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ABSTRACT: This research aimed to study 1) The history of bacterial wilt in banana 2) The characteristics of banana cultivation,
banana species and the epidemic period 3) lesson leamed to epidemic of banana wilt disease in the three southern border
provinces of Thailand. Applied research was used. 54 Key informants were chosen by purposive sampling. Data were
collected by focus groups discussions and explore the area to collect banana samples. The data were analyzed by
content analysis and confirmation of wilt pathogens from the laboratory. The results reveal that 1) Bacteria wilt of
banana disease was first found in this area in 2014, Tarnto district, Yala province. Farmers believed the disease was from
insects, but the spread was from banana cutting tools. In 2015, farmers in Si- Sakhon district, Narathiwat province observed
the banana disease. The spread of disease resulted from moving and planting banana shoot to other areas. In 2016, farmers
in Mai Kaen district, Pattani province observed unusual symptoms in banana. The spread was caused by flood in December
of 2017. 2) The nature of banana planting is popular to joint or intercropping in rubber plantations and orchards. The
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cultivated banana varieties are Hin, Namwa, Namwa Pakchong 50, Khai, Nangphaya, Homthong, Lebmuenang,
Hommalay, Tanee, and local (Kanun, Hukmuk, and wild). Nine types of bananas were detected bacteria caused the
wilt disease in the laboratory: Hin, Namwa, Namwa Pakchong 50, Homthong, Nangpaya, Kai, Kanun, Hukmuk, and wild.
The epidemic period of wilt disease from one plot to another of the same species within 1-3 months, the spread occurred
in a distance of 200-1,000 meters. While different species of bananas in the same plot, the bacteria multiply on average
for 3 months before spreading to other clumps within 2-7 meters. 3) lesson learned of the epidemic of banana wilt
disease, It was found that the key factors to plan to effectively prevent the spread of banana wilt bacteria are knowledge
and access to knowledge of sovernment officials, farmers and merchants gathered produce.
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Figure 1 The symptoms of bacteria wilt caused by R. Solanacearum

Source: Blomme et al. (2017)

Figure 2 The symptoms of bacteria wilt caused by R. syzygii subsp. celebesensis

Source: Blomme et al. (2017)
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Figure 3 The symptoms of bacteria wilt in the three southern border provinces of Thailand.

Source: Survey (2019)
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Yala province

Farmers in the Thanto sub-district had
observed that banana leaves turned yellow
color, the inside sarcocarp of bananas turned
brown color, and bananas were standing dead.
Farmers thought that this might be caused
by insects.

2015

Yala province

Farmers learned about banana wilt disease
from the Department of Agriculture.

Narathiwat province

Farmers growing bananas in Narathiwat
Muang district began to see the abnormality
of bananas.

September

Narathiwat province

In the Si Sakhon district, farmers had
begun to see the abnormality of bananas
and thought those bananas were dead,
naturally. Farmers did not inform the
relevant government staff.

June

Aiyerweng sub-district had been informed
by the first farmer around Ban Wangmai under
the Tanoamaeroa sub-district about the
abnormality of bananas. Yarom sub-district sold
banana varieties to farmers in the Central
Region and the Southeast of Thailand.

Yala province

December

Yala province

In the Yarom sub-district, almost all
villages encountered banana wilt disease.
Tannamtip sub-district detects the banana
wilt disease for the first time and Songkhla
Agricultural Technology Promotion Center
(Plant Protection) indicated that this was
caused by the bacteria R. salanacearum.

2016

o January

Aiyerweng sub-district and Betong sub-
district began to encounter the banana
wilt disease as same as those in the
Tannamtip sub-district.

Yala province

Yala province

In the Yarom sub-district, farmers
learned knowledge of how to monitor
and protect against the banana wilt
disease from lecturers and academicians
from Prince of Songkla University.

February

Yala province

In Yala province, plant protection staff
observed that the banana wilt disease was
spread through the main road of Tham Talu
sub-district, Bannang Sta district, and the
banana wilt disease was found for the first time.

The Department of Agriculture and PSU staff
went into the area to collect the banana wilt
disease in Thanto and Betong districts.

The findings indicated that the bananas were
infected by the identical bacteria Ralstonia spp.

Pattani province
In the Sai Thong sub-district, Mai Kaen

district, farmers began to observe the
abnormality in bananas.

@ W S

Yala province

In the Thanto sub-district, some
farmers began to observe that Kluai Hin
(Saba banana) being promoted showed the
symptoms of wilt diseases while the other
original bananas did not have those.

May

Narathiwat province

In the Sako sub-district, Si Sakhon district,
farmers had begun to observe that banana leaves
turned yellow, leaves were broken, banana fruits
were lean, and banana stems were smelly.

Farmers in the Si Banphot sub-district had asked
for banana varieties from the Sako sub-district
to grow on their farms, and the symptoms of wilt
diseases occurred afterward.

December

Narathiwat province

In the Kuan Sto sub-district, Rueso district,
and Si Banphot sub-district, Si Sakhon district,
farmers began to observe the abnormality of
banana stems. In the beginning state, farmers
did not know about wilt disease, and farmers
thought that those were dead naturally.

Pattani province

In the Wat sub-district and Klong Mai sub-
district, Yarang district, farmers began to
observe the abnormality in bananas. The
banana leaves turned yellow, and the banana
fruits were lean. After harvesting, bananas had
no sarcocarp, and the sarcocarp turned brown.
When floods occurred, bananas had more
abnormality for 80% and this also spread into
the other banana groves.

@18

926

‘2017’

Pattani province

In the Kapho district, farmers began to
observe the symptoms of the disease while
being in the floods. Farmers did not inform
the relevant government staff because
farmers thought that they were dead naturally.

November 0
Yala province

In the La-ae sub-district, Kronk Pinang district,
farmers began to observe that the wilt disease
in bananas growing by the creek areas spread to
the new growth areas. However, the originally
100-year-old growing area had no symptoms.

February

The banana wilt disease had spread into the
Yaha district, Raman district, and Ka Bang
district.Yala Provincial Agriculture Office had
arranged training before providing tools for
taking care of banana wilt disease.

L ———. e

Pattani province

Yala province

In the Klong Mai sub-district, Ya Rang district,
farmers had observed that the spread of disease
in banana farms increased by more than 50%.
Then farmers decided to inform the abnormality
of bananas to Yarang District Agriculture Office.

Figure 4 Timeline of banana wilt disease in the three southern border provinces of Thailand.

Note : Numbers are monthly events.
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March

Narathiwat province

In the Si Banphot sub-district, Si Sakhon
district, farmers had found more death of
bananas, and diseases spread into the larger
areas. Some farmers in the Sako sub-district
found that whole bananas were standing
dead on the farm. After collecting data from
the fields, staff from Narathiwat Provincial
Agriculture Office found that the damage
caused by banana wilt disease was 213.5 rai.

May

Narathiwat province

Narathiwat Provincial Agriculture Office
prepared a media to enhance the protection
and get rid of banana wilt diseases caused by
bacteria, mold, and banana weevil.

Pattani province

In the Rawang sub-district, staff from
Pattani Provincial Agriculture Office had gone
into the field and examined the abnormality of
bananas. Bananas had been cut and sent to
the Department of Agriculture for disease
diagnosis and found bacteria R. Salanacearum.

April

Narathiwat province

3-5 April, the Plant Protection Unit had beer
down to survey the damaged farms in the

Si Sakhon district and collected the banana
samples for disease diagnosis. The result
indicated that the bacteria R. Salanacearum
was the cause of wilt disease.

On 13 April, Narathiwat Provincial Agriculture
Office issued official letters to let all districts i
Narathiwat collect data related to the number
of growing areas and the banana disease
situation. And, let all districts examine and
separate the infected banana groves away fror
the uninfected ones.

On 27 April, the Plant Protection Unit
coordinated the relevant working units for a
meeting to inform them about the protectior
and getting rid of the abnormality of wilt
bananas for farmers on all farms.

Pattani province

Pattani Provincial Agriculture Office issued
official letters to let all districts in Pattani
examine the situation of banana wilt diseases
and let the relevant staff have a seminar on
banana wilt diseases in the Yarang district.

June

Narathiwat province

Narathiwat Provincial Agriculture Office
arranged a meeting in conjunction with
Songkhla Agricultural Technology Promotion
Center (Plant Protection), which covered 6
sub-districts of Si Sakhon district, prepared
the leaming plots to get rid of the banana wilt
disease caused by bacteria and tried to find
the solutions for the next consequence.

Pattani province

In the Yabi sub-district and Datoh sub-
district, Nong Chik district, farmers observed
the abnormality in Kluai Hin (Saba banana).

On 12 June, Pattani Provincial Agriculture Office
went into the areas for the second time to examin
the epidemic areas to survey and collect banana
stem and fruit samples for diagnosis to make sure
that these were caused by the wilt diseases.

On 19 June, more surveys were carried out in the
larger areas for the third time. Surveys and data
collection of banana stem and fruit samples

covered the infected areas.

Pattani province

The plant protection staff under Pattani
Provincial Agriculture Office went into the area
for the fourth time for a meeting and to follow
up on the epidemic situation along with Yarang
District Agriculture Office. Let farmers get rid
of banana trees by triclopyr butoxy ethyl ester.

In the Lipasango sub-district, Nong Chik
district, farmers began to observe the abnormality
in Kluai Hin (Saba banana).

October

Narathiwat province

Narathiwat Plant Protection Unit requested
help from Prince of Songkla University for the
experiment on farmers’ banana plots of
Recently, banana trees are in balance shapes
without any more dead banana trees.

12

The Department of Agriculture came
down to arrange training and to survey
plots of farmers.

Pattani province

Farmers in the Pujud sub-district, Muang
Pattani district began to observe the wilt
disease in Kluai Hin (Saba banana).
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Pattani province

On 2 August, the plant protection staff
under Pattani Provincial Agriculture Office
went into the area for the fifth time in
Rawang sub-district, Yarang district for data
collection of banana samples and to follow
up on getting rid of banana trees by burying.

On 29 August, the plant protection staff
under Pattani Provincial Agriculture Office
went into the area for the sixth time to follow
up on burying and getting rid of infected
banana trees in the Rawang sub-district,
Yarang district.

November

Pattani province

Some farmers in the Lipasango sub-district,
Nong Chik district informed the abnormality of
bananas to Nong Chik District Agriculture Office.

On 6 November, the plant protection staff
under Pattani Provincial Agriculture Office went
into the area for the seventh time to plan and
survey more on the epidemic areas in areas of
Nong Chik district and Muang Pattani district.
On 12 November, the plant protection staff
under Pattani Provincial Agriculture Office
went into the area for the eighth time to survey
and get rid of more infected bananas in the
Lipasango sub-district and Nong Chik district,
Pattani province.

2019

January

Muang Yala District Agriculture Office
began to see the spread of wilt diseases
in bananas (Kluai Hom).

Yala province

Figure 4 (Cont.) Timeline of banana wilt disease in the three southern border province of Thailand.

Note : Numbers are monthly events.
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{2019’

o December

Pattani province

The research team of Prince of Songkla
University carried out a collection of banana
samples from the Puyud sub-district, Muang
Pattani district, and those in the Sai Thong
sub-district and Mai Kaen sub-district,

Mai Kaen district. Samples were diagnosed in
the laboratory and wilt diseases were found in
Kluai Hin (Saba banana), silver bluggoe, and
cultivated banana.

October o

Yala province

Yala Provincial Agriculture Office observed
the epidemic of wilt diseases in 8 districts of
Yala province classified by diseases being
found and mechanism protection.

2020

February

Narathiwat province

In Sungai Pattani district, wilt diseases were

found in Gros Michel bananas (Kluai Hom Thong)

and cultivated bananas diagnosed by the
laboratory at Prince of Songkla University.

Pattani province

The research team of Prince of Songkla University

carried out a collection of banana samples from the

Mayo district for bacteria diagnosis in the laboratory.

Wilt diseases were found in sugar bananas, Kluai Hin
(Saba banana), and cultivated bananas.

Figure 4 (Cont.) Timeline of banana wilt disease in the three southern border provinces of Thailand.

Note : Numbers are monthly events.

Narathiwat province

Farmers in Chengkiri sub-district, Si Sakhon
district began to find that leaves of cultivated
bananas turned yellow.

March 0

Yala province

The research team of Prince of Songkla University
carried out a collection of banana samples for
disease diagnosis in the laboratory. Wilt diseases
were found in Kluai Hin (Saba banana), cultivated
bananas, and Dwarf Cavendish.

Narathiwat province

In the Sukhirin district, wilt diseases were
found in Kluai Khanun and diagnosed by the
laboratory at Prince of Songkla University.

Pattani province

The research team of Prince of Songkla University
carried out a collection of banana samples for
disease diagnosis. Wilt diseases were found in
Kluai Nang Phaya, Kluai Hin (Saba banana),
cultivated bananas, and Pak-Chong-50 cultivated
bananas.
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Figure 5 The history and main causes of banana wilt disease epidemic in the three southern border provinces of

Thailand

Note : G

Banana wilt disease was found in the laboratory for the first time in each province.

D Farmers received knowledge on prevention and elimination of wilt disease for the first time in each

province.

1) 2) ... Sequence of wilt disease in each province.

Sources: survey (2019); GEO-Informatics Research Center (2020)
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Duplex PCR
759F760R (280 bp): Ralstonia spp. Complex

121F/R (317 bp): BDB
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Duplex PCR

759F/760R (280 bp): Ralstonia
spp. Complex

121F/R (317 bp): BDB

M = Standard DNA markers NC = Negative control
St = Namwal S3 = Hukmuk3

S4 = Namwad S5 = Namwab

S1C1 = Khai Colony1 S1C2 = Khai Colony2
S1C3 = Khai Colony3 S2C1 = Hin Colonyl

S2C2 = Hin Colony2 S6C1 = Homchan Colonyl
S6C2 = Homchan Colony2 S6C3 = Homchan Colony3
S6C4 = Homchan Colony4 S6C5 = Homchan Colony5
S7 = Homthong Colony1 S11C1 = Namwa Colony1
S11C2 = Namwa Colony2 S11C3 = Namwa Colony3
S11C4 = Namwa Colony4 S13C1 = Namwa from Tissue culture Colony1

S13C2 = Namwa from Tissue culture Colony1l 2
Figure 6 Sample results of PCR testing to identify bacteria that cause banana wilt disease.

Sources : laboratory of natural resources faculty in Prince of Songkla University (2020)
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2. Enwauznmatgnndae sdawusndae wazszszamaundssuavadlsadisaluiuiiauiminsuauld
2.1 dnwaiznisugnndae viaiugndreiivgnluiiuiisnadminueuauld
AMnsmdnvaznsUgnnaeTe LRI TmauuIngs $1udu 23 au desdgnndionaunanuluaunaldl
W WiEou dule ugni1n Wudu Jovay 65.2 uarugnndsuslumueians Jesar 34.8 Insvlaiugniefiugnuiniian

Ao Naefiu Sewaz 91.3 sesmanie nae1N wiewg vieuves 19 duilouns viewsnad vieNduns wazmil ausau (Table 1)

Table 1 Characteristics of banana cultivation and banana species in three southern borders in Thailand

Banana species: Frequency (%)
Characteristics of g N
Item _— > 3 2 5 5
banana cultivation © 3 9 d g S
2 o} S )
c E | g | E | § 5 £ 2
i s < i £ i x 2 A
Yala (n=6) 6 2 3 3 2 1 - - -
(100.0) | (100.0) | (100.0) | (100.0) | (100.0) | (100.0)
1 in durian orchards 4 1 2 2 1 1 - - -
(66.7) | (50.0) | (66.7) (66.7) (50.0) | (100.0)
2 in rubber plantations 2 1 1 1 1 - - - -
(33.3) | (50.0) | (33.3) (33.3) (50.0)
Narathiwat (n=6) 4 6 4 6 4 - 2 1 -
(100.0) | (100.0) | (100.0) | (100.0) | (100.0) (100.0) | (100.0)
1 in durian orchards 2 3 3 3 3 - 1 - -
(50.0) | (50.0) | (75.0) (50.0) (75.0) (50.0)
2 in rubber plantations 2 2 1 2 1 - - - -
(50.0) | (33.3) | (25.0) (33.3) (25.0)

3 in durian and lemon - 1 - 1 - - 1 1 -
orchards (16.7) (16.7) (50.0) | (100.0)
Pattani (n=11) 11 10 6 6 8 2 - - 1

(100.0) | (100.0) | (100.0) | (100.0) | (100.0) | (100.0) (100.0)
1 in rubber plantations 4 4 2 2 3 1 - - -
(36.4) | (40.0) | (33.3) (33.3) (37.5) (50.0)

2 | in pomelo orchards 1 1 1 1 1 - - - -
9.1) (10.0) | (16.7) (16.7) (12.5)

3 in coconut orchards 4 3 3 3 4 1 - - -
(36.3) | (30.0) | (50.0) (50.0) (50.0) (50.0)

4 in coconut and lemon 1 1 - - - - - - 1
orchards (9.1) (10.0) (100.0)

5 in velvet tamarind 1 1 - - - - - - -
orchards 9.1 (10.0)

Total 21 18 13 15 14 3 2 1 1
(91.3) | (78.3) | (56.5) | (65.2) | (60.9) | (13.0) (8.7 (4.3) (4.3)

source: Focus group discussions (2018); Survey (2019)
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2.2 swpzansunsssuavaslsadigrluiuiiauimiaviouauld

sveznamsunssruialsadierluiuiiauminmouwnuld wud smsunsussenalsaiismnuamilsiugn
wawimesndesiaiugfeniuldszosinm 1-3 Weou Welsaiwraunsnuninszasldlnadis 200-1,000 wins vauefindas
ssaeiusileglunUanferiuszerna 2-7 wes Welsafidldazerina 1-5 Wou Weiuusinaiderdouundnszansluds
nodusiely (Table 2) Tnsnsifalsauiivondelusamingzar Sunnndeiududiuusn sesunie ndeihh nde
wang ndele uazndaevienmes mudwiu eniundeduiews liwansennisvedlsaie vauelisninusIsag a1y
ISR Miendretilusuaunensnsivindy wduninszanendindaetn 1 viendrefiu ndaewnana way
vionuad Wudiuiiass daundrefiuansernisveslsaisududdiuiian fe ndaeld ndaenewmes uagndeveuduns
SamatamfisaiteaGunnndeiuviendioihii wiendenommos udduusn wqnaniludindeih viendeiiu
ndreusma wazndely Inswdaiugndioiliuanienisvedlse Ao ndrviduiieuns wazndrenil (Table 3) azviouls
duindelsadisranansounsssuialundaeldifounnaneiug mndesnstostuidadelsadiealiivssansnmnns
Fuumuazmadnmstesduaianely 1 feu fazduarlianmnsomuaslsafierldiuhgd fasnmsdestuhiadondu
FBasiinumsnssensuuaznioulafoasmAunslirnuivemnsnuniaisie Wuieadunuideves Blomme et al

'
Ny =

(2017) finavin wwfiRdunsdamslsadienldduinidnuseldsumssensuanninensns JahliAanisunsnszaeaadse

Y
Wie

Table 2 Time and distance for spreading of wilt pathogens in the same banana species and different species

Province, Subdistrict, Time (month) distance (m.)
ltem
District same species | difference species | same species | difference species

Yala

1 Thumtalu, Bannangsta 2 3 200 4

2 2 5 200 5

3 Tarnto, Tarnto 1 3 200 q

4 1 3 200 6

5 La-Ae, Yaha 1 2 200 4

6 3 4 200 5
Mean (S.D.) 1.7 (0.8) 3.3 (1.0 200.0 (0.0) 4.7 (0.8)
Min, Max 1,3 2,5 200 4,6
Narathiwat

1 Sago, Si Sakhon 1 3 200 5

2 1 1 200 5

3 1 2 1,000 4

il Sribanphot, Si Sakhon 1 5 200 5

5 Si Sakhon, Si Sakhon 1 2 200 5
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Table 2 (Cont.)

933

Province, Subdistrict, Time (month) distance (m.)
ltem
District same species | difference species | same species | difference species

6 Khoksato, Rueso 1 5 200 6
Mean (S.D.) 1.0 (0.0) 1.7 (0.6) 333.3 (326.6) 5.0 (0.6)
Min, Max 1 1,5 200, 1,000 4, 6
Pattani

1 Moomawi, Yarang 1 2 500 2

2 Klongmai, Yarang 1 3 200 7

3 Rawaeng, Yarang 1 3 200 7

a4 1 2 200 aq

5 Wat, Yarang 1 4 200 5

6 1 3 200 5

7 Yabi, Nongchik 2 3 200 5

8 Datoh, Nongchik 2 4 500 5

9 Lipasago, Nongchik 1 1 300 5

10 | Puyut, Mueang Pattani 1 3 200 5

11 1 3 1,000 5
Mean (S.D.) 1.2 (0.4) 2.8 (0.9) 336.4 (250.1) 5.0 (1.3)
Min, Max 1,2 1,4 200, 1,000 2,7
Overall average in 1.3 (0.5) 3.0 (1.1) 300.0 (237.4) 4.9 (1.0)
three southern border
provinces (S.D.)
Min, Max 1,3 1,5 200, 1,000 2,7

source: Focus group discussions (2018); Survey (2019)
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Table 3 Sequence of wilt incidence according to banana species in three southern border provinces

Banana species

934

Sequence of wilt o . %” > _
incidence : _g é ag g _'CJ .
c £ s 2 = £ § £ o
£ 2 < 2 2 9 T 2 ©
Yala (n=6) 6 2 3 3 2 1 - - -
(100.0) | (100.0) | (100.0) | (100.0) | (100.0) | (100.0)
first 6 - - - - - - - -
(100.0)
second - 2 - - - - - - -
(100.0)
third - - - 1 - - - - -
(33.3)
forth - - 1 - - - - - -
(33.3)
fifth - - - - 1 - - - -
(50.0)
no symptoms of - - 2 2 1 1 - - -
wilt disease (66.7) | (66.7) | (50.0) | (100.0)
Narathiwat (n=6) q 6 q 6 q - 2 1 -
(100.0) | (100.0) | (100.0) | (100.0) | (100.0) (100.0) | (100.0)
first 3 3 - - - - - - -
(75.0) | (50.0)
second 1 2 - 1 - - 1 - -
(25.0) | (33.3) (16.7) (50.0)
third - 1 1 1 1 - - 1 -
(16.7) | (25.0) | (16.7) | (25.0) (100.0)
forth - - 2 2 - - - -
(50.0) | (33.2)
fifth - - - 1 1 - - - -
(16.7) | (25.0)
sixth - - - - - - 1 - -
(50.0)
no symptoms of - - 1 1 2 - - - -
wilt disease (25.0) | (16.7) | (50.0)
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Table 3 (Cont.)

Banana species
Sequence of wilt g
- S|l e | &8 8| s
incidence o < 2 g £ S
£ T & £ £ £ £ &
£ © 2 S o % % o S
I =z ¥ = T | T =
Pattani (n=11) 11 10 6 6 8 2 - - 1
(100.0) | (100.0) | (100.0) | (100.0) | (100.0) | (100.0) (100.0)
first 8 2 - - 1 - - - -
(72.7) (20.0) (12.5)
second 2 6 1 2 - - - - -
(18.2) (60.0) (16.7) (33.3)
third - 2 - - 4 - - - -
(20.0) (50.0)
forth 1 - - - - - - - -
9.1)
no symptoms of - - 5 4 3 2 - - 1
wilt disease (83.3) (66.7) (37.5) | (100.0) (100.0)

source: Focus group discussions (2018); Survey (2019)
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