 % 1.82 >0.1 >0.1 %049 % 1.04 Nonanedioic acid 1
% 4.88 % 1.94 % 0.87 >0.1 >0.1 % 0.45 % 3.00 Pentadecanoic acid 2
% % % 31.51 >0.1 % % 3.79 % Hexadecanoic acid 3
3293 2613 0O ' 3414 % 28.58
%419 %0.27 % 1.27 >0.1 >0.1 %057 % 1.23 7-Hexadecenoic acid 4
0,
% 2.65 - - - >0.1 >0.1 36/022 9-Octadecenoic acid 5
%169 %0.88 % 0.75 >0.1 >0.1 %037 %192 Octadecanoic acid 6
%3.73 % 9.65 % 8.56 >0.1 >0.1 %342 % 1.63 5,8,11,14-Eicosatetraenoic acid 7
% % % 17.51 >0.1 % % 3.76 % 9,12-Octadecadienoic acid 8
10.86 13.25 ) ' 20.90 ' 18.76 '
% 0 0 % 0 i L
20.68 % 27.8 % 27.25 >0.1 32 46 % 4.99 >0.1 9,12,15-Octadecatrienoic acid 9
0,
%051 %0.32 >0.1 53/310 >0.1 % 0.3 >0.1 Heptadecanoic acid 10
% 2.32 % 0.47 % 0.63 >0.1 >0.1 % 0.25 >0.1 Tetradecanoic acid 11
- % 0.88 % 0.73 >0.1 >0.1 % 0.66 >0.1 7,10-Hexadecadienoic acid 12
- % 0.42 >0.1 >0.1 >0.1 % 0.3 >0.1 Hexadecanoic acid, 2-hydroxy 13
- % 1.00 % 0.62 >0.1 >0.1 % 0.18 >0.1 Hexadecanedioic acid 14
%338 %413 %3.70 >0.1 >0.1 % 1.64 >0.1 5,8,11,14,17-Eicosapentaenoic acid 15
- % 2.27 >0.1 >0.1 >0.1 % 1.28 >0.1 7,10,13-Eicosatrienoic acid 16
- % 0.41 >0.1 >0.1 >0.1 % 0.18 >0.1 11,13-Eicosadienoic acid 17
% 0.55 % 0.28 >0.1 >0.1 >0.1 % 0.15 >0.1 Eicosanoic acid 18
- % 0.30 >0.1 >0.1 - - - Linoleic acid ethyl ester 19
%225 % 0.87 % 0.83 >0.1 >0.1 % 1.30 >0.1 Tetracosanoic acid 20
% 0.64 % 0.54 >0.1 >0.1 - - - Hexacosanoic acid 21
- % 1.20 >0.1 >0.1 - - - 9,12,15-Octadecatrien-1-ol 22
% 0.48 - - - - - - Heneicosanoic acid 23
% 0.65 - - - >01 %011 >0.1 Cy°'°pr°pa”ﬁg)f;a|”°'c acid, 2- 24
% 1.26 % 0.26 >0.1 >0.1 >0.1 % 0.23 >0.1 Docosanoic acid 25
- % 0.47 % 0.80 >0.1 - - - Pentanoic acid, 4-oxo 26
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Figure 2. The chromatogram obtained from GC/MS belonging to the population F. r. M (A) and F. r.
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Figure 6. Curve scree plot obtained from fatty acids data
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Figure 7. Cluster WARD dendrogram obtained from fatty acids data
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P. catenulata , H. besseri F. remotifolia slacomax 3 odlis S ol 4S5 5 oS Sliw -0 I
Table 5. Quantitative and qualitative measured traits in populations of F. remotifolia, H. besseri and P.

catenulata.
P.c. Do H.b. A H. b. Do H.b.M F.r.A F.r. Do F.r.M
12.636 16.275 13.997 11.710 10.840 11.661 13.15 S o
Polar axis
(™ >
11.522 12.950 15.502 12.888 9.978 10.636 13.13 I m
Equatorial diameter
/J.Jé 257 J}L s
1.09 1.2567 0.902 0.9085 1.0863 1.0963 1.0015 il sl e
P/E ratio
Lold o alols
0.846 2.192 1.404 - - - - Distance between
culpies .
s
FRR oS o
4.66 6.016 6.981 7.810 7.682 6.987 9.46 " pm -
Culpi length j :
L Quantitative
2.607 3.381 4.014 6.605 3.904 3.415 5.286 T oo~ traits in pm
Culpi width
Sl Jb
0.339 0.517 0.583 0.545 0.347 0.373 0.371
Echinus length
LSl w alsls
0.147 0221 0.253 0.151 0.238 0.239 0.182 Distance between
echinuses
Sl sl
4 5 6 1 1 1 1
Culpi number
Sl &ls o311
33.452 56.760 49.023 41.195 34.595 34.762 43.401 )
Spore size
slse 3L 50 slse slse slse 3L g0 3Lse 035 &ls Al
Spore unit
o35 &ls WS
Colpate Colpate Colpate Colpate 1- Colpate  1- Colpate  1-Colpate >
Spore class
03 8 4l
Prolate Prolate Oblate Oblate Spheroidal ~ Spheroidal ~ Spheroidal 25wl g5
Spore shape ) )
3,ls 3408 3,03 3,03 3,03 3403 3,03 Aoearture Qualitative
P traits
Culpi Culpi Culpi Culpi Culpi Culpi Culpi &
Apearture type
dde Cond
Colpus Colpus Colpus Colpus Colpus Colpus Colpus - f_
Apearture position
Ny Sl
Scabrate  Gemmate  Gemmate = Gemmate Clavate Clavate Clavate o e Sl

Exin surface sculptures
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Figure 8. Cluster WARD dendrogram obtained from Palynology
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34
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Component Number
G585l bosls 3l edelamsay M (6 Kol s gas -4 K2
Figure 9. Curve scree plot obtained from fatty acids data
59 5b gloosls 3l seliwsas gla bl Chs 5 —F Ji
Table 6. Description of obtained variances from palynological data’s
ool g sems
Total variance
il 3o sl sy polis i Sl gzl Feal ke
Component Initial eigenvalues Extraction sums of squared loadings
e bl Ao bl Ao e bl s bl Ao
o35 STy o o ST s
. Percentage of Percentage of . Percentage of Percentage of
Eigen e A Eigen S g
justification cumulative justification cumulative
value . - value . -
variance variance variance variance
1 6.175 47.500 47.500 6.175 47.500 47.500
2 3.684 28.339 75.839 3.684 28.339 75.839
3 1.515 11.655 87.494 1.515 11.655 87.494
4 1.133 8.716 96.210 1.133 8.716 96.210
5 3.559 99.769
6 0.231 100.00

SEM HV: 20.0 kV WD: 8.55 mm 1 | 1 VEGA3 TESCAN| SEM HV: 20.0 kv WD: 8.55 mm
View field: 17.5 ym Dot: SE 5 pum View field: 6.34 ym Det: SE
SEM MAG: 10.9 kx  Date(m/dly): 12/26/18 SEM MAG: 30.1 kx  Date(m/dly): 12/26/18

F. remotifolia & ,S'4 laze (OLS) Jlubs Comar Sa V0 IS
Figure 10. The spore of the population of Masal (Guilan) belongs to F. remotifolia
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SEM HV: 20.0 kv WO 8.55 mm wo:nsemm | Y|
View fleid: 18.3 ym Det: & View fleid: 8.35 ym Dot: sE T o
SEM MAG: 10.4 kx  Date(mvaly): 12/26/18 SEM MAG: 30.1 kx  Date(midry): 12726118

F. remotifolia & 54 ez (01030) aKls s Cuner Sa-V) [
Figure 11. The spore of the population of Dodangeh (Mazandaran) belongs to F. remotifolia

SEM HV: 20.0 kV WD: 8.55 mm L VEGA3 TESCAN| SEM HV: 20.0 kV WD: 8.55 mm
View fleld: 16.6 pm Det: sE 5 pm View flold: 6.35 pm Det: S8 1 pm
SEM MAG: 11.5 kx  Date(midly): 12/26/118 SEM MAG: 30.1 kx  Date(midly): 12/26/18

F. remotifolia &S« slaze (0ldS) sLT s Comar S -V 2
Figure 12. The spore of the population of Aliabad (Golestan) belongs to F. remotifolia
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SEM HV: 20.0 kv WD: 8.85 mm VEGAS TESCAN  SEM HV: 20.0 kv WD: 8.85 mm

View field: 17.6 pm Det: SE 5 pm View field: 6.35 pm Det: SE
SEM MAG: 10.8 kx  Date(m/dly): 12/26/18 SEM MAG: 30.0 kx | Date(midly): 12/26/18

i

H. besseri & 4 las (0OLS) Jluls Comar Sla VY S
Figure 13. The spore of the population of Masal (Guilan) belongs to H. besseri
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-
SEM HV: 20.0 kV WD: 8.85 mm

View fiold: 17.8 pm Dot: SE

SEM MAG: 10.7 kx  Date(m/dly): 12/26/18

VEGA3 TESCAN| SEM HV: 20.0 kV WD: 8.85 mm
View fiold: 6.35 ym Dot: SE
SEM MAG: 30.1 kx |Date(m/dly): 12/26/18

H. besseri & Sa shawe (01,05k) «Kls s Cuner Sla ¥ I
Figure 14. The spore of the population of Dodangeh (Mazandaran) belongs to H. besseri
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SEM HV: 20.0 kV WD: B.42 mm
View field: 6.36 ym Det: SE
SEM MAG: 30.0 kx  Date(m/dly): 12/26/18

VEGAS TESCAN  SEM HV: 20.0 KV WD: 8.43 mm
View field: 19.3 pm Det: SE
SEM MAG: 9.89 kx  Date(midly): 12/26/18

H. besseri & S« slaze (0ldd) sUT Je omar Sbe -1 IS5
Figure 15. The spore of the population of Aliabad (Golestan) belongs to H. besseri

SEM HV: 20.0 kV
View fioid: 6.35 ym
SEM MAG: 30.0 kx  Date(m/dly): 12/26/18

VEGA3 TESCAN| SEM HV: 20.0 kV WD: 8.51 mm
View field: 17.0 pm Det: SE
SEM MAG: 11.2 kx  Date(m/dly): 12/26/18

P. catenulata &S« 3haze (0,050) Sl s Curar S -17 S
Figure 16. The spore of the population of Dodangeh (Mazandaran) belongs to P. catenulata
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L5 5 Sk ooslul Alfayate et al. (2013)
ol S8 S Homalia trichomanoides
Sla o311 a8 5ls 0L jol Jiassy b bl ol
s ool S5 5 lawgie H. besseri &8 s
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Abstract

Mosses are small, non-vascular and non-flowering plants. Forsstroemia remotifolia was previously
belonging to Leskeaceae family and its old name is Pseudoleskeella laxiramea (Schiffn.) Broth.
According to recent morphological researches, changed from Leskeaceae family to the Neckeraceae
family. Therefore, in present study, to eliminate the ambiguities in classification of this species,
phytochemical and palynological investigation in F. remotifolia, Homalia besseri, and P. catenulata
seems necessary. The results of gas chromatography (GC/MS) are showed that, F. remotifolia has 21
different types of fatty acids, H. besseri contains 23 types and P. catenulata possesses 18 types. Analysis
of fatty acids has been shown 61.53% similarity in fatty acid compounds between F. remotifolia, and P.
catenulata. Results of palynology showed that spore shape in populations of F. rematifolia is spheroidal
and spore shape in populations of H. besseri is oblate, but the spore shape in population of H. b. A
belonging to H. besseri is prolate and also the spore shape in population of P. c. Do. belonging to P.
catenulata is spheroidal. Overall results of chemotaxonomy and palynology indicate close relationship
between F. remotifolia, and P. catenulata.
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