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ABSTRACT

Three hundred and nine samples of wild banana (Musa acuminata Colla) were
collected in the five national parks namely a wildlife sanctuary and a forest park during
March 2002 to March 2003. All samples were examined through classical taxonomy, then
major qualitative characteristics were classified into 7 groups. Meanwhile, Hierarchical and
K-mean cluster analysis were numerical taxono being used to report examination with these
characteristics. There are 7 characteristics of species identification criterion, while other 13
characteristics were subspecies. All samples were classified into 7 groups at 5 units of
re-scaled distance with 80 % of similarity by Hierarchical cluster analysis. In addition, the
similar classification results which were re-approved by K-means cluster analysis and non-
significantly different at P=0.05 from Hierarchical cluster analysis. Discriminant analysis were
shown the probability of precise separation and prediction into 7 groups of both cluster
techniques at 83-100 % with the original and cross-validated methods. Both results from
numerical morphological classification were synchronised and non-significantly different from
the result of classical morphological taxonomy with Pearson Chi-square test (P = 0.05).
Sample in the group 6 was highly different from M. acuminata Colla with its erect rachis
position that should be a new wild banana group. It is very interesting to focus on
re-identification of this sample through banana taxonomic system. The prominent strong
convolute with significant 1/3 bright light green tip of male bud of the group 2 which was

also interesting and might be a new promising subspecies of M. acuminata Colla.
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Moreover, the samples in group 1,
3, 4, 5, 7 indicated strong characteristics of
the subspecies malaccensis (Ridl.)
Simmonds, malaccensis (Ridl) Simmonds,
malaccensis {Ridl) Simmonds, siamea
Simmonds, and burmannica Simmonds
respectively. Most of samples from 7 groups
were also presented the best characters in
genetic and breeding material for future

utilization.

INTRODUCTION

Wild banana (M. acuminata Colla)
is originated in South-east Asia especially
in Thailand (Silayoi and Chomchalow, 1983).
Thai comimon names are Kiuai Kae (Northern
Thai), Kluai Tuan {Scuthern Thai), Kluai Ling
(Uttaradit), Kluai Hmon (Chaing Mai) {Suvatti,
1978). Moreover, there are 4 subspecies
namely (1) M. acuminata Colla ssp. siamea
Simmonds (2) M. acuminata Colla ssp.
burmannica Simmonds (3) M. acuminata
Colla ssp. malaccensis (Ridl.) Simmonds (4)
M. acuminata Colla ssp. microcarpa (Becc.)
Simmonds. Their distribution is in natural
forest geographically through Thailand
(Suvatti, 1978; Silayoi and Chomchalow,
1983). Fundamental classification of
banana genome and cultivar are employed
morphological scoring techniques with 15
characteristics (Simmonds and Shepherd,

1955). Cytology and chromosome counting

(Silayoi and Chomchalow, 1983). molecular
chemistry and DNA techniques (Rekha and
et al, 2001) were alsc successfully applied
to identify the genome group of banana,
especially the hybridization of M. acuminata
Colla or/and M. balbisiana Colla (Simmonds
and Weatherup, 1988; Swennen and
Vuylsteke, 1986). Those techniques are
required high expertise and delicate
laboratory works, which are not practical
for a person fo identify banana prompily
(Argent, 2000). However, the classical
taxonomy may not be modernized but is
suitable to support fieldwork and
complement with a rapidly identified result
(Simmonds and Shepherd, 1955; Valmayor
and Pascua, 1985; Valmayor, 2001).
Moreover, the classical taxonomy
and classification of subspecies have to be
confirmed to harmonise with the modermn
taxonomy trend (Nasution, 1993). Numerical
taxonomy techniques could enhance the
efficiency utilization of classical taxenomy
as well as other techniques. The objectives
of this research were to explore new genetic
materials, and to compare of the classical

numerical taxonomy techniques.

METERIALS AND METHODS
(i) Line Transect Survey method was
employed cut through the research sites

(Sutherland, 1996). Samples and morphological
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information were recorded (Ancn, 1997).

(2} Three handred and nine samples were
collected from 7 research sites (Figure 1).
Arcview GIS software version 3.2 was used
as Deskiop Mapping and Geographic
Information System to analyze the collected
and spatial data (Haines-Young et af, 1993).
(3} Classical taxonomy was used to identify
the samples into groups (Simmonds, 1956).
There were 7 qualitative characteristics,
namely pseudostem height, pseudostem
appearance, blotch at petiole base, blotch
colour, peticle cannel leaf, wax on leaf,
peduncle hairiness, bunch position, rachis

position, male bud shape, bract imbrication,

colour of the bract external face, colour of
the bract internal face, wax on the bract,
compound tepal basic colour, lobe colour
of compound tepal, colour on the bract apex,
colour stripe on the bract, fruit apex, and
fusion of pedicel.

{4) Meanwhile, these 20 characteristics of
309 samples were standardized and
analyzed by Hierarchical cluster analysis
with inter-group linkage or average
linkage between group or Unweighted
Pair-Group Method using Arithmetic
average, UPGMA {Vanitbuncha, 2000). The
distance and similarity value were measured

by Euclidean Distance (Anon, 1983). In
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Figure 1. Map of lower northern Thailand

wildlife sanctuary, and a forest park
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addition, Agglomerative Hierarchical cluster
analysis or Agglomerative Schedule has
been a method for cluster combination. The
results were presented in Hierarchical

dendrogram {Anon, 1993).

(5) K - means cluster analysis was also
employed when the number of samples is
higher than 200. This analysis was run and
repeated as iteration which provided the
table and member list in each cluster {Anon,

1993)

308 samples were collected on the line transect survey from 7 sites

'
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Classical taxonomy

compare to review literature,
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Figure 2. Flow - chart diagram of the research procedure
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{6) Relationship or correlation of classical {7} Discriminant analysis were tested the

taxonomy with both cluster analysis result form both cluster analysis with the
techniques were statistically analysed by original and cross-validated methods 1o
Pearson Chi-square (Anon, 1993). accept the prediction of the cluster and

grouping {(Anon, 1993).

Table 1. Sampling locations and sample size of Musa acuminata at 7 sites

Site Sample Total number

Umphang Wildlife Sanctuary up 1 - up 41 41
Thung Salaeng Luang National Park th1-155 55
Mae Wong National Park mw 1 - mw 49 49
Phu Hin Rong Kra National Park ph 1 - ph 61 61
Lumnamnan National Park Ini-1In55 55
Namnao National Park nwt-nw4dd 48
Nakhonchaibowon Forest Park cb” 0
Total - 308

Remarks : 1/ sample was not found in habitat due to tiny and fragile forest (1,728 km?

surrounded with agricultural farmland.

Table 2. Seven groups of wild banana (M. acuminata) in lower Northern Thailand and its
members after being used the classical taxonomy in the different groups with

different fronts.

Group 1 Group 2 Group 3 Group 4 Group 5 Group 6 Group 7

ups, upl0,  mwi0, nw4l up25, up26, up37, upd0, upi-upd, upb-upd, upi2, upld, upis, up36  upliupl3upib, upi?-18, up21, mwai,
upis, mw2, up27, up28, up4d! up20, up22-up24, up3s, up3y, mw32, mwd, mwd2, mwdB, ph3, phi4,
mwi2, mw3s, up29, up30, mwS,mw3, mwit, mwi3-mwib, phi8, ph24-ph2s, ph27, ph32, phas-
mw35, mw3s, up3i, up32 mw17- mw30, mw34mw36, mwa?, ph36, ph3d-ph4G, phd2, phd4-phds,
mwd1, ph2, up33, up3d, mw32, mwd3, mwdd, mwab, mw47, ph55-ph60, In3, In?, In8, In22, Ind3-44,
oh5, phlo, up35, mwd8, mw30, phi, phd, phé-pha, nw2-nw3, nwB, nwid, nwil, nwis-
ph31, pha3, phi1-ph17, ph28, phét, Int, In2, Ind, nwi7, nw21, nwes, nwd0-nw32, nwae,
phd4, pha3, InS, InB, In9- In20, In24, In25-in26, In28, nw38, ti4-l11, 1113, t119, t27, ti3g-46,
ph47 phd8, Ind1, ind2, In45, In47-In50, awrt, nwd, t48-1152, 1154

ph50, In21, nwB, nw8, nwd, nwl12-nwl4, nwis-

In23, In27, nw20, nw23, nw2b-nw2, nw33-nwis,

In30, Ind8, w37, nwd9, nwdl. nwa2, nw4b, aw48,

nw?, nw2e, f11-13, t12-26, t128-t138, £147, #53, 1155,

nw24 ils6

29 2 11 3 187 1 76
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RESULTS AND DISCUSSION
The list of 309 samples were collected in 7
research sites (Table 1) and were
morphologically identified by classical
taxonomy (Simmonds, 1956; Simmonds and
Shepherd, 1955; Simmonds and Weatherup,
1988} into 7 groups (Table 2).Twenty
morphological characieristic data of each
sample were analysed as factors of each
case with Hierarchical cluster analysis by
SPSS for Windows version 10.0. The pair
distance and similarity values were
calculated by Square Euclidean Distance
of each pair-case (Table 3).

After being combined cluster within

group linkage Agglomeration Schedule was

cocfficiend value was smalles, next stages
or next samples could be combined into
the cluster (Table 4). In this Hierarchical
cluster analysis process clearly provided a
hierarchical dendrogram that could
classified 309 samples into 7 clusters at 5
re-scaled distance units or at 80 % of
similarity (Figure 3). Initial cluster centre
values of 20 characteristics were employed
to separate all samples into 7 clusters. Their
values were the average of initial cluster
centre values and standardised by K -
means cluster analysis (Table 5). Then, the
average mean of each cluster centers were
recalculated in each iteration (cycle) until

36 iterations. The changes in all cluster

conducted and was found that it the centers were reached the final value at 0.000.
Table 3. The example of 18 banana samples presents the distance between pair-case and
clusters after Square Euclidean Distance Technique.

(8 ol 2w 3wl 4wt w5 fwd Nyl Bl Lud D bl BB 13wid Ml Bwgl5 Holb Bol el

gt TE D& GE R4S nEr Das 5Es B A& DM 215 Sl Rad 89 B M9 04
ng o B BE 49 480 RIS 429 BN wsw FEONW 9 R RIS W BIM DA um
T B 1 - BE OWT 63 RN R um AW BE  BM ONE NE RE@ RE 83 28
4 58 468 3% 4767 S REN BOR A0 W BET 4B BHIF AHIS .1..?..2.":. e AW A6

il N4 e AT AW REF O SEE LB HNFE 4B 5% I8 W My M Al 2 28

furh Hei 0E 45FE 0 e uaw @I OB w BN 27 A OJIES 2#0 4 B3 BE W

agt D5H 418 NG g e 1| i RC Iy B < SN B S v N - SR 21 SR O I R 2 S 114
BEE DES RS DWW B Ls B0 n g A1 IR LSO BES  AB WM W A DH
s ASE WSH ML B 2@ R LW 4w BT D45 BEN MAT N0 B3I D56 BB A

1ot NEE B B BE 48 B8 4 683 A o 27 B TR i_g_?j_ s BN £
Ll MmEZ 3 D8 MED 5&: 2 w1l ol sk B8 450 B3I 2O 2 3B BE
R B 0% B 4B 3 W I U5 S 553 BWOM@ 2 0l B B3
Bpll R RD MY BW WW A AW R I M 4 BW R PUE UGN B0 MBS
Hanld BT OSLAS FAS WS W BH WM AW ik S B S L A N H ) 23 B LR BB
5nis 24 WM BEL 17 3@ 985 s ME 33 WO M9 Fen 2 FRAE I Y11 B Y
Bpli et BB HIS U B GE @ em 3 L 2M EEL R0 07 9 IE
Twl? MO WED  BZ AT AN BH BT OFSM B4 Am B 260 8 ed Bl 153
15anl8 M4 OMED 1 BB AN R DM R A& B BH O3, M WE LA ]

Bl wHE ¢SS D BE A0l D3 DB IF am I BRI A 65 973 a6 D PE
Remarks: higher distance coefficient values between each pair-case mean that higher

separation levels of the case into the different cluster, if it is lower mean that cases should

be combined together.
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Table 4. Cluster combining of 308 wild bananas with between-group linkage of Agglomera-
tion schedule : when the coefficient value was smaller, the combining cluster stage of each
pair-case would comprise the next stages or the next samples would be combined into the

same cluster,

Agglomeration Schedule

Stage Cluster First

Stage Cluster Combine Coefiicients Appears Next Stage
Cluster 1 Cluster 2 Cluster 1 Cluster 2
1 178 179 000 0 [n] 21
2 166 173 .0na o a 37
3 154 68 00 u] u] 18
4 2E] 160 000 a o ia
=1 157 138 fina s a a 6
=] 135 157 G a 1 i00
7 150 151 Goa u} n] 48
8 147 148 0o ul [} 70
9 pee] 100 000 v} [} o9
10 =3 69 .0090 [n} ] 201
11 40 41 Kajaial 0] 0 12
12 a7 40 000 a 11 204
13 28 3 .00o a Q 14
14 26 23 000 u] 13 20
15 25 27 000 ul] ] 20
16 19 28 000 In] Ix] 124
17 116 294 1.073 G g 58
ig 93 154 1.073 4 3 24
9 115 143 1.337 ] ] B0
20 25 26 1.337 15 14 55
21 10 16 1.337 0 n 59
22 281 268 1.660 ] u] 110
23 22z 227 1.660 a 0 121
24 152 210 1,580 [u] ul 649
23 124 132 1.660 8] ] 32
26 112 126 1.560 u] a 76
27 117 120 L.660 0 [u} 65
= 70 73 1.650 ] u] 38
29 74 75 1.662 2 [v] 73
30 57 58 1.662 0 0 67
31 + 15 1.746 o &} 5S4
32 105 123 1,858 ] v} 57
33 187 189 1,905 a u} i1y
34 a3 16t 1.938 13 a 36
335 260 261 2,208 a a 62
36 a3 159 2,389 34 a 37
37 a3 166 2,530 35 2 ez2
28 70 =)= 2.688 23 a 49
39 62 &3 2.732 u] Q 113
40 42 56 2,735 ] u] 67
41 122 139 2.900 ] Q 75
4z B1 =53 2.900 v} a 51
43 45 a5 3.001 o u] 106
4 110 11% 3.021 u] K] 144
45 65 66 3.061 u] &4 173
465 72 =a) 3.106 il G 144
47 273 285 3.204 a ] 1]
4G 149 150 3.322 a 7 102
49 70 71 3.381 a8 W] 86
50 115 129 3.401 k=] a 83
1 121 141 3.405 u] a B84
o2 124 145 3.487 25 1 23
=] 17 18 3.520 8] a 154
54 4 12 3.522 31 ul 73
55 25 35 3.556 20 a 77

Remarks: this table shows present only 1-55 stages from 309 stages (samples) after

Agglomeration Schedule of the Hierarchical cluster analysis.
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Dendrogram using Average Linkage {Between Groups)
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Remarks: part 1, 2, 3, 4 are meaning that the consequence picture of the same dendrogram

Figure 3. Dendrogram of 309 wild banana (M. acuminata) in lower Northern Thailand using

the Hierarchical cluster analysis
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Figure 3. Dendrogram of 309 wild banana (M. acuminata Colla) of wild banana in lower

Northern Thailand by Hierarchical cluster analysis. (continue)
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Table 5. Average mean value of initial cluster centers of 20 characteristic variables from

309 samples within the 7 clusters of wild banana (M. acuminata) in lower Northern

Thailand.

Initial Cluster Centres

Lluster
1 2 3 4 5 6 7
fef;,'ﬁ: Pseudastem -17056 1.11971 111971 1.1:971 -1.46104 1.46104 111971
Zscore: Pseudostem
Appaarance 24049 29045 -4, 14484 74049 24049 -4.14484 74049
Zscore: Blotch at the .
Putiole Base 51518 53515 53515 -1.53857 53515 53515 53515
Zscore: Bloteh Color -2.42270 -1.42398 57346 1.57218 57346 57346 57346
r B
Zscore: Petiole Cannal 168660 -2.40880 305173 31147 -1.04386 2.40880 -1.D4366
Zscora: Wax on Leaves 1,05511 9332 411198 -47332 -.47332 - 47332 -A7IR2
Zscore: Paduncle -
Faneiness - 87796 . 87795 49663 49663 49663 49563 1L.E7122
Zscora: Bunch Position -1.63383 57677 -1.69383 87577 87577 1.86207 -2.8791)
Zscore: Rachis Position ..47814 -47814 1.28643 -.47814 481557 6.58014 -47814
Zscore: Male Bud Shape -.55918 111120 111220 275153 - 56515 56915 111120
Zscore: Bract
Imbrieation -1.46725 -1.46725 L6725 15720 15720 -1.46725 15720
Zscore: Color of the N
e et Face 440829 -1.54037 -2.54037 93356 .. 22415 2.09207 -1.38228
Zscore: Color of the
Bract Internal Face -.05444 -05444 - 05444 52754 52754 -1.80041 -2.96438
Zscore; Color on the
Bract Apex -.30208 -,30208 3.29967 1.29967 -30208 -.30208 -.30208
EBr:"a‘ e: Color Stripes on -.30208 -.30208 -30208 -,30208 -.30208 -.30208 1.29967
x T Wi
Baa o en the -.85894 52861 - 85894 35894 62861 - BS80S - 85694
Zscore; Compound Tepal
Basic Color 1.16604 - 63982 - 63982 - 61982 -.63982 §.31962 1.10004
Zscare: Lobe Color of
Compound Tepal 1.33559 - 46455 - 46455 1.33559 -.45455 1.33559 - 45455
Zscore: Fruit Apex 15459 -6.23500 -6.23500 15459 15459 -6.23500 115459
Zscora: Fusion of Pedicel ..27078 1.02038 1.02038 -1.56181 -.27071 -1.56181 1.02038

This means that all samples are finally
grouping into 7 clusters while the maximum
distance between all initial centres is 8.636.
Each cluster center of 7 clusters are far
form the centre of the point with the same
distance {Table 6).

The result of sample grouping
under 36 iterations by K - means cluster
analysis were also combined 309 samples
into 7 clusters. Each cluster membership
was combined the samples when have
minimum distance from the cluster centre

values (Table 7).

The K - means cluster analysis
techniques also provided the average dis-
tance between each cluster centres (Table
8). For example, the result showed that the
distance between cluster No 6 and cluster
No 3 was 13.696. This mean that higher
value were separated from other clusters.

The results of classical taxonomy,
Hierarchical cluster analysis and K - Means
cluster analysis of 309 samples as well as
groups classification from 20 qualitative
morphological data and their relationship

were compared (Table 9) and tested with

Thal Agricultural Research Journal Vol. 22 No. 3 September - December 2004 2



Table 6. The average mean of cluster centres change until the end of 36 lterations of

wild banana (M. gcuminats) in the lower Northern Thailand

lteration history

Change in Cluster Centres

leration 1 2 3 4 5 6 7
H 6.127 922 6.369 1.637 5.319 .000 1.959
2 2.504 307 53: 5.7 713 .00 653
3 s 102 4.473E-02 952 7.653E-02 000 3.579
4 361 J.416E-02 3.686E-03 .158 165 000 2.231
5 471 1.139E-02 3.071E-04 2.6456-02 225 000 1.055
& 441 3.796E-03 2.558E-05 4.408E-03 123 000 519
7 1.840E-02 1,.265E-03 2.113E-06 7.347E-04 2.599€-02 000 .144
8 7.655E-04 4,218E-04 L.777E-07 1.224E-04 1. L4GE-04 000 3.511E-03
9 3.194E-0% 1.406E-G4 £.481£-08 2.044E-05 4.999€-07 000 8.563€-05
10 1L.331E-06 4.686E-495 1.234E-09 3.401E-06 2.193e-09 K] 2.083E-06
11 5.545€-08 £.S62E-95 L1.0298-10 5.669E-07 9.617€-12 .000 5.094E-08
12 2. J10E-09 5.207E-06 8.571E-12 9.448€-08 4,2068-14 000 1,243E-09
13 9.626E-11 1.7316E-06 71.143E-13 1.575E-08 3.986E-16 000 J.031E-11
i4 4.012E-12 5.786E-Q7 S.951E-14 1.624E-09 000 000 7.385E-13
£S5 1.662E-13 1.929£-07 4.852E-15 4.374€-10 000 000 1.794E-14
16 7.421E-15 6.429E-08 5.088€-16 7.290E-11 000 000 B.026E-16
17 6. 704E-15 2.143E-08 .00 1,215E-LL 400 000 000
18 000 7.143£-09 000 2.025€-12 000 000 000
19 000 2.181E-09 000 31.378E-13 000 .00 000
20 000 7.936E-10 000 5.042E-14 000 .00 000
21 000 2.645E-10 090 9.248E-13 000 000 000
22 000 3.818E-11 Kl 1.384E-15 000 060 000
23 000 1.939E-11 000 9.226E-16 000 N .000
24 000 9.798E-12 .Q00 1.110E-16 000 000 000
15 000 3.266E-12 .000 000 000 000 000
26 Ko 1.089E-12 000 000 000 000 000
27 000 3.629E-13 000 .000 004 000 000
8 000 1.205€-13 .0o0 000 .03 000 000
28 000 4.0306-14 000 000 000 .000 .000
30 000 1.356E-14 D00 000 000 000 000
1 000 4,418E-15 000 000 080 000 000
32 .000 1.520E-15 000 .aoo 000 000 000
33 000 S.551E-16 06O 000 000 .000 000
34 000 1.J88E-16 000 000 000 000 000
35 000 8.127€-17 Q00 .000 000 000 .0og
36 000 000 000 0G0 000 000 000

a. Convergence achieved due to no or small distance change. The maximum distance by which any center has changed

is .000. The current iteration is 36. The minimum distance between initial centers is 8.636.

Pearson Chi-square (Table 10). There were
some relatively strong confound of member's
interception in the cluster 1, 5 and 7 from
three techniques (Table 9) due to the closer
characteristic relationship among major
subspecies of M. acuminata Colla (Figure 4-5).

However, there was non-significant
difference among these three technigues
on cluster or group separation (Table 10).
The result from classical taxonomy and
Hierarchical cluster analysis relationship

testing with Pearson Chi-square was equal

272

28,000 but lower than XQ(OOSQG) = 36.42. While,
asymtotic significance (2 - .sided) is equally
0.260 which higher than 0.05. Moreover, the
resulis in cluster grouping from both
fechniques were non-significantly different
at P = 0.05 (Table 10).

Secondly, classical taxonomy and
K - means cluster analysis relationship test-
ing with Pearson Chi-square is 42.000 but
520y 50.964. While asymtotic
significance (2 - sided) is 0.227 which was
higher than 0.05. This results showed that

2
lower than X 00
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Table 7. Demonstration on the cluster number of samples and minimum distance from their

cluster centre values with only 62 examples from 309 wild banana samples

Cluster Membership

Case Mumber  Short name Cluster  Distance
1 up 1 2 4,326
2 up 2 5 4,341
3 up 3 5 4,234
4 L 4 1 2.595
] us 5 1 2,538
& up 6 1 3.539
7 up 7 1 2,451
a8 up 8 1 2.822
2] up @ 1 4.608
10 up 10 1 2.587
11 up 11 1 4.020
12 up 12 1 2,203
13 up 13 1 5.173
14 up 14 1 3221
15 up 15 1 2.564
16 up 16 i 2.424
17 up 17 3 2712
18 up 18 5 2.046
19 Lp 19 3 4,130
20 L 20 3 4,120
21 up 2l 5 3.716
22 up 22 2 1.384
23 up 23 S 4,027
24 up 24 2 1.384.
25 up 25 3 1.828
26 up 26 3 1.528
27 up 27 3 1.838
28 up 23 3 1.588
29 up 29 3 2,273

the result from classical taxonomy and
K-means cluster analysis techniques were
non-significant different in clustering and
grouping these wild banana samples
(Table 10).

Finally, relationship_of identification
between Hierarchical cluster analysis and
K-means cluster analysis techniques were

tested with Pearson Chi-square is egual

30 up 20 3 2043
31 Lp 31 3 3,248
32 Lo 32 3 1.588
33 Ly 23 3 $,943
34 up 34 3 6.135
35 up 33 3 2,108
26 up 36 3 000
aF up 37 4 2,503
28 up 38 5 4,988
39 L 39 =] 5,344
40 up 40 4 2,503
41 up 41 4 25803
42 i 2 3,228
42 thz 5 3.214
44 13 5 2932
45 th4 S 2,327
46 tI5 S 2521
47 HG 7 4,132
48 t7 ] 3,162
49 R 5 2.972
50 H] 5 2.556
a1 10 5 2781
52 tl 11 5 287
52 th iz 5 3.207
o4 thiz 5 2.864
55 t14 4 3.262
56 t1s S 2.689
a7 fl 15 o 2874
58 tl 17 5 2.779
59 t 15 =] 2.687
&0 th19 9 2917
63 t20 g 357G
62 21 5 3549
2
28,000 but also lower than X 36.42.

00530} =
While, asymtotic significance (2 - sided) was

equal 0.260 which was higher than 0.05.
These confirmed that there was non-
significantly different (P=0.05) between both
techniques (Table 10}.

Where results of both cluster
analysis or numerical morphological

classification are synchronized and non-
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Table 8. Distances between the final Cluster Centres after K - means cluster analysis of

309 wild banana samples with 20 characteristics.

Cluster 1 2 3 4 5 6 7

1 B.951 8.833 7,186 3,903 13,430 <, 20
2 8.9561 10.824 10,574 7792 12.812 8.241
3 a.853 10.824 9,804 8.430 13,696 7.632
4 7.166 10,574 0.504 0,934 12,047 6.074
2 3.903 7.792 8,435 6,934 13.165 2,902
6 13.430 12.812 13,694 12017 13,165 13.224
7 4,252 2.241 7632 6.074 2,902 13,224

Table 9. Comparison on the number of sample frequency separated into 7 clusters under
classical taxonomy namely Hierarchical cluster analysis and K - means cluster

analysis techniques.

Techniques Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Cluster 6 Cluster 7
Classical taxonomy 29 2 11 3 187 1 76
Hierarchical cluster 2 2 9 5 288 1 2
analysis

K-means cluster 25 2 11 5 219 1 46
analysis

Table 10. Relationship testing with Pearson Chi-square between three techniques on
morphological classification of wild banana M. acuminata of the lower Northern

Thailand into 7 clusters.

Comparison detail Pearson Degree of Asymiociic X 005

Chi - square freedom significant

(1) Classical taxonomy X

Hierarchical cluster analysis 28.000 (Ns) 24 0.260 36.42
(2) Classical taxonomy X

K - means cluster analysis 28.000 (Ns) 36 0.277 50.964
(3) Hierarchical cluster analysis

X K - means cluster analysis 42,000 (Ns) 24 0.260 36.42

NS = Non-significant different at P = 0.05

“ P . ar o
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Table 11. Discriminant analysis on the grouping results from both cluster analysis

techniques with the original and cross-validated methods, the percentage values

indicated the acceptance on separation predicting of the 7 clusters.

Discriminant analysis Clusteri Cluster 2  Cluster 3 Cluster 4  Cluster 5 Cluster 8  Cluster 7
Original-validated (%} 87.5 100 100 959 100 935
Cross-validated (%) 833 100 100 940 100 935

significantly different from the result of
Classical taxonomy with Pearson Chi-square
test (P = 0.05) in the Table 10.

In addition, discriminant analysis
shown the probability of precise separation
and prediction into 7 groups of both cluster
techniques at 83-100% with the original and
cross-validated methods (Table 11).

In conclusion, classical taxonomy,
Hierarchical and K-mean cluster analysis
techniques were convenient and suitable
for employing as standard classification
method for M. acuminata Colla in the lower
Northern Thailand. Furthermore, 20 major
qualitative characteristics were effectivly and
precisly to identify wild banana in these
groups as cross check by Discriminant
analysis with higher value of the original
and cross-validated methods. After being
critical analyed the data into 7 groups from
classical taxonomy, there are also highly
subgroup characteristic variations in the

group 5. Further research should be focus

on this confound. However, primary
identification key and cluster classification
was finalized. In conclusion, sample in group
6 is highly different from M. acuminata Colla
with its erect rachis Position, and should
be a new wild banana group. It is very
interesting to focus on re-identification of
this sample through banana taxonomic
system. The prominent strong convolute with
significant 1/3 bright light green tip of male
bud of the group 2 which is also interesting
and might be a new promising subspecies
of of M. acuminata Colla. Moreover, the
samples in group 1, 3, 4, 5, 7 indicated
strong characteristics of the subspecies of
M. acuminata Colla spp. mafaccensis (Ridl.)
Simmonds, malaccensis (Ridl) Simmonds,
malaccensis (Ridl.) Simmonds, siamea
Simmonds, and burmannica Simmonds,
respectively. Most of samples from 7 groups
are also presented the potential characters
in genetic and breeding material for future

utilization.

Thai Agricuitural Research Journal Vol. 22 No. 3 September - Decemnber 2004 275



Group 3

up25, up26, up27,

Group 7
up33, upd4,

up28,up29, up30,

up3l, up32

upl-upd, up3, upb-up9, upl0, upl?, upld, upls, up/6, upl7-18, upl9. up20. up23.
up38, upd9, mwl, mw2, mwi-mw9, mwll, mw/2, mwi3-mw30, mw3l, mw32,
mw33, mwid, mwll, mwd6, mwl7, mw3s, mwi9, mwdl, mwd], mwd2, mw43,
mwad, mwab, mwa7, mwd8, mwd9, mw50, phl ph2, ph3, phd, ph3, phé-phi3,
phl4, phl3. phl7, phl8, pAl9, ph20-ph22, ph24, ph25, ph26, ph27, ph28, ph29,
ph30, ph31, ph32, ph33, pk34, ph35, ph36, ph37, phig, ph39, phd0, ph4l, phd2,
phd3, phdd-phd6, ph47, ph48, phd9, ph30, ph3l-ph54, ph55-ph6e, Ial, In2, In3,
104-In6. In7, In8, In9- In20, [n2], In22, In23, 1n24-I026, In27, 028, In29, in30, In31-
Ind2, ph43, Indd, [nd35, [n46, Ind7-In33, nwl, nw, nw3, nwd, nws, nwa, nw?, nws,
ow9, nwl0, nwll, pwl2-nwld, nwls-nwi7, nwiS-nw20, nw2l, nw22 w23,
nw24, pw25-nwi8, nw29-nw32, nw33-nwis, nw36, nwi37 nw38, nwi9-nwdQ,
nwd], nwa2, nwd3, nwdd-nw48, t1-i3, 16, 117, ti12, t14-t117, t119-1126, ti28-1138,
147, t153, 33, 36, tid, ti5, ti8-t1T1, 13,4118, 1119, t127, ti30-t142, ti44-t146, ti48-

ti52, tis4

Group 4

up37, upd0, updl,
mwiQ, phlé

Figure 4. The member of 7 groups after Hierarchical cluster analysis of 309 wild bananas
(M. acuminata) in lower Northern Thailand, the group members with different in

front are originally of from the classical taxonomy groups.
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Group 1

upd, up3, upb-up?, upi, uplé,

mw2, mwi2 mw33, mw3s, mw3s,

Group 3

up?35, up26, up27, up2g,

mwd{, ph22, ph43, phdd-ph46,
phd7, ph48, phal, ph30, phl,
phS2-ph34, In21, in23, In27, In30,
{nd8, nw7, nw22 nw24

up29, up30, upldi, up32,

up33, up34, updd

upl-up3, upl7-upl8, upl9, up20, up2i, up23, upds, upl9, mwl, mw?, mwi-
mwh, mw8, mw9, mwii, mw/2 mwli-mw28, mwi0 mw3l, mw32, mw33,

mw34, mw3l, mw3d, mwd7, mwis, mw3i mwdl mwdl mwdd mwds, mwdl,
mw48, mw49, mw50, phl, ph2, ph3, phd, phJ, phé-ph9, phii-phl3, phld,
phld. phl?, phl8, pAaf9 ph20-ph2l, ph23, ph24, ph25, ph26, ph27, ph28, ph29,
ph30, ph31, ph32, ph33, ph34, ph3s, ph36, ph37, ph3s, ph39, phdo, phd2,
phdd, ph49, ph51, ph38, ph59, Inl, In2, n3, ind-In6, In7, In8, In%-n1Q, Inls,
in28. [n29, Ind [, Ind2, in47-In35, nwl, nw2, nw3, nw4, nws, nwo, mw?, nws,
nwd, nwl0, nwll, nwi2-nwl4, nwl6, nwl7, nwl8-ow20, nw2l, nw22, nwi3,
aw24, pw23-nw28, aw2d, nw30-nw32, pwi3-nw3s, owi7, nw38, nwi9, nwdl,
awd], nwd?, nwad, awdd-nwd8, L1-13, 16, 17, 112, th14-117, 19-d26, t128-
£138, 147, d33, 1135, 156

Group4 Group 7

mw7, mw29, mwd40, mwd2, phdl,

apal, upaounsi
phd5-phd6, phd7, phd3, ph30, phsS,

ph60, Inil-Inl4, Inl6, lnl7-In20,
{n21, In22, (n23, n24-1n26, 27,

mwi1d, phlé

in29 30, 1n31-In40, Indd, [nd6,
nw3é, t6, 23,

Figure 5. The members of 7 groups after K-means cluster analysis of 309 wild banana (M.
acuminata) in lower Northern Thailand, the group members with the different in

front are originally from of the different classical taxonomy groups.
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Group 5

Group 1 6.

Group 7 5.

Group 4 4, 2.
(Goue}
= S|

Group 6

Num | | ;

| ] |
] I { I i I
0 5 10 15 20 25

Remarks: Identical sharing character within the Group 2 and Group 3 is waxy or very waxy

on the leaf.

Figure 6. Dendrogram of 7 ciusters {groups) with the identification and classification criteria

The identification key of Musa acuminata Colla in the lower Northern Thailand into 7

groups:
1. Rachis POSIHION: @IBCT......ooe ettt sranneen Group 6
1. Rachis position; at an angle, horizontal or falliNg........c . 2.

2. WaX 0N 188 VAINY WEX oo crnecmsnecomreesssessessssssssasssesescssaessneseossassssssesommraseassesbseet s issessasssion 3.

3. Male bud shape: lanceolate, colour of the bract external face:

red-purple, colour of the bract internal face: pink-purple..... o Group 1
3. Male bud shape: like a top, colour or the bract external face:

red or red-purple, colour of the bract internal face: orange-red.......ceoneeee. Group 2

2. Wax on leaf: absent or visible, few wax, MOAerate. ... 4.

4. Male bud shape: lanceolate, colour of the bract external face:

red-purple, colour of the bract internal face: pink-purple..... e, Group 4
4. Male bud shape: lanceolate, ovoid, intermediat, like a top, colour

of the bract external face: red, red-purple, purple-brown, purple,

blue, colour of the bract internal face: yellow or green, crange-red,

red, purple, red-purple, purple-brown, PinK-pUIPIE...e et reneeesiseroes 5

a P (Y Y, x,
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5. Lobe colour of compound tepal: bright YelloW.........ccoicneceeceeeens Group 7

5. Lobe colour of compound tepal yellow OF OFaNTE. .. et sceresercermsrrseresessoenn 6

6. Color stripe on the bract: with discolour male bud shape:

lanceolate and colour of the bract internal face : yellow or

green, male bud shape: ovoid and colour of the bract

Internal face: orange-red...................

6. Colour sfripe on the bract: with discolour or without discolour, male

bud shape: lanceolate, ovoid, like a top, colour of the bract

internal face: yellow or green, orange-red, red, purple, red-

purple, purple-brown, pink-purple, colour of the bract external

face: red, red-purple, purple-brown, purple, BIU..... e Group 5
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