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ABSTRACT 

 

The wild gingers in the family Zingiberaceae have a wide range of habitat distribution. The 

species growing in Malaysian forests are the most studied. Nevertheless, the aromatic 

perennial herb family found in limestone forests is the least studied. The present study 

identified the ginger species compositions, determined the conservation status of the identified 

ginger species, and compared the distribution of the ginger species in selected limestone 

forests of Kelantan due to the lack of intensive study focusing on wild gingers in Malaysian 

limestone forests, especially in the state of Kelantan, to date. In various months, wild ginger 

species observation was conducted at four limestone forests in Kelantan. From the survey 

performed during the present study, Gua Setir and Gua Ikan recorded 16 species with 12.5% 

overlapping species. Gua Setir comprised 61.5% more ginger species than Gua Ikan. In total, 

13 species (81.25%) were evaluated based on the Red List of Threatened Species by the 

International Union for Conservation of Nature (IUCN). Three wild ginger species listed as 

high conservation value (HCV), Zingiber aurantiacum, Zingiber petiolatum, and Zingiber wrayi, 

were identified at the limestone karst valley of Gua Setir. The current study presented updated 

and new records of the limestone wild ginger flora in Kelantan. The research also 

demonstrated that each limestone forest consisted of different combinations of ginger species. 

Consequently, conservation efforts and sustainable management currently enforced in the 

limestone forests would lead to long-term protection of the plants. Furthermore, the wild 

gingers could become a tourist attraction for limestone forests located in recreational areas.   
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INTRODUCTION  

 

The gingers from the family Zingiberaceae are known as a herb worldwide. The perennial 

plant is generally distributed from lowland to hill forests (Larsen et al., 1999). Approximately 

1600 species of ginger are recorded worldwide (Larsen et al., 1999; Xu & Chang, 2017), with 

over 160 species from 18 genera were documented in Peninsular Malaysia alone. Various 

studies were conducted around Malaysia to update the species composition and distribution 

of the Malaysian ginger plants. Among the investigations, Appalasamy et al. (2019), 

Appalasamy and Arumugam (2020), Appalasamy et al. (2020a, 2020b), and Izlamira et al. 

(2020) recently published ginger species composition data for a specific area in Malaysia. 

Nonetheless, numerous forested areas in Malaysia are unexplored.  

 According to Larsen et al. (1999), gingers have a wide range of habitats, including 

limestone areas. Nevertheless, the research on limestone gingers is scarce, especially in 

Peninsular Malaysia. Chin (1977) reported 16 wild gingers species in the limestone areas in 

Peninsular Malaysia. Moreover, Kiew et al. documented two rare limestone ginger species in 

Peninsular Malaysia in 2017. As the total area of limestone hills in Malaysia has reduced due 

to anthropogenic activities (Liew et al., 2016), it is imperative to document the ginger species 

composition for future reference and support conservation activities.  

 Kelantan is reported to possess more limestone outcrops than any other state in 

Peninsular Malaysia, including Gua Madu, Gua Setir, and Gua Ikan (Liew et al., 2021a, 

2021b). The updated floral data on Kelantan limestone outcrops was published by Davison 

and Kiew (1990), which reported 210 flora in 120 limestone hills. To date, Chin (1983), Davison 

and Kiew (1990), Kiew et al. (2017), and Kiew et al. (2019) are the only published articles that 

documented Kelantan limestone gingers. Accordingly, the present study aims to identify 

ginger species composition, determine the conservation status of the identified ginger species, 

and compare the distribution of ginger species in selected Kelantan limestone forests. The 

current study is essential to update the list of ginger species in specific habitats and contribute 

to conservation status analysis of a species at the global and local levels.  

 

 

MATERIALS AND METHODS 

 

Study Sites 

 

The current study was conducted in four limestone forests between 2020 and 2021 (see Table 

1). The observation periods were varied between the sites. The different observation time was 

due to environmental factors, such as flood, and travel restrictions ascribable to the Covid-19 

pandemic.  

 Continuous accessibility was the criterion for limestone forest selection. Consequently, 

the study sites were outside protected forests and accessible to everyday people. The global 

positioning system (GARMIN GPSMAP 64s, Malaysia) was employed to tag the location and 

elevation of the study sites.   

 

 

 

 

Table 1: Location of study sites in Kelantan, Peninsular Malaysia.  
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Location District Coordinate 
Elevation 

 (m a.s.l) 
Observation Month 

Gua Ikan Dabong 5°21'12"N;  

102°01'32"E 

53.29 Jan 20 – Mar 20 

Sep 20 – Dec 20 

Mar 21 – Apr 21 

Gua Madu Gua 

Musang 

4°50'12"N;  

101°56'58"E 

103.03 Jan 20 – Mar 20 

Mar 21 

Gua Setir Jeli 5°39'55"N;  

101°55'29"E 

86.29 Jan 20 

Jun 20 – Oct 20 

Jan 21 – May 21 

Gunung 

Reng 

Jeli 5°42'53"N;  

101°44'43"E 

102.32 Feb 20 – Mar 20 

Mar 21 

Note: m a.s.l = meter above sea level. 

 

Data Collection  

 

The present study surveyed the limestone karst valleys and forests within a 100-metre radius 

of the karsts, and a random sampling method was performed. Ginger plants along nature 

trails, rivers, streams, and limestone karst were observed and recorded in the study sites. The 

identification guides by Larsen et al. (1999), Theilade (1996), Theilade (1999), Khaw (2001), 

Kress et al. (2002), Poulsen (2006), Lamb et al. (2013), and de Boer et al. (2018) were 

referred. Species identification was conducted based on morphological characteristics, such 

as leaves, inflorescence, and flowers.  

 A Canon (Japan) digital camera with a Raynox portable super macro conversion lens 

(Japan) was employed to photograph the identified plant species in the field. Plant specimens 

were collected for species that encompassed more than three colonies. The herbaria 

specimens were dried and deposited at the Natural Resources Museum, Faculty of Earth 

Science, Universiti Malaysia Kelantan (UMK).  

 

Data Analysis 

 

The conservation status of the identified ginger species was analysed according to the Red 

List of Threatened Species by the International Union for Conservation of Nature (IUCN, 2021) 

as the global standard and Malaysia Red List (Yong et al., 2021) for local standards. Moreover, 

the species listed as High Conservation Value (HCV) was evaluated based on the Rare, 

Threatened, and Endangered (RTE) species reported by the HCV Malaysia Toolkit Steering 

Committee (2018). The analyses were performed for only 15 ginger plants identified within the 

species level.  

 

 

RESULTS 

 

A total of 16 ginger species from eight genera were identified from four limestone forests 

around Kelantan (see Figure 1). Taxonomic identification was performed at the species level 

for 15 ginger plants, while one ginger plant was identified as a morphospecies. According to 

Kress et al. (2002) and de Boer et al. (2018), the species composition comprised three tribes, 

Alpinieae, Globbeae, and Zingibereae (see Table 2).  

The Zingibereae and Alpinieae gingers recorded seven species, respectively, from two 

and five genera. Meanwhile, the Globbeae tribe recorded two species. Among the tribes, 
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Alpinieae recorded the highest number of genera. The genus Zingiber dominated the species 

composition with six species (see Figure 2). The present study also recorded three Etlingera 

and two Globba species. Moreover, Alpinia, Bosenbergia, Plagiostachys, Sundamomum, and 

Wurfbainia comprised single species.  

 

 
 

Figure 1: Identified wild ginger species in limestone forest of Kelantan. (a) Alpinia javanica; 

(b) Etlingera littoralis; (c) Etlingera maingayi; (d) Etlingera punicea; (e) Plagiostachys sp.; (f) 

Wurfbainia uliginosa; (g) Globba leucantha; (h) Globba patens; (i) Bosenbergia plicata; (j) 

Sundamomum hastilabium; (k) Zingiber aurantiacum; (l) Zingiber ottensii; (m) Zingiber 

puberulum; (n) Zingiber spectabile; (o) Zingiber wrayi; (p) Zingiber petiolatum.   

 

 

Table 2 Species composition of gingers from limestone forests of Kelantan, Peninsular 

Malaysia.  Notes: DD = Data Deficient; LC = Least Concern; NT = Near Threatened; VU = 

Vulnerable; EN = Endangered; NE = Not Evaluated. 

No. Tribes Species 
IUCN Red 

List 

Malaysia Red 

List 

1. Alpinieae Alpinia javanica Blume LC NE 

2. Alpinieae Etlingera littoralis (J.Koenig) LC NE 

3. Alpinieae Etlingera maingayi (Baker) LC NE 

4. Alpinieae Etlingera punicea (Roxb.) LC NE 

5. Alpinieae Plagiostachys sp.  - - 

6. 

Alpinieae 

Wurfbainia uliginosa (J.Koenig) 

Giseke  

(≡ Amomum uliginosum Koenig) 

LC NE 



5 
 

7. 

Alpinieae 

Sundamomum hastilabium (Ridl.) 

A.D.Poulsen & M.F.Newman 

(≡ Amomum hastilabium Ridl.) 

LC NE 

8. Globbeae Globba leucantha Miq. NE NE 

9. Globbeae Globba patens Miq. LC NE 

10. 
Zingibereae 

Bosenbergia plicata (Ridl. & Ridley) 

Holttum  

NE NE 

11. 
Zingibereae 

Zingiber aurantiacum (Holttum) 

Theilade* 

VU NE 

12. Zingibereae Zingiber ottensii Valeton DD NE 

13. 
Zingibereae 

Zingiber petiolatum (Holttum) 

Theilade* 

VU NE 

14. Zingibereae Zingiber puberulum Ridl.  NT NE 

15. Zingibereae Zingiber spectabile Griff. DD NE 

16. Zingibereae Zingiber wrayi Prain ex Ridl.* EN NE 

* = High Conservation Value (HCV) species 

  

 
 

Figure 2:  Species composition of gingers according to genus at limestone forests of 

Kelantan, Peninsular Malaysia. 

 

 The positions of the inflorescence in the gingers studied were categorised into five 

groups. Based on the classification of the inflorescence positions described by Holtum (1950) 

and Larsen et al. (1999), the gingers discovered in the current study were grouped as follows: 

  

1. A terminal on leafy shoots - The ginger species under this category had inflorescence 

occurring on the terminal leafy shoots. A long peduncle with bracts was observed on 

the distal parts. The species in this group were Alpinia javanica, Globba leucantha, and 

Globba patens. 

2. A terminal on erect stems - The inflorescence of the observed ginger species broke 

through the sides of the sheaths of leafy stems, appearing on the lateral parts of leafy 

shoots. The species grouped under this category was Plagiostachys sp.  
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3. Radical (ground) - The inflorescence was spotted on the ground, visible either near or 

to some extent from leafy shoots. The species in this classification were Etlingera 

littoralis, Etlingera punicea, Sundamomum hastilabium, Wurfbainia uliginosa, Zingiber 

aurantiacum, Zingiber puberulum, and Zingiber wrayi.  

4. Radical (borne on a peduncle) – The ginger species in this category exhibited a 

peduncle supported inflorescence. The length of the peduncles varied between 

species. The species that belonged in this group were Etlingera maingayi, Zingiber 

ottensii, Zingiber petiolatum, and Zingiber spectabile.  

5. Between the leaves - The flowers (or, mainly, a single flower at a time) of Bosenbergia 

plicata was observed emerging between leaves and enclosed by leaf sheaths.  

 

 The current study conducted a conservation status analysis on 15 species identified at 

the species level (see Table 2). Among the species, 13 (81.25%) were listed in the Red List 

of Threatened Species reported by the IUCN, the global standard. Conversely, none of the 

studied species  was registered in the Malaysia Red List. The highest number of species was 

categorised as Least Concern (LC) (seven), followed by two species under Data Deficient 

(DD) and Vulnerable (VU), and one species under Near Threatened (NT) and Endangered 

(EN). Furthermore, three wild ginger species, Zingiber aurantiacum, Zingiber petiolatum, and 

Zingiber wrayi, were identified as High Conservation Value (HCV).  

 Table 3 summarises the ginger species distribution in Kelantan limestone forests. Gua 

Setir recorded a higher number of wild ginger species at 13 than five documented in Gua Ikan. 

Gua Setir also exhibited more genera than Gua Ikan. Seven genera were recorded in Gua 

Setir, namely Alpinia, Bosenbergia, Etlingera, Globba, Plagiostachys, Wurfbainia, and 

Zingiber. Four genera, Etlingera, Sundamomum, Wurfbainia, and Zingiber, were documented 

in Gua Ikan. Gua Setir was dominated by Zingiber with five species, while Gua Ikan comprised 

primarily of Etlingera with three species. A few ginger plants were also observed in Gua Madu 

and Gunung Reng. Nevertheless, the taxa of the gingers discovered in both sites were not 

identified as the ginger plants were infertile.  

 

Table 3: Species distribution of gingers at limestone forest of Kelantan, Peninsular Malaysia.  

No. Tribes Species 
Gua 

Ikan 

Gua 

Setir 

1. Alpinieae Alpinia javanica Blume NR - + 

2. Alpinieae Etlingera littoralis (J.Koenig) NR + + 

3. Alpinieae Etlingera maingayi (Baker)  + - 

4. Alpinieae Etlingera punicea (Roxb.) NR + + 

5. Alpinieae Plagiostachys sp. NR - + 

6. 
Alpinieae 

Wurfbainia uliginosa (J.Koenig) Giseke NR 

(≡ Amomum uliginosum Koenig) 

- + 

7. 
Alpinieae 

Sundamomum hastilabium (Ridl.) A.D.Poulsen & 

M.F.Newman NR 

+ - 

8. Globbeae Globba leucantha Miq. NR - + 

9. Globbeae Globba patens Miq. NR - + 

10. 
Zingibereae 

Bosenbergia plicata (Ridl. & Ridley)  

Holttum NR 

- + 

11. Zingibereae Zingiber aurantiacum (Holttum) Theilade NR - + 

12. Zingibereae Zingiber ottensii Valeton* NR - + 

13. Zingibereae Zingiber petiolatum (Holttum) Theilade NR - + 

14. Zingibereae Zingiber puberulum Ridl. NR - + 

15. Zingibereae Zingiber spectabile Griff. NR + - 
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16. Zingibereae Zingiber wrayi Prain ex Ridl. NR - + 

Total 5 13 

Notes: * = not native; NR = New record to limestone forest of Kelantan state 

 

 

DISCUSSION 

 

The recorded 16 ginger species from eight genera in the limestone forests of Kelantan 

represented approximately 10% of the species and 44.44% of the ginger genera reported in 

Peninsular Malaysia (see Figure 2). The gingers in genera Etlingera, Globba, and Zingiber 

were previously documented in Kelantan limestone forests (Davison & Kiew 1990; Kiew et al., 

2019). Two genera were identified as morphospecies, while one genus was identified at the 

species level.  

 The Globba and Zingiber morphospecies were reported in the Federal Land 

Development Authority (FELDA) Chiku and Relai Forest Reserve limestone hills, respectively 

(Kiew et al., 2019). According to Davison and Kiew (1990), Etlingera maingayi was distributed 

in the limestone hills of Gua Renayang and Pulau Raba, Kelantan. An endemic species to 

Peninsular Malaysia, Boesenbergia longipes, and a rare species, Globba albiflora, were also 

previously observed in the limestone areas in Kelantan (Kiew et al., 2017; Kiew et al., 2019). 

Nevertheless, none of the species was recorded during the present study. Nonetheless, the 

current study updates the Zingiberaceae species list of the Kelantan limestone forests with 15 

new records (see Table 3). Future ginger species studies with a more extended observation 

period in the limestone areas could reveal more new records. 

 In the current study, a morphospecies from the genus Plagiostachys was identified. 

Nevertheless, the absence of flowers in Plagiostachys sp. during sampling limited species 

identification as the structure of the inflorescence and flower are crucial morphological 

characteristics of ginger plants to confirm plant identification at the species level (Larsen et 

al., 1999). Interestingly, Plagiostachys was identified with a unique inflorescence structure that 

appeared to penetrate from the side sheaths of its leafy stems (Smith, 1990; Larsen et al., 

1999), as shown in Figure 1e. Additionally, infructescence with green fruits was observed, 

requiring further identification. Recently, new wild ginger species from genera Scaphochlamys 

(Sam & Saw, 2005; Sam et al., 2015) and Globba (Sam & Ibrahim, 2016) were discovered in 

eastern Peninsular Malaysia. Thereby, Plagiostachys sp. from the current study could be 

added to the taxon of wild ginger species in Peninsular Malaysia as only three species of 

Plagiostachys (P. albiflora, P. lateralis, and P. mucida) was previously observed (Larsen et 

al., 1999; Newman et al., 2004). 

 A higher number of Alpinieae and Zingibereae tribes than Globbeae were recorded in 

the study sites in the present study. Furthermore, Alpinieae dominated the species 

composition with more genera (62.5%) (see Table 3). Similar observations were also 

documented in other Kelantan forests. For example, the Alpinieae tribe comprised 71.4% of 

the genera from the overall species composition at the nature trail in Lojing Highlands 

(Appalasamy et al., 2020b). The tribe also comprised 50% of the wild ginger genera recorded 

in the Ulu Sat Forest Reserve (Izlamira et al., 2020).  

 The present study recorded more species in the genus Zingiber from the Zingibereae 

tribe (see Figure 2). The genus is commonly found in limestone and lowland forests of 

Peninsular Malaysia. The highest number of Zingiber spp. (five species) was recorded in Gua 

Setir compared to other sites in Peninsular Malaysia, such as Lojing Highlands (two species) 

(Appalasamy et al., 2020b), Mount Telapak Buruk (one species) (Appalasamy & Arumugam, 

2020), and Pangkor Island (one species) (Appalasamy et al., 2019).  
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 Chin (1983) stated that Globba patens and Zingiber spectabile were distributed in 

Peninsular Malaysia and recorded in limestone areas. Meanwhile, Alpinia javanica, Wurfbainia 

uliginosa, and Etlingera punicea species were widespread in Peninsular Malaysia. 

Nonetheless, the distribution status of the other species recorded in Table 2 is still being 

updated (Larsen et al., 1999; Yong et al., 2021).  

 Three species were categorised as High Conservation Value (HCV) in the current 

study based on the IUCN (2021) and HCV Malaysia Toolkit Steering Committee (2018). The 

species were Zingiber aurantiacum, Zingiber petiolatum, and Zingiber wrayi. The HCV species 

were not documented in other Kelantan limestone and lowland forests to date (Henderson, 

1939; Kiew et al., 2017; Izlamira et al., 2020). The absence of the HCV species in previous 

records might be due to the lack of sampling and low population size.  

 The wild gingers in several Kelantan forests remain undiscovered. According to Aliaa-

Athirah et al. (2019), the lack of sampling led to low floral diversity, especially in Kelantan 

limestone hills. Furthermore, a genus revision based on the morphological characteristics of 

Zingiber by Theilade in 1996 proved that the HCV species were distributed in Peninsular 

Malaysia. Consequently, further wild ginger ecological studies in other parts of Kelantan could 

update the distribution status of the HCV species.  

 The IUCN conservation status demonstrated that the HCV species were present in low 

abundance globally. As a result, Zingiber wrayi was categorised as Endangered, while Z. 

aurantiacum and Z. petiolatum were categorised as Vulnerable (IUCN, 2021). The low 

abundance of the HCV species might be limited the occurrence of the species in Kelantan. 

Nevertheless, future conservation status analyses with the Malaysia Red List might provide 

reliable conservation status of the HCV species in Malaysia. 

 The present study documented 16 wild ginger species, as shown in Table 3. Wild 

ginger plants were observed in all study sites, Gua Ikan, Gua Madu, Gunung Reng, and Gua 

Setir. Nonetheless, the gingers in Gunung Reng and Gua Madu were infertile during the 

survey period. The absence of inflorescence, flowers, and infructescence constrained genus-

level identification. Additionally, fewer site observations were conducted in Gunung Reng and 

Gua Madu. The limited continuous observation was ascribable to the movement control order 

due to pandemic Covid-19 in Kelantan. Furthermore, the limestone forest in Gua Madu was 

flooded after prolonged heavy rain as the cave is adjacent to the riverbank of Sungai Galas. 

The flood affected the plant growth cycle (Striker, 2012), which hindered data collection in the 

study site. Accordingly, continuous site observation in the future is recommended for ginger 

species identification at Gunung Reng and Gua Madu limestone areas to update the 

distribution list of limestone gingers in Kelantan.  

 In the present study, 13 wild ginger species were recorded in Gua Setir and five 

species in Gua Ikan. The Zingiberaceae species was not documented in a previous floral study 

at Gua Setir and Gua Ikan in 1990 by Davison and Kiew. Consequently, the current study 

provided the updated scientific record of Zingiberaceae in Gua Setir and Gua Ikan. The 

species compositions in Gua Setir and Gua Ikan represented 81.25% and 31.25% of the 

overall species composition listed in Table 2, respectively.  The current study demonstrated 

that both sites contained different species combinations with 12.5% overlapping species. 

Etlingera littoralis and Etlingera punicea were the species distributed in both limestone forests. 

The remainder, 87.5% ginger species, were localised, found in either limestone forests. A 

similar floral distribution was recorded in different limestone hills in FELDA Chiku during a 

floral observation by Kiew et al. (2019). The report also indicated that no limestone hill 

recorded more than 60% of the identified limestone flora.  

 Zingiber ottensii, a non-native ginger species, was identified at Gua Setir. The 

domesticated ginger species has been cultivated and utilised as traditional medicine 
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(Theilade, 1996). The plant is also employed as ornamentals in Southeast Asia countries 

(Kizhakkayil & Sasikumar, 2011). The present study discovered a single plant of the species 

approximately 100 m from the limestone karst, which the locals probably introduced.  

 Environmental factors are vital determinants of floral species richness (Thammanu et 

al., 2021). Wild gingers prefer damp, humid, and shady habitats (Larsen et al., 1999). Gua 

Setir and Gua Ikan demonstrated different environmental conditions. Gua Setir is located in a 

rural area surrounded by small patches of dense forest. The surrounding cave with streams 

provided suitable habitat for the gingers. Nonetheless, most nearby areas have been logged 

and converted into plantations. During the survey, logging activities and abandoned mine 

lakes were observed near the study site.  

 Gua Setir cave is accessible by two-wheelers, making the rural cave famous among 

the locals for guano collection. Davison and Kiew reported similar activities in 1990. 

Consequently, the anthropogenic activities around the cave are a significant threat to the 

identified ginger species. Conversely, Gua Ikan is a well-maintained recreational area with a 

small river crossing over the cave and a forest surrounds a part of the cave. Nevertheless, 

Gua Ikan exhibited more open areas than Gua Setir. Visitors of the recreational park perform 

cave exploration, rock climbing, and picnic activities. Frequent human and maintenance 

activities around the cave limited the occurrence of wild ginger in the study site.   

  

 

 

CONCLUSION 

 

Wild gingers (Zingiberaceae) were surveyed in four limestone forests of Kelantan. Gua Setir 

and Gua Ikan recorded 16 wild ginger species. The gingers belonging to the species Zingiber 

aurantiacum, Zingiber petiolatum, and Zingiber wrayi were identified as High Conservation 

Value (HCV) species. The present study has also updated the Kelantan limestone flora with 

15 new records of wild gingers. Moreover, differing species composition between the study 

sites was observed. The finding was supported by Kiew et al., (2019) that indicated floral 

composition variations between limestone hills. Consequently, ginger identification and 

conservation in each limestone hill are vital for the survival of the wild ginger species. 

Furthermore, the protection and restoration of limestone ecosystems have been listed as one 

of the national biodiversity targets in the National Policy of Biodiversity 2016–2025 of Malaysia 

(Ministry of Natural Resources and Environment, 2016). Accordingly, conservation efforts 

should be implemented along with sustainable management of the limestone forests currently 

enforced to protect the Zingiberaceae species and comply with the national policy.  
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