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Abstract

Doryopteris triphylla (Pteridaceae-Cheilanthoideae) grows in xeric habitats in
Brazil, Paraguay, Uruguay and Argentina. The aim of this study was to cha-
racterize D. triphylla anatomically, histochemically and cytogenetically. For
anatomical characterization, rhizomes, roots, petioles and leaves were made
and then stained using Safranine-Astra Blue for further observations. Leaf
blades were also cleared. For histochemical analysis, leaf cross sections were
stained with different reagents to identify glandular trichomes compounds.
For cytogenetic characterization, a karyogram was performed using laboratory
cultivated roots. Results show a dictyostelic rhizome covered with scales with
apical secreting gland; diarch roots; petiole cross-sections show thick cuticle,
uniseriate epidermis, parenchymatic cortex cells with thick walls and a vascu-
lar bundle with two xylem groups; and hypostomatic fronds with glandular
trichomes. Histochemical studies of secretion products of the glandular tri-
chomes were positive for polysaccharides, pectins, lipids, acid lipids, dihy-
droxyphenols, phenols and flavonoids. Cytogenetically, D. triphylla is de-
scribed as a diploid species (2n = 60), with chromosomes gradually decreasing
in size. The apical glands in scales of rhizomes, the presence of two xylem
groups in the vascular bundle in the petiole and the glandular trichomes on
the abaxial surface are new contributions to the species. The type of chemical
products secreted by glandular leaf trichomes and karyotype estimation is
shown for the first time in this species.
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1. Introduction

Cheilanthoid ferns (Pteridaceae, Cheilanthoideae) are characterized as a cos-
mopolitan and diversified group inhabiting arid and semiarid environments.
Morphological circumscription of the genera of this subfamily has been difficult,
generating taxonomic controversies [1]. Works focusing on the genera Adian-
topsis Fée (2], Argyrochosma (J. Sm.) Windham [3] [4], Astrolepis D.M. Ben-
ham & Windham [5] [6], Doryopteris]. Sm. [7], Gaga Pryer, F. W. Li & Wind-
ham (8], Mpyriopteris Fée [9], Notholaena R. Br. [10], and Pellaea Link [11],
among others, indicate that the study and circumscription of the genera of the
subfamily Chelanthoid is a priority when analyzing cheilanthoid ferns.

The genus Doryopteris s.s. was circumscribed by Yesilyurt et al. (2015) [7]
with 33 species, and recently Schuettpelz et al (2016) [12] established 21 spe-
cies. Doryopteris triphylla (Lam.) Christ (Figure 1(a)) is a xeromorphic spe-
cies exclusive to South America, distributed from southern Brazil, eastern Pa-
raguay, and northeastern Argentina to Uruguay, and from the northwestern
Argentine mountain region, through Cordoba mountains to Buenos Aires. The
species occurs in the sierras Chaco forest and piedmont deciduous forest,
sometimes forming dense populations with great development of rhizomes
and roots [13].

General characteristics of the morphology and anatomy of the sporophyte
have been described elsewhere [13] [14] [15]. In general, there are few records of
histochemical studies in ferns, particularly in Doryopteris; Salatino and Prado
(1998) [16] reported the presence of glycosylated flavonoids in Doryopteris or-
nithopus (Mett.) J. Sm.

Reports on the karyotype of Doryopteris are limited to chromosome counts.
The two basic chromosome numbers in the family Pteridaceae are x = 29 and 30
[17]. Moran and Yatskievych (1995) [18] indicate a base number of x = 30 for
Doryopteris, most of the species are diploid (n = 30, 2n = 60) and a great part of
the cytogenetic analyses are based on gametophytic chromosome counts [19]
[20]. The phenomenon of interspecific polyploidy in the genus was mentioned
for D. nobilis L., with n = ca 60 for individuals from Paraguay [20] and in D.
palmata L., with n = 60 for material from the Galapagos Islands [18]. Karyotype
analyses were performed for other ferns, such as some species of Acrostichum L.,
Lycopodium L. and Woodwardia Sm. [21] [22] [23], and of Polypodium L. [24].

The aims of this study were to characterize the anatomical traits of Doryopte-
ris triphylla associated with its xeromorphic condition, analyze the chemical com-
pounds secreted by the glandular trichomes, determine the sporophytic chromo-

some number, and estimate the corresponding karyotype.
2. Materials and Methods

2.1. Plants Materials

Botanical material was obtained from LIL, MCNS and SI [25]; 16 specimens
were studied (Table 1).
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2.2. Anatomical Studies

To study the characteristics of the abaxial and adaxial epidermis of the leaf
blades, as well as of the reflexed margin, the material was subjected to the clari-
fication technique of Dizeo de Strittmatter [26] and Astra blue staining [27]. For
anatomical studies, cross free hand sections of rhizome, root, petiole, leaf blade
and rachis were made. Sections were bleached in 1:1 commercial sodium hy-
pochlorite: water, rinsed with distilled water and stained with safranin-Astra
blue. In all cases, slides were mounted in a water/glycerin solution (1:1). Cross
sections of petiole were made at three levels: basal (next to the rhizome), inter-
mediate, and apical (next to the leaf blade). Stoma types were determined using
the classification of Van Cotthem (1970) [28]; stoma length and width were
measured and stoma density was calculated as the number of stomata per mm?®.
Length of glandular trichomes and paraphyses was measured, with 10 repeti-
tions; mean and standard deviation (sd) were calculated. Mean thickness of cell
wall of the rhizome scales was measured. The anatomical descriptions of the
rhizome were based on Metcalfe and Chalk (1972) [29].

2.3. Histochemical Tests

For histochemical tests, cross sections of fresh fronds of Doryopteris triphylla
were made and the following reagents were applied: Toluidine blue to detect po-
lysaccharides [30], Nile Blue for neutral and acidic lipids [31], Ferrum chloride
for dihydroxyphenols (catechol phenols) [32], Phloroglucinol stain for lignin
[31], Neutral red for lipids [33], Ruthenium red for non-cellulose polysaccha-
rides such as pectin [31], Sudan IV for lipids [31], Vanillin/H,SO, for phenols

Table 1. Studied material’s references.

Place Vouchers
Argentina. Buenos Aires-La Cascada Morrone, Guissani 6238 (SI)
Argentina. Entre Rios-El Palmar Morrone 5881(SI)
Argentina. Catamarca-Tintigasta Prado s.n. (MCNS)
Argentina. Tucuman-Barrancas Coloradas Venturi 807 (LIL)
Argentina. Tucuman-Barrancas del Rio Sali Schreiter 8877 (LIL)
Argentina. Tucuman-Huasa Pampa Villa Carenzo, Vaca 2122 (LIL)
Argentina. Tucuman-Ciudad Universitaria Villa Carenzo, Legname 1874 (LIL)
Argentina. Tucuman-Rio Loro Villa Carenzo 1540 (LIL)

Delgado, Rios, Neira 915, 916, 917, 919, 920, 921
Argentina. Tucuman-San Pedro de Colalao & '

(LIL)
Argentina. Tucuman-Las Higueritas Legname, Cuezzo 4635C (LIL)
Argentina. Tucuman-Rio Las Juntas Castillon 3521A, B (LIL)
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[35], Vanillin/HCI [34] and Aluminum trichloride [34] under UV for flavono-
ids.

2.4. Cytogenetic Studies

For cytogenetic studies, roots of plants cultivated in the laboratory were used;
they were pretreated with 0.002 M 8-hydroxyquinoline at 4°C for 24 h. They
were fixed with Farmer solution (ethanol:acetic acid 3:1). They were rinsed with
distilled water, then hydrolyzed in 1N HCl at 60°C for 20 minutes, then rinsed in
distilled water again and finally mounted and squashed with a drop of 2% pro-
pionic hematoxylin. Counts were made using seven metaphase plates. The ka-
ryogram was performed on a metaphase plate with well dispersed chromosomes,
which were classified using the nomenclature proposed by Levan et al. (1964) [36].

Photographs of observations were taken with an Olympus Q-color digital
camera attached to an Olympus BX43 microscope, 7.1 MP Canon Powershot
camera attached to a Zeiss Axiostar Plus microscope, Olympus-U-CMA D3
camera mounted on Olympus CX41 microscope, and a Nikon camera mounted
on Nikon SMZ 800 stereoscopic microscope. Observations of fluorescent stained
sections were made with an Olympus BX43. U-TVO. 5xc-3 epifluorescence mi-

croscope, using a UV 365 nm filter.

3. Results
3.1. Morphology and Anatomy

Rhizome. Short rhizome of 2 - 5 mm in diameter, dictyostelic; from outside to
inside, it is composed of a single-layer epidermis, and cortex of sclerenchyma
tissue; vascular bundles are surrounded by 2 - 3 layers of pericycle and endo-
dermis with Casparian band in the radial walls (Figure 1(b)). Rhizome are cov-
ered with lanceolate to ovate scales (1.5 — 2.5 x 0.2 — 0.5 mm), bicolored, with
dark sclerenchymatous central region and margins light-colored and erose.
Scales exhibit a simple glandular cell at the apex (Figure 1(c)). Three types of
cells were differentiated based on their wall thickness and position in the scale:
central cells, of polygonal form and irregular wall thickenings (diameter = 8.42
pm, sd 0.99 um); intermediate cells more irregularly shaped and less thickened
(diameter = 4.58 pm, sd 0.85 pm); and marginal cells irregular to spindle-shaped
and of thin walls (diameter = 2.44 pm, sd 0.55 um) (Figure 2(a)).

Root. The root has a uniseriate epidermis composed of thin-walled cells; the
cortex has 2 - 3 parenchyma layers of irregular and thin wall cells, and 4 - 6 lay-
ers of sclerenchyma cells of non-lignified thickened walls that are near the diarch
stele (Figure 2(b)). The vascular cylinder is surrounded by endodermis with
thickenings in the radial walls and two pericycle layers.

Petiole. In cross section, the petiole is terete to slightly semi-terete; it exhibits
single-layered epidermis covered with a thick cuticle. The cortex has 2 - 3 layers
of thick-walled parenchyma cells and 5 - 6-layers of thin-walled parenchyma
cells. The vascular bundle is surrounded by 2 - 3 layers of pericycle and endo-

dermis with thickened radial walls (Figure 2(c)); it is composed of two
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Figure 1. Sporophyte of Doryopteris triphylla; (a)—Plant; (b)—Cross section of rhizome;
(c)—Rhizome scale; (d)—Detail of gland on the apex of rhizome scale; Scales: A = 1 cmy;
B=1mm;C=0.1mm;D =1 um.

xylem groups, the larger one oriented to the dorsal side, in an open V arrange-
ment, and the other group, in ventral position, composed of 5 - 10 xylem ele-
ments, is observed at the three section levels.

Leaf blade. In the abaxial epidermis, cells are rectangular, with sinuous walls
and smooth cuticle. Three types of stomata are observed: anomocytic, diacytic
and polocytic (52%, 36% and 12%, respectively); mean length of stomata is 42.6
pum (sd 0.42 pm) and mean width is 36.1 um (sd 3.95 um). Stomata are evenly
distributed and at the same level of or slightly above epidermis cells; the record-
ed density is 127 stomata/mm” (Figure 2(d)). The indument is composed of bi-
cellular glandular trichomes, consisting of a unicellular foot and head 63.43 um
(sd 5.91 pm) long, and located in the abaxial epidermis (Figure 2(e)). Epidermis
cells on the adaxial surface and reflexed margin exhibit sinuous and thick walls
(Figure 2(f) Figure 2(g)).

In cross section, the leaf blade is dorsiventral and hypostomatic; both epider-
mis are single-layered and have a thick cuticle; the palisade parenchyma is com-
posed of 1 - 2 cell layers occupying 1/3 of lamina thickness, whereas the spongy
parenchyma with big intercellular spaces (Figure 2(h)), is 5 - 6-layered and oc-
cupies 2/3 of the lamina thickness; vascular bundle surrounded by a conspicuous
endodermis with Caspary bands (Figure 2(i)). The pseudoindusium is subter-
minal, multilayered, with tracheids in the proximal portion, and two cell layers
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in the recurved distal portion (Figure 2(j)).

In the sori, paraphyses are observed among sporangia; paraphyses are mostly
originated in the receptacle, a few of them seem to originate from the base of the
sporangium foot. These paraphyses are bicellular glandular trichomes composed
of a foot and a head, 48.66 pm (sd 5.22 um) in length (Figure 2(j)).

3.2. Histochemical Analysis

The secretion products of the glandular trichome are presented in Table 2 and
Figure 3.

3.3. Cytogenetic Studies

The results indicate a sporophytic chromosome number of 2n = 60. Chromo-
some length is 1.59 to 4.38 um (Figure 4). Total length of the haploid chromo-
some complement is 100.06 um. The estimated karyotype formula is 2 m + 7
sm+ 12 st + 9 t (Figure 4). Values of total length of each chromosome (c),

Figure 2. Anatomy of Doryopteris triphylla; (a)—Cells of rhizome scale; (b)—Cross sec-
tion of root; (c)—Cross section of petiole; (d)—Paradermal view of abaxial surface;
(e)—Detail of trichome on abaxial epidermis; (f)—Paradermal view of adaxial surface; (g)
—Paradermal view of reflexed margin; (h)—Cross section of leaf blade at the mid-vein
level; (i)—Detail of vascular bundle of leaf blade; (j)—Cross section of leaf blade at the
level of reflexed margin. Scales: (a) = 20 pum; (b) = 180 pm; (c) = 160 um; (d) = 30 um; (e)
=40 pm; (f), (g) = 80 um; (h) =260 pm; (i) = 50 um; (j) = 80 um.
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Table 2. Histochemical identification of compounds in glandular trichome of Doryopte-

ris triphylla.

Reagent Target compounds Reaction Figure
Toluidine Blue Polysaccharides + 3(a)
Ruthenium Red Pectin + 3(b)
Phloroglucinol Lignin - 3(c)

Sudan IV Lipids + 3(d)

Nile Blue Acid lipids + 3(e)
Neutral Red Lipids + 3(f)
Ferrum Chloride Dihydroxyphenols + 3(g)
Vanillin/H,SO, Phenols + 3(h)
Vanillin/HCI Flavonoids + 3(i)
Aluminum Chloride Flavonoids + 3(j)

Figure 3. Histochemical analyses, detail of glandular trichomes of Doryopteris triphylla.
(a)—Toluidine Blue; (b)—Ruthenium Red; (c)—Phloroglucinol; (d)—Sudan IV; (e)—Nile
Blue; (f)—Neutral Red; (g)—Ferrum Chloride; (h)—Vanillin/H,SO,; (i)—Vanillin/HC;
(j)—Aluminum Chloride. sc = subcuticular chamber. Scales: (a), (b), (c), (e), (g) = 30 um;
(d), (h), (i) =40 pm: F =27 um; (j) = 100 pm.

length of the short arm (s), length of the long arm (1) and centromeric index (ci)
are shown in Table 3. The two pairs of metacentric (m) chromosomes are very
different from each other, with one of the pairs being of very small length (1.59

pum) and the other, of intermediate length (3.14 um). Submetacentric (sm) and
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Figure 4. Karyogram of Doryopteris triphylla. Chromosome type: m = metacentric; sm =
submetacentric; t = telocentric; st = subtelocentric. Scale = 5 pm.

Table 3. Cytogenetical analysis. Values of total length of each chromosome (C), length of
the short arm (s), length of the long arm (1) and centromeric index (Ci) are shown.

Chromosome pair c ! S Ci% Chromosome
(um) (pm) (pm) type
1
2 3.14 1.71 1.43 45.54 m
3 1.59 0.82 0.76 47.79 m
4 3.69 2.8 0.88 23.84 sm
5 3.43 2.7 0.73 21.28 sm
6 3.21 2.49 0.71 22,11 sm
7 3.15 2.21 0.94 29.84 sm
8 2.78 2.17 0.61 21.94 sm
9 2.65 1.98 0.67 25.28 sm
10 2.25 1.7 0.55 24.44 sm
11 3.26 2.74 0.53 16.25 st
12 4.04 3.45 0.59 14.60 st
13 3.96 3.28 0.68 17.17 st
14 39 3.35 0.55 14.10 st
15 3.64 3.07 0.52 14.28 st
16 3.62 3 0.62 17.12 st
17 3.33 2.75 0.57 17.11 st
18 3.21 2.79 0.42 13.08 st
19 3.16 2.62 0.54 17.08 st
20 3.11 2.62 0.49 15.75 st
21 3.08 2.63 0.44 14.28 st
22 2.94 2.54 0.4 13.60 st
23 4.38 3.86 0.52 11.87 t
24 4.22 3.94 0.27 6.39 t
25 4.04 3,53 0.5 12.37 t
26 3.87 3.5 0.36 9.30 t
27 3,78 3.33 0.45 11.90 t
28 3.5 3.16 0.34 9.71 t
29 2.95 2.65 0.3 10.16 t
30 2.73 2.5 0.1 3.66 t

K2
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subtelocentric (st) chromosomes vary in size, ranging between 2.25 - 3.43 pm
and between 2.94 - 3.26-um in length, respectively. Telocentric (t) chromosomes
form two groups, one containing three pairs of chromosomes of length ranging
between 3.5 - 4.38 um, and the other including moderately smaller chromo-
somes (2.76 - 3.26 pm).

4. Discussion and Conclusions

The anatomy of the dictyostelic rhizome of Doryopteris triphylla does not con-
tribute with traits for species identification. This structure has also been ob-
served in other Doryopteris species [37], in other Pteridaceae species and in dif-
ferent families of ferns [38]. Rhizome scale with a glandular trichome on the
apex is a morphological trait that has not been described in floristic studies men-
tioning this species [13] [15]. This trait may have been unnoticed because tri-
chomes often fall off easily when scales are adult, as observed in some species of
Pteris: P. ciliaris Eat., P. cretica L., P. denticulata Sw., P. ensiformis Burm. f. and
P. multifida Poir. [39].

The root structure is similar to that of other cheilanthoid ferns, Doryopteris
concolor (Langsd. & Fisch.) Kuhn, D. Jorentzii (Hieron.) Diels and Trachypteris
pinnata (Hook. f.) C. Chr. [37] [40] [41], both genera regarded as very closely
related [42].

The petiole of D. triphylla exhibited the presence of an additional group of
xylem elements in the vascular bundles, which has been also observed in others
Doryopteris, such as D. concolor and D. lorentzii [37] [40]. Similar findings
were reported for the subfamily Cheilanthoideae, Cheilanthes arequipensis
(Maxon) R. M. Tryon & A. F. Tryon, C. buchtienii (Rosenst.) R. M. Tryon, C.
obducta Mett. ex Kuhn, C. volcanensis de la Sota and Myriopteris aurea (Poir.)
Grusz & Windham (Hernandez, pers. comm.).

In the epidermis of D. triphylla, stomata length, width and density have mean
values similar to those reported for other cheilantoid ferns: Adiantopsis chloro-
phylla (Sw.) Fée, Argyrochosma nivea (Poir.) Windham, Mpyriopteris aurea
(Poir.) Grusz & Windham, Cheilanthes buchtienii (Rosenst.) R. M. Tryon, Chei-
lanthes notholaenoides (Desv.) Maxon ex Weath., Cheilanthes pilosa Goldm.,
Doryopteris concolor and D. lorentzii [41]. Hevly (1963) [43] and Tejero Diez
(2009) [44] consider that ferns from xeric environments present a tendency to
reduction in size and stoma density; in D. triphylla, the obtained values agree
with ecological characteristics of a species inhabiting seasonally dry environ-
ments.

In cross section of the leaf blade, the thickness of the palisade parenchyma is
markedly lower than that of the spongy parenchyma; this trait was indicated for
other Pteridaceae species occurring in exposed sites, such as Adiantopsis chlo-
rophylia, D. concolor, D. lorentzii and Trachypteris pinnata [37] [40] [41] [45].
By contrast, Hevly (1963) [43] and Tejero Diez (2009) [44] state that an increase
in palisade parenchyma and a decrease in spongy parenchyma are adaptations of

xeromorphic ferns.
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In sori, glandular paraphyses occurring with sporangia are mentioned for the
first time in this species. These sterile structures differ from the trichomes on the
abaxial side of the lamina on being of larger size. Thus, we agree with Wagner
(1964) [46] that paraphyses tend to provide some sort of protection to the de-
veloping receptacle and young sporangia from external effects, and that they are
usually found in ferns of sunny, dry or exposed environments as is the case of
Doryopteris triphylla.

Histochemical tests allowed us to detect and locate in situ the principal meta-
bolites present in trichome secretions. Our results indicate that the content is of
complex nature, including polysaccharides, lipids, phenols and flavonoids. The
presence of non-cellulosic polysaccharides such as pectin was demonstrated us-
ing Rutheniun red in the cell wall of the secreting gland and in the site of at-
tachment of the stalk with the lamina. Pectin might be related to translocations
of secondary metabolites [47].

Positive reactions for lipids were obtained in the glandular head using Sudan
IV and Neutral red, and for acid lipids in all the trichome with Nile blue. Ac-
cording to Werker (2000) [48], lipid metabolites would play a protective role.

Phenolic substances, detected using ferric chloride and Vanillin/H,SO,, were
found in trichomes. Flavonoids were the only type of phenolic compounds his-
tochemically identified in these trichomes using Vanillin/HCI and aluminum
chloride. Those compounds are present in glandular trichome secretions in nu-
merous species [49] and are important for plant protection against visible and
ultraviolet light, and play a significant role in plant chemical defense against the
attack of herbivores, bacteria and fungi [50] [51]. The histochemical analysis of
glandular trichomes shows a subcuticular chamber, which is interpreted as the
site of accumulation of chemical substances before their release.

The revision of cytogenetic records in the literature reveals a noticeable lack of
works aimed at establishing the inter- and intra-chromosomal relationships that
provide the parameters of a karyotype. The comparison of the karyotype esti-
mated for D. triphylla with the few karyotypes described for other fern genera
shows some similarities. The karyotype formula of D. triphylla exhibits meta-
centric and submetacentric chromosomes, a characteristic shared with others
species of Acrostichum [21], Lycopodium [22] and Woodwardia [23]. Likewise,
D. triphylla is diploid and shows a karyogram whose chromosome length (1.59
pm to 4.38 pm) is very similar to that observed in diploid species of Polypodium
(2.2 um to 4.5 um) [24]. The comparison also shows that the length of the hap-
loid chromosome complement of D. triphylla is similar to the length observed in
diploids of Woodwardia (ca. 100 pm) [23]. However, chromosome length of D.
triphylla and Polypodium is similar, but in Polypodium, most of the chromo-
somes are telocentric and the remaining chromosomes of the complement are
acrocentric. Murray (1985) [24] and Marcon ef al. (2003) [21] did not mention
metacentric or submetacentric chromosomes for that genus.

Moreover, although D. triphylla and the Acrostichum species analyzed by
Marcon et al (2003) [21] are diploid, with 2n = 60, and similar in terms of
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chromosome morphology, chromosome length of Acrostichum (approximately
5.0 um to 8.0 pm) is almost twice that observed in D. triphylla, which is reflected
in its haploid chromosome complement, of nearly 100 um in D. triphylla and
192 pm in Acrostichum.

We conclude that Doryopteris triphylia is a typically xeromorphic fern, since
it exhibits sclerenchyma tissue in root, rhizome and petiole, glandular trichomes
in frond, sinuous thickened walls in rectangular epidermis cells; thick cuticle and
rhizome scales with glands. All of these traits were indicated by Hevly (1963)
[43] for ferns occurring in xeric habitats. Anatomical characters, trichome secre-
tion products, chromosome counts that confirm the basic number established
for the genus (x = 30) and karyogram contribute with novel information for
Doryopteris, which may help understand the phylogenetic relationships within

the genus.

Acknowledgements

This project was funded by Fundacién Miguel Lillo. We thank to all herbaria
curators for allowing us to consult material; and Lic. Leila Bordén for designing

the figures.

References

[1] Tryon, RM. and Tryon, A.F. (1982) Ferns and Allied Plants. With Special Reference
to Tropical America. Springer, New York.
https://doi.org/10.1007/978-1-4613-8162-4

[2] Link-Pérez, M.A., Watson, L.E. and Hickey, R.J. (2011) Redefinition of Adiantopsis
Fée (Pteridaceae): Systematics, Diversification, and Biogeography. Zaxon, 60,
1255-1268.

[3] Windham, M.D. (1987) Argyrochosma, a New Genus of Cheilanthoid Ferns.
American Fern Journal, 77, 37-41. https://doi.org/10.2307/1547438

[4] Sigel, EIM., Windham, M.D., Huiet, L., Yatskievych, G. and Pryer, K.M. (2011) Spe-
cies Relationships and Farina Evolution in the Cheilanthoid Fern Genus Argyro-
chosma (Pteridaceae). Systematic Botany, 36, 554-564.
https://doi.org/10.1600/036364411X583547

[5] Benham, D.M. and Windham, D.W. (1992) Generic Affinities of the Star-Scaled
Cloak Ferns. American Fern Journal, 82, 47-58. https://doi.org/10.2307/1547377

[6] Beck, J.B., Windham, M.D., Yatskievych, G. and Pryer, KM. (2010) A Diplo-
ids-First Approach to Species Delimitation and Interpreting Polyploid Evolution in

the Fern Genus Astrolepis (Pteridaceae). Systematic Botany, 35, 223-234.
https://doi.org/10.1600/036364410791638388

[7] Yesilyurt, J.C., Barbard, T., Schneider, H., Russell, S., Culham, A. and Gibby, M.
(2015) Identifying the Generic Limits of the Cheilanthoid Genus Doryopteris. Phy-
totaxa, 221, 101-122. https://doi.org/10.11646/phytotaxa.221.2.1

(8] Li, F.-W., Pryer, K.M. and Windham, M.D. (2012) Gaga, a New Fern Genus Segre-
gated from Cheilanthes (Pteridaceae). Systematic Botany, 37, 845-860.
https://doi.org/10.1600/036364412X656626

[9] Grusz, A.L. and Windham, M.D. (2013) Toward a Monophyletic Cheilanthes. The
Resurrection and Recircunmscription of Myriopteris (Pteridaceae). Phytokeys, 32,

%%
035: Scientific Research Publishing

917


https://doi.org/10.1007/978-1-4613-8162-4
https://doi.org/10.2307/1547438
https://doi.org/10.1600/036364411X583547
https://doi.org/10.2307/1547377
https://doi.org/10.1600/036364410791638388
https://doi.org/10.11646/phytotaxa.221.2.1
https://doi.org/10.1600/036364412X656626

D. A. Neira et al.

(17]

(23]

[24]

[25]

49-64. https://doi.org/10.3897/phytokeys.32.6733

Rothfels, C.J., Windham, M.D., Grusz, A.L., Gastony, G.J. and Pryer, K.M. (2008)
Toward a Monophyletic Notholaena (Pteridaceae): Resolving Patterns of Evolutio-

nary Convergence in Xeric-Adapted Ferns. Taxon, 57, 712-724.

Kirkpatrick, R.E.B. (2007) Investigating the Monophyly of Pellaea (Pterdaceae) in
the Context of a Phylogenetic Analysis of Cheilanthoid Ferns. Systematic Botany,
32, 504-518. https://doi.org/10.1600/036364407782250616

Schuettpelz, E., Schneider, H., Smith, A.R., Hovenkamp, P., Prado, J., Rouhan, G.,
Salino, A., Sundue, M., Almeida, T.E., Parris, B., Sessa, E.B., Field, A.R., de Gasper,
A.L., Rothfels, C.J., Windham, M.D., Lehnert, M., Dauphin, B., Ebihara, A., Lehto-
nen, S., Schwartburd, P.B., Metzgar, J., Zhang, L.-B., Kuo, L.-Y., Brownsey, P.]., Ka-
to, M. and Arana, M.D. (2016) A Community-Derived Classification for Extant Ly-
cophytes and Ferns. Journal of Systematics and Evolution, 54, 563-603.
https://doi.org/10.1111/jse.12229

De la Sota, E.R. (1977) Pteridophyta. In: Cabrera, A., Ed., Flora de la Provincia de
Jujuy, Colecc. Ci. Inst. Nac. Tecnol. Agrop. 13, Republica Argentina, 275.

De la Sota, E.R. and Giudice, G.E. (2004) Aportes morfoestructurales para el
reconocimiento de Cassebeera Kaulf. como género monotipico (Pteridaceae-
Pteridophyta). Candollea, 59, 181-189.

Sundue, M. (2010) Licdfitas y Helechos. In: Née, M.H., Ed., Flora de la Region del
Parque Nacional de Ambord, Bolivia, Vol. 1. 37-368.

Salatino, M.L.F. and Prado, J. (1998) Flavonoid Glycosides of Pteridaceae from Bra-
zil. Biochemical Systematics and Ecology, 26, 761-769.
https://doi.org/10.1016/S0305-1978(98)00032-5

Smith, A.R., Pryer, KM., Schuettpelz, E., Korall, P., Schneider, H. and Wolf, P.G.
(2006) A Classification for Extant ferns. Taxon, 55, 705-731.
https://doi.org/10.2307/25065646

Moran, R.C. and Yatskievych, G. (1995) Pteridaceae. In: Davidse, G., Sousa, M,
Knapp, S., Eds., Flora Mesoamericana, Univ. Nac. Autén, México DF, Vol. 1, 104-
145.

Goldblatt, P. and Johnson, D.E. (1979) Index to Plant Chromosome Numbers
(IPCN). http://www.tropicos.org/Project/IPCN

Smith, A.R. and Foster, M.S. (1984) Chromosome Numbers and Ecological Obser-
vations of Ferns from El Tirol, Paraguay. Fern Gazette, 12, 321-329.

Marcon, A.B., Barros, I.C.L. and Guerra, M. (2003) A Karyotype Comparison be-
tween two Closely Related Species of Acrostichum. American Fern Journal, 93,
116-125. https://doi.org/10.1640/0002-8444(2003)093[0116:AKCBTC]2.0.CO;2

Takamiya, M. (1992) Karyomorphology of the Genus Lycopodium Sensu Stricto
and Relationships among Species. The Botanical Magazine, 105, 573-588.
https://doi.org/10.1007/BF02489432

Takamiya, M., Osato, K. and Ono, K. (1992) Karyomorphological Studies on
Woodwardia Sensu Lato of Japan. Botanical Magazine, 105, 247-263.
https://doi.org/10.1007/BF02489419

Murray, B.G. (1985) Karyotypes and Nuclear DNA Amounts in Polypodium L.
(Polypodiaceae). Botanical Journal of the Linnean Society, 90, 209-216.
https://doi.org/10.1111/j.1095-8339.1985.tb00380.x

Thiers, B. (2015) Index Herbariorum: A Global Directory of Public Herbaria and
Associated Staff. New York Botanical Garden’s Virtual Herbarium.
http://sweetgum.nybg.org/ih/

918

K2
o5
“2:0

Scientific Research Publishing


https://doi.org/10.3897/phytokeys.32.6733
https://doi.org/10.1600/036364407782250616
https://doi.org/10.1111/jse.12229
https://doi.org/10.1016/S0305-1978(98)00032-5
https://doi.org/10.2307/25065646
http://www.tropicos.org/Project/IPCN
https://doi.org/10.1640/0002-8444(2003)093%5b0116:AKCBTC%5d2.0.CO;2
https://doi.org/10.1007/BF02489432
https://doi.org/10.1007/BF02489419
https://doi.org/10.1111/j.1095-8339.1985.tb00380.x
http://sweetgum.nybg.org/ih/

D. A. Neira et al.

[26]

(27]

[29]

(31]

(32]
(33]
(34]

(35]

(36]

[41]

[43]

D’ Ambrogio de Argiieso, A. (1986) Manual de técnicas en histologia vegetal.
Hemisferio Sur, Buenos Aires.

Bruno, G., Stiefkens, L., Hadid, M., Liscovsky, I., Cosa, M.T. and Dottori, N. (2007)
Efecto de la contaminacién ambiental en la anatomia de la hoja de Ligustrum
lucidum (Oleaceae). Boletin de la Sociedad Argentina de Botanica, 42, 231-236.

Van Cotthem, C. (1970) Comparative Morphological Study of the Stomata in the
Filicopsida. Jardin Botanique National de Belgique, 40, 81-239.
https://doi.org/10.2307/3667713

Metcalfe, C.R. and Chalk, L. (1972) Anatomy of the Dicotyledons. Leaves, Stem, and
Wood in Relation to Taxonomy. With Notes on Economic Uses, Oxford University
Press, Oxford, 1459.

Serrato Valenti, G., Bisio, A., Cornara, L. and Ciarallo, G. (1997) Structural and
Histochemical Investigation of the Glandular Trichomes of Sa/via aurea L. Leaves,
and Chemical Analysis of the Essential Oil. Annals of Botany, 79, 329-336.
https://doi.org/10.1006/anbo.1996.0348

Jensen, W.A. (1962) Botanical Histochemistry-Principles and Practice. Freeman,
William and Jensen, San Francisco, 408.

Johansen, D.A. (1940) Plant Microtechnique. McGraw-Hill, New York, 523.
Clark, G. (1981) Staining Procedures, 4th Editionn, Williams & Wilkins, Baltimore.

Merck, E. (1980) Dyeing Reagents for Thin Layer and Paper Chromatography.
KGaA, Darmstadt.

Guerin, H.P., Delaveau, P.G. and Paris, R.R. (1971) Localizations Histochimiques.
II: Procédés simples de localization de pigments flavoniques. Application a quelques
Phanérogrames. Acta Botanica Gallica, 118, 29-36.

Levan, A., Fredga, K. and Sandbergm, A.A. (1964) Nomenclature for Centromeric
Position on Chromosomes. Hereditas, 52, 201-220.
https://doi.org/10.1111/j.1601-5223.1964.tb01953.x

Teran, G., Benavidez, A. and Herndndez, M.A. (2009) Anatomia del esporofito de
Doryopteris lorentzii. Lilloa, 46, 147-154.

Nopun, P., Traiperm, P., Boonkerd, T. and Jenjittikul, T. (2016) Systematic Impor-
tance of Rhizome Stelar Anatomy in Selected Monilophytes from Thailand.
Taiwania, 61, 175-184.

Martinez, O.G. (2011) Morfologia y distribucién del complejo Pteris cretica
(Pteridaceae). Candollea, 66, 159-180. https://doi.org/10.15553/c2011v661a19

Hernandez, M.A., Teran, G. and Albornoz, P.L. (2010) Morfologia, anatomia y
endomicorrizas en el esporofito de Doryopteris concolor (Pteridaceae). Lilloa, 47,
80-90.

Hernédndez, M.A., Varela, O., Fernindez, Y.E. and Nadra, M.G. (2011)
Caracterizaciéon morfoldgica y anatémica del esporofito de Zrachypteris pinnata
(Pteridaceae) en relacién con la xeromorfia. Lilloa, 48, 153-165.

Prado, J., Rodrigues, C.D.N., Salatino, A. and Salatino, M.L.F. (2007) Phylogenetic
Relationships among Pteridaceae, Including Brazilian Species, Inferred from rbcL
Sequences. Taxon, 56, 355-368.

Hevly, RH. (1963) Adaptations of Cheilanthoid Ferns to Desert Environments.
Journal of the Arizona Academy of Science, 2, 164-175.
https://doi.org/10.2307/40026172

Tejero Diez, ].M. (2009) Los Helechos Epifitos: Adaptaciones en Polypodaceae. Red
de Informacién sobre Plantas Epifitas (RIPE). Articulo de Divulgacién No. 1, 14.

K2
035: Scientific Research Publishing

919


https://doi.org/10.2307/3667713
https://doi.org/10.1006/anbo.1996.0348
https://doi.org/10.1111/j.1601-5223.1964.tb01953.x
https://doi.org/10.15553/c2011v661a19
https://doi.org/10.2307/40026172

D. A. Neira et al.

[45]

[46]

[47]

(48]

[49]

(50]

(51]

Hernandez, M.A. and Rodriguez, F.P. (2010) Morfologia y anatomia del esporofito
de Adiantopstis chlorophylla (Pteridaceae). Lilloa, 47, 84-93.

Wagner Jr., W.H. (1964) Paraphyses: Filicineae. Taxon, 13, 56-64.
https://doi.org/10.2307/1216312

Baron-Epel, O., Gharyal, P.K. and Schindler, M. (1988) Pectins as Mediators of Wall
Porosity in Soybean Cells. Planta, 175, 389-395.
https://doi.org/10.1007/BF00396345

Werker, E. (2000) Trichome Diversity and Development. Advances in Botanical
Research, 31, 1-35. https://doi.org/10.1016/S0065-2296(00)31005-9

Duke, S.0. (1994) Glandular Trichomes—A Focal Point of Chemical and Structural
Interactions. International Journal of Plant Sciences, 155, 617-620.
https://doi.org/10.1086/297200

Orhan, D.D., Ozcelik, B., Ozgen, S. and Ergun, F. (2010) Antibacterial, Antifungal,
and Antiviral Activities of Some Flavonoids. Microbiological Research, 165,
496-504. https://doi.org/10.1016/j.micres.2009.09.002

Negri, M., Salci, T., Shinobu-Mesquita, C.S., Capoci, L.R.G., Svidzinski, T.I.E. and
Kioshima, E.S. (2014) Early State Research on Antifungal Natural Products. Mole-
cules, 19, 2925-2956. https://doi.org/10.3390/molecules19032925

K2
0:%5: Scientific Research Publishing

Submit or recommend next manuscript to SCIRP and we will provide best

service for you:

Accepting pre-submission inquiries through Email, Facebook, LinkedIn, Twitter, etc.

A wide selection of journals (inclusive of 9 subjects, more than 200 journals)

Providing 24-hour high-quality service
User-friendly online submission system

Fair and swift peer-review system
Efficient typesetting and proofreading procedure
Display of the result of downloads and visits, as well as the number of cited articles

Maximum dissemination of your research work

Submit your manuscript at: http://papersubmission.scirp.org/
Or contact ajps@scirp.org

920

K2
o5
“t:o

Scientific Research Publishing


https://doi.org/10.2307/1216312
https://doi.org/10.1007/BF00396345
https://doi.org/10.1016/S0065-2296(00)31005-9
https://doi.org/10.1086/297200
https://doi.org/10.1016/j.micres.2009.09.002
https://doi.org/10.3390/molecules19032925
http://papersubmission.scirp.org/
mailto:ajps@scirp.org

	Anatomical, Histochemical and Cytogenetic Features of Doryopteris triphylla (Pteridaceae)
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Plants Materials 
	2.2. Anatomical Studies
	2.3. Histochemical Tests
	2.4. Cytogenetic Studies

	3. Results
	3.1. Morphology and Anatomy
	3.2. Histochemical Analysis
	3.3. Cytogenetic Studies

	4. Discussion and Conclusions
	Acknowledgements
	References

