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Comparative studies on the pollen grains biometry and morphology of the most common
species of Amaranthaceae s. lat. (incl. Chenopodiaceae) relieved in the Italian territory were
carried out by Light Microscope and Scanning Electron Microscope in order to compare simi-
larities and differences among them. Many pollen characters like diameter, volume, exine thick-
ness, number of pores, pore density, interpore distance, pore size were considered and analyzed
from statistical points of view. Fisher’s Least Significant Difference Test allowed clustering of
groups and ordination analysis of taxa. Pollen analysis does not allow easy distinction of the
pollen grains of the considered taxa. However, in spite of the many similarities shared by the
two groups, some morphological and biometrical traits still allow the distinction of some taxa:
interpore distance, exine thickness and above all microechinae density on pollen surface. These
spinulous processes are more densely arranged on pollen from species of Amaranthus than from
those formerly referred to Chenopodiaceae.

The results obtained support the inclusion of the former Chenopodiaceae into Amaranthaceae.
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Introduction

Chenopodiaceae Vent. and Amaranthaceae Juss. have long been considered two close-
ly related families of the order Caryophyllales and they were subject to taxonomical revi-
sions from the time they were first described to the present (Iamonico 2008, 2012, 2014;
Kadereit & al. 2003, 2012). According to the Angiosperm Phylogeny Group (2003, 2009)
one large family could be recognized, Amaranthaceae s. lat.

Concerning the pollen, several investigations were carried out on Amaranthaceae
s.lat. (Alkhani & al. 2003; Tamonico 2009; McAndrews & Swanson 1967; Pinar &
Inceoglu 1999; Riollet & Bonnefille 1976; Shepherd & al. 2005; Soliman 2006;
Toderich & al. 2010; Tsukada 1967; Zare & Keshavarzi 2007). Despite of all these
investigations many difficulties are still experienced in distinguishing the pollen of
Chenopodiaceae from that of Amaranthaceae.
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Both families shared many features, mostly derivated, such occurs in the case of
pollen grains making a stenopalynologic group (Erdtman 1966) which feature rather
similar pollen grains. Various authors have reported this group as an allergenic pollen
producer: many members of the Chenopodiaceae family, as well as of the closely
related Amaranthaceae s. str. family, are involved in inducing allergic diseases
(Barderas & al 2002; Ianovici 2008). For the similarities of their pollen grains, this
group is reported in aerobiological pollen monitoring in only one pollen type
(Rodriguez De La Cruz & al. 2012).

The aim of the present work was to study and compare pollen characteristics of some
taxa recorded in the Italian territory. The investigation is useful not only in Allergology and
Aerobiology, but also in Palaeobotany and Palynology, because Chenopodiaceae and
Amaranthaceae pollen grains are abundant in the air and the soil. Both zaxa are wind-pol-
linated and their pollen grains are found far from the parental plants. They are well-pre-
served so their characteristic appearance leads to easy recognition in fossil samples.

Materials and methods

Pollen grains were collected in the Italian territory (Fig. 1) from the flower samples of
17 taxa belonging to Amaranthaceae family: Amaranthus caudatus L., A. hybridus L. (=
A. chlorostachys Willd.), A. graecizans subsp. sylvestris (Vill.) Brenan., A. retroflexus L.,
Atriplex halimus L., Bassia scoparia (L.) Voss [= Kochia scoparia (L.) Schrad.], Beta vul-
garis subsp. cicla (L.) Schiibl. & G. Martens, (= B. vulgaris var. cicla L.), B. vulgaris var.
rubra L., B. vulgaris var. altissima DOll (= B. vulgaris subsp. vulgaris L.), Chenopodium
album L. s.lat., Chenopodiastrum murale (L.) S. Fuentes, Uotila & Borsch (= C. murale
L.), Dysphania ambrosioides (L.) Mosyakin & Clemants (= C. ambrosioides L.),
Dysphania botrys (L.) Mosyakin & Clemants (= C. botrys L.), C. opulifolium Schrad. ex
W.DJ. Koch & Ziz, Lipandra polysperma (L.) S. Fuentes, Uotila & Borsh (= C. poly-
spermum L.), Spinacia oleracea L., Suaeda vera Forssk. ex J.F. Gmel [= S. fruticosa
subsp. vera (J.F. Gmel.) Maire & Weiller] (Iamonico 2015).

The nomenclature according to the most recent taxonomic updates as reported in the
database anArchive, an on-line synonymized list of botanical species names, devel-
oped to support the botanical data banking and vegetation analysis (Angelini & al.
2014, 2015; Gigante & al. 2012; Landucci & al. 2012; Lucarini & al. 2014; Pecoraro
& al. 2014; Venanzoni & al. 2012).

For each of the 17 taxa investigated, 3 populations (more than 50 flowers per pop-
ulation) were examined. The collected pollen grains and the dried plants from which
they were taken were stored in separate envelopes at the University of Perugia’s
Department of Chemistry, Biology and Biotechnology’s Palynotheca and Herbarium
PERU (www.anarchive.it) respectively.

A part of fresh pollen grains were stained with basic fuchsin on microscope slides.
Comparative analysis of pollen morphology and measurement of several parameters were
performed with Leica Dialux 20 Light Microscopy.

A part of the material was treated according to the acetolytic technique originally
described by Erdtman (1960) and later modified slightly by Hideux (1972), mounted on
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Fig. 1. Location map of the studied areas.

stubs and coated with gold (Angelini & al. 2008, 2009; Pagiotti & al. 2011). The obser-
vations and photos were made using SEM Stereoscan 90, Scanning Electron
Microscope (Cambridge Instruments).

For each sample more than 50 grains were considered and the following parameters
were measured or calculated: diameter, volume, exine thickness, number of pores, pores
density, interpore distance, pores size (P os: max diameter; E os: min diameter ).

In order to calculate the total number of pores for each grain, we considered the homoge-
neous distribution of pores on the pollen grain surface and the hexagonal area surrounding
each pore (Fig. 2). Apothem of the hexagon is half of the sum of interpore distance plus mean
pore diameter. Once the apotheme value is known, by mean simple geometrical formulas it
is possible to know the value of the sides, of the height and of the hexagon area.

The calculation of the total area of pollen grains surface is very simple because grains
are nearly spherical and diameter is noted.

Therefore, for each taxon, in order to obtain total number of pores, total area of pollen
grain surface was divided by the area of one hexagon.

Data were analysed by one way ANOVA. A Fisher’s post hoc test for LSD (Least Significant
Difference) was performed for clustering of groups and ordination analysis of faxa. All statis-
tical analyses were carried out using StatPlus Professional 2009 statistical software packages.
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Fig. 2. Pores on pollen grain surface and hexagonal areas
surrounding each pore.

Results

In Table (1) and Fig. (3) the examined characteristics of pollen morphology of the 17
taxa of the Amaranthaceae family are reported. Fisher’s LSD allowed clustering of groups
and ordination analysis of taxa (Fig. 3 a-h). Fig. (3 a, b) show that Chenopodiastrum
murale, Beta vulgaris subsp. cicla, B. vulgaris var. rubra, B. vulgaris var. altissima have
the smallest pollen grain with very similar size. The greatest pollens are those of Bassia
scoparia, followed by Spinacia oleracea, Chenopodium album s.lat. and Suaeda vera.
Volume values of the pollen of these species are not overlapping. The other faxa have sim-
ilar sizes and are grouped in common clusters.

Fig. (3 c) shows the exine thickness histograms. Pollen grains of Suaeda vera have the
thickest exine (2.88 um) but these values are similar (not statistically different) to Bassia sco-
paria, Atriplex halimus, Chenopodium album s.lat. and Spinacia oleracea. Pollen grains of
Amaranthus graecizans and A. hybridus have the thinnest exine (1.54 um), but 4. retroflexus
and A. caudatus have an exine thickness similar to the pollen of other species.

Fig. (3 d) shows the number of pore histograms. Pollen of Amaranthus genus
(Amaranthus retroflexus, A. graecizans and A. caudatus) have less than 70 pores, but
pollen grains of Amaranthus hybridus show a very high value with 132 pores.

Pore density on 100 um? is reported in Fig. (3 €). Chenopodiastrum murale pollen
grains show the highest value (6.88), followed by the “B” cluster of Dysphania ambro-
sioides, Amaranthus hybridus, Atriplex halimus and Lipandra polysperma (5.60 - 5.96).
Amaranthus retroflexus and A. graecizans show the smallest values (2.20 - 2.60).
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Fig. 3. Characteristics of pollen grains of Amaranthus caudatus (A.c.), A. graecizans subsp. sylvestris
(A.g.), A. retroflexus (A.1.), A. hybridus (A.hy.), Atriplex halimus (A.h.), Bassia scoparia (B.s.), Beta
vulgaris L. subsp. cicla (B.v.c.), B. vulgaris var. rubra (B.v.r.), B. vulgaris var. altissima (B.v.a.),
Chenopodium album s.lat. (C.a.), Chenopodiastrum murale (C.m.), Dysphania ambrosioides (D.a.),
D. botrys (D.b.), Chenopodium opulifolium (C.0.), Lipandra polysperma (L.p.), Spinacia oleracea
(S.0.), Suaeda vera (S.v.): a) Mean diameters, b) Mean volumes, c) Mean exine thickness, d) Mean
number of pores, €) Mean pore density, f) Mean interpore distance, g) Mean P os, h) Mean E os.
Different capital letters on the right side of each histogram indicate LSD (p<0.01) among the pollen
grains of each species, while common capital letters indicate similarity
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The data reported in Fig. (3 f) relative to interpore distances are in inverse propor-
tion to those reported in Fig. (3 e) (pore density on 100 um?). Pollen of the
Amaranthus genus (Amaranthus retroflexus, A. graecizans subsp. sylvestris and A.
caudatus) have the greatest interpore distances (3.78 - 4.36 pm), but pollen grains of
Amaranthus hybridus show the smallest value with 1.66 um.

In Fig. (3 g) and Fig. (3 h) P os and E os pore sizes are reported, respectively.
Values of P os (from 1.69 to 3.07) are similar to those of E os (from 1.73 to 3.08)
confirming that pores are more or less circular. Bassia scoparia shows the highest
value, while Chenopodiastrum murale pollen grains have the smallest pores. All
investigated taxa have radially symmetrical spheroidal polypantoporate pollen with
circular perimeter (Figs 4-20). The exine is tectate at mesoporia where tectum is sup-
ported by simple, not branched columellae; tectum disappears near pores where
exine is directly connected with nexine. In the poral areas, columellae not support-
ing tectum become bacula or echinae. In Fig. (13), 4 exine in cross sections, clear-
ly shows bacula or little echinae (spines) emerging from nexine and protruding out
of the pores making a sort of fragmented operculum. The examined taxa have dif-
ferent levels of pore depth and convexness of mesoporial exine. Also the number of
spines on the pore membrane and the density of the perforations and echinae on
pollen surfaces are characteristic (Fig. 4-20).

Discussion and conclusions

Pollen analysis of 17 taxa of Amaranthaceae s. str. and Chenopodiaceae does not
allow the clear distinction of the pollen grains of the two groups. However, three
important parameters can be pointed out: the first two are biometrical parameters, the
third one is morphological.

The first biometrical parameter is interpore distance: there is a great difference among
Amaranthus retroflexus, A. graecizans, A. caudatus and the other species of
Amaranthaceae. These three species have the greatest interpore distances. On the other
hand, 4. hybridus shows the shortest interpore distance (1.66 pm).

The second biometrical parameter is exine thickness that is smaller in Amaranthus, ecx-
cept for A. caudatus that shows an exine thickness greater than other faxa such as Beta vul-
garis var. altissima, Chenopodium opulifolium, B. vulgaris subsp. cicla, Dysphania botrys
and Chenopodiastrum murale.

The third, morphological, parameter is more helpful to distinguish pollen of
Amaranthus. 1t is the microechinae on pollen surface: these spinulous processes are
more densely arranged on pollen from the Amaranthus species than from those for-
merly referred to Chenopodiaceae.

In conclusion, the outcomes of our study support the inclusion of the former
Chenopodiaceae into Amaranthaceae. However, in spite of the many similarities
shared by the two groups, some morphological and biometrical traits still allow
some taxa to be distinguished.
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Fig. 4. Amaranthus caudatus L.

1-2: Pollen grains at different magnifications (1: x 2900; 2: x 3300)

3: Exine section (x 11200)

4: Exine surface with pores, perforations and microechinae (x 10600)

5: Exine surface with perforations, microechinae and pores with evident inner microechinae (x 8200)
6: Exine surface with pores, perforations and microechinae (x 8200)
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Fig. 5. Amaranthus graecizans subsp. sylvestris (Vill.) Brenan

1: Pollen grain (% 3400)

2: Exine section at interporium showing tectum, columellae and nexine (% 11200)

3: Exine surface with perforations, microechinae and one pore (x 14100)

4: Exine surface with perforations, microechinae and three pores (x 8000)

5: Detail of a pore with evident inner microechinae forming a fragmented operculum (x 14100)
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Fig. 6. Amaranthus retroflexus L.

1-2: Pollen grains at different magnifications (1: x 2500; 2: x 2600)

3-4: Exine surfaces showing numerous microechinae (3: x 8600; 4: x 11000)

5: Exine section (x 11300)
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Fig. 7. Amaranthus hybridus L.

1-2: Pollen grains at different magnifications (1: x 2600; 2: x 2100)

3: Exine section showing three pores and three interporia (x 9700)

4: Exine surface with perforations, microechinae and pores with inner microechinae (x 8500)
5: Inner part of pollen grain wall with three pores on the nexinic layer (x 7100)

6: Exine surface with pores, perforations and microechinae (x 8000)
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Fig. 8. Atriplex halimus L.

Fig. 1-6: Pollen grains at different magnifications (1: x 2800; 6: x 3000)

2: Inner part of pollen grain wall with numerous pores on the nexinic layer (x 5100)
3-4: Exine sections showing tectum, columellae and nexine (3: x 12200; 4: x 9300)
5: Exine surface with perforations, microechinae and pore depth (x 9000)
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Fig. 9. Beta vulgaris var. altissima Doll

1: Pollen grain (x 4200)

2: Exine surface with pores, perforations and microechinae (x 9300)

3: Exine section showing tectum, columellae and inner part of nexine layer (x 8800)

4: Tangential view of exine surface with perforations, microechinae and pores with evident inner
microechinae forming fragmented opercula (x 10400)
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Fig. 10. Beta vulgaris subsp. cicla (L.) Schiibl. & G.Martens

1: Pollen grain (% 4600)

2-3: Exine sections showing tectum, columellae and nexine (2: x 10000; 3: x 11200)

4: Exine surface with perforations, microechinae and pores with evident inner microechinae (x
14600)

5: Tangential view of exine surface showing the microechinae shape (x 10300)
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Fig. 11. Beta vulgaris var. rubra L.

1: Pollen grain (x 4470)

2: Tangential view of exine surface showing the microechinae shape (x 10000)

3: Exine surface with perforations, rare microechinae and pores with evident inner microechinae
forming fragmented opercula (x 10700)

4: Exine section showing tectum, columellae and nexine (x 12300)
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Fig. 12. Chenopodium album L. s.lat.

1: Pollen grain (x 2400)

2-5: Exine sections showing tectum, columellae and the inner part of pollen grain wall with pores on
the nexinic layer (2: x 8100; 5: x 8300)

3- 4: Exine surfaces with perforations, microechinae and pores with inner microechinae (3: x 8500;
4: x 8300)
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Fig. 13. Dysphania ambrosioides (L.) Mosyakin & Clemants

1-3: Pollen grains (x 2900)

2: Tangential view of exine surface with microechinae and pore depth (x 8300)

4: Exine section showing tectum, columellae and the inner part of the nexinic layer (x 12200)
5: Detail of microechinae on a pore and on interporial surface (x 13500)
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Fig. 14. Dysphania botrys (L.) Mosyakin & Clemants

1: Pollen grain (x 3300)

2: Tangential view of exine surface showing the microechinae shape and some pores (x 12000)
3: Exine surface with microechinae and pores with rare inner microechinae (x 14300)

4: Exine section showing tectum, columellae and the inner part of the nexinic layer (x 10700)
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Fig. 15. Chenopodiastrum murale (L.) S. Fuentes, Uotila & Borsch

1: Pollen grain (% 3900)

2: Microechinae on a pore and on interporial surface (x 15800)

3-6: Exine sections showing tectum, columellae and the inner part of the nexinic layer (3: x 10700;
6: x 8900)

4: Tangential view of exine surface with microechinae and pores (x 7900)

5: Interporial exine section showing tectum, columellae and nexine (x 20100)
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Fig. 16. Chenopodium opulifolium Schrad. ex W.D.J.Koch & Ziz

1: Pollen grain (x 3400)

2: Tangential view of exine surface showing the microechinae shape (x 11400)

3-4: Exine surfaces with perforations, microechinae and pores with evident inner microechinae form-
ing fragmented opercula (3: x 9300; 4: x 11700)

4: Exine section showing tectum, columellae and nexine (x 15000)
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Fig. 17. Lipandra polysperma (L.) S. Fuentes, Uotila & Borsh

1-3: Pollen grains at different magnifications (1: x 2100; 3: x 2400)

2-4: Exine surfaces with pores, perforations and microechinae (2: x 9000; 4: x 8400)

5: Exine surface with perforations, microechinae, pores and one “Ubish body” (x 8200)
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Fig. 18. Bassia scoparia (L.) Voss
1: Pollen grain (x 2400)
2: Exine surface with pores and microechinae (x 8200)

3-5: Exine section showing tectum, columellae and the inner part of the nexinic layer (3: x 9400;
5: x 8100)

4: Part of a pollen grain (x 2400)
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Fig. 19. Spinacia oleracea L.

1-2: Pollen grains at different magnifications (1: x 2000; 2: x 2300)

3: Detail of a pore with four inner microechinae (x 17300)

4: Exine surface with pores, perforations and rare microechinae (x 8300)

5: Tangential view of exine surface showing the microechinae shape (x 8300)
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Fig. 20. Suaeda vera Forssk. ex J.F. Gmel

1: Pollen grain (x 2700)

2: Exine surface with perforations, microechinae and pores with evident inner microechinae forming
fragmented opercula (x 11400)

3-4: Exine sections showing tectum, columellae and nexine (3: x 10900; 4: x 18400)

5: Tangential view of exine surface showing the microechinae shape (x 8700)

6: Detail of a pore with inner microechinae (x 15700)
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