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Root wood anatomy of 14 Brazilian Cerrado species
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SUMMARY

Studies on root wood anatomy are scarce, mainly due to the lack of commercial interest and the difficulty to collect. In Brazilian
Cerrado, local craftsmen use root wood for marquetry, the manufacture of such small items as lampshades or ornaments, and table
bases. However, taxonomy based on root wood can serve as a guide toward the conservation and management of tree stocks in
urban environment. Therefore, we herein describe the root wood anatomy of 14 tree species that occur in the Brazilian Cerrado. To
accomplish this, we studied samples from main sinker root, at a depth of about 20 cm, from 37 trees aged 5 to 10 years. Anatomical
procedures followed the standard techniques for preparation and analyses of wood samples. We used stem or branch samples from
other studies to carry out anatomical description and comparison. However, we encountered some problems, such as: difficulty to
distinguish growth rings, sample processing and, in some cases, sample description, since quantity, distribution and type of axial
parenchyma differed substantially from that of the main stem. Nonetheless, we did find a variation in the presence/absence of septate
fibers among the samples, and noted differences in ray composition.
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RESUMEN

Los estudios sobre la anatomia de la madera de raiz son escasos, principalmente por la falta de interés comercial y la dificultad de
recoleccion. En el Cerrado brasilefio, los artesanos locales utilizan la madera de raiz para la marqueteria, la fabricacion de objetos
pequeilos como pantallas de ldmparas o adornos, y la base de la mesa. Sin embargo, la taxonomia basada en la madera de raiz puede
servir como una guia para la conservacion y el manejo de las reservas de arboles en entornos urbanos. Por lo tanto, se describi6 la
anatomia de la raiz de la madera de 14 especies de arboles que se encuentran en el Cerrado brasilefio.

Se estudiaron muestras de la raiz principal, a una profundidad de aproximadamente 20 cm, de 37 arboles de 5 a 10 afos. Los
procedimientos anatdomicos siguieron las técnicas estandar para la preparacion y el analisis de muestras de madera. Se utilizaron
muestras de tallo o rama de otros estudios para llevar a cabo la descripcion anatdmica y la comparacion. Sin embargo, se encontraron
algunos problemas, tales como: los anillos de crecimiento dificiles de distinguir; ademas, era problematico procesar la muestra y, en
algunos casos, describirla dado que la cantidad, distribucion y tipo de parénquima axial diferia sustancialmente de la del tallo principal.
No obstante, se encontr6 una variacion en la presencia/ausencia de fibras septadas entre las muestras, y también diferencias en la
composicion de los radios.

Palabras clave: especies de Cerrado, madera tropical, identificacion de madera, anatomia del xilema.

INTRODUCTION

Cerrado represents a vast tropical savanna ecoregion of
Brazil, and woody species in this region are used by local
populations for fuel and charcoal (Ratter et al. 1997). Lo-
cal craftsmen are known to use root wood for marquetry,
as well as for the manufacture of such small items as lamp-
shades or ornaments. According to Krause et al. (2010),
the scarcity of xylem research at root level can be explai-
ned by the lack of commercial interest. Besides, because

it is generally time-consuming and often costly (Maeght
et al. 2013). However, apart from the use of root wood
in crafts, the knowledge of root anatomy, irrespective of
vegetation, can be very useful in instances where roots are
the only evidence of such environmental crimes as defo-
restation. In urban settings, an analysis of roots following
damage to underground pipes may help identify the offen-
ding trees from others.

Studies of root wood anatomy gain more prominence
when comparisons are made between root wood and stem
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wood regarding anatomy, wood properties, hydraulic con-
ductivity and wood properties along axial variation within
the tree. Such studies expand our knowledge of how such
a variation occurs and the physiological and mechanical
impact of such differences (Caldwell et al. 1998, Machado
et al. 2007, Pratt et al. 2007, Longui et al. 2012, 2017,
Fortunel et al. 2014, Marcati et al. 2014).

We acknowledge the difficulties involved in collec-
ting samples of root wood in Cerrado species because of
their sheer depth. Hence, the wood anatomy of roots from
Cerrado species are largely unexplored, in addition many
papers are focused in comparative wood anatomy (root
versus stem or branches) and have only been reported on
shrubs or small trees (Machado et al. 1997, Machado et al.
2007, Longui et al. 2012, 2017, Goulart and Marcati 2012,
Marcati et al. 2014, Goulart et al. 2015).

Except for Eriotheca gracilipes roots studied by Lon-
gui et al. (2012) and Anadenanthera peregrina, Copaifera
langsdorffii, Handroanthus ochraceus, Ocotea corymbo-
se and Xylopia aromatica roots studied by Longui et al.
(2017), this is the first time we have a complete descrip-
tion for root anatomy of the selected species. Therefore,
the present study contributes to fill a gap, especially by
describing the root wood anatomy of 14 tree species that
occur in the Brazilian Cerrado.

METHODS

Experimental area. The study was carried out in the Cerrado
area of Assis State Forest (22°34°19” S, 50°23°32” W, ele-

vation 588 m), Assis, Sdo Paulo. The soil in this region has
low organic matter, although good water permeability. The
climate is Cwa by the Koppen classification. Warm with
dry winters, it is characterized by mean annual temperatu-
re of 20-25 °C (average minimum temperature of 18 °C)
and average annual rainfall of 1,441.5 mm (CEPAGRI
2016). The dry season falls between April and September.
Water deficit in April is -1.6 (sum of water deficit mm) and
in August, it is -1.2 mm.

Collection of samples. We collected samples from 37 se-
lected trees aged 5 to 10 years, comprising 14 tree species
(table 1). We measured height and stem diameter at breast
height (1.3 m from the ground) from each tree. To obtain
root samples about 20 cm from the main sinker root, selec-
ted trees were uprooted. For standardization, anatomical
studies were carried out on the wood portion adjacent to
the cambium. Samples of 1.5 cm? were cut from each disc.

Transverse and longitudinal radial and tangential sec-
tions, approximately 15 to 20 mm thick, were obtained.
Sections were bleached in a solution of sodium hypochlo-
rite and distilled water (50 %) and afterwards double-stai-
ned with aqueous 1 % safranin and aqueous 1 % astra blue
(1:9) (Bukatsch 1972), followed by dehydration in an al-
coholic series and, finally, passed through butyl acetate. To
obtain cells dimensions, preparations of wood macerates
were done according to Franklin’s method (1945, modified
by Kraus and Arduim 1997) and stained with aqueous 1 %
safranin dye (Bukatsch 1972). Anatomical descriptions
were based on the IAWA Committee (1989), for each fea-

Table 1. Studied species, number of samples, tree height and diameter at breast height (DBH).

Especies estudiadas, nimero de muestras, altura del arbol y diametro a la altura de pecho (DAP).

Family Species N° samples Hging)ht ](DCI;})I
Annonaceae Xylopia aromatica (Lam.) Mart. 4 4.2 4.8
Bignoniaceae Handroanthus ochraceus (Cham.) Mattos 5 2.9 43
Erythroxylaceae Erythroxylum tortuosum A. St.-Hil. 1 2.8 4.9
Fabaceae-Caesalpinoideae  Copaifera langsdorifii Desf. 5 4.0 4.5
Fabaceae-Mimosoideae Anadenanthera peregrina var. falcata (Benth.) Altschul 3 34 5.6

Stryphnodendron adstringens Benth. 2 3.0 5.1
Lauraceae Ocotea corymbosa (Meisn.) Mez. 5 4.0 4.0
Malvaceae Eriotheca gracilipes (K. Schum.) A. Robyns. 3 3.6 6.1
Melastomataceae Miconia albicans (Sw.) Triana. 1 4.8 4.9
Myrtaceae Mpyrcia bella Cambess. 2 4.1 8.1

Eugenia aurata O. Berg. 2 1.9 3.5

Eugenia punicifolia (Kunth) DC. 2 3.1 2.9
Ochnaceae Ouratea spectabilis (Mart.) Engl. 1 2.1 2.8
Vochysiaceae Vochysia tucanorum Mart. 1 5.2 10.4
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ture n = 25 was used initially, except for the pits, where n
= 10 was adopted.

Qualitative and quantitative anatomical data were ob-
tained with Image Pro Plus, v. 6.3, software attached to an
Olympus CX 31 microscope.

RESULTS

Wood anatomical descriptions. Each species is described
below and exemplified in figures 1-7; some details are in
figure 8. All the quantitative values will be given as avera-
ge and (maximum/minimum and standard deviation = SD).

Xylopia aromatica. Growth rings: marked by thick-walled
and radially flattened latewood fibers (figure 1A, detail).
Vessels: diffuse porosity, solitary and multiple (figure 1A);
437 um (613/155 SD = 81) in length, 15 per square milli-

Figure 1. Root wood anatomical features of Xylopia aromatica
(A-C); arrow points growth ring in A, detail; arrow points oil cell
in C; and Handroanthus ochraceus (D-F); arrow points growth
ring in D, detail. Scale bars = 100 pum; details = 50 um.
Caracteristicas anatomicas de la madera de raiz de Xvlopia

aromatica (a-c) y Handroanthus ochraceus (D-F). Barras = 100 um;
detalles = 50 pm.
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meter (mm2) (34/5 SD = 7), 79 um (137/31 SD = 25) in
tangential diameter; simple perforation plate; intervessel
pits alternate, circular; vessel-ray pits similar to interves-
sel pits in size and shape; few deposits. Fibers: with dis-
tinctly bordered pits (less than 3 pm) (figure 8A); thin-
to thick-walled; 880 um (1455/534 SD = 166) in length.
Axial parenchyma: predominantly scalariform, and in irre-
gular lines, sometimes reticulate (figure 1A); 2 to 5 cells
per parenchyma strand. Rays: 1 to 6 cells wide (figure 1B);
462 um (1087/172 SD = 192) tall, 59 um (118/24 SD = 55)
wide, 11/mm (16/5 SD = 2), all ray cells procumbent; body
ray cells procumbent with one row of upright and/or squa-
re marginal cells (figure 1C); secretory elements: oil cells
associated with ray and axial parenchyma (figure 1B,C,
arrowread). Aggregate rays in 1B.

Handroanthus ochraceus. Growth rings: marked by mar-
ginal bands of axial parenchyma, sometimes more than 10
cells wide, and occasionally by lines (figure 1D, detail),
high quantity of vessels adjacent to the growth layer can oc-
cur. Vessels: diffuse porosity; solitary and multiple vessels
(figure 1D); 227 pm (350/130 SD = 47) in length, 25 per
square millimeter (mm2) (113/6 SD = 25), 79 um (130/38
SD = 18) in tangential diameter; simple perforation plate;
intervessel pit alternate, circular; vessel-ray pits similar to
intervessel pits in size and shape. Fibers: very thick-wa-
lled; 903 um (1354/294 SD = 270) in length; with simple to
minutely bordered pits; gelatinous fibers may occur. Axial
parenchyma: unilateral, short to long confluent forming
irregular bands, lozenge-aliform and marginal bands (fi-
gure 1D); mostly with 2 to 4, or rarely 6, cells per paren-
chyma strand. Rays: 1 to 2 cells wide (figure 1E); 145 pm
(293/66 SD = 33) tall, 18 um (36/7 SD = 5) wide, 6/mm
(14/3 SD = 2); all ray cells procumbent (figure 1F); perfo-
rated ray cells. Storied structure: axial parenchyma regu-
larly storied; rays regular to irregularly storied (figure 1E).

Erythroxylum tortuosum. Growth rings: marked by fiber
zones (figure 2A, arrow). Vessels: diffuse-porous; solitary
and multiples (figure 2A); 331 um (477/205 SD = 69) in
length, 33 per square millimeter (mm2) (57/18 SD = 10),
73 um (88/60 SD = 8) in tangential diameter; simple perfo-
ration plates; intervessel pits alternate, circular; vessel-ray
pits similar to intervessel pits in size and shape throughout
and pits with many reduced borders to apparently simple,
horizontal to vertical; tyloses; deposits. Fibers: fibers with
distinctly bordered pits (figure 8B); very thick-walled,
763 pm (952/538 SD = 104) in length; gelatinous fibers.
Axial parenchyma: diffuse-in-aggregates, diffuse, unilate-
ral and scanty paratracheal (figure 2A); 2 to 8 cells per
parenchyma strand. Rays: 1 to 3 ray cells in width; 271 um
(477/205 SD =45) tall, 35 um (46/25 SD = 5) wide, 10/mm
(14/5 SD = 2); uniseriate portion as wide as multiseriate
portions (figure 2B); body ray cells procumbent with 2-4
rows of upright and/or square marginal cells and square
and upright cells mixed throughout the ray (figure 2C). In-
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organic inclusions: prismatic crystals in chambered axial
parenchyma cells and in ray cells.

Copaifera langsdorffii. Growth rings: marked by margi-
nal bands of axial parenchyma (figure 2D, arrows). Ves-
sels: diffuse-porous; solitary and multiple (figure 2D);
416 um (880/121 SD = 118) in length, 17 per square mi-
llimeter (mm2) (25/3 SD =4), 83 um (215/35 SD =30) in
tangential diameter; simple perforation plate; intervessel
pits alternate, circular, vestured; vessel-ray pits similar
to intervessel pits in size and shape; deposits. Fibers:
with simple to minutely bordered pits; thin- to very thick-
walled; 891 pm (1896/150 SD = 267) in length. Axial
parenchyma: in bands, lozenge and short confluent; 2 to
4 cells per parenchyma strand (figure 2D). Rays: | to 5
cells wide (figure 2E); 299 um (1030/84 SD = 145) tall,
50 um (89/10 SD = 17) wide, 7/mm (10/4 SD = 1); all ray

Figure 2. Root wood anatomical features of Erythroxylum
tortuosum (A-C) and Copaifera langsdorffii (D-F); arrows point
growth ring in A and D, detail. Scale bars = 100 pm; details = 50
pm.

Caracteristicas anatomicas de la madera de raiz de

Erythroxylum tortuosum (A-C) y Copaifera langsdorffii (D-F). Barras =
100 um; detalles = 50 pum.
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cells procumbent; body ray cells procumbent with one to
two rows of upright and/or square marginal cells (figure
2F). Secretory structures: axial canal in long tangential
lines (figure 2D - arrow head; figure 8C - arrow). Inor-
ganic inclusions: prismatic crystals in chambered axial
parenchyma cells.

Anadenanthera peregrina var. falcata. Growth rings: mar-
ked by axial parenchyma flattened cells and by flattened la-
tewood fibers (figure 3A, detail). Vessels: diffuse-porous;
solitary and multiples of three (figure 3A) and some up to
six; 251 um (386/117 SD = 55) in length, 14 per square mi-
llimeter (mm™) (39/7 SD = 5), 90 um (211/55 SD = 35) in
tangential diameter; simple perforation plates; intervessel
pits alternate, circular, vestured; vessel-ray pits similar to
intervessel pits in size and shape, and with many reduced

Figure 3. Root wood anatomical features of Anadenanthera
peregrina var. falcata (A-C) and Stryphnodendron adstringens
(D-F); parenchyma-like fiber bands alternating with ordinary
fibers (arrow head); arrows point growth ring in A and D, detail.
Scale bars = 100 um; details = 50 pm.

Caracteristicas anatomicas de la madera de raiz de
Anadenanthera peregrina var. falcata (A-C) y Stryphnodendron
adstringens (D-F). Barras = 100 um; detalles = 50 um.



borders to apparently simple, rounded; deposits. Fibers:
simple to minutely bordered pits; very thick-walled; 1311
pm (2197/681 SD = 340) in length; gelatinous fibers in
small groups, sometimes forming bands intercalating with
the axial parenchyma. Axial parenchyma: predominantly
in bands more than three cells wide, long confluent, few
short confluent and lozenge (figure 3A); 2 to 4 cells per
parenchyma strand; great quantity of starch. Rays: 1 to 3
ray cells in width (figure 3B); 195 pum (442/92 SD = 68)
tall, 28 um (47/9 SD = 8) wide, 6/mm (12/4 SD = 2); all
ray cells procumbent (figure 3C). Inorganic inclusions:
prismatic crystals in chambered axial parenchyma cells
and in fibers.

Stryphnodendron adstringens. Growth rings: poorly mar-
ked by flattened latewood fibers (figure 3D, detail). Ves-
sels: solitary and multiples (figure 3D); 351 um (521/190
SD = 81) in length, 11 per square millimeter (mm2) (34/1
SD =7), 127 um (184/78 SD = 24) in tangential diameter;
simple perforation plate; intervessel pits alternate, circu-
lar and vestured; vessel-ray pits similar to intervessel pits
in size and shape; deposits. Fibers: thin-walled; 639 pm
(884/441 SD = 112) in length; with simple to minutely
bordered pits; septate; parenchyma-like fiber bands alter-
nating with ordinary fibers (figure 3D, arrow head). Axial
parenchyma: vasicentric and few lozenge (figure 3D); 2 to
4 cells per parenchyma strand. Rays: uniseriate and few
locally biseriate (figure 3E); 364 um (748/169 SD = 155)
tall, 36 um (67/13 SD = 17) wide, 6/mm (10/2 SD = 2); all
ray cells procumbent, and few body ray cells procumbent
with one row of upright and/or square marginal cells (figu-
re 3F). Inorganic inclusions: prismatic crystals in chambe-
red fibers. Pith flecks: present (figure 8D).

Ocotea corymbosa. Growth rings: marked by radially
flattened latewood fibers (figure 4A, detail). Vessels:
diffuse-porous; solitary and multiples (figure 4A);
613 um (1737/233 SD = 319) in length, 13 per square
millimeter (mm?) (24/4 SD = 4), 117 pm (216/63 SD
= 29) in tangential diameter; simple perforation plates;
intervessel pits alternate, circular; vessel-ray pits with
many reduced borders to apparently simple, pits rounded,
horizontal to vertical, and two types in the same ray cell;
tyloses. Fibers: thin-walled; 1000 um (1462/624 SD =
222) in length; simple to minutely bordered pits; septate;
parenchyma-like fiber bands alternating with ordinary
fibers (figure 4A, arrow head). Axial parenchyma: scanty
paratracheal (figure 4A); 3 to 7 cells per parenchyma
strand; few vasicentric. Rays: 1 to 3, and few up to 6 cells
wide (figure 4B); 491 um (972/176 SD = 180) tall, 54
pm (84/27 SD = 12) wide, 6/mm (8/3 SD = 1); body ray
cells procumbent with one row upright and/or square,
and few 2-4 rows; rays with procumbent, square (figure
4C) and upright cells mixed throughout the ray. Secretory
elements: oil cells associated with ray parenchyma and
fibers (figure 4 B and C, arrows).
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Eriotheca gracilipes. Growth rings: poorly marked by flat-
tened latewood fibers (figure 4D). Vessels: diffuse porosi-
ty; solitary and multiple (figure 4D); 362 pum (549/204 SD
= 66) in length, 2 per square millimeter (mm2) (6/0 SD =
1), 174 pm (266/93 SD = 39) in tangential diameter; sim-
ple perforation plate; intervessel pits alternate, circular;
vessel-ray pits with many reduced borders to apparently
simple, rounded and similar to intervessel pits in size
and shape; tyloses. Fibers: few fibers (very thick-walled)
embedded in parenchyma cells; 1784 pum (3996/975 SD
= 464) in length; with distinctly bordered pits (less than
3 um); septate. Axial parenchyma: apparently in bands gi-
ven the few fibers (figure 4D); 2 to 5 cells per parenchyma
strand. Rays: few 1 to 3 and mostly wider than 10-seriate
by the relative absence of fibers (figure 4E); sheath cells
(figure 4E, arrow); with procumbent, square and upright

Figure 4. Root wood anatomical features of Ocotea corymbosa
(A-C); parenchyma-like fiber bands alternating with ordinary
fibers (arrow head) (A); and Eriotheca gracilipes (D-F); arrows
point growth ring in A and D, detail. Scale bars = 100 pm; details
=50 pm.

Caracteristicas anatomicas de la madera de raiz de Ocotea
corymbosa (A-C)y Eriotheca gracilipes (D-F). Barras = 100 um; detalles
=50 pm.
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cells mixed throughout the ray (figure 4F); perforated ray
cells. Ray measurements in the root were not performed
due to difficulty in visualizing the ray cells that overlap-
ped with the parenchyma cells that occur on a large scale,
associated with the tiny proportion of fibers and vessels.
Inorganic inclusions.

Miconia albicans. Growth rings: marked by thick-walled
and radially flattened latewood fibers (figure 5A, detail).
Vessels: diffuse porosity; solitary and multiple (figure 5A);
398 um (1233/129 SD = 203) in length, 41 per square mi-
llimeter (mm2) (66/20 SD = 8), 37 um (129/13 SD =36) in
tangential diameter; simple perforation plate; intervessel
pits alternate, circular and vestured; vessel-ray pits similar
to intervessel pits in size and shape; deposits. Fibers: very
thin- to thick-walled; septate; 1300 um (2239/769 SD=297)

Figure 5. Root wood anatomical features of Miconia albicans
(A-C); parenchyma-like fiber bands alternating with ordinary
fibers (arrow head) (A); and Myrcia bella (D-F); arrows point
growth ring in A and D, detail wood. Scale bars = 100 pm; details =
50 um.

Caracteristicas anatomicas de la madera de raiz de Miconia
albicans (A-C) and y Myrcia bella (D-F). Barras = 100 um; detalles =
50 pm.
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length; parenchyma-like fiber bands alternating with or-
dinary fibers (figure 5A); gelatinous fibers. Axial paren-
chyma: scanty (figure 5A); 3 to 5 cells per parenchyma
strand; 488 pum (658/321 SD = 83) tall, 24 um (32/18 SD =
3) wide, 7/mm (11/5 SD = 1); Rays: exclusively uniseriate
(figure 5B); all ray cells upright and/or square (figure 5C).

Mpyrcia bella. Growth rings: marked by thick-walled and
radially flattened latewood fibers (figure 5D, arrow head).
Vessels: diffuse porosity; exclusively solitary (figure 5D);
632 um (797/451 SD = 86) in length, 6 per square milli-
meter (mm2) (11/2 SD = 2), 82 pm (123/58 SD = 17) in
tangential diameter; simple perforation plate; intervessel
pits alternate, circular and vestured; vessel-ray pits similar
to intervessel pits in size and shape. Fibers: with distinctly
bordered pits (figure 8E); thin- to thick-walled; 1085 um
(1355/833 SD = 150) in length; few with septa. Axial pa-
renchyma: diffuse-in-aggregates and scanty (figure 5D);
2 to 6 cells per parenchyma strand. Rays: uniseriate and 1to
7 cells wide, with two distinct sizes (figure 5E); 455 pm
(577/341 SD = 69) tall, 60 um (79/46 SD = 9) wide, 8/mm
(10/5 SD = 1), measurements refer to multiseriate rays;
body ray cells procumbent with mostly 2 to more than
4 rows of upright and/or square marginal cells; all ray cells
upright and/or square (figure 5F); perforated ray cells. Ag-
gregated rays.

Eugenia aurata. Growth rings: marked by fiber zones and
higher frequency of vessels adjacent to the growth rings
(figure 6A, detail). Vessels: diffuse porosity; solitary and
few multiple (figure 6A); 424 um (572/287 SD = 79) in
length, 127 per square millimeter (mm?2) (165/67 SD =
26), 36 um (49/28 SD = 5) in tangential diameter; simple
perforation plate; intervessel pits alternate, circular, vestu-
red; vessel-ray pits similar to intervessel pits in size and
shape; few deposits. Fibers: with distinctly bordered pits
(figure 8F); very thick-walled; 951 pum (1163/678 SD =
124) in length; gelatinous fibers. Axial parenchyma: diffu-
se-in-aggregates forming lines and diffuse (figure 6A);
predominantly 4 to 8 cells, and some more than 8 cells per
parenchyma strand. Rays: 1 to 3 ray cells in width (figure
6B); 298 um (425/209 SD = 45) tall, 38 um (49/25 SD =5)
wide, 12/mm (16/8 SD = 2); predominantly with body ray
cells procumbent with over 4 rows of upright and/or squa-
re marginal cells; few having all one row of upright and/or
square marginal cells; and square and upright cells mixed
throughout the ray (figure 6C). Inorganic inclusions: pris-
matic crystals in enlarged cells.

Eugenia punicifolia. Growth rings: marked by fiber zones
(figure 6D, detail). Vessels: diffuse porosity; solitary and
few multiple (figure 6D); 519 um (767/233 SD = 126) in
length, 86 per square millimeter (mm2) (146/46 SD = 22),
43 um (58/24 SD = 7) in tangential diameter; intervessel
pits alternate, circular and vestured; vessel-ray pits similar
to intervessel pits in size and shape; deposits. Fibers: with



distinctly bordered pits (figure 8G); very thick-walled;
788 um (1182/591 SD = 122) in length. Axial parenchy-
ma: diffuse-in-aggregates forming lines (figure 6D); 4 to 8
cells per parenchyma strand. Rays: 1 to 3 cells wide (figure
6E); 434 um (652/276 SD = 85) tall, 46 um (68/24 SD =
8) wide, 7/mm (11/4 SD = 1); with uniseriate portion as
wide as multiseriate portions (figure 6E); body ray cells
procumbent with one to over 4 rows of upright and/or
square marginal cells (figure 6F), and rays with procum-
bent, square and upright cells mixed throughout the ray;
perforated ray cells.

Ouratea spectabilis. Growth rings: marked by fiber zones
(figure 7A, detail). Vessels: diffuse porosity; exclusively
solitary (figure 7A); 547 um (773/334 SD = 122) in length,
13 per square millimeter (mm?) (19/9 SD = 2), 55 pum
(69/41 SD = 7) in tangential diameter; simple perforation
plate; intervessel pits alternate, circular; vessel-ray pits si-
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milar to intervessel pits in size and shape; few deposits.
Fibers: with distinctly bordered pits (figure 81); very thick-
walled; few septate (figure 8H); 1331 pum (1832/888 SD
= 249) in length. Axial parenchyma: diffuse and diffuse-
in-aggregates, scanty paratracheal (figure 7A); 2 to 6 cells
per parenchyma strand. Rays: 1-seriate and larger rays to
6 cells wide (figure 7B); 1058 um (1796/605 SD = 257)
tall, 101 um (153/60 SD = 19) wide, 5/mm (7/3 SD = 1); of
two distinct sizes, measurements refer to multiseriate rays;
with procumbent, square and upright cells mixed throug-
hout the ray (figure 7C); all ray cells upright and /or square.
Inorganic inclusions: prismatic crystals in square ray cells.

Vochysia tucanorum. Growth rings: indistinct. Vessels:
diffuse porosity; solitary and multiple (figure 7D); 465 pm
(707/274 SD = 112) in length, 11 per square millimeter
(mm?) (25/6 SD = 4), 155 pm (232/96 SD = 31) in tan-
gential diameter; simple perforation plate; intervessel pits

Figure 6. Root wood anatomical features of Eugenia aurata (A-
C) and Eugenia punicifolia (D-F); arrows point growth ring in A
and D, detail. Scale bars = 100 um; details = 50 pm.

Caracteristicas anatomicas de la madera de raiz de Eugenia
aurata (A-C) y Eugenia punicifolia (D-F). Barras = 100 pm; detalles =
50 pm.

Figure 7. Root wood anatomical features of Ouratea spectabilis
(A-C) arrow points growth ring in (A), detail and Vochysia
tucanorum (D-F). Scale bars = 100 um; details = 50 pm.

Caracteristicas anatomicas de la madera de raiz de Ouratea
spectabilis (A-C) y Vochysia tucanorum (D-F). Barras = 100 um; detalles
=50 pm.
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alternate, circular, vestured; vessel—ray pits similar to inter-
vessel pits in size and shape; deposits. Fibers: with simple to
minutely bordered pits; thin- to very thick-walled; septate;
1266 pm (1578/758 SD = 228) in length. Axial parenchy-
ma in bands more than 3 cells wide (figure 7D); 2 to 6 cells
per parenchyma strand. Rays: 3 to 7 cells wide, few unise-
riate (figure 7E); 937 um (1293/657 SD = 148) tall, 85 um
(125/46 SD = 18) wide, 4/mm (6/2 SD = 1) of two distinct
sizes, measurements refer to multiseriate rays; sheath cells
(figure 7E); body ray cells procumbent with one to 4 rows
of upright and/or square marginal cells (figure 7F); all rays
upright and/or square, and rays with procumbent, square
and upright cells mixed throughout the ray.

"
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Figure 8. Root wood anatomical features. Xylopia aromatica
fiber pits (A) in TLS, arrows; detail in macerate; Erythroxylum
tortuosum fiber pits in RLS (B), arrows; Copaifera langsdorffii
axial canal in RLS (C), arrow; Stryphnodendron adstringens pith
flecks (arrow) TS (D); fiber pits (arrow) in: Myrcia bella in TLS
(E), Eugenia aurata in RLS (F), Eugenia punicifolia in TLS (G),
Ouratea spectabilis and septate fiber (arrow head) (H) in RLS.
Scale bars A-D;H = 100 pm; E-G and details =25 um.

Caracteristicas anatomicas de la madera de raiz de Ouratea
spectabilis (A-C) y Vochysia tucanorum (D-F). Barras A-D;H = 100 um;
E-G y detalles = 25 um.
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DISCUSSION

Qualitative wood anatomical descriptions of roots were
compared with literature for main stem or branch wood for
the same species and, when possible, with Cerrado species
from Sao Paulo, using the work of Sonsin ef al. (2014) and
InsideWood, a Web resource (2016), containing descrip-
tions of wood anatomy from different biomes of Brazil, or
other countries, and many authors.

According to Sonsin ef al. (2014) studying stem wood,
growth rings are not as easy to interpret as they are in tem-
perate woods. The authors also stand out that the growth
ring markers are more easily observed at low magnifica-
tion with the naked eye or using a hand lens than under
the microscope. While analyzing roots we noticed growth
rings, in general, are harder to distinguish than the main
stem or branch because of the quantity and distribution of
axial parenchyma, which consequently complicated des-
cription. In some cases, there were islands of fibers among
the axial parenchyma cells as in Anadenanthera peregrina
var. falcata and Vochysia tucanorum, very different from
the branch or main stem (see Sonsin et al. 2014 and Insi-
deWood).

The higher quantity of axial parenchyma observed
in roots and the presence of septate fibers in some roots
(Erythroxyllum tortuosum, Sthyphnodendron adstringens,
Eriotheca gracilipes, Ouratea spectabilis and Vochysia tu-
canorum species), although not in stem or branches (see
Sonsin et al. 2014 and InsideWood), may indicate an evo-
lutionary adjustment to provide for more storage tissue
(Dickson 2000).

The root wood anatomical data of Xylopia aromatica
were similar to those cited by Detienne and Jacquet (1983)
at stem wood; however, the axial parenchyma was not as
well defined as that in stem wood, essentially because of
the high quantity of axial parenchyma in root wood where
lines are not clearly scalariform. Furthermore; ray compo-
sition is highly varied.

For Handroanthus ochraceus, we observed growth
rings well marked by marginal bands of axial parenchyma,
different from the observation of Teixeira et al. (2003),
who reported indistinct growth rings at stem level. Again,
in this species, we observed variation in the quantity of
axial parenchyma, mostly very large bands more than 10
cells wide. Even, the storied structure was not always re-
gular.

Generally, the anatomical root features of Erythro-
xylum tortuosum were similar to those of stem wood (see
Sonsin et al. 2014), however, the fibers are very thick-wa-
lled in this study, while in Sonsin et al. (2014), the fibers
were thin- to thick-walled. The author noted variation in
ray composition, whereas in the present study, we noted
body ray cells procumbent with 2-4 rows of upright and/or
square marginal cells. In addition, we reported only square
and upright cells mixed throughout the ray, whereas Son-
sin et al. (2014) reported procumbent, square and upright
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Table 2. Comparison of qualitative anatomical features of roots in the present study (#) and among qualitative anatomical features of stem by Sonsin et al. (2014) (*) and Inside Wood
information ().

Comparacion de las caracteristicas anatomicas cualitativas de las raices en el presente estudio (#) y entre las caracteristicas anatomicas cualitativas del tallo por Sonsin et al. (2014) (*) e informacion
de Inside Wood ().

Species Tracheids Fiber %ﬂ%ow“masﬁ Septate wmﬁmsﬂw\awm-mﬁ Wm%mmmNanmazQ Crystals Wmamﬂw_ﬁ_mma ray

# * T # * t # * T # * T # * t # * + # * i

Xylopia aromatica 0 - 0 3 - 1 0 - 0 0 - 0 0 - 0 0 - 0 1 - 1
Handroanthus ochraceus 0 - - 0 - 0 0 - 0 0 - 0 0 - 0 1 - 1 1 - 0
Erythroxylum tortuosum 0 1 - 1 1 - - 0 - 0 0 - 0 0 - 0 0 - - 1 -
Copaifera langsdorffii 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0
Anadenanthera peregrina var. falcata 0 0 - 0 0 - 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0
Stryphnodendron adstringens 0 0 0 0 0 0 1 0 0 1 1 0 0 0 0 1 1 0 0 0 0
Ocotea corymbosa 0 0 - 0 0 - 1 1 - 1 1 - 0 0 - 0 0 - 0 0 -
Eriotheca gracilipes 0 0 - 3 0 - 1 0 - 0 0 - 0 1 - 0 0 - 1 1 -
Miconia albicans 0 0 - 0 0 - 1 1 - 1 1 - 0 0 - 0 0 - 0 0 -
Myrcia bella 0 1 - 0 0 0 4 0 0 0 0 0 1 0 - 0 1 - 1 1 -
Eugenia aurata 0 - 1 1 1 1 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0
Eugenia punicifolia 0 - 1 1 1 1 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0
Ouratea spectabilis 0 0 0 1 1 1 1 0 0 0 0 0 1 1 1 1 1 1 0 0 0
Vochysia tucanorum 0 0 0 0 0 0 1 0 0 0 0 0 1 1 0 0 1 1 0 0 0

1 = present; - = no species information; 0 = absent; 3 = fiber with bordered pit, but less than 3pm; 4 = few.

(#) studied species in the present study.

(*) Sonsin et al. (2014) (Stryphnodendron polyphyllum, Eugenia bimarg and E. rigida).

(1) Inside Wood (Handroanthus impetiginosus and H. serratifolius, Anadenanthera peregrina, Eugenia lucida and E. tinifolia (spp.), Ouratea castaneaefolia, Vochysia lanceolata and V. ferruginea).
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cells mixed throughout the ray. Finally, we observed pris-
matic crystals in chambered axial parenchyma cells.

The general anatomical features of Copaifera langs-
dorffii were similar to those noted in literature for main
stem and branch (Richter and Dallwitz 2000, Sonsin et
al. 2014), nonetheless we observed variation in ray com-
position with all ray cells procumbent and body ray cells
procumbent with one to two rows of upright and/or square
marginal cells. In contrast, only one or two rows of upright
and/or marginal cells have, thus far, been noted in the li-
terature.

For Anadenanthera peregrina var. falcata, we obser-
ved a great variation in the quantity of paratracheal pa-
renchyma, either in bands or long confluent, with fibers
appearing to be embedded within axial parenchyma cells
when compared to stem studied by Sonsin et al. (2014).

For Stryphnodendron adstringens, the main differen-
ce observed was the presence of parenchyma-like fiber
bands alternating with ordinary fibers when compared to
root wood studied by Goulart ez al. (2015) and wood stem
studied by Montefusco (2005). In the present study, fibers
were septate. According to Goulart ef al. (2015), prismatic
crystals were observed in fibers and in chambered axial
parenchyma cells.

For Ocotea corymbosa, we observed variation in ray
composition and thickness of fibers when compared to
Paula et al. (2000), studying stem wood of gallery forest
species. Our observations are more in line with those of
Sonsin ef al. (2014) in both axial and radial parenchyma.

For Eriotheca gracilipes, we observed a few very thick-
walled fibers which seem to be embedded in parenchyma
cells that occur in large bands, not diffuse-in-aggregates,
forming lines, as in the stem wood observed by Sonsin et
al. (2014). Also, growth rings were very difficult to see
in roots in this study, while in Longui et al. (2012) and
Marecati et al. (2006), thick-walled and radially flattened
latewood fibers were noted at the main stem and branch.

The anatomical description of Miconia albicans was
similar to that of Sonsin ez al. (2014) at stem level.

Compared to Sonsin et al. (2014), the description of
Mpyrcia bella differed only in the presence of a few septate
fibers present in roots, while tracheids were only observed
in branches.

We did not find a basis for comparison of either Euge-
nia aurata or E. punicifolia. However, apart from variation
in the presence or absence and size of prismatic crystals,
the anatomical features are like the genera described by
Soffiatti and Angyalossy-Alfonso (1999) and Sonsin et al.
(2014).

For Ouratea spectabilis, the fibers were thicker in roots
compared to Sonsin et al. (2014). We observed variation
in ray composition, with procumbent, square and upright
cells mixed throughout the ray in both papers, we also
found all ray cells to be upright and/or square.

We did not observe the presence of growth rings in Vo-
chysia tucanorum, nevertheless we did note septate fibers,

38

whereas Sonsin ef al. (2014) did not. The high quantity of
axial parenchyma, which forms sinuous bands, was varia-
ble, being higher in roots, while in branches, paratracheal
parenchyma varied, with less quantity, though. We saw
variation in ray composition when compared to Sonsin et
al. (2014), with more rows and rays with mixed up cells.
Paula ef al. (2000) observed only homogeneous rays and
included phloem, which was not observed in the present
work or that of Sonsin ez al. (2014).

CONCLUSIONS

In general, the quantity and distribution of axial pa-
renchyma of root wood are very different from that of the
main stem, being higher in roots, in which we concluded
that the roots main function is not focused on support, but
on storage. This same quantity of axial parenchyma in root
wood made it difficult to describe; growth rings are hard
to distinguish.
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