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Abstract

Pollen grains micromorphological characteristics in nine genera of Chenopodiaceae (Atriplex, Bassia, Bienertia,
Chenopodium, Dysphania, Haloxylon, Kochia, Salsola, and Suaeda) that tolerate more difficult ecological conditions in
Iran were examined by Light Microscopy (LM) and Scanning Electron Microscopy (SEM). The obtained results
showed that, the pollen grains quantitative and qualitative micromorphological characters were different in the studied
species. A dendrogram obtained from the pollen grain characters in our research placed these taxa on two groups and
three pollen types. Although, pollen group 1 had not taxonomical values. Pollen group 2 partly was in agreement with
taxonomical level based on recently taxonomical and phylogenetic works including type A (Atriplex), type C
(Chenopodium), and type D (Dysphania). Pore number had a major role to construct group 2. The number of echinate
on pore membrane and on 10 pm? area of exine had major roles in constructing of group 1. The other pollen grains
characters were important for the delimitation of both groups.
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Introduction
Chenopodiaceae is one of the families of
Caryophyllales that has adapted to saline regions or
agricultural habitats with plenty of varieties in Iran
(Kuhn et al. 1993, Hedge et al. 1997, Cue'noud et al.
2002, Toderich 2010, Ghahremaninejad et al. 2017).
Based on Flora Iranica (Rechinger 1973), this family,

embraces two subfamilies including 44 genera and

10 tribes in Iran. Molecular studies have
separated Chenopodiaceae in seven subfamilies
viz.,, Chenopodioideae, Betoideae, Corispermoideae,

Salicornioideae, Suaedoideae, Camphorosmoideae, and
Salsoloideae (Kadereit et al. 2003, Akhani et al. 2007,
Kadereit et al. 2010, Wen et al. 2010, Fuentes-Bazan
et al. 2012, Dehghani et al. 2020). This monophyletic
family, is closely related to Amaranthaceae in some
molecular traits, but based on some taxonomical issues,
is recently combined in Chenopodiaceae (Cuénod et al.
2002, Kadereit et al. 2003, Miiller & Borsch 2005, Judd
et al. 2008, Ghahremaninejad et al. 2017, APG IV 2016).
Based on APG 1V, Ghahremaninejad et al. (2017)
comprising both flora of Iran and Afghanistan, concluded
that, the family Amaranthaceae had 54 genera in Iran
with the combination of Chenopodiaceae in this family.
In several families of Caryophyllales, pollen
grains have evolved complex architectures and
ultrastructures, based on tricolpate pollen of the eudicots
(Hernandez-Ledesma et al. 2015, Hamdi et al. 2009)
with several Amaranthaceae exhibiting strongly derived
metareticulate pollens with the highest number of
apertures known in angiosperms (Borsch 1998, Borsch
& Barthlott 1998). Also,

Chenopodiaceae appears to vary most in the number of

pollen morphology of

apertures and number, size, and frequency of spinules on,
and punctae in the ectexine (Herndndez-Ledesma et al.
2015, Dehghani & Akhani 2009).

palynological investigation of Chenopodiaceae has

In this way,

received considerable attention from several research
(Pinar & Inceoglu 1998, Olvera et al. 2006, Dehghani &
Akhani 2009, Hamdi et al. 2009, Malekloo et al. 2010,
Toderich et al. 2010, Perveen & Qaiser 2012, Lu et al.

2018, Dehghani et al. 2020). Moreover, recently Ghazali
(2021) showed that, pollen morphology was valuable in
two subfamilies of Amaranthaceae (Amaranthoideae and
Gomphrenoideae). The rest of the subfamilies in
Amaranthaceae (including Chenopodiaceae) have not
the taxonomical value based on pollen morphology
(Ghazali 2021). Therefore, the aim of the present study
was to evaluate the taxonomic value of some genera in
two subfamilies (Chenopodioideae and Salsoloideae) in
based on micro-

this family from Iran pollen

morphological characters.

Materials and Methods

In this research, the pollen grains were prepared
based on materials deposited in some Herbaria samples
from Iran including Garmsar Herbarium (IAUGH), the
Herbarium of Ferdowsi University of Mashhad (FUMH),
and Research Institute of Forests and Rangelands (TARI)
(Table 1). The pollen grains were subsequently examined
by light (LM) and scanning electron microscopy (SEM).
Samples for light microscopy were mounted on slides by
using glycerol jelly, then sealed with nail polish, and
observed under Zeiss Axioscope microscope. For SEM,
the protocol explained by Davies (1999) was used with
some modifications. The specimens were mounted on
12.5 mm diameter stubs and attached with sticky tabs,
and then coated in a sputter coater with approximately 25
um of Gold-Palladium. Pollen grains were examined and
photographed by Philips scanning electron microscope
(model XL). The qualitative and quantitative characters
were defined based on the terminology used by Erdtman
(1952), Punt et al. (2007), and Hesse et al. (2009). The
MVSP software (Multi Variate Statistical Package) along
with the UPGMA method (Unweighted Pair-Group
Analysis) based on Euclidean distances was applied for
constructing the dendrogram from the aforementioned
pollen grain characters. In addition, principal component
analysis (PCA) by MVSP software was used for the
studied species (as PCA case scores) and pollen grain
characters (as PCA variable loadings) (Kovach 1999).
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Table 1. Taxa examined in this research along with related data

Taxon

Locality, date and voucher number

Atriplex tatarica L.

Bassia hyssopifolia (Pall.) Kuntze

B. prostrata (L.) Beck.
Syn.: Kochia prostrata (L.) Schrad.

Bienertia cycloptera Bunge ex Boiss.

Chenopodium album L.
Ch. album. subsp. album
Ch. foliosum Asch.

Ch. glaucum L.
Ch. novopokrovskyanum (Aellen) Uotila

Ch. opulifolium Schrad. ex W.D.J. Koch & Ziz.

Ch. rubrum L.
Dysphania botrys (L.) Mosyakin & Clemants.

Haloxylon ammodendron (C.A. Mey.) Bunge ex
Fenzl.
Salsola florida (M.Bieb.) Poir.

Suaeda microsperma Fenzl.

Tehran prov.: Lavasan, 17 Aug. 1999, Malekloo 5707
(IAUGH)

Khorasan prov.: Sarakhs, Sazagan river, Jun. 1994, Akhani
& Zangouee 2457517 (FUMH)

Khorasan prov.: Torbat-e Heidarieh, 15 Jul. 2007, Jouharchi
& Zangouee 39158 (FUMH)

Khorasan prov.: Kashmar, 13 May 1991, Faghihnia &
Zangouee, 21161 (FUMH)

Tehran prov.: EN Tehran, Sorkheh Hesar, 17 Aug. 1999,
Malekloo 5702 (IAUGH)

Mazandaran prov.: Kiasar forest, 13 Jun. 1994, Mozaffarian
& Norouzi 34481 (TARI)

Tehran prov.: Lavasan, 14 Aug. 1996, Assadi 64449, TARI

Mazandaran prov.: Sari to Semnan, 17 Aug. 1999, Malekloo
2799 (IAUGH)

Tehran prov.: Between Tehran to Karaj, Botanical Garden,
9 Jul. 1997, Assadi 76802 (TARI)

Semnan prov.: 17 Jun. 1996, Sharif 40284 (TARI)

Tehran prov.: 18 Aug. 1999, Malekloo 2800 (IAUGH)

Khorasan prov.: Gonabad, 8 Apr. 1999, Faghihnia &
Zangouee 19256 (FUMH)

Azerbaijan prov.: Salmas, 18 Apr. 1996, Assadi & Salehi
31998 (TARI)

Khorasan prov.: Sabzevar to Esfaraien, 4 Sept. 1990,
Faghihnia & Zangouee 19145 (FUMH)

Results

In the present study, 14 taxa from nine genera of
Chenopodiaceae that are distributed in the desert areas of
Iran which are environmentally important (Assadi 2021)
were selected. These taxa were investigated based on the
pollen morphology characteristics. Quantitative pollen

morphology characters were also evaluated (Table 2).

These micromorphological characters  were
different among the studied species (Table 2). Major
qualitative characters were examined such as pollen type,
pore size, exine ornamentation, and density of elements
of exine ornamentation on exine surface, pore membrane
ornamentation, pore membrane ornamentation of pollen

grains, and pore edge shape (Table 3).


http://www.theplantlist.org/tpl/record/kew-2670803
http://www.theplantlist.org/tpl/record/kew-2717327
http://www.theplantlist.org/tpl/record/kew-2717608
http://www.theplantlist.org/tpl/record/kew-2717754
http://www.theplantlist.org/tpl/record/kew-2838905
http://www.theplantlist.org/tpl/record/kew-2838905
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Pollen type was constant among these genera
(Pall.)

B. prostrata (L.) Beck with medium pollen type was

but Bassia hyssopifolia Kuntze and
different in this character (Table 3). Size of pore as
the pollen qualitative characters were detected and
three ranges were detected as follows: small
(Atriplex tatarica Auct.,, Chenopodium foliosum
Asch., Ch. glaucum L., Ch. novopokrovskyanum
(Aellen) Uotila, and Ch. rubrum Forssk. ex Steud.),
medium (Ch. album Bosc. ex Mog., Ch. opulifolium
Schrad. ex DC., Dysphania botrys (L.) Mosyakin &
Clemants, and Suaeda microsperma Fenzl.), and
large (the other studied species) (Table 3). The
density of echinate exine ornamentation was varied
among all studied species. In this way, Bienertia
cycloptera Bunge and Ch. foliosum, had high dense
of echinate in exine surface ornamentation,
Haloxylon ammodendron Bunge had high dense of
microechinate in exine surface ornamentation, and
the other studied species had low dense echinate
exine ornamentation (Sparse) in this region (Table
3, Figs 1 & 2). Pore membrane ornamentation as the
fourth qualitative character was dense echinate
in A.
B. cycloptera, Ch. foliosum, H. ammodendron,
D. botrys, and S. florida (Table 3, Figs 1B, 1D, 1F,
1H, 1L, 2H, 2F, and 2G). Moreover, Ch. glaucum
had dense microechinate (Table 3, Fig. 1N). The
other studied species was sparse echinate in this
region (low density) (Table 3, Figs 1 & 2). Three
kinds of pore edge shapes were detected among

the studied

tatarica, B. hyssopifolia, B. prostrata,

species as follows: prominent
(S. microsperma), highly sunken (B. cycloptera,
Ch. foliosum, and H. ammodendron), and sunken

(the rest of studied species) (Table 3, Figs 1 & 2).

Based on pollen characters, two following
groups were constructed: Group 1: S. florida,
H. ammodendron, S. microsperma, B. cycloptera
and B. prostrata; and group 2: type D (D. botrys),
type C (Ch. album, Ch. foliosum, Ch. glaucum,
Ch. novopokrovskyanum, Ch.
Ch. rubrum); and type A (A
B. hyssopifolia (Table 4, Fig. 3).

The obtained results from the PCA including

opulifolium and

tatarica) and

eigenvalues, percentages, and cumulative
percentages for both axes, PCA case scores for all
and PCA variable

loadings for all pollen characters are shown in table

genera, and their species,
5. There were two groups in both axes (Fig. 4): taxa
of group 1 (negative in axis 2, negative and positive
in axis 1) and taxa of group 2 (negative and positive
in both axes). Group 2 is segregated in to three
types; type D (genus Dysphania): positive in both
axes; type C (genus Chenopodium): negative and
positive in axis 1 and positive in axis 2; type A
(Atriplex tatarica): negative in axis 1 and positive
in axis 2, and one taxon (genus Bassia: negative in
both axes) (Fig. 4). The results of PCA analysis
based on the studied species and the pollen grain
characters overlapping showed that, pollen
character Pn (pore number) had a major role in the
statement of group 2 especially type A (Fig. 4). In
this way, characters Np (number of echinate on pore
membrane) and Ne (number of echinate on 10 um?
area of exine) had major roles in the statement of
group 1 (Ne: especially Salsola florida and Np: the
other taxa in group 1) (Fig. 4). The other pollen
grain characters, which included group A were

important in the determination of all studied taxa
(Fig. 4).



Table 2. Pollen grains quantitative characters of SEM (Mean £ SE) in studied taxa

Taxon A B C D E F G H I J K L
Atriplex tatarica L. 22.74x3.25 2.66+0.63 1.24+0.23 5.10+1.04 75 9.50+1.10 0.2+0.04 3.30 0.12 047 411 0.05
Bassia hyssopifolia (Pall.) Kuntze 27.83x1.12 3.06+0.48 2.26x0.22 7.20+1.33 40 5.10#1.14 0.1+0.03 144 0.11 0.74 319 0.08
B. prostrata (L.) Beck. 25.62+3.71 3.11+0.57 2.68+0.64 21.7x2.00 16 8.90+1.04 0.05+0.02 0.62 0.12 086 810 0.1
Bienertia cycloptera Bunge ex Boiss. 20.12+1.58 3.50+0.34 2.86+0.35 19.00+2.37 25 8.30+1.68 0.07+0.02 1.24 0.17 082 6.64 0.14
Chenopodium album L. 24.81+1.58 1.41+0.18 2.60+0.32 6.00+0.89 60 5.10+1.70 0.14+0.05 242 006 184 165 0.1
Ch. foliosum Asch. 17.22+1.78 2.174#0.26 1.02+0.21 5.70+0.46 45 20.90+3.94 0.16+0.04 261 0.13 047 451 0.13
Ch. glaucum (L.) 21.02+0.98 1.45+0.26 1.85+0.40 4.60+0.67 55 10.60+1.43 0.14+0.04 2.62 0.07 128 1.95 0.09
Ch. novopokrovskyanum (Aellen) Uotila 19.64+1.36 1.45+0.28 0.76+0.13 3.60+0.49 65 8.50+2.11 0.14+0.03 3.31 0.07 052 526 0.04
Ch. opulifolium Schrad. ex W.D.J. Koch & Ziz. 22.79+1.62 1.71+0.18 1.15+0.19 4.00+0.63 55 8.50+1.12 0.16+0.07 241 0.08 0.67 4.09 0.05
Ch. rubrum (L.) 19.30£1.33 1.53+0.24 0.91+0.12 4.70£0.90 50 7.40+1.43 0.22+0.05 259 0.08 059 516 0.05
Dysphania botrys (L.) Mosyakin & Clemants. 15.93+0.68 0.87+0.30 2.03£0.32 4.30£1.10 45 9.40+2.00 0.18+0.06 2.82 0.05 233 2.77 0.07

Haloxylon ammodendron (C.A. Mey.) Bunge 2474+1.80 3.63+0.43 3.46+0.73 26.50+1.96 20 29.90+2.16 0.07+0.02 0.81 0.5 095 7.66 0.14

ex Fenzl.
Salsola florida (M. Bieb.) Boiss. 16.59+2.12 2.96+0.37 2.06+0.37 32.80+2.04 12 17.90#1.51 0.12+0.03 0.72 0.18 0.70 15.92 0.12
Suaeda microsperma Fenzl. 21.64+1.04 2.40+0.42 1.58+0.26 21.60+4.20 35 6.30+1.62 0.12+0.02 162 0.11 066 3.16 0.07

Abbreviation: A (pollen size, um), B (interporal distance, pm), C (pore diameter, um), D (number of microechinate on pore membrane), E (pore number), F (number of microechinate on 10 pm?
area of exine), G (microechinate height on exine surface, pm), H (pore number/pollen size), | (interporal distance/pollen size), J (pore diameter/interporal distance), K (number of microechinate on
pore membrane/pore diameter), and L (pore diameter/pollen size).


http://www.theplantlist.org/tpl/record/kew-2670803
http://www.theplantlist.org/tpl/record/kew-2717327
http://www.theplantlist.org/tpl/record/kew-2717608
http://www.theplantlist.org/tpl/record/kew-2717754
http://www.theplantlist.org/tpl/record/kew-2838905
http://www.theplantlist.org/tpl/record/kew-2838905

Table 3. Pollen qualitative characters from SEM measurements in studied taxa

Taxon A B C D E F G

Atriplex tatarica L. Small Small Sparse Echinate Dense Echinate Sunken
Bassia hyssopifolia (Pall.) Kuntze Medium Large Sparse Echinate Dense Echinate Sunken
Bassia prostrata (L.) Beck. Medium Large Sparse Echinate Dense Echinate Sunken
Bienertia cycloptera Bunge ex Boiss. Small Large Dense Echinate Dense Echinate Highly sunken
Chenopodium album L. Small Medium Sparse Echinate Sparse Echinate Sunken
Chenopodium foliosum Asch. Small Small Dense Echinate Dense Echinate Highly sunken
Chenopodium glaucum (L.) Small Small Sparse Echinate Dense Macroechinate Sunken
Chenopodium novopokrovskyanum (Aellen) Uotila Small Small Sparse Echinate Sparse Echinate Sunken
Chenopodium opulifolium Schrad. ex W.D.J. Koch & Ziz. Small Medium Sparse Echinate Sparse Echinate Sunken
Chenopodium rubrum (L.) Small Small Sparse Echinate Sparse Sparse echinate Sunken
Dysphania botrys (L.) Mosyakin & Clemants. Small Medium Sparse Echinate Dense Echinate Sunken
Haloxylon ammodendron (C.A. Mey.) Bunge ex Fenzl. Small Large Dense Microechinate Dense Echinate Highly sunken
Salsola florida (M. Bieb.) Boiss. Small Large Sparse Echinate Dense Echinate Sunken
Suaeda microsperma Fenzl. Small Medium Sparse Echinate Sparse Echinate Prominent

Abbreviation: A (pollen type), B (size of pore), C (density of echinate exine ornamentation on the exine surface), D (exine ornamentation), E (density of pore membrane ornamentation),
F (pore membrane ornamentation), and G (pore edge shape: 0= highly sunken, 1= sunken, and 2= prominent).


http://www.theplantlist.org/tpl/record/kew-2670803
http://www.theplantlist.org/tpl/record/kew-2717327
http://www.theplantlist.org/tpl/record/kew-2717608
http://www.theplantlist.org/tpl/record/kew-2717754
http://www.theplantlist.org/tpl/record/kew-2838905
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Fig. 1. A, B. Scanning electron microscopic micrographs of the pollen grains in Atriplex tatarica, C, D. Bassia
hyssopifolia, E, F. Bassia prostrata, G, H. Bienertia cycloptera, I, J. Chenopodium album subsp. album,
K, L. Ch. foliosum, M, N. Ch. glaucum, and P, Q. Ch. novopokrovskyanum). A, C, E, G, I, K, M, and P (Bars: 15 um),
B,DF,H,J L, N,andQ (Bars: 5 um).
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Fig. 2. A, B. Scanning electron microscopic micrographs of te pollen grains in Chenopodium opulifolium,
C, D. Ch. rubrum, E, F. Dysphania botrys, G, H. Haloxylon ammodendron, I, J. Salsola florida, and
K, L. Suaeda microsperma. A, C, E, G, I, and K (Bars: 15 um); B, D, F, H, J, and L (Bars: 5 pm).

Table 4. The pollen grains micromorphological characters (variables) analyzed with the UPGMA method for the
construction of dendrogram of the studied species (cases), DS (Dissimilarity)

Cluster analysis
Analyzing 25 variables x 14 cases

Euclidean
Node Group 1 Group 2 Dissimilarity Objects in group
1 Chenopodium glaucum Dysphania botrys 4.474 2
2 Node 1 Chenopodium rubrum 6.931 3
3 Ch. album. subsp. album Ch. novopokrovskyanum 9.457 2
4 Node 2 Ch. opulifolium 10.499 4
5 Bassia prostrata Bienertia cycloptera 11.525 2
6 Node 3 Node 4 13.086 6
7 Node 5 Suaeda microsperma 16.215 3
8 Node 6 Chenopodium foliosum 17.954 7
9 B. hyssopifolia Node 8 18.745 8
10 Atriplex tatarica Node 9 24.172 9
11 Node 7 Haloxylon ammodendron 25.133 4
12 Node 11 Salsola florida 28.645 5
13 Node 10 Node 12 37.866 14
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Kadereit et al. 2003

Tribe Subfamily
Salsola florida Silsolese
[ Haloxylon ammodendron Sulsololdass
/ ] Suaeda microsperma Suaedeae
- Bienertia cycloptera
Group 1 L |Bassiaprostrata | i) et i
‘ Type D Dysphania botrys

Chenopodium foliosum
Chenopodium rubrum

—— Chenopodium opulifolium

L Chenopodioideae

Graiin 2 Type C| L Chenopodium glaucum
P ‘ ————— Chenopodium novopokrovskyanun
UPGNA L Chenopodium album. subsp. album
Euclidean \ |

Vpe A Bassia hyssopifolia Camphorosmeae
[Atriplex tatarica_| Atripliceae |
40 32 24 16 8 0

Fig. 3. Dendrogram of the studied species that analyzed by MVSP software based on UPGMA method from pollen data
and their taxonomic relationships.

Table 5. The pollen grain morphological characters analyzed by principal components analysis, E. values: Eigen values
and Cum. percentage (Cumulative percentage)

Principal components analysis
Analyzing 25 variables x 14 cases

Axis 1 AXxis 2
Eigen values 377.191 51.722
Percentage 78.148 10.716
Cum. percentage 78.148 88.864

PCA variable loading

Axis 1 Axis 2
Sp -0.036 -0.005
De -0.014 0.025
Ex -0.006 -0.008
Dm -0.003 -0.04
Pm -0.007 0.09
Pt -0.006 -0.012
Pz -0.007 -0.416
Sps -0.004 -0.046
Id -0.032 -0.024
Sid -0.002 -0.007
Pd -0.03 -0.02
Spd -0.006 -0.007
Np -0.314 -0.799
Snp -0.025 -0.104
Pn 0.931 -0.24
Ne -0.161 0.26
Sne -0.005 0.053
Eh 0.002 0.001
She 0.001 0

P 0.042 0.022
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Table 5 (contd)

I -0.002 0.002
D 0.001 0.007
N -0.046 -0.181
S -0.001 0.002
Pe 0.006 -0.049
PCA case score

Axis 1 Axis 2
Atriplex tatarica 1 8.68 -1.443
Bassia hyssopifolia 2 -0.402 -0.438
B. prostrata 3 -8.11 -1.844
Bienertia cycloptera 4 -5.498 -1.116
Chenopodium album. subsp. album 5 4.933 -1.031
Ch. foliosum 6 0.37 1.962
Ch. glaucum 7 3.537 0.486
Ch. novopokrovskyanum 8 6.284 -0.138
Ch. opulifolium 9 3.648 0.104
Ch. rubrum 10 2.352 0.557
Dysphania botrys 11 1.03 1.633
Haloxylon ammodendron 12 -8.438 -1.467
Salsola florida 13 -5.407 5.288
Suaeda microsperma 14 298 -2.555

Sp (Size of pore), De (Density of echinate exine ornamentation on the exine surface), Ex (Exine ornamentation), Dm (Density of
pore membrane ornamentation), Pm (Pore membrane ornamentation), Pt (Pollen type), Pz (pollen size), Sps (SD of polen size),
Id (interporal distance), Sid (Sd of interporal distance), Pd (pore diameter), Spd (SD of pore diameter), Np (number of echinate on
pore membrane), Snp (SD of number of echinate on pore membrane), Pn (pore number), Ne (number of echinate on 10 pm? area of
exine), Sne (SD of number of echinate on 10 um? area of exine), Eh (echinate height on exine surface), She (SD of echinate height on
exine surface), P (pore number/pollen size), | (interporal distance/pollen size), D (pore diameter/interporal distance), N (N/pore
diameter), S (pore diameter/pollen size), and Pe (pore edge shape).

1.8

PCA case scores 9.5+

7.1

Vector scalina; 10.58 -TA--
Np Axis 1
.95

Fig. 4. Principal components analysis scatterplot obtained from the overlapping of species (case scores) and the pollen
grain characters (variable loadings). Variable loading (pollen grain characters): Ne (number of echinate on 10 um? area
of exine); Np (number of echinate on pore membrane); Pn (pore number) and character group A (the other pollen
morphological characters). Case scores (species): Atriplex tatarica (1); Bassia hyssopifolia (2); B. prostrata (3);
Bienertia cycloptera (4); Chenopodium album. subsp. album (5); Ch. foliosum (6); Ch. glaucum (7);
Ch. novopokrovskyanum (8); Ch. opulifolium (9); Ch. rubrum (10); Dysphania botrys (11); Haloxylon ammodendron
(12); Salsola florida (13); and Suaeda microsperma (14).
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Discussion

Results derived from the present study revealed
some valuable quantitative and qualitative pollen
morphological characters used to better view the
taxonomical level of the studied genera. Besides, the
results of our research were partly in accordance with the
previous studies in this field (Pinar & Inceoglu 1998,
Olvera et al. 2006, Dehghani & Akhani 2009, Hamdi et
al. 2009, Malekloo et al. 2010, Toderich et al. 2010,
Perveen & Qaiser 2012, Lu et al. 2018, Dehghani et al.
2020, Ghazali 2021). In the present investigation,
palynological dendrogram separated the studied
specimens in to two groups that were partly in agreement
with their taxonomical issues. Although, group 1 was
heterogeneous and had not any type based on pollen
morphology. Group 2 was partly suitable and segregated
three types. In this way, Atriplex tatarica was placed in
type A. This species belongs to the tribe Atripliceae and
subfamily Chenopodioideae (Kadereit et al. 2003).
Recently, palynological work had done in this tribe
(Olvera et al. 2006). The major results of this research
showed that, pollen grains were pantoporate, spheroidal,
or subspheroidal shape. Some pollen quantitative
characters were important and had taxonomical values
such as pollen diameter, pore number, pore diameter,
interporal distance, spinule and puncta density, number
of ectexinous bodies, and their spinules. This research
showed that, pollen morphological data support the
exclusion of Suckleya A.Gray from this tribe and pollen
morphology does not support generic recognition of
Atriplex, Neopreissia Ulbr., and Obione Gaertn. In
addition, pollen morphological characters supported their
generic status of genera Axyris L., Ceratocarpus Buxb.
ex L., Endolepis Torr., Krascheninnikovia Gueldenst.,
Microgynoecium Hook.f., Proatriplex (W.A. Weber)
Stutz & G.L. Chu, and Spinacia L. (Olvera et al. 2006).
Additionally, Atriplex pollen types were seen in some
recent works (Perveen & Qaiser 2012, Lu et al. 2018). In
our research, the studied species of this tribe segregated

the other genera. Therefore, these results indicated that,

pollen data are potentially useful in the classification of
the tribe.

Based on Pinar & Inceoglu (1998), five pollen
types were determined with pollen morphological
characters (especially pollen size) in the species of
Chenopodium L. The examined species had radially
symmetrical, isopolar, pantopolyporate, and spheroidal
shape. Also, the sporoderm structures were similar in all
studied species (Pinar & Inceoglu 1998). In recent
research, palynomorphological study of 14 species of
genus Chenopodium was evaluated and two type pollens
based on pore on the surface (foveate and perforate) were
constructed. This result partly confirmed the taxonomy of
the studied species of this genus during this research
(Hamdi et al. 2009). Malekloo et al. (2010) revised the
taxonomical level of Ch. album in Iran and pollen
morphology helps this revision. Palynological characters
issues confirmed this revised along with some other
morphological characters (seed ornamentation and stem
anatomy) during this research. Moreover, Chenopodium
album-type was detected in Flora of Pakistan by Perveen
& Qaiser

characters. In our research, the studied species of genus

(2012) based on pollen morphological

Chenopodium were placed in type C based on all pollen
characters (quantitative and qualitative characters). As a
whole, pollen morphology was a valuable character in
the classification of this genus.

Based on our dendrogram, Dysphania botrys as
type D was placed near type C in group 2. This situation
was verified by the phylogram of Kadereit et al. (2003)
that showed both genera were placed on one clade based
on rbcl sequences. The other studied species including
group 1 and Bassia hyssopifolia from group 2 were not
constructed any pollen type.

In a recent investigation, Dehghani & Akhani
(2009) had done pollen morphological research in genera
Bienertia and Suaeda and their results showed that,
quantitative pollen characters such as pollen diameter,
pore number, pore diameter, operculum diameter, chord
distance, exine thickness, pore number, and qualitative

characteristics of exine spinules and operculum spinules
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had variation and valuable in taxonomical issues. In this
way, Bienertia was clearly distinguished from Suaeda
(Dehghani & Akhani 2009). Also, our results verified the
segregation of both genera. Bienertia cycloptera was
placed together in Kochia prostrata (Syn.: Bassia
prostrata) based on our results. Kochia prostrata, and
B. hyssopifolia from subfamily Chenopodioideae, and
tribe Camphorosmeae were investigated in our research.
Our palynological dendrogram of both genera is not
matched with the taxonomical levels.

Although, Haloxylon ammodendron and Salsola
florida in group 1 were not placed in any pollen type in
our pollen dendrogram. Some palynological studies had
good supported the taxonomical level such as Toderich et
al. (2010), Perveen & Qaiser (2012), and Lu et al.
(2018). In some species of the genus Salsola, the pollens
are radially symmetrical isopolar, pantopolyporate,
spherical or subspheroid. The pollen characters like size,
pore number, chord (C/D ratio), pore diameter, exine
thickness, level of the sinking of the pore, convexness of
mesoporial exine, spinule, and minute-hole densities, and
the number of spines on the pore membrane appeared to
be useful characters in distinguishing the species. Among
these pollen characters, the C/D and P/E ratios had
intraspecific variations. Based on the pollen dendrogram,
three pollen types were recognized. These pollen types
partly agreed with taxonomical levels in Salsola
(Toderich et al. 2010). Pollen morphology of 30 genera
of Chenopodiaceae was detected in Pakistan. Examined
pollen was seen with morphological character including:
radially symmetrical, apolar pantoporate, spheroidal,
sexine slightly thicker or thinner than nexine and tectum
sparsely to densely punctate and rarely spinulose.
Moreover, two pollen characters were important as

taxonomical values, and this family was divided in to

four pollen types (Arthrocnemun indicum-type, Atriplex
stocksii-type, Chenopodium album-type, and Haloxylon
persicum-type). Consequently, pollen types supported
specific and generic taxonomical levels (Perveen &
Qaiser 2012). Lu et al. (2018) provide a new pollen
classification of family Chenopodiaceae with six pollen
types and link them to those plant communities includes,
for example, temperate dwarf semi-arboreal desert
(Haloxylon type), temperate succulent halophytic dwarf
semi-shrubby desert (Suaeda, Kalidium, and Atriplex
types), temperate annual graminoid desert (Kalidium
type), temperate semi-shrubby and dwarf semi-shrubby
desert (Kalidium, Iljini, and Haloxylon types), and alpine

cushion dwarf semi-shrubby desert (Krascheninnikovia

type).

Conclusion

Dehghani et al. (2020) showed pollen morphology
of subfamily Salicornioideae had taxonomic value and
supported phylogenetic relationships in this subfamily.
Pollen morphology characters were diverse in
Amaranthaceae (including Chenopodiaceae) such as
Betoideae,

Camphrosomoideae, = Chenopodioideae,

Corispermoideae, Salicornioideae, Salsoloideae,
Suaedoideae, and Polycnemoideae subfamilies (Ghazali
2021). Our palynological research partly supported the
phylogenetic relationships of Chenopodioideae and

Salsoloideae subfamilies.
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