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Abstract

The morphological and anatomical characterisation of ten medicinally and economically important
species of Curcuma L. from South India namely, C. aeruginosa (neela-kua), C. amada (manga-inchi),
C. aromatica (kasturi-manjal), C. aurantiaca, C. caesia (kari-manjal), C. haritha (karpura-kua), C. longa
(manjal), C. montana, C. zanthorrhiza (manja-kua) and C. zedoaria (chenthandan-kua) were studied
and compared. Eventhough, all the species show similarity in their characters, striking differences
were noticed with respect to morphological characters such as shape and size of mother rhizome
and lateral branches, colour of the cut surface, aroma and taste of rhizomes etc. Differences were
also observed in some anatomical characters such as nature of endodermoid layer, size and shape
of starch grains, oil cells and curcumin cells, etc. Based on the distinct morpho-anatomical features,
an artificial dichotomous key was proposed for taxonomic delimitation of the species with their
rhizome.
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Introduction

The genus Curcuma L. of the family Zingibera-
ceae is economically and medicinally important
and used as spices, medicines, food, dyes,
cosmetics and ornamentals. It is widely distrib-
uted in South East Asia with about 104 species
(Mabberely 2017), around 40 species in India
(Sasikumar 2005) and about 20 species in South
India (Sabu 2006). Most members of the genus
are widely used for medicinal purposes and as a
colouring agent. Moreover, rhizomatous species

are excellent sources of starch. Several species
have the potential to maintain the biodiversity
of hilly regions (Bhutia & Sharangi 2017).

According to Skornickova et al. (2008) the genus
Curcuma L. is a taxonomically difficult one in
identification due to the close resemblances
with vegetative parts and short flowering
period. Likewise, they exhibit significant
morphological variations at both intra-specific
and inter-specific levels, but the similarities
of some species create problems during their
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identification. The taxonomic identification of
the species is important to search and confirm
their different potential uses. In the case of genus
Curcuma, taxonomic delimitation in sterile phase
when the plants are devoid of aerial portions is
not feasible. Since the rhizomes are the useful
part, determination of species using the rhizome
alone is often challenging. Out of the 20 species
available in southern India, hardly 10 species
are with prominent rhizomes and hence those
10 species are included in the present study.

Anatomy is the scientific study of the structure
of body, while histochemistry and the powder
microscopy deals with the minute structure
and composition, which are often species
specific and played a role to resolve taxonomic
identification problems. Anatomical and
micro-morphological characters have an
important role in raw drug standardization as
well as in the identification of genuine medicinal
plants (Dan 2011). In recent years, anatomical
and histochemical characters are being used
by several researchers to deduce the taxonomic
conclusions (Edeoga & Okoli 1995; Remashree
& Balachandran 2006; Eminagaoglu et al. 2012;
Ozcan & Eminagaoglu 2014). Characterisation
of the root powder through powder microscopy
was also species-specific and significant for
species delimitation (Navas et al. 2013).

Tomlinson (1956) used the morphology of the
rhizomes of each species with its respective
anatomical features to identify Zingiberaceae
species. Though the anatomical characterisation
has been worked out among certain species in
the genus Curcuma, there is a big lacuna in the
comparative characterisation of morpho-ana-
tomical features of all the rhizomatous Curcuma
species from south India. Relevant morpho-ana-
tomical, histochemical and powder microscopic
features of rhizomes were used to establish an
artificial key to identify the candidate Curcuma
species in the present study:.

Materials and methods

The rhizomes of the ten Curcuma species namely
C. aeruginosa Roxb. (TBGT 83451), C. amada
Roxb. (TBGT 93668), C. aromatica Salisb. (TBGT
93669), C. aurantiaca Zijp (TBGT 83461), C.
caesia Roxb. (TBGT 93659), C. haritha Mangaly
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& M Sabu (TBGT 93670), C. longa L. (TBGT
93673), C. montana Roxb. (TBGT 91041), C.
zanthorrhiza Roxb. (TBGT 83452) and C. zedoaria
(Christm.) Roscoe. (TBGT 93672) were collected
from Medicinal Garden of Jawaharlal Nehru
Tropical Botanic Garden and Research Institute
(JNTBGRI), Thiruvananthapuram during
October-November at its maturity. The voucher
specimens of all the species studied were
deposited in the Herbarium of INTBGRI (TBGT).
Morphology of the fresh mature rhizomes was
examined by naked eye and described based
on remarkable visual characters. The materials
for anatomical study were fixed in FAA and
freehand sections were taken from the central
portion of the primary finger of each species,
except in C. aurantiaca, where mother rhizome
itself was studied since lateral branches/finger
rhizomes are absent. Good sections were stained
with safranine (0.3%), mounted in glycerine and
observed under microscope. For histochemical
studies, the sections were stained with Lugol’s
iodine solution for 2-3 minutes and mounted on
a glass slide to localize starch granules.

For powder microscopy, fresh mature rhizomes
were washed thoroughly with water, chopped
into pieces, shade dried and powdered coarsely.
Powder was taken randomly and placed over
slides, mounted in glycerine after staining to
study different cell components and recorded
the details as per standard procedure (Wallis
1997; Jackson & Snowdon 1990). All the
microscopic observations were carried out using
Leica DM2500 stereomicroscope attached with
Leica DFC450 camera. Leica Application Suite
Software was used for the observation and
measuring or analyzing the microscopic images.

For morphological characters 10 consecutive
readings and for microscopic characters 5
readings were taken in quantitative characters
and their standard deviation was calculated.

Results and discussion

Morphological features of rhizomes

In general, all the ten Curcuma species showed
morphological similarity (Fig. 1: A-J). On

detailed study, distinct variations were observed
in the morphological characters viz., shape,
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size and internodal length of mother rhizome
and lateral branches along with the colour of
the cut surface (Fig. 1: A1-J1) as well as aroma,
taste and fresh weight (Table 1). In most of the
species, the rhizome was branched except in C.
aurantiaca, with cylindrical condensed mother
rhizome (Fig. 1: D). The shape of the mother
rhizomes vary among the selected species as
oblong (C. aromatica, C. haritha and C. motana),
ovate-oblong (C. aeruginosa), broadly ovoid (C.
zanthorrhiza), conical (C. caesia and C. zedoaria),
cylindrical (C. aurantiaca), cylindrical or ellipsoid
(C. amada) and cylindrical or oblong (C. longa).
In all the candidate species, mother rhizome
and lateral branches were marked with annular
scars demarcating nodes and internodes covered
with scale leaves. The lateral branches are small
or large finger-shaped. The intermodal length
of mother rhizome (0.32-2.5 ¢cm) and lateral
branches (0.67-1.58 cm) vary considerably.
The characters such as diameter, colour of the
cut surface, aroma and taste etc. of the mother
rhizome and lateral branches were also noticed.
The highest average diameter for mother
rhizome was observed in C. zanthorrhiza (5.5
cm) and lowest in C. aurantiaca (1.3 cm). In the
case of lateral branches, highest diameter was
showed in C. zanthorrhiza (2.05 cm) and lowest
in C. caesia (0.9 cm). The maximum number of
lateral branches were produced by C. amada
(3-8) and minimum by C. haritha (2—4).

Outer colour of the rhizome was almost similar
among the species as pale yellowish-brown and
dark yellowish brown. The colour of the cut
surface showed prominent variations among the
species. Rhizomes were bluish in C. aeruginosa
and C. caesia, bright orange yellow to reddish
yellow in C. longa and C. zanthorrhiza, whereas
in other species it was creamy white or yellowish
tinge (Fig. 1: Al- J1). The present observation
supports the study conducted by Remashree
& Balachandran (2006) in four Curcuma species
viz., C. amada, C. aromatica, C. longa and C.
zedoaria. Rhizome aroma possess a variable
amount of camphoraceous smell in most of the
candidate species apart from C. amada, where
it was that of raw mango. The warm bitter,
bitter or slightly pungent taste of rhizome was
identified in most the species except for C. amada,
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where raw mango taste was identified. Fresh
weight of the whole rhizome was observed
highest in C. zanthorrhiza (445+45 g) and lowest
in C. aurantiaca (39+6 g). In rhizomes, some of
the roots end in fleshy, succulent tubers (root
tubers), which were turgid when fresh but
turned completely shrivelled on drying. Root
tubers do not possess the taste and aroma
characters of the rhizome and their colour was
whitish in most of the species except in C. longa
and C. zanthorrhiza, where it was light yellow.
Eventhough several qualitative morphological
characters of the rhizome among the candidate
Curcuma species were similar, certain variations
were obtained quantitatively (Table 1).

Anatomical features of rhizomes

Transverse section (T.S.) of fresh mature
rhizomes was microscopically observed (Fig. 2:
A-]) and compared the anatomical features of
the ten selected Curcuma species (Table 2). T. S.
of the rhizomes of all the species was more or
less circular in outline, bounded by epidermis
composed of small, thin-walled, rectangular
tangentially elongated cells as observed by
Srivastava et al. (2006), in C. aeruginosa. The
epidermal layer was uniseriate in most of the
species, but it was multiseriate in C. aurantiaca
(Fig. 2: L). Unicellular trichomes were present
in eight Curcuma species studied, except in C.
aurantiaca and C. caesia, where trichomes were
absent (Table 2). The epidermis was followed by
periderm layer, which varied in number (4-9)
in different species. According to Tomlinson
(1969), development of periderm is associated
with habitat conditions since they are not found
in all individuals of the same species and hence
they have no taxonomic significance. However,
in the present study, all the ten species were
grown under same habitat conditions and thus
the variations observed in number of periderm
layers is important.

The rhizomes were internally differentiated
into an outer cortex and a central cylinder of
stele with collaterally closed vascular bundles
distributed irregularly. The inner limit of the
cortex separated from stele was demarked with
endodermoid layer, which was seen continuous
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Fig. 1. Whole rhizome and C. S. of finger rhizome of Curcuma species (Scale 0.5 cm)

A Al -
B, Bl -
CcCl -
D,D1 -

C. aeruginosa
C. amada

C. aromatica
C. aurantiaca

E, E1 - C. caesia I, 11 - C. zanthorrhiza
F F1 - C. haritha J,J1— C. zedoaria

G, G1 - C. longa

H, H1 - C. montana

41



Anu et al.

UOLJRIAID pIepUE)S S9JLDIPUL F,

juerd/3 (~)
LIF6VT SHFavy 0%+98¢ 0T+1C1 €€¥981 GT¥96 9%6¢€ €€ F0TC 05+61¢ FEF061 QWIOZIYI JO
yS1om ysar
Usuym Mmo[[a£ 18Iy usnmym Mmo[[a£ 18Iy Usuym Usuym ysaym Usaym Usnmym Usuym stoqny 00y
jusdund I9N1q wiIe PP I9)Iq ULIe juodund oN1 yuodund op1 ystoduew PNt J)se
£puss MEHEM .m MM £puss .m Anusns .m mey .m L
snoaderoydure)) snoaderoydure)) snoaderoydure)  snosderoydwre)  snosderoydwe)  snosderoydure)  snosdereyduwre)  snosderoydure) o3ue snoaderoydure))
InopQ /ewory
PIIN PIIN PIIN PIIN PIIN Suong 199Mg Suong mey Suong
Mmook s8ueio . MO[PA ySIppar  ayym Aurear)) ysoperg aym Awrear) sy Awreais Apread
MO[[A ST dooD 01 MOTe AoTak 1St 0} /morPk 10 Auwrear) /morPk AoTak 1St ored Apremur Iauugf
P 03 MOTIPA /ot yer MoO[[A a8ueI) ysI£a10) anyq yreq ysifa1n /o yer “uaa13-ysmyg
1ImojoD
mojpaA -%W»MWM e
-a8ueo aeJ umoiq 1ed umoiq
umoIq 10 umoiq dy je ysnrym umoiq umoIq
10 ysimoreL ysimoreA i umoiq PmO
ysimorah umoiq ysimorah umoiq ysimopaA YSIMO[[oA £
ared umoiq ored USIMO[[PA ared red ySIMO[[oA areJ ared ared Hstmolre
I ysimoraL areJ Amﬁmm : areJ
e SN Azoc - e I rec rec re - ()
0807651 020760 ¥7079G'T 05°0%€'T 7S0%ELT 050%6°0 [IN S6'0%CG'T GE07GE T 060764’ pwel  SOWOZIYE
- o — e e . I - e (w0) ooy OB
9€ 0’1 €7'0790°1 €T0F8S’L 0€0%49°0 CroFel 1701 'N LT0%6°0 LG0FCTT 0£0%¢'T [epouzeyuy /saypuelq
eIoe
: s1a8ury Jo ! 1
$T &1 9 g€ ¢ 9 N sT 8¢ 9 aquinN
X1 o
18Uy o1 198uy a81e] a1 198urg a1y 198ur] 1] 18ur] 1a8ug [ewig IIN o1 198urg oy 198urg . adeyg
I e . Tre R I I — — N ()
€C0FLE PLIFeS 08'079°¢ 00 1*6°€ 00°1¥G°€ 0T 9¢°0%¢'1 00°1%6'¢ 0 1+7'¥ 06'0¥8°¢ 1jPweI
I B~ N . e o e . - B (L
€4°0FCE0 8C0F0'T €T0789°0 09°079€°0 0g'0¥¢'1 10790 LE0FGC 0T0FL 9T0FI'L 6107940 IWyIoON
[epouzajuy
8uorq0 prosdyg
[edruo) proao A[peoig Suoiq0 10 Buorqo [edoruo) resupur&D Suorq0 10 GuorqO-areap adeyg
Tesnpur£y TedupunA)
vLIOpPIZ vzILIOYUYZ vuvjLom vduo] viyjLvY 1S90 vovIUvINY VOLIVULI0LY vpviy vsou1Sniov sapadg R
o) D D o) D D D D D D vunsny

42

samads viunoiny yo sieyoered ondsouedio pue A3ojoydiowr swozyr saneredwo)) I d[qer,



Characterisation of rhizomes of Curcuma spp.

in seven species, whereas discontinuous in C.
haritha, C. montana and C. zanthorrhiza (Fig. 2:
P). The endodermis was composed of a row of
thin-walled tangentially elongated cells with
their radial walls slightly thickened. Just inner
to the endodermis, smaller narrow thin-walled
cells formed the pericycle. The characters such as
the number of primary and secondary vascular
bundles and presence or absence of cambium
and bundle sheath were notable. In all the
candidate species, vascular bundles were found
to be more closely distributed near the endoder-
mis and pericycle at both sides. Similar type of
vascular bundle distribution was observed by
Aiyer & Kolammal (1964) and Kolammal (1979)
in C. zedoaria and C. longa respectively.

The number of primary vascular bundles
were found to be more in C. montana (131-199)
followed by C. haritha (60-176), C. aeruginosa
(94-139) and C. aurantiaca (88-136) and the
minimum number was observed in C. zedoaria
(43-49). The highest number of secondary
vascular bundles were showed by C. longa
(56-74) and lowest by C. zedoaria (32-37). The
number of primary and secondary vascular
bundles varied in all the candidate species and
the number of primary vascular bundle was
more than that of secondary vascular bundles
and the vascular bundles within the endodermis
were smaller. Vascular bundles were collateral
in both the cortical and stelar region. Xylem
was composed of vessels, fibres, and xylem
parenchyma. There were more number of xylem
vessels in the vascular bundles outwards the
endodermis whereas only 2-5 inwards. The
phloem was a small patch associated with the
xylem and composed of very small, thin-walled
polygonal cells. Each vascular bundle has got a
sheath of small-sized cells, which completely
encircled it and few slightly thickened cells
were also found associated that form the bundle
sheath in some vascular bundles, as reported in
C. zedoaria by Aiyer & Kolammal (1964). Bundle
sheath was absent in most of the candidate
Curcuma species, but present in C. aromatica and
C. zedoaria. Mechanical elements of any sort were
not observed either associated with the vascular
bundle or elsewhere. Length of both the xylem
and phloem regions were observed maximum
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in C. aromatica (362+17 pum and 239+11.36 um
respectively) whereas minimum xylem region
was found in C. haritha (121+9.20 um) and
minimum phloem region in C. zanthorrhiza
(97£5.54 um). The cortical cells were polygonal
to round. Meristematic cells were noticed as
a 2-3 layered cambium in the endodermal
region in four species viz., C. aurantiaca, C. longa,
C. montana and C. zedoaria and the other six
species were without cambial layer. In C. longa,
presence of true cambium as an adaptation
for rhizome growth and development was
reported by Sherlija et al. (1998). Tomlinson
(1969) pointed out the phylogenetic possibility
of lack of cambium in monocotyledons which
may provide evidence for cambial activity lost
during the evolutionary period. Generally,
parenchyma cells of the ground tissue contain
abundant starch grains, a variable quantity of
oil cells and curcumin cells.

Rhizomes of Curcuma were found rich in
secretory and storage elements based on histo-
chemical studies. It revealed the distribution,
shape and size of curcumin cells, starch grains
and oil cells (Fig. 2: Q, R & S). Almost all the
parenchyma cells of ground tissue, except those
towards periphery, were densely packed with
starch grains. The starch grains were simple,
comparatively big and flattened, with different
shapes such as oval, fusiform, phaseoliform to
versiform, elliptical, cylindrical and spherical.
The size and shape of the starch grains varied
remarkably and possess a slight projection at
one end. The striations on the starch grains
were numerous and transversely faint or
indistinct with the hilum at the narrow end.
Larger starch grains were found in C. aromatica
(33.07 x 14.51 pm) and smaller in C. aurantiaca
(17.78 x 11.73 um). Navas et al. (2013) reported
that the variation in the starch grains is a
supporting character for taxonomic delimitation
of the species. Several parenchymatous cells of
yellow or orange contents that fill the cells were
noticed in all the candidate species as curcumin
cells and oil cells. The shape of oil cells and
curcumin cells was round or oval in general
and rarely irregular. The size of oil cells and
curcumin cells ranged from 37-173 um and from
85-234 um, respectively. Largest oil cells were
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observed in C. zanthorrhiza (173+11.69 um) and
the smallest in C. aromatica (37+13.64 um). Oils
and fats are important reserve food materials
which possess great taxonomic significance
(Metcalfe & Chalk 1983; Baas & Gregory 1985;
Fahn 1990; Remashree 2003). Maximum number
of curcumin cells were found in C. longa and C.
zanthorrhiza justifying the bright yellow colour
of the rhizomes.

Powder microscopy showed variation in colour
and type of vascular elements present in the
species. The study showed the presence of
scalariform vessels and long, narrow fibres in all
the candidate species (Fig. 2: T&U). Navas et al.
(2013) observed that stone cells are a diagnostic
feature in the identification of powder drugs. In
the present study, thin-walled stone cells were
observed in C. aurantiaca (Fig 2: V), while stone
cells were absent in other species. From the
notable morpho-anatomical features in rhizome
of the ten selected species of Curcuma, a key was
prepared indicating taxonomic delimitation, as
follows.

Identification key to the species based on rhizome
characters

Rhizome branched,
1 epidermis uniseriate, 2
stone cells absent

Rhizome not branched,
1 epidermis multiseriate,
stone cells present

C. aurantiaca

Trichome unicellular, cut

Mother rhizome not
conical, average number
of primary vascular
bundle > 50
Rhizome yellow,
Internodal length of
mother rhizome < 0.5 cm

Rhizome not yellow,
Internodal length of
mother rhizome > 0.5 cm

Rhizome bitter,
camphoraceous aroma

Rhizome not bitter, raw
mango aroma

Bundle sheath absent,
rhizome cut surface
bluish-green

Bundle sheath present,
rhizome cut surface cream
coloured

Cambium present,
internodal length <1 cm

Cambium absent,
internodal length >1 cm

Root tubers yellowish,
rhizome yellowish, taste
warm bitter

Root tubers whitish,
rhizome creamy, taste
slightly pungent

Anu et al.

C. longa

C. amada

C. aeruginosa

C. aromatica

C. montana

C.

zanthorrhiza

C. haritha

primary vascular bundle
<50

2 surface of rhizome not 3
dark blue or blackish
Trichome absent, cut
surface of rhizome dark C. caesia
blue or blackish
Endodermoid layer 4
continuous
Endodermoid layer 8
discontinuous
Mother rhizome conical,
average number of .
C. zedoaria

In general, all the candidate species have
similarity in morpho-anatomical pattern.
Variations were noticed in the morphological
characters such as shape and size of mother
rhizome and lateral branches, colour of the cut
surface, aroma and taste of rhizomes and in
the anatomical characters such as number of
primary and secondary vascular bundles, nature
of endodermoid layer, and also the number and
shape of oil cells, starch grains and curcumin
cells. These stable and striking differences in
macroscopy and microscopy are useful for the
taxonomic identity of the species, even with its
rhizome alone.
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Fig.2.Rhizome T.S. (20 x) and diagnostic anatomical characters of Curcuma species: A- C. aeruginosa;
B- C. amada; C- C. aromatica; D- C. aurantiaca; E- C. caesia; F- C. haritha; G- C. longa; H- C.
montana; 1- C. zanthorrhiza; J- C. zedoaria; K- trichomes (C. aeruginosa); L- multi-layered
epidermis (C. auranatiaca); M- periderm layer (C. aeruginosa); N- endodermoid region (C.
amada); O- vascular bundle (C. caesia); P- discontinuous endodermoid layer (C. zanthorrhiza);
Q- curcumin cells (C. zedoaria); R- starch grains (C. aeruginosa); S- oil cells (C. aurantiaca);
T- xylem vessel (scalariform) (C. longa); U- fiber (C. zedoaria); V- stone cell (C. aurantiaca)
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