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ABSTRACT. Information on anatomical structure is needed by breed-
ers working on improvement for drought tolerance. For studying the ef-
fect of polyploidy on cassava anatomy and its significance to tolerance
to drought, we induced a polyploidy type of a selected clone (UnB 530)
by applying an aqueous solution of 0.2% colchicine on lateral buds
for a period of 12 h. The stem identified as tetraploid was propagated
to produce the whole plant. Free-hand cross-sections of the median
portion between stem internodes were made. They were clarified us-
ing 50% sodium hypochlorite solution, stained with 1% safranin-alcian
blue, passed through an ethanol series and butyl acetate and mounted
in synthetic resin. The tetraploid type showed more prismatic and druse
crystals in the cortical parenchyma, and its pericycle fibers had thicker
walls. The secondary xylem of tetraploid types was wider than diploid
ones, having thinner walls and less starch.
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INTRODUCTION

Cassava, Manihot esculenta Crantz, is the leading food and feed plant of the tropics. It
is a major staple food for more than 800 million people in this part of the world. South America
is responsible for about half of the world cassava production (Nassar, 1978a,b, 2006b). Brazil is
its second largest producer and the first consumer all over the world (Nassar et al., 2002; FAO,
2005). Central Brazil is one of the four centers of diversity of Manihot species (Nassar, 1978c,
2003a, 2004). Cassava can feed both humans and animals, where both roots and leaves can be
eaten. In some areas around the world, such as Northeast Brazil, more than 70% of calories
consumed daily by the population comes from cassava (Nassar, 1999, 2002a,b). It is a potential
crop to grow in semi-arid lands if a breeding method is carefully designed and followed (Nassar,
1995, 1999, 2002a,b, 2003c).

One of the approaches suggested to increase resistance to drought in some crops was
to produce polyploidy based on observations of some researchers (Nassar, 1991, 1995, 2004,
2006a). However, information about the mechanism of resistance and anatomical basis still
needs to be clarified. Scarce reports are published on this subject, but what is mentioned is
that this resistance may result from anatomical alterations in the stem, root, and leaves of the
plant (Stebbins, 1950). Since the writings of Stebbins, no experimental study has been done to
document specifically these anatomical changes that may occur.

Few publications are available on Manihot anatomy. However, some on Euphorbiaceae
could be reviewed. For example, Hayden and Brandt (1984) applied wood anatomy to the system-
atics of Neowawraea phyllanthoides, a rare and endangered member of Euphorbiaceae endemic
to the Hawaiian Islands. Its wood is diffuse-porous, perforation plates are simple, imperforate tra-
cheary elements are thin-walled septate fiber-tracheids, rays are heterocellular and crystalliferous,
and axial xylem parenchyma is restricted to a few scanty paratracheal and terminal cells.

A comparison of anatomical features of leaves between diploid and natural tetraploid
species of Triticum was published by Jellings and Leech (1984). They reported anatomical varia-
tion in first leaves of Triticum. Kaminski et al. (1990) and Pyke et al. (1990) repeated the same
observation in Aegilops species. Leaf anatomy in Lolium diploid and tetraploid types was studied
by Sugiyama (2005) who reported a difference in mesophyll tissue in tetraploid type.

These few reports on anatomy of polyploidy were in plants where only leaves were
treated. Our research reports the first study about stem anatomy in induced tetraploid type. We
describe here different anatomical features attributed to polyploidy in cassava clone UnB 530.

MATERIAL AND METHODS

We induced a polyploidy type of a selected clone (UnB 530) by applying an aqueous
solution of 0.2% colchicine to lateral buds for a period of 12 h. The stem identified as tetra-
ploid was propagated to produce the whole plant (Nassar, 2003b, 2004). Diploid and tetraploid
mature stems of cassava clone UnB 530, grown at the biological station of the Universidade de
Brasilia, were sampled from different plants. Samples were fixed in 70% formaldehyde acetic
acid and alcohol (Johansen, 1940) and preserved in 70% ethanol.

Free-hand cross-sections, using an R. Jung Heidelberg 2686 microtome, were made of the
median portion between stem internodes. They were clarified using 50% sodium hypochlorite so-
lution (Kraus and Arduin, 1997), stained with 1% safranin-alcian blue (Luque et al., 1996), passed
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through ethanol series and butyl acetate and mounted in synthetic resin (Paiva et al., 2006).
Photomicrographs were taken using a Leica DC 1000 light photomicroscope and
IMD 50 software.

RESULTS

Stems of both types were studied to show alterations in periphery (Figure 1A-F), vascular
(Figure 2A-F) and medullary (Figure 3A-F) tissues. Stems of both types were seen to be circular
or cylindrical in cross-sections (Figure 1A,D), and they showed secondary growth with phellogen
and vascular cambium (Figure 1A,B,D,E). Vascular cambium is easily viewed with many cell lay-
ers undergoing differentiation (Figure 1B). Stem tissues from periphery to medulla are epidermis
interrupted by periderm, different quantity of phellem layers, and there are some lenticels (Figure
1A,D). Cortical parenchyma showed idioblasts (Figure 1C,F) - druse and prismatic crystals - and
isolated laticifers. Angular collenchyma with up to 5 cell layers is followed by 1-cell layer of pa-
renchyma holding those crystals and starch, which forms a starch sheath (Figure 1C,F). Pericyclic
fibers form an interrupted cylinder having differences in cell wall thickness (Figure 1C,F).

Figures 1. Diploid (A-C) and tetraploid (D-F) stems of transverse sections of clone 530. A. Stem great view. B.
Cortex detail (double arrow), secondary phloem, vascular cambium (VC) and secondary xylem. C. Starch sheath
detail (arrow) with crystals and thicked cell wall pericyclic fibers. D. Stem great view, showing bigger diameter. E.
Cortex detail (double arrow) and secondary phloem; these areas are more developed. F. Starch sheath detail (arrow)
with crystals and thinner cell wall pericyclic fibers; these cells are smaller. Bar = 0.1 mm for all panels.
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Secondary phloem is represented by sieve elements, companion cells and laticifers
in a row of small groups between other cells, and phloem parenchyma rays are continuous
with those in secondary xylem (Figure 2A-F). Secondary xylem has vessel elements, fibers,
tracheids, radial parenchyma, and vasicentric axial or scarce paratracheal parenchyma (Figure
2A-F). There are solitary vessels and vessel groupings, and they may have tyloses (Figure
2A,D). Radial parenchyma cells are rectangular in a row (Figure 2A,D). Xylem fibers attract
attention because of their little lignified walls, large cell lume and rectangular shape, similar to
parenchyma cells (Figure 2B,E). In addition to these structures, in secondary xylem there are
also denser tissue rows, reminiscent of secondary growth rings (Figure 2A). Primary xylem
showed protoxylem and metaxylem elements enveloped by parenchyma cells (Figure 2C,F).

Figures 2. Diploid (A-C) and tetraploid (D-F) stems of transverse sections of clone 530. A. Secondary xylem detail,
showing solitary (v) and vessel grouping (vg) with tyloses (asterisk). B. Secondary xylem detail, thicked cell wall fibers
(fi) and parenchyma cells with starch (arrow). C. Primary xylem detail. D. Secondary xylem detail, showing more
vessel grouping (vg), and tyloses (asterisk). E. Secondary xylem detail, thinner cell wall fibers (fi) and parenchyma cells
with no starch (arrow); these cells are bigger. F. Primary xylem detail. Bar = 0.1 mm for all panels.
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The medulla was seen to be divided into two different areas according to cell shape
and content and number of layers (Figure 3B,C). The peripheral area close to primary xylem
has isodiametric cells, while central area has polygonal cells with 5 or 6 sides; cell content and
number of layers are different between stem ploidy (Figure 3B,C,E,F).

Figures 3. Diploid (A-C) and tetraploid (D-F) stems of transverse sections of clone 530. A. Secondary phloem
detail, laticifers (la), radial parenchyma (rp), sieve elements (se) and starch (arrow). B. Medulla with isodiametric
(ip) and polygonal (pp) parenchyma cells. C. Isodiametric (ip) and polygonal (pp) parenchyma cells, with starch
(arrow). D. Secondary phloem detail, laticifers (la), radial parenchyma (rp), sieve elements (se); these cells are
bigger and there is no starch inside. E. Medulla with isodiametric (ip) and polygonal (pp) parenchyma cells, they
are longer and narrower. F. Polygonal (pp) parenchyma cells; they are longer and narrower and there is no starch
inside. Bar = 0.1 mm for all panels.

The differences between diploid and tetraploid types can be noted in cortex as fol-
lows: tetraploid types showed more prismatic and druse crystals in cortical parenchyma, and
pericyclic fibers have thicker cell walls. However, greater differences between these types are
found in primary and secondary xylem and medulla.
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In secondary xylem, tetraploid type radial parenchyma cells are wider, with thinner walls
and little starch; there are more vessel groupings than solitary ones, with little tylose inside ele-
ments (Figure 2D) and no starch in primary xylem. Diploid type has radial parenchyma cells in
secondary xylem being narrower with thicker walls and much starch; there are more solitary vessel
elements than groupings, normally with tylose inside (Figure 2A) and starch in primary xylem.

Tetraploid peripheral medulla has 1-2 layers of isodiametric parenchyma cells with-
out starch (Figure 3E), while diploid type has up to 7 layers of cells with starch (Figure 3B).
Tetraploid type has polygonal parenchyma cells in the central medulla, and they are narrower
and longer, with little cytoplasm content (Figure 3F); diploid type has these cells wider and
shorter, with druses, starch and few prismatic crystals (Figure 3C).

In a quantitative way, the tetraploid type has secondary vascular tissues - phloem and
xylem - that are more developed than in diploid type.

DISCUSSION

Agronomic practices require full attention in relation to different kinds of plants with
different kinds of handlings and structure, since the vegetal body is related to those practices
in a dynamic way (Silva-Lima et al., 2005).

To study the effect of ploidy level on leaf anatomy, Jellings and Leech (1984) studied
the variation in over 20 leaf characters including morphological, anatomical and cellular fea-
tures in nine Triticum genotypes at three levels of ploidy (diploid, tetraploid and hexaploid),
where the character measured most strongly influenced by ploidy level was cell size. Since
cell size is strongly influenced by nuclear genome size, the hexaploid wheats have much larger
cells than the diploid ones.

Stebbins (1971) and later Sugiyama (2005) emphasized the increase of organ size of
autotetraploid populations in two species of Lolium and concluded that organ size is increased by
greater cell ploidy, but the mechanism of this effect is poorly understood. Cavalier-Smith (1985)
discussed the significance of the proportional increase in cell volume with increase in DNA con-
tent. They attributed it to balanced cell growth through maintenance of a constant ratio between
the nuclear volume devoted to transcription and the cytoplasmic volume devoted to protein syn-
thesis. This increase in cell volume with increase in DNA content was observed in secondary
xylem radial and vasicentric axial parenchyma cells, and radial parenchyma and sieve elements of
secondary phloem; these cells are wider in the tetraploid type than in the diploid one.

Anatomy knowledge is essential when vegetative propagation is used to identify im-
portant structural features necessary for propagation success (Silva-Lima et al., 2005). In the
stake process, in perennial xylem, adventitious roots are formed from meristematic cells in the
secondary phloem, radial parenchyma or vascular cambium (Hartmann et al., 1997). Since tet-
raploid type has secondary vascular tissues - phloem and xylem - more developed than in the
diploid type, it is possible that the number of adventitious roots will be greater in the tetraploid
one, but no experiments have been conducted yet to verify this.

According to Dehgan (1982), there are numerous fibers and laticifers in 49 species of
Jatropha (Euphorbiaceae) studied. Fibers are generally found in the peripheral region of the
ground tissue, but are most common in the interfasicular regions. Clone 530 showed a fiber
distribution similar to that found by Dehgan (1982), but laticifers were restricted to cortical
parenchyma and secondary phloem.
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Fibers are composed of lignin. Alves de Brito et al. (1999) found that lignified tis-
sues, in leaves and stems, can increase according to plant growth. Moreover, cultivars from
the same species can have different lignin increments (Akin, 1989; Silva-Lima et al., 2001a,b;
Brito and Rodella, 2002). Our diploid type showed different lignin content and different cell
wall thickness, while the tetraploid sample had a thicker cell wall.

Cultivars from the same species can also show differences in density, compaction and
thickness of parenchyma cells, which results in different levels of resistance to microorganisms.
Consequently, cultivars with more parenchyma cells show more resistance (Philip et al., 1991).
Natural compaction of stem inner tissues is a physical factor that promotes resistance to insect
(Noris and Kogan, 1980). Accordingly, tetraploid types show more resistance than diploid ones.

The structures described above are clearly responsible for what is reported about stur-
dier stems of tetraploid types. We can conclude that the anatomical alterations induced by
polyploidy may confer upon tetraploid plant tolerance to drought. Moreover, the large number
of vessel groupings in the tetraploid type may maintain a larger quantity of water than in case
of fewer ones in diploid plants.
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