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Abstract 

 

Banana genetic resource in Thailand is highly diverse.  This project was aimed to 

survey, collect, and classify banana samples in order to assess genetic diversity and conserve 

this invaluable resource.  More than four hundred accessions of the bananas in Thailand 

were collected and, during the course of this project, systematically investigated based on 

morphology and molecular biology—i.e. Amplified Fragment Length Polymorphisms (AFLPs) 

and DNA sequences (ITS and TrnL-F).  The result unveiled 13 native and exotic species in 

three genera including Musa, Ensete, and Musella.  Among these, a species new-to-science, 

Musa serpentina Swangpol & Somana was discovered along Thailand-Myanmar mountain 

chain.  Also, several new records and location will also be reported.  Meanwhile, many 

cultivars were found to be related to native accessions and some of the commercial ones 

may have been introduced.  Species and cultivar diversity, i.e. unique morphology and 

utility, and rarity due to deforestation and unbalanced artificial crop selections for 

monoculture, underline the importance of conservation of natural forest areas and the 

banana genetic resources.  Preserved and living specimens were duplicated and distributed 

to selected herbaria, botanical gardens, and permanent collections in Thailand, in the hope 

to ensure sustainable availability of genetic diversity for future scientific research and 

conservation programmes on bananas in Thailand.  Nevertheless, more natives are expected 

to be found in unexplored fertile forests across the borders to neighboring countries and 

banana expedition projects should be established in cooperation with researchers in 

neighboring countries in the near future. 
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Table 1. Banana accessions collected during the year 2008-2012

Trip Acces Location Section Species Subspecies/Subgroup GenomeLocal name Common name

1  .  .  . Musa Musa acuminata siamea AA Khae Phetchabun

2  .  .  . Musa Musa itinerans II Hok Phetchabun

satrip1 38/2 . 10 .  .  . Musa Musa balbisiana BB Tani Sawankhalok

4    . Musa Musa balbisiana BB Tani Nu

amitrip1 5 1 .  . Musa Musa acuminata malaccensis AA Pa Lam Pakarang

amitrip1 6 Musa Musa acuminata malaccensis AA Pa Khao Lakamitrip1 6  . Musa Musa acuminata malaccensis AA Pa Khao Lak

7 .  .  . Musa Musa acuminata siamea AA Pa Dong Phaya Yen

satrip9 8 23-24  . Musa Musa acuminata siamea (burmanica?) AA Pa Kroengkrawia

amitrip2 9528  4 . . .  . Musa Musa acuminata malaccensis Kra IsthmAA 1 Pa Ranong 1

amitrip2 10  .  .  (  11 . ) Musa Musa acuminata malaccensis AA 1 Pa Phangnga 1

amitrip2 11 1   25 ) Musa Musa acuminata malaccensis AA Pa Bang Hin Pli Tang

satrip1 12  .  .  . Musa Musa balbisiana BB Tani Tat Luang

satrip1 13  .  .  . Musa Musa balbisiana BBB Tani Kiu Chan

satrip1 14  .  .  . Musa Musa itinerans II 1 Hok Nan 1

satrip1 15  .  . Musa Musa itinerans II 2 Hok Nan 2

satrip3 16  .  .  . Musa cultivar ABB Tip Mukdahan

satrip3 17  .  .  . Musa cultivar ABB Theppharot

18  .      . Musa cultivar AAA Hom Khieo Khom

satrip1 19 138-139 11 Musa Musa acuminata siamea AA Pa Huai Raisatrip1 19 .  .   138 139  11 Musa Musa acuminata siamea AA Pa Huai Rai

satrip1 20  82 . 9 .  .  . Musa Musa balbisiana BB Tani Phu Phiang

satrip1 21 -  (  30  ) Musa Musa acuminata siamea AA 2 Pa Uttaradit

satrip1 22  .  .  . Musa cultivar BBB Saba Saba DAE (Dept of Agric

satrip1 23  .  .  . Musa cultivar BBB Saba Saba Mongkhon

24    . Musa cultivar AA Thong Khi Maeo

satrip3 25  .  .  . Musa cultivar BBB Lep Chang Ku

satrip3 26  .  .  . Musa cultivar ABB Hin

satrip3 27  .  .  . Musa Musa acuminata siamea yellow bract AA Pa Pli Lueang Pak Chon

satrip3 28  .  .  . Musa cultivar ABB Nom Mi

29    . Musa cultivar AAA Teen Tao

amitrip2 30  .  .  . Musa Musa balbisiana BB Tani Lang Suan

satrip3 31  .  .  . Musa cultivar AAB Khai Thong Ngoei

satrip2 32 Musa cultivar AABB Ngoensatrip2 32  .  .  . Musa cultivar AABB Ngoen

satrip3 33  .  .  . Musa cultivar AAB Nom Sao

satrip3 34  .  .  . Musa cultivar AAA Hom Kariang

satrip3 35  .  .  . Musa cultivar ABB Hak Muk Nuan

satrip3 36  .  .  . Musa cultivar AAA Nak

satrip3 37  .  .  . Musa cultivar AA Khai Kamphaeng Phet

satrip3 38  .  .  . Musa cultivar AA Khai Suan Phueng

satrip3 39  .  .  . Musa cultivar AA Pa Rayong

satrip2 40  .  .  . Musa Musa balbisiana BB Tani Dam

satrip3 41  .  .  . Musa cultivar ABB Namwa Ngoen

satrip3 42  .  .  . Musa cultivar AAB Langka

satrip3 43  .  .  . Musa Musa balbisiana BB Tani Kip Ma

satrip3 44  .  .  . Musa cultivar AAA Tam Nuan

satrip3 45 Rhodoclamys Musa ornata OO Bua Si Chomphusatrip3 45  .  .  . Rhodoclamys Musa ornata OO Bua Si Chomphu

satrip3 46  .  .  . Musa cultivar ABB Nang Klai Surin

satrip3 47  .  .  . Musa cultivar AAA Man

satrip3 48  .  .  . Musa cultivar AAA Kung Khieo

satrip3 49  .  .  . Musa cultivar AA Sa

satrip3 50  .  .  . Musa cultivar AAA Hom Khieo Ton Sung



Table 1. Banana accessions collected during the year 2008-2012 (cont.)

Trip Acces Location Section Species Subspecies/Subgroup GenomeLocal name Common name

satrip3 51  .  .  . Musa cultivar ABB Namwa Mali-Ong

satrip3 52  .  .  . Musa cultivar AA Nam Mak

satrip3 53  .  .  . Musa cultivar AAB Roi Wi

satrip3 54  .  .  . Musa cultivar AAA Thong Khak

satrip3 55  .  .  . Musa cultivar AAA Nam Nom

satrip3 56 Musa cultivar AAB Thong Somsatrip3 56  .  .  . Musa cultivar AAB Thong Som

satrip3 57  .  .  . Rhodoclamys Musa laterita LL Bua Si Som

satrip3 58  .  .  . Musa cultivar ABB Khai Boran

satrip3 59  .  .  . Musa cultivar AA Hom Chan

satrip3 60  .  .  . Musa cultivar AABB  03 FHIA 03

satrip3 61  .  .  . Musa cultivar AAA Hom Thong Pa

satrip3 62  .  .  . Musa cultivar AA Lep Mue Nang

satrip3 63  .  .  . Musa cultivar ABB Namwa Maharat

satrip3 64  .  .  . Musa cultivar ABB Namwa Nuan

satrip3 65  .  .  . Musa cultivar ABB Hak Muk Thong

satrip3 66  .  .  . Musa cultivar ABB Namwa Luk Sai Dam

satrip3 67  .  .  . Musa cultivar AAB Langka Nakhon Sawan

satrip3 68  .  .  . Musa cultivar AA Nua Thong

satrip3 69 Musa cultivar ABB Khai Chumphaesatrip3 69  .  .  . Musa cultivar ABB Khai Chumphae

satrip3 70  .  .  . Musa cultivar AAB Nam Nom Chiang Mai

satrip3 71  .  .  . Musa cultivar AA Thong Dok Mak

satrip3 72  .  .  . Musa cultivar AAB Khai Si Sa Ket

satrip3 73  .  .  . Musa cultivar ABB Nam Chiang Rai

satrip3 74  .  .  . Musa cultivar AA Pisang Ampiang

satrip3 75  .  .  . Musa cultivar ABB Namwa Khom

satrip3 76  .  .  . Musa cultivar ABB Sam Duan Phichit

satrip3 77  .  .  . Musa cultivar AAA Hom Thong Phon San

satrip3 78  .  .  . Musa cultivar AAA Hom Thip Nakhon Sawa

satrip3 79  .  .  . Musa cultivar ABB Hak Muk Khieo

satrip3 80  .  .  . Musa cultivar ABB E-Ngao Ubon

satrip3 81  .  .  . Musa cultivar ABB Phama Hak Kuk

satrip3 82 Musa cultivar ABB Namwa Sai Dang Nakhonsatrip3 82  .  .  . Musa cultivar ABB Namwa Sai Dang Nakhon

satrip3 83  .  .  . Musa cultivar AA Sae Ma

satrip3 84  .  .  . Musa cultivar AA Hom Champa

satrip3 85  .  .  . Musa cultivar ABB Nang Phaya

satrip3 86  .  .  . Musa cultivar AAA Hom Khom

satrip3 87  .  .  . Musa cultivar ABB Tip Yai Chanthaburi

satrip3 88  .  .  . Musa cultivar AAB Khai Non Sung

satrip4 89  .  .  . Musa Musa acuminata siamea AA Pa Phu Khieo

satrip4 90 .  .  .  . Musa Musa acuminata siamea AA 1 Pa Nam Nao 1

satrip4 91 .  .  .  Musa Musa acuminata siamea AA 2 Pa Nam Nao 2

satrip4 92 .  .  .  . Musa Musa acuminata siamea AA 3 Pa Nam Nao 3

satrip4 93  .       Musa Musa balbisiana BB Tani Chiang Klom

satrip4 94  .       Musa Musa acuminata siamea AA Pa Chiang Klom

satrip4 95 211 2 Musa Musa balbisiana BB Tani Pak Chomsatrip4 95  211  2 . Musa Musa balbisiana BB Tani Pak Chom

satrip4 96     . .0 Musa Musa acuminata siamea AA Pa Pak Tom

satrip4 97013 . 62-63 .  .  .  Musa Musa acuminata siamea AA Pa Dan Sai

satrip4 98  .     61-62 Musa Musa acuminata siamea AA Pa Nakhon Thai

satrip4 9939  3 .  .  .  Musa Musa acuminata siamea AA Pa Wang Nok An

satrip4 100  2196 .  .  .  Musa Musa itinerans II Hok Khao Kho



Table 1. Banana accessions collected during the year 2008-2012 (cont.)

Trip Acces Location Section Species Subspecies/Subgroup GenomeLocal name Common name

satrip4 101  .  .  .  Musa Musa acuminata siamea AA Pa Khao Kho

satrip4 102  .  .  Musa Musa acuminata siamea AA Pa Phra Phuttha Chai

satrip4 103  .  . Musa Musa balbisiana BB Tani Phra Phuttha Chai

amitrip4 104  .  .  . Musa Musa acuminata malaccensis Kra isthmAA Pa Chumphon

amitrip4 105 36  12 .  .  . Musa Musa acuminata malaccensis Kra isthmAA Pa Wang Tako

amitrip4 106 3 1 Musa Musa acuminata malaccensis Kra isthmAA Pa Pang Wanamitrip4 106 3  1 .  .  . Musa Musa acuminata malaccensis Kra isthmAA Pa Pang Wan

amitrip4 107  35  18 .  .  . Musa Musa acuminata malaccensis Kra isthmAA Pa Phato

amitrip4 108  .   . Musa Musa acuminata malaccensis Kra isthmAA Pa Hat Praphat

amitrip4 109  .  .  . Musa Musa acuminata malaccensis AA Pa Wat Tham Sua

amitrip4 110  .  .  . ? AA Rai Malet Wat Tham Sua

amitrip4 111   .  .  . Musa Musa acuminata malaccensis AA Pa Tha Pom Khlong Son

amitrip4 112  .  .  . Musa Musa acuminata malaccensis AA Pa Khlong Ya

amitrip4 113   . Musa Musa acuminata malaccensis AA Pa Chang Klang

amitrip4 114 .  .  . Musa Musa acuminata malaccensis AA Pa Namtok Phromlok

amitrip4 115  .  .  Musa Musa acuminata malaccensis AA Pa Si Chon

amitrip4 116  5 .  .  . Musa Musa acuminata malaccensis AA Pa Ta U-tae

amitrip4 117  .  .  . Musa Musa balbisiana BB Tani Bang Marot

amitrip4 118  200  .  .  . Musa Musa acuminata malaccensis Kra isthmAA  Pa Lang Suan

satrip5 119 Musa cultivar AAA Niu Chora ke Amphawasatrip5 119  .  .  . Musa cultivar AAA Niu Chora-ke Amphawa

satrip5 120  .  .  . Musa cultivar AA Saero

satrip5 121  .  .  . Musa cultivar AAA ( ) Ta Kui Noe Mu

satrip5 122  .  .  . Musa cultivar AAB Nom Sao Tanao Si

bottrip1 123  .  .  . Musa Musa itinerans II Hok Mae Taeng

bottrip1 124  .  . Musa Musa itinerans II Hok Huai Nam Dang

bottrip1 125  .  . Musa Musa sp. YY sp. 1  sp. 1  Huai Nam Dang

bottrip1 126  .  .  . Musa Musa acuminata siamea (burmanica?) AA 1 Pa Muang Pam 1

bottrip1 127  .  .  . Musa Musa sp. YY sp. 1  2 sp. 1  Muang Pam 2

bottrip1 128  .  .  . CalliMusa Musa gracilis GG Si Nara

129  .  .  . Musa Musa acuminata siamea (burmanica?) AA Pa Namtok Khlong Lan

130  .  .  . Rhodoclamys Musa laterita LL Bua Phop Phra

131  .  .  . Musa Musa acuminata microcarpa AA Pa La-u

132 Musa Musa acuminata siamea AA Pa Khanong Phra132  .  .  . Musa Musa acuminata siamea AA Pa Khanong Phra

133    . Musa cultivar AA Wan Tap Maeo

134    . Musa cultivar AA Hom Si Sa Ket

amitrip5 135  .  .  . Musa Musa balbisiana BB Tani Huai Mae Phriang

amitrip5 136  .  .  . Musa Musa acuminata microcarpa AA Pa Namtok Kha-On

amitrip5 137528  4 . . .  . Musa Musa acuminata microcarpa AA 2 Pa Ranong 2

amitrip5 138 Musa Musa acuminata malaccensis AA 2 Pa Khao Lak 2

amitrip5 139  4 . 185/1333 .  .  . Musa Musa acuminata malaccensis AA Pa Thap Put

amitrip5 140  . 4 .  .  . Musa Musa acuminata malaccensis AA  Pa Phanom

amitrip5 141401 . 92 .  .  . Musa Musa acuminata malaccensis AA Pa Khlong Sok

amitrip5 142  .5 .   .  . Musa Musa acuminata malaccensis Kra isthmAA Pa Khlong Nakha

amitrip5 143 1   25 ) Musa Musa acuminata malaccensis Kra isthmAA Pa Bang Hin

amitrip5 144  1/8 .5 .  .  . Musa Musa acuminata malaccensis Kra isthmAA Pa Sai Daeng

amitrip5 145 118 8 Musa Musa acuminata malaccensis Kra isthmAA Pa Na Sakamitrip5 145 118 . 8 .  .  . Musa Musa acuminata malaccensis Kra isthmAA Pa Na Sak

amitrip5 146  .  .  . Musa Musa acuminata malaccensis Kra isthmAA Pa Hong Charoen

amitrip5 147  .  .  . Musa Musa acuminata siamea AA Pa Dan Singkhon

bottrip2 148  .  .  . Musa cultivar AAA Hom Thong Taiwan

satrip6 149  .  .  . Musa cultivar AAA ( Hom Thong Phetchabur

satrip6 150  .  .  . Musa cultivar AAB  ( ) Khom (Surin)



Table 1. Banana accessions collected during the year 2008-2012 (cont.)

Trip Acces Location Section Species Subspecies/Subgroup GenomeLocal name Common name

satrip6 151  .  .  . Musa cultivar ABB Khai Maha Sarakham

satrip6 152  .  .  . Musa cultivar ABB Niu Mue Nang

satrip6 153  .  .  . Musa cultivar ABB Som Mong Lampang

satrip6 154  .  .  . Musa cultivar AAB  ( ) Chin (Phatthalung)

satrip6 155  .  .  . Musa Musa acuminata zebrina AA Thahan Phran

satrip6 156 Musa cultivar AA Niu Nang Ramsatrip6 156  .  .  . Musa cultivar AA Niu Nang Ram

satrip6 157  .  .  . Musa cultivar ABB ( ) Namwa Sai Luang (Ubon

satrip6 158  .  .  . Musa cultivar AAA Khai Phra Tabong

satrip6 159  .  .  . Musa cultivar ABB Tip Yai Ubon

satrip6 160  .  .  . Musa cultivar ABB Namwa Tanao Si

satrip6 161  .  .  . Musa cultivar AAA Khieo

satrip6 162  .  .  . Musa cultivar AA Nam Lek Songkhla

satrip6 163  .  .  . Musa cultivar ABB Thep Phanom

satrip6 164  .  .  . Musa Musa balbisiana BB Tani Nua Pak Chong

satrip6 165  .  .  . Musa cultivar AB x Hom Thong x Tani

satrip6 166  .  .  . Musa cultivar ABB Namwa Thong Ma-Eng

satrip6 167  .  .  . Musa cultivar AAB  . Nam A-chan Chalongcha

satrip6 168  .  .  . Rhodoclamys Musa velutina VV Rung Arun

satrip6 169 Rhodoclamys Musa ornata OO Bua Si Muangsatrip6 169  .  .  . Rhodoclamys Musa ornata OO Bua Si Muang

satrip6 170  .  .  . Musa cultivar ABB Namwa Khieo

satrip6 171  .  .  . Musa cultivar AAB Wan

satrip6 172  .  .  . Musa Musa acuminata siamea AA Pa Ban Pa Kluai

satrip6 173  .  .  . Musa Musa acuminata siamea yellow bract AA Pa Pli Lueang Ban Pa Kl

satrip6 174  .  .  . Musa Musa acuminata siamea AA Pa Pang Sida

satrip6 175  .  .  . Musa Musa itinerans II Hok Khao Soi Dao

satrip6 176  .  .  . Musa Musa acuminata siamea AA Pa Khao Soi Dao

satrip6 177   .  .  . Musa Musa acuminata siamea yellow bract AA Pa Pli Lueang Khlong Ta

satrip6 178  .  .  . Musa Musa balbisiana BB Tani Khlong Tani

satrip6 179   3 .7 .  .  . Musa cultivar AAB Klai

satrip6 180   3 .7 .  .  . Musa Musa acuminata siamea AA Pa Saun Phon Bida

satrip6 181  .  .  .  Musa Musa acuminata siamea AA Pa Namtok Krathing

satrip6 182 Musa Musa acuminata siamea AA Pa Khao Chamaosatrip6 182 -  .  . Musa Musa acuminata siamea AA Pa Khao Chamao

183      . Musa Musa balbisiana BB Tani Thong Suk College

184  .      . Musa cultivar AAA Nam Amphawa

185  .  .   . Musa Musa acuminata siamea AA Pa Lap Lae

satrip7 186  .  .  . Musa cultivar AAB Nga Chang

satrip7 187  .  .  . Musa cultivar AAB Kani

satrip7 188  .  .  . Musa cultivar AAB Chi

satrip7 189  .  .  . Musa cultivar AAA Nak Yak Thong Pha Phu

satrip7 190  .  .  . Musa cultivar ABB Nam Lawo

satrip7 191  .  .  . Musa cultivar ABB Nam Wa Nuan Chan

satrip7 192  .  .  . Musa Musa acuminata banksii? AA Flava

satrip7 193  .  .  . Musa cultivar AAB Nam Thai

satrip7 194  .  .  . Musa cultivar AAA Khai Thong Ruang

satrip7 195 Musa cultivar AAB Nam Fatsatrip7 195  .  .  . Musa cultivar AAB Nam Fat

satrip7 196  .  .  . Musa cultivar ABB Chang

satrip7 197  .  .  . Musa Musa acuminata siamea (burmanica?) AA Pa Namtok Khlong Nam 

satrip8 198  .  .  . Musa cultivar AAA Chai

satrip8 199  42 .  .  . Musa Musa acuminata malaccensis AA Pa Khlong Sai

satrip8 200-46  42 .  .  . Musa Musa acuminata malaccensis AA Pa Na Thawi



Table 1. Banana accessions collected during the year 2008-2012 (cont.)

Trip Acces Location Section Species Subspecies/Subgroup GenomeLocal name Common name

satrip8 201 10 . 5 .  .  . Musa Musa balbisiana BB  (Pisang GTani Chanae

satrip8 202 .  .  .  . Musa Musa acuminata malaccensis AA Pa Tanopu-te

satrip8 203  . ( ) .  . Musa Musa acuminata malaccensis AA Pa Namtok Sukthalai

satrip8 204  .  .  .  . Musa Musa acuminata malaccensis AA Pa Than To

satrip8 205  .  .  .  . Musa Musa acuminata malaccensis AA Pa Betong Hospital

satrip8 206 1 Musa Musa acuminata truncata AA Pa Umong (Tunnel) Piyasatrip8 206 1 .  .  . Musa Musa acuminata truncata AA Pa Umong (Tunnel) Piya

satrip8 207 Bayu . Puli . Baling  Kedah Malaysia Musa Musa acuminata malaccensis AA Pa Namtok Bayu

satrip8 208  .  Sik, Kedah, Malaysia Musa Musa acuminata malaccensis AA Pa Se

satrip8 209  .  .  . Musa Musa acuminata malaccensis AA Pa Namtok Ton Nga Cha

satrip8 210 .  .  .  . Musa Musa acuminata malaccensis AA Pa Tha-le Ban

satrip8 211  75 . 3 .  .  . Musa Musa acuminata malaccensis AA Pa Na Thon

satrip8 212  26 . 10 .  .  . Musa Musa acuminata malaccensis AA Pa Namtok Than Pliu

satrip8 213  . 4 .  .  . Musa Musa acuminata malaccensis AA Pa Namtok Sai Rung

satrip8 214  162 . 4 .  .  . Musa Musa acuminata malaccensis AA Pa Ka Chong

satrip8 215  53 . 5 .  .  . Musa Musa balbisiana BB Tani Khuan Khanun

satrip8 216 .  .  .  . Musa Musa acuminata malaccensis AA 1 Pa Khao Pu Khao Ya 1

satrip8 217 .  .  .  . Musa Musa acuminata malaccensis AA 2 Pa Khao Pu Khao Ya 2

satrip8 2182 .  .  . Musa Musa acuminata malaccensis AA Pa Nopphitam

atrip16 219 5 Musa Musa acuminata malaccensis AA Pa Thung Phoatrip16 219 . .5 .  .  Musa Musa acuminata malaccensis AA Pa Thung Pho

satrip8 220  43 . 5 .  .   . Musa Musa acuminata malaccensis AA Pa Khao Chai Son

221  .  .  . Musa Musa acuminata siamea AA Pa Wang Nam Khieo

222  .  .  . Rhodoclamys Musa ornata OO Bua Si Khao

223  .  .  . CalliMusa Musa coccinea CC Rattakatthali

224 7 .  .  . Musa Musa acuminata siamea yellow bract AA Pa Pli Lueang Ban Sai Th

225 -  .  .  . Musa Musa acuminata siamea AA Pa Sida Resort

226  .  .  . Ensete superbum Pha Pli Daeng

227  39 . 4 .  .  . Musa Musa acuminata siamea AA Pa Sak Don

228  .  .  . Musa Musa acuminata siamea (burmanica?) AA Pa Doi Musoe

229  .      . Ensete glaucum Nuan Sae-lae

230  21-22 .  .  . Musa Musa balbisiana BB Tani Wat Pa Sala Bang S

231  .  .  . Musella larsiocarpa Dararatsami

232 Musa Musa acuminata siamea AA Pa Ko Chang232  .   .  . Musa Musa acuminata siamea AA Pa Ko Chang

233  .  .  . Musa Musa acuminata siamea (burmanica?) AA .1 Pa QSBG 1

234  .  .  . Musa Musa itinerans II . Hok QSBG

235  .  .  . Musa Musa sp. YY sp. 1  .2 sp. 1  QSBG 2

236  .  .  . CalliMusa Musa coccinea CC  ( .) Rattakatthali QSBG

satrip9 237  . 06 1073908 Musa cultivar AAA ( Nak Yak Thong

satrip9 238  . 18-19 .  .  . Musa Musa acuminata siamea (burmanica?) AA Pa Kang Som Maeo

satrip9 239  97 . 3 .  .  . Musa cultivar AAA ( ) Khai Dam

satrip9 240 . 69-70 .  .  . Rhodoclamys Musa laterita LL Bua Si Som Chong Khao

satrip9 241  .  .  . Musa Musa acuminata siamea (burmanica?) AA Pa Chong Khao Khat

satrip9 242  .  .  . Ensete superbum Pha Pli Lueang

satrip9 243 .  . Rhodoclamys Musa laterita LL Bua Si Som Tha Khanun

satrip9 244/3 . 4 .  .  . Ensete glaucum Nuan Tha Khanun

satrip9 2453 4 Musa Musa acuminata siamea (burmanica?) AA Pa Tha Khanunsatrip9 2453 . 4 .  .  .  Musa Musa acuminata siamea (burmanica?) AA Pa Tha Khanun

satrip9 2464  2-3 .  Musa serpentina 22 Nakkharat Dan Chedi Sa

satrip9 2474  2-3 .  Musa Musa acuminata siamea (burmanica?) AA Pa Dan Chedi Sam Ong

satrip9 248 ( )   . Musa cultivar ABB Hak Muk Phama

satrip9 249 ( )   . Musa cultivar AAB Ja Yi Soe

250  7 . 6 .  .  .  Musa Musa acuminata siamea (burmanica?) AA Pa Huai Nam Nak
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atrip16 251   . 6 .  .  .  Musa Musa acuminata malaccensis Kra isthmAA Pa Pli Lueang Ban Khlon

252  .  .  . Musa Musa balbisiana BB Tani Hat Wichittra

253  .  .  . Musa cultivar AAA Mahoi

254  .  .  .  . Musa cultivar AAA ( Sai Namphueng

atrip10 255 . 16   Musa Musa sp. YY sp. 1  sp. 1  Doi Suthep

atrip10 256 300 Musa Musa balbisiana BB Tani Phu Phingatrip10 256  300 . Musa Musa balbisiana BB Tani Phu Phing

atrip10 257  ( ) Musa Musa itinerans II Hok Suan Song Saen

atrip10 25818 Musa Musa acuminata siamea (burmanica?) AA Pa Nam Mae Wong

atrip10 259  500 . Musa Musa itinerans II Hok Nam Mae Kuang

atrip10 260  .  .  .  Musa Musa itinerans II Hok Khun Chae

atrip10 261  .  .  . Musa Musa balbisiana BB . Tani Mae Chedi

atrip10 262  .  .  . Musa Musa acuminata siamea AA Pa Pak Phrao

atrip10 263   .  .  . Musa Musa sp. YY sp. 1  sp. 1  Phrao

atrip10 264  .  .  .  . Musa Musa acuminata siamea (burmanica?) AA Pa Tham Chiang Dao

atrip10 265  .  .  .  Musa Musa balbisiana BB Tani Huai Mae Poon

atrip10 266  .  .  . Musa Musa acuminata siamea AA Pa Thung Kwian

atrip10 267  1035 . 22 .  .  . Ensete superbum Pha Chae Hom

atrip10 268  .  .  . Musa Musa acuminata siamea (burmanica?) AA Pa Namtok Chae Son

atrip10 269 Ensete glaucum Nuan Namtok Chae Sonatrip10 269  .  .  . Ensete glaucum Nuan Namtok Chae Son

atrip10 270 1 .  .  .  . Musa cultivar ABBB Namwa Pom

atrip11 271  .  .  . Musa Musa acuminata siamea (burmanica?) AA Pa Khlong Mae Krasa

atrip11 272  .  .  . Musa cultivar AAA Thong Kampan

atrip11 273  .  .  . Musa cultivar ABB Namwa Dam

atrip11 274 . 54 .  .  . Musa Musa acuminata malaccensis AA 2 Pa Doi Musoe 2

atrip11 275  .  .  . Musa cultivar AAA ( )Nak Kariang

atrip11 276  .  .  . Musa cultivar AAA ( ) Kai Dam

atrip11 277  .  .  . Musa cultivar AAA ( Hom Proi

atrip11 278 . 62 .  .  .  Rhodoclamys Musa laterita LL Bua Si Som Ban Mae La

atrip11 279  .  .  . Musa cultivar ABB ( ) Hak Muk Som

atrip11 280  .  .  .  Musa cultivar AAA ( Niu Phaya Salawin

atrip11 281  .  .  . Musa Musa acuminata malaccensis AA Pa Salawin

atrip11 282 Musa Musa itinerans II Hok Salawinatrip11 282  .  .  . Musa Musa itinerans II Hok Salawin

atrip11 283  .  .  . Musa Musa acuminata siamea AA Pa Doi Pha Hom Pok

atrip11 284 89  .  .  . Musa Musa itinerans II Hok Mae Chan

atrip11 285  .  .  .  Ensete glaucum Nuan Doi Tung

atrip11 286  .  .  .  Musa Musa acuminata siamea AA Pa Doi Tung

atrip11 2871 .  . Rhodoclamys Musa ornata OO Bua Si Chomphu Sam Li

atrip11 288  1290 .  .  .  Musa Musa balbisiana BB Tani Suan Mae Bun Tha

atrip11 289   .  .  . Musa Musa acuminata siamea AA Pa Doi Phu Nang

atrip11 290 . 36-35 .  .  . Musa Musa acuminata siamea AA Pa Nanthaburi

atrip11 2911169 . 19-20 .  .  .  Musa Musa acuminata siamea AA Pa Du Phong

atrip11 292   .  .  . Ensete glaucum Nuan Namtok Tat Luang

atrip11 293  11 . 47 .  .  . Musa Musa acuminata siamea AA Pa Thung Lang

atrip16 294  72/4 . 10 .  .  . Musa Musa balbisiana BB Tani Trang

295 Musa cultivar ABB Korabun295 .  .  . Musa cultivar ABB Korabun

296 .  .  . Musa cultivar AA Kran

297 .  .  . Musa cultivar AAB Nom Nang

298 .  .  . Musa cultivar AB Ney Puvan

299 .  .  . Musa cultivar ABB Namwa Dang

300  .  .  . Musa Musa acuminata siamea AA Pa Dong La-khon
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301  300  100 . Musa Musa acuminata siamea AA 2 Pa Dong La-khon 2

302  .  .  . Musa cultivar AAB Talon

303  . .  .  . Musa Musa acuminata siamea AA Pa San Chao Pho Kun D

304  .  .  . Musa cultivar AAA Hom 'Super Dwarf'

atrip12 305  .  .  . Musa Musa acuminata siamea (burmanica?) AA Pa Chong Yen

atrip12 306 Musa Musa itinerans II Hok Chong Yenatrip12 306  .  .  . Musa Musa itinerans II Hok Chong Yen

atrip12 307  .  .  . Musa Musa acuminata siamea (burmanica?) AA Pa Pli Lueang Chong Ye

atrip12 308  .  .  . Rhodoclamys Musa laterita LL Bua Si Som Dan Mae La

atrip12 309  1090 .  .  . Musa Musa acuminata malaccensis AA 1 Pa Phop Phra 1

atrip12 310  1090 .  .  . Musa Musa acuminata siamea (burmanica?) AA 2 Pa Phop Phra 2

atrip12 311  1090 .  .  . Musa Musa sp. YY sp. 1  sp. 1  Phop Phra 3

atrip12 312  1090 . 118 .  .  .   Musa Musa acuminata siamea (burmanica?) AA Pa Mogro 1

atrip12 313  1090 . 118 .  .  .   Musa Musa itinerans II Hok Mogro

atrip12 314  .  .  .   Musa Musa sp. YY sp. 1  sp. 1  Mogro 2

atrip12 315  112 . 3 .  .  . Musa cultivar ABB Tip

atrip12 316  112 . 3 .  .  . Musa cultivar ABB Tip Kam

atrip12 317  500 . . Ensete glaucum Nuan Mae Klong

atrip12 318  500 . . Rhodoclamys Musa laterita LL Bua Si Som Mae Klong

atrip12 3191090 Ensete superbum Pha Mogroatrip12 3191090 .  .  .  . Ensete superbum Pha Mogro

atrip12 320 .  .  .  . Musa Musa acuminata siamea (burmanica?) AA Pa Namtok Sai Boe

atrip12 321500 . .  .  .   Musa Musa acuminata siamea (burmanica?) AA Pa Khlong Ang-wa

atrip12 322300 . .  .  .  Musa Musa acuminata siamea (burmanica?) AA Pa Phu Toei

323  .  .  Musa Musa balbisiana BB  ( Tani Phanom Lip

324  .  .  Musa cultivar AAA  ( Hom Khieo Ton Sung Kh

atrip13 325  .  .  Musa Musa acuminata siamea AA Pa Pha-noen Thung 1

atrip13 326  .  .  Musa Musa acuminata siamea AA 2 Pa Pha-noen Thung 2

327  Musa cultivar AAA Hom Xiamen

328  Musa cultivar ABB Namwa Xiamen

329 .  .  . Musa cultivar ABB Namwa Kap Khao

atrip14 330  30  220 .  .  Musa Musa acuminata siamea AA Pa Phu Pan

atrip14 331  .  .  Musa Musa balbisiana BB Tani Mukdahan

atrip14 332 Musa Musa balbisiana BB Tani Don Nang Hongatrip14 332  .  .   Musa Musa balbisiana BB Tani Don Nang Hong

atrip14 333   .  Musa Musa balbisiana BB Tani Wat Klang

atrip14 334  .  .  .  Musa Musa acuminata siamea AA Pa Phu Langka

335 nawadie, Pune Maharashta 411040 India Musa cultivar ABB Prata Pune

336 nawadie, Pune Maharashta 411040 India Musa cultivar AAB Mysore Pune

337 harashta 411022 India  Tel. 9422316317 Musa cultivar ABB Namwa Pune

atrip15 338  .  .  Musa Musa acuminata siamea AA Pa Roi Pli Kek Noi

atrip15 339  .  .  Musa Musa acuminata siamea AA Pa Kek Noi

atrip15 340  .  .  . Musa Musa acuminata siamea AA Pa Phu Soi Dao

atrip15 341  4 .  .  Musa cultivar ABB Theppharot Muang Che

atrip15 3423  .  .  Musa Musa sp. YY sp. 1  sp. 1  Chong Maharat

atrip15 343 .  .  .  .  Musa Musa acuminata siamea AA Pa Nam Muab

atrip15 344   70 . 2 .  .  Musa Musa balbisiana BB Tani Pa Sa-nean

atrip15 345 Musa Musa itinerans II Hok Jeson Neuaatrip15 345 .  .  .  Musa Musa itinerans II Hok Jeson Neua

atrip15 346 .  .  .  Musa Musa itinerans II 2 Hok Jaeson Neua 2

atrip15 347 .  .  .  Musa Musa sp. YY sp. 1  sp. 1  Jeson Neua

atrip15 348  .  .  Musa Musa sp. YY sp. 1  sp. 1  Mae Cham

atrip15 349  .  .  Musa Musa sp. YY sp. 1  sp. 1  Inthanon

atrip15 350  .  .  Ensete superbum Pha Inthanon
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atrip15 35138/1 .1 .  .   Musa Musa balbisiana BB Tani Mueang Pon

atrip15 352  .  .    Rhodoclamys Musa laterita LL Bua Si Som Mueang Pon

atrip15 353  .  .  Musa serpentina 22 Nakkharat Huay Hang Po

atrip15 354  .  .  Musa Musa balbisiana BB Tani Pa Huay Hang Pon

atrip15 355  .  .  Musa serpentina 22 Nakkharat Mae Tho

atrip15 356 Musa Musa sp YY sp 1 1 sp 1 Huay Mae Hoatrip15 356  .  .  Musa Musa sp. YY sp. 1  1 sp. 1  Huay Mae Ho

atrip15 357  .  .  Musa Musa acuminata malaccensis AA 2 Pa Huay Mae Hoh

atrip15 358 . 108 .  .  .  Ensete superbum Pha Bo Sali

atrip15 359  . 24 . 106 .  .  Musa Musa acuminata siamea AA Pa Theon

360 Musa cultivar AA Sao Krateub Ho

361 Musa Musa acuminata malaccensis AA Pa Namtok Te Lo Su

362    . Musa Musa balbisiana BB  ( Tani Pa Pha Suam

363    . Musa Musa acuminata siamea AA Pa Ban Bakkang

364    . Musa cultivar AAA  ( Lai

365    . Musa Musa balbisiana BB Tani Khon Phapheng

366  .  .  . Musa cultivar AAB Kokmak

367  .  .  . Musa cultivar AAA Nak Khom

368100, Cameron highland, Pahang Malaysia Musa Musa acuminata truncata AA Pa Cameron

369 0 Posaya Poslim Perak Malaysia Musa Musa acuminata malaccensis AA Pa Posya369 0  . Posaya, Poslim, Perak Malaysia Musa Musa acuminata malaccensis AA Pa Posya

370er 111700, Palau Penang, Kedah Malaysia Musa Musa acuminata malaccensis AA Pa Penang

371er 111700, Palau Penang, Kedah Malaysia Musa Musa balbisiana BB Tani Penang

atrip16 372  .  .  . Musa Musa acuminata microcarpa AA 2 Pa La-u 2

atrip16 373  .  .  . Musa Musa acuminata microcarpa AA 3 Pa La-u 3

atrip16 374  208 .9 .  .  Musa Musa acuminata malaccensis Kra isthmAA Pa Kao Talu

atrip16 375  .  .  .   Musa Musa acuminata malaccensis Kra isthmAA Pa Kao Kai

atrip16 376  402 . 34-35 .  .  . Musa Musa acuminata malaccensis AA Pa Mai Kao

atrip16 377  233 . 8 .  .  Musa Musa acuminata malaccensis AA Pa Wang Maprang Neua

atrip16 378  .  .  . Musa Musa acuminata malaccensis AA Pa Tam Kantipon

atrip16 379  .  .  Musa Musa acuminata malaccensis AA Pa Kao Ko Hong

atrip16 380  .  .  Musa Musa acuminata malaccensis AA Pa Kanthuli

atrip16 381  .  .  Musa Musa acuminata malaccensis Kra isthmAA Pa Klong Bang Ah

atrip16 382 Musa Musa acuminata malaccensis Kra isthmAA Pa Ranroratrip16 382  .  .  Musa Musa acuminata malaccensis Kra isthmAA Pa Ranror

atrip17 383   .  .  Ensete glaucum Nuan Wat Rai Oy

atrip17 384   .  .  Rhodoclamys Musa laterita LL Bua Si Som Wat Rai Oy

atrip17 385   .  .  Musa Musa acuminata siamea (burmanica?) AA Pa Dang Wat Rai Oy

atrip17 386    Ensete superbum Pha Tekanua

atrip17 387  .  .  Musa Musa acuminata siamea AA Pa Dang Dan Jedi Sam O

atrip17 388  .  .  Rhodoclamys Musa laterita LL Bua Si Som Dan Jedi Sa

atrip17 389  .  .  Musa serpentina 22 Bua Chiang Dan Jedi Sam

atrip17 390  .  .  Musa Musa acuminata siamea (burmanica?) AA Pa Wat Tao Than

atrip17 391  .  .  Ensete superbum Pha Pli Leuang Sam Poi 

atrip17 392  . 5 .  .   Musa Musa acuminata siamea (burmanica?) AA Pa Moraka

atrip17 393  .  .  Musa serpentina  Nakkharat Namtok Takh

atrip17 394  .3 .  .  Musa Musa acuminata siamea (burmanica?) AA Pa Sam Prasob

atrip17 395 9/24 Ensete superbum Pha Kao Lamatrip17 395  9/24 .  .   Ensete superbum Pha Kao Lam

atrip17 396.  .  .  Musa Musa acuminata siamea (burmanica?) AA Pa Nean Sao Thong

atrip17 397  .  .  Ensete glaucum Nuan Tham Kao Noi

398ace, Kan Yeik Tha Rd. Yangon, Myanmar Musa Musa balbisiana BB Tani Kandawgyi

atrip18 399  .  .  Musa Musa balbisiana BB Tani Chiang Kam

atrip18 400 1148 . 82-83 .  .  Musa Musa acuminata siamea AA Pa Pong
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atrip18 401 .  .  .  Musa Musa itinerans II Hok Phu Ka

atrip18 402   .  .  Musa Musa acuminata siamea AA Pa Huay Yuen

atrip18 403   .  .  Musa Musa balbisiana BB Tani Pa Huay Yuen

atrip19 40430 .1 .  .  . AustraliMusa Musa maclayi ailuluai Ailuluai

atrip19 40530 .1 .  .  . Musa cultivar AA  Pisang Lamut

atrip19 40630 1 Musa cultivar AAA Macusatrip19 40630 .1 .  .  . Musa cultivar AAA Macus

atrip19 40730 .1 .  .  . Musa cultivar ABB Saba Raja

atrip19 40830 .1 .  .  . Musa cultivar AAA Hom Thong Kho Khot

atrip19 40930 .1 .  .  . Musa Musa balbisiana BB Tani Dang

atrip19 41030 .1 .  .  . Musa cultivar AA Niu Chora-ke Lek

411  . 5 .  .    Musa Musa acuminata siamea AA Pa Mai Ked

412    . Rhodoclamys Musa laterita LL Bua Si Som Pli Lueang

atrip20 413  ( ) Musa Musa sp. YY sp. 1   1sp. 1  Suan Song San1

atrip20 414   ( ) Musa Musa sp. YY sp. 1   2sp. 1  Suan Song San2

atrip20 415 22-23 . 1095 .  .  Musa Musa acuminata siamea AA Pa Mae Tang

atrip20 416  .  .  .   Ensete glaucum Nuan Pong Duead

atrip20 417  20 Musa Musa acuminata siamea AA 1 Pa Huay Pong Sak1

atrip20 418  .  .  Ensete glaucum Nuan Ban Huay Pha sch

atrip20 419 Musa Musa sp YY sp 1 sp 1 Huay Nam Unatrip20 419  .  .  Musa Musa sp. YY sp. 1  sp. 1  Huay Nam Un

atrip20 420  .  .  Rhodoclamys Musa laterita LL Bua Si Som Huay Hang 

atrip20 421 08 . 171  200 . Musa Musa acuminata malaccensis AA Pa Mae Tho

atrip20 422   .  .  Musa Musa balbisiana BB Tani Pa Mae Tho

atrip20 423 .11 .  .  Ensete superbum Pha Mae La Noi

atrip20 424  .  .   Rhodoclamys Musa laterita LL Bua Si Som Ban Pamorlo

atrip20 425  .  .  Rhodoclamys Musa laterita LL Bua Si Som Ban Mae Ko

atrip20 426 . 188 .  .  Musa Musa balbisiana BB Tani Pa Mae Ngao

atrip20 427 . 182-181 .  .  Ensete glaucum Nuan Mae Ngao

atrip20 428  .  .  Musa Musa acuminata malaccensis AA Pa Mae Wa Luang

atrip20 429 4 . 105 .  .   Musa Musa itinerans II Hok Mae Wa Luang

atrip20 430   517  C3A  Musa cultivar AAA ( ) Takui Milo

atrip20 431  .  .  Ensete superbum Pha Huay Pla Kong

atrip20 432 Musa serpentina 22 Bua Chiang Huay Pla Koatrip20 432  .  .  Musa serpentina 22 Bua Chiang Huay Pla Ko

atrip20 433  .  .  . Rhodoclamys Musa ornata OO Bua Luang

p3/2010 434  .  .  . Musa Musa acuminata AA Pa Kao Wang Khmer

435 Rhodoclamys Musa laterita LL Bua Si Som Kao Wang K

436 .  .  . Musa Musa balbisiana BB Tani Phaeng Son

atrip21 437  5 km  .  . Musa Musa acuminata siamea AA Pa Ta Ko Bon

atrip21 438  5 km  .  . Musa cultivar AAA Nak Ta Ko Bon

atrip21 439   .  .  . Musa Musa acuminata siamea AA Pa Phu Ra-kam

atrip21 440   .  .  . Musa cultivar ABB Theppharot Phu Ra-kam

441  . 33-34 -  . Rhodoclamys Musa laterita LL Bua Si Som Doi Musoe

442 -  .  .  . Musa Musa acuminata siamea AA Pa Roy Pli Phop Phra

443  .  .  . Musa Musa itinerans II Hok Namtok Pa Way

444  .  .  . Musa Musa sp. YY sp. 1  sp. 1  Namtok Pa Way

445 Musa Musa acuminata malaccensis AA Pa Namtok Pa Way445  .  .  . Musa Musa acuminata malaccensis AA Pa Namtok Pa Way

446 -  .  .  . Musa cultivar AAA Hom Tiey

447 -  .  .  . Ensete glaucum Nuan Phop Phra

448 Musa Musa acuminata siamea AA Pa Roy Pli Nan

449 Rhodoclamys Musa ornata OO Bua Si Chomphu Luk Kh

450 Musa Musa acuminata siamea AA Pa Kanchanaburi Campu



Table 1. Banana accessions collected during the year 2008-2012 (cont.)

Trip Acces Location Section Species Subspecies/Subgroup GenomeLocal name Common name

atrip22 451  .  .  Musa Musa acuminata siamea AA Pa Namtok Than Ngeon 

atrip22 452  .  .  Musa Musa itinerans II Hok Namtok Than Ngeo

atrip22 453  . 4041  .  .  Musa Musa acuminata siamea AA Pa Wat Tham Than Lod 

atrip22 454  .  .    Musa Musa acuminata siamea AA Pa Plai Dinso

atrip22 455 . 7 .  .   Musa Musa acuminata siamea AA Pa Dong Lek

atrip22 456 Musa Musa acuminata siamea AA Pa Pha Swanatrip22 456  .  .   Musa Musa acuminata siamea AA Pa Pha Swan

atrip22 457.  .  .  Musa Musa acuminata siamea AA Pa Namtok Jokkradin

atrip23 458  .  .  Musa Musa acuminata siamea AA Pa Koh Maphao Kathi

459 10 .  .  . Musa cultivar ABB Hak Muk Suan

460    . Musa cultivar ABB Kru

461    . Musa cultivar BBB Black Saba



Table 2. Taxonomic status of banana accessions used in morphological analysis. 

# Scientific names 
Number of 

accessions 

1 M. acuminata  subsp. malaccensis 44 

2 M. acuminata  subsp. microcarpa 2 

3 M. acuminata  subsp. siamea 56 

4 M. acuminata  subsp. truncata 1 

5 M. itinerans   6 

6 M. laterita   7 

7 M. serpentina   3 

8 Musa sp.   8 

  Total  127 

 

 Table 3. Taxonomic status of banana accessions used in AFLP analysis of wild accessions. 

# Scientific names 
Number of 

accessions 

1 M. acuminata  subsp. malaccensis 5 

2 M. acuminata  subsp. siamea 8 

3 M. itinerans   2 

4 M. laterita   3 

5 M. serpentina   5 

6 Musa sp.   2 

7 M. balbisiana   6 

  Total  31 

 

Table 4. Taxonomic status of wild and cultivated banana accessions used in AFLP analysis.  

# Scientific names 
Number of 

accessions 

1 M. acuminata  subsp. malaccensis 21 

2 M. acuminata  subsp. siamea 20 

3 M. acuminata  subsp. truncata 1 

4 M. acuminata  subsp. zebrina 1 

5 Musa (AA, AAA)  30 

6 Musa (AAB)  13 

7 Musa (ABB)  27 

8 M. balbisiana and Musa (BBB) 21 

9 M. itinerans   3 

10 Musa sp.   3 

  Total  140 

 



Table 5 Coding of morphological characters for use in multivariate analysis.  

 Characters Coding 

1. Leaf habit 1= erect, 2=intermediate, 3=drooping 
2. Dwarfism 1=dwarf, 2=normal
3. Pseudostem height 1= 2,  2= 2.1 to 2.9, 3= 3
4. Pseudostem circumstance 1= 49, 2= 49 to 99, 3= 100
5. Pseudostem waxiness 1=non-waxy, 2=waxy
6. Pseudostem color 1=green-yellow, 2= medium green, 3= green, 4= dark 

green, 5= green-red, 6= red, 7= red-purple, 8= blue
7. Blotch on pseudostem 1= blotch present, 2= blotch absent 
8. Pseudostem underlying colour 1= pink-purple, 2=red, 3= purple 
9. Sap colour 1=watery, 2=milkly, 3=red-purple 

10. Number of sucker 1= 5, 3= 6
11. Sucker position 1=taller that parent plant,

2= more than ¾ of the height of the parent plant, 
3= between ¼ and ¾ of the height of the parent plant, 
4= none or inhibited

12. Blotches on leaves of suckers 1=without blotches, 2=little or narrow blotches, 
3=large purple blotches

13. Leaf length : petiole length (L/P ratio) 1= <3, 2= 3.0 to 3.5, 3= >3.5
14. Leaf blade length : width (LB/WB ratio) 1= 2,  2= 2.1 to 2.9, 3= 3 
15. Petiole blotch occurrence 1=sparse blotching, 

2=small blotches,  
3= large blotches,  
4=extensive pigmentation,  
5= without pigmentation

16. Petiole blotch colour 1= brown, 2=dark brown, 3=brown-black, 4=black-
purple

17. Petiole canal 1=open with margins spreading, 
2=wide with erect margins, 
3=straight with   erect margins, 
4=margins curved inward 
5=margins overlapping

18. Shape of leaf base 1=cuneate, 2=oblique with one side cuneate, one side 
rounded, 3=round, 4=cordate/auriculate 

19. Color of midrib adaxial surface  1=yellow, 2= light green, 3=green, 4=pink-purple, 
5=red-purple, 6=purple to blue

20. Wax on leaf blade 1= very little or no visible sign of wax, 
2=slightly waxy, 3=moderately waxy, 4=very waxy

21. Wax on underside of leaf blade 1=non-waxy, 2=waxy
22. Peduncle length 1= 30,  2= 31 to 60, 3= 61
23. Peduncle colour 1=light green, 2=green, 3=dark green, 4=red or 

pink/purple, 5=with purple-brown to blue blotches
24. Peduncle hairiness 1=hairless, 2=slightly hairy, 3=very hairy, short hairs 

(similar to velvet touch), 4=very hairy, long hairs (>2 
mm)



 Characters Coding 

25. Rachis type 1=truncated, no bract scar below the last hand of 
fruit, 
2=present and male bud may be degenerated or 
persistent

26. Rachis position 1=falling vertically, 2=at an angle, 3=with a curve, 
4=horizontal, subhorizontal, or curving upward, 
5=erect

27. Rachis appearance 1=bare, 
2=neutral flowers (one to few hands only, stalk is 
bare below), 
3=male flowers/bracts above the male bud (but the 
stalk is bare above flowers/bracts), 
4=neutral/male flowers and presence of withered 
bracts (on the whole stalk), 
5=neutral/male flowers on the whole stalk without 
persistent bracts, 
6=small bunch from neutral/hermaphrodite flowers 
just above the male bud

28. Male bud type 1=normal (present), 2=degenerating before maturity, 
3=absent

29. Male bud shape (length:width) 1=narrowly lanceolate (4:1),
2=lanceolate (3:1) 
3=narrowly ovate (2:1) 
4=ovate (3:2) 
5=broadly ovate (6:5)

30. Bract imbrication 1=greatly imbricate (tip of the younger bracts are 
more visible) 
2=slightly imbricate (tip of the younger bracts are 
visible) 
3=convolute (tip of the younger bracts are completely 
hidden)

31. Yellow colour on bud tip 1=yellow, 2=no yellow
32. Bract shoulder compare to mid point 1=narrower, 2=equal, 3=larger
33. Shape of bract apex 1=pointed,

2=slightly pointed 
3=intermediate 
4=obtuse 
5=obtuse and split

34. Bract external colour 1=yellow, 2=green, 3=red, 4=red-purple, 5=purple-
brown, 6=purple, 7=blue, 8=pink-purple, 9=orange-
red

35. Bract external streak colour 1=yellow streak, 2=no yellow streak 
36. Bract external colour fading 1=color discontinuing towards the base (loss of 

pigmentation at the base), 
2=color homogenous (pigmentation is uniform and 
continues until the base)

37. Wax on bract 1=very little or no visible sign of wax, 
2=very few wax, 3=moderately waxy, 4=very waxy



 Characters Coding 

38. Bract internal colour 1=whitish, 2=yellow or green, 3=orange red, 4=red, 
5=purple, 6=purple brown, 7=pink-purple 

39. Bract behaviour before falling 1=revolute(rolling), 2=not revolute (not roling) 
40. Bract scar on rachis 1=very prominent, 2=not prominent 
41. Compound tepal basic colour 1=white, 2=cream, 3= yellow, 4=orange, 

5=pink/pink-purple
42. Compound tepal pigmentation 1=very few or no visible sign of pigmentation, 

2=rust-coloured spots, 3=presence of pink 
43. Lobe colour of compound tepal 1=cream, 2=yellow; 3=orange, 4=green 
44. Crease of free tepal tip 1=little or not visible sign of development, 

2=developed, 3=very developed 
45. Style shape 1=straight, 2=curved under stigma, 3=curved at the 

base, 4=curved twice
46. Stigma colour 1=cream, 2=yellow, 3=pink/pink-purple, 4=bright 

yellow, 5=orange
47. Ovary shape 1=straight, 2=arched
48. Ovary basic colour 1=white, 2=cream, 3=yellow, 4=green 
49. Ovary pigmentation 1=very few or no visible sign of pigmentation, 

2=with red-purple
50. Arrangement of ovules 1=two rowed, 2=four-rowed
51. Bunch position 1=hanging vertically, 2=slightly angled, 3=hanging at 

angle 45°, 4=horizontal-subhorizontal, 5=erect 
52. Number of fruit per hand 1= 12,  2= 13 to 16, 3= 17
53. Fruit pedicel length (cm) 1= 2, 2=>2
54. Fruit length (cm) 1= 15,  2= 16
55. Fruit curving 1=straight, 2=straight in the distal part, 3=curved, 

4=curved in ‘S’shape
56. Transverse section of fruit 1=pronounced ridges, 2=slightly ridged, 3=rounded
57. Fruits apex 1=pointed, 2=lengthily pointed, 3=blunt-tipped, 

4=bottle-necked, 5=rounded
58. Peel colour of immature fruit 1=yellow, 2=light green, 3=green, 4=green and pink, 

red or purple, 5=silvery, 6=dark green, 
7=brown/rusty brown, 8=pink, red or purple, 9=black

59. Pulp colour of ripe fruit 1=white, 2=cream, 3=ivory, 4=yellow, 5=orange, 
6=beige-pink

60. Pulp thickness of ripe fruit 1=thin pulp, 2=thick pulp
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Fig. 1 Distribution patterns of Musa species and subspecies in phytogeographical 

regions of Thailand (Map from van Welzen et al. 2011; 1-4: four centres of plant 

diversity; 1= Doi Chiang Dao Wildlife Sanctuary, 2 = Doi Suthep-Pui National Park, 3 = 

Th Y i H i Kh Kh W ld H it Sit 4 Kh Y i N ti l P k)Thung Yai-Huai Kha Khaeng World Heritage Site, 4 = Khao Yai National Park).
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Fig 7 The maximum parsimony tree based on trnL-F region of twoFig. 7 The maximum parsimony tree based on trnL F region of two 

Ensete, one Musella, 21 Musa, using traveller's palm (Ravenala 

madagascariensis) as outgroup.
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a b s t r a c t

A large amount of banana genetic resource has been found in Thailand which is believed to
be one of the centers of its origins. To assess genetic diversity and determine genetic
relationships of edible bananas in Thailand, 110 accessions of banana species and cultivars
collected from villages and natural locations were investigated. UPGMA clustering of
numerical data from Amplified Fragment Length Polymorphism (AFLP) patterns showed
two large groups which corresponded to genome designations ofMusa acuminata (AA) and
Musa balbisiana (BB), the known ancestors of most edible cultivars. The AFLP data sug-
gested that among Thai bananas, AA and AAA cultivars were closely related to M. acumi-
nata subsp. malaccensis, while some of ‘B’ genome contained ones closely related to wild
M. balbisiana in Thailand and some may have been imported. Eight species-specific PCR-
based primer pairs, generated from the AFLP results clearly identify ‘A’ and ‘B’ genomes
within cultivars and hybrids. The analyses were useful to readily and easily infer
progenitors of these cultivars and pronounce wide genetic diversity of the bananas in
Thailand.

� 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Banana (Musa L.) is one of the most important tropical and subtropical food crops for millions of people worldwide (Loh
et al., 2000; Noyer et al., 2005). Banana export value ranks fourth among the most important crops in the world after rice,
wheat, and maize, while that of Thailand is the third in Southeast Asia (FAO, 2007). Major export cultivars are Musa (AAA)
‘Kluai Hom Thong’, Musa (AA) ‘Kluai Khai’ and Musa (ABB) ‘Kluai Namwa’ respectively (DFT, 2008; OAE, 2008).

Most cultivated bananas are seedless and belong to the Musa section. It is believed that they were derived or originated
from parthenocarpy, seed sterility, polyploidization, and intra and interspecific hybridizations of two diploid species, Musa
acuminata Colla (AA) andMusa balbisiana Colla (BB) (Simmonds and Shepherd, 1955; Simmonds, 1962; Valmayor et al., 2000;
Ude et al., 2002b, 2003b). Hybrids that naturally evolved from the two species included diploids, triploids and a few

* Corresponding author. Tel.: þ662 2015232; fax: þ662 3547172.
E-mail address: scssg@mahidol.ac.th (S. Swangpol).
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tetraploids in various genome combinations such as AA, AB, AAB, ABB, BBB and AABB (Simmonds,1962; Valmayor et al., 2000;
Dole�zel et al., 1998). The dispersal of edible bananas outside Asia was accomplished solely by transport of vegetative planting
materials by human agencies (Simmonds, 1962).

Conventional classification of Musa cultivars is based on 15 morphological traits and chromosome numbers (Simmonds
and Shepherd, 1955; Silayoi and Babpraserth, 1983; Chomchalow and Silayoi, 1984; Silayoi and Chomchalow, 1987).
Recently, molecular markers are commonly used not only for classifications, but also identifications and parental assessments.
The markers included Restriction Fragment Length Polymorphisms (RFLPs) (Nwakanma et al., 2003a,b; Ge et al., 2005),
Random Amplified Polymorphic DNA (RAPD) (Pillay et al., 2001; Onguso et al., 2004; (Uma et al., 2004)), and microsatellite
markers (Creste et al., 2003, 2004). Among DNA markers, the amplified fragment length polymorphism (AFLP) technique is
being widely used for genetic diversity studies because it reveals significant polymorphisms and is a reliable and robust
molecular marker assay (Vos et al., 1995; Mueller and Wolfenbarger, 1999; Crouch et al., 1999; Ude et al., 2002b). It has been
recently employed in many plant systematic studies, e.g. among rice varieties (Singh et al., 1999), Coffea arabica cultivars
(Steiger et al., 2002), soybean (Ude et al., 2003a), and Aglaonema species and cultivars (Chen et al., 2003).

In banana, AFLP clearly distinguished taxonomical differences among sections of the genus Musa (Ude et al., 2002a;
Wong et al., 2001b, 2002) and subspecies of M. acuminata (malaccensis, microcarpa, and truncata) (Wong et al., 2001a).
The study of Ude et al. (2002b) also showed that there is wild diversity within M. balbisiana, as confirmed by Wang et al.
(2007). AFLP could be used to identify cultivars by their unique banding patterns and develop specific probes for identi-
fication purposes (Loh et al., 2000). AFLP technique can also be used to assess genetic diversity and identify relationships
between the cultivated clones of bananas (Loh et al., 2000; Rubaihayo et al., 2002; Ude et al., 2002a,b, 2003a,b; De Langhe
et al., 2005).

Thailand is believed to be one of the centers of origin and possesses great diversity of banana species and cultivars.
Combined with advanced molecular technology, these valuable germplasm could play an important role in modern breeding
programs. The information will be beneficial for germplasm management and conservation and ensure our sustainable food
security.

The objectives of this study were to assess genetic diversity and relationships among accessions of the cultivated bananas
in Thailand using AFLP markers. PCR-based primer pairs designed from unique banding patterns were proved to be ready and
easy molecular markers which characterize the parental taxa.

2. Materials and methods

2.1. Plant materials

A total of 110 Musa species and cultivars (Table 1) were collected from wild habitats and cultivations in Thailand. The
Musa species, identified based on Simmonds (1959, 1962), Argent (1976), De Langhe et al. (2002) as described in
Athawongsa (2008), included 24 accessions of M. acuminata from four subspecies i.e. siamea, malaccensis, microcarpa, and
truncata, and 18 accessions of M. balbisiana. Sixty-six accessions of the banana cultivars were from six genome designations,
i.e. AA, BB, AAA, AAB, ABB/BBA, and BBB. Two accessions of Musa laterita Cheesman were used as outgroup. Dry and in-spirit
specimens were collected and deposited at Suan Luang Rama IX Herbarium, Prawet, Bangkok 10260, Thailand. Living
specimens were planted ex situ in Nakhon Pathom province Thailand. Cigar (youngest unfurled) leaves were collected for
DNA extractions.

2.2. Genomic DNA extraction and AFLP procedure

Approximately 5 g of cigar leaf was ground in liquid nitrogen with mortar and pestle. Isolation of total DNA was
done following the protocol described by Doyle and Doyle (1990), which is a CTAB-based extraction. DNA concen-
tration was estimated using spectrofluorometric measurement with H 33 258 fluorescent dye (Hoefer DQ 200
fluorometer).

The AFLP procedure was carried out as reported by Vos et al. (1995) with a fewmodifications. Approximately 100 ng/ml of
DNAwas digested by two restriction enzymes, i.e. EcoRI andMseI or Tru9I in 10� buffer A (Promega) and incubated for 2 h at
37 �C or 1 h at 37 �C and 1 h at 65 �C, respectively, if digest with Tru9I. The restricted DNA fragment was ligated to EcoRI-
adapter and MseI-adapter overnight at 37 �C to generate template DNA for amplification. Five microliters of the 1:10 diluted
DNA template generated was first pre-amplified (Px2 Thermal Cycler; Thermo Electron Corporation, USA) using EcoRIþ A and
MseI þ C primers (Loh et al., 2000; Wong et al., 2001a,b, 2002; Ude et al., 2002a,b, 2003b). Then the pre-amplified DNA was
diluted to 1:9 with sdH2O and 3 ml of the product were used for selective amplification in a reaction tube containing 20 ml of
selective amplification mixtures. AFLP adapters and eight primer pairs (E þ AAC/M þ CAA, E þ AAG/M þ CAC, E þ ACA/
Mþ CAG, Eþ ACC/M þ CTA, E þ ACG/Mþ CTC, E þ ACT/Mþ CAT, E þ AGC/Mþ CTG and E þ AGG/Mþ CTT) were used for the
selective amplification as of Vos et al. (1995), Loh et al. (2000), Wong et al. (2001a,b, 2002), and Ude et al. (2002a,b, 2003b).
The final PCR products were run on a 4.5% denaturing polyacrylamide gel electrophoresis in 1� TBE buffer in a Sequi-Gen GT
Sequencing Cell (Bio-Rad, USA). DNA fragments on gels were visualized using silver nitrate staining protocol (Bassam et al.,
1991). The gel was rinsed with distilled water and air-dried on mirror plates.
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Table 1
Plant materials of the Musa accessions used in this study.

No. Acsn no.a

SS & JS
Genome
dsgntn.b

Scientific namec Thai namea Source Locationd

1 001 AA M. acuminata subsp. siamea Khae Phetchabun Khao Kho, Phetchabun
2 003 BB M. balbisiana Tani Sawankhalok Sawankhalok, Sukhothai
3 004 BB M. balbisiana Tani Nu Bang Bua Thong, Nonthaburi
4 006 AA M. acuminata subsp. malaccensis Pa Khao Lak Takua Pa, Phangnga
5 009 AA M. acuminata subsp. malaccensis Pa Ranong 1 Kra Buri, Ranong
6 010 AA M. acuminata subsp. malaccensis Pa Phangnga 1 Khuraburi, Phangnga
7 011 AA M. acuminata subsp. malaccensis Pa Bang Hin Pli Tang Kapoe, Ranong
8 012 BB M. balbisiana Tani Tat Luang Pua, Nan
9 013 BBB Musa cv. Tani Kiu Chan Chaloem Prakiat, Nan
10 016 ABB Musa cv. Tip Mukdahan KTM Collection
11 017 ABB Musa cv. Theppharot KTM Collection
12 018 AAA Musa cv. Hom Khieo Khom Lak Si, Bangkok
13 020 BB M. balbisiana Tani Phu Phiang Phu Phiang, Nan
14 024 AA Musa cv. Thong Khi Maeo QSG Collection
15 025 BBB Musa cv. Lep Chang Kut KTM Collection
16 026 ABB Musa cv. Hin KTM Collection
17 030 BB M. balbisiana Tani Lang Suan Lang Suan, Chumphon
18 035 ABB Musa cv. Hak Muk Nuan KTM Collection
19 036 AAA Musa cv. Nak KTM Collection
20 037 AA Musa cv. Khai Kamphaeng Phet KTM Collection
21 039 AA Musa cv. Pa Rayong KTM Collection
22 040 BB M. balbisiana Tani Dam KTM Collection
23 041 ABB Musa cv. Namwa Ngoen KTM Collection
24 043 BB M. balbisiana Tani Keep Ma KTM Collection
25 046 ABB Musa cv. Nang Klai Surin KTM Collection
26 047 AAA Musa cv. Man KTM Collection
27 048 AAA Musa cv. Kung Khieo KTM Collection
28 049 AA Musa cv. Sa KTM Collection
29 050 AAA Musa cv. Hom Khieo Ton Sung KTM Collection
30 051 ABB Musa cv. Namwa Mali-Ong KTM Collection
31 054 AAA Musa cv. Thong Khak KTM Collection
32 055 AAA Musa cv. Nam Nom KTM Collection
33 056 AAB Musa cv. Thong Som KTM Collection
34 058 ABB Musa cv. Khai Boran KTM Collection
35 059 AA Musa cv. Hom Chan KTM Collection
36 061 AAA Musa cv. Hom Thong Pa KTM Collection
37 062 AA Musa cv. Lep Mue Nang KTM Collection
38 063 ABB Musa cv. Namwa Maharat KTM Collection
39 064 ABB Musa cv. Namwa Nuan KTM Collection
40 065 ABB Musa cv. Hak Muk Thong KTM Collection
41 066 ABB Musa cv. Namwa Luk Sai Dam KTM Collection
42 068 AA Musa cv. Nua Thong KTM Collection
43 071 AA Musa cv. Thong Dok Mak KTM Collection
44 072 ABB Musa cv. Khai Si Sa Ket KTM Collection
45 075 ABB Musa cv. Namwa Khom KTM Collection
46 077 AAA Musa cv. Hom Thong Phon San KTM Collection
47 079 ABB Musa cv. Hak Muk Khieo KTM Collection
48 080 ABB Musa cv. E-Ngao Ubon KTM Collection
49 082 ABB Musa cv. Namwa Sai Dang KTM Collection
50 083 AA Musa cv. Sae Ma KTM Collection
51 087 ABB Musa cv. Tip Yai Chanthaburi KTM Collection
52 093 BB M. balbisiana Tani Chiang Klom Pak Chom, Loei
53 095 BB M. balbisiana Tani Pak Chom Pak Chom, Loei
54 103 BB M. balbisiana Tani Phra Phuttha Chai Phuttha Chai, Saraburi
55 106 AA M. acuminata subsp. malaccensis Pa Pang Wan Pato, Chumphon
56 109 AA M. acuminata subsp. malaccensis Pa Wat Tham Sua Muang, Krabi
57 117 BB M. balbisiana Tani Bang Marot Muang, Surat Thani
58 119 AAA Musa cv. Niu Chorake Amphawa STP Collection
59 120 AA Musa cv. Sae Lo STP Collection
60 121 AAA Musa cv. Takui Noemu STP Collection
61 131 AA M. acuminata subsp. microcarpa Pa La-u Hua Hin, Prachuap Khiri Khan
62 135 BB M. balbisiana Tani Huai Mae Phriang Kang Krachan, Phetchaburi
63 137 AA M. acuminata subsp. malaccensis Pa Ranong 2 Kra Buri, Ranong
64 138 AA M. acuminata subsp. malaccensis Pa Khao Lak 2 TakuaPa, Phangnga
65 149 AAA Musa cv. Hom Thong Phetchaburi KU Collection
66 151 ABB Musa cv. Khai Maha Sarakham KU Collection
67 152 ABB Musa cv. Niu Mue Nang KU Collection
68 156 AA Musa cv. Niu Nang Ram KU Collection
69 157 ABB Musa cv. Namwa Sai Luang (Ubon) KU Collection
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2.3. AFLP data analysis

For genetic diversity analysis, only distinctive bands from each sample were recorded manually. A band was considered
polymorphic if it presented in at least one genotype and absent in others. Each band was scored as a “1” if present and as “0” if
absent. A genetic similaritymatrix was computed according to Nei and Li’s (1979) similarity index. Genetic diversity estimates
(GDEs) were calculated as 1 minus Nei and Li Similarity Coefficient and multiplying the result by 100 [(1 � Sij) � 100].
A dendrogram was constructed from the matrix of similarity coefficients using the Unweighted Pair-Group Method of the
Arithmetic average (UPGMA) technique (Sneath and Sokal, 1973) by the NTSYS-pc software package version 2.11T (Rohlf,
2000). A particular DNA band size was calculated by standard curve equation which was interpolated from 726 bp DNA
ladder (Promega, USA) by Sigma Plot-pc software package version 10.0 (Systat Software, USA).

2.4. DNA band characterization from gel

Species-specific primers were designed from sequencing results of twenty-seven regularly intense unique bands easily
excised from AFLP gel (Table 2). The 20 ml PCR reaction mixture was prepared as previously described with 20 ng total

Table 1 (continued)

No. Acsn no.a

SS & JS
Genome
dsgntn.b

Scientific namec Thai namea Source Locationd

70 167 AAB Musa cv. Nam A-chan Chalongchai KU Collection
71 170 ABB Musa cv. Namwa Khieo KU Collection
72 171 AAB Musa cv. Wan KU Collection
73 172 AA M. acuminata subsp. siamea Pa Ban Pa Kluai Pak Chong, Nakhon Ratchasima
74 178 BB M. balbisiana Tani Khlong Tani Pong Nam Ron, Chanthaburi
75 179 AAB Musa cv. Klai Muang, Chanthaburi
76 183 BB M. balbisiana Tani Thong Suk College Thawi Watthana, Bangkok
77 184 AAA Musa cv. Nam Amphawa Lak Si, Bangkok
78 186 AAB Musa cv. Nga Chang KTM Collection
79 188 AAB Musa cv. Chi KTM Collection
80 189 AAA Musa cv. Nak Yak Thong Pha Phum KTM Collection
81 191 ABB Musa cv. Namwa Nuan Chan KTM Collection
82 194 AAA Musa cv. Khai Thong Ruang KTM Collection
83 195 AAB Musa cv. Nam Fat KTM Collection
84 196 ABB Musa cv. Chang KTM Collection
85 198 AAA Musa cv. Chai STP Collection
86 201 BB M. balbisiana Tani Chanae Saba Yoi, Songkhla
87 202 AA M. acuminata subsp. malaccensis Pa Tanopute Bannang Sata, Yala
88 206 AA M. acuminata subsp. truncata Pa Umong (Tunnel) Piyamit Be-tong, Yala
89 210 AA M. acuminata subsp. malaccensis Pa Tha-le Ban Khuan Don, Satun
90 215 BB M. balbisiana Tani Khuan Khanun Khuan Khanun, Phatthalung
91 216 AA M. acuminata subsp. malaccensis Pa Khao Pu Khao Ya 1 Si Banphot, Phatthalung
92 219 AA M. acuminata subsp. malaccensis Pa Thung Pho Chulabhorn, Nakhon Si Thammarat
93 243 LL M. laterita Bua Si Som Tha Khanun Thong Pha Phum, Kanchanaburi
94 252 BB M. balbisiana Tani Hat Wichittra Khong Chiam, Ubon Ratchathani
95 254 AAA Musa cv. Sai Namphueng Suan Phueng, Ratchaburi
96 256 BB M. balbisiana Tani Phu Phing Muang, Chiang Mai
97 273 ABB Musa cv. Namwa Dam KTM Collection
98 274 AA M. acuminata subsp. malaccensis Pa Doi Musoe 2 Mae Sot, Tak
99 276 AAA Musa cv. Kai Dam Tha Song Yang, Tak
100 277 AAA Musa cv. Hom Proi Tha Song Yang, Tak
101 278 LL M. laterita Bua Si Som Ban Mae La Tha Song Yang, Tak
102 279 ABB Musa cv. Hak Muk Som Sop Moei, Mae Hong Son
103 280 AAA Musa cv. Nio Phaya Salawin Sop Moei, Mae Hong Son
104 281 AA M. acuminata subsp. malaccensis Pa Salawin Sop Moei, Mae Hong Son
105 286 AA M. acuminata subsp. siamea Pa Doi Tung Mae Fa Luang, Chiang Rai
106 290 AA M. acuminata subsp. siamea Pa Nanthaburi Ban Luang, Nan
107 293 AA M. acuminata subsp. siamea Pa Thung Lang Long, Phrae
108 303 AA M. acuminata subsp. siamea Pa San Chao Pho Kun Dan Muang, Nakhon Nayok
109 325 AA M. acuminata subsp. siamea Pa Phanoen Thung 1 Kaeng Krachan, Phetchaburi
110 326 AA M. acuminata subsp. siamea Pa Phanoen Thung 2 Kaeng Krachan, Phetchaburi

a Accession number and Thai name were based on S. Swangpol and J. Somana (2008, unpublish data).
b Genome designation was as of “Genome Size of Thai Bananas (Musaceae) Based on Flow Cytometry” by Pornpravee Choksuwanlert and Yadnapha

Choeito (2008, unpublished data).
c Identification to species and subspecies was based on Athawongsa (2008).
d Source locations were collection sites (S. Swangpol and J. Somana, 2008, unpublish data), except for those accessions obtained from organization or

private collections which are indicated as following; KTM Collection ¼ Kamphaeng Phet Thai House Museum, Muang, Kamphaeng Phet; QSG
Collection ¼ Queen Sirikit Garden, Chatuchak, Bangkok; STP Collection ¼ Suan Ta Phak Rang Nairoi, Damnoen Saduak, Ratchaburi, and KU Collection ¼ Pak
Chong Research Station, Kasetsart University, Pak Chong, Nakhon Ratchasima.
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genomic DNA template. The PCR condition for these primers was 3 min at 94 �C followed by 28 cycles of 30 s at 94 �C, 30 s
annealing at 45 �C and 1 min extension at 72 �C and final cycle of 5 min at 72 �C. PCR product was analyzed by 1% agarose gel
electrophoresis in 0.5� TBE.

3. Results and discussions

3.1. AFLP profiles of the Musa accessions

The AFLP analysis performed on 110 Musa accessions using eight primer combinations yielded a total of 635 (85.7%)
polymorphic bands and 106 (14.3%) monomorphic bands. All bands, ranging from 39 to 730 bp, were scored. The average
number of polymorphic bands per primer pair was 79.4, while the amount for the eight primers ranged from 68 to 111 bands.
The AFLP profiles can be used to distinguish between the Musa accessions by their unique banding patterns (Fig. 1).

A total of 106 unique genetic markers were observed for theMusa accessionswhich clustered into groups corresponding to
the genome designation of Musa (wild AA, wild BB, AA, AAA, AAB, ABB/BBA, and BBB). Unique makers and their molecular
sizes for M. acuminata and M. balbisianawere shown in Table 2 and Fig. 1. Among the M. acuminata accessions, unique bands
were presented in each subspecies. Combination primer of E þ AGC/M þ CTG revealed the highest number of unique bands
while E þ ACT/M þ CAT revealed the lowest.

3.2. Genetic diversity and relationship among Musa accessions

Genetic diversity estimates (GDEs) were used for UPGMA cluster analysis which generated a dendrogram (Fig. 2). The
mean of GDEs between the 110 accessions was 60.2 � 13.2%, that between M. acuminata accessions was 54.6 � 9.0% and
betweenM. balbisiana accessionswas 33.0� 9.0%. Themeans of the AFLP-based pairwise GDEs amongMusa accessions in this
study are presented in Table 3.The AFLP analyses well separated Musa accessions into their specific status. The outgroup
species, M. laterita, clearly formed distinct cluster and separated from M. acuminata, M. balbisiana, and other cultivated
bananas.

UPGMA method assigned the Musa accessions into two major clusters based on polymorphic bands (Fig. 2), i.e. cluster A
(M. acuminata-genome containing accessions) and cluster B (M. balbisiana-genome containing accessions). Cluster A showed
higher mean of GDEs than cluster B, i.e. 54.0 � 9.0% and 47.1 �10.3%, respectively. The mean of GDE among the M. acuminata
subsp. siameawas 45.0 � 9.4%, while higher GDE mean, 50.6 � 9.2%, was found within subsp. malaccensis (data not shown).
AFLP analyses correlated with the subspecific status within M. acuminata previously identified using morphological char-
acters (Athawongsa, 2008).

3.3. Cluster A

Cluster A can be separated into four groups (AI, AII, AIII and AIV) (Fig. 2).WithinM. acuminata subsp. siamea (AI group), two
clusters can be recognized, namely AI-1 and AI-2. Another accession of M. acuminata subsp. microcarpa, SS & JS 131, was the
only member in the AII group. Accessions in AI groups distributed in upper part of the country from Chiang Rai to Prachuap
Khiri Khan and from Kanchanaburi to Loei and Sakaeo.

The third group (AIII) was composed ofM. acuminata subsp.malaccensis and cultivated bananas of wide variation, AA and
AAA. Within the AIII group, AIII-1 was mainly cultivated ones, while all presented in the AIII-2 were wild accessions, except
one AA cultivated banana ‘Nio Nang Ram’. It should be noted that subsp. siamea,microcarpa, and truncatawere not related to
any banana cultivars under this study.

3.4. Cluster B

Cluster B was separated into two groups (BI and BII) (Fig. 2). One (BBB) banana cultivar, SS & JS 013, collected from
Thailand-Laos border in Nan, nestedwith wild and cultivatedM. balbisiana (BB) within group BI-1. Meanwhile the rest of ABB/
BBA and BBB cultivars clustered together in BI-2 group without any related BB species. Among others in the BII group were
morphologically closely related cultivars, ‘Klai’ and ‘Nga Chang’, yet with GDE value of 23.8%. Eleven clones of ‘Namwa’ (BBA)
were separated into the BI-2 and BII groups. While ‘Namwa Sai Dang’, ‘Namwa Khieo’, and ‘Namwa Nuan Chan’ were among
most of other AAB cultivars in the BII, the rest of the ‘Namwa’ were in the BI-2.

The AFLP data showed low level of genetic variability withinM. balbisiana accessions (GDE¼ 33.0� 9.0%; Table 3) found in
Thailand which was similar to the report of Swangpol et al. (2007) on DNA sequences. The results disagreed with previous
work in other countries (Philippines, Sotto and Rabara, 2000; Nigeria, Ude et al., 2002b; China, Wang et al., 2007). The BI-1
groupwas collected from the central and northern Thailand, while the second group of BI-1 was from the southern part of the
country. The BII groupwas closely related toMusa (ABB) ‘Saba’ (data not shown) which were supposedly introduced from the
Pacific Islands (Swangpol et al., 2007). The low GDE value among the two M. balbisiana groups (37.4 � 4.1%) did not support
the separation of this species into lower taxonomic rank, though the intraspecific variation has been mentioned previously in
Thailand (B. Silayoi, pers. comm. and Swangpol, 2004), and other countries (Ude et al., 2002b; Wang et al., 2007).
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Fig. 1. An example of AFLP profile generated by primer combination 7 (E þ AGC/M þ CTG). Arrow indicates unique bands as in Table 3. Lane designations with
accession number in parentheses are as following; M1: Marker 10 bp., M2: Marker 24e726 bp., 1: M. acuminata subsp. siamea (SS & JS 001), 2: Musa (AA) ‘Nio
Nang Ram’ (SS & JS 156), 3: M. acuminata subsp. malaccensis (SS & JS 210), 4: M. acuminata subsp. truncata (SS & JS 206), 5: M. acuminata subsp. siamea (SS & JS
325), 6: M. acuminata subsp. siamea (SS & JS 326), 7: M. acuminata subsp. microcarpa (SS & JS 131), 8: M. acuminata subsp. microcarpa (SS & JS 136), 9: Musa (AAB)
‘Nga Chang’ (SS & JS 186), 10: M. balbisiana (SS & JS 003), 11: M. balbisiana (SS & JS 012), 12: Musa (BBA) ‘Namwa Nuan’ (SS & JS 064), 13: M. laterita (SS & JS 243).
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Fig. 2. UPGMA cluster analysis of AFLP data generated by eight primer combinations for 110 Musa accessions depicting patterns of genetic diversity. Accession
numbers are presented according to Table 1 and those without genome designations are of wild accessions.
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The AFLP data showed that, with the GDE of 19.2%, the seedless triploid (BBB) accession, SS & JS 013, was closely related to
the wild M. balbisiana found in the same province of Nan. The result was in agreement with that of Swangpol et al. (2007),
who found the relationship of this wild M. balbisiana accession to the other triploid BBB in the area.

AFLP profiles ofMusa accessions in this study were comparable to those in Ude et al. (2002a,b) that diploid AA and triploid
AAA cultivars were closer related to M. acuminata, and triploid BBA/ABB, ABB and BBB cultivars were closer related to
M. balbisiana. Swangpol et al. (2007), in contrast to this experiment, showed that some ABB cultivars were among the A
genome containing accessions. The study which was based on chloroplast DNA sequences may be the result of one-sided
maternal inheritance and did not represent the whole genome.

Table 4
Species-specific combination primers develop from unique molecular marker bands detected upon AFLP analyses of Musa.

Marker namea Taxa specificity Allele size (bp) Primers (50e30) Tm (�C)

A64B204C4 M. acuminata 120 F: TAG TCT ATC ATC ACT GCT A 45
R: TCA CTG CTG GAG GTG T 47

A210B248C5 M. acuminata 110 F: GAG AGT TAG AGT GGA GGT 46
R: GAC TGC GTA CCA ATT CA 45

A64B409C3 M. acuminata 330 F: CGA CCG TGG CAC CTA 48
R: CAA TCA CAG AAT AAG ATC AAG 46

A64B528C7 M. acuminata 430 F: AGG CAG ACC AGA CCT T 46
R: ATT CAG CAG AAT CTG GTT 45

A3B554C8 M. balbisiana 450 F: TTC TAT TGA ACG AGA GAT C 45
R: GCT GTG CAG GAA TGA G 46

A3B170C5 M. balbisiana 130 F: CTC GGC TAC CTA CCC 45
R: CCT GGT TGT CGC CTT 45

A3B155C5 M. balbisiana 117 F: CAA GTC AGT CAA CTA CCC 45
R: CTG CGT ACC AAT CAC C 45

A3B264C7 M. balbisiana 218 F: CAA TAT GCA CGA GAT CCT 46
R: CAG CAC AAG TAA TAC AAC T 45

a The primers were designated as following, A codes for the accession numbers that DNA band in the gel was excised, B for calculated base length of the
excised band, and C for the primer combination series from left to right columns in Table 2.

Fig. 3. Band patterns generated by species-specific combination primer pairs (A64B204C4 and A3B554C8). M, Marker 100 bp.; 1, M. acuminata subsp. malaccensis
(SS & JS 210); 2, Musa (AA) ‘Nio Nang Ram’ (SS & JS 156); 3, Musa (AAA) ‘Nak’ (SS & JS 036); 4, Musa (AAB) ‘Nga Chang’ (SS & JS 186); 5, Musa (BBA) ‘Namwa Nuan’
(SS & JS 064); 6, wild M. balbisiana (SS & JS 012); 7, Musa (BBB) ‘Lep Chang Kut’ (SS & JS 025); 8, M. laterita (SS & JS 243).
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3.5. Musa accessions identification using AFLP marker

Eight AFLP primer pairs revealed 106 unique molecular marker bands which related banana cultivars to their wild rela-
tives, M. acuminata and M. balbisiana (Table 2). In addition to a previous report (Wong et al., 2001a,b) which used unique
marker bands in the report to distinguish three taxa of M. acuminata, i.e. subsp. malaccensis, microcarpa, and truncata, in this
study, we found that those bands were also able to identify M. acuminata subsp. siamea and M. laterita.

Nevertheless, none of the established markers was able to distinguish at subspecies level, we finally obtained eight
species-specific combination primer pairs (Table 4) designed from the selected AFLP bands which were able to unambigu-
ously identify M. acuminata- and M. balbisiana-genome containing accessions. Analyses using these PCR-based primers
revealed 110e450-bp DNA fragments (Table 4). This study indicated the presence of A and B genomes in Musa AAB and ABB
cultivars and confirmed that theMusa (BBB) ‘Lep Chang Kut’ did not contain the A genome. Fig. 3 showed the PCR result using
one pair of these combination primers (A64B204C4 and A3B554C8). However, these primers could not identify parental
subspecies of M. acuminata in the A genome or proportion of the AeB genomes in cultivars. Therefore, the study of these
subspecies-specific primers obtained from the AFLP should be continued together with genetic diversity study of wild and
cultivated bananas from other regions.

4. Conclusions

The analyses of the 110Musa accessions using AFLPmarkers showed the relationship betweenM. acuminata,M. balbisiana,
and the Thai cultivated bananas. While the Thai AA and AAA cultivars related closely toM. acuminata subsp. malaccensis, the
BBB cultivars were to the wild M. balbisiana in Thailand. Though all of the AAB and ABB/BBA cultivars were indicated as of
M. balbisiana descendants, origin(s) of some of them (Cluster BII) were still ambiguous. It can be inferred that their ancestors
did not present in our collections and possibly originated from the Pacific Islands as previously stated elsewhere (Swangpol
et al., 2007).

Finally, we have selected several primer pairs from the AFLP results that can easily identify A and B genomes within the
banana cultivars using simple PCR technique. The primers can be useful in the unequivocal identification of the related
species including M. acuminata, M. balbisiana, and M. laterita and their interspecific hybrids.
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INTRODUCTION

Though Simmonds (1956) cited clearly in his 
report on the results of his expedition during 1954–
5 that Thailand is one of the hotspots of banana 
diversification, taxonomic study of the banana 
genus, Musa L., in this country has been neglected 
for more than 50 years. Since then, there has only 
been another preliminary survey of wild banana 
species diversity in northern Thailand (De Langhe 
et al. 2002). In this latter document, apart from four 
widespread Musa speciesin northern Thailand (M.
balbisiana, M. acuminata, M. itinerans, and M. 
laterita), there were two other uncommon species 
mentioned, M. nagensium Prain and M. sikkimensis

in one location only (near Chiang Dao, Chiang 
Mai) who even noted a vernacular name (‘Klue 
Khem’). However, its distribution areas documented 
by Cheesman (1948) were in Nagaland and Assam 
of India and Myitkina District of Burma (now 
Myanmar) and despite extensive surveys by De 
Langhe et al (2002) and our team (2005–2011) M.
nagensium was not found, suggesting that it may 
not exist in Thailand or has become extinct in the 
wild here.. Another species mentioned in the same 
report as “putative M. sikkimensis variety” was not 
clearly described. However, its distinctive 

Musa serpentina (Musaceae): a new banana species from western border of Thailand
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ABSTRACT. Musa serpentina Swangpol & Somana, a new species from Thailand in areas bordering Myanmar is described and 
illustrated. A key is given to the wild bananas of the area.
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main characters found in our sp. nov. reported here.

One accession (SS & JS 246) of our new taxon, 
M. laterita, was found 

growing vigorously along with M. acuminata and 
M. laterita at the border of Thailand–Myanmar in 
Sangkhla Buri, Kanchanaburi. Later, while searching 
for wild M. balbisiana in Mae Hong Son, a popula-
tion of this variant M. serpentina (SS & JS 353)
was also found growing robustly among individuals 
of M. balbisiana and M. laterita on a stream bank. 
The taxon was subsequently located independently 
elsewhere along the western border of Thailand 
in Mae Hong Son, Tak, and Kanchanaburi. 
Morphological study revealed it to be a new 
species based on the characters given in the key 
and notes and thus it is described below.

A special term ‘TS ratio’ used in this paper 
requires explanation. The term was introduced by 
Argent (1976) as “the vertical depth of the petiole 
canal divided by the vertical depth of petiole tissue 
beneath, as seen in transverse section of the mid-
point of the petiole”. This character is used to 
distinguish the new species from M. laterita, see 
“Key to the species”.
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KEY TO THE MUSA SPECIES OF NORTHERN AND CENTRAL THAILAND

1. Petiole canal margins overlapping. Bracts lift but do not roll back. Four rows of ovules in each loculus M. balbisiana
1. Petiole canal margins not overlapping, but curved inward, erect or spreading. Bracts lift and roll back. Two rows of ovules in each 

loculus.
2. Suckering to 0.5–2 m from parent plant, male bract yellow inside, fruit pedicel ca. 2.5–4.5 cm long, fruit peel light green or red 

purple at maturity, do not become yellow when ripe              M. itinerans
2. Suckering less than 0.5 m from parent plant, male bract pale orange-red or red purple to dull red inside, fruit pedicel less than 2 

cm long, fruit peel medium green at maturity, become yellow when ripe.
M. acuminata

brown outside, pale orange-red to red purple inside
4. Pseudostem less than 1.5 m tall, less than 20 cm circumference. Petiole canal wide with erect margins, TS ratio (see 

Introduction) more than 1. Male bract orange-red on both sides. Fruits in one row              M. laterita
4. Pseudostem 2–4 m tall, 20–40 cm circumference. Petiole canal margins curved inward, TS ratio less than 1. Male bract pink-

purple to purple-brown outside, red-purple with or without purple streaks inside. Fruits in two rows       M. serpentina

DESCRIPTION

Musa serpentina Swangpol & Somana sp. nov.
Musae lateratae Cheesman similis sed pseudocau-
libus 2–4 m elatus et 20–40 cm circumdatus et 

aggrigatibus serialibus duobus differt. Typus: 
Northern Thailand, Mae Hong Son, Amphoe Khun 
Yuam, Tambon Muang Pon. Stream bank near 
bridge on Road 108, 11 May 2008, Swangpol & 
Somana 353 (holotype BKF; isotype: Suan Luang 
Rama IX Herbarium), Map 1 and Fig. 1–2.

Perennial herb with rhizome ca. 20 cm long, 
pseudostems clumped, 2–4 m tall, 20–40 cm in cir-
cumference, light green, green yellow to medium 
green, sap ivory, young sucker leaves without 
blotches. Petiole 56–70 cm, base with sparse small 
brown blotches, petiole canal narrowly open with 
short winged margins curving inward, medium 
green or sometimes pink to purple, lower side 
medium green. Leaf blades oblong, 135–220 by 
40–70 cm, underside slightly waxy, base cuneate to 
oblique with left side cuneate and right side cune-
ate or rounded to cordate, apex prominently blunt. 

female, sterile. Female inflorescence narrowly 
lanceolate, bract lanceolate, 25 by 12 cm, pink-
purple to purple-brown outside, slightly waxy, red-

with compound tepal ivory, lobe orange, free tepal 
slightly longer than 1/2 length of compound tepal, 
ivory, stigma 1, ivory, locules 3, ovules in 2 rows, 
anthers 5, infertile.  rachis 40–

-
late, bracts ovate to narrowly ovate, 11–17 by 5–12 
cm, pink-purple to purple brown outside, slightly 
waxy, sometimes with yellow streaks, red to red 

with compound tepal cream, lobe orange, free tepal 
narrowly ovate, cream, translucent, with a few 
wrinkles at the base of the apex, ca. 1/2 length of 
compound tepal, stigma 1, orange, infertile, anthers 
5, cream. Infructescence bunch horizontal or 
slightly angled upward. Fruits 4–7 hands per 
bunch, lax, 8–18 per hand, in two rows, 4–6 cm 
long, 1 cm wide, straight to curved, angular with 
prominent ridges at maturity, pedicel 0.5 cm long, 
apex blunt. Seeds depressed, irregular, rounded 
angular, ca. 5–7 mm by 4–6 mm by 2–3 mm, 
relatively smooth surface, brown to black, chalaza 
round to oval, convex.

Thailand.— NORTHERN: Mae Hong Son 
[Mae La Noi, Tambon Mae Tho, Road 108, 11 May 
2008, Swangpol & Somana 355], Tak [Tha Song 
Yang, Mae La, Road 105, 26 Jan 2007, Swangpol
& Somana 278; Mae Ramat, Khane Chue, Road 
105, 30 April 2010, Swangpol & Somana 432];
CENTRAL: Kanchanaburi [Sangkhla Buri, Nong Lu, 
Road 323, 14 Aug. 2006, Swangpol & Somana 
246, and 25 April 2009, Swangpol & Somana 387;
Sangkhla Buri, Nong Lu, low slope on roadside to 
Namtok Takhian Thong, 26 April 2009, Swangpol
& Somana 393], all specimens were deposited at 
Suan Luang Rama IX Herbarium, a duplicate of 
Swangpol & Somana 246 was deposited at BKF.

Distribution.— Endemic to the west of north-
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recently described by van Welzen et al. (2011), but 
expected to be found across the border in Myanmar.

Ecology.— In highly disturbed habitats of 
open mixed deciduous forest by stream banks or 
low slopes by roadsides; altitude 240–570 m.

Vernacular.— We named the new taxon, 
Kluai Nakkharat ( ), which ‘Nakkharat’ 
or ‘Naga’ literarily means the serpent king.

Notes.— Musa serpentina possesses an erect 

curling habit as snake-like from which it takes its 

of a distinctive pink or rose colour (pink-purple, 
based on standard colour chart for bananas and 
plantains, IPGRI-INIBAP/CIRAD, 1996). M.

serpentina differs additionally in characters of the 
underground stem and can be easily distinguished 
from the other wild bananas: M. laterita Cheesman, 
M. acuminata Colla and M. balbisiana Colla, 
growing in the same area.

Conservation status.— It should be noted 
that seed set in Musa serpentina is poor and no 
more than 10 seeds per fruit were found. In addi-
tion, due to drastic fragmentation of its mixed 
deciduous forest habitat and the fact that observed 
population size was estimated in all seven popula-
tions combined to number fewer than 250 mature 
individuals, the new species is considered 
‘Endangered’ (EN) based on IUCN Red List 
Categories and Criteria: Version 3.1 (Criteria D in 
Section V; IUCN, 2001).

Map 1. Distribution areas of Musa serpentina S. Swangpol & J. Somana in the west side of northern and central regions of Thailand.  
Accession numbers and detail were according to text. Map was provided by Dr R. Boonprasert, Mahidol University, Thailand.
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Figure 1. Musa serpentina Swangpol & Somana: A. clump; B. petiole shoulder; C. leaf base and cross-section of petiole canal; D. 

S. Swangpol – A, B, F, G and I SS&JS 246; C and E SS&JS 278; D SS&JS 353; H SS&JS 387.

A B C

D

E F

G

I

H



MUSA SERPENTINA (MUSACEAE): A NEW BANANA SPECIES FROM WESTERN BORDER OF THAILAND (S. SWANGPOL  & JAMORN SOMANA) 35

Figure 2. Musa serpentina Swangpol & Somana: A. clump; B. leaf bases from two accessions; C. cross-section of petiole canal; D. 

– A, B-left, F, G and J SS&JS 246; C and E SS&JS 278; B-right, D, F. SS&JS 353; H. SS&JS 355. Drawn by Potjana Kiattiprapai.
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ABSTRACT 

Thailand may be considered the cradle of the wild banana Musa acuminata of which 
four subspecies; siamea, burmannica, malaccensis, and microcarpa, were previously 
reported.  However, recent wide-ranging collections throughout Thailand revealed the 
necessity of adjusting subspecific boundaries in terms of their existence, descriptions, and 
areas of distribution.    Using M. itinerans and M. laterita as outgroups, similarity coefficient 
matrices were assessed from 60 morphological characters and Amplified Fragment-Length 
Polymorphic (AFLP) fingerprinting of 102 M. acuminata accessions collected from natural 
habitats in Thailand.  Genetic diversity and taxonomic status of the M. acuminata complex 
was determined based on dendrograms constructed from the matrices using Sequential, 
Agglomerative, Hierarchical, and Nested (SAHN) clustering.  The surveys in Thailand 
revealed that the subspecies, M. acuminata subsp. siamea, distributes in the upper part of the 
country and subsp. malaccensis distributes from Peninsular Thailand up to the north probably 
through Thailand-Myanmar mountain chain.  Recently, M. acuminata subsp. truncata has 
been found in the southernmost province of Thailand and a new form of M. acuminata subsp. 
malaccensis was found in the Kra Isthmus area, meanwhile, subsp. burmannica was absent.
Within this M. acuminata complex in Thailand, we maintained that subspecific ranking is 
rather suitable than variety.  Key to M. acuminata subspecies in Thailand showed that shape 
of leaf base, rachis position, and aestivation and colour of male bracts, were critical 
characters for identification. 

Key words: Musa acuminata, siamea, malaccensis, truncata, microcarpa, burmannica,
subspecies, phenetics, plant morphology, molecular analysis, Thailand, Kra Isthmus 
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INTRODUCTION 

Musa acuminata Colla, one of the two progenitors of most pleasant seedless banana cultivars, is native 
to Tropical Asia.  Within the species, several subspecies were described based on morphology, ecology, 
cytology, and recently, molecular biology (Simmonds 1956, 1962; De Langhe and Devreux 1960; Wong et al. 
2001).  Nomenclature of the subspecies, however, has generated confusion in banana collections worldwide and 
caused difficulties in banana selections for breeding programmes and research (Cheesman 1947; Wong et al.
2001).  Moreover, the large size and herbaceous habit of the plants make it difficult to identify and classify dry 
banana specimens (Nasution 1991; Wong et al. 2001).  Several attempts have been made to reveal the true 
identities of the subspecies.  Simmonds (1956) classified the complex based on blotch colour on the 
pseudostem, leaf sheath waxiness, bract colour and aestivation, fertility of basal flowers, fruit shape, and 
number of ovules per ovary.  Meanwhile, De Langhe and Devreux (1960) used bract colour, fruit pedicel, apex, 
and section, bunch direction and density, among other key characters, and reported one new subspecies, 
burmanicoides De Langhe & Devreux, found in India.  Nasution (1991) used the hermaphrodite condition of 
basal flowers, shape of male buds, aestivation and colour of male bracts, shape of the free tepal of male flowers, 
and shape of the seed, among other morphological characters to discriminate 15 varieties of M. acuminata in 
Indonesia, including acuminata, microcarpa (Becc.) Nasution, and malaccensis (Ridl.) Nasution.  Later, De 
Langhe et al. (2000) reported a suspicious form, which they informally called pseudo-malaccensis, and several 
other subspecific hybrids within the M. acuminata populations found in northern Thailand.  Identities of M.
acuminata subspp. malaccensis (Ridl.) N.W. Simmonds, microcarpa (Becc.) Simmonds, and truncata (Ridl.) 
Kiew were also problem taxa (Häkkinen and De Langhe 2001) until Wong et al. (2001) clarified that they were 
genetically distinct.  They emphasized the significance of ecological isolation of the subspecies that the subspp. 
malaccensis and microcarpa were lowland (up to 600-900 m in altitude), while the subsp. truncata was found in 
mountainous areas (usually above 900 m).  In addition, subspp. malaccensis and truncata were found in 
mainland Malaysia while the subsp. microcarpa was limited in its distribution to the Island of Borneo.  
Molecular analyses confirmed the status of these three subspecies (Wong et al. 2001).   

Thailand is located at the major biogeographical region where boundaries of two distinct floristic 
provinces, Indochinese and Sundaic, meet (Tougard 2001).  The strong climatic shifts between the two 
provinces provide the area as one of the most biodiversity-rich in the world (Myer et al. 2000).  Among other 
flora and fauna, Thailand was one of the hotspots of M. acuminata (Simmonds 1956).  While the distributional 
area of subsp. banksii is in Philippines, Papua New Guinea and northern Australia (Simmonds 1960, 1962, 
1995; Argent 1976) and subsp. errans in the Philippines (Valmayor 2001), other subspp. including: siamea
Simmonds, burmannica Simmonds, malaccensis, and microcarpa are wide-ranging dispersed from southern 
India to Indochina and southern China to Borneo (Simmonds 1960).  The area of distribution of the last four 
subspecies overlapped in Thailand i.e. along Thailand-Myanmar border, southern Thailand, and Kra Isthmus 
Archipelago, according to Simmonds (1960).  Unfortunately, since Simmonds’ last survey in the 1950s and the 
De Langhe et al. report in 2000, which both emphasized the northern region, none has included a thorough 
investigation of M. acuminata from the whole of Thailand.  Banana collections in the country were mainly for 
useful cultivars (Silayoi and Babpraserth 1983; Chomchalow and Silayoi 1984).  Although the international 
collection, Bioversity’s International Transit Center in Belgium, has possessed a small number of M. acuminata 
accessions from Thailand and elsewhere (382 out of 5928, Bioversity International 2012). 

Rapid deforestation is destroying natural habitats and the urge for conservation of plant resources has 
presently become one of the most important global issues.  The authors have observed that though bananas grow 
well in open spaces after forest clearing, they cannot tolerate heavy and repeatedly devastation of the vegetation 
and have vanished from several localities.  We have collected and investigated hundreds of M. acuminata  and 
related accessions throughout Thailand, in a race against time to collect and protect valuable germplasm that 
will increase knowledge of their variations and, hopefully, may solve status of their taxonomic complex.  
Specimens were carefully characterized, recorded, preserved and deposited in herbaria.  Representatives of each 
taxon are cultivated as ex situ references.  Phenetic study of morphological characters was applied along with 
AFLP analysis to infer genetic relation among the accessions.  Dendrograms generated represent clear 
placement of each subspecies.  We, herein, propose a new key to the subspecies of the M. acuminata complex in 
Thailand. 

MATERIALS & METHODS 

Plant materials 

All specimens were collected during the year 2005-2008 on several expeditions in Thailand and 
identified based on previous descriptions of Cheesman (1948), Simmonds (1956, 1962), De Langhe and 
Devreux (1960), and De Langhe et al. (2000). A total of 102 accessions of Musa acuminata Colla sensu lato 
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(section Musa, 2n=2x=22) from natural habitats were studied.  The outgroup taxa were M. itinerans Cheesman 
(section Musa, 2n=2x=22) from six populations and M. laterita Cheesman sensu lato (section Rhodochlamys,
2n=2x=22) from 11 populations.  Specimens of each accession deposited at Suan Luang Rama IX herbarium 
included male inflorescence and fruits from a middle hand preserved in-spirit.  Then, base, middle, and tip of the 
third to fourth leaf were dried.  A young curling (cigar) leaf was collected for DNA analysis.  A sucker was 
collected for the ex situ collection and representatives of each taxon are cultivated at Suan Luang Rama IX 
garden in Bangkok and Queen Sirikit Botanic Garden in northern Thailand.  All accessions were characterized 
on site using the improved banana collecting form (available in pdf file format upon request) and standard color 
chart based on Descriptor for Banana (IPGRI-INIBAP/CIRAD, 1996), with essential modification using 
discriminating characters from Simmonds and Shepherd (1955), De Langhe and Devreux (1960), Simmonds 
(1962), Argent (1976), and Nasution (1991).  The exact location (Fig. 1) of each accession was recorded along 
with photographs and line drawings. 

Fig. 1.  Collection sites of the M. acuminata complex in Thailand.  Symbols in the box indicate each taxon.  
Arrows (A) designate locations of M. acuminata subsp. malaccensis, the typical form, in northern Thailand, (B) 
are M. acuminata subsp. microcarpa found in lower central Thailand, and (C) is M. acuminata subsp. truncata
from the  southernmost mountainous Thailand-Malaysian border area.  The map was modified from Google 
Earth (2008). 

Morphological multivariate analysis 

A total of 60 morphological characters assessed from the field included 21 vegetative and 39 
reproductive, among which nine are quantitative and 51 multistate qualitative.  All data was transformed to 
numeric states in the conventional way (Table 1) and into a matrix.  Similarity coefficients were then analyzed 
using NTSYSpc 2.11T program (Rohlf, 2000).  The characters used in the analyses were assumed to be equal 
and unweighted.  To reduce the effects of different scales of measurement for different characters, the value for 
each character was standardized using procedure STAND (Rohlf, 2000).  The Unweighted Pair Group Method 
with Arithmetic (UPGMA) analysis using Gower’s coefficient for mixed data was performed for a set of all 
characters and a dendrogram was constructed using Sequential, Agglomerative, Hierarchical, and Nested 
(SAHN) clustering.  The discriminating characters were manually investigated from the dendrogram.

Table 1. Coding of morphological characters for use in multivariate analysis.  

AFLP analysis 

Total genomic DNA of Musa accessions were extracted from fresh cigar leaves of 47 accessions using 
Doyle and Doyle (1987) hexadecyltrimethylammonium bromide (CTAB) method.  AFLP procedure was carried 
out as reported by Vos et al. (1995) with a few modifications using eight primer pairs (E+AAC/M+CTC, 
E+AAG/M+CTA, E+ACA/M+CAA, E+ACT/M+CTG, E+AGC/M+CTT, EAGG/M+CTA, E+ACA/M+CAG 
and E+ACG/M+CAA).  Polyacrylamide gel electrophoreses were done according to Vos et al. (1995) and silver 
nitrate stained according to Bassam et al. (1991).  Band was considered polymorphic if it presents (scored as 1) 
in at least one genotype and absents (scored as 0) in the others.  A matrix was generated manually and calculated 
by NTSYS-pc software package version 2.11T (Rohlf, 2000). Subsequently, a dendrogram was constructed 
from the matrix of similarity coefficients, using SAHN clustering.

Results 

Discriminating morphological characters 

 Among 60 morphological characters coded in data matrix (Table 2 - supplement) and analysed, several 
were found to be useful to differentiate Thai M. acuminata accessions.  Those characters included both 
vegetative, e.g. shapes of leaf base (Fig. 2) and reproductive, e.g. rachis position (Fig. 3) and male bud (Fig. 4).  
The data matrix of these morphological characters generated a dendrogram (Fig. 5) which placed the M.
acuminata accessions into two large groups, Cluster I and Cluster II-IV, within the M. acuminata complex.  The 
two groups were most clearly distinguished by the shape of leaf base and the aestivation of the male bracts.  The 
accessions in the first group, ambiguously identified as the M. acuminata subsp. siamea and/or burmannica 
sensu Simmonds, possessed cuneate or oblique leaf bases and slightly-to-greatly imbricate male buds.  
Meanwhile, the second group included M. acuminata subspp. microcarpa, malaccensis, and truncata
distinctively possessed round-to-cordate/auriculate leaf bases and convolute male buds. 
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Table 2. (Supplement) Data matrix of morphological characters used in multivariate analysis.  Codings 
appeared based on those in Table 1. 

Fig. 2.   Leaf bases of the M. acuminata subspecies in Thailand. (A) Cuneate (subsp. siamea - SS&JS 099), (B) 
oblique (subsp. siamea - SS&JS 001), (C-E) round (subspp. microcarpa - SS&JS 131; malaccensis typical form 
- SS&JS 114, and malaccensis Kra Isthmus form - SS&JS 137, respectively), (F) auriculate (subsp. malaccensis
typical form - SS&JS 209), and (G) cordate (subsp. truncata - SS&JS 206).  Line illustrations by Potjana
Keiatprapai.

Fig. 3.  Variation of rachis positions found in the M. acuminata complex in Thailand. (A-B) falling vertically 
(subsp. siamea, SS&JS 172, 007), (C) at an angle (subsp. siamea, SS&JS 247), (D) with a curve (subsp. 
truncata 206), (E-F) horizontal to subhorizontal (subsp. malaccensis – typical form, SS&JS 204, 203), (G) 
horizontal to slanting upward (subsp. malaccensis f. kra isthmus form, SS&JS 104), and (H) curving upward 
(subsp. malaccensis – Kra Isthmus form, SS&JS 107).  Illustrations by Potjana Keiatprapai.

Fig. 4.  Male buds of subspecies in M. acuminata complex in Thailand showing variation of shapes, aestivation, 
and colours of buds.  M. acuminata subspp. (A) siamea SS&JS 126, 091, 266 (B) malaccensis - SS&JS 115, 
138, (C) microcarpa - SS&JS 131, 136 and (D) comparison of malaccensis (no collection) and truncata SS&JS 
206.

Fig. 5.  Dendrogram of 125 accessions of Musa acuminata and outgroup species obtained with the UPGMA 
clustering algorithm on 60 morphological characters. 

Interestingly, subgroups within the first group did not morphologically characterize the two subspecies 
siamea and burmannica sensu Simmonds (Simmonds 1956; De Langhe and Devreux 1960).  Rather, they 
generally represented localities of the accessions, eastern and western sides of the Chao Phraya River from 
northern to central Thailand. 
 Meanwhile, unique rachis character, horizontal or slightly slanted upward or downward, or sometimes 
curved upward, which is rare in bananas, was found in Cluster IIB.  These accessions distributed only in the 
Chumphon, Ranong, and Phangnga Provinces around the Kra Isthmus area, whereas the Cluster IIA was found 
throughout the lower southern part of Thailand.  Surprisingly, several accessions in this Cluster IIA were 
collected in Tak and Chiang Mai in north-western Thailand, approximately one thousand kilometres far from 
typical known region of distribution.  Furthermore, they thrived in the mountainous areas of 800-900 m (SS&JS 
274 at 795 m, 309 at 905 m) above sea level, while the others in the cluster were mostly in lowlands including 
that found in Mae Hong Son (SS&JS 281 at 200 m). 

Two accessions were identified as M. acuminata subsp. microcarpa and one was a sole specimen of M. 
acuminata subsp. truncata in the second subgroup which possessed non-waxy pseudostems and blue-to-purple 
external male bracts.   Apart from different positions of the male rachis (Fig. 3), subsp. microcarpa accessions 
were found in lowland situations (SS&JS 131 at 430 m and SS&JS 136 at 140 m), while the subsp. truncata
accession was at 480-630 m in the mountainous area of Yala, at the southernmost border of Thailand with 
Malaysia. 

AFLP Analysis

The eight primer combinations resulted in a total of 730 unambiguous bands from 49 
accessions.  Combination primer of E+AGC and M+CTG revealed the highest number of unique bands while 
E+ACT and M+CTC revealed the lowest (data not shown).  Unique marker bands, ranging from 39 to 650 bp 
were scored.  The proportion of polymorphic AFLP loci among individuals within the M. acuminata complex 
was 90.6% in subsp. siamea and 93.4% in subsp. malaccensis (data not shown). 
 The genetic diversity estimates (GDEs) between the 47 accessions was 55.4% and that between M.
acuminata accessions was 52.2%.  The outgroup species, M. itinerans, clearly formed distinct clusters and 
separated from the M. acuminata complex. The pairwise GDE values between Cluster I (subsp. siamea and 
burmannica) and Cluster II (subsp. microcarpa), Cluster III (subsp. malaccensis), and Cluster VI (subsp. 
truncata) were 56.4, 58.8, and 61.4%, respectively (data not shown).  The GDEs were used for UPGMA cluster 
analysis which generated a dendrogram (Fig. 6). 

Fig. 6.  UPGMA based dendrogram showing the genetic relationships among 47 accessions in the Musa 
acuminata complex and outgroup species generated from eight AFLP primer combinations using neighbor-
joining method. 
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AFLP analysis revealed four clusters (Clusters I, II, III, and IV) of the M. acuminata complex (Fig. 6), 
which largely corresponded to their morphological characterization.  All accessions but one (SS&JS 136), in 
Cluster I were morphologically indistinguishable between the M. acuminata subsp. siamea and subsp. 
burmannica.  Rather, two subclusters within this Cluster I represented a geographic distribution of the 
genotypes.  Though the arrangement of accessions was not completely similar to the dendrogram from the 
morphological data, the two were comparable.  Accessions in the Cluster IA were found in Western, Central, 
and Northeastern Thailand, while those in Cluster IB were from the   northern part of the country.  In Cluster I, 
the one accession, SS&JS 136 from Prachuap Khiri Khan in lower Central Thailand, was identified as M.
acuminata subsp. microcarpa along with SS & JS 131 in Cluster II.  From the morphological data, these two 
accessions were separate subspecies nested with the subspp. malaccensis and truncata.  However, by AFLP, 
Cluster II nested with subsp. siamea.

 Cluster III was composed of M. acuminata subsp. malaccensis with two subclusters, IIIA and IIIB.  
The placement of these subclusters supported the morphological analysis that there are two forms of M.
acuminata subsp. malaccensis, the typical and the Kra Isthmus.   M. acuminata subsp. malaccensis accessions 
found in Northern Thailand were also unmistakably placed with the others of the typical genotypes.   M.
acuminata subsp. truncata was the only member in the fourth cluster (Cluster IV).   Musa sp. showed unique 
AFLP bands well-distinguished from other Musa species. 

Discussion 

Study of genetic diversity within the M. acuminata complex in Thailand has been neglected by banana 
researchers and none has been done on a national scale.  Globally, identification of wild Musa was hampered by 
the fact that herbarium specimens were not collected (e.g. in the cases of Simmonds 1956 and De Langhe et al. 
2000), or collected inadequately, and were difficult to maintain due to the large and herbaceous nature of the 
plants.  Many specimens included immature fruits which were misleading.  In addition, notes, descriptions, and 
photographs in each report often provided only a few pseudostem and inflorescence characters which were 
insufficient.  Our study, therefore, started with  careful collections of fresh, dry, and spirit specimens, 
emphasizing  the morphological characters  in the field, attached to all specimens are: GPS locality; drawings 
and photographs with standard colour chart (IPGRI-INIBAP/CIRAD 1996) designations. 

Description of M. acuminata in Thailand 

The wild banana M. acuminata found in Thailand can be briefly described as following.  Pseudostem
with suckers, clumped, 1.5-6 m tall, 20-65 cm circumstance, light green, green yellow to medium green, 
sometimes with red purple tinge.  Leaves petiole 30-125 cm, often with brown blotch at base, leaf canal wide or 
straight with erect margin, leaf blade oblong, 120-345 cm long 40-95 cm wide, underside green or red-purple 
with various degree of waxiness, base cuneate, oblique, rounded, cordate, or auriculate, apex truncate.  Female 
inflorescence bract oblong to lanceolate.  Female flowers compound tepal cream, lobes yellow, free tepal 
cream, translucent, ovary 1, cream, 3 locules with 2 rows of ovules per locules, stigma 1, yellow, anthers 5 
infertile.  Male bud bract ovate to lanceolate, orange-red, dark red, purple, to blue outside, with or without 
yellow apex; orange, orange-red, pink purple, purple, red purple to purple brown, fading or not fading to cream 
inside.  Male flowers compound tepal cream, lobes yellow or bright yellow, free tepal obovate to oblong, cream, 
translucent, with or without wrinkle at base of apex, ovary 1, cream, stigma 1, infertile, anthers 5.  Fruits 2 
rows, 5-13 cm long, 2-2.5 cm wide, straight, 12-23 per hand, 3-10 hands per bunch, straight or curved, pedicel 
0.5-1.5 cm long, apex acuminate, 0.5-1 cm long.  Seeds 100-120 per fruit, irregularly angled. 

It should be noted that, none of the M. acuminata accessions collected in Thailand has been found to 
have basal hermaphrodite flowers, in contrast to some subspecies observed elsewhere (subsp. banksii in Papua 
New Guinea, Samoa, and Australia, Simmonds 1956; var. chinensis in China, Häkkinen & Wang 2007)                                            

Taxonomic Status of the M. acuminata Complex 

Segregation of the M. acuminata complex into species and subspecies was largely in agreement with 
previous works (Simmonds 1956; De Langhe et al. 2000; Wong et al. 2001).  The dendrograms (Fig. 5 and 6) 
generated by the morphological and AFLP-based genetic data clearly supported the conventional classification 
(Cheesman 1948; Simmonds 1956; Nasution 1991; Wong et al. 2001) that M. acuminata was a good species, 
distinct from other Musa species.  Additionally, our extensive collections of bananas throughout Thailand 
provided substantial evidence that the use of the subspecific rank within the M. acuminata complex was the 
correct one.  This view is contrary to Nasution (1991) who chose the rank of “variety” for all M. acuminata
variations found in Indonesia.  He identified 15 varieties, among which were nine new combinations including 
those for:  acuminata, malaccensis, and microcarpa.  Unfortunately, he did not give reasons to support his 
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proposals.  On the other hand, Simmonds (1956; p. 469) stated that the various forms of the M. acuminata were 
“distinct geographico-morphological units”.  This is in agreement with our findings as the populations of the 
different M. acuminata infraspecific taxa are distributed in their specific areas which can be clearly defined.  
Moreover, the status of the four subspecies:  siamea, microcarpa, malaccensis and truncata, were well 
maintained based on the morphological and AFLP analyses (Fig. 5 and 6, respectively).  The separation of the 
four subspecies, as shown in the following key (Fig. 7), was mainly determined by leaf base characteristics, 
rachis positions, aestivation and the colour of male bracts.  Meanwhile, several characters previously used by 
banana researchers were found to be highly variable among different populations within the subspecies.  These 
ambiguous characters included blotches on the leaves of young suckers, pseudostem pigmentation, and waxiness 
of leaf sheaths.  Also, the shape of the free tepal used by Nasution (1991) to discriminate var. malaccensis and
microcarpa was not helpful.  He described var. malaccensis as having round and acuminate free tepal and that 
of microcarpa was obovate and acute.  However, in our cases, only SS&JS 137 possessed free tepal similar to 
his malaccensis description while all other accessions of the subspecies had obovate to oblong free tepals 
(Fig.8). 

Fig. 7.  Identification key to the Musa acuminata complex and related species in Thailand 

Fig. 8.  Line drawing showing free tepals of M. acuminata subspecies in Thailand, which illustrated broader 
variation within, rather than among, subspecies.  Numbers indicate those accessions of subspp. siamea (SS & JS 
136, 147, 262); microcarpa (SS & JS 131); and malaccensis typical form (SS & JS 199) and Kra Isthmus form 
(SS & JS 107, 137, 146).  Note that all were in ovate to oblong shapes except SS & JS 137 was round. 

 Indiscriminations Between Subspp. siamea and burmannica

Although subspp. siamea and burmannica, were traditionally stated as having similar obtuse, 
imbricate, and blue-violet male buds, they were previously separated  based on waxiness of the pseudostems, 
bunch position and compactness, and length of the fruit pedicel and apex (Cheesman 1948; Simmonds 1956; De 
Langhe and Devreux 1960).  Based on previous literatures, one of our accessions, SS&JS 303 was a good 
example of subsp. siamea which was described as having a waxy pseudostem, subhorizontal and compact 
bunch, male buds often with yellow tips, and fruits of polygonal-round cross-sectioned.  Meanwhile, the subsp. 
burmanica, which was supposed to have a non-waxy pseudostem, pendant and lax bunch, and angular fruit 
section, was not present.  On the other hand, all these characters were indiscriminately mixed among accessions 
within this complex.  Examples of this obscure clustering were SS&JS 172 and 181 from northeastern and 
eastern Thailand, respectively.  Both of them had waxy pseudostems, however, combined with lax bunches and 
angular fruit sections.  Three accessions SS&JS 262, 264, and 268 from northern Thailand also possessed waxy 
pseudostems and male buds with yellow tips, while having pendent bunches and angular fruit sections.  By 
AFLP analysis, the burmanica-like accession such as SS&JS 172 clustered with typical siamea, SS&JS 303. 

Further confusion has been caused by the use of fruit pedicel and apex lengths which have been 
ascribed to the different subspecies differently by different authors.  Cheesman (1948; p. 27) stated of the 
“Tavoy form” or M. acuminata subsp. burmannica sensu Simmonds as having “the pedicel very short and not 
very distinct, acumen about 0.5 cm long” and the “Annam form” or M. acuminata subsp. siamea sensu 
Simmonds as “short (0.5 cm) but quite distinct pedicel and well-marked acumen 0.5 cm long”.  Whereas, De 
Langhe and Devreux (1960) in his comparative morphological data table stated that the subsp. burmannica had 
the fruit pedicel 1 cm and the apex 1 cm or longer, while the subsp. siamea had a shorter (0.5 cm) fruit pedicel 
and apex. 

We speculated that the banana collections reported in these literatures were too minimal to be useful as 
Cheesman stated in his work (Cheesman 1948; p. 22) that he observed only “the dozen clones” of M. acuminata
in the I.C.T.A. collection.  Therefore, despite our extensive surveys along the Thailand-Myanmar border from 
Mae Hong Son through to Prachuap Khiri Khan, no “true” burmannica accessions as of Simmonds was found 
and we cannot maintain subsp. burmanica in the traditional sense.  We argued that subsp. burmanica should be 
included with subsp. siamea in a complex unique from the rest of the M. acuminata members in the 
cuneate/oblique leaf bases and purple-to-blue male buds with various degrees of aestivation. 

M. acuminata Complex of subsp. microcarpa and subsp. truncata

Though Simmonds (1956) believed that the M. truncata was the same as M. acuminata subsp. 
microcarpa, and reduced M. truncata to synonymy, Wong et al. (2001) recognized it as a distinct subspecies of 
M. acuminata based on AFLP analysis.  Our morphological and molecular analyses demonstrated similar results 
to these more recent findings.  However, the assumption that subsp. microcarpa was more closely related to 
subsp. malaccensis than to subsp. truncata was not supported.  In our AFLP analysis, subsp. microcarpa was 
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most closely related to subsp. siamea, but their shape of leaf bases resembled those of the subsp. malaccensis
and their blue convolute male buds appeared closer to subsp. truncata.  The most obvious discriminating 
character of the two subspecies, microcarpa and truncata, was rachis position, falling vertically in subsp. 
microcarpa and S-shaped in subsp. truncata.  The altitude ranges of their distributions were another distinct 
indicator.  M. acuminata subsp. microcarpa was confined to the lowlands, while subsp. truncata grew at higher 
elevation.  It was observed that the M. acuminata subsp. truncata appeared genetically distinct from subsp. 
malaccensis in that they grew side by side in the highlands of Yala province without any sign of hybridization. 

M. acuminata Subspecies Distribution Boundaries 

Our survey results confirmed Simmonds’ (1956) view that Peninsula Thailand and the Thailand-
Myanmar border are areas of “extreme complexity” of M. acuminata.

M. acuminata subsp. truncata has recently been found in Thailand by our research group (Swangpol et 
al. in preparation).  We agree with earlier reports (Cheesman 1948; Simmonds 1956; Wong et al. 2001) that 
subsp. truncata is montane and did not thrive at low altitude as we have not succeeded in maintaining the sole 
accession of this subspecies in our nursery near Bangkok.  Nevertheless, dispersal of this subspecies previously 
reported in mountainous areas of mainland Malaysia have now been found extending across the Thailand-
Malaysian border. 

M. acuminata subsp. siamea is the most wide-spread of all the subspecies and it was found throughout 
the north, central areas, and from the west, the northeast and to the east of Thailand.  Evidence from other 
reports indicate that this subspecies has also been observed in Southern China and Vietnam (Wu and Kress 
2000; Lheureux et al. 2007). 

 Our finding that subsp. microcarpa was found in the lowlands in lower central Thailand contradicted 
the belief that this subspecies was endemic to the Island of Borneo (Nasution 1991; Wong et al. 2001).  
Possibly, the ancient migrations of flora and fauna may have occurred during the last Ice Age at 250,000 -
17,000 year BP when there was, a large land bridge connecting peninsula Thailand and Borneo as described by 
Voris (2000).  The area of distribution of M. acuminata subsp. malaccensis has also been extended from 
southern Peninsula Malaysia to north-western Thailand.  Our AFLP analysis did not support the assumption of 
De Langhe et al. (2000) that these upper northern populations were ‘pseudo-malaccensis’.  In contrary, we 
believed that they are typical of their southern counterparts and hypothesised that this subspecies spread along 
the mountain chain at the Thailand-Myanmar border (Swangpol et al. in preparation).  An expedition along the 
Myanmar side of the chain would be important to provide more evidence for this theory.  Subspecies 
malaccensis was commonly found in the lowlands of Southern Thailand and also growing with the population 
of subsp. truncata in the highlands of Yala.  The fact that they were found at approx. 800-900 m above sea level 
in Tak, lead us to conclude that it has a much wider altitudinal range than has previously been reported (Ridley 
1924; Simmonds 1956; Wong et al. 2001; Nasution 1991). 

Conclusion 

 There are four main conclusions from this study.  Firstly M. acuminata is a good species whose 
variation is discontinuous from the other related species investigated.  Secondly, the use of subspecific rank 
within the M. acuminata complex is considered the most suitable way of dealing with the variation encountered 
from our wide-ranging collections of bananas throughout Thailand.  Thirdly, from these Thailand samples the 
subsp. burmannica cannot be maintained and is reduced to synonymy with subsp. siamea, the status of 
subspecies: siamea, microcarpa  and malaccensis, are strongly upheld.   Fourthly, the addition of subsp. 
truncata to the Thai flora brings the total number of Thai subspecies to four.  The most important morphological 
characters for the determination of these subspecies are: leaf base shape; rachis position and male bract 
aestivation; and colour of male bracts.  The minimal collection requirements for accurate identification are:  leaf 
base, male bud, and a hand of fully mature fruits.  In addition, three series of photographs are needed:  (1) the 
clump of pseudostems with a mature bunch showing the rachis position; (2) the male bud and outermost bracts 
showing their shapes and outside and inside colours; (3) the male flowers showing the adaxial side of the free 
tepal, stigma and anthers.  The standard colour chart (IPGRI-INIBAP/CIRAD 1996) and a scale should always 
accompany all photographs. 

Acknowledgement 

The authors would like to acknowledge Ms. Potjana Keiatprapai for her exceptional line illustrations.  We are 
grateful to Mr. Narongsak Sukkaewmanee, Mr. Kasipong Kitdamrongsont, and Mr. Pongsagon Pothavorn for 
their untiring assistances and enjoyable company during all our banana expeditions.  This work was financially 
supported partially by Research Grant for New Scholar by Thailand Research Fund and Commission on Higher 



Adjusting Subspecific Boundaries of the Wild Banana Musa acuminata Complex

- 8 - 

Education to S.S. (grant no. MRG52_0564) and to J.S. (grant no. MRG5080329) and Mahidol University to J.S. 
and the TRF/BIOTEC Special Program for Biodiversity Research and Training to T.S. by grant no. R_245003. 

Reference 

Argent G C G (1976) The wild bananas of Papua New Guinea. Notes Roy Bot Gard Edinburgh 35:77-114 
Bioversity International (2012) The Musa Germplasm Information System (MGIS). http://www.crop-

diversity.org/banana/. Accessed 14 Mar 2012
Cheesman E E (1947) Classification of the Bananas. II: The Genus Musa L.  Kew Bull 2:106-117 
Cheesman E E (1948) Classification of the Bananas. III: Critical Notes on Species. b. Musa acuminata Colla.  

Kew Bull 1:17-28 
Chomchalow N, Silayoi B (1984) Banana germplasm in Thailand. IBPGR/SEAP Newletter 8: 23-28 
De Langhe E A L (1996) Banana and Plantain: The earliest fruit crop?  Focus Paper No. 1. In: Networking 

Banana and Plantain. INIBAP Annual Report 1995. INIBAP, Montpellier, France, pp 6-8 
De Langhe E, Wattanachaiyingcharoen D, Volkaert H, Piyapitchard S (2000) Biodiversity of wild Musaceae in 

Northern Thailand. In: Molina A B; Roa V N (eds) Advancing banana and plantain R & D in Asia and the 
Pacific. INIBAP, Montpellier, France. pp 71-83 

De Langhe E, Devreux M (1960) Une Sous-Espece Nouvelle De Musa acuminata Colla. Bull Jard Bot 
Bruxelles 30(3):255-388 

Doyle J J, Doyle J L (1990)  Isolation of plant DNA from fresh tissue. Focus 12:13-15 
Häkkinen M, De Langhe E (2001) Musa acuminata in Northern Borneo. INIBAP, Rome, Italy. 
IPGRI-INIBAP/CIRAD (1996) Descriptors for Banana (Musa spp.). International Plant Genetic Resources. 

Institute Press, Rome, Italy 
Lheureux F, Laboureau N, Muller E, Lockhart B E L, Iskra-Caruana, M-L (2007) Molecular Characterization of 

Banana Streak Acuminata Vietnam Virus Isolated from Musa acuminata siamea (Banana Cultivar). Arch 
Virol 152:1409–1416 

Nasution R E (1991) A taxonomic study of the species Musa acuminata Colla with its intraspecific taxa in 
Indonesia. Memoirs of Tokyo University of Agriculture. 32:1-122 

Ridley H N (1924) The Flora of the Malay Peninsula IV.  Reeve, London, England 
Rohlf F J (2000)  NTSYS-PC version 2.11T.  Numerical Taxonomy and multivariate Analysis System. 

(Computer program). Exeter Software, Steauket, NY, USA 
Silayoi B (1990) Banana germplasm collection and research in Thailand. In: Jarret R L (ed) Identification of 

genetic diversity in the genus Musa: Proceedings of an International Workshop. pp 161-171 
Simmonds N W (1956) Botanical results of the banana collecting expedition, 1954-5. Kew Bull 11:463-489 
Simmonds N W (1960) Notes on the banana taxonomy. Kew Bull 14:198-212 
Simmonds N W (1962) The evolution of the bananas. Longman. London, England 
Simmonds N W and Shepherd K (1955) The taxonomy and origins of the cultivated bananas. J Linn Soc Bot 55, 

302-312
Swangpol S, Atawongsa K, Somana J (in preparation) Taxonomic novelties in Musa acuminata (Musaceae) 

subspecies from Thailand. Blumea
Tougard C (2001) Biogeography and migration routes of large mammal faunas in South–East Asia during the 

Late Middle Pleistocene: focus on the fossil and extant faunas from Thailand. Palaeogeogr Palaeocl 168: 
337–358 

Wong C, Kiew R, Loh J P, Gan L H, Lee S K, Ohn S, Lum S, Gan Y Y (2001) Genetic diversity of the wild 
banana Musa acuminata Colla in alaysia as evidenced by AFLP. Ann Bot-London 88:1017-1025 

Wu D, Kress W J (2000) Musaceae. In: Wu Z Y, Raven F (eds.) Flora of China Vol. 24. Science Press and 
Missouri Botanic Garden Press, U.S.A. p 316 

Voris H K (2000) Maps of Pleistocene Sea Levels in Southeast Asia: Shorelines, River Systems and Time 
Durations. Biogeogr 27:1153-1167 

Vos P, Hogers R, Bleeker M, Reijans M, De Lee T V, Hornes M, et al. (1995)  AFLP: a New Technique for 
DNA Fingerprinting. Nucleic Acids Res 23 4407-4414 



Poster presentation 
Swangpol S, Somana J, Rotchanapreeda T, Atawongsa K, Wongniam S, Seelanan T, Charoensap P, Chadchawan S, Jenjittikul 

T.  Thailand: at the cradle of the bananas (MUSACEAE). In: the Young researcher meet Senior scholar 2011 Oct 19-21; 

Holiday Inn Resort Hotel, Petchaburi, Thailand, Bangkok, Thailand: Thailand Research Fund; 2011.  

 

Thailand at the Cradle of the Bananas, Musaceae 
Swangpol, S.1,*, Somana, J.2, Rotchanapreeda, T1, Athawongsa, K.1, Wongniam, S.1, Seelanan, T.3, 

Chareonsap, P.4, Chadchawan, S.3, and Jenjittikul, T.1 
1Department of Plant Science and 2Department of Biochemistry, Faculty of Science, Mahidol University, 

Bangkok 10400, Thailand; 3Department of Botany, Faculty of Science, Chulalongkorn University, Bangkok 

10330, Thailand; 4Plant Genetic Resource Conservation Project under the Royal Initiative of HRH Princess 

Maha Chakri Sirindhorn, Chitralada Palace, Dusit, Bangkok 10303, Thailand 

 

Abstract 

Extensive expeditions throughout Thailand revealed a wide diversity of the banana 

family, Musaceae. Systematic  assessment of more than a hundred banana accessions 

collected and investigated based on morphological and molecular characters uncovered 

two native genera; Musa and Ensete, nine species and four subspecies. Among these, one 

species new to science, putative new records, and new localities to Thailand is reported.  

The findings marked the importance of specific areas where the banana species and 

subspecies are endangered due to deforestation and verified Thailand as one of the cradle 

of the wild bananas. 

 

Introduction 

Musaceae consists of ca. 65 species in three genera occur in tropical Asia, Africa and 

Australia and Thailand is located in a major biodiversity ‘hotspot’ at the centre of origin of 

the family.  However, there has not been a thorough investigation of the native bananas 

from the whole of Thailand (Athawongsa, 2008). 

Since 2005, We have therefore collected and investigated more than one hundred 

accessions of the Musaceae throughout Thailand.  In a race against time, our goal is  to 

assess the diversity, collect and protect these valuable germplasm.  Specimens were 

carefully characterized, recorded, preserved and deposited in the herbarium.  

Representatives of each taxon are cultivated as ex situ references.  Phenetic study of 

morphological characters was applied along with molecular analysis to infer genetic 



relationship among the accessions.  We finally propose a check-list of the bananas in 

Thailand which will later be reported in the Flora of Thailand Project as main national 

reference. 

 

Materials & Methods 

Fig 1. (A) one of collecting missions (B) data collecting form, sketching pad, standard colour chart, 

measuring tape, and a camera (C) line illustration to be attached to herbarium specimen (D) cigar leaf for 

DNA extraction (E) male and female inflorescences and fruits in spirit (F) dry specimen of leaf base, 

middle, and apex, (G) example of Amplified Fragment Length Polymorphic (AFLP) profiles done based on 

Wongniam et al. 2009 and 2010. 

 



Results 

Fig. 2 Checklist of the bananas Musaceae in Thailand 
1-1 M. acuminata Colla subsp. malaccensis (Ridl.) 

Simmonds 

1-2 M. acuminata Colla subsp. microcarpa (Becc.) 

Simmonds 

1-3 M. acuminata Colla subsp. siamea Simmonds 

1-4 M. acuminata Colla subsp. 1  

1-5 M. acuminata Colla subsp. 2 (exotic) 

2 M. balbisiana Colla 

3 M. coccinea Andrews (exotic) 

4 M. gracilis Holttum 

5 M. itinerans Cheesman 

6  M. laterita Cheesman 

7  M. ornata Roxb. (exotic) 

8  M. serpentina Swangpol & Somana sp. nov.* 

9  Musa sp. 1 (exotic) 

10 Musa sp. 2 

11 Ensete glaucum (Roxb.) Cheesman 

12 Ensete supebum (Roxb.) Cheesman  

13 Musella lasiocarpa (Franch.) H. W. Li (exotic) 

*photo below 

 



 
Fig 3. Collected sites of seven native Musa species and four subspecies found in Thailand, note new 

localities of M. acuminata subsp. malaccensis in north-western border of the country. 

 
Fig 4. UPGMA cluster analysis of AFLP data generated by eight primer combinations for 31 accessions 

representative of native Musa in Thailand. 



Discussion & Conclusion 

Among 13 banana species found in Thailand, nine from two genera were native and the rest 

were introduced as ornamental plants.  One of the native, M. serpentina (Fig. 2-8) was 

unknown to science until recently and was named to represent its unique curling 

inflorescence habit as  snake-like (Swangpol & Somana 2011).  Photos of putative new 

records (Fig. 2: 1-4, 1-5, 9 and 10) and map of a subspecies found in new localities were also 

shown (Fig. 3). A species, M. nagensium reported by Simmonds (1956) was not found and 

may have been extincted from the wild of Thailand. 
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โครงการคายวิทยาศาสตร 
เร่ืองกลวย...กลวย... มหัศจรรยพันธุไมแหงมนุษยชาติ  

*************************************************************************************************************************** 
1. หลักการและเหตุผล 

ประเทศไทยตัง้อยูในแถบมรสมุซึ่งมีสภาพอากาศรอนชื้น และมีความหลากหลายทางชีวภาพสูง 
ทั้งสายพันธุสัตวและสายพันธุพืชชนิดตางๆ มากมาย  รวมถึงสายพันธุกลวยทีส่ามารถเจริญเติบโตไดดี 
ทั่วทุกภูมิภาคของประเทศไทย ปจจุบันไทยมีจํานวนกลวยมากกวา 60 สายพันธุ และทําใหคนไทยมี 
ความผูกพันและคุนเคยกับกลวยมาตัง้แตเกิด  เพราะกลวยสามารถนํามาใชประโยชนไดทุกสวน ตั้งแต 
ราก ลําตน ใบ ดอก ตลอดจนผลกลวย นอกจากนี้ประเพณีและวัฒนธรรมตางๆ ของไทยยังมีความ 
เกี่ยวพันกับกลวยอยางใกลชิด 

อยางไรก็ตาม แมวาประเทศไทยจะมสีายพันธุกลวยมากมายและมีการนํากลวยมาใชประโยชน 
หลากหลาย  แตคนสวนใหญกลับรูจักกลวยเพียงไมกี่ชนดิและใหความสําคัญกับการเรียนรูเรื่องราว 
เกี่ยวกับกลวยคอนขางนอยจนทําใหกลวยบางสายพันธุเริ่มสญูพันธุไป จึงควรมีการศึกษาคนควาเพื่อ 
การอนุรักษพันธุกลวย และเพื่อใหนํากลวยมาใชประโยชนอยางถูกวิธีและเหมาะสม 

สํานักงานพัฒนาวิทยาศาสตรและเทคโนโลยีแหงชาติ รวมกับศูนยพันธุวิศวกรรมและ 
เทคโนโลยีชีวภาพแหงชาติ มหาวิทยาลัยมหิดล  และชมรมรักษกลวย ตระหนักถึงความสําคญัขององค 
ความรูเรื่องกลวยและการอนุรักษสายพันธุกลวยไทย จึงไดริเริ่มโครงการคายวิทยาศาสตร “เรื่องกลวย 
...กลวย...มหัศจรรยพรรณไมแหงมนุษยชาติ” ขึ้น เพื่อสงเสรมิความรูเรื่องของกลวยในเชิงวิทยาศาสตร 
โดยการบูรณาการความรูรวมกับภาษาศาสตร ศิลปะ วัฒนธรรม ผานกิจกรรมสงเสริมการเรียนรูรูปแบบ 
ตางๆ เพื่อใหเยาวชนมคีวามรูความเขาใจเรื่องกลวยและสามารถนําไปใชประโยชนตอไปในอนาคต 

2. วัตถุประสงค 
 สงเสริมใหเยาวชนมีความรูที่บูรณาการทั้งดานวิทยาศาสตร ประวัติศาสตร ศิลปะ วัฒนธรรม 

เกี่ยวกับกลวย ซึ่งเปนพืชที่มีความหลากหลายทางสายพันธุทั้งในประเทศไทยและทั่วโลก 
 พัฒนาศักยภาพทางวิทยาศาสตรของเยาวชนไทยผานกิจกรรมฐานการเรียนรู กิจกรรมการ 

ทดลองทางวิทยาศาสตร การเยี่ยมชมสวนกลวยหลากหลายสายพันธุ และการเสนอแนวคิดผาน 
โครงงานวิทยาศาสตร 

 ผลักดันและสงเสริมใหเยาวชนตระหนักถึงความสําคัญของการอนุรักษสายพันธุกลวยไทย 
 สังเกตแววความสามารถพิเศษเพื่อคัดเลือกเขารวมโครงการสงเสริมผูมีความสามารถพิเศษทาง 

วิทยาศาสตรและเทคโนโลยี



3. กลุมเปาหมาย 
 ตัวแทนนักเรียนระดับมัธยมศึกษาตอนตนจากโรงเรียนทั่วประเทศ กลุมละ 3 คน และครูที่ปรึกษา 

1 คน จํานวน 15 กลุม  รวมจํานวน 60 คน 

4. รูปแบบของกิจกรรม 
 บรรยายความรูพื้นฐานทางดานพฤกศาสตรของกลวย  ความรูทั่วไปเกี่ยวกับกลวยเชิงบูรณาการ 

ดานวิทยาศาสตร ภาษาศาสตร ศิลปะ วัฒนธรรม ตลอดจนงานวิจัยตางๆเกี่ยวกับกลวย 
 ทํากิจกรรมผานกิจกรรมฐานการเรียนรูเชิงบูรณาการ เชนการนําสวนตางๆ ของกลวยไป 

ประยุกตใชประโยชนทั้งทางดานอาหาร ยารักษาโรค ศิลปวัฒนธรรม งานฝมือ 
 ทํากิจกรรมการทดลองทางวิทยาศาสตร 
 เย่ียมชมสวนกลวย แหลงเรียนรูที่แสดงใหเห็นถึงความหลากหลายทางชีวภาพของกลวยใน 

ประเทศไทยและในโลก 
 เสนอแนวคิดการทําโครงงานวิทยาศาสตรในหัวเรื่องเกี่ยวกับกลวย 

5. ระยะเวลาที่จัด 
 คาย “เร่ืองกลวย...กลวย... มหัศจรรยพันธุไมแหงมนุษยชาติ” คร้ังที่ 1 ระหวางวันที่ 11-13 

มกราคม 2553 

6. ประโยชนที่คาดวาจะไดรับ 
 เยาวชนที่เขารวมโครงการไดรับความรูทางพฤกษศาสตรและชีววิทยาของกลวย และความรู 

ทั่วไปเก่ียวกับกลวยในเชิงบูรณาการดานอ่ืนๆ 
 เยาวชนไดรับการพัฒนาศักยภาพดานกระบวนการทางวิทยาศาสตรผานกิจกรรมฐานการเรียนรู 

กิจกรรมการทดลองทางวิทยาศาสตร การเย่ียมชมสวนกลวยหลากหลายสายพันธุ และการเสนอ 
แนวคิดผานโครงงานวิทยาศาสตร 

 เยาวชนสามารถนําประสบการณและความรูที่ไดรับไปประยุกตใชในชีวิตประจําวันได 
 เยาวชนตระหนักถึงความสําคัญของการอนุรักษสายพันธุกลวยไทย  และมีสวนรวมในการ 

สรางสรรคกิจกรรมเพื่อรวมอนุรักษสายพันธุกลวยไทย 
 สามารถคัดเลือกเยาวชนที่มีศักยภาพทางวิทยาศาสตรและวิศวกรรมศาสตร เขาสูโครงการผูมี 

ความสามารถพิเศษทางวิทยาศาสตรและเทคโนโลยี เพื่อสนับสนุนและสงเสริมใหเปน 
นักวิทยาศาสตร/นักวิจัยในอนาคต 

7. หนวยงานรับผิดชอบ 
ฝายสรางความตระหนักทางวิทยาศาสตรและเทคโนโลยี ศูนยวิทยาศาสตรและเทคโนโลยีเพื่อสังคม



8. หนวยงานที่รวมดําเนินการ 

 ฝายชุมชนและผูดอยโอกาส ศูนยวิทยาศาสตรและเทคโนโลยีเพื่อสังคม 

 โครงการเรียนรูวิทยาศาสตรและเทคโนโลยีในโรงเรียนชนบท (SiRS) ศูนยพันธุวิศวกรรมและ 
เทคโนโลยีชีวภาพแหงชาติ 

 ภาควิชาพฤกษศาสตร คณะวิทยาศาสตร มหาวิทยาลัยมหิดล 

 สถาบันโภชนาการ มหาวิทยาลัยมหิดล 

 ชมรมรักษกลวย 

9. สถานที่ติดตอ 
ฝายสรางความตระหนักทางวิทยาศาสตรและเทคโนโลยี 
ศูนยวิทยาศาสตรและเทคโนโลยีเพื่อสังคม 
สํานักงานพัฒนาวิทยาศาสตรและเทคโนโลยีแหงชาติ 
111 อุทยานวิทยาศาสตรประเทศไทย ถ.พหลโยธิน ต.คลองหน่ึง อ.คลองหลวง จ.ปทุมธานี 12120 
โทรศัพท 0 2564 7000 ตอ 1403,1400 โทรสาร 0 2564 7004



กําหนดการคายวิทยาศาสตร ตอน “เรื่องกลวย...กลวย..มหัศจรรยพันธุไมแหงมนุษยชาติ” 
ระหวางวันท่ี 11 – 13 มกราคม 2553 

ณ บานวิทยาศาสตรสิรินธร 
****************************************************************************************************** 
วันจันทรที่ ม.ค.

น. ลงทะเบียน 
น. พิธีเปด และถายภาพรวมกัน 
 น. ฟงบรรยาย “วิทยาศาสตรในตนกลวย” และ “กิจกรรมทองโลกความหลากหลายของกลวย” 

โดย  ดร.ศศิวิมล  แสวงผล 
ภาควิชาพฤกษศาสตร  คณะวิทยาศาสตร มหาวิทยาลัยมหิดล 

 น. พักรับประทานอาหารวาง 
 น. ฟงบรรยาย “นักวิจัยกลวย...กลวย” และกิจกรรม “วิทยาศาสตร...พากลวยไทยโกอินเตอร” 

โดย  ดร.ศศิวิมล  แสวงผล 
ภาควิชาพฤกษศาสตร  คณะวิทยาศาสตร มหาวิทยาลัยมหิดล 

 น. รับประทานอาหารกลางวัน 
 น. ฐานกิจกรรม “กลวยมหัศจรรยสารพันประโยชน” 

โดยทีมงานจาก สวทช. 
 น. พักรับประทานอาหารวาง 
 น. ฐานกิจกรรม “กลวยมหัศจรรยสารพันประโยชน” (ตอ) 
 น. สรุปกิจกรรมฐาน 
 น. แนะนําสถานที่ และ แนวทางรักษาความปลอดภัย 
 น. เก็บสัมภาระเขาท่ีพัก  พักผอนตามอัธยาศัย 
 น. พักรับประทานอาหารเย็น 
 น. สันทนาการ และฟงดนตรีเกี่ยวกับกลวย 

น. เขานอน



วันอังคารที่ ม.ค.
น. เตรียมตัวเดินทางไปเยี่ยมชมสวนกลวย...มหัศจรรยพันธุไมแหงมนุษยชาติ 

ณ สวนสมเด็จพระนางเจาสิริกิติ์ฯ 
 น. เดินทางไปสวนกลวย ณ สวนสมเด็จพระนางเจาสิริกิติ์ฯ เขตจตุจักร กทม. 

พรอมรับประทานอาหารเชาบนรถ 
น. ฟงบรรยาย “ทําไมตองรักษกลวยไทย” 

โดย อ.สมรรถชัย  ฉัตราคม  ประธานชมรมรักษกลวย 
 น. เยี่ยมชมสวนกลวย...มหัศจรรยพันธุไมแหงมนุษยชาติ 

 น. พักรับประทานอาหารกลางวัน 
น. เตรียมตัวเดินทางกลับบานวิทยาศาสตรสิรินธร 

 น. เดินทางถึงบานวิทยาศาสตรสิรินธร 
 น. กิจกรรมเรียนรูกลวยแบบบูรณาการผานวิทยาศาสตร  ภาษาศาสตร  ประวัติศาสตร ศิลปะ วัฒนธรรม 

โดย  ทีมฝายสรางความตระหนักทางวิทยาศาสตรและเทคโนโลยี รวมกับศูนยพันธุวิศวกรรมและ 
เทคโนโลยีชีวภาพแหงชาติ 

 น. พักรับประทานอาหารวาง 
 น. สนุกกับ “การทดลองเร่ือง กลวย...กลวย” 

โดย ทีมนักวิจัยจากศูนยเทคโนโลยีโลหะและวัสดุแหงชาติ สวทช. 
 น. พักผอนตามอัธยาศัย 
 น. พักรับประทานอาหารเย็น 
 น. กิจกรรมสันทนาการ 

น. เขานอน 

วันพุธที่ ม.ค.
น. รับประทานอาหารเชา 
น. คืนกุญแจหองพัก 
น. ฟงบรรยาย “การคนหาหัวเรื่องโครงงาน และการเขียนเคาโครงโครงงานวิทยาศาสตร” 

โดย ฝายสรางความตระหนักทางวิทยาศาสตรและเทคโนโลยี 
 น. กิจกรรมกลุม “คนหาหัวเรื่องทําโครงงานวิทยาศาสตรเรื่องกลวย...กลวย” 

พรอมเขียนเคาโครงโครงงานวิทยาศาสตร 
 น. พักรับประทานอาหารวาง 
 น. เขียนเคาโครงโครงงานวิทยาศาสตร ตอ
 น. พักรับประทานอาหารกลางวัน 
 น. นําเสนอเคาโครงโครงงานวิทยาศาสตร 
 น. พิธีปดและมอบเกียรติบัตร 

น. รับประทานอาหารวาง และ เดินทางกลับภูมิลําเนา
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SS&JS 
  

 

 
( =

) 
1 1  Musa acuminata subsp. siamea 12/5/2553 3 
2 129  Musa acuminata subsp. siamea 11/5/2553 2 
3 387  1 Musa acuminata subsp. siamea 3/6/2553 6 
4 402   Musa acuminata subsp. siamea 3/6/2553 3 
5 182  Musa acuminata subsp. siamea 8/7/2553 4 
6 174   Musa acuminata subsp. siamea 9/7/2553 4 
7 417  1 Musa acuminata subsp. siamea  9/6/2553 5 
8 113   Musa acuminata subsp. malaccensis 12/5/2553 1 
9 274   2 Musa acuminata subsp. malaccensis 5/5/2553 2 

10 146  Musa acuminata subsp. malaccensis Kra isthmus form 9/7/2553 3 
11 108  Musa acuminata subsp. malaccensis Kra isthmus form 9/7/2553 5 
12 142   Musa acuminata subsp. malaccensis Kra isthmus form 9/7/2553 5 
13 30  Musa balbisiana 11/5/2553 2 
14 422  Musa balbisiana 7/5/2553 3 
15 117   Musa balbisiana 12/5/2553 3 
16 135  Musa balbisiana 8/7/2553 3 
17 12  Musa balbisiana 12/5/2553 4 
18 183  Musa balbisiana 12/5/2553 4 
19 177  Musa balbisiana 9/7/2553 5 
20 128   Musa gracilis 3/5/2553 7 
21 420  Musa laterita 5/5/2553 3 
22 xxx   Musa laterita  20/4/2553 3 
23 xxx  Musa ornata?? 22/4/2553 2 
24 355   Musa sp.2 31/5/2553 3 
25 419  Musa yunnanensis  5/5/2553 4 
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22 26 August 2011

Local Wisdom: Bananas
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  (Musa acuminata Colla 

subsp. siamea; SS&JS 001) 

Flora of Thailand 

Family  Musaceae    Common name wild banana 

Botanical name Musa acuminata Colla supsp. siamea Simmonds 

Local name Kluai Khae 

Province Phetchabun    District Khao Kho

Location N 16 42' 9.2 E 101 2' 43.9, along the road 

Collected date 06 March 2005 

Pseudostem 2.5 m tall, 40 cm circumstance, light green, no pigmentation at underlying, 
sap watery green. Leaves erect, petiole 60 cm long, petiole base with brown sparse blotching, 
leaf canal wide with erect margins, leaf blade 182 cm long, 70 cm wide, base obliqued with one 
side cuneate, one side rounded, midrib medium green, cigar leaf medium green, younger suckers 
without blotch. Peduncle 28 cm, medium green with very short hairy. Bunch horizontal, rachis 
falling vertically, bare, not prominent bract scars. Male bud narrowly lanceolate, apex
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