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ABSTRACT. Peristylus carnosipetalus Kurzweil from Chiang Mai Province in 
Northern Thailand is described and illustrated. The new species is similar to 
P. nematocaulon (Hook.f.) Banerji & P. Pradhan from the Himalayas and China
but differs by having much narrower linear-lanceolate foliage leaves and mostly 
shorter and generally wider lip spurs.
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INTRODUCTION

In a recent study of the Thai Peristylus 
species (Kurzweil, 2010) two very 
similar collections did not match any of 
the species known in Thailand, but were 
found to share critical characters with P. 
nematocaulon (Hook.f.) Banerji & P. 
Pradhan from the Himalayas and China, 
most importantly the lax to semi-dense 
in  orescences and the general shape and 
size of the sepals, petals and lip. 
Nevertheless, the two Thai specimens 
differ from this species particularly in 
their leaf shape. The two collections were 

therefore provisionally listed as ‘P. aff. 
nematocaulon’. Subsequent herbarium 
study revealed that the two Thai 
collections are suf  ciently distinct from 
this taxon, and consequently are here 
described as a new species. 

Peristylus carnosipetalus Kurzweil, 
sp. nov.  Figs. 1–2.

Peristylo nematocaulon similis, caule 
2- vel 3-foliato, foliis multo angustioribus, 
calcare latiore differt. 

Type: Northern Thailand, Chiang 
Mai Province, Doi Chiang Dao Wildlife 
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Sanctuary, trail to the summit, ca. 2,100 
m alt., open grassland, July 1996, 
Suksathan 1033 (holotype BCU, spirit).

Terrestrial herb, entirely glabrous, 
deciduous. Tubers elongate, ca. 0.9 × 0.4 
cm. Flowering shoots slender, 7.5–15.7 
cm tall. Cataphyll 1, tubular, tube erect 
and widened at the top, 0.7–1.2 cm long, 
acute, apex somewhat spreading. Foliage 
leaves 2 or 3, spreading to suberect, 
cauline and scattered along the stem, 
linear-lanceolate, acute, apiculate, 2.5–
6.2 × 0.4–0.6 cm, basally sheathing for 
0.7–1 cm, margins minutely denticulate, 
papillose or entire. Sterile bracts of the 
 owering stem absent or up to 3, linear-

lanceolate, acuminate, 0.8–1.3 cm long, 
erect and basally sheathing, margins 
similar as the foliage leaves. In  orescences 
semi-dense or lax, slender, 8- to 20- 
 owered; rachis 3–4.5 cm long;  oral 

bracts narrowly lanceolate or lanceolate-
elliptic, acute or acuminate, 2.8–6 (–9) × 
1.3–1.9 mm, mostly slightly shorter to 
slightly longer than the pedicel plus the 
ovary or sometimes clearly longer than 
the  owers. Flower not opening very 
widely, yellowish green in one specimen 
(Tripetch 001), colour not known in the 
other (Suksathan 1033). Sepals obtuse or 
subacute, with one strong vein in the 
middle and the median sepal in addition 
with two weaker lateral veins; median 
sepal erect, broadly elliptic to elliptic-

ovate, 1.6–2 × 1–1.6 mm; lateral sepals 
elliptic or elliptic-lanceolate, slightly 
oblique or not, 2–2.3 × 0.8–1 mm. Petals 
narrowly elliptic to ovate-elliptic, obtuse 
or subacute, 1-veined, erect or spreading, 
not forming a hood with the median 
sepal, 1.6–2.2 × 0.75–1 mm, weakly or 
strongly  eshy in the upper half. Lip 
1.5–1.7 × 0.9–1 mm, entire or subentire 
(basally widened with the sides somewhat 
bulging and therefore appearing very 
obscurely 3-lobed), ovate-lanceolate or 
elliptic, apically more or less fleshy, 
obtuse; spur cylindrical, slightly clavate, 
0.7–1 mm long, slightly curved forwards, 
entire or very weakly bi  d, 0.7–1 mm 
wide when seen from the front. Column 
0.6–1 mm long; anther loculi parallel; 
auricles elongate and forwards-pointing, 
ca. 0.3 mm long; stigmas subclavate, ca. 
0.3 mm long. Ovary sessile, 2.8–4.5 mm 
long, erect, with obtuse ridges or entirely 
smooth. Capsule (only seen in Tripetch 
001) broadly elliptic-fusiform, ca. 4 × 1.6 
mm.

Phenology. – Flowering from July to 
September. 

Ecology. – The type specimen was 
collected in open grassland at 2,100 m 
altitude. The only other collection of this 
species was made in a grassy patch in an 
open limestone crevasse at about 1,800 
m altitude.
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Distribution. – The species appears 
to be endemic to Northern Thailand.

Thailand. – Currently only known 
from two collections, both made in Doi 
Chiang Dao Wildlife Sanctuary, Chiang 
Mai Province, Northern Thailand. 

Specimens examined. – Suksathan 
1033 (holotype BCU, spirit); Tripetch 
001 (QBG spirit A01).

Notes. – The structure of the 
subclavate stigmas which are adnate to 
the lip base and the presence of a lip spur 
clearly indicate that this new species 
belongs to the genus Peristylus. It is 
characterised by the linear-lanceolate 
foliage leaves and the minute  owers 
with entire or subentire lip which is not 
known in any other Thai Peristylus 
species (Seidenfaden, 1977; Kurzweil, 
2010). While the two collections are very 
similar in their flower features, the 
general plant size and foliage are 
somewhat different (Suksathan 1033: 
plants 12.5–15.7 cm tall with three leaves 
3–6.2 cm long; Tripetch 001: plants 7.5 
cm tall with two leaves to 2.5 cm long) 
which is probably the result of different 
environmental conditions. In both 
specimens the petals are  eshy in their 
upper half (strongly so in Suksathan 
1033; less pronounced in Tripetch 001) 
which is also found in the two similar 
species P. nematocaulon (Banerji & 

Pradhan, 1984) and P. forceps Finet 
(Chen et al., 2009). The species name 
“carnosipetalus” alludes to this feature. 
In the specimen Suksathan 1033 the lip 
is also strongly  eshy in the upper half 
(much less in Tripetch 001). One of the 
specimens (Tripetch 001) had already 
started to set fruit at the time of collection, 
with the ovary of the lowermost  ower 
dehiscing and releasing seeds. While the 
perianth was still fairly intact, the column 
was already partly dried up. Measurements 
of the column details were therefore only 
taken in the second specimen (Suksathan 
1033). 

The new species is most similar to 
Peristylus nematocaulon, currently only 
known from the Himalayas and China 
(Pearce & Cribb, 2002; Chen et al., 
2009), with which it shares the slender 
and rather lax in  orescence as well as the 
overall shape and size of the sepals, petals 
and lip. However, P. nematocaulon 
differs clearly by its single subbasal and 
oblong to oblong-elliptic foliage leaf 
0.7–2 cm wide. Further differences 
are the mostly shorter and generally 
wider lip spurs of the new species 
(1–1.4 × 0.4–0.5 mm in P. nematocaulon; 
0.7–1 × 0.7–1 mm in P. carnosipetalus). 
One of the syntypes of P. nematocaulon 
(Hooker s.n., K!) also differs by having 
more pointed tepals.
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Similarities to four other Peristylus 
species can also be observed. The 
Chinese P. forceps shares an entire lip 
with P. carnosipetalus but is a taller plant 
(15–45 cm), has wider foliage leaves 
(elliptic-lanceolate to lanceolate and 
0.8–2 cm wide), a denser in  orescence, 
longer bracts (ca. 8 mm long) and larger 
 owers (sepals and petals 2–3 mm long, 

lip 2.5–3.5 mm long) (Seidenfaden, 
1977; Chen et al., 2009). An entire lip is 
also found in the Chinese P. forrestii 
(Schltr.) K.Y. Lang which is a taller plant 
(20–25 cm) that has narrower basal 
leaves 2–3 mm wide, longer ovaries (5–8 
mm long), larger  owers (sepals ca. 2.5 
mm long; petals and lip ca. 3 mm long) 
and much longer lip spurs (5.5–8 mm) 
(Chen et al., 2009). There is also a 
similarity to the Himalayan P. duthiei 
(Hook.f.) Deva & H.B. Naithani (syn. 
Herminium duthiei Hook.f.) in the shape 
and size of the flower parts but this 
species has mostly wider foliage leaves 
(to 1.5 cm wide) and differs by its saccate 
spur (Banerji & Pradhan, 1984; Pearce 
& Cribb, 2002). The Vietnamese P. 
chapaensis (Gagnep.) Seidenf. also has 
an entire lip but differs in its  owers 
which are about twice as large and in its 
shorter and wider foliage leaves 
(Seidenfaden, 1977).
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FIGURE 1. Peristylus carnosipetalus Kurzweil. A. plant; B. & G.  ower, in G. forced 
open with the right petal bent down; C. lip and column from above; D. lateral sepal; 
E. median sepal; F. petal; H. column. (1 adaxial, 2 abaxial, 3 side view). Drawn from 
spirit material (Suksathan 1033 (BCU)) by Yotsawate Sirichamorn.
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FIGURE 2. Peristylus carnosipetalus Kurzweil. Plant habit. Photographer: Petch 
Tripetch.
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ABSTRACT. A taxonomic study of the genus Actinodaphne Nees in Thailand is 
presented. Eleven species were enumerated, namely Actinodaphne amabilis 
Kosterm., A. angustifolia (Blume) Nees, A. cupularis (Hemsl.) Gamble, A. 
glomerata (Blume) Nees, A. henryi Gamble, A. montana Gamble, A. omeiensis 
(H. Liu) C.K. Allen, A. perglabra Kosterm., A. sesquipedalis (Wall. ex Kuntze) 
Hook.f. & Thoms. ex Meisn. var. cambodiana Lecomte, A. sesquipedalis var. glabra 
Kochummen, A. sikkimensis Meisn. and Actinodaphne sp.1. 

KEYWORDS: Taxonomy, Actinodaphne Nees, Thailand
 

INTRODUCTION

 The genus Actinodaphne Nees 
comprises about 100 species (Kostermans, 
1957; Rohwer, 1993; van der Werff, 
2001), distributed from India and 
Sri Lanka to Myanmar, Thailand, 
Indo-China, Korea, Japan, Malaysia and 
the Solomon Islands. The genus was 
established by C.G. Nees von Esenbeck 

in 1831 based on A. pruinosa from 
peninsular Malaysia. Since then, a total 
of 150 binominals have been published 
by various authors (Julia, 2005). The 
name of the genus Actinodaphne come 
from Greek: aktinos means ray and 
daphne means laurel which alluding to 
the arrangement of leaves in star-shaped 
whorls (Kochummen, 1989). The reports 
on Actinodaphne in Thailand are as 
follow: Kostermans (1974) found 2 new 
species, i.e. A. amabilis and A. perglabra. 
The Forest Herbarium, (2001) reported 
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three species of Actinodaphne, i.e. A. 
angustifolia, A. henryi and A. montana.

MATERI  ALS AND METHODS

Taxonomic revision of the genus 
Actinodaphne in Thailand was conducted 
between March 2005 and March 2008. 
Species diversity, morphological characters, 
distribution and ecological data were 
examined and recorded. Field collections 
and phenological observation were made 
throughout the country. The herbarium 
specimens available in Thai herbaria 
were thoroughly studied and identi  ed 
by consulting the taxonomic literature and 
by comparison with photographs of type 
specimens from Thai and foreign 
herbaria.

TAXONOMIC TREATMENT

ACTINODAPHNE

Nees, Wall., Pl. Asiat. Rar. 2: 61, 68. 
1831.— Iozoste Nees, Wall., Pl. Asiat. 
Rar. 2: 61. 1831. Type species.— 
Actinodaphne pruinosa Nees.

Evergreen, dioecious, small to 
medium-sized tree; bole straight to 
moderately straight, sometimes with 
small steep buttresses up to 1 m high. 
Bark generally nearly smooth, furrowed 
or cracking and occasionally lenticillate, 
outer bark greyish brown to darkish 
brown or reddish brown, with green or 

white patches; inner bark yellowish 
orange to yellow. Terminal bud perulate 
with imbricate scales, ellipsoid to ovoid, 
oblong or lanceolate; apex acute, glabrous 
to tomentose, sometimes covered with 
large green leaf-like, narrowly elliptic-
oblong, elliptic-ovate, narrowly lanceolate-
elliptic, glabrous to tomentose sometimes 
caducous scale; distinct scar of scale just 
above the whorls of leaves. Leaves 
simple, verticillate or subverticillate, 
apex acute, acuminate, caudate or 
cuspidate, base cuneate, attenuate or 
obl ique,  margin  usual ly  ent i re ; 
chartaceous or thinly coriaceous to 
coriaceous, shining green or dull dark 
green above, glaucous beneath, midrib 
and secondary veins arching and looping 
near margin and obscure to slightly 
distinct or distinct on both surfaces; 
tertiary veins scalariform or reticulate-
scalariform. Petiole slender to stout, 
0.3–5.5 cm long, glabrous to tomentose. 
Inflorescences axillary or/and borne 
along twigs between whorls of leaves, 
fasiculate, cymose, umbellate arranged 
in raceme or umbellate on short peduncles, 
5–8  owers per umbel; involucral bracts 
caducous, leaving distinct scars at 
in  orescence base. Flower trimerous, 
unisexual, usually 0.3–1 cm in diam., 
greenish white or yellow, fragrant; 
perianth lobes 6, equal to subequal, 
imbricate,  inner lobes glabrous, 
outer lobes glabrous to tomentose, 
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membranaceous, 3–5 veins inside, 
elliptic, ovate or oblong, apex acute. 
Staminate  ower: fertile stamens 9 (–10), 
arranged in 3 whorls, the  rst and second 
whorls eglandular, the third whorl with 
two glands on each side at  base, glands 
usually globose, cordate or sagittate; 
 lament slender, 0.3–7.2 mm long, longer 

or shorter than anther, glabrous to hairy; 
anther elliptic to oblong, apex acute, 
0.8–2.5 mm long, 4-locular, introrse. 
Pistillate  ower: staminodes 9 (–10), 
elliptic, spathulate, linear or 3-lobed, 
0.5–2 mm long, glabrous to hairy at base; 
ovary superior, narrowed toward the 
style, ellipsoid to globose, glabrous to 
hairy, stigma peltate or 4-lobed, style 

slender to stout, 0.5–2 mm long, glabrous 
to hairy. Infructescences each bearing 
1–5 fruits. Fruits drupe, globose, 
subglobose or ellipsoid, seated on enlarge 
perianth tube partly enclosing the fruits, 
the tube disc-shaped or cup-shaped, 
0.3–1 cm in diam., glabrous to puberulous 
inside, outside hairy, margin entire or 
undulate; young fruit light to dark green, 
slightly shining, with white mottles, dark 
purplish red to black when mature; fruit 
apex apiculate, persistent or caducous, 
perianth persistent or caducous, with 
distinct scar on the perianth tube when 
fruiting; pedicels slender, thickened, 
0.5–1.5 cm long, glabrous to tomentose.

KEY TO THE SPECIES

1. Shoot apex with terminal buds covered with large green scales which resemble 
leaf-like under-sized foliage leaves, glabrous to hairy ........................................ 2

1.  Shoot apex with terminal buds perulate with imbricate scales or not, glabrous to 
hairy  .................................................................................................................... 5

2.  In  orescences cymose, terminal buds glabrous ......................... 4. A. glomerata
2.  In  orescences umbellate on short peduncles or fasiculate, terminal buds glabrous 

to tomentose  ....................................................................................................... 3
3. Petiole slender, glabrous, 1–2 cm long .......................... 11. Actinodaphne sp.1
3. Petiole stout, glabrous or yellowish hairy, 2–5 cm long  ....................................  4
4. Leaf-like scales of terminal buds narrowly elliptic-oblong, 4–5 cm long; leaf 

blade narrowly elliptic-oblong to narrowly lanceolate, 22–45 by 3–9 cm; petiole 
yellowish hairy, 2–4 cm long ............... 9a. A. sesquipedalis var. cambodiana
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4.  Leaf-like scales of terminal buds ovate to elliptic, 2–4 cm long; leaf blade 
elliptic-oblanceolate, 30–60 by 9–18.5 cm; petiole glabrous, 3.5–5.5 cm long
 ....................................................................... 9b. A. sesquipedalis var. glabra

5.  In  orescences umbellate; the umbels themselves arranged in a raceme  ........... 6
5.  In  orescences umbellate; the umbels on short peduncles or fasiculate  ............. 7
6.  Petiole slender, glabrous to puberulous, 1–2 cm long; mature perianth tube 

deeply cup-shaped, margin entire, 3–4 mm in diam., glabrous inside; puberulous 
outside; bark smooth  .................................................................... 6. A. montana

6. Petiole stout, puberulous to tomentose, 2–4 cm long; mature perianth tube 
shallowly cup-shaped, margin entire or undulate, 7–8 mm in diam., puberulous 
on both sides; bark furrowed  ............................................................ 5. A. henryi

7.  Tertiary veins  nely reticulate; leaves subverticillate above, alternate below 
 .....................................................................................................  8. A. perglabra

7. Tertiary veins scalariform or reticulate-scalariform; leaves verticillate or 
subverticillate  ..................................................................................................... 8

8.  Fruit ellipsoid  ........................................................................  10. A. sikkimensis
8.  Fruit globose or subglobose  ............................................................................... 9
9.  In  orescences umbellate on short peduncles  ................................................... 10
9.  In  orescences fasiculate  ................................................................................... 11
10. Mature perianth tube deeply cup-shaped, 0.5–1 cm in diam.; in  orescence 

6–7-  owered; petiole 0.5–1 cm long  ........................................  3. A. cupularis
10.  Mature perianth tube shallowly disc-shaped or undulate cup-shaped, 0.5–0.6 

cm in diam.; in  orescence 7–8-  owered; petiole 1.6–1.8 cm long ..................... 
.................................................................................................... 7. A. omeiensis

11.  Juvenile shoots whitish wooly; in  orescences borne along twigs between whorls 
of leaves; mature perianth tube shallowly cup-shaped, 7–8 mm in diam.  .......... 
...................................................................................................... 1. A. amabilis

11. Juvenile shoots rusty-tomentose; in  orescences axillary or on twigs between 
whorls of leaves; mature perianth tube small disc-shaped, 4–5 mm in diam.
................................................................................................  2. A. angustifolia

1. Actinodaphne amabilis Kosterm. 
Nat. Hist. Bull. Siam Soc. 25(3–4): 29. 
1974. Type: Thailand, Ranong, Khao 

Phota Luang Kaeo, alt. 1,000 m, February, 
fr., Kerr 16931 (holo K!; iso BM).
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Small tree, ca. 10 m high. Twigs 
slender, juvenile shoots densely white 
woolly. Terminal buds perulate with 
imbricate scales, elliptic to ovate, 5–6 
mm long, tomentose. Leaves verticillate 
of 4–5 leaves; blade elliptic-oblong to 
narrowly lanceolate, 9.5–19 by 2–3 cm; 
apex acute to acuminate; base cuneate to 
attenuate; margin entire; chartaceous, 
shining green above, densely white 
woolly when young, glabrous on both 
surfaces when mature, glaucous beneath; 
midrib raised on both surfaces, glabrous 
on both surfaces; secondary veins 6–10 
pairs, at an angle of 45º–60º from the 
midrib, sunken above, raised beneath, 
arching and looping near margin; tertiary 
veins scalariform, obscure or slightly 
distinct on both surfaces. Petiole slender, 
1–1.5 cm long, puberulous. In  orescences 
fasiculate, minutely tomentose, 5–7 mm 
in diam., tomentose, borne along twigs 
between whorls of leaves, Staminate 
flower not seen. Pistillate flower: 
pedicels 2 mm long, whitish pilose; 
perianth lobes oblong-elliptic, 2–2.5 by 
0.5–1 mm, glabrous inside, velutinous 
outside; ovary ellipsoid-ovoid, ca. 1 by 0.5 
mm, glabrous, style stout, ca. 1 mm long, 
pilose at base, stigma peltate; staminodes 
9, spathulate, 1 mm long, pilose at base. 
Infructescences each bearing 3–4 fruits. 
Fruit globose, 7–8 mm in diam.; apex 
apiculate; drying black; mature perianth 
tube shallowly cup-shaped, 7–8 mm in 

diam., puberulous on both sides; pedicels 
slender, ca. 5 mm long, whitish pilose.

Thailand.— NORTH-EASTERN: 
Loei (Phu Kra Dueng National Park); 
PENINSULAR: Phangnga (Khao Phota 
Luang Kaeo).

Distribution.— Thailand.
Ecology.— Lower montane rainforest, 

alt. 1,000–1,300 m;  owering: November; 
fruiting: February.

Vernancular.— Tong Lat Khon Khao 
( ).

Note.— Description of this species 
was referred to Kostermans (1974).

Specimens examined.— R. Geesink 
et al. 7697 (BKF).

2.  Actinodaphne angustifolia (Blume) 
Nees in Wallich, Pl. As. Rar. 3: 31. 
1832.— Litsea angustifolia Blume, Bijdr. 
Fl. Ned. Ind. 11: 566. 1826. Type: not 
located. Fig. 1 A.

Small to medium-sized tree, 10–12 
m high, dbh 10–15 cm. Twigs rough, 
juvenile shoot rusty-tomentose. Bark 
reddish brown with green patches, 
lenticels grey, inner bark brownish 
yellow. Terminal buds perulate with 
imbricate scales, elliptic-ovate, 4–7 mm, 
glabrous. Leaves verticillate of 3–6 
leaves; blade elliptic-oblanceolate, 9–25 
by 2.3–5 cm; apex acute to acuminate; 
base cuneate; margin entire; chartaceous, 
shining green above, yellowish tomentose 
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when young, glabrous on both surfaces 
when mature, glaucous beneath; midrib 
flat or raised above, raised beneath, 
glabrous on both surfaces, secondary 
veins 7–10 pairs, at an angle of 50º–60º 
from the midrib, sunken above, raised 
beneath, arching and looping near 
margin, tertiary veins scalariform, 
obscure or slightly distinct above, 
distinct beneath. Petiole slender, 0.5–1.3 
cm long, glabrous to puberulous 
In  orescences fasiculate, 1–1.7 cm in 
diam., axillary or borne along twigs 
between whorls of leaves. Staminate 
 ower: pedicels 2–3 mm long, glabrous 
to puberulous; perianth lobes ovate-
elliptic, 2–2.5 by 1.5–2 mm, glabrous 
inside, puberulous outside; stamens 9, 
anther ovate-elliptic, 0.8–1.2 mm long, 
 lament 1–1.2 mm long, sparsely hairy. 

Pistillate  ower: not seen. Infructescences 
each bearing 2–3 fruits. Fruit subglobose, 
7–8 mm in diam.; drying dark red; mature 
perianth tube small disc-shaped, 4–5 mm 
in diam., puberulous both inside and 
outside; pedicels slender, 3–4 mm long, 
glabrous.

Thailand.— EASTERN: Nakhon 
Ratchasima (Khao Yai National Park); 
SOUTH-EASTERN: Rayong (Ban Phe), 
Chanthaburi (Trok Nong Waterfall 
Substation, Nam Tok Phlio National Park), 
Trat (Chang Kluea); PENINSULAR: 
Ranong (Khao Phota Laung Kaeo), Krabi 

(Dan Chumpon), Trang (Khao Chong), 
Yala (Banang-Sata) ,  Narathiwat 
(Hala-Bala Wildlife Santuary).

Distr ibution.— India,  Malay 
Peninsula, Java.

Ecology.— Mixed deciduous and dry 
evergreen forests, alt. 450–700 m; 
 owering: November; fruiting: February.

Vernancular.— Ka that ( ) 
(Rayong), Ka thit nu ( ) (Trat), 
Rom Khao ( ) (Ranong).

Specimens examined.— A.F.G. Kerr 
16372 (BK), 17676 (BK), 18334 (BK); 
Put 2747 (BK, K); M. Tanaros 5 (BKF), 
8 (BKF), 9 (BKF).

3. Actinodaphne cupularis (Hemsl.) 
Gamble in Sargent, Pl. Wilson. 2: 75. 
1914.—Litsea cupularis Hemsl., J. Linn. 
Soc. 26: 380. 1891. Type: not located.

Small to medium-sized tree, 3–12 m 
high. Twigs slender, juvenile shoot 
puberulent. Terminal buds perulate with 
imbricate scales, elliptic to lanceolate, 
1.5–2 cm long, peberulous. Leaves 
subverticillate of 5–6 leaves, blade 
elliptic, 8.5–19 by 2–5 cm; apex acute; 
base cuneate; margin entire; chartaceous 
or thinly coriaceous, shining green above, 
glabrous or puberulent beneath when 
young, glabrous on both surfaces when 
mature, glaucous beneath; midrib sunken 
above, raised beneath, glabrous on both 
surfaces, secondary veins 6–12 pairs, at 
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an angle of 45º–60º from the midrib,  at 
above, raised beneath, arching and 
looping near margin, tertiary veins 
scalariform to reticulate, obscure or 
slightly distinct above, distinct beneath. 
Petiole slender, 0.5–1 cm long, glabrous 
to puberulous. In  orescences umbellate 
on short peduncles, 1–1.5 cm in diam., 
densely tomentose, with 6–7  owers per 
umbel, axillary and borne along twigs 
between whorls of leaves. Staminate 
 ower: pedicels 3–4 mm long, yellowish 
tomentose; perianth lobes elliptic, 2.8–
3.5 by 0.5–1.5 mm, glabrous inside, 
velutinous outside; stamens 9, anther 
oblong, 1–1.5 mm long,  lament 4–5.5 
mm long, villous at base. Pistillate 
 ower: pedicels 3–4 mm long, yellowish 
tomentose; perianth lobes elliptic, 2.8–
3.5 by 0.5–1.5 mm, glabrous inside, 
velutinous outside; ovary ovoid, ca. 1 by 
0.5 mm, glabrous, style slender 1 mm long, 
glabrous, stigma peltate; staminodes 9, 
linear, 1–1.5 mm long, glabrous. 
Infructescences each bearing 1–3 fruits. 
Fruit globose, 1.2–1.4 cm in diam.; apex 
apiculate; red when mature, drying dark 
red; mature perianth tube deeply 
cup-shaped, 0.5–1 cm in diam., glabrous 
inside, velutinous outside; pedicels 
slender, 0.7–1.5 cm long, velutinous.

Thailand.— NORTHERN: Chiang 
Mai (Doi Chiang Dao Wildlife Santuary), 
NORTH-EASTERN: Loei (Phu Kra 

Dueng National Park), EASTERN: 
Nakhon Ratchasima (Khao Laem).

Distribution.— China (Yunnan).
Ecology.— Lower montane rainforest, 

alt. 1,300–1,500 m;  owering: October-
November; fruiting: August-September.

Vernancular.— Tong Lat Doi Chiang 
Dao ( ).

Uses.— Seeds contain oils which are 
used for making lubricant. The roots and 
leaves are used as folk medicine for 
curing ‘Hong Kong foot’, burns and piles.

Specimens examined.— C.F. Beusekom 
et al. 9621 (BKF); A.F.G. Kerr 5566 (K), 
9947 (K); T. Smitinand & C. Phengklai 
11567 (BKF); J.E. Vidal 5202 (BKF).

4. Actinodaphne glomerata (Blume) 
Nees, Syst. Laur. 597. 1836.— Laurus 
glomerata Blume, Cat. Gew. Buitenzorg 
(Blume): 66. 1823 (in adnot). Type: not 
located.

Small to medium-sized tree, 10–18 
m high. Twigs slender, juvenile shoot 
reddish minutely pubescent. Bark 
smooth, lenticillate, dark grey. Terminal 
buds covered with large green leaf-like 
scales which resemble under-sized 
foliage leaves, elliptic-ovate, 1–2.5 cm 
long, glabrous. Leaves verticillate of 4–7 
leaves; blade ovate-obovate, 13–28 by 
5.5–14 cm; apex cuspidate; base oblique; 
margin entire; coriaceous, dark green 
above, reddish minutely pubescent when 
young, glabrous on both surfaces when 
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mature, glaucous beneath; midrib raised 
on both surfaces, glabrous above, 
minutely pubescent beneath, secondary 
veins 11–13 pairs, at an angle of 30º–40º 
from the midrib, raised on both surfaces, 
arching and looping near margin, tertiary 
veins scalariform, distinct on both 
surfaces. Petiole slender, 1–2 (–3) cm 
long, glabrous to pubescent. In  orescences 
cymose, 1–2 cm in diam., borne along 
twigs between whorls of leaves, peduncle 
5–7 mm long, minutely pubescent. 
Staminate  ower: pedicels 3–5 mm long, 
pubescent; perianth lobes elliptic-ovate, 
2.5–3 by 2 mm, glabrous inside, 
velutinous outside; stamens 9, anther 
ovate-elliptic, 1–1.3 mm long,  lament 
0.3–0.5 mm long, yellow reddish villous 
at base. Pistillate flower not seen. 
Infructescences not seen.

Thailand.— PENINSULAR: Ranong.
Distribution.— India, Malay Peninsula, 

Java, Sumatra.
Ecology.— Tropical to lower 

montane rainforests, alt. 600–1,000 m; 
 owering: September.

Vernancular.— Tong Lat Bai Kai 
Klab ( ).

Specimens examined.— A. Cuadra 
A1309 (BKF); N. Fukuoka et al. T-35912 
(BKF).

5. Actinodaphne henryi Gamble, Bull. 
Misc. Inform., Kew 1913: 265. 1913. 
Type: not located. Fig. 1 B–E.

Small to medium-sized tree, 10–20 
m high, dbh 15–19 cm. Twigs thick, 
glabrous to pubescent or tomentose, 
juvenile shoot densely yellowish tomentose. 
Bark furrowed, greyish to brownish, 
inner bark yellowish. Terminal buds 
perulate with imbricate scales, oblong, 
2–3.5 cm long, tomentose. Leaves 
subverticillate of 4–6 leaves; blade 
elliptic-lanceolate, 22–29 (–40) by 5.5–
7.5 (–10) cm; apex acute to acuminate; 
base cuneate or oblique; margin entire; 
coriaceous, dull dark green above, 
densely yellowish tomentose when 
young, glabrous on both surfaces when 
mature, greyish silvery glaucous beneath; 
midrib raised on both surfaces, glabrous 
to puberulous on both surfaces, secondary 
veins 9–12 pairs, at an angle of 40º–60º 
from the midrib, raised on both surfaces, 
arching and looping near margin, tertiary 
veins scalariform, slightly distinct above, 
 nely distinct beneath. Petiole stout, 2–4 

cm long, puberulous to tomentose. 
Inflorescences umbellate arranged in 
raceme, borne along twigs between 
whorls of leaves, with 5  owers per umbel, 
peduncle of each umbel 0.7–1 cm long, 
pubescent. Staminate   ower: pedicels 
2–2.5 mm long, yellowish tomentose; 
perianth lobes elliptic, 2–2.5 by 0.8–1 
cm, glabrous inside, velutinous outside; 
stamens 9, anther oblong, 1.3–1.5 mm 
long,  lament 3.5–4 mm long, villous. 
Pistillate  ower: pedicels 2–2.5 mm long, 
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yellowish tomentose; perianth lobes 6, 
elliptic, 2–2.5 by 0.8–1 cm, glabrous 
inside, velutinous outside; ovary ellipsoid 
to ovoid, ca. 1 by 0.5 mm, glabrous, style 
stout, 0.3–0.5 mm long, glabrous, stigma 
peltate; staminodes 9, spathulate, 1 mm 
long. Infructescences each bearing 1–3 
fruits. Fruit globose, 0.8–1 cm in diam., 
young fruit greenish with white dots, red 
when mature, drying dark red, mature 
perianth tube shallowly cup-shaped, 
margin entire or undulate, 7–8 mm in 
diam., puberulous on both sides; pedicels 
slender, 5–7 mm long, pubescent.

Thailand.— NORTHERN: Chiang 
Mai (Doi Suthep-Pui National Park, Doi 
Inthanon National Park), Chiang Rai 
(Doi Aung Kha), Nan (Doi Phuka 
National Park), Lampang (Chae Son 
National Park, Doi Khun Tan National 
Park),  Sukhothai (Khao Luang), 
Phitsanulok (Phu Hin Rong Kla National 
Park, Thung Salaeng Luang National 
Park); EASTERN: Nakhon Ratchasima 
(Khao Laem, Khao Yai National Park); 
SOUTH-WESTERN: Uthai Thani (Huai 
Kha Khaeng Wildlife Santuary), 
Kanchanaburi (Tinuang Forest Protection 
Units, Thung Yai Naresuan Wildlife 
Santuary); SOUTH-EASTERN: Chon 
Buri (Khao Khiao).

Distribution.— China (Yunnan).
Ecology.— Lower montane forest, 

alt. 600–1,300 m;  owering: December-
Febuary; fruiting: July-August.

Vernacular.— Tong Lat ( ) 
(Chiang Mai), Ta thip thong ( ) 
(Nakhon Ratchasima), Saen ta kla yai 
( ) (Sukhothai).

Uses.— The wood is used for 
construction, furniture and industrial 
timber.

Specimens examined.— K. Iwatsuki 
& N. Fukuoksa T-3967 (BKF); A.F.G. 
Kerr 1643 (K), 5374 (BK), 5931 (BK, BKF); 
J.F. Maxwell 75–1117 (BK), 88–112 
(BKF), 93–1557 (BKF), 96–657 (BKF); 
Put 3517 (BK, BKF); T. Smitinand 2128 
(BKF); S. Sutheesorn 1529 (BK); Th. 
Sørensen et al. 3066 (BKF), 3531 (BKF), 
6619 (BKF); M. Tanaros 3 (BKF), 26 
(BKF), 27 (BKF); P. Thongson 77 (QBG).

6. Actinodaphne montana Gamble, 
Bull. Misc. Inform., Kew 1910: 312. 
1910. Type: not located. Fig. 1 F–G.

Medium-sized tree, 15–20 m high, 
dbh 20–30 cm. Twigs slender. Bark 
smooth, lenticillate, greyish brown, inner 
bark yellowish orange. Terminal buds 
perulate with imbricate scales, elliptic, ca. 
8 mm, tomentose. Leaves verticillate of 
4–5 leaves; blade oblanceolate-elliptic, 
11–19 by 4.5–6.5 cm; apex acuminate to 
caudate; base cuneate; margin entire; 
thinly coriaceous, bluish green above, 
glabrous on both surfaces, glaucous 
beneath; midrib raised or flat above, 
raised beneath, glabrous on both surfaces, 
secondary veins 7–10 pairs, at an angle 
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of 40º–50º from the midrib,  at or sunken 
above, raised beneath, arching and 
looping near margin, tertiary veins 
scalariform, obscure or slightly distinct 
above,  nely distinct beneath. Petiole 
slender 1–2 cm long, glabrous to 
puberulous. Inflorescences umbellate 
arranged in raceme. Infructescences each 
bearing 1–3 fruits, axillary or borne along 
twigs between whorls of leaves. Fruit 
subglobose, 4–5 mm in diam.; young fruit 
green with white dots, drying dark red 
black; mature perianth tube deeply cup-
shaped, 3–4 mm in diam., glabrous 
inside, puberulous outside; pedicels 
thicken, 0.7–1.5 cm long, puberulous.

Thailand.— PENINSULAR: Nakhon 
Si Thammarat (Khao Nan), Phatthalung, 
Yala (Betong), Narathiwat (Bachaow).

Distribution.— Malay Peninsula.
Ecology.— Lower montane rainforest, 

rarely on lowlands, alt. 600–1,500 m; 
fruiting: July.

Vernacular.— Mae-dae-si-ka (
) (Malay-Pattani).
Note.— Description of this species 

was based on Kochummen (1989).
Specimens examined.— A.F.G. Kerr 

7206 (BK, K); M. Tanaros 10 (BKF), 29 
(BKF), 32 (BKF).

7. Actinodaphne omeiensis (H. Liu) 
C.K. Allen, Ann. Missouri Bot. Gard. 25: 
411. 1938.— A. reticulata Meisn. var. 
omeiensis H. Liu, Laur. Chine et Indoch.: 

158. 1932. Type: not located.

Small tree, 3–5 m high. Twigs villous 
when young and becoming glabrous. 
Terminal buds perulate with imbricate 
scales, elliptic, 1.1–2.2 cm long, glabrous 
to tomentose. Leaves subverticillate of 
4–6 leaves, blade oblong to lanceolate, 
12–16 (–27) by 2–4 (–6) cm; apex acute 
to acuminate; base cuneate to oblique; 
margin entire; thinly coriaceous, shinning 
green above, glabrous on both surfaces, 
silvery glaucous beneath; midrib raised 
on both surfaces, secondary veins 9–12 
(–15) pairs, at an angel of 55º–60º from 
the midrib, sunken above, raised beneath, 
arching and looping near margin, tertiary 
veins scalariform to indistinct reticulate, 
obscure on both surfaces. Petiole slender, 
1.6–1.8 cm long, glabrous. In  orescences 
umbellate on short peduncles, with 7–8 
flowers per umbel. Staminate flower: 
pedicels ca. 5 mm long; perianth lobes 
pubescent outside; stamens 9,  lament ca. 
4 mm long, villous. Pistillate  ower not 
seen. Infructescences each bearing 1–3 
fruits. Fruit subglobose, 1.2 cm in diam.; 
mature perianth tube shallowly disc-
shaped or cup-shaped, margin entire or 
undulate, 5–6 mm in diam., puberulous 
inside, glabrous to puberulous outside; 
pedicels thick, 6–7 mm long, glabrous to 
puberulous.

Thailand.— SOUTH-WESTERN: 
Prachuap Kiri Khan (Khao Luang).
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Distribution.— China.
Ecology.— Lower montane rainforest, 

alt. 500–1,700 m;  owering: Febuary-
March; fruiting: July-September.

Note.— Description of this species 
was based on Li et al. (2008).

Vernancular.— Tong Lat Bai Kahnan 
( ).

Specimens examined.— A.F.G. Kerr 
10994 (BK), 11011 (BK).

8. Actinodaphne perglabra Kosterm., 
Nat. Hist. Bull. Siam Soc. 25(3–4): 30. 
1974 .  Type :  Tha i land ,  Nakhon 
Ratchasima, Lat Bua Khao, November, 
buds, Put 4323 (holo K!).

Tree, glabrous. Twigs rough, slender. 
Terminal buds  not  seen .  Leaves 
subverticillate of 4 leaves or alternate, 
blade oblong-elliptic, 7–13 by 2.3–3.5 
cm; apex acute to acuminate; base 
cuneate; margin entire; chartaceous, 
green polished above, glabrous on both 
surfaces, glaucous beneath; midrib raised 
or  at above, raised beneath, puberulous 
on both surfaces, secondary veins 6–7 
pairs, thread-like, at an angle of 30º–40º 
from the midrib, raised on both surfaces, 
slightly distinct, arching and looping near 
margin, tertiary veins  nely reticulate, 
distinct on both surfaces. Petiole slender, 
3–5 mm long, glabrous. In  orescences 
fasiculate or umbellate, peduncle near to 
internode solitary or short branchlet. 

Staminate flower not seen. Pistillate 
flower: pedicels 0.3–0.5 mm long; 
perianth lobes ovate-elliptic, 1–1.5 by 
0.5–0.7 mm, glabrous inside, glabrous to 
pilose outside; ovary ellipsoid, 0.5–1 by 
0.3–0.5 mm, glabrous, style thick, 1 mm 
long, glabrous, stigma peltate; staminode 
not seen. Infructescences not seen.

Thailand.— EASTERN: Nakhon 
Ratchasima (Lat Bua Khao).

Distribution.— Thailand. 
Ecology.— Dry evergreen forest, 

elevation not known; flowering: 
November.

Vernancular.— Tong Lat Bai Kliang 
( ).

Note.— Description of this species 
was based on Kostermans (1974).

Specimens examined.— Put 4308 (K).

9.  Actinodaphne sesquipedalis (Wall. 
ex Kuntze) Hook.f. & Thoms. ex Meisn. 
in DC., Prodr. 15(1): 216. 1864.— 
Luarus sesquipedalis Wall. ex Kuntze, 
Rev. Gen. Pl. 2: 570. 1891. Type: not 
located.

a. var. cambodiana Lecomte, Nouv. 
Arch. Mus. Hist. Nat. Paris, sér. V. 5: 93. 
1913. Type: Cambodia, L. Pierre 627 
(holo P). Figs. 1 H–I, 2 A–B.

Small to medium-sized tree, 10–20 
m high, dbh 8–15 m. Twigs thick, 
glabrous to puberulous, juvenile shoot 
yellowish hairy. Bark smooth, dark 
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brown to black, inner bark orange to 
yellowish, buttress root ca. 1 m. Terminal 
buds covered with large green leaf-like 
scales which resemble under-sized 
foliage leaves, narrowly elliptic-oblong, 
4–5 cm, glabrous to puberulous. Leaves 
subverticillate of 6–10 leaves; blade 
narrowly elliptic-oblong to narrowly 
lanceolate, 22–45 by 3–9 cm; apex acute; 
base cuneate; margin entire; coriaceous, 
shining green above, yellowish velutinous 
when young, glabrous on both surfaces 
when mature, glaucous beneath; midrib 
thick, raised on both surfaces, puberulous 
on both surfaces, secondary veins 9–12 
pairs, at an angle of 35º–40º from the 
midrib, raised on both surfaces, arching 
and looping near margin, tertiary veins 
scalariform, slightly distinct above, 
distinct beneath. Petiole stout, 2–4 cm 
long, yellowish hairy. Inflorescences 
umbellate on short peduncles, 2–2.5 cm 
in diam., borne along twigs between 
whorls of leaves, peduncle 7–8 mm long, 
densely tomentose. Staminate  ower: 
pedicels 3 mm long, tomentose; perianth 
lobes elliptic to ovate, 5–6 by 3–3.5 mm, 
glabrous inside, tomentose outside; 
stamens 9, anther oblong, 2–2.5 mm long, 
 lament 7–7.2 mm, villous at middle. 

Pistillate  ower: pedicels 3 mm long, 
tomentose; perianth lobes elliptic to 
ovate, 5–6 by 3–3.5 mm, glabrous inside, 
tomentose outside; ovary ovoid, ca. 1 by 
1 mm, densely hairy, style stout, 0.2–0.3 

mm long, densely hairy, stigma peltate; 
staminodes 9, elliptic to spathulate, 1–1.5 
mm long, yellowish hairy at base. 
Infructescences each bearing 2–4 fruits. 
Fruit globose, 1.5–2 cm in diam.; apex 
apiculate; young fruit green with white 
dots, mature fruit dark purple to 
black; mature perianth tube shallowly 
cup-shaped, 1 cm in diam., velutinous 
inside; glabrous outside;  pedicels thick, 
3–5 mm long, tomentose.

Thailand.— SOUTH-EASTERN: 
Chanthaburi (Chang Sae Waterfall 
Ranger Station), Trat (Mu Ko Chang 
National Park).

Distribution.— Cambodia.
Ecology.— Tropical rainforest to dry 

evergreen forest, alt. 100–400 m; 
 owering: June-July; fruiting: January-

April.
Vernacular.— Tong Lat Bai Yao 

( ).

Specimens examined.— A.F.G. Kerr 
17766 (BKF); M. Tanaros 1 (BKF), 2 
(BKF), 22 (BKF).

b. var. glabra Kochummen, Gard. Bull. 
Singapore 43: 23. 1992. Type: not 
located. Fig. 2 C–E.

Small to medium-sized tree, 10–12 
m high, dbh 10–15 cm. Twigs thick, 
glabrous to pubescent, juvenile shoot 
yellowish pubescent. Bark smooth, dark 
brown or black, inner bark yellowish. 
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Terminal buds covered with large 
green leaf-like scales which resemble 
under-sized foliage leaves, ovate to 
elliptic, 2–4 cm, glabrous to pubescent. 
Leaves subverticillate of 5–8 leaves; 
blade elliptic-oblanceolate, 30–60 by 
9–18.5 cm; apex cuspidate; base cuneate 
to oblique; margin entire; coraiceous, 
shining green above, glabrous to yellowish 
pubescent when young, glabrous on both 
surfaces when mature, glaucous beneath; 
midrib thick, raised on both surfaces, 
glabrous on both surfaces, secondary 
veins 12–16 pairs, at an angle of 40º–60º 
from the midrib, raised on both surfaces, 
arching and looping near margin, tertiary 
veins scalariform, slightly distinct above, 
distinct beneath. Petiole stout, 3.5–5.5 
cm long, glabrous. Inflorescences 
fasiculate, 0.8–1 cm in diam., borne along 
twigs between whorls of leaves. Staminate 
 ower not seen. Pistillate  ower: pedicels 
0.5–1 mm long, tomentose; perianth 
lobes 6, ovate, 2.6–2.8 by 2–2.5 mm, 
glabrous inside, tomentose outside; ovary 
ovoid, ca. 0.6 by 0.6 mm, glabrous, style 
stout, 0.5 mm long, glabrous, stigma 
peltate, 4-lobed; staminodes 9, elliptic to 
spathulate, 0.5–0.7 mm long, pilose at 
base. Infructescences each bearing 1–3 
fruits. Fruit globose, 1–1.2 cm in diam.; 
apex apiculate; young fruit green with 
white dots, mature fruit dark purple to 
black; mature perianth tube shallowly 
cup-shaped, 7–8 mm in diam., glabrous 

on both sides; pedicels thick 4–5 mm 
long, glabrous.

Thailand.— PENINSULAR: Ranong 
(Khao Phota Luang Kaeo), Trang (Khao 
Chong), Yala (Banang-Sta), Narathiwat 
(Hala-Bala Wildlife Santuary).

Distribution.— Malay Peninsula.
Ecology.— Tropical rainforest to 

dry evergreen forest, alt. 100–400 m; 
flowering: June-July; fruiting: July-
August.

Vernacular.— Kan Rom ( ) 
(Narathiwat).

Specimens examined.— A.F.G. Kerr 
7327 (BKF); K. Larsen & S.S. Larsen 
33591 (BKF); B. Nimanong & S.P. 1625 
(BKF); S. Phusomsaeng et al. 1528 
(BKF); T. Santisuk 1185 (BKF); 
M. Tanaros 16 (BKF).

10.  Actinodaphne sikkimensis Meisn. 
in DC., Prodr. 15(1): 213. 1864. Type: 
not located. Fig. 2 F–H.

Small to medium-sized tree, 6–20 m 
high, dbh 20–30 cm. Twigs slender, 
juvenile shoot pubescent. Bark grey to 
brown, cracking, inner bark yellowish 
brown. Terminal buds perulate with 
imbricate scales, elliptic-oblanceolate, 
0.8–1 cm long, velutinous. Leaves 
subverticillate of 4–6 leaves; blade 
lanceolate-elliptic, 10–14 by 2–4 cm; 
apex acuminate to caudate; base cuneate; 
margin entire; chartaceous, greenish and 
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almost shining above, velutinous when 
young, glabrous on both surfaces 
sometimes puberulous beneath when 
mature, glaucous beneath; midrib sunken 
above, raised beneath, puberulous on 
both surfaces, secondary veins 8–12 
pairs, at an angle of 30º–50º from the 
midrib, raised on both surfaces, arching 
and looping near margin, tertiary veins 
reticulate-scalariform, slightly distinct 
above, distinct beneath. Petiole slender, 
0.5–1 cm long, puberulous. In  orescences 
fasiculate, 0.6–1.2 cm in diam., axillary 
or borne along twigs between whorls of 
leaves. Staminate  ower: pedicels 3 mm 
long, velutinous; perianth lobes elliptic-
oblong, 3–3.2 by 1–1.2 mm, glabrous 
inside, velutinous outside, stamens 9 
(–10), anther oblong, 2 mm long,  lament 
4 mm long, villous. Pistillate  ower: 
pedicels 3 mm long, velutinous; perianth 
lobes elliptic-oblong, 3–3.2 by 1–1.2 
mm, glabrous inside, velutinous outside; 
ovary ovoid, ca. 1 by 1 mm, glabrous, style 
slender, 0.5–1 mm long, glabrous, stigma 
peltate; staminodes 9 (–10), 3-lobed, 2 
mm long, glabrous. Infructescences each 
bearing 1–5 fruits. Fruit ellipsoid, 7–8 
mm in diam.; apex apiculate; young fruits 
green, mature fruits red, drying black; 
mature perianth tube shallowly cup-
shaped, 7–8 mm in diam., glabrous on 
both sides; pedicels thick, 0.7–1.5 cm 
long, puberulous.

Thailand.— NORTHERN: Nan (Doi 
Phuka National Park), Phitsanulok (Phu 
Hin Rong Kla National Park); NORTH-
EASTERN: Loei (Phu Luang Wildlife 
Santuary, Phu Kra Dueng National Park). 

Distribution.— India (Sikkim).
Ecology.— Lower montane forest, 

near streamside, alt. 1,000–1,400 m; 
 owering: November-January; fruiting: 

March-July.
Vernacular.— Tong Lat Sikkim (

).

Specimens examined.— L.B., E.C. 
Abbe & T. Smitinand 9428 (BKF, K); P. 
Srisanga et al. 2278 (QBG); M. Tanaros 
7 (BKF),18 (BKF), 20 (BKF), 31 (BKF).

11.  Actinodaphne sp.1.  Fig. 2 I.

Medium-sized tree, ca. 18 m high, dbh 
30 cm. Twigs slender, juvenile shoots 
densely pale brown tomentose. Terminal 
buds covered with large green leaf-like 
scales which resemble under-sized 
foliage leaves, narrowly lanceolate to 
narrowly elliptic, 0.7–1.3 cm, tomentose. 
Leaves subverticillate of 5–7 leaves, 
blade lanceolate-elliptic to oblanceolate, 
10–16.5 by 3.5–5 cm; apex acute; base 
cuneate-oblique; margin entire; thinly 
coriaceous, shining green above, 
puberulous beneath when young, glabrous 
on both surfaces when mature, glaucous 
beneath, midrib raised above, sunken 
beneath, glabrous on both surfaces, 
secondary veins 6–10 pairs, at an angle 
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of 50º–60º from the midrib, sunken 
above, arching and looping near margin, 
tertiary veins reticulate-scalariform, obscure 
or slightly distinct on both surfaces. 
Petiole slender, 1–2 cm long, glabrous. 
Inflorescences umbellate on short 
peduncles, borne along twigs between 
whorls of leaves, peduncle 5–7 mm long, 
velutinous. Staminate  ower not seen. 
Pistillate  ower: pedicels 3–4 mm long, 
velutinous, perianth lobes elliptic, 2.5–3 
by 1.5–2 cm, glabrous inside, velutinous 
outside, ovary ovoid, ca. 1 by 1 mm, 
villous, style thick, 0.5–1 mm long, 
villous, stigma peltate,  4-lobed; 
staminodes 9, spathulate, 1–1.3 mm long, 
glabrous to pilose at base. Infructescences 
each bearing 1–3 fruits. Fruit globose, 2 
mm in diam., young fruit green, mature 
fruit red; mature perianth tube deeply 
cup-shaped, 3 mm in diam., glabrous 
inside, pubescent outside; pedicels 
slender, 5–7 mm long, velutinous.

Thailand.— PENINSULAR: Krabi 
(Khao Phanom Benja National Park).

Distribution.— Thailand.
Ecology.— Lower montane rainforest, 

alt. 500–900 m;  owering: April; fruiting: 
June.

Vernancular.— Tong Lat Phanom 
Benja ( ).

Note.—Actinodaphne sp. cannot be 
placed within any existing species due a 
lack of data and incomplete specimens. 

It is found at Khao Phanom Bencha 
National Park, Krabi Province. It has a 
unique characteristic, which do not match 
any descriptions of existing species. 
Further studies are needed and this 
species might be a new species to science.

Specimen examined.— M. Tanaros 
21(BKF).
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FIGURE 1. A. Actinodaphne angustifolia, B.–E. A. henryi, F.–G. A. montana, H.–I. A. 
sesquipedalis var. cambodiana.
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FIGURE 2. A.–B. Actinodaphne sesquipedalis var. cambodiana, C.–E. A. sesquipedalis 
var. glabra, F.–H. A. sikkimensis, I. Actinodaphne sp.1.
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ABSTRACT. This study was conducted to isolate and identify Fusarium spp. the 
associated causal agents of mulberry root rot disease.  One hundred and  fty-seven 
isolates of Fusarium spp. were obtained from 5 mulberry plantations during 2007 to 
2008.  All species were identi  ed morphologically with particular emphasis on 
macroconidia, microconidia, the size and types of conidiophores, and the presence 
or absence of chlamydospores.  The species associated with mulberry roots and 
surrounding rhizosphere were identi  ed to 11 species including 102 isolates of 
Fusarium solani, 26 of F. moniliforme, 16 of F. oxysporum, 3 each of F. phaseoli and 
F. dlamini, 2 of F. culmorum, 1 each of F. dimerum, F. graminearum, F. beomiforme, 
F. scirpi and F. anthophilum.  Genetic variation of 30 isolates of Fusarium spp. was 
studied using random ampli  ed polymorphic DNA (RAPD) markers.  Four primers 
A02, A03, A07 and A09 produced  ngerprint pro  les, which clearly distinguished 
between the different species of Fusarium spp.  The high level of genetic variability 
among species of Fusarium allowed  ngerprinting of most of the isolates by examining 
patterns produced by several primers.  The results suggest that RAPD-PCR is a useful 
method for analyzing genetic variation within and between Fusarium spp.

Keywords: Fusarium spp., mulberry root rot, RAPD
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INTRODUCTION

 Root rot disease is considered to 
be the most destructive disease of 
mulberry (Morus alba L.) in the northeast 
of Thailand.  The disease can be found 
wherever the plant is grown and direct 
losses on the crop due to the disease can 
reach 100% (Sanoamuang & Saksirirat, 
1984).  The indirect loss on the sericulture 
production is very large and therefore the 
economic importance of these diseases 
should never be underestimated.  The 
disease was  rst reported in 1954. Since 
then its etiology has been extensively 
studied (Sanoamuang & Saksirirat, 
1984; Winidsanan, 1987; Chancharean, 
1990; Yamakawa et al., 1991; Chuprayoon 
et al., 1994; Thaworn-anukulkid, 1996; 
Saksung et al., 1997; Kaosiri, 1998).  
Symptoms of the disease appear as 
sudden leaf withering starting from the 
bottom of the branch upwards, followed 
by defoliation in isolated patches in the 
plantation.  The bark of the roots peels 
off easily with a particular odour and the 
plants suddenly die.  Through irrigation 
water, soil and garden implements, the 
disease spreads quickly to nearby 
mulberry trees both in the same row and 
the adjacent rows where the root zones 
are in overlapping proximity (Sanoamuang 
& Saksirirat, 1984; The Hindu, 2004).  
Sanoamuang et al. (1986) reported that 
Fusarium solani f.sp. mori was always 

found associated with the mulberry roots 
in both healthy and diseased trees 
collected from all sericulture experiment 
stations in the northeastern of Thailand. 

The genus Fusarium has a worldwide 
distribution.  Its different species are 
considered to be some of the most 
important plant disease pathogens 
(Nelson et al., 1983).  Summerell et al. 
(2003) reported that a utilitarian 
approach to Fusarium identification 
including morphological, biological and 
phylogenetical species concepts.  In 
general, morphological species concepts 
are based on the similarity of observable 
morphological characters, e.g. spore size 
and shape.  Biological species concepts 
required that members of the same 
species are sexually cross-fertile and that 
the progeny of the crosses are both viable 
and fertile.  Finally, DNA sequences have 
been used to generate characters that 
usually are treated cladistically to form 
phylogenies.

 A molecular approach using 
random amplified polymorphic DNA 
(RAPD) markers as a diagnostic tool for 
the identi  cation of Fusarium spp. has 
been reported (Achenbach et al., 1996).  
RAPD analysis has many advantages 
as a mean of characterizing genetic 
variability such as speed, low cost, 
minimal requirement for DNA, and lack 
of radioactivity.  Major polymorphisms 
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in RAPD pattern indicate genetic 
distinctness and can be used to distinguish 
unrelated groups.  Minor polymorphisms 
may indicate genetic distinctness within 
groups or may occur because of 
experimental variability and therefore, 
must be veri  ed by repetition (Nelson 
et al., 1997).  The purpose of this study 
was to isolate and identify Fusarium spp., 
the causal agent associated with mulberry 
root rot disease in northeastern Thailand 
using morphological characteristics 
and RAPD pattern analysis.

MATERIALS AND METHODS

Isolation of fungi

 Root  and soi l  around the 
rhizosphere of mulberry trees exhibiting 
or not exhibiting symptoms of root rot 
were used to isolate associated pathogens.  
Mulberry roots and soil were collected at 
 elds in  ve different areas of northeastern 

Thailand in June 2007 to February 2008: 
Silk innovation center (Mahasarakham 
University, 7 June 2007), Ban Kwao-Yai 
(Kantarawichai District, Mahasarakham 
Province, 24 June 2007), Ban Kee 
(Cheangyuen District, Mahasarakham 
Province, 14 July 2007), Ban Wan-fai 
(Art-Sahmaht District, Roi-et Province, 
6 October 2007) and Khon-Kaen 
University (1 February 2008).

The roots were cut from 5 infected 
and 5 non-infected plants and the root 
tissues were washed in running tap water, 
cut into pieces approximately 3 to 5 mm 
long.  They were surface disinfected in 
0.6% sodium hypochlorite for 5 min, 
rinsed twice in sterile distilled water, 
blotted dry on sterile  lter paper, and then 
plated on potato dextrose agar (PDA, 
Merck Laboratories, Germany) added 
100 mg/L rifampicin in 9 cm diameter 
Petri dishes.  The dishes with tiny pieces 
of mulberry root were incubated at 28 ºC 
and they were examined periodically 
after 3-5 days.  Emerging fungal mycelia 
were transferred onto new PDA plates.

 Soil samples were collected from 
the stem base to a depth of 15 cm 3 points 
around the plant (100 g per plant) and 5 
plants per infected and non-infected  eld.  
In order to assay the organisms in the soil, 
each sample from infected  eld or non-
infected  elds were thoroughly mixed 
and 10 g of each mixed sample was 
transferred to 90 ml of de-ionized distilled 
water in a 250 ml Erlenmeyer  ask.  The 
 asks were agitated on a rotary shaker 

for 30 min and 10-fold dilutions were 
made serially from the original suspension.  
From each of the dilution, 100 l aliquot 
was spread over the surface of rose 
bengal agar in a 9 cm diameter Petri dish.  
There were 3 plates per dilution, and all 
plates were incubated at 28 ºC for 3 days.  
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Emerging colonies were cut and 
transferred individually onto new PDA 
plates.

Identi  cation of isolates

 All single spore cultures of 
Fusarium isolates were identi  ed after 
Booth (1977), Nelson et al. (1994), 
Seifert (1996) and Aoki et al. (2003).  
After the isolates were grown on PDA 
for 10 days, colony growth and spore 
morphology and size were characterized. 
Slide culture technique was used to 
observe detailed morphological structures 
of taxonomic value based on the form 
of macroconidia and microconidia 
p roduced  on  monophia l ides  o r 
polyphialides (Rodrigues & Menezes, 
2005).  All single spore isolation 
cultures were freeze-dried and kept in a 
refrigerator.

Genomic DNA extraction

Isolates were grown in potato 
dextrose broth (PDB) for 7 days at 28 ºC 
on a shaker at 120 rpm.  Mycelia were 
harvested by  ltration through  lter paper 
(Whatman No.1) and freeze-dried for 24 
hr.  Total DNA extraction was prepared 
by a modified method of Zang et al. 
(2005).  Approximately 50 mg of freeze-
dried mycelium was grounded in liquid 
nitrogen.  The resulting powder was 
suspended in 0.7 ml of lysis buffer (400 

mM Tris-HCl (pH 8.0), 60mM EDTA 
(pH 8.0), 150 mM NaCl, 1% SDS) and 
3 l of 2-mercaptoethanol.  Samples were 
incubated at 65 ºC for 30 min and 150 l 
of potassium acetate (pH 4.8) was added 
and mixed gently.  This mixture was 
centrifuged for 5 min at 12,000 rpm.  The 
aqueous phase was collected, extracted 
with an equal volume of chloroform : 
isoamyl alcohol (24:1) mixed gently and 
centrifuged for 5 min at 12,000 rpm.  The 
aqueous phase was collected and DNA 
was then precipitated by adding with an 
equal volume of cold isopropanol, 
incubated at -20 ºC for 30 min and 
pelletted by centrifugation for 5 min at 
12,000 rpm.  The DNA pellet was washed 
with 70% cold ethanol, air dried and 
resuspended in 50 l of TE buffer (10 
mM Tris-HCl, 0.1 mM EDTA, pH 8.0). 
RNA was degraded by treatment with 
RNase (50 g/ml) for 30 min at 37 ºC 
(Lee et al., 2000).  DNA concentration 
and purity were measured using a 
spectrophotometer at 260 nm and 280 
nm.

RAPD primer and ampli  cation 
condition

For the development of the RAPD 
method for Fusarium isolates, the 4 
different 10-mer primers (Kit A, Roth 
Germany) (Table 1) were screened for 
the amplification of template DNA
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from 30 isolates of Fusarium spp.  
Ampli  cation reactions were performed 
in 25 l volumes containing 10 mM Tris-
HCl (pH 9.0), 50 mM KCl, 0.1% 
TritonX-100, 1.5 mM MgCl2, 0.1 mM 
of each dATP, dCTP, dGTP and dTTP, 2 

M of primer, 0.2 units of Taq polymerase, 
and approximately 100 g of genomic 
DNA.  Ampli  cations were performed in 
a Gradient DNA Thermal Cycler 
programmed for the following parameter 
: 94 ºC for  1 min, followed by 40 cycles 
of 94 ºC for 1 min, 36 ºC for 1 min, 72 
ºC for 2 min, and a  nal incubation at 72 
ºC for 2 min (Achenbach et al., 1997).  
Ampli  cation products (6 l of a 25 l 
reaction) were electrophoresed in 2% 

agarose gels with TBE running buffer, 
stained with ethidium bromide and either 
scanned into a computer imaging  le or 
photographed (Sambrook et al., 1989).

The computer program NTSYS-PC 
(version 2.1) was used to analyze the 
relationship among the Fusarium spp. 
studied.  Similarity matrix was generated 
using the program Qualitative.  This 
matrix was subjected to the unweighted 
pair group method with arithmetical 
averages (UPGMA).  Cluster analysis 
was performed on the similarity matrix 
with the SAHN program using UPGMA 
and dendrogram was produced with the 
TREE program.

TABLE 1.  Code and nucleotide sequence of primers used in the random ampli  ed 
polymorphic DNA (RAPD) reaction and G + C content.

Primer 5’-sequence-3’ G + C (%)
A02
A03
A07
A09

TGCCGAGCTG
AGTCAGCCAC
GAAACGGGTG
GGGTAACGCC

70
60
60
70

RESULTS

Isolation and Identi  cation of fungi

One hundred and  fty seven isolates 
of Fusarium, 121 from roots and 36 from 
soil, were obtained from mulberry 
plantations with and without showing 

root rot symptoms (Table 2). Fusarium 
spp. were grouped and identi  ed into 
11 species.  They included 102 isolates 
of F. solani, 26 of F. moniliforme, 16 of 
F. oxysporum, 3 each of F. phaseoli 
and F.  dlamini, 2 of F. culmorum, one 
each of F. dimerum, F. graminearum, 
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TABLE 2.  Frequency of isolation of fungi from roots and soils of mulberry plants  
exhibiting symptom of root rot and symptomless.

Fungus
Number of isolates

Roots Soils
Infected Non-infected Infected Non-infected

F. solani 52 36 6 8
F. oxysporum 11 2 2 1
F. moniliforme 8 1 7 10
F. phaseoli 3 - - -
F. culmorum 2 - - -
F. dlamini 1 2 - -
F. dimerum 1 - - -
F. graminearum 1 - - -
F. beomiforme 1 - - -
F. scirpi - - - 1
F. anthophilum - - 1 -

Total 80 41 16 20

Detailed morphology of Fusarium species

F. solani (Mart.) Appel & Wollenw.

Macroconidia were type C, straight 
with blunt basal and apical cells.  
Microconidia were ellipsoidal on long 
s imple phial ides  produced from 
the aerial mycelium.  Chlamydospores 
appeared singly or in pairs (Figs. 1–5).

F. oxysporum Schlecht. 

 Macroconidia were type C, 
straight.  Microconidia were comma 

shaped or ellipsoidal produced from 
short phialides in the aerial mycelium.  
Chlamydospores produced singly or in 
pairs (Figs. 1–5).

F.  moniliforme Sheldon 

Macroconidia were usually type 
B, narrow and straight, and sparsely 
produced.  Microconidia produced in 
chains from simple phialides in the aerial 
mycelium (Figs. 1–5).

F. beomiforme ,  F.  scirpi  and F. 
anthophilum.  F. solani was signi  cantly 

appeared to associate with all specimens 
investigated in this trial.  
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F. phaseoli (Burkh.) T. Aoki & O’Donnell 

Macroconidia were falcate and 
formed on slender conidiophores arising 
from hyphae.  Microconidia with ellipsoidal, 
obovate or naviculate produced from 
slender aerial conidiophores on aerial 
mycelium.  Chlamydospores formed 
frequently in mycelium and in conidia, 
mostly intercalary, single but sometimes 
in chains (Figs. 1–4).

F. culmorum (W.G. Smith) Sacc. 

Macroconidia were very uniform 
in shape and produced from simple 
phialides with loosely branched 
conidiophores.  Microconidia were 
absent.  Chlamydospores appeared oval 
and formed singly or in chains (Figs. 1–2, 
4–5).

F. dlamini Marasas, Nelson & Toussoun 

Macroconidia were falcate and 
microconidia were ellipsoidal (Figs. 
2–5).

F.  dimerum Penzig 

Only microconidia and chlamy-
dospores were produced.  O-shaped 
microconidia were produced on complex 
phialides.  Chlamydospores produced 
intercalary and formed singly or in chains 
(Figs. 1, 3 and 5).

F. graminearum Schwabe

Macroconidia were falcate produced 
from simple lateral phialides.  Chlamy-
dospores were absent (Figs. 1–2 and 5).

F. beomiforme Nelson & Toussoun

Microconidia, round or ellipsoid 
shaped were produced from simple 
phialides in the aerial mycelium (Figs. 1, 
3 and 5).

F. scirpi Lambotte & Fautr.

Macroconidia had various sizes 
with elongated apical cells and produced 
from single or grouped phialides.
Chlamydospores were globose and 
appeared in chains or clumps (Figs. 1–2 
and 5).

F. anthophilum (A. Braun) Wollenw.

Microconidia were fusoid to allantoids 
and formed from simple phialides or  
complex phialides.  Chlamydospore was 
absent (Figs. 1, 3 and 5).



32  Waraporn Sutthisa et al.

FIGURE 1.  Colony morphology of Fusarium species on potato dextrose agar. A. F. 
solani; B. F. oxysporum; C. F. moniliforme; D. F. phaseoli; E. F. culmorum; F. F. 
dimerum; G. F. graminearum; H. F. beomiforme; I. F. scirpi; J. F. anthophilum.

FIGURE 2.  Macroconidia of Fusarium species. A. F. solani; B. F. oxysporum; C. F. 
moniliforme; D. F. phaseoli; E. F. culmorum; F. F. dlamini; G, F. graminearum; H. 
F. scirpi. Scale bar = 20 m.
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FIGURE 3.  Macroconidia of Fusarium species. A. F. solani; B. F. oxysporum; C. F. 
moniliforme; D. F. phaseoli; E. F. dlamini; F. F. dimerum; G. F. beomiforme; H. F. 
anthophilum. Scale bar = 20 m.

FIGURE 4.  Chlamydospore of Fusarium species. A. F. solani; B. F. oxysporum; 
C. F. moniliforme; D. F. phaseoli; E. F. culmorumi; F. F. dlamini. Scale bar = 20 m.

FIGURE 5.  Conidiogenous cells of Fusarium species. A. F. solani; B. F. oxysporum; 
C. F. moniliforme; D. F. culmorum; E. F. dlamini; F. F. dimerum; G. F. graminearum; 
H. F. beomiforme; I. F. scirpi; J. F. anthophilum. Scale bar = 20 m.
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RAPD analysis

 To investigate the degree of 
genetic diversity among and within 
collections of Fusarium spp., a total of 
30 isolates comprising 12 of F. solani, 3 
each of F. oxysporum, F. moniliforme and 

F. dlamini, 2 each of F. phaseoli and F. 
culmorum, 1 each of F. graminearum, F. 
beomiforme, F. scirpi, F. dimerum and F. 
anthophilum were analyzed, and RAPD 
pattern ampli  ed with primer A02, A03, 
A07 and A09 (Fig. 6), to clearly 
differentiate between species.

FIGURE 6.  RAPD pro  les of 30 isolates of Fusarium species obtained with primer 
A02, A03, A07 and A09. Lane M: Hyper ladder II molecular weight markers,  Lane 
C: Control,  Lanes 1–12: F. solani, lanes  13–15: F. oxysporum, lanes 16–17: F. 
phaseoli, Lanes 18–19: F. culmorum, lanes 20–22: F. moniliforme, lanes 23–25: F. 
dlamini, lane 26: F. graminearum, lane 27: F. beomiforme, lane 28: F. scirpi, lane 29: 
F.dimerum, lane 30: F. anthophilum.
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 The PCR bands were more 
polymorphic between the species and less 
variable within the species.  The high 
level of genetic variability among species 
of  Fusarium  allowed   ngerprinting of 
most of the isolates by examining 
patterns produced by several primers.  
Twenty-four bands produced by 4 
primers that showed polymorphism were 
scored.  A phylogenetic tree was 
constructed (Fig. 7).  The resulting 
dendrogram showed relations and genetic 
distances among different species.  

Genetic similarity coef  cients ranged 
from 0.60 to 1.0 (Fig. 7).  Two different 
major groups were obtained among the 
isolates.  The  rst group consisted of 20 
isolates, which included 3 sub-groups (Ia,  
Ib, Ic).  Sub-group Ia consisted of 12 
isolates of F. solani, all of these isolates 
showed 100% genetic similarity.  Sub-
group Ib consisted of 7 isolates including 
F. dlamini, KKU03-2-1, KW04-2-2, F. 
dimerum, F. beomiforme, F. scirpi and F. 
anthophilum.  Sub-group Ic consisted of 
1 isolate of F. graminearum. A second 

FIGURE 7.  Dendrogram obtained from 30 isolates of Fusarium spp. with UPGMA.  
Isolates of different species are indicated at the termini of branches.  The line below 
the dendrogram represents the similarity index.
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group consisted of 10 isolates with two 
sub-group IIa and IIb.  Sub-group IIa 
consisted of 3 isolates of F. oxysporum. 
Sub-group IIb consisted of 7 isolates 
including 2 isolates each of F. phaseoli, 
and F.culmorum and 3 isolates of F. 
moniliforme

DISCUSSION

 The genus Fusarium contains 
many species  of  fungi  that  are 
commonly found in soil and on organic 
substrata and is widely distributed 
throughout the world (Burgess, 1981).  
Some species are capable of causing 
wilts, crown rots, root rots, or fruit rots.  
Others are opportunists because they 
colonize plant tissue after some type of 
stress debilitates the plant.  Interestingly, 
many species of Fusarium that abound 
in the soil are not capable of causing 
disease. In conclusion, 11 species were 
isolated from root and soil around 
rhizosphere from mulberry trees.  Base 
on morphological characteristics, the 
Fusarium spp. were identified as F. 
solani, F. oxysporum, F. moniliforme, F. 
phaseoli, F. culmorum, F.  dlamini, 
F. dimerum, F. graminearum, F. beomi-
forme, F. scirpi and F. anthophilum.  
Consistly, Rodrigues and Menezes (2005) 
isolated and identi  ed Fusarium spp. that 
obtained from seeds of cowpea by means 
of blotter tests and slide cultures.  Species 

were differentiated according to the 
morphology of the macroconidia, micro-
conidia and their arrangement in chains 
or false heads, the size and type of 
conidiophore, and the presence or absence 
of chlamydospores.  The species were 
identi  ed as F. semitectum, F. equiseti, F. 
oxysporum, F. solani, F. anthophilum, F. 
sporotrichioides, F. moniliforme and 
Fusarium sp.  Latiffah et al. (2009) 
isolated three Fusarium species, F. 
oxysporum, F. proliferatum and F. solani, 
from roots and stem rots of Dendrobium 
orchids.  Molecular characterization 
using PCR-RFLP of ITS + 5.8S regions 
showed that the isolates from the same 
species produced similar patterns and 
UPGMA analysis of PCR-RFLP of ITS 
+ 5.8S clearly grouped F. oxysporum, 
F. proliferatum and F. solani into a 
separate cluster. RAPD-PCR analysis 
offers a convenient tool for characteriza-
tion and analyzing variations of 
Fusarium spp.

RAPD analysis has been applied 
widely in the detection and genetic 
characterization of phytopathogenic 
fungi (Lanfranco et al., 1995) including 
Khalil et al. (2003) who used RAPD 
analysis to study the taxonomic 
kinships among 5 Fusarium spp.  Of 10 
primers tested, four primers produced 
polymorphic amplification patterns 
with taxon–speci  c bands, in addition 
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to individual–speci  c bands.  Genetic 
analysis indicated 2 main clusters, with 
the minor cluster including all F. 
moniliforme and F. solani at the genetic 
similarity of GS = 57.82%.  The major 
cluster consisted of all F. oxysporum, 
F. avenaceum and F. chlamydosporum 
clustered at 71% similarity.  Different 
workers (Grajal-Martin et al., 1993; 
Achenbach et al., 1997; Nelson et al., 
1997; Hyun & Clark, 1998; Migheli et 
al., 1998; Jana et al., 2003; Gupta et al., 
2009) have grouped Fusarium spp. 
populations from different plant hosts 
using RAPD analysis and they suggested 
that RAPD markers can be a quick and 
reliable alternative for differentiating 
isolates of Fusarium spp. into their 
respective pathogenicity group.  The 
polymorphisms observed for RAPD 
markers revealed a high degree of 
genetic diversity in Fusarium spp. at the 
inter-speci  c level.  Our study showed 
that RAPD technique is an in  uential tool 
for discrimination different Fusarium 
species as well as Fusarium isolates 
within species.
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ABSTRACT. The objectives of this research were to improve the efficiency of 
regeneration and establish optimal condition for transformation of Vanda lilacina 
Teijsm & Binn. The new Dogashima (ND) medium supplemented with 1% potato 
extract was suitable for seed germination. Experiments were performed to determine 
the effect of plant growth regulators on the number of shoots.  It was found that the 
shoot number per protocorm was 6 when cultured on ND medium supplemented with 
1 mg/l napthalene acetic acid and 5 mg/l benzylaminopurine. The protocorm 
regeneration was completely inhibited by hygromycin at 9 mg/l.  Agrobacterium 
tumefaciens strain LBA 4404 (pCAMBIA1305.1) was used to establish a
 transformation protocol. The plasmid pCAMBIA containing antisense ACC oxidase, 

- glucuronidase (GUS) and hygromycin resistant (hpt) genes, was used. 
Co-cultivation of the protocorms with Agrobacterium LBA 4404 led to numerous 
positive GUS staining. Successful transformation of antisense ACC oxidase into 
V. lilacina was veri  ed by GUS assay. The GUS assay revealed the GUS activity 
while PCR method indicated the integration of DNA.

KEWORDS: Vanda lilacina Teijsm. & Binn., antisense ACC oxidase gene, 
hygromycin, cefotaxime, regeneration
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INTRODUCTION

Vanda is one of the most important 
types of commercial orchids used for cut 
 owers and potted plants. It belongs to 

the family Orchidaceae, which is the 
largest family of the  owering plants and 
consists of 779 genera and 22,500 species 
(Mabberley, 2008). About 177 genera and 
1,135 species of orchids are found in 
Thailand (Atichart et al., 2007). However, 
orchid  owers are extremely sensitive to 
ethylene, even at low levels. It induces 
rapid wilting of  owers, senescence or 
death of  owers and petals, abscission of 
plant parts including  oral structure and 
discoloration of  owers (Woodson, 1994; 
Young et al., 2004).

Ethylene is synthesized in plant 
tissue via conversion of S-adenosyl 
methionine to 1-aminocyclopropane-1-
carboxylic acid (ACC). This reaction is 
catalyzed by ACC synthase. ACC is then 
converted to ethylene by ACC oxidase. 
Inhibition of ethylene biosynthesis can 
be achieved by the use of antisense RNA 
to hinder the activities of ACC synthase 
or ACC oxidase. Thus, ethylene 
biosynthesis does not occur (Henzi et al., 
2000).  Plant genetic engineering 
provides an opportunity to incorporate 
novel traits into this orchid. In recent 
years, the successful Agrobacterium-
mediated transformation of orchids has 
been reported. Availability of effective 

transformation procedures can lead to 
genetic improvement of orchids. Transfer 
of antisense ACC oxidase gene into V. 
lilacina Teijsm. & Binn. may prolong 
the longevity and vase life of orchid 
 owers. This research was carried out to 

improve the ef  ciency of regeneration 
and transformation of V. lilacina with 
antisense ACC oxidase gene using A. 
tumefaciens.

MATERIALS AND METHODS

Protocorm Induction

Protocorms of V. lilacina were 
induced from seeds using in vitro 
germination. Pods of V. lilacina were 
washed with a mild detergent solution 
and soaked in 15% (v/v) sodium 
hypochlorite containing Tween-20 for 15 
minutes. After being rinsed 4 times with 
sterile distilled water, seeds were cultured 
on VW (Vacin and Went, 1949) medium 
or ND (Tokuhara and Mii, 1993) medium 
containing 1% (w/v) sucrose and 1% 
(w/v) potato extract, pH 5.7. The explants 
were cultured under a 16 hour photoperiod 
(a light intensity of 40 mole m-2s-1) at 
25 ±2 °C for 4 weeks.

Plant Regeneration

Protocorms were placed on ND 
medium containing NAA at 0, 0.1 or 1 
mg/l in combination with 0, 0.1, 1 and 5 
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mg/l BAP. The average number of shoots 
per protocorm was determined in  ve 
repeated experiments. The cultures were 
then maintained under light conditions.

Effect of Hygromycin on Plant 
Regeneration

Hygromycin was added to the 
regeneration medium at 0, 5, 7, 9, 15 or 
20 mg/l. The regeneration percentage and 
number of shoots per callus were 
evaluated after 4 weeks of culture. The 
experiment was repeated 5 times, each 
treatment with 5 explants

Agrobacterium-Mediated 
Transformation

Agrobacterium tumefaciens strain 
LBA 4404 pCAMBIA 1305.1 was used 
to establish a transformation protocol. 
The plasmid pCAMBIA contained 
antisense ACC oxidase, - glucuronidase 
(GUS) and hygromycin resistant (hpt) 
gene, each of which was expressed under 
the CaMV35S promoter. Protocorms 
were immersed in Agrobacterium 
suspension for 30, 45, 60 and 75 minutes 
subsequently transferred to sterile  lter 
paper for absorption of excess bacteria.  
They were then cultured on ND medium 
for 3 days. After co-cultivation, the 
protocorms were washed in sterile 
distilled water containing cefotaxime and 

transferred to selection ND medium 
supplemented with hygromycin.

Assay for - Glucuronidase (GUS) 
Activity 

The histochemical GUS assay for 
GUS gene expression was performed 
according to the method of Jefferson 
(1987). Plant tissues were immersed in 
x-gluc (5-bromo-4-chloro-3-indolyl 
glucuronidase) solution and incubated 
overnight at 37 OC.
  
PCR Analysis

Total genomic DNA was extracted 
from the non-transformed and potentially 
transformed protocorms by the CTAB 
method.

RESULTS

Protocorm Induction

Seeds of V. lilacina were developed 
into protocorms at 4 weeks after 
germination on VW and ND medium 
containing 1% potato extract (Fig. 1). It 
was found that ND medium was more 
effective than another one in promoting 
seed germination, giving rise to the 
germination percentage of 80. The 
protocorm developed more rapidly when 
cultured on solid ND medium.
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Plant Regeneration

A high proliferation of the protocorms 
was observed after culture on ND 
medium supplemented with 0, 0.1 or 1 
mg/l NAA in combination with 0, 0.1, 1 

FIGURE 1.  Seed germination on media: A. ND medium, B. VW medium.

or 5 mg/l BAP. It was found that the 
protocorms successfully proliferated on 
the ND medium supplemented with 
1 mg/l NAA and 5 mg/l BAP. The highest 
number of shoots per protocorm was 6 
(Fig. 2).

FIGURE 2.  Plantlets of V. lilacina 
cultured on ND medium supplemented 
with 0, 0.1 or 1 mg/l NAA in 
combination with 0, 0.1, 1 or 5 mg/l  
BAP. 
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Effect of Hygromycin on Plant 
Regeneration

Hygromycin strongly reduced 
protocorm proliferation. The lowest dose 

of hygromycin that completely inhibited 
protocorm regeneration was 9 mg/l. All 
of the protocorms turned brown and 
eventually died in 3 weeks (Fig. 3).

Agrobacterium-Mediated 
Transformation

Blue coloration was observed after 
5 days of co-cultivation. Co-cultivation 
of the protocorms with A. tumefaciens 
for 30 minutes gave rise to the highest 
number of blue spots (Figs. 4, 5). DNA 

FIGURE 3.  Effect of  hygromycin on protocorm induction of V. lilacina.

integration of the transformed protocorms 
was shown in Figure 6. The sizes of 
ampli  ed fragments were 195 bp and 180 
bp for the 35S and NOS, respectively. 
However, the non-transformed orchids 
did not show any expected band sizes.
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FIGURE 5.  Transverse sections of leaves of V. lilacina: A. nontransgenic plant, 
B. transgenic plant.

FIGURE 4.  GUS activity of transgenic V. lilacina: A. protocorm, B. plantlet.
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DISCUSSION

 The specific combination of 
auxin and cytokinin in culture media is 
one of the most important factors for in 
vitro regeneration of orchids. In  this 
study, we found that the most suitable 
plant growth regulators for proliferation 
and regeneration of V. lilacina were NAA 
and BAP. Treatment with selective agents 
is needed to avoid development of 
undesirable numbers of escaped plants. 
In this experiment, the selection agent 
was hygromycin, an aminoglycoside 
antibiotic that causes death to plant cells 
by inhibiting transcription and translation 
(Datta et al., 1999). We found that the 
effective concentration of hygromycin 

FIGURE 6.  PCR analysis of transformed V. lilacina using primers to detect the 35S 
(lane P1-C1) and NOS (lane P2-C2); lane M: 100 bp DNA ladder, lane P: pCAMBIA 
1305.1, V: nontransformed protocorms, VT: transformed protocorms, C: control.

for selection of the transformants was 
9 mg/l. 

Co-cultivation period is another 
factor which affects the ef  ciency of 
Agrobacterium-mediated transformation. 
The optimal co-cultivation time for 
V. lilacina was shown to be 30 minutes. 
These transformed protocorms gave a 
high intensity of blue staining that 
indicated high GUS expression. In this 
study, the transformation percentage of 
V. lilacina was 54. DNA integration was 
con  rmed by PCR ampli  cation of 195 
bp and 180 bp for the 35S promoter and 
NOS terminator, respectively. The 
present research has shown the same 
results as those reported for Dendrobium 
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draconis and Dendrobium Miss Singapore 
(Homkrajhae, 2005).
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ABSTRACT. Nucleolin is a multifunctional protein involving in metabolism of cells 

especially ribosome biogenesis. It mainly presents in the nucleolus. Rice nucleolin 

gene (OsNUC1) is up-regulated after salt, drought and heavy metal stress. In this 

study, we investigated the influence of RNA recognition motif (RRM) and  

glycine-arginine rich (GAR) domain of rice nucleolin on heavy metal tolerance  

ability using transgenic Arabidopsis, containing partial OsNUC1 cDNA encoding 

RRM and GAR domain under CaMV35S promoter. It was found that transgenic  

Arabidopsis had a significant higher fresh weight and dry weight when grew in MS 

medium or MS medium containing 25, 50, 75 M CuSO
4
 or 50, 75 M CdCl

2
 for two 

weeks.  However, growing in MS medium supplemented with 100 M CdCl
2
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transgenic lines showed the higher fresh weight than wild type, but the dry weights 

of both transgenic lines and wild type plant were not statistically different. 
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  500 ppm  

1-   250 ppb 

 

ABTRACT. Orchid is of commercial importance and popular in the global market for its 

attractive inflorescence and long vase-life.  However, there are still problems with cut 

flowers quality in respond to ethylene exposure which leading to premature wilting or 

abscission of flower parts or whole buds. This research studied the use of 1-

methylcyclopropene to prolong postharvest longevity of Mokara by comparing different 

concentrations of 1-MCP treatment including 100, 250 and 500 ppb prior to storage. 

The results indicated that the inflorescences fumigated with all 1-MCP treatments 

significantly prolong the shelf life and the treatment with 250 ppb 1-MCP could delay 

the abscission of florets. Moreover, 250 ppb of 1-MCP treatment following by dipping 

in 500 ppm ethephon can significantly delay the florets abscission of Mokara.  

: 1- , , 

KEYWORDS: 1-Methylcyclopropene, Mokara, ethephon
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