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ABSTRACT

Taro plants present high Ca absorption. There is evidence that
the disorder “metsubure” is of nutritional origin being attributed
to calcium deficiency. The metsubure is characterized by the corm
apical bud suppression and a smooth lesion in the apex. This disorder
reduces the taro corms value as food and hinders their utilization as a
propagative material in commercial fields. In subterranean structures,
Ca deficiency is believed to be more harmful to the vascular tissue
cells since they have thicker walls than other tissue cells. Thus, this
work aimed to characterize the anatomical changes in taro corms
(Colocasia esculenta), cv. Chinese (BGH 5928) with “metsubure”
symptoms. For this, corms with and without this symptom were
obtained from plants grown in a greenhouse, in pots, containing
soil. Corms presenting “metsubure” showed anatomical changes
with damage in the vascular system which led to the suppression
of apical bud formation, with detection of a wound periderm. In
these corms, the periderm was thicker with compact and suberized
cell layers; moreover parenchyma cells were larger with less starch
accumulation as compared to corms without “metsubure” symptoms.

Keywords: Colocasia esculenta, mineral nutrition, physiological
disorder, eddoe.

RESUMO

Alteracdes anatomicas em rizomas de taro com sintomas de
“metsubure”

Plantas de taro apresentam grande absor¢ao de calcio. Evidéncias
levam a supor que o distirbio “metsubure” seja de origem nutricional
atribuido principalmente a deficiéncia de Ca. O metsubure é carac-
terizado pela supressdo da gema apical dos rizomas-filho, os quais
ficam com o topo achatado ou concavo. Esta desordem desvaloriza
o produto comercialmente e inviabiliza a utilizagdo desses rizomas
como material propagativo em cultivos comerciais. Em estruturas
subterraneas acredita-se que a deficiéncia de Ca seja mais prejudicial
as células que compdem o tecido condutor em razdo das mesmas
apresentarem paredes celulares mais espessas do que as células
que compdem os demais tecidos. O trabalho teve como objetivo
caracterizar as alteragdes anatomicas em rizomas de taro (Colocasia
esculenta), cv. Chinés (BGH 5928) com sintomas de “metsubure”.
Para isso, rizomas com presenga ou auséncia do sintomas “metsu-
bure” foram obtidos de plantas cultivadas em casa de vegetacao, em
vasos preenchidos com solo. Rizomas com sintomas de “metsubure”
apresentaram alteragdes anatomicas com danos no sistema vascular
que levaram a supressao da formagao da gema apical com detecgao
da periderme de dano. Nestes rizomas, a periderme de dano formada
foi mais espessa, com camadas de células compactas e suberizadas;
além disto, as células do parénquima foram maiores e apresentavam
menor acumulo de amido em comparagdo com 0s rizomas sem sin-
tomas de “metsubure”.

Palavras-chave: Colocasia esculenta, nutrigdo mineral, desordem
fisiologica, inhame.
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aro (Colocasia esculenta) is the

major food plant of the Araceae
family, characterized by corms rich
in carbohydrates, especially starch. In
Brazil, it is most cultivated in the central-
southern region, mainly in Minas Gerais,
Rio de Janeiro and Espirito Santo states
(Puiatti, 2002). A large amount of taro
corms with “metsubure” symptoms has
been verified in the last years in Brazil
(Carmo & Barbara, 2002).

“Metsubure” is a physiological
disorder, characterized by the growth
suppression of the corm apical bud
(Tanabe et al., 1980; Tanabe & Ikeda,
1980). This abnormality leads to 70%
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of reduction in the marketable corm
yield in Espirito Santo state (Carmo &
Barbara, 2002). “Metsubure” reduces
the taro corms values as food and
hinders their utilization as a propagative
material in commercial fields (Tanabe &
Ikeda, 1980; Tanabe et al., 1980; Carmo
& Barbara, 2002; Puiatti, 2002).

The term “metsubure” was proposed
in the 1970s in Japan (Tanabe et al.,
1980). Due to the apical bud absence
in the cormels (secondary-corms),
the product is neither suitable for
human consumption nor as propagative
material in commercial cultivations
(Tanabe & Ikeda, 1980; Tanabe ef al.,

1980; Puiatti, 2002; Carmo & Barbara,
2002). “Metsubure” has been the cause
of great concern among commercial
producers in the state of Espirito Santo,
Brazil, for reducing the marketable
corms yield up to 70% (Carmo &
Barbara, 2002). Studies carried out by
Tanabe & Ikeda (1980) using nutritive
solution and in the field with organic
material (Tanabe ef al., 1980; Tanabe &
Ikeda, 1980) and in pots by Pereira ez al.
(20006), showed evidences that led these
authors to assume that “metsubure”
had a nutritional origin attributed to Ca
deficiency.

Taro plants present high Ca
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absorption (Puiatti et al., 1992) and
there is evidence that “metsubure” is
attributed to Ca and nutrition (Tanabe
et al., 1980; Tanabe & Ikeda, 1980;
Pereira et al., 2006). Usually, fungi,
bacteria and nematode presence is not
detected in corms with “metsubure”
symptoms (Carmo & Barbara, 2002).
Physiological disorders, similar to
“metsubure”, attributed to Ca deficiency,
have been verified in potato sprouts
and tomato fruits. In potato sprouts, Ca
deficiency causes sub-apical necrosis
(Dyson & Digby, 1975; Seling et al.,
2000), which is initially characterized
by dark vascular tissues and later, apical
meristem death (Seling et al., 2000).
Ca deficiency in these tissues is first
detected in the membrane and cellular
wall, reducing the cells stability and
integrity (Taiz & Zeiger, 2004).

In tomato plants, Ca deficiency
causes fruit blossom-end rot (Adams
& Ho, 1993; Minamide & Ho, 1993).
According to Ho et al. (1993), blossom-
end rot, characterized by a necrotic
tissue on the distal portion of the fruit,
is partly due to inadequate xylem
development, especially in the distal
portion of the fruit. Thus, Ca deficiency
causes structural changes in the tissues,
especially the vascular ones. This seems
to hinder photo assimilates and mineral
nutrients access to the plant growing
points, such as sprouts and distal portion
of the fruit, leading to necrosis of these
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tissues. In subterranean structures,
Ca deficiency is believed to be more
harmful to the vascular tissue cells since
they have thicker walls than other tissue
cells (Seling et al., 2000).

Some anatomical studies have been
carried out on taro corms (Harris et al.,
1992) but they only describe the tissue
organization without taking into account
structural changes due to physiological
disorders, as “metsubure”. The objective
of this paper was to characterize
anatomical changes occurring in taro
corms with “metsubure” in order to
identify standard symptoms which
will contribute to a rapid and efficient
“metsubure” diagnostic.

MATERIAL AND METHODS

To obtain corms with and without
“metsubure” symptoms, taro plants
were cultivated under greenhouse
conditions at the Universidade Federal
de Vigosa from September 28, 2004 to
June 28, 2005. The plants were grown
in a low fertility Argissolo Vermelho
Amarelo Cambico (Ultisol) soil, pH
(H,0)=5.0; K=20 and P= 0.8 mg dm;
Ca*= 0.2, Mg¥= 0.2, AI*= 0.5 and H
+ Al= 3.0 cmol dm™. After sieved and
fertilized with macro and micronutrients
(Pereira et al., 2006), half of the soil was
fertilized with CaCl, at 232 mg dm™ of
Ca and put in 10 L pots. The remained

soil was also put in 10 L pots without Ca
fertilization. Cormels of Chinise clone
(BGH 5928) with 25 g fresh weight were
planted in the pots.

Nine months after planting, with
the shoot totally dried, the plants were
harvested and the cormels (secondary-
corms) were visually evaluated for
“metsubure” presence. Three corms with
and without “metsubure” symptoms,
replicated four times, were anatomically
characterized in a laboratory of the
Universidade Federal de Vigosa. For
this, a 1.0 cm? sample was removed
from the apex of corms with and without
“metsubure” symptoms. The samples
were freshly cut (longitudinal sections)
with a manual microtome progressively
from the least to the most affected
tissue. The cuts were placed in sodium
hypochlorite at 70% for 30 min for
tissue clarification, washed and stained
with safranin alcoholic solution and
astra blue (Gerlach, 1984). Temporary
slides were mounted with glycerin
diluted in water (60%). Tissues analysis
and photographic documentation were
accomplished using an Olympus AX70
microscope equipped with a U-Photo
photographic system and digital camera
(Diagnostic Instruments Work, model
Camera Spot Insight).

RESULTS AND DISCUSSION

Corms without and with “metsubure”

Figure 1. Taro corms without (A) and with (B) “metsubure” symptoms (rizomas de taro sem (A) e com (B) sintomas de “metsubure”).

Vigosa, UFV, 2005.
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Figure 2. Histological sections of taro co

rms without (A, C and E) and with (B, D and

F) “metsubure” symptoms. A and B: detail of corm periphery showing apical bud and
cicatrization periderm, respectively; C and D: vascularization detail; E: non-affected vascular
bundle and starch grains in the store parenchyma; F: damaged vascular bundle (secdes
histoldgicas de rizomas de taro sem (A, C e E) e com (B, D e F) sintomas de “metsubure. A e
B: detalhe de rizoma mostrando gema apical e periderme de sicatrizagdo, respectivamente; C
e D: detalhe da vascularizagdo; E: feixe vascular ndo afetado e graos de amido no parénquima
de reserva; F: dano ao feixe vascular). Vigosa, UFV, 2005.

symptoms are shown (Figure 1). A
well-formed apical bud was observed
in corms without “metsubure” (Figure
1A) but not in corms with symptoms
(Figure 1B). “Metsubure” is a disorder
characterized by the corm apical bud
suppression and a smooth lesion in the
apex. The affected region is of varied
size, normally circular in shape, and
slightly brownish.

Corms without “metsubure”
symptoms presented a thick periderm,
with suberized cells arranged in compact
radial layers; the cortex is not well-
delimited, being only constituted by a
storage parenchyma with thin-walled
cells; the xylem display lignified and
thick cellular walls and no collenchyma
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or sclerenchyma tissues were identified
(Figures 2E and 3A). Although in a
small amount, vascular bundles occur
both near and in the central portion
of the organ (Figures 2A and 2C).
Also, in corms without “metsubure” a
well-formed bud, vascularized tissue
and primordium of leaf were observed
(Figure 2A) and roots (Figure 3A).

In corms with “metsubure”, lacked
the apical bud formation. There was a
necrotic cicatrization tissue formation
or wounding periderm, highly suberized
cells, and damaged vascular bundles
near the necrotic area (Figure 2B).
The formation of compact and highly
suberized cell layers was also observed
(Figure 3B). Such behavior is reinforced

by the changes verified in the vascular
bundles, when comparing corms with
and without “metsubure” symptoms
(Figures 2C, D, E and F).

Absence of early root formation
in corm tissues without “metsubure”
symptoms was also verified (Figure 3B),
stressing the lack of vascularized tissues.
The vascular system restriction in taro
corms may have limited the distribution
of water and assimilates to the apical
meristem, as verified in potato (Seling et
al.,2000) and tomato (Ho et al., 1993),
leading to cell death and subsequent
tissue necrosis in the apical portion of
the corms.

The parenchyma cells were smaller
and with more starch grains in the corms
(Figure 3C) than in the corms with
“metsubure” symptoms (Figure 3D).
Such behavior suggests that under Ca
deficiency, cellular division and starch
accumulation are restricted.

In the present study “metsubure”
incidence was verified only in corms of
plants not fertilized with Ca. Corms with
“metsubure” symptoms showed low Ca
and high K contents, showing that the
occurrence of “metsubure” disorder was
due to limited Ca availability in the corm
tissues (Pereira et al., 2006). Taro plants
have a high Ca absorption but due to its
high leaf area and Ca moving mainly
via the xylem, most of the absorbed Ca
goes to the leaves via the transpiratory
flow (Puiatti et al., 1992). Ca is required
in cellular elongation and division
processes, being essential in promoting
cellular membrane stability (Marschner,
1995; Taiz & Zeiger, 2004). Under Ca
deficiency, membrane and cellular walls
lose integrity, leading to cell death, and
ultimately necrosis and suppression
of the apical bud and appearance of
“metsubure” symptoms.

Corms without “metsubure”
symptoms presented thick periderm,
suberized cells arranged in compact
radial layers; non-delimited cortex,
only constituted by storage parenchyma
with thin-walled cells and xylem with
lignified and thick cellular walls as were
also reported in the literature (Harris et
al., 1992). Absence of collenchyma and
sclerenchyma tissues were also verified
in taro corms. In addition, in the corm
without “metsubure”, a vascularized
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Figure 3. Histological sections of taro corms without (A and C) and with (B and D)

“metsubure” symptoms. A: adventitious roots of endogenous origin; B: cicatrization periderm
with suberized cells; C and D: starch grains in the storage parenchyma (se¢des histologicas
de rizomas de taro sem (A e C) e com (B e D) sintomas de “metsubure”. A: raiz adventicia
de origem endogena; B: periderme de dano com células suberizadas; C e D: grdos de amido
no parénquima de reserva). Vigosa, UFV, 2005.

and well-formed bud with leaf and root
primordia was observed.

In the corm with “metsubure”, there
was apical bud growth suppression
and a necrotic healing tissue or
wounding periderm formation with
highly suberized cells and damaged
vascular bundles near the necrotic
area. In an analogy to potato plants
(Seling et al., 2000), it is believed that
under Ca deficiency there is apical
bud formation but as a result of the
processes of irregular cellular division
and expansion, membranes and cellular
walls would lose their integrity and
stability, leading to cellular liquid
overflowing death of cells, necrosis and
growth suppression of the apical bud.

The formation of packed and highly
suberized cell layers was also observed,
likely with the purpose of regenerating
the necrotic tissue and protecting the
corm from microorganism attack and
excessive water loss. Such response may
be reinforced by changes observed in
the vascular bundles, when comparing
corms with and without “metsubure”
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symptoms, showing the occurrence of
damage to the vascular system.

In taro corms with the physiological
disorder, the damaged periderm was
thicker with compact and highly
suberized cell layers. Similar anatomic
changes to those verified in the damaged
cells have been found on mechanically-
damaged potatoes (Burton et al., 1992).

Anatomical evaluation is a useful
and fast tool to diagnose “metsubure”
in taro corms. The most evident
“metsubure” symptoms are: (1) damage
in the stem and root buds inducing the
formation of a wound periderm; (2)
induction of modification in the vascular
bundle organization, especially in
xylem and phloem cells; (3) impairment
organization of reserve parenchyma
cells, which are small and with low
starch grain contents; (4) thickening of
the periderm.
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