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ABSTRACT. The stem structure of two cassava cultivars, UnB 99 and 
UnB 110, known for being adapted to humid conditions and tolerant 
to drought, respectively, and of a wild species, Manihot glaziovii, was 
examined anatomically. Free-hand sections of secondary stems were 
made, clarified with 50% sodium hypochlorite solution, stained with 
1% alcian-blue safranin, and then passed through an ethanol series and 
butyl acetate, followed by mounting in synthetic resin. M. glaziovii 
stems had dense prismatic and druse crystals in the cortical parenchyma, 
along with abundant gelatinous fibers. The pericycle fibers also had 
thicker walls. An absence of crystals, offset by abundant starch, was 
observed in clone UnB 99. In M. glaziovii, abundant tyloses were found 
in vessel elements; these were rare in clones UnB 99 and UnB 110. The 
wild species had larger vascular vessels; the secondary xylem showed 
very little starch, unlike UnB 99 and UnB 110. In clone UnB 110, starch 
was observed in the cortical region, and medulla and gelatinous fibers 
were found in the pericycle and secondary xylem. Brown stem color 
was found to be associated with tolerance to drought.
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INTRODUCTION

Cassava is the most important food staple for poor people in the tropics and subtrop-
ics. Its production and growth are severely limited in certain semi-arid areas such as North-
eastern Brazil and Northern Nigeria due to drought conditions.

Currently, drought is one of the factors that limits cassava production (Nassar, 2002; 
Nassar et al., 2008a,b).

This prompted us to look at our breeding program to identify morphological markers 
that may be used for selecting cultivars, which resist drought conditions (Nassar, 2002; Nas-
sar, 2007; Nassar et al., 2008a). We also studied the anatomical structure of different types of 
cultivars and wild species known to have different reactions to drought (Nassar et al., 2008b; 
Graciano-Ribeiro, 2008; Graciano-Ribeiro et al., 2009a,b). These cultivars are: UnB 99, which 
is known for low tolerance to drought, and UnB 110, which is known for high tolerance.

 In the 1980s, some researchers believed that the high frequency of stomata may be 
related indirectly to this character because they control water evaporation (De Tafur et al., 
1997; El-Sharkawy, 2004). However, this idea was proven to be wrong. For a number of years, 
the referred authors selected low-frequency stomata plants, which were evaluated under dry 
conditions but no improvement to productivity or survival could be found.

Stomata frequency is probably related somehow to drought tolerance in certain groups 
such as Gramineae, but this is not the case in cassava. Other mechanisms were studied by 
other researchers such as cell size in drought tolerant plants (Levitt, 1972). A third approach 
taken by researchers in the study area was the number of leaves per plant. The process of stem 
growth is less studied, but is probably affected by the same forces that limit leaf growth during 
stress (Taiz and Zeiger, 1998).

The objectives of this study were to compare the anatomical structures existing in the 
stem of the UnB 110 genotype and Manihot glaziovii, considered to be resistant to drought, 
both presenting dark green to brown stems, with the stem of a genotype (UnB 99) variety that 
has low resistance to drought and light green bark, and to see if either of them can be an indi-
cator of drought tolerance and shed light on the mechanism of drought tolerance in cassava.

MATERIAL AND METHODS

A wild Manihot species, named M. glaziovii Muell., and two clones, UnB 99 and 
UnB 110, were used in this experiment. The wild species is known for its tolerance to drought 
and is native to semi-arid parts of Brazil. Clone UnB 99 is known traditionally by the name 
Branca Santa Catarina. It grows well and is adapted to humid areas, particularly the Southeast 
of Brazil. Clone UnB 110 was developed by the senior author by selection from the progeny 
of an interspecific hybrid of M. glaziovii with cassava. They were grown at the biological 
station of the University of Brasília. 

Mature stem samples were collected in the midline between the 3rd and 4th inter-
nodes from the apex. Three individuals were selected for each material. After collecting 
the material in the field, fragments were fixed in 70% FAA (Johansen, 1940) for a period 
of 24 h and preserved in 70% ethanol and remained immersed in the liquid until the next 
steps of processing.

The transverse and longitudinal sections were performed free-hand on a microtome 
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table (R. Jungag, Heidelberg), clarified with a solution of sodium hypochlorite, 20 and 50% 
(Kraus and Arduin, 1997), stained with 1% safranin and 1% aqueous alcian blue (Luque et al., 
1996), dehydrated in ethanol series, cleared in butyl acetate and mounted in synthetic resin 
(Paiva et al., 2006).

The slides were analyzed with a light microscope and photomicrographs were 
obtained with the aid of an Olympus CX 31 microscope coupled to a digital camera.

RESULTS

In our study, we looked for possible anatomical differences in the three materials, and 
how closely they are associated with a morphological marker that could be used for selec-
tion of drought tolerant types. The three materials have significant differences with respect 
to tolerance to drought. While M. glaziovii grows in natural habitats with the lowest annual 
precipitation in Brazil, clone UnB 99 is known for being indigenous to one of the most humid 
regions in this country.

Transverse sections of the stems analyzed show the circular shape and secondary 
growth with vascular cambium and periderm. In the UnB 99 genotype there is remaining epi-
dermis, in M. glaziovii there is a thicker phellem layer. 

The cortical region (collenchyma and external and internal parenchyma layers) is 
thicker in M. glaziovii.

The starch sheath is one-layer of cells in all stems. Cell content frequency (starch 
grains, druse and prismatic crystals) is variable. The UnB 99 genotype has more starch grains 
and crystals (Figure 1A).

In relation to pericycle fibers, the UnB 110 genotype has more layers (1-5). The stems 
have different cell wall thicknesses, thin in the UnB 99 genotype and thick (with reduced lu-
men) in M. glaziovii (Figure 1A-C). In this region there are gelatinous fibers, which are abun-
dant in the UnB 110 genotype (Figure 1B) and rare in M. glaziovii and the UnB 99 genotype 
(Figure 1A-C). 

External primary phloem tissue is thicker in M. glaziovii (12-15 layers) and thin-
ner in the UnB 110 genotype. However, UnB 110 and UnB 99 genotypes have higher cell 
content frequency in this tissue for starch grains, druse and prismatic-rhomboid crystals, 
in descending order.

Secondary phloem tissue has more layers in M. glaziovii (20-25). Parenchyma 
rays are continuous with those in the secondary xylem, but phloem rays are enlarged, and 
more conspicuous in M. glaziovii. In the UnB 99 genotype cell content, starch and druses 
are abundant. In all stems, laticifers are interleaved with sieve elements, companion and 
parenchyma cells.

Growth rings are easily visible in M. glaziovii and less distinct in the others (Figure 
1D, E and F). M. glaziovii has more cell layers in xylem tissue; these cells are bigger and have 
thick walls (Figure 1F and Figure 2C and F). The secondary xylem tissue of all stems has 
starch grains in radial parenchyma cells and in fibers/fibrotracheids, especially in UnB 99 and 
UnB 110 genotypes (Figure 2B and D). Fibers (Figure 2A, B and C), which are thick and well 
lignified are abundant in xylem tissue. Together with these fibers there are gelatinous fibers in 
all stems, especially in M. glaziovii; gelatinous fibers form continuous layers in regions that 
correspond to early wood (Figure 2E and F).
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Figures 1. Transverse sections of stem. A. and D. Genotype UnB 99. Close-up of cortical region and pericycle fibers, 
starch and fibers have large diameters with thin walls, gelatinous fibers are rare. D. Xylem growth ring with little 
distinct predominance of solitary vessel elements, rare geminates and multiple??? with circular shape, absence of 
tyloses. B. and E. Genotype UnB 110. B. Close-up of cortical region and pericycle, druse and prismatic/rhomboid 
crystals and gelatinous fibers in the pericycle. E. Secondary xylem with solitary vessel elements and rare multiple 
vessels with circular format, the growth ring is poorly differentiated and rare tyloses. C. and F. Manihot graziovii. C. 
Close-up of cortical region and pericycle, fibers with thick walls and rare gelatinous fibers. F. Secondary xylem with 
thickened walls and predominance of vessel elements in elliptic format; ring growth was very evident and there are 
abundant tyloses and regions with large number of layers.
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Figure 2. Transversal cross-sections of stem, close-up of secondary xylem. A. and D. Genotype UnB 99. A. Note 
predominance of solitary vessel elements and fibers, vessel elements are circular, fibers and rays have thin walls. D. 
There is abundant starch in fibers and rays, there are some gelatinous fibers. B. and E. Genotype UnB 110. Vessel 
element solitary circular, presence of starch in fibers and ray, cells are larger and have thicker walls. E. Presence 
of the gelatinous layer in gelatinous fibers internally and absence in the other fibers. C. and F. Manihot glaziovii. 
Observe rays and fibers of larger size with heavily thickened walls, these cells are bigger and there is occurrence 
of an abundance of gelatinous fibers. F. Close-up of gelatinous fibers showing the inner layer-G and the presence 
of starch in parenchyma cells (rays).
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Solitary vessel elements (Figure 1D, E and F) are predominant in relation to geminate 
and multiple ones in UnB 99 and UnB 110 genotypes; in M. glaziovii there are more geminate 
and multiple ones, up to 12 vessels. Vessel elements are shorter and have circular shape in 
UnB 99 and UnB 110 genotypes (Figure 1D-E and Figure 2A and B); they are bigger and have 
elliptical shape in M. glaziovii (Figure 1F). Tyloses are abundant in M. glaziovii (Figure 1F) 
and rare in the others (Figure 1D and E).

Primary xylem is present in all stems, with more layers in the UnB 110 genotype (1-3) 
and M. glaziovii (1-9). In the UnB 110 genotype there are tyloses in some of these cells.

The parenchyma tissue that involves proto- and metaxylem has more starch grains in 
UnB 99 and UnB 110 genotypes (Figure 3A and B).

Figures 3. Transverse sections of stem, close-up of primary xylem and medulla. A. and D. Genotype UnB 99. 
Abundance of starch in parenchyma cells surrounding the primary xylem and isodiametric parenchyma cells of the 
peripheral medulla. D. Medulla with hexagonal parenchyma cells, they are longer and narrower. B. and E. Genotype 
110. B. Presence of starch in parenchyma cells surrounding the primary xylem and isodiametric parenchyma cells 
of the peripheral medulla. E. Medulla with hexagonal parenchyma cells, these cells are bigger. C. and F. Manihot 
glaziovii. C. Parenchyma cells of the primary xylem and isodiametric parenchyma cells containing prismatic and 
druse crystals. F. Medulla with isodiametric and polygonal parenchyma cells, there is no starch inside.
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The peripheral medulla in M. glaziovii has more layers (4-10). Starch grains are found 
with a higher frequency in the UnB 99 genotype (Figure 3A). They are absent in M. glaziovii, and 
in the UnB 110 genotype (Figure 3B) with irregular frequency, sometimes in greater amounts, 
and sometimes with almost no content. However, in M. glaziovii this region has abundant druse 
and prismatic-rhomboid crystals (Figure 3C). 

The non-peripheral medulla has elongated/flattened cells, with hexagonal outline in 
UnB 99 and UnB 110 genotypes, with cell content of starch grains (Figure 3D and E); while in 
M. glaziovii these cells have a polyedric outline with few druses (Figure 3F).

DISCUSSION

In the wild species examined, three aspects of M. glaziovii draw attention. First is the 
predominance of fibers in secondary xylem, which normally have thick walls due to deposi-
tion of lignin. Joseleau et al. (2004), studying the secondary cell walls of plants, found that 
lignin displays physiological functions related to water conductivity and mechanical proper-
ties. Deposition of lignin within the cellulose microfibril network of the cell walls imparts 
hydrophobicity to the conducting cells and brings the necessary mechanical properties to the 
fibers of supporting tissues in phloem and xylem. There were variations in the thickness of the 
walls of fibers, from thick lignified in M. glaziovii, moderately lignified in the UnB 99 geno-
type and thin in the UnB 110 genotype.

The second noted aspect is the presence of gelatinous fibers in the region of the peri-
cycle and secondary xylem. Gales and Toma (2007) studied 19 species of Euphorbia and their 
findings confirm this idea. They found septate fibers with a thick, moderately and partially 
gelified lignified secondary wall in the thickness of the secondary xylem. They are predomi-
nant at the basis of the aerial stem. In the Euphorbiaceae family, this is the first time the occur-
rence of gelatinous fibers in the pericycle has been described. 

Gelatinous fibers are usually related to the formation of reaction wood, which is the 
development of fibers in their differentiating xylem by an additional layer at the inner face of 
the secondary wall in response to gravitational stimuli whose function is to sustain mechanical 
strength (Dadswell and Wardrop, 1955; Wardrop and Dadswell, 1955; Evert, 2006). As the 
materials studied do not form reaction wood, it is believed that these fibers are involved in 
water retention, making them more resistant to drought. 

The number of gelatinous fibers is variable between regions and between the materi-
als. In the pericycle, they are abundant in the UnB 110 genotype and lowest in the UNB 99 
genotype and are rare in M. glaziovii; in the secondary xylem, the highest number of gelati-
nous fibers was observed in M. glaziovii, fewer in the UNB 110 genotype and rarely in the 
UnB 99 genotype. Apparently, more gelatinous fibers increased resistance to drought.

Some authors (Lange et al., 1995; Jiang et al., 2008; Jyske et al., 2010) associate this 
increase in lignifications with a reaction to water. They usually have a different chemical com-
position than those synthesized during normal secondary growth development. 

It seems that the gelatinous fibers present in the materials under study are an example 
of response caused by water stress; the G-layer, named due to its gelatinous appearance, is 
formed in an inner layer in the gelatinous fibers. Norberg and Meier (1966), showed that the 
composition of the G-layer was constituted primarily of cellulose and was totally free of lignin 
deposition, which was confirmed by Wada et al. (1995) and Donaldson (2001). 
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Chernova and Gorshkova (2007) divided the fibers into two types according to their 
structure and cell wall composition. The gelatinous fibers were included in type of fibers that 
have axial orientation of cellulose microfibrils in a well-developed inner layer of the second-
ary wall. Xu et al. (2006) added that the fibers of this group do not usually contain lignin, a 
fact confirmed by the tests used in the genotypes and wild species studied, where the G-layer 
stains in shades of blue showing its cellulosic nature.

The third topic, which we noticed and called attention to, was the presence of starch 
and prismatic/rhomboid crystals. Starch occurs in the cortical region, the rays of the pri-
mary and secondary phloem, the fiber and parenchyma cells in the secondary xylem and 
medulla. The crystals occur mainly in the cortical region and medulla. The amount of these 
substances was variable (Graciano-Ribeiro, 2008; Nassar et al., 2008b) in their compara-Nassar et al., 2008b) in their compara-
tive anatomical study in cassava diploid and tetraploid hybrids. In the referred study, they 
noticed that the tetraploid type had more starch, prismatic and druse crystals in the cortical 
parenchyma, larger cells in a portion of the medulla, absence of growth ring, and larger vas-
cular tissues. The distribution of different tissues in the two types conferred more resistance 
to drought in the tetraploid type than in the diploid one. 

In the UnB 110 genotype, which is the result of crossing M. glaziovii x M. esculenta, 
some characters are found that are probably derived from M. esculenta, species with low re-
sistance to drought: abundant starch in the cortical region, in the primary phloem, in the rays 
of secondary phloem and secondary xylem and in the medulla. Larger cells with hexagonal 
shape in the medulla, absence of growth rings, well-developed vascular system, and pre-
dominance of solitary vessel elements were found. And the characters gelatinous fibers and 
thickened cell walls from M. glaziovii, species resistant to drought and with brown stem. The 
larger amount of fiber, starch and crystals and the presence of gelatinous fibers are probably 
related to the greater drought resistance of M. glaziovii and the UnB 110 genotype. This set of 
anatomical characters present in the hybrid 110 makes it more resistant to drought and a good 
genotype for adoption in dry areas. Okogbenin et al. (2003) found that response to drought 
stress was significantly influenced by genotype. 

What attracts attention is a certain morphological character present in M. glaziovii in 
clone 110 and in clones adapted to the Brazilian Northeast: the dark brown of the stem and 
root bark. It seems that this character is associated with tolerance to drought and can be used 
as a morphological marker used for selection of clones tolerant to drought.

Another noticeable aspect is the presence of growth rings in secondary xylem and 
tyloses in the vessel elements that require more meticulous analysis in the future.

Wild species and their progeny have a dark brown color. This is noted in all clones 
adapted to semi-arid Northeastern Brazil, while clone UnB 99, which came from humid south-
ern Brazil, has a white stem. This is noticeable in all indigenous clones adapted to the south of 
this country and to humid tropical Amazon. This leads us to believe that there is some kind of 
association and possibly close linkage between stem color and this specific anatomical structure. 
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