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Figure 3. Curcuma tuanii H.T. Nguyen, D.D. Nguyen & N.A. Nguyen. A. Flowering habit. B. Intact rhizome (cross and longitudinal 
section). C. Ligule, frontal and side section. D, E. Inflorescences. F, G.  Intact flower, frontal view. H. Flattened flowers, side view.  
I. Detail of stigma. J. Ovary, epigynous glands, style binded terminally by stamen. K. Ovary with epigynous glands. L. Calyx. M. Flower 
dissection: bract, calyx, dorsal and lateral corolla lobes, labellum and lateral staminodes, floral tube with ovary and stamen attached, 
floral tube, ovary with style and epigynous glands attached (from left to right). N. Detail of stamen with filament removed, frontal, 
back, and side views. All photos were made from the type HNU 022972, and taken by Hoang Tuan Nguyen, designed by Hoang Tuan 
Nguyen, Duc Danh Nguyen and L. Averyanov.
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Figure 4. The drawing of Curcuma tuanii. A. Flowering habit with rhizomes and leaves. B. Inflorescent with opening flowers. C. Flower 
in frontal view. D. Bract. E. Calyx. F. Anther in side view attached with filamen, floral tube and ovary. G. Corolla dorsal lobes. H. Lateral 
staminode. I. Labellum. J. Anther in frontal view. K. Epigynous glands and ovary. L. Ovary (cross section). M. Stigma. A: 10 cm,  
B = 5 cm, D = 2 cm, E = 1 cm, F = 1.5 cm, G = 1 cm, I = 1 cm, J = 5 mm, K = 5 mm, L = 3 mm, M = 1.5 mm. Drawn by: Danh Duc Nguyen.
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facing forward; ovary ca. 3–5 × 2–4 mm, 3-locular, white, 
densely pilose. Fruits not seen.

Habitat, ecology, and phenology:—Shady lowland 
forests at elevations 150–200 m, usually along stream 
valleys. Flowering in June – October.

Distribution and IUCN preliminary assessment:—
Curcuma tuanii has only been recorded in north Vietnam. 
The distribution range of C. tuanii is located in northern 
Vietnam and well isolated from populations of relative 
species in Central and South Vietnam (Fig. 5). The 
distribution ranges of these four relative taxa are 
nearby but do not overlap. Curcuma sahuynhensis and 
C. pambrosima distributions are limited to the eastern 
coast of South Central. Whereas, C. cotuana and C. vitellina 
occur in the western montane forest of Central and South 
Vietnam, respectively.

According to the data obtained from local people, at 
the type locality in Hoa Binh Province where we have 
counted about 500 adult individuals, this new species 
forms several subpopulations within the area of Hien 
Luong Commune (Hoa Binh Province, Da Bac District) 
with no imminent threat. The forest, where this species 
grows, is protected by local community. Two paratype 
specimens of this species were collected from plants 
cultivated in Nghe An and Ha Tinh Provinces by local 
people from the wild population in Can Loc District, Ha 
Tinh Province, near border to Nghe An Province. We 
propose conservation status for the new species as Data 
Deficient (DD) following the IUCN criteria (2022) due 
to the lack of verified data on its current distribution 
and population size.

Additional specimens examined (Paratypes): VIETNAM. 
Nghe An Province: Vinh City, Ha Huy Tap War, elevation 
50 m, cultivated and collected by Oanh Trần, 10 July 
2021, NHTuan 056 (HNU!). Ha Tinh Province, Can Loc 
District, Truong Loc community, collected from plants 
in the anthesis cultivated by Le Viet Hung in the private 
garden, 15 September 2022, NDD 308 (VNMN!).

Anatomical feature of Curcuma tuanii
Anatomical characters of leaf:—Transverse sections 

of C. tuanii leaf are symmetrical, passing through a midrib 
and lamina are shown in Fig. 6.

Midrib and vascular bundles: The epidermis is a 
single-layer tissue consisting of polygon-shaped cells, 
whose walls vary in size and are totally soaked with 
cellulose. Short unicellular trichomes are observed 
sparsely. The upper collenchyma consists of polygon-
shaped and diverse-magnitude cells, which are arranged 
tightly into 5–15 layers. In the leaf midrib, ground 
tissue is made up of parenchyma cells which are thin-
walled and polygonal. Some cells contain oil globules or 
oleoresin. The upper parenchyma arranged tightly into 
5–15 layers. Whereas the lower one was 3–5. Vascular 
bundles are the closed type with 1–3 metaxylem vessels 

and phloem forming a cap-like structure. 3–5 layers of 
fibrous sclerenchymatous cells are observed below large 
veins. In this each vascular bundle, the xylem is located in 
the superior position while the phloem is located in the 
inferior site. It is covered by a ring of the irregularly-sized 
sclerenchymatous sheath, which included 3–5 layers of 
lignified polygonal cells. Xylem included 1–3 primary 
veins and 2–4 secondary veins, which are nearly round-
shaped, lignified, and randomly distributed. Phloem 
is larger than xylems in every bundle and consists of 
cellulose-covered polygonal cells, which are made up 
of 7–10 layers. There are two types of vascular bundles 
that differ in size and position: 10–13 larger vascular 
bundles formed a single conspicuous abaxial arc toward 
the lower epidermis, alternating with air chambers and 
embedded in collenchyma observed. Smaller vascular 
bundles are scattered in ground tissue. Where as, the 
central midrib has 4–6 smaller phloem-xylem bundles 
scattered in the upper parenchyma. The air chamber is a 
kind of aerenchyma formed through a tight arrangement 
of about 30–40 circular-shaped and unequal-size cells. 
Leaf blade: A transverse section through the leaf blade 
is composed of 5–7 layers of collenchymatous cells. 
The adaxial and abaxial epidermis consisted of a single 
layer, polygonal-slightly elongated cells. It is covered with 
a moderately thin cuticle. Below both of the epidermal 
layers, there are thin-walled, large, irregular polygonal 
cells of single layer hypodermis. The layers of palisade 
cells are observed on the upper surface continuously in 
leaf lamina but observed on the ventral side where the 
main vascular bundle, towards ventral side. Beneath 
the palisade mesophyll is the spongy mesophyll cells 
consisting of 3–5 layers, with irregular shapes. Oleoresin 
cells are scattered in layers of mesophyll cells.

Anatomical characters of the rhizome:—
Transverse section of the rhizome is circular in outline. 
The outermost layer is the periderm which consists of 
more layers of rectangular and tangentially elongated 
cells. The outer layer is a slightly cutinized epidermis, 
which is built by a single rectangular or polyhedral cell 
layer; the exodermis (suberized tissue) is located under 
the epidermis, consisting of 1–3 layers of polygonal cells, 
scramble; the third layer is a multilayered hypodermis 
consisting of 4–6 rectangular or polygonal layers. 
Followed to these is a wide cortex with irregularly 
scattered vascular bundles. Each vascular bundle is 
nearly circular and composed of groups of xylem entirely 
surrounded by phloem. Xylem consists of parenchyma, 
vessels, tracheids, and fibers. Metaxylem consists of 
1–2(–4) lignified polygonal vessels and their magnitudes 
are 1–2 times larger than protoxylem. Where as, the 
protoxylem consists of 2–3(–5) lignified polygonal 
vessels. Phloem is seen surrounding the xylem and 
consists of polyhedral cells with curved cellulose walls 
arranged into clusters. The sclerenchymatous sheath 
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Figure 5. Distributions of Curcuma tuanii sp. nov. and its closest allies based on study of herbarium and field records of Vietnamese 
botanists. Curcuma tuanii (red square), C. sahuynhensis (yellow pentagon), C. cotuana (blue circle), C. vitellina (green star), C. pambrosima 
(purple triangle). The type locality marked by black border.
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around the vascular bundles is absent. There is a single-
layered endodermis called Casparian strips composed 
of thin-walled rectangular cells separating the cortical 
region and stellar region. In the stellar region, inner 
vascular bundles are similar to those in the cortex 
and also present scattered inside. Parenchymatous 

cells in both regions are thin-walled, polygonal to 
circular, and also filled with starch grains. Some of 
these reproductive cells contain deposition of orange-
red substance oleoresin. Numerous oleoresin cells are 
scattered throughout the rhizome. Some other cells 
contain pale yellow oil globules (Fig. 7).

Figure 6. Transverse section of midrib: A. overall view, B. upper epidermis layer, C. a unit of the single conspicuous abaxial arc 
including vascular bundle, lignified pericyclic fiber, and air chamber, D. detail of a vascular bundle scattered in ground tissue,  
E. detail of a main vascular bundle in the single conspicuous abaxial arc. Transverse section of leaf passing through lamina: F. with 
lower epidermis & G. with upper epidermis. Note: e: epidermis, t: trichomes, x: xylem, p: phloem, vb: vascular bundle, lpf: Lignified 
pericyclic fiber (along with vascular bundle/ sclerenchymatous cells), pc: parenchymatous cells, h: hypodermis, pm: palisade mesophyll, 
o: oleoresin/oil globules, sm: spongy mesophyll, ac: air chamber. Photos by Nguyen Ngoc Anh, correction and design by Hoang Tuan 
Nguyen & Danh Duc Nguyen.
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Figure 7. Transverse section of rhizome. A. overall view, B. detail of the outermost layer, C, D. detail of vascular bundles in the 
outer cortical region, E. Detail of endodermis layer, F, G. detail of vascular bundles in the stellar region, H. oleoresin in stellar region. 
Notes: cc: cork cell, ovb: outer vascular bundle, Ca: Casparian strip, ivb: inner vascular bundle, o: oleoresin. Photos by Nguyen Ngoc 
Anh, correction and design by Hoang Tuan Nguyen & Danh Duc Nguyen.
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Supplementary material

The following online material are available for this article:
Table S1. Voucher information and GenBank accession 
numbers for DNA sequences generated or used in this study. 
“–” indicates missing data, and the sequences generated in 
this study begin with OR.
Figure S1. Majority rule consensus tree with branch lengths 
from the Bayesian inference based on the combined datasets 
of four DNA regions (ITS, matK, psbA-trnH, and trnL-F). 
Posterior probabilities (PP) of the BI analysis are presented 
at the nodes.
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