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SUMMARY

Background and aims: Baccharis notosergila is presented as a productivity-reducing
weed in the fields of the Salado river basin, Buenos Aires, Argentina. The aims of
this work were: to describe the structure of the underground system, the origin of
sprouts, locate the secretory structures and storage substance to understand the
adaptation strategies of this species as well as its ability to withstand chemical and
mechanical control.

M&M: The collected material was examined with conventional optical microscopy
techniques. Histochemical tests to identify secondary metabolites were performed,
and crystals were analyzed by a scanning electron microscope.

Results: The subterranean system found was a xylopodium which has high shoot
bud-forming potential. Storage substance was found to be inulin. Test for starch was
negative. Resins and lipids (oil drops) were identified in ducts of roots; tannins and
crystals of calcium oxalate were also found in the xylopodium and roots.

Conclusions: The presence of these characteristics on the underground systems
could explain the frequency of this species in the floristic from Salado river basin in
which alternate periods of high humidity and drought. The belowground bud bank
would be important to B. notosergila survival in this area with extreme climatic
factors, and its resistance to mechanical and chemical control. Understanding the
anatomical features of these plants is one of the steps to appropriate management
of this species in the Salado river basin.
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RESUMEN

Introduccidn y objetivos: Baccharis notosergila es una maleza de alta incidencia
que reduce la productividad en campos de la Depresion del Salado, Buenos Aires,
Argentina. Los objetivos de este trabajo fueron: describir la estructura del sistema
subterraneo, el origen de los brotes y localizar las estructuras secretoras y la
sustancia de almacenamiento, para comprender las estrategias de adaptacion de
esta especie, asi como su capacidad para resistir el control quimico y mecanico.

M&M: El material recolectado fue analizado con técnicas convencionales de
microscopia Optica; se realizaron pruebas histoquimicas para identificar los
metabolitos secundarios y se analizaron los cristales con microscopio electrénico
de barrido.

Resultados: El sistema subterraneo encontrado fue del tipo xilopodio, el cual
tiene un alto potencial de formacion de brotes. Como sustancias carbonadas de
almacenamiento se encontrd inulina; no hallandose almidén. En los conductos
secretores de las raices se identificaron resinas y aceites; también se hallaron
taninos y cristales de oxalato de calcio en el xilopodio y las raices.

Conclusiones: La presencia de estas caracteristicas en los sistemas subterraneos
podria explicar la elevada frecuencia de esta especie en la composicion floristica
de la cuenca del rio Salado, en la que alternan periodos de alta humedad y
sequia. El banco de yemas subterraneas seria importante para la subsistencia
de B. notosergila en esta area con condiciones climaticas extremas y también
su tolerancia al control quimico y mecanico. Comprender las caracteristicas
anatomicas de estas plantas es uno de los pasos para el manejo adecuado de esta
especie en la cuenca del rio Salado.

PALABRAS CLAVE
Depresion del Salado, inulina, raices, xilopodio, yemas.
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INTRODUCTION

The Salado river basin situated in Buenos
Aires province (Argentina) is a plane with
predominance of saline and alkaline soils
and a deficient drainage. This area in 80%
of its surface is occupied by natural prairies
(grassland) principally dedicated to livestock
farming (Rodriguez & Jacobo, 2012). Several
herbaceous and subshrub species of these prairies
have thickened underground systems, frequently
rhizomes, exerting a strong competition for water,
nutrients and light with the forage value species
of the natural prairie, reducing the productivity
and receptivity of these environments (Sione
et al., 2006). Baccharis notosergila Griseb.
(Asteraceae) is a native subshrub aggressive
as weed in the Salado river basin (Fig. 1). This
species usually enter in dormancy at the end of
autumn with senescence of aerial organs, and
sprout in the following spring; flowering occurs
in summer after a period of vegetative growth in
spring-summer. This work is a part of the project
that includes studies of subterranean and aerial
systems of the B. notosergila with the purpose
to find the best technique to management of
this weed. In a preliminary assay, this species
showed to be resistant to chemical control
in combination or not with the mechanical
control because it sprouted up in the following
spring (Urdampilleta, 2019). It is important to
highlight that resistant plants are those which
have the ability to survive and reproduce after the
application of a type normally lethal herbicide
dose (Herbicide Resistant Plants Committee,
1998; Puricelli & Tuesca, 2005).

It is known that many species of Asteraceae
have thick underground systems (Cury, 2008;
Appezzato-da-Gloria & Cury, 2011), their
structures storage reserves, mostly fructans, and
have a high capacity of bud formation (Tertuliano
& Figueiredo-Ribeiro, 1993). Alonso & Machado
(2007) and Appezzato-da-Gloria et al. (2008a)
suggested that bud-bearing underground
systems could contribute to the formation of a
underground bud bank. It comprises all buds
from plants, which can be potentially used for
vegetative regeneration by the formation of
new shoots after the partial or total removal of
aboveground parts caused by diverse extreme
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Fig. 1. Parts of Baccharis notosergila respect
to the ground level: aerial (aboveground) and
subterranean (underground) systems. Scale= 10
cm.

climatic factors. Frequently, after the death
of aboveground biomass, there is an increase
in the number of species resprouting from
the buds located in underground organs, thus
confirming the importance of such bud-bearing
organs (Appezzatto-da- Gloria et al., 2008a).
In Asteraceae, the principal reserve substances
are fructans, which have an important role as
reserve because they are involved in a number of
adaptive strategies in plants subjected to extreme
growing conditions (Gomes de Moraes et al.,
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2016). As was mentioned above, B. notosergila
showed to be a resistant weed to mechanical and
chemical control. The introduction and adoption
of new alternatives of weed managements require
deepen the knowledge about organs and their
structures; also to increase the knowledge about
storage and secreted compounds, because these
characteristics mean adaptation and resistance to
environmental conditions, and control treatments.
Therefore, the objectives of the present work
were: to analyze the underground system type
and its structure; establish the origin of sprouts
and the presence of secretory structures, and to
test for lipid, resin, tannin, and carbohydrate
reserves, and finally, to perform an analysis of
crystal types and composition using a scanning
electron microscope.

MATERIALS AND METHODS

During the year 2018, in the months of June,
September-October and December, adult plant
material of B. notosergila were collected from
natural populations in “El Amanecer” farm. It
is situated in Vieytes, Magdalena department,
Buenos Aires province, Argentina. The voucher
specimens were deposited in the herbarium of
Facultad de Agronomia, National University
of La Plata, 17-XII-2018, F. Fernandez & A.
Carbone 1, 2, 3, 4 (LPAG). Images of specimens
from Instituto de Botanica Darwinion were
consulted. ARGENTINA. Prov. Buenos Aires:
Pdo. Berazategui, Hudson, 16-1V-1927, Burkart
1302 (SI) (image 15). Prov. Entre Rios: Dpto.
Gualeguaychu, aerédromo, 17-1V-1965, Burkart
25811 (SI) (image 9); Dpto. Gualeguaychu,
8-1V-1963, Burkart 24298 (SI) (image 12); Dpto.
Concordia, 31-1-1927, Burkart 1122 (SI) (image
14).

For the anatomical study, samples of six adult
plants were fixed in formalin-acetic acid-alcohol
70% (FAA) (Johansen, 1940). The fixed material
was rehydrated in water boiling a total of four
hours in two periods of two hours each. Freehand
cross and longitudinal sections were cut, bleached
in 50% sodium hypochlorite (NaOCl), washed
three times with distilled water, then a successive
double staining was performed with Alcian blue
and safranin (Luque et al., 1996), on others a

metachromatic staining was performed using
Cresyl violet (0,5%), and also a monochromatic
staining was made using alcoholic solution
of safranin (80%) (D’Ambrogio, 1986). The
sections were then mounted in gelatin-glycerin
on glass slides and sealed with nail polish.

For histochemical analysis, inulin was
identified directly on freehand cross-sections
of the fixed material, where the spherocrystals
were observed. To test lipophilic substances
an alcoholic solution of Oil red “O” was used
(Gurr, 1971) the red color indicated positive
test; detection of phenolic compounds (tannins)
was performed using ferric chloride (10%) and
sodium carbonate (2%) (Zarlavsky, 2014), a
green-blue color was a positive test; starch was
identified with lodine-Potassium-Iodide (IKI)
(Ruzin, 1999) a black-blue color indicate positive
test. Resins were detected using a saturated
solution of copper sulphate (Cosa ef al., 2014)
a color emerald green indicate positive test. To
distinguish if crystals were calcium oxalate and
non carbonate or phosphate salt, xylopodium
and root bleached sections were immersed
in glacial acetic acid (5%) for 30 min. The
persistence of crystals indicated they were of
oxalate salt (Yasué, 1969). Morphology of the
xylopodium was studied by using a Bausch &
Lomb stereomicroscope and photomicrograps
were taken with a Sony DSC-W30 camera. Slides
were analyzed with a Nikon E200 LED optical
microscope with a video camera attached, and
using micrometrics SE Premium software.

Scanning electron microscope (SEM) study
was performed using portions of xylopodium
and root. They were taken from fixed material,
dehydrated in ethyl alcohol (100°) for 24 h and air
dried. Then the samples were affixed on stubs by
double-sided adhesive tape and were submitted
to metallization with a fine, thin gold layer by
means of a cool diode sputter coating procedure.
Afterwards they were examined with a Philips
505 SEM, and photographs were taken. The
crystal composition was examined by an energy
dispersive spectrometer (EDAX DX PRIME 10) to
determine the elemental composition of crystals,
and the characteristic spectrum of the elements
was mapped with the Princeton graphic system.
Centro de Investigacion y Desarrollo en Ciencias
Aplicadas “Dr. Jorge J. Ronco” (CINDECA),
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Consejo Nacional de Investigaciones Cientificas
y Técnicas (CONICET), Universidad Nacional
de La Plata (UNLP).

REsuLTS

Baccharis notosergila has an underground
system formed by a xylopodium and a thickened
taproot (the primary root), with numerous root
branches (secondary roots), and adventitious
roots originated from the medial and basal part
of the xylopodium. The xylopodium is situated
at ground level or some centimeters under it. The
size and shape of xylopodium varied according
to the age [Figs. 1; 2A, B; images 12, 15 (SI)].

Xylopodium. 1t is a perennial thickened
and woody organ with development periods.
It has numerous buds distributed along the
axis and high resprout capacity (Fig. 2B).
The buds are globose and present numerous
initial scaly-leaf primordial (Fig. 2C). They
are covered by uni and bi-seriate glandular
and non-glandular flagelliform trichomes, all
have lipophilic substances, but the glandular
containing oil droplets (Fig. 2D). Xylopodia of
different diameters were studied, when it was
of 2.0-2.5 cm presented a secondary structure of
2-2.5 years old, and when it was of 3.0-4.0 cm
diameter had more than eight years old. Origin
of the xylopodium parts were established based
on its morphology and anatomy. Xylopodia
were sectioned at different levels (Fig. 2B),
and caulinar, hypocotyl, and taproot structures
forming the woody axis were found. The study of
surface view of cross-sections at different level
of the xylopodium exhibited the stem, hypocotyl
and taproot structures (Fig. 3A).

There are many buds found on the xylopodium
that can develop into new stems [Fig. 2B; 3B;
image 9 (SI)]. In the lower part (at hypocotyl
and taproot level) are also formed more or less
thickened adventitious roots [(Fig. 3A, C),
images 12 and 14 (SI)].

According our anatomical study a xylopodium
of several years old, cross-sectioned at medial
part of its length showed annual rings (Fig. 4A).
It has a caulinar origin because the distribution
of the metaxylem and protoxylem (endarch
primary xylem) (Fig. 4B). This caulinar part
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is constituted by secondary bark with notable
cork (periderm). The secondary phloem presents
abundant mechanical tissue, and the parenchyma
cells of medullary rays are filled with crystals.
Internal to vascular cambium it is the secondary
xylem and the pith formed by parenchyma (Fig.
4A, C). Secondary xylem exhibits the growth-
rings, meaning the xylopodium development
periods (Fig. 4A, D). Tyloses in vessels of the
secondary xylem were found with tannin-filled
vesicles (Fig. 4D, E). Phenolic compounds
(tannins) were visualized by test of ferric
chloride (Fig. 4F).

Root system. The cross-section of the taproot
(the primary root) shows a secondary structure
similar to stem (Fig. SA), but may be seen with
ample vessels of the metaxylem (exarch xylem)
towards the centre; it has a tetrarch (Fig. 5B) or
sometimes pentarch structure.

A taproot of 5-7 mm diameter, and root
branches and adventitious root of 3 mm diameter
were analyzed and presented a similar secondary
structure with a periderm formed by 4-8 layers
of cork (Fig. 5A; Fig. 6A, B). The cork cell
walls embedded in suberin showed positive
test for lipophilic substances. Internally, it is
the cork-cambium (phellogen) produced from
subepidermal layers, and one layer of phelloderm
cells in contact with an ample area (10-14 layers)
of cortical parenchyma (Fig. 6B). The most
internal cortical layer is the endodermis, which
presents Casparian strips and is surrounding
the vascular cylinder (Fig. 6C, D). In the root
cortex, in front of the secondary phloem joined
to the endodermis are located the ducts (Fig.
6C). The secondary vascular cylinder showed
the phloem with abundant mechanical tissue
and dilated medullary rays characterized by the
presence of abundant calcium oxalate crystals
(Fig. 6C, D). Internal at vascular cambium the
secondary xylem is found. As was mentioned
above, the taproot shows tetrarch primary xylem
in the centre (Fig. 5B), whereas, root branches
and adventitious roots exhibit polyarch primary
xylem, and lignified pith in the centre (Fig.
6E). Root system has many branches, and the
new roots are produced by a proliferation of the
parenchyma tissue (Fig. 6F).

Roots histochemical tests revealed ducts
containing resins and oil droplets (Fig. 7A-C).
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Fig. 2. Subterranean system of Baccharis notosergila. A: Xylopodium and root system. B: Detail of
xylopodium showing three stems developed from yolks, and some buds (asterisks); 1, 2, 3, 4: indicate cross-
sections at stem, hypocotyl and taproot levels. C: An optical microscope view of a bud sectioned exhibiting
several scale-leaf primordial (asterisks). D: Trichomes localized in the border of scale-leaf primordial,
showing oil drops colored with Oil Red “O” (arrows). Scales=A: 5 cm; B: 2 cm; C, D: 100 ym. Abbreviations=
ar: adventitious root; st: stems; tr: taproot with secondary branches; xy: xylopodium.

523



Bol. Soc. Argent. Bot. 54 (4) 2019

Fig. 3. Cross-sections of constitutent parts of xylopodium, buds and adventitious root of Baccharis
notosergila. A: 1: Three aerial stems formed from the xylopodium buds. 2: Caulinar structure of xylopodium.
3: Hypocotyl or intermediate stem-root structure. 4: Taproot structure of xylopodium. B: A bud in surface
view, showing scale-leaf primordial; at the top a new sprout developed with scale-leaves on its base. C:
Cross-section exhibiting the adventitious root originated from the xylopodium. Scale= A: 2 cm; B, C: 5 mm.
Abbreviations= ar: adventitious roots; bu: bud with scale-leaf primordial; ns: a new sprout.

The substance stored by roots was fructans of
inulin-type located principally in the cortical
parenchyma (Fig. 7D). Test for starch was
negative.

In the xylopodium and roots, styloid calcium
oxalate crystals were found (Fig. 6D). These
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styloids showed a tabular aspect with pointed
and square ends (i. e., from lateral view they
appeared fusiform, and from a frontal view as a
table with truncate ends (Fig. 8A). These crystals
sometimes appeared disposed in piles (Fig.
8B). A SEM-EDAX analysis showed they are
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Fig. 4. Caulinar xylopodium features of Baccharis notosergila. A: Stem cross section showing external
protection, periderm; secondary phloem with big quantity of crystals; secondary xylem with growth-rings
surrounding the central pith. B: Stem central part, showing endarch xylem that means the caulinar origin.
C: Microscopy cross section showing periderm, phloem, xylem and pith. D: Stem cross section exhibiting
growth-rings and tyloses. E: Tyloses and tannins filling the vacuoles of cells. F: Test of tannins with ferric
chloride. Scales= A: 5 mm; B, E, F: 100 um; C, D: 1 mm. Abbreviations= cr: crystals; pe: periderm; p2:
secondary phloem; pt: pith; ta: tannins; ty: tyloses; x1: primary xylem; x2: secondary xylem.
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Fig. 5. Taproot features of Baccharis notosergila. A:
Root tissues, growth-rings, and in secondary phloem
may be seen radial dark strips that correspond
to medullary rays filled with crystals. B: Tetrarch
taproot showing the exarch primary xylem (white
dots). Scales= A: 5 mm; B: 100 uym. Abbreviations=
pe: periderm; p2: secondary phloem; x2: secondary
xylem with annual rings.

composed predominantly of the cation calcium
and sometimes a small quantity of potassium
may also be found (Fig. 8C). Crystals were seen
in dilated medullary rays of the phloem, and
they are also abundant in the areas near buds
formation.
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DiscussioN

Baccharis notosergila showed a woody axis of
xylopodium, which originates from the hypocotyl
and exhibits caulinar and radicular structure as
was found by Hayashi & Appezzato-da-Gloria
(2007) in Vernonia grandiflora. The xylopodium
studied is characterized by its buds production,
as also seen in other species of Asteraceae
(Appezzato-da-Gloria et al., 2008a).

On the xylopodium, the primordial bud-
leaves presented glandular and non-glandular
trichomes. The presence of glandular trichomes
in subterranean organs was previously recorded
by Appezzato-da-Gloria et al. (2008b), and also
coincides with Appezzato-da-Gloéria et al. (2012)
who studied the trichome structure and their
secretory function in the species of Chrysolaena
(Asteraceae). In B. notosergila were found uni
and biseriate glandular trichomes and non-
glandular uniseriate and flagelliform. The same
trichomes types were described by Petenatti et al.
(2007), Budel & Duarte (2010), and Budel et al.
(2015) for vegetative aerial parts of other species
of the genus Baccharis. In the glandular and
non-glandular trichomes, the cell walls stained
positively for lipophilic compounds, however,
the volatile oils are found in glandular trichomes
as was reported by Budel et al. (2012).

In the xylopodium and roots calcium oxalate
crystals filling the vacuole of cells were found.
Cury (2008), studied the underground system
of seven species of Asteraceac and mentioned
only the presence of sclereids with a crystal in
the xylopodium of Pterocaulon alopecuroides
(Lam.) DC. The presence of calcium oxalate
crystals of different types have been found in
stems, cladodes, and leaves of Baccharis species
(Cortadi et al., 1999, Petenatti et al., 2007; Budel
& Duarte, 2010; Jasinski et al., 2014; Budel
et al., 2015; Bobek et al., 2015, 2016). In the
subterranean organs, we found styloids similar
to those reported by Budel et al. (2015) and
Bobek et al. (2015, 2016). Bobek et al. (2016)
mentioned that crystal shapes are one diagnostic
characteristic for Baccharis species.

Baccharis notosergila presents a high number
of multiseriate medullary rays in the roots.
According to Metcalfe & Chalk (1989), this
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Fig. 6. Adventitious root features of Baccharis notosergila. A: Cross-section showing the tissues. B: Detail
of root periderm exhibiting cork, phelogen and one layer of pheloderm outside the cortical parenchyma.
C: Detail of root endodermis with a duct in front of secondary phloem (arrow); phloem showing abundant
mechanical tissue. D: Secondary phloem showing dilated medullary ray and idioblast with crystals. E:
Detail of root centre, showing poliarch primary xylem structure (asterisks), and lignified pith. F: A new root
branch produced from a proliferation of parenchyma cells (arrow). Scales= A, E, F: 400 pm; B-D: 100 pm.
Abbreviations= cc: cork cambium; ck: cork; cp: cortical parenchyma; en: endodermis; mr: medullary ray; p2:
secondary phloem; pe: periderm; ph: phelloderm; pt: pith; x2: secondary xylem.
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Fig. 7. Histochemical tests of Baccharis notosergila. A: Cross section of a duct containing resins (copper
sulphate test). B: Longitudinal section of a duct showing resins (arrow). C: Another duct with resins inside
and many oil small drops dispersed in the parenchyma (Oil red “O” test). D: Cortical parenchyma tissue
showing spherocrystals of inulin (arrows). Scales= A-D: 100 um. Abbreviations= cp: cortical parenchyma;
en: endodermis.
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Fig. 8. Crystals and characteristic spectrum of the elements in parenchyma tissue of secondary phloem of
Baccharis notosergila. A, B: Calcium oxalate crystals in xylopodium and root. A: styloids with pointed and
truncate ends. B: styloids in piles. C: Characteristic spectrum of calcium and potassium ions. Scales= A, B:

5 um. Abbreviations= st: styloid; stp: styloids in piles.

trait in roots might be attributed to increase the
water transport function more than this reserve
accumulation, coincidently inulin was not found
in the rays. In secondary and adventitious roots,
which grow more or less parallel to soil surface,
we observed lignified pith and additionally
abundant fibers in the secondary xylem. This
root structural change would be mainly due to

physiological causes such as the greater need
to support function as suggested by Metcalfe &
Chalk (1989).

In the roots, chemical test for starch was
negative, whereas was positive for inulin reserve.
The inulin was found accumulated in the cortical
parenchyma of the roots. It is the most frequent
localization according to Hayashi & Appezzato-
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da-Gloria (2007) and Appezzato-da-Gloria et al.
(2008a). The carbohydrates play an important role
in the plants growing in dry habitats because they
may act as osmotic regulators due to their rapid
polymerization and depolymerization abilities
(Figueiredo-Ribeiro et al., 1991; Figueiredo-
Ribeiro, 1993; Orthen, 2001; Gomes de Moraes
et al., 2016). Baccharis notosergila is a resistant
plant to stress conditions as drought and wet
periods which alternate in the Salado river basin.
It presents a xylopodium with buds, and the
roots which accumulate carbohydrate reserves.
It is in agreement with Hayashi & Appezzato-da-
Gloria (2007) and Appezzatto-da-Gloria & Cury
(2011) who found that these two factors enabled
the plants to survive through unfavourable
environmental conditions. According preliminary
assays to control B. notosergila populations
mentioned above, we believe that these two
traits allow to regeneration after mechanical and
chemical control, assuring its survival.

CONCLUSION

The formation of aerial shoot from buds
located in underground structures associated to the
accumulation of fructans reinforces the importance
of a viable underground bud bank for the persistence
of this woody subshrub, and the difficulty found to
mechanical and chemical control.
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