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Development of a Subsoiler with Two Tandem Shanks Arranged for

Directional Movement and Automated Depth Adjustment
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ABSTRACT

Subsoiling is essential for farmers to rectify soil compaction that reduces crop yields,
but it requires high drawbar pull, often exceeding the capabilities of farmers' tractors and
increasing costs. This study aimed to develop a tandem-type subsoiler with a front shank
equipped with automatic depth adjustment to minimize drawbar pull during subsoiling
operations. The front subsoiler shank (FSS) can autonomously adjust its depth, controlled by
an automatic depth control system utilizing an Arduino UNO microcontroller. Moreover, the
distance between the FSS and the rear subsoiler shank (RSS) is adjustable. Field tests were
conducted in Kamphaeng Saen, Nakhon Pathom, where the soil exhibited a moisture content
of 5.4+1.92%, a bulk density of 1.5+0.14 g/cmB, and a soil penetration resistance ranging from
0 to 50 cm depth, with an average of 1.88+0.41 MPa. Four key factors were considered
during testing: 1) type of FSS point (winged point and fin point), 2) Motor systems for
adjusting the depth of the front subsoiler shank (fixed displacement control system and
immediate response system), 3) Motor sensitivity (10, 20 and 30%), and 4) Distance between
the FSS and RSS (40, 50 and 60 cm). The subsoiling depth during the test was 50 cm. Results
demonstrated that the control system facilitated automatic up and down movement of the FSS
to determine the optimal drawbar pull. Specifically, the FSS equipped with a fin point
exhibited significantly lower drawbar pull compared to the winged point, with values of
14.84+3.30 kN and 17.66+2.87 kN, respectively. Additionally, a distance of 40 cm between
the FSS and RSS resulted in the least drawbar pull of 14.42+3.00 kN. Notably, the tandem-type
subsoiler with automatic depth adjustment chieved the lowest drawbar pull of 12.65+1.33 kN,
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representing a reduction of over 10%
compared to a conventional single shank
subsoiler, which exhibited a drawbar pull of
14.00+2.01 kN under similar test conditions.
Motor systems for adjusting the depth of the
front subsoiler shank and sensitivity did not
significantly affected drawbar pull. Research
results indicate that using a subsoiler with
two tandem shanks, where the front shank
automatically adjusts its depth, allows farmers
to perform subsoiling more efficiently, resulting

in better crop yields and reduced costs.

Keywords: tandem-type subsoiler; automatic
depth control; soil compaction; precision
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Figure 1 Components of automatic depth adjusting subsoiler
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Converter step up
12 Vdc to 48 Vdc

ACS5712-20A

LM2596 step down
12 Vdc to 8 Vdc

Pin transducer VPG 5117

Servo driver

Stepper motor

Micro controller UNO R3

Connect to a computer to record data.

5

Figure 2 Devices and wiring diagram of automatic depth control system
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Press button on/off

Check
button on

False

ol

True
Measure drawbar

pull (X1)
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pull (X2)

Y=((X2-X1)X1)x100 True
X1=x2

abs(Y) < Sensitivity
(10, 20 or 30%)

False

<>

True False

FSS move down FSS move up

Figure 3 Flow chart of automatic depth

control system
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Figure 4 Automatic depth adjusting subsoiler

in field testing
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Figure 6 (A) Drawbar pull, (B) Operating depth of FSS, (C) Current consumption of motor
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Table 1 Test results in a sugarcane field

Factors Drawbar pull (kN) (Average+SD)
System Distance Sensitivity Winged point Fin point
10 14.41+0.72 a 10.67+2.88 a
40 20 19.09+1.47 b 13.21+4.46 a
30 16.89+0.39 ab 13.61+1.20 a
Fixed 10 19.27+0.78 b 13.76+£0.05 a
displacement 50 20 21.95+3.54 b 15.79+£1.02 a
control 30 19.74+3.92 b 15.05+3.40 a
10 18.36+2.11 ab 16.72+1.57 ab
60 20 17.52+3.15 ab 16.45+2.24 ab
30 17.55+1.02 ab 15.66+5.77 ab
10 15.20+£1.92 a 11.45+2.74 a
40 20 16.43+1.62 a 14.15+1.00 a
30 15.10+1.46 a 12.80+3.65 a
10 18.06+2.91 ab 14.27+2.72 ab
mmediate 50 20 18.92+5.24 ab 16.96+2.91 ab
e 30 18.39+1.23 ab 14.52+3.69 ab
10 19.78+1.22 ab 16.37+2.65 ab
60 20 17.80+2.07 ab 18.22+3.01 ab
30 17.30+0.40 ab 17.46+5.50 ab

Means in the same column followed by a common letter are not significantly different at the 5 % level by DMRT

Drawbar pull (kN)
0 o S O

(@)

Distance between FSS and RSS (cm)

B Winged

# Fin

Figure 7 Drawbar pull under different shank point types and distances between

FSS and RSS
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Table 2 The statistical analysis of the factors affecting drawbar pull

Factors Drawbar pull (kN) (Average+SD)
Point Winged 17.66+£2.87 b
Fin 14.84+3.30 a
Systems Fixed displacement control 16.22+£3.56 a
Immediate response 16.28+3.23 a
Sensitives 10% 15.69+3.33 a
20% 16.89+3.50 a
30% 16.16+3.32 a
Distance 40 cm 14.42+3.00 a
between 50 cm 17.21£3.52 b
FSS and RSS 60 cm 17.11£292 b

FSS: Front subsoiler shank, RSS: Rear subsoiler shank

Means in the same column followed by a common letter are not significantly different at the 5 % level by DMRT
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Figure 8 Drawbar pull between conventional subsoiler and developed automatic depth

adjusting subsoiler
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Development of Vertical Planting Mechanism

for Sugarcane Transplanter
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ABSTRACT

An efficient sugarcane seedling transplanter is essential for transplanting seedlings
grown from bud billets to reduce labor cost and planting time The purposes of this research
are to create a sugarcane transplanter that the planting mechanism moves vertically using
pre-germinated buds and to assess the transplanter's performance. The device that had been
developed was a seedling mechanism that used planting funnel attached to a metering disc
which received thrust from the soil layer so that the transplanter worked without sending
power through the sprockets and chains to the planting mechanism. It was like the planting
device itself was the ground wheel, and the planting mechanism was always pressed into the
ground to independently plant seedlings into the ground to the desired depth of planting
without the use of a soil opener. It was attached to three-point hitches on a 56.7 kW (76 hp)
tractor. In this research, the planting distance was controlled by a metering disc, which had a
planting funnel mounted on it. Three different diameters: 78 cm (D1), 86 cm (D2) and 96 cm
(D3) metering discs were tested in this study. The experimental works were conducted at
travel speeds of 1.27, 1.89 and 2.73 km/hr. and planting depths of 10 and 15 cm. Results
showed that the average planting pitch of the metering discs D1, D2 and D3 was 36.30, 50.15
and 68.35 cm respectively, and it showed that the planting success rate (PSR) at a 10 cm
planting depth was higher than at a 15 cm planting pitch. The success rate of metering disc
D3 (67.32%) was higher when compared to metering disc D2 (59.76%) and metering disc D1
(53.18%). These experimental results showed that the planting depth of 10 cm and the

forward speed of 1.27 km/hr. were practical operating conditions.

Keywords: sugarcane; seedling; transplanter; sugarcane bud billet
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..........

- Metering Disc

Arclength (7)

Figure 2 The diagram showed the position of the arclength on a metering disc

Table 1 The diameters of the metering disc at the planting pitches of 30, 45 and 60 cm

Planting pitch (cm)  Diameter of a metering disc (cm) 0© Number of a seedling device
30 78 a5 8
a5 86 60 6
60 96 72 5

3. yanalnugniundndes (seedling mechanism)

T dYAAUUTENIUNENYBIYANTIE
Ugndudes uasnalnauaunsilalnueensie
Ugnaunandasusenaunig UM MUATEYL
Uan (Figure 3 nu18LaY 6) NTI8UNAUNA
908 (MUN8LaY 7) @uﬂﬂﬁquwjmmﬂm%ﬂﬂa
(mneiav 8) uazgnideamuauniadadnnae

(unekav 9) MIvhaueanuwuulingieUgnau

(A)

néndeny N Adwtsi Ut U iRy
dleldsundndesadlunsieugniundides naae
wrudouiniiiuntaifgnvesanuimun
szogdgnifudumisiuinnseda Saawiili
AunageemnatluvusesRuegedase Unnsie
Ugniundrdesidndnldfondnnisgnnas

(roller) wazgniUea (cam)

(B1) (B2)

Figure 3 (A) The composition of the seedling mechanism, (B1) Close-planting funnel and (B2)

Open-planting funnel
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4. nsnagdauUszannmieIasUgndundn
Foslunuans
ynAeuUsEAvEnMuesUnsaifivaL Ty
1A8219UNUNITNAADILUULNANDLS e TULKY
nMsvaaesUdenduanysal (3x3x2 factorial in
RCBD) 3 %1 Usznoudae 3 Jadesell Jade A
(svueUgn) 1 3 sedu laun 30 45 uag 60 9y,
Y378 B (Anu5n15iAun19) 8 3 seau laun
127 1.89 way 273 nu./v4. wazlady C
(AnEEnNsUgN) 8 2 seu loun 10 waw 15 @,
AnszrianuuanasresAadedeyalneds
DMRT (Duncan’s new multiple range test)
4.1 wlaanadau
afiuntsnnassluulatvesniaian
AMINTIUNBAT AULIAINTINAEAT AILNILEU
UANMNYINULNEATAIEAT NUNIUEY SNYUY
Jufusau Uszneumeaunia (sand silt uay
clay) 39.39 45.97 uay 14.73% (5304, 2562)

o B

2"
g

lmm%uLLUaaéhmaumuwmuﬁuuméﬁga
(power harrow) 2 figa iensuAulivung
Aun1sUgn wlswUaanaaeugasning 2.5 u.
waze? 20 1. A vsuudazideulunismaaey
fuflarruvuiudufusarauduiede
1.12 n./av. oy, uaz 12.06% lagtminuis
MINAIFU APUATUNIUNTITUNINERAU (Cone
Penetrometer-Daiki: DIK-5532) fin1udnfu
10-20 @31, fAuade 0.98 wnzU1ana
4.2 MAENAUNANDDY

Tunsnaaeslddpeiug vouwnu3 oy
8-12 Lhau Ln3suTendaalaen1sina1oes
®1991NTOAIATUVULAZAIUANS 2.50 B,
(Fisure 4A) 9 ntuvnisinzdunddoslu
DN ATVAUINEILA 5x5x10 %, (Figure 4B)
Mdia1dgn 25-35 Ju Aunandeeaziaiuas

Usenad 30 @, wienthlunageou (Figure 4C)

N

(@)

Figure 4 Sugar seedling preparation as shown in (A) sugarcane bud, (B) sugarcane bud in

seedling tray and (C) Sugarcane seedling

4.3 msfuanszanSamusaedesign
nsusziliulszdnsnimnnisugnues
gunsaiugndundrdeslunuais dudunislag
senasgUnIalfesauNINIAese MASSEY-
FERGUSON-390 wu1n 56.7 Aladnd (76hp)

(Figure 6) NA@BUNAIIULSITOULATOIUUR

250

1,300 99U/ AWnULAYS Lowl Low2 uag
Low3
43.1 aAmuanmsugn (planting depth
error: PDE)
N15INAIAINANVBIAUNAINAINTT

naaes lngvinnsguinAianuiindusey gy
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PDE (%) = x100 .. (2)
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4.3.2 ANUARIALARDUYBITEEE UGN
(planting pitch error: PPE)
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PPE (%) = x100 .. (3)
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g Pr D SYEENAUNAMINNG YY)

P A8 STaLUIasuUNaMlAaINNNTIn
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success rate: PSR)
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4.3.4 A27UFAINUITAIUNITIN9IUDS TS
WU (field capacity)

ANNUALUAINAZBUTUIN 35x70 B15.4.
(Figure 5) Wa¥i1n15UgnnanoeeNIzusyiig
TELIRINLAD 1.65 4. JULIAIVULLIUNIIUIY
ASUNUNNAZFDU FIFNUITONRIDNTINTN9UY
a & 4 ~
INUNINNFUNITN 5

A
— %100 .. (5)
Tt

C, =

A (% o

oy C, Ao dns1nsviaudals (ls/vw)

A A9 NUNNISYINU (919.9.)

T, A9 L3a1ASYINaunaue ()

1.65m

—s

1
e

H(}
i

< 3B m

Direction of tractor movement

Figure 5 Experimental site for testing condition

effective field capacity
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NANISYAABILAZIRTO

1. AATINSAUNN
nsuseiiudszansainnisdgnues
gUnsalugniunddesluuuine wuin nns
naaesidoulunnudnnisuan 10 uag 15 v,
saunsnisefindeuiiang Unsalnisfiennuis
MIuaRABTIANLLSITaULASRIBUR 1,300
59U/U1 untaies Lowl Low2 wag Low3
f1AUL5INTAUNIG 1.27£0.14 1.89+0.18

LAY 2.73+0.32 Ni./93. 1ua1au (Table 2)

2. A7118nN15Uandaunandae (planting
depth: PD)
ANuuiuglunsUseidudseansam

d‘ v v v o & v v o
wssvanaunandey Indusesmuaulvseiu
AanuanlnalAgsiuuInfan a1ulgn D1 D2
way D3 ilpUSudeniuquadudn N1AuEn
n15Ugn 10 wu. wud gunsalugnaundioee
Auann1sUgniade 10.6 9.9 wag 9.9 wul.

°o w = Y% = o

PUEWU UaziloUSudeniuaNAIaNy 15 .
WUl daudniade 14.9 150 war 14.8 9.
auadu Wiulddngunsalanunsadandunan
doglasgAunnuanfadane Ao ANENNTT
Ugnoouiade 10.1 uag 14.9 9y, MUa10U
(Table 2)

3. szazUgn (planting pitch: PP)
NANTNAEBUANAALYRITEELUgNYD
gUnsalUgnAunddes fmmuanmsUgn 10 @y,
WU syerlgnuesanulgn D1 D2 uay D3
fidlade 37.2 50.0 Ay 67.8 w4y, AUAIRY
(Table 3) Faumnsnafusgadfodfyiisediu
Anadesiu 95% uazuaasliifiuin anuugn D1

UgnAunaeemesseyUgniadiateuiniian

252

Womedadeanuiinisifunielidiane
WPYRssTEYNsUgnetilled sy Waiansan
ANUANNTTURN 15 Bal. (Table 4) dipuans
T szezUgnuesamulgn D1 D2 wag D3
upnNANAUENlTd Ay FellAady 354 50.3
o w ! <
Wag 68.9 93 MUAMULAZNUIT AUIINTT
a 1 ! ! a o o U
WunneldiinadesyezUgnagralidedfey

dmsuaudan D2 war D3 entiuatulgn DI

4. mwﬂmmﬂﬁlauiwwgné\'unﬁ'} (planting
pitch error: PPE)
NansNAEeUlUNULLALUNANUELNUS
sEninemuAaIaAdeusazUgn (PPE) fu
PYaduanusinisinausasdaduaiuniiviun

seuzlan (Table 3 uaw Table 4) wandliliiuin

a U =

NszAuANUANNITUaN 10 Uay 15 i, NI
Ugn D1 {1 PPE agluyiasening 22.4-24.95
LAY 14.9-23.3% AuAIRU YaiauUgn D2
1 PPE oglugae 581319 8.7-12.96 uav
10.6-12.4% mua1du 8819lsAnumnfin1san
lnALARALARBUsEErUgnUTY Mideuly
AMUANN1SUgN 10 9. dd1 PPE 16.01% a4
nivfinnudnnisugndundides 15 @, (PPE
14.78%) (Table 5)

5. §m3M1sUgndi3a (planting success rate:
PSR)
NANITVAFBUNUTY 8M5IN15UgNd159

Liflanuduiusiulademnuiiinisvinaues
sounsnines uwitadeauimunsyezdgn D1
D2 wag D3 Hanuduiussednsinisugndniia
ag1afifoddyfiseduainuidotu 95% i
ALadudnsINIsUgndnsa (PSR) 53.18 59.76
WAz 67.32% nnua1au uazugnlidsa (PMR)
46.82 40.24 udz 32.68% MWEWU (Table 5)
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Table 2 The average planting depth (APD) in each testing condition

Adjusted the depth-controlling wheel at 10 cm of planting depth

Metering discs

Average operating speed of a

tractor = SD (km/hr) bt b2 D3
APD (cm)
1.27+0.14 10.5 9.73 9.9
1.89+0.18 10.5 10.0 9.8
2.73+0.32 10.8 10.1 9.9
Average 10.6+0.17 9.9+0.19 9.9+0.05
APD 10.10+0.14

Adjusted the depth-controlling wheel at 15 cm of planting depth

Metering discs

Average operating speed of a

tractor+SD (km/hr) b b2 D3
APD (cm)
1.27+0.14 14.8 15.0 14.7
1.89+0.18 14.9 15.1 14.9
2.73+0.32 14.8 14.9 14.9
Average 14.9+0.03 15.0+0.12 14.8+0.15
APD 14.9+0.10

Remark: D1 = planting pitch 30 cm, D2 = planting pitch 45 cm, D3 = planting pitch 60 cm

Table 3 The statistical analysis of the performance indexes on planting pitch (PP), planting
pitch error (PPE), planting success rate (PSR) and field capacity of the planting

mechanism at a planting depth of 10 cm

Average operating Effective field
PP (cm) PPE (%) PSR (%) . .
speed (km/hr) capacity (rai/hr.)
Metering discs D1
1.27 3750 a 24.95 a 5501 c 130 a
1.89 3730 a 24.33 a 51.01 a 2.00 b
2.73 36.71 a 22.40 a 5301b 280 c
Average 37.20 A 23.90 C 53.00 A
Metering discs D2
1.27 48.90 a 8.70 a 63.00 b 1.60 a
1.89 50.83 b 1296 b 60.01 a 250 b
2.73 50.33 ab 11.90 ab 5551 a 3.40 c
Average 50.00 B 11.20 A 60.00 B
Metering discs D3
1.27 69.03 b 15.10 b 72.00 a 1.40 a
1.89 67.80 ab 13.00 ab 72.00 a 2.00 b
2.73 66.53 a 10.90 a 74.00 a 3.50 ¢
Average 67.80 C 13.00 B 72.70 C

Remark: D1 = planting pitch 30 cm, D2 = planting pitch 45 cm, D3 = planting pitch 60 cm;
Means in the same column followed by a common type of lowercase or uppercase letter are not
significantly different at the 5% level by DMRT
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Table 4 The statistical analysis of the performance indexes on planting pitch (PP), planting
pitch error (PPE), planting success rate (PSR) and field capacity of the planting
mechanism at a planting depth of 15 cm

. Effective field
Average operating

speed (km/hr) PP (cm) PPE (%) PSR (%) cap.acity
(rai/hr.)
Metering discs D1
1.27 37.00 b 2330 b 54.01 a 1.30 a
1.89 34.60 a 15.24 3 52.01 a 2.00 b
2.73 34.50 a 14.90 a 54.01 a 2.90 c
Average 35.40 A 17.80 C 5330 A
Metering discs D2
1.27 50.60 a 12.40 a 61.51 a 1.20 a
1.89 50.50 a 12.15a 60.01 a 2.00 b
2.73 49.80 a 10.60 a 58.51 a 3.60 c
Average 50.30 B 11.70 A 60.00 B
Metering discs D3
1.27 69.00 a 14.94 3 66.00 a 1.40 a
1.89 68.83 a 14.72 a 58.00 a 2.00 b
2.73 68.90 a 14.80 a 62.00 a 3.60 c
Average 68.90 C 14.80 B 62.00 C

Remark: D1 = planting pitch 30 cm, D2 = planting pitch 45 cm, D3 = planting pitch 60 cm;
Means in the same column followed by a common type of lowercase or uppercase letter are not
significantly different at the 5% level by DMRT

Table 5 The effects of planting pitch, operating speed and planting depth on planting pitch
error (PPE), planting success rate (PSR), planting missing rate (PMR) and field capacity

Field capacity

Test parameters PPE (%) PSR (%) PMR (%) .
(rai/hr.)
D1 20.84 ¢ 5318 a 46.82 a 1.95 a
Metering disc D2 1143 a 59.76 b 40.24 b 2.26 C
D3 13.90 b 67.32 C 32.68 C 221 b
oot ] 127 1655b 61.92 a 38.08 a 1.30 a
perating spee 189  1540ab 58833 41.17 a 1.98 b
(km/hr.)

273 14233 59.50 a 59.50 a 3.13 ¢
. 10 16.01 b 61.72 b 38.28 b 217 b
Planting depth (cm) ¢ 14.78 a 58.45 a 41.55 a 211a

Remark: D1 = planting pitch 30 cm, D2 = planting pitch 45 cm, D3 = planting pitch 60 cm;
Means in the same column followed by a common type of letter are not significantly different at the 5%
level by DMRT
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wazwud Atladeanudnnisugn 10 wa. (PSR
61.72%) FaganinegnediudndgyiloTeuiiien
fidadennudn 15 ou. (PSR 58.45%) faiiy
anudnfimnzaulunisgniundidesves
gunsaliiiann fe AnudnnnsUgndundndos
10 93, gUnsalugnAund19ey wazdnyue
fundndesiiugnudsainnaasugunsaliaie
(Figure 6)

Figure 6 (A) Testing the sugarcane transplanter

(B) Sugarcane seedlings after the
test

6. A21UAIN15ANITRINUT N LT (field
capacity)

I B L ETa T BN ERRIIC RETAVC MR
ARasAMLENSaN ST Aidade
AILSINSAUNNG 1.27 1.89 Ay 2.73 Nil./v.
A1 1.30 1.98 way 3.13 l5/vy. auaieu
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Response of Some Rice Varieties against the Fungus, Exserohilum rostratum,

Causing Leaf Spot Disease on Rice and Expression of Plant Hormone

Responsive Genes in Rice during Infection
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ABSTRACT

Exserohilum rostratum is an ascomycete fungus causing leaf spot on rice and rice seed
discoloration in rice-growing areas of several countries. The objectives of this study were to
evaluate the response of some rice varieties against E. rostratum and to analyse the expression
of plant hormone-responsive genes during infection. Five different rice varieties, Khao Dawk
Mali 105 (KDML105), RD31, RD41, Pathum Thani 1, and Jao Hom Nin (JHN) were inoculated with
each representative E. rostratum isolate (n=10). Results showed that JHN exhibited the lowest
level of disease severity whereas KDML105 displayed the greatest disease severity when
infected by E. rostratum. Subsequently, these two varieties were analysed to elucidate their
respective defense mechanisms against E. rostratum. Expression of plant hormone-responsive
genes, including OsPR1b and OsPBZ1 (salicylic acid-responsive defense genes), JiOsPR10
(jasmonic acid-responsive defense gene), and OsEBP89 (ethylene-responsive gene), were
examined with quantitative real-time RT-PCR in KDML105 and JHN inoculated with E. rostratum
at 24, 48, and 72 hours. The findings demonstrated that all of the tested genes were
upregulated, with the highest levels observed mostly at 24-48 hours after inoculation in both
rice varieties, indicating the involvement of these rice genes in response to E. rostratum
infection. Indeed, the mechanism of rice resistance to E. rostratum may not be regulated
through the jasmonic acid and ethylene signaling pathways. In summary, this study provides
information on the potential rice leaf spot resistant variety and fundamental insights

contributing to an enhanced comprehension of rice defense mechanisms against E. rostatum.
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plant hormone-responsive genes; plant defense

genes; plant disease resistance

unAnga
Exserohilum rostratum \Judesiungs
ascomycete Nineolvine1nisluganaziudn

[
P=1

aatudnluiunugninvaieyseme 9udeil

[

finguszasdiioUseiiunisneuauasveiug
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v0418051 E. rostratum Imaﬁwmsﬂqm%mw
wiagleloian (n=10) Tud1d 5 Wug laun
YI90NNEE 105 31 nvdl Unusll 1 uag
Wveutla wud UiugIIveNTawanITEAU

= U (3

2IN15L3ARANEA U NT1INUGUIINeNULE

3

105 uansszdueINIslangean ety Frvisans
wugdahuldlunsfinemnalnnstdesiusues
YRINYIINN1SIYIaelaY E. rostratum 19
Suiineuauesogeasluuiiv loun OsPRIb way
0sPBZ1 (Fudlasiunuiosludifinevaussse
nsaenaledn) JiosPR10 (Butlesiunuiodiudn
Fnauausssansadaludn) uaz OsEBPSY (Hufi
POUAUDINDTDS IUULBNAY) NTIVEBUAIT
waneonvesdulutiwuguInenusd 105
uazLIvMeuta A1835 quantitative real-time
RT-PCR fi1781 24 48 uas 72 %31 NUWaINS
ﬂzjuﬂl,%aiw HANISNABDINUIN ﬁunﬂ%ﬁﬂﬁ
ffunsnseaeulusmAdeiiinsenseduns
uaneenUBIBU tazdudlrgnunisianiesn
Tusedugeiiiam 24-48 wu. mevidamsdgnide
Tustugd1staansiug Fanansliifiuia su

3 3
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[ 1 =

AINANTUNUINLNEITDILUNITADUAUDIVD

€

917 5¥NI19N15L919Ia18U84 E. rostratum

vy
v

sllnalnnisduniudelyesi E. rostratum Tu

Tenalilignauaukifdyyunsadaludn

wazgasluuean Muideilladnausdoya
Ao

FUANUSTNNNTAng A N TUNITAIUNIURABLTA

]
(%

lugatkaztayaiugiu ieaieadila
Tuseanalnn1stesiumnuLe 9999917681 3857

E. rostratum

Addgy: Tlugatny; Wesinelsalugadna; Budn
AOUALDIRNDIDS LIUNY; SutaanunuLpIvaIney;

ANMUAUNULTANY

UNUI

¥ ) | a (%

Pruduiivesygiandnvessemelne
PNADANITLAYATY WA, 2566 WUl Uszine
Ingunisludnandndrdgiluandun 6
yodlan JUSIaN1INanTIUTEIM 22 AU
(@117NuLATYEAINITINYAT, 2566) BE13LS
@ a 14 1% a
An1un1snantilalanauninuasUsuiumn iy
ANARINIsTIAsAnlgyiog1sneliles lay
nilslutdgmaenanlann anudenieiinain
& - s & ¢ ya a v Y]
Wenalsaily MellosAnduinieIdesiu

15017 TUAUUSEINSTBNDLSA YIINENVD

v
IS 1

Weanelsa warnisdnnislsatnilulssinelneg
Wudeasdndneglundulsad1indn (major
diseases) WU lsAlvislves aniest Pyricularia
¥ &J a a
oryzae waglsnvauluuwisannidanuaiiiie
Xanthomonas oryzae pv. oryzae (A151 hay
Agsy 2550) \JusU uiesrnusvedlsat1aniin
di/ U a lﬂl d‘ U 1 U o U
NFenelsAviinguy o Nineglunguaiiuses

v Y

sivaualiunin

Y
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Exserohilum rostratum (anamorph)
%30 Setosphaeria rostrata (telemorph) daUu
Wweslumana Dothideomycetes lilay Ascomycota
Wunguualnslng (saprophyte) wulsvialy
5 a = I dill
PILUAY WALLAYTINTAY haT@ LIS TULYD
1 =l d‘ ¥ % =
nolsAanasaaugulssluszaulIunaids
49 (Wu and Turgeon, 2013) fis181utigaiiu
ANNFUNUSYRY £. rostratum wagaIn13huan
Yastlunanenunlan damsululsewmealne
$91997UN1SNU E. rostratum F9wenlaann
WA 1INLERIINSINANANS (Tayeyn, 2545)
14ana1n# Boonkorn et al. (2024) lasiusiuly
v A = P L A
P1IILEAIDINTYATUIALAN LU AT INUT
AananevesUsenabnelul w.e. 2558-2565
eV HR I Ik HE RN S AN D IR L RIU L)
PIUNANNIT Koch’s postulates WU E. rostratum
I~ dl‘ dy d'd [y 1y 6 o
Wunilsluieslianuduiusiveinisluye
YUIALANVDIT1) b11B991NLTBST E. rostratum

Y o = v o X a | v
ausaLdnyinaneialanaludewnen Ly 917
v = v v 1 v v =
INME1E 1INe 1IN9 NaE 98 karNYly
\Aeag U wellaine wazd (Lin et al, 2011;
Ahmadpour et al., 2013; Kusai et al., 2016;
Farag and Attia, 2020) fetun15Ugniiy

= A o aNa & ~ o P

NLULIBUNOARI95TINVO LTI L8N
YaNa1nY Gomes et al. (2023) 18914731
E. rostratum 3019351015930 oA buan1e

[
LYY

wndeudifigamgiigs fatu nsidsuutas
anmnglieniadediavnainaglaniausa
dsmalilsalugaiiinainidesidananaing
Hansenusian1sndant1luswanle
n1sdanislsaiivlngadenannis
fumulse gy Mgy

T5a7f TanduAsNTUszanSainas s1udanns
Y

v v = 1 ﬂ’l 1 &
nszauaAuiumulufivsioyenalsaivlag

a

[ o 4 d'd a a [ I~ dd‘
p1AYAINTEAUNUUTEEANTAINIALTUITN
Yasadonazidulnssaduinday viaunvil

AY o A @
szwgu@ummamsﬂamummaa 2 sUluy
laun PAMP-triggered immunity (PTI) Lag

effector-triggered immunity (ET) la e W g

[

2 3ULUUABIR1AENTYINIUVR IS U Yy 16U

[

W (plant receptor) Tunsvinutnsudaygia

' ' [

a =]

adudas1annieuan 9t PTI daLdu

=2

(signal) &

[ '
v =

SPUUDIANTUTULINTUAAINFITUR YUY

=

fiSeni pattern recognition receptors (PRRs)

Sudgaruuuunaly (general elicitor) Lou
pathogen-associated molecular patterns
(PAMPs) lauA Fudiuiu1aIngdunidaens
anueusnulilugdunsdngunis 9 919 laku
A8 9 FINNDIAUTENDUNTRITARTD LT T
) o v [ ay o A 5 d'
dwisu ETI dndussuugiauiuiiglutunass
= o o a v o =
No1dun13191Uve9lUTAUS U ey 1euiN
A = ' a v . .
MFena TWsAUAIUNIU (resistant protein, R
protein) YIMUUINTUF QY IALUUT NN

=

Fonin Leviames (effector) BadulusAuddl
ANUT NN ENHER LUV Susaryiia (Jones
and Dangl, 2006) \ilelUsAusudnyaaiivdu
dygrauiinseduualsvnseiuszuudeaiu
nuteavasiylindne1yslugdwuulusiu Tu
ﬂfcj:u pathogenesis related genes (PR genes)
asnAegifi3endn phytoalexin wazansiadl
reactive oxygen species (ROS) Fadlauanunse
Tunssindedunid sudansedulfaiam
Tassadlidauudunsssianisyngnves

99

ﬁuw%ﬁqﬂimﬁ% \Judy (Ding et al., 2022)

-2

N13n5EAUTEUUNITUBIiUAULD VR YUl

AU UL DUYIBIFYNITIINI9IUINNLAT DU
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&eyayrau (signal network) Nva1nualy lay
6" = [ I~ [ a =
gosluunvimludygyialuanasinnils
ndrfgylunisvimihnnluaussuunisdeiu
AULDIUDINY tNalALAAN ISR UAUD 9D 814
JungsednsudasrlaidnuInse AUy
(Alazem and Lin, 2015) lagnsaeg1dladn
(salicylic acid) nsadalusin (jasmonic acid)
aa a o L%
wazlafiau (ethylene) dunumdifglunig
nsrAuszuudaiunulosveiiy (Yang and
Fernando, 2021) vi9iinsagnablednuaznsa
Jaluiin Junuindraglunisnseduiun
a v [y [ 14 .
W89 UNISUIN UANLEIYBIU13 (Tamaoki
et al, 2013) 109AANNIAINAIUUGUwINS
n13UFuU IR ugiesun1ulsalagaide
FBn1smanalulagdinmlaenistauselewl
= A A A v v
INTUININNEITDIlUNTLUINNTES19AINY
FUNIUADLSANY MSan15hUsElevlansluy
P Y Y Ay
fuiesdudiinseaussuuglau

2020)

v A

AUNY (Poveda,

£%
v AadAav

a ¢ A a )
NUIBULIRUTTAIALNDUTELIUTEAY
n1snavaussdalsalugndiafitingin
E. rostratum Tuuguna na31 nvdl Unusiil 1
YINNUEE 105 Uazd1Iiugidvoulla uag
ANWINNTHENIDDNVDIEUNNDUAUDIRDTDS LU
Nynan lown nsae1dtedn nsadaluidn way
aa 2 A W ' ~ = P )
LNAUY FITUAINAIITAINNLAYIVUDINUNIS
U9 URULBIVRINY LaeA L IuN1SHSI@BUNIS
wARIORNUBITUAINA1ILUNUTTINLARITE AU
n1siinlsaluanluseaudigauazasan Ml
a o d' ¥ o 1 U ¥
nan153deilavgilugndnnisasieaiiy

v =
Anunul U
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aUnIaluazIsNTs

1. M3UTZIUTLAUNITNDUEUDIVBINUTY?

MBLYBs1 E. rostratum

1.1 eleandonildlunuide

e E. rostratum 311 10 Telwias
1A ER-SBR1 ER-CCO2 ER-CCO4 ER-CCO6
ER-PTE2-1 ER-PTE33-1 ER-PTE33-2 ER-PTE35-1
ER-BKK1-3 way ER-BKK12-9 Fa5ausauluvies
UHURNMT MeRvlsaiiy Angnuns InInende
nRsmaEns ngamny diantdlunisaiiueu
0 1w £ rostratum vt 10 Telwian fumdsfian
nudasndnlunnianaisvessemealne
waglasunisnsivasudnuasdugiuineg,
wazdIne lutana wardeulndiAeeiy
E. rostratum accession number MT524320
PuAILUdBU (Identity) 100% SIURINIUNT
WaulsAnIUNENN15V09 Koch's postulates
\SeuTosum

1.2 mawdsufuiriiiaugnides

WUGU 97w 5 Wug lawndnaiug
feudgnlunianansdiuau 3 ug loud nu3l
Felssuemeasziangudidediunusi
Fravugnual uazunusidl 1 deld¥uany
aULATIENIINAUGITeY 1 TouIm 5IudaT17

v a

ugtsnuslaalulszmalnanazansussine

¥
v A

WA U1IReNued 105 Fe3nFeanaudiudn

—
e

a [ v

UFT1IFTUNT Uasiy

q

v aa o
VIINUINYITUIT U

(%
Y = a a =S

izﬂ‘Uﬂ?iLﬁﬂIiﬂIU‘\]‘ﬂﬁU’]m’]a‘ﬂLﬂﬂﬁﬂﬂL‘U@i’]

=e
°% L,Na

Bipolaris oryzae Tusgius laun Wugidmeuila
(Songkumarn et al., 2019) @slasumaiy
BULATIVNINAUSINGIAANTU1T U Ineae

NYATANANT INYUIATUNGEY 9. UATUTY
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o @ Y 3 [ V5 =
Ynuandane 5 g wwdiinduan
v ¥ Y o 4w
24 931 ug e andiadad1iliinuy
o ° - SR
AMYUENiinszautIsronUsEaATatieeinie
v v & vy a v &,
wasayliaudu ulingumgivieaduiia
5 1w anuu theunatgreluugnlunssans
WaraAnYuIAEuRIAUgNaIe 8 1 nransay
5 6w 911U 3 nsvane/iug Ugnluanimlsaseu
insladegns 46-0-0 v 9 7 Tu uilengasu
30 T
1.3 MIN3EULYTIUATEITUYILADE VDY
auasivas
o dil U
WWY091 E rostratum lolgiansiig 9
1AYIUUDINT potato dextrose agar (PDA)
lnsundsagesfigamgiiviesdunian 7 Ju
LoloanvesiliaunsandnaUesuueinis
PDA lngnsiaggninuinseiunisaseales
Inefnyuunidulevesias (mycelial plug)
PIANTIE X 817 1 71993 119UUNTEANTBY
Whatman (tuas 1) Ysiaainienauluaiu

dﬁl &I v v 7 1
wnzldeate lngliduvenduluagauuu Uy

a

Ngaumgiivieatiuian 7 Tu a0t vinisiiu
a & & A a Y] P
WNeaUasvantasfasysouveutuiudule
Tnelgunnauiisgindanauiu tween 20 (0.01%)
USUansHILansaUas U9 a 51 AU NI
q 4 v

5x 10 aUas/ua. lagld haemacytometer Tu
N5UUTIUIUEUDSVBITBIN

1.4 n15UsZLIUTEAUNITADUAUD VDY
Y ¢ v 1 ay 1
nugtsalraInalsaluyn

MNISNAEBULUSIULNBUTEAUNIS

MBUANDIVBITIY T1UIU 5 WUT foL¥as
E. rostratum 37474 10 Tolouan Tnsusazlaluan
PNAADULENANAUDENNDATY IIHUNITNAAD

wuudunaan LUSsuLiiey 5 nssuas (Wug) 3 91

Tnofinssuidanniudionnieandonauiu
tween 20 (0.01%) \Juynniuauvasdiusas
Wug ldmatia detached leaf WaaaNUATT
WuuaesaUssunLlinIsEAUAIL LTy
5% 10" ales/ua. (Wisuante 1.3)
nswssnlutusiagiuglaedntudin
918 30 Tu wnsedlunasanatainuuin 19 x 28
931, 330151 Touseg1anaaeedall n3ey
ganataAnIudenauIn 7 x 10 wu. 1360

Fouied 1 aruvesganatainlviddumised
UIUAUUUYEIUINGIIN WL Unr N
098931 1 9.9 5 ¥99/94 lausindesdl
ynveataiuguluimaasy Uhuntiagn
WausTglugeananainuIung 40 wa. Uaungs
a < 14 1 < ] £ A o ! v &
Fudealviwdy nduwiludnidaunaziug
aeng1uluniIugoIIuUUgINaIain 119389
5 Tu/99 waniluansvuukuiaisesusialy
! a = I a o o
nagInatadn Nsegluanindes 45° 3w
2 a/nave Tudazugnsenlut1diulIy
30 Tu Wensugnidie uUsuIng 200 a.
l - vy & ' &
aslundeuelvidauuaIseninnsugnide
Yoo o e .
PNUWIINMsAAruaUaTUTIATTI 5 wa./nded
Tmusnadutniuaitadinassnatain dild
1 dy dy v a A
Uuidgadalugniuaunisiasyvasilugnin
Tvikes 12 ¥4, wagiln 12 i, Ngaumgil 30 .
Juwan 72 v,

[

N5UTELIUTEAUNITABUAUBIVDINUT
v 1 dﬁl U dﬁl d‘ d‘
d1netvesinalsaluyn nwunluinans
91n1513A Iagldlusunsu Adobe photoshop
#9Agu color range WBlHlUSUATUTUATNUNE
Ay v o A A
NRpIN1InTIvEeU wazlisenuandununly
W8 pixels MeTeATU histogram AT %

& de A o o &
wuiluuansonisise ngldansasil
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¥

° ] a X A PN
NIN1TMIANRAYVDI%NUN L UTLEAS
[ o %:I P

91n1515AlAEYININTNAaBIT U 3 91 MU
da5¥1n1U warIiAT1wvivoyanURUTUTIY
(analysis of variance) WaglUsaulfisuALade
A18735 Duncan’s new multiple range test
(DMRT) fisgdumnugatiu 95% Laglalusunsy
IBM SPSS Statistics 22.0 (IBM Corp., Armonk,
NY)

2. MIATIZINITLEnsRaNvasBufinauauag
sosasluuinludriiiugnidon
TurifeisjatiuAnuinisuansesn
vosBuiinevausssesesluuiiv s1uiu 4 du
lAuA 1) OsPR1b (Oryza sativa pathogenesis-
related protein 1b) 2) OsPBZ1 (Oryza sativa
pathogenesis-related protein 10a) 3) JiOsPR10
(Jasmonate inducible rice pathogen-related
class 10 protein) wag 4) OsEBP89 (Oryza
sativa ethylene-responsive element binding

protein, clone 89) Tnedudl 1 uax 2 oglung

= a

pathogenesis related genes (PR genes) @44
auieadeatunisesfunuLeofivne
dsuvanvasuityngnily uazarunsagnnszdu
1ng butylated hydroxytoluene (BHT) Fadu
a15.adl analog AunsAIAledn (Shimono et
al,, 2007) mmzﬁmmamaaﬂmaa@u JiOsPR10
gnnszsularensadaluiin Uwa et al,, 2001)
way OsEBP8Y \Huduiignnszduldsnans
1-Aminocyclopropane-1-carboxylic acid (ACC)
Faduassdulunisduaszisesluuefiay

(Yang and Fernando, 2021)

262

NUNTUNWERNIDINITESA (%) = (WUNTUNLEAIDINITLSA / NUNUNIVUA) x 100

2.1 NI1SLASEUAIBEI9INBNISILATIZH
ANSHENIDANVDIEU

s

UUuguIInenusd 105 waziug
\Wvouda FanansnisiAalsalugaiiinein
L‘dgaiﬂ E. rostratum TuizﬁuqaquLazﬁwqm
ultlunmsfnwinisuanseenvesduiiisades
funslasiunuiesvesiunelanisaunulag
Saoosluufivndnadaniie q Tnstudadaste
2 ug wudthifunat 24 wu. udanihiie Uy
Puunseauinszieunyszasdisendouds 7
paungivionfuiian 5 %u 9nduhludgnlu
nszanawaaRnuuIALdukAugnans 4 i lng
wus 1 nszanseenidu 2 du Tunsazdiuvin

& o

nsUgndnusagiiug 91U 8 AU 531 16 Ay
M1N13MAaes 8 nszals (41) Yanluann
lsasou vinslddegns 46-0-0 mn 9 7 Ju au
= Y J = o = %
1918A5U 30 Fu NTUIsNTEa1anlgnidn
a Aa ! %z/ = 14
wussyasluganatadniinisudsuninely
dﬁl a 1 L3 dﬁl
AIUTY AANUAITLUIUADEAUBTVDUYB T
E. rostratum lelgtaniiiinauaiusalunis
v v v ¥ ¥ 4
afvaveslan anududulszuna 5 x 10
avas/ua. Wunaguniialuvesiiogeany
° a 05 A4 & 4
91U 4 N32019 wazdanuin e inay
tween 20 (0.01%) 91u7u 4 nszaraduya
AIuAN 31nUY Yaurnganatadnliiiiens
& ! & o [
ANuFuaslusEnitanisgniiost Mnisiay
fegratnmdninlgnieiduian 0 24 48
waz 72 9. lngdaiuiiegisanizdiuveadly
T1I91UU 2 U InusaznIzatkuuguly
WAz Y9I ZEZLIATLAURIBE19TY UAI9EN9

TutAvwgTululasiaumainauAun -80 °.
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2.2115M584 cDNA Uazn1sANEINIS
WAAIDDNVBIBUAIYID quantitative realtime
RT-PCR
uasegalutnelulasiaumvaila
HunsaziBoaUszanm 100 un. 9antu 11173
afinensiduiovionun (total RNA) Tagldyaarn
RNeasy plant mini kit (Qiagen, USA) 11dau
yes01iEueImnduaszidu cONA Tag
Isﬁsqm iScript reverse transcription supermix

(Biorad, USA) a1 cDNA #ilaludiasizsinas

Relative expression = 2

g target

LARIENUDIBULAYAT quantitative realtime
RT-PCR Talwsiuasnannizduduniieva iy
19 P aa & a '
syuulasiunuesasialuifeasiuustnmig o
(Table 1) %1A15IATILARANITHAAIDDNUD

§UINUIU 3 91 TuLAazA19819 cDNA 7Ian

| [y

A9 9 A laeld realtime PCR Tuszuuniiadu

[y

dryu1as SYBR green fluorescence Usgiilu

<

SLAUNITHANIDDNVDITULTIAUNUS (relative

expression) lagAIUIUAINITUDY Livak and

v
v a

Schmittgen (2001) p4u

ACt, target (con'crol—sampl.e)/2 ACt, reference (control-sample)

U809 JUUINUALLDIUBINTNFHBINITHIIVEDUY

reference 11889 8U Actin Tt (0s03¢50890)

control

sample

MR NNAIBg 19T IINMSUg Nl nianaw tween 20 (0.01%)
e NAUAIRE19U1IA1NN5URNLRT E. rostratum

Table 1 Sequences of plant hormone responsive genes and reference gene specific primers

used for the real-time quantitative reverse transcription polymerase chain reaction

Gene Sequence (3’->5’)

Reference

Salicylic acid-responsive genes

OsPR1b F: GGCAACTTCGTCGGACAGA
R: CCGTGGACCTGTTTACA CA
OsPBZ1 F: CCCTGCCGAATACGCCTAA

R: CTCAAACGCCACGAGAATTTG

Duan et al., 2014

Liu et al., 2015

Jasmonic acid-responsive gene

JiOsPR1b

F: CGGACGCTTACAACTAAATCG
R: AAACAAAACCATTCTCCGACAG

De Vleesschauwer et al,, 2010

Ethylene-responsive gene
OsEBPS9

F: TGACGATCTTGCTGAACTGAA
R: CAATCCCACAAACTTTACACA

De Vleesschauwer et al,, 2010

Rice reference gene
OsActin
(Os03¢50890)

F: CAGCACATTCCAGCAGAT
R: GGCTTAGCATTCTTGGGT

Duan et al., 2014
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NANISYAABILAZIRTO

1. A1IABUEUBIYRINUT TV IWLSHBLYR T

E. rostratum

n1sMBUANEIYaIR STV 5 Wusde
o9 E. rostratum fianuusnsnefiunisais
Tunnlelatanivinnisneasu (10 lelalan)
WU T1INUGVIINNUEE 105 LAAITEAUNIT
{AnlsAgean (Sowue) 94.92% \ileugnidade
osleloian ER-PTE33-1 (Table 2) uazdm
wudidmeudlanansszdunisiinlsadige
(Frunw) Tuynlelsianveates) vus it
Wug N3l Nl uazunusll 1 AszAunisiie
LsaunnansiulTunsazlolaan agrelsiniy
definnsannsnevausstesiuiinnseldon
E. rostratum Tunmsanlunnlelatan wuii
¥nenugd 105 seulesolsauniign lne
Lanse N5 78.53% Tuvaifidiugidmonda
WAAIENYULAIUNIUABLTA LAAIBINITURY
flgn 6.44% (Table 2 waz Figure 1) Fadnwaz
AT UIULUUANY ity ARainnnsviney
yosBudun Fadudundn lnedudsnanag
vmsduasgilusaudiuniu vty
Furalusiuiindsanidenelsaiiy dawalid
WYNTLHUNITATIAMUAIUNIUNIADAIUNT
Wvianevedenalsafis (Jones and Dangl,

2006) YagUuiinmsseudeyaresduaiuniy

= ) = [

Fudutundnludidelsadiv 1oy Tsalugidnn
dl a d’l v

MANINLTDIT P. oryzae Lsan1ululieann
& . Y A a

W51 R solani wazlsavauluwiaNinaIn
WUATILSY Xoo (Ramalingam et al., 2020) und3
Taifin1s5189ud uA U IUNENATUTEANS AW
Tunssumulsevestinnfnanideswindu 9

Inglusdetinudt Praiugiaivendaiaiiy

264

A1uNIugIgasolsaluyaiinaInties
E. rostratum @so1adullaindnaiugaanann
fugnssunAIuANaN vugANUAUULUULY
auysal ¥38ANMUAUNIULUUUNEIY (partial
resistance) laguania1n1slsaluseauluim
% d' = = R

UesilotlIoullsuduiugoasuue uag

6

novauawaitesislelsianuionsaneiug
Tusgdulndifesiu Tagiugnssuiinauay
Snwaranusmumusinanotadiauieades
funangswrtsuulasiuley waslianununiu
s1uuilodlUldluan nudasign (Pilet-
Nayel et al.,, 2017) TlanwarnsnoUaYeq
vostniiufidmeniiadedosn £ Rostratum
1A11UARIEARINUNITNDUAUDIVDINUTU?
fanandedenielsalugadiiaaludifiiaa
910 B. oryzae FauansUTIaveLHagATioY

=

(Songkumam et al., 2019) wanalHLTiudg

I3

AnenmvasunaaiugnssuaunuludIiug

WveilafaliasnesIn133ntutn B oryzae

ag E. rostratum

2. NISHENIDANVBITUNNDUAUDIFBTSIUY

I 1 v v o
W%i%ﬁ?ﬁﬁ%qﬁgﬂw’]‘ﬂ’]a’]ﬂiﬂﬂ E. rostratum

AMNSIUNSUAAIDBNVBIBU OsPRIb
OsPBZ1 JiOsPR10 wag OsEBP8Y Tutinn wuin
dta 2 Wiug mevauessio £ rostratum Tned
nsuansoonvosdudiulngluseduged
934787 24 - 48 Y3, LaranIEAUluYIYINeUD
nsEThaneve e (72 wy.) (Figure 2 wag 3)
nansNAaBILandliLiuI S11aesulings
wansenisveslsaluseduiuazlussfugs
In1smevdUeIne E Rostratum Lage1de

NTLEAIDONUDIBUTTARN ¢ NAR19ATIAU

M3TITINTNEAT TN 42 afuN 3 Ausneu - SuAN 2567



Wz sihnuesduiii et ostunsteiu
AuULRIaINUa1eYin (PR1Ib PBZ1 JiOsPR10)
Tusyminamsinde £, rostratum 3annsuansesn
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Table 2 Percentage of damaged leaf area of 5 rice varieties; Khao Dawk Mali 105 (KDML105),
Rice Department31 (RD31), Rice Departmentdl (RD41), Pathum Thani 1 (PTT1), and
Jao Hom Nin (JHN) after 72 hours separately inoculated with each isolates of

Exserohilum rostratum

Mean of damaged leaf area (%) on rice varieties

Isolate
KDML 105 RD31 RD41 PTT1 JHN
ER-SBR1 79.80 £ 5.72 al/ 33.60 + 4.26 d 65.72 + 276 b 46.96 + 4.24 c 6.22 +3.10 e
ER-CCO2 7534 + 6.69 a 44.02 £ 6.16 54.55 + 892 b 50.99 + 583 b 10.87 + 4.10d
ER-CCO4 73.23 £ 1297 a 46.01 £ 7.37 ¢ 52.32 £ 5.89 c 63.24 + 3.65 b 10.76 + 4.31d
ER-CCO6 77.68 + 3.96 a 4377 + 6.33 C 64.95+3.11b 64.53 + 3.59 b 3.94 +3.18d
ER-PTE2-1 7523 £ 5.68 a 2991 +451d 50.64 + 5.60 b 39.83 £ 6.68 C 580+392e
ER-PTE33-1 94.92 + 3.86 a 32.25 +5.92d 66.95 + 4.82 b 59.12 £ 8.26 16.02 = 6.88 e
ER-PTE33-2 80.13 £ 6.10 a 19.86 + 4.17d 3253 +583b 2691 +£3.69 c 253+ 15%e
ER-PTE35-1 73.80 £ 5.86 a 24.16 + 3.88 d 5190 + 810 b 36.43 £ 3.50 c 274 + 134 e
ER-BKK1-3 7031 £ 9.29 a 2932 £ 6.56 46.03 + 6.69 b 50.67 + 7.45 b 1.39 + 0.81d
ER-BKK12-9 84.81 + 3.44 a 3259 £ 592 c 4759 + 595 b 30.46 + 5.26 ¢ 415 +3.17d
Allisolates”  78.53 + 7.09 a 3355+8.68d 5332+1056b 4691 +13.28c¢ 6.44 + 4.67 e

“Means in the same row, followed by a common letter are not significantly different at the 5% level by DMRT

n=10

KDML 105 RD41

RD31

JHN

Figure 1 Rice leaf spot expression on the leaves of different rice verities after the infection of
the representative Exserohilum rostratum isolate PTE33-1; Disease formation on
Khao Dawk Mali 105 (KDML105), Rice Department31 (RD31), Rice Departmentdl
(RD41), Pathum Thani 1 (PTT1) and Jao Hom Nin (JHN) after 72 hours of E. rostratum
infection on 30-day-old leaves with detached leaf inoculation technique
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Figure 2 Gene expression analysis of salicylic acid (SA) responsive defense genes: OsPR1b (A)
and OsPBZ (B) in rice variety Khao Dawk Mali 105 (KDML105) (blue line) and Jao
Hom Nin (JHN) (red line) infected with Exserohilum rostratum isolate PTE33-1 at 0,
24, 48 and 72 hours; Relative expression levels of the target genes (OsPR1b and
OsPBZ1) were normalized to those of the rice Actin gene (OsActin); The bars
represent mean + SD from three technical replicates. Asterisk indicates significant
difference at P<0.05 between control tissue samples and infected tissue samples
as determined by t-test; Means followed by different letters are significantly
different among individual tissue samples with the treatment of E. rostratum at
different time points of inoculation as indicated by DMRT at P<0.05; Two
independent experiments of each gene were performed and their results were

separately presented (as the 1" and 2™ in the figure)
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Gene expression analysis of jasmonic acid (JA) responsive defense gene, JiOsPR1b

(A) and ethylene responsive gene, OsEBP89 (B) in rice variety Khao Dawk Mali 105
(KDML105) (blue line) and Jao Hom Nin (JHN) (red line) infected with Exserohilum
rostratum isolate PTE33-1 at 0, 24, 48 and 72 hours; Relative expression levels of
the target genes (JiOsPR1b and OsEBP89) were normalized to those of the rice Actin
gene (OsActin); The bars represent mean + SD from three technical replicates;
Asterisk indicates significant difference at P<0.05 between control tissue samples
and infected tissue samples as determined by t-test; Means followed by different
letters are significantly different among individual tissue samples with the treatment
of E. rostratum at different time points of inoculation as indicated by DMRT at
P<0.05; Two independent experiments of each gene were performed and their

results were separately presented (as the 1" and 2" in the figure)
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IIUUIN15UR9TD columnea latent viroid (CLVd) Tuivade
1aen1sAn® quasi-species population
Insight into Host-driven in Planta Evolution of Columnea Latent Viroid

through Quasi-species Population
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ABSTRACT

With a high mutation rate and fast replication, a population of mutated viroid
progenies is generated and co-exists in the same host plant as a population of variants (so-
called quasi-species), showing a huge level of genetic diversity. In our work, we report the
evidence of the quasi-species in CLVd in several solanaceous plants; tomato (Rutgers and
Seda 50), bolo maka and eggplant. An infectious dsDNA CLVd was synthesized from the
recombinant plasmid containing the full-length genome of CLVd isolate Solanum-1
(JF742632) and then inoculated on the plants under specific conditions. The initial
inoculation only successfully infected tomato cv. Rutgers. This CLVd-infected Rutgers was
used for subsequent inoculation of the above-mentioned host plants. When all host plants
proved to be systemically infected, RNA extraction and RT-PCR were performed. To study
the CLVd population in individual host plants, the specific CLVd primers linked with an eight
base sample-tagging sequence were used for amplifying libraries. The average 20,237 CLVd
reads per PCR-replicate and 22 progeny variants in total from the first infected tomato plant
were obtained. Among these 22 of CLVd variants, we found 22 total number of single-
nucleotide polymorphisms in which average three point-mutations per CLVd genome mainly
in Terminal Right and Pathogenic domains were observed. In addition, the estimated

mutation rate of CLVd was calculated at 8.15 X10_3. Our data demonstrate that CLVd
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in a host plant exists as a population of
quasi-species while showing host specificity
of the dominant variants as host-driven in

planta evolution.

Keywords: columnea latent viroid; quasi-spedies;
population study; mutations; high-throughput

sequencing
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Wwelisesdluana Pospiviroid Miwideans
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Aa terminal left (TL), pathogenic (P), central (O,
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variable (V) wag terminal right (TR) domain ag
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nalnmssnasssveaiiohsess (Flores et al,
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et al, 2020; 2021) vouzdi P domain vigates
AUNISWAILIBINITVBILSAVUNTD1AY LAy
vV domain tHuusiiasunusiidssuiua
ﬁmmimaﬁqm (Keese and Symons, 1985) Lay
onfldiigidestunismunudnuuyeinis
WAZAIIUTULTIVBILSA (Tangkanchanapas
et al, 2021) wazluusiaas TR domain ¥mting
Aeadeatunisiadoudrsvesounialisesd
AMelutgaaivludiuSiiuidlindeainy
(nucleus-specific trafficking) Taua1991 8
Virpl TWsAufivifiguand@lunsduiu TR
domain vatlisaeiuazniaynialiseenluds
fupdvaie |Juusnafihsessinnissiass
é’hu,azL?]uaaqm'%'uéfusuaqﬂa"l,ﬂmsam%a 59389
n3nszaefvendelunussuuriodndsdly
Wwefe (Kalantidis et al.,, 2007; Steger, 2017;
Zhong et al., 2008)

o cLvd wuasausnluduavadn
(Columnea erythrophea) filsiuansa1ns

a

AnUNA Tusguusuaun Yssinaansgaiusnn

£%
a a A o

(Owens et al,, 1978) 1¥pUUANId Ny 1A
1 1% o o 1 = C% QIJ A

ABUYNANNA LU UelVana Jurse ugleilsie
w3n Wyl Uedn Gynura 1iNg1Y LAZKAINI
Wudvodeundn (nunudl way adefing, 2561
U3y wagAne, 2556; Matsushita and Tsuda,
2016; Owens et al, 1978; Verhoeven et al.,

2004) 139 CLVd @1u150818MannIun1nlan
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Wuglungilawna fyilly WAINI1 wag N3N
(nunuel wazAtlafing, 2561; ARUSEAN, 2551;
Constable et al, 2019; Hammond et al.,
1989; Matsushita and Tsuda, 2016) Tlu
Uszmelne wuideviadiduadausnlunlas
wAnaiuguzTomagnuan 7 9. vouunu Tu

v sa

Y w.a. 2547 Fadutudanondwusnuniiann

9

a 3

AgUszina Lilethanldlunisudaudniug
anuay (USiwwg, 2548) waglul w.a. 2554 wu
e CLVd variant afeusnlunzdn de CLVd
isolate Solanum-1 (GenBank accession No.
JF782632) FaFeroliiAneinisgunssluugdn
wazuziloma (USiuwg wavae, 2556)
T15980lu13d Pospiviroidae o1#y
\ouleal DNA-dependent RNA polymerase |
(Pol I Tuineduaveswadiialunisiiuusune
(Flores et al., 2011) dleveulay polymerases
YoafiuAold RNA aasliseundu template
wnuiiazld DNA muUnd nafiniuundsinly

Y v 6

hsegdndnaesioanunlnliidnsinisnatenug
= =4 ¢ L. 5
ngeun¥u lng luied Pospiviroidae 3¢i8n1
v s -3
N1INANYNUG 5x10 (Brass et al.,, 2017) uay
4 . -
1.43-2.63x10 T potato spindle tuber viroid
(PSTVd) (Lopez-Carrasco et al., 2017) #9013
\indnsinisnatgiugngaludunaunisdiaes
fveuteliseent dwaliinngy variant 994
aunahisesd (eumahisosandiluundasu
dl U U [ U 6 A L3
wanuansaii) suuegswmiluwadiuead
Weniu 93enUsIngni1sainenanddn “ quasi-
species” (Brass et al., 2017; Domingo et al,,
2012) N19LANNITI18DIAIT 9 V9 variant
aynialisaed v lviiianisazauveIngy

s

variant 1asedsugnuauniinisnangwus

]
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avay FuSundnuaeding1ain “swarms” n3e
“clouds” Fausiay variant fiUSumazaud
wansrefuluTufusiinvesiivedende
dauandeu (Domingo et al,, 2012; Lauring
and Andino, 2010) sAdeiiiitagUszasdifie
Anw13TmUIN19999U5881ns CLVd variant
luivordevatevin dnsIn1snaenugued
o CLVd mnuiuudsvesdifuiuaves quasi-
species Fldsuntatsniueiinfivends was
AnwIMaued hotspot mutation UUILUNVDS
o CLVd Solanum-1 fifisiearuaissves
Tnssadranfogiives variant veade CLVd Lo
Wudeyalunismuuimistasduidauazan

ANUTULIIvaslsasialy

aUnIaluazIsNTs

1. M5WA3BY infectious dsDNA vauda CLVd
isolate Solanum-1
Tusuddeididenlddansdansiza
infectious dsDNA CLVd clone 310 recombinant
plasmid fiflany full-length genome ‘U’ejx‘il,%a
CLVd isolate Solanum-1 ‘Uiiﬁ]‘as“j (Figure 1)
dieldidu cLvd variant ien (single unique
sequence) lngduATIzsiany linear full-length
CLVd dsDNA 310 recombinant plasmid
(FigurelA) fifiang full-length genome WY
‘U@QL%@ CLVd isolate Solanum-1 YuUn 369
bp (MU 178-177) U338 (Figure 1B) lng
anfAlnsiues PC-2 (Table 1) MuBn15v04
USiug wazaue (2548) lnelloanusynauved
UFATendatl; 10X Afu buffer 5 pl, 0.2 mM
dNTPs, 2 mM MgSO,, 0.16 mM glnsiuas,

Pfu DNA polymerase with proofreading
activity 1.5 U (Thermo Fisher Scientific Inc.,
Waltham, MA, USA) wag purified recombinant
plasmid 120 ng TasUfigeniiuTunssausiedu
50 pl 91t blunt-end CLVd amplicon
fdaaseAlFlusinliusandsie SmartPure
PCR kit (Kaneka Eurogentec S.A., Seraing,
Belgium) AydadoumLtuLazANIUTANS
e NanoDrop ND1000 spectrophotometer
(Isogen Life Science, De Meern, The Netherlands)
ey 2% agarose gel electrophoresis Fudinan
11 blunt-end CLVd amplicon Aldluidousie
LU self-circularization Wag multimeric linear
form ladaAs1g9t CLVd infectious clone
(Figure 1A) Imaﬁaqﬁﬂisﬂawawﬁﬁ%mé’ﬁ;
polyethylene glycol MW 6000 5% (w/v), T4
DNA ligase 5 U (New England Biolabs Inc.,
lpswich, MA, USA) wag blunt-end CLVd
amplicon 10 ng/ul MniuUURATeNT 16 o,
Prudu wagngaUfATendaenisund 65 o,
17U 10 W9 (Tangkanchanapas et al., 2020)
M519dpUUTEANTAINYRIUNTe ligation
(Figure 1A) meinaila PCR Iagldelnsiuas
CLVd-infect (Table 1) #iuuus 23-68 (Figure
1B) duusenauvealisen PCR ﬁé’wialﬂﬁ;
10X PCR buffer 2 pl, 0.2 mM dNTPs, 2 mM
MgCly, 0.2 mM @lwsiuas, FastStart™ Taq
DNA Polymerase 1 U (Sigma-Aldrich, Saint
Louis, MO, USA) wae ligated product 1 ul
Uisenfivsuimssan 20 pl anliudfnsen
PCR #1135n13984 Tangkanchanapas et al.
(2020) M519@0UNA PCR A28 2% agarose

gel electrophoresis
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2. nmsUgnialasesduuiisnadauuaznis
iusnw

11 infectious dsDNA CLVd mﬂ@um%a
UuNgWawmANUg Rutgers 918 3 §UAM 6
75na (slashing) 97uau 10 au laen1slddiania
vuunud i uasunagUUInaaiy 91ty
Jeluinansavany infectious dsDNA CLVd
USH1ad 5-10 pl RuAasuULKNe LazUaunanie
ws1fdy anduilugualulsadeunisld
JEUUANNUARAENINTINN TngArunLanil

1 27 °%. p53daueINIsisAnn 3-4 Ju Lile

UziWanaug Rutgers uanan1slsanaaugn
WD 6 dUAY hAZASIANULTD CLVd A1835n1S
RT-PCR 9UNAUNLLUDLNANAALTDAUAINGTD
ulgugnizelviuiianaasusiinie q lawn
= [} = = =l
ULWWOIMANUGANI50 Uz wazuzlalUsiy
v aa o %7/ 1 a = %3 =
AEITNA U 5-6 TsavRANTD A TagN
gj @ [ = ¥
Maruagniiuinelulsusouniglaaniie
= ) A vy A o
WEINU LB TDIANTNAADULAAIDINITNI N
99415ADYNTALIY IINUUIITUSUNITAMNLTD

CLVd sewmaida RT-PCR

A PC-2 primers
~ self-circularization
romoter
Ling A ; e
\ ' Sy . multimeric linear forms
PCR blunt-end amplicon ligation
S —— e lioear
(wrong orientation)

Recombinant plasmid: pGEM®-T Easy Vectors s non-ligation

e-CLVd infect  h-CLVd infect
— ey

CLVd-infect primers ‘ PCR (for checking infectious clone)

——

Jn 7[ |]u
1
370 300 2%
1 1

Figure 1 (A) scheme of infectious dsDNA CLVd construction: start from blunt-end linear

dsDNA CLVd synthesis with PC-2 primers and Pfu DNA polymerase, then licated the
blunt-end amplicon which resulted in several ligation product forms (self-
circularization, multimeric linear, multimeric linear with wrong orientation and non-
ligation) and examine the efficiency of the ligation reaction by PCR with CLVd-infect
primers; (B) The position of specific CLVd primers: PC-2 and CLVd-infect

Table 1 Details of primers used in this work

Primers Sequences (5’-3°) Positions Tm®°
c-PC-2 TGTTTCWRCDGGGATTACTCCTG 153-177 56.5
h-PC-2 GGGTTTTCACCCTTCCTTTC 178-197 56.2
c-CLVd-infect TGCAGGGTCAGGTGTGAACCAC 23-39 63.2
h-CLVd-infect GCCATGCAAAGRAAAAAGAAYGGG 40-68 63.0
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3. N15ENABI51UD N1SIATeN library uag
n19¥11 amplicon sequencing
afnesioueaInmedsluiivnadau
fifieudo CLVd #10819a% 100 un. daoyn
Spectrum™ plant total RNA kit (Sigma-
Aldrich, Saint Louis, MO, USA) #1338n15v84

Y a

Juan uaziionfiduledliundaaiiziae
complementary DNA (cDNA) ¢18 iScript™
cDNA synthesis kit (Bio-Rad, Hercules, CA,
USA) a1ndusinujAsen PCR Tagnasléy
Twsiue$ CLVd-infect (Table 1) fifinnsideuse
tagging sequence 911U 8 Tamdlalnaneving
fiuane 5°-end wosglnsiues el dusvily
AM3SUNUATAnALTU DNA amplicon 210
NINAABUUAATZAI0E19 dIUUTENDUVD
U§3en PCR fifarialuil; BIO-X-ACT short mix
10 pl, 0.2 mM fjlWiLua%ﬁL%amia tagging
sequence kaz cDNA 1 pl UfAsendiuTung
593 20 pl Alludgisen PCR mm%’umauﬁ’ﬁ;
94 o5, Y1y 3 Wi nTuALFETuREU PCR
40 58U (94 °%. w1y 40 U9, 59 °%. W 40
T wag 72 °%. WU 40 TuN) wag 72 °w.
17U 10 W9 (Tangkanchanapas et al., 2020)
Fre¢19a 4 91 Tneld tagging sequence
wonAfuiiosyyuenviaunasinvesiegn
RRLGE!

Tuduneusouith amplicon product
Fanuadidsasgilduriunisiliuians
72875 Sera-Mag™ SpeedBead carboxylate-
modified magnetic particles (Thermo Fisher
Scientific Inc.,Waltham, MA, USA) #579@9U
U5u1nae3 amplicon product 7iladae

QuantiFluor® dsDNA system (Promega

Corporation, Madison, WI, USA) Nt VS
ANULLTUTD AR 019l 80 unlunsy
warsmiedeiil@du brary (2 91/pooled
library) ¥ usiag amplicon pool library Ldeuste
WU Ilumina adapter g liusn1sinsent
a1euLud (Admera Health, South Plainfield,
NJ, USA) saen1slaiym KAPA Hyper Prep PCR-
free ligation kit (F. Homann-La Roche AG,
Basel, Switzerland) 11 ligated library Vavue
TUFmszimigiduiualaeinies Miseq v3
instrument (2 X 300 bp) (Ilumina, San Diego,
CA, USA)

4, %uﬁlaumﬁﬂmsd'm%'aga UAZNNSIATIZH
Tuduving
Fansdeyailindeainitasizsing
d19utugann high-throughput sequencing (HTS)
library @1135n15999 Tangkanchanapas et al.
(2020) Mnsiuthdaya read sequence Hanain
999 CLVd variant #ilduaz CLVd Solanum-1
isolate (master sequence) 1M3LAT1¥% multiple
sequence alignment a1elUsATU MUSCLE
(MEGAT) (default parameter) (Kumar et al,
2016) Laza31e phylogenetic tree paglusuATY
MEGA7 1auLlaani8n15 neighbor-joining
(bootstrap 1000 replicates) ¥INITHATIZIN
major SNPs (single nucleotide polymorphisms)
fiindudianun waslassadiandond
(thermodynamic secondary structure) U84
variant CLVd Solanum-1 %QMN@‘ﬁ@ﬂﬁ]W‘U
AaulUsinsy RNA folding form program
(http://unafold.rna.albany.edu/?g=mfold/R
NA-Folding-Form) Taeidenlassadiamfenii

A1 Gibbs free energy d1igaunlylunig
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WA UaziUTeuiiieulaseasimienives
To CLVd isolate Bulgun Chaipayon-1 LP1-15c4
ag 93007481 (14A) (GenBank accession
KM214216 JF446920 wag AY372392 Anuanu)
591049 progeny variant 614 ) RES CLvd

14 3 isolates Mg

NANISYAABILAZITO

1. a2uarursalunisnelitialsnuag
infectious dsDNA CLVd Solanum-1
HANITATIVADUNITAUATIZN infectious
dsDNA CLVd isolate Solanum-1 fgwaila
RT-PCR U1 infectious CLVd clone fidawnss
Ieuszneuludhe dsDNA CLVd fegluguuuy

self-circularized ez multimeric form (Figure 2)

=

Fana 2 sUnvuAnandauaudinelviianis

a & a a P vy Y]
mm%aLLazLWMUiNWmiuW%aﬂﬂalm IWEJ‘Via\TQ'Wﬂ

M |

dimeric sized mp

monomeric sized wp

n15UgnLdedae infectious dsDNA CLVd 18w
Je831781 6 dUAY Liilesusilowmeiug Rutgers
$1uu 1 910 10 fu winlu fiuansernisinung
AUENYNEe1N1SYeRTe CLVd wavaunse
PuduNanien19m329 RT-PCR sldugiioinea
Wug Rutgers fifnTo97n infectious CLVd
clone dfugfandraidu inoculum lun1sugnide
vuitneaeu 3 wia lawn usameanugdnnso
Ugdn waruzleolusie (Figure 2) Inenasain
Ugnitie 1-2 ey fmasouiavuauaniainis
Tsafilanizaeads CLVd wazaruisadudy
nan1sindolisesdlddioinaia RT-PCR
(Toyalalléuans) mnuanisvaaesgnidoss
infectious dsDNA CLVd Solanum-1 t#iul@an
infectious clone fenaniidnsinisanded

Aoudnes (1/10 &)

Solanum-1 | buffer | M

Figure 2 Infectious dsDNA CLVd Solanum-1 products. The mixture of infectious dsDNA CLVd
products; self-circularization and multimeric dsDNA CLVd forms. Monomeric sized bands
indicate the full-length genome of CLVd. Dimericsized bands indicate the double full-
length genome size of CLVd. Solanum-1 indicates ligation products from CLVd GenBank
accession JF742632, buffer indicates non-DNA target and lanes M: 100 bp DNA ladder
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2. 4529115 quasi-specie vau¥e CLVd
Solanum-1 lusziWawmanug Rutgers
Tuns@nw quasi-species sequence
variation v@4nquuseyIng CLVd variant a2
tnAdlA indexed amplicon sequencing WU
37UU CLVd sequence read WA 20,237 o
PCR replicate luziiawmeiug Rutgers (Table 2)
InednwazUszans U9 CLVd progeny variant
Hmuafinuianusansiindsuianalelng
989 Solanum-1 master sequence (GenBank
Accession No. JF742632) 98139aLau Na12Ae
progeny variant Hunfinsanuiisuaueau
22 variants 39dd1fuivadieann CLvd
Solanum-1 (Table 2) Tnevie 22 CLVd progeny
variants ﬁ?u aunsaduunduy major progeny
variant (>1% prevalence) 31U 7 variants
1A variant9 Run2 (60.7%) variant23 Run2
(19.8%) variant207_Run2 (2.8%) variantd72_Run2
(1.5%) variant514 Run2 (1.4%) variant698_Run2
(1.1%) uag variant718_Run2 (1.0%) luvenied
n323ldnu CLVd Solanum-1 sequence Sud
(Figure 3) $9d0AAE0IAUTIHITUVD
angkanchanapas et al. (2020) finu31 &4
nalnnsAngehseeslufiverdeaseliinns
a¥suavaraunguued varant Inififiany
waneneanlasesi3unsn uenani 91nn1s
A539d8UUEIINT Vo9 CLVd Solanum-1 variant
Tuflamagousionun linu CLVd Solanum-1
master sequence #ildvin1sUgnitesausly
Funouwsn
d1m¥un1siesgdsiuntaiiiinng
naneiug (single-nucleotide polymorphisms,

SNPs) wu11 CLVd progeny variant ﬁgwm

i1 SNPs 22 fiunia (Table 2) Usingeg 2-5
funlssodlun Tl SNPs #dn 2 Awnils A
SNPcion W81 SNPay7zy 881UUTIIM TR domain
Fsusngeglunn CLVd progeny variant (100%)
Tuvauefluudians P domain WU SNPs §113u
6 ALNUS bAWA SNPa7ac SNPassoe  SNPasorc
SNPUsosn SNPUsiix WaE SNPsisy Tasfinanui
Tunisasranuwindu 1.0 1.0 21.4 224 15

way 2.2% auannu (Figure 4) wananildy

i
P=1

wu SNPs TuuTiandu q vesitie CLVd Fed
SNP 56 (1.49%) Tu TL domain, SNPagrc (3.6%)
Tu C domain tag SNPcigsy (2.7%) T V domain
(Figure 4) MTIATITAUALAIUIUSAIINITNAY
fugresido CLVd Solanum-1 Taglsissddy
wavdnalnguesng 2 fu wudn §asinns
naneitufiadeveatoogluszdugs fo 8.15 X
10 (Table 2) FelndLAsefusBeuvosLTe
psTVd daidulasesdluanatieniu Afidas
nsnateudiadeeddl 1.5 X 10" (Lopez-
Carrasco et al., 2017)
dmsunisiasieilassainanie gl
U8 progeny variant L‘dga CLVd Solanum-1
WUIT SNPs BEA 2 ARUI A8 SNPgon hAY
SNPy7y danalagnsasiolaseadnanie gl
Tneituflilassasoiondilliauysaives CLvd
Solanum-1 nausnagluanm rod-ike secondary
structure fiasysadls (Fisure 4) uazlumsvaaes
f‘:l:ﬂ‘wu CLVd Solanum-1 master sequence
flggnideliluiurounsnfufiennaeuynuia
wansliiiiugn 1nseadns rod-like structure 7
auysalilanudwdusersdasienszuiunisin
ouazroliAalse Seorafuannsls cLvd

progeny ¥n variant #1a3533anulunzidoina
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Wug Rutgers Lﬁmmsmmaﬁ’uﬁﬁﬁ%mm SNPc1g0n
ag SNPA7ou %"aaeum%nm TR domain #anAa o4
AUT1891UUDY Tangkanchanapas et al. (2020)
ﬁWUdW variant9_Run2 %I’\‘il,flu progeny variant
finsranuldundign (60.7%) & SNPs Using

LB 2 FUAULYITUY A SNPcigon b SNPa7aL

Jafieudululedn CLvd variant9 Run2 9191y
variant LLiﬂﬁLﬁﬂmiﬂmaﬁuﬁjwé’amaﬂgm%@
Tunpiemeiug Rutgers Faanuidoildfigay
miiliﬂﬂg]l,l,azﬁaguisuaﬂ quasi-species evolution

‘UEJ\%L%IE) CLVd Solanum-1

Table 2 Summary of the data obtained for CLVd Solanum-1 in the first tomato cv. Rutgers

Data obtained

CLVd Solanum-1 in tomato CV. Rutgers

Total bases read (4 replicates)

Mean depth

Unique mutations'”

Average mutation per genome
Total mutation count” (4 replicates)

Mutation frequencyy (x 10°)

2,606,469,600
20,237

22

3

21,238,300
8.15

" Number of different mutations found (presence/absence)

# Numnber of mutation reads
¥ Total mutation count divided by total bases read

variant718_Run2 | | minor variants
L L S 11.8%
variant698_Run2 -
1.1% —_—
variant514_Run2 —————
1.4% )

[ y
| variant472_Run2 —
15% [

| variant207_Run2
28%
variant23_Run2
19.8%

mvariantd_Runl
= variant514_Run2

m varfant23_Run2
mvariant698_Run2

— variant®_Run2
! 60.7%

= variantd72_Run
minor warlants

= variant207_Runl
= varlant718_Runl

Figure 3 Pie chart displays major variants of the first tomato cv. Rutgers plant infected with

CLVd Solanum-1

TL i 4

Figure 4 Position of major SNPs on the CLVd Solanum-1 secondary structure. The blue bar
shows the % prevalence of major SNPs and the position on CLVd Solanum-1

secondary structure
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3. 2IUINTTVRIUTZVINT quasi-species VDY
infectious CLVd Solanum-1
1ANITANBITTAUINITUBY quasi-
species 989 CLVd Solanum-1 WU variant
wananuaves CLVd Solanum-1 @1115040
nauld 2 nguudn Ao nqunaniivsznaudie
variant ounamueinulunzideme uavazdn
(tomato and bolo maka group) Uay NENTBY
fiusznaulusie variant stmuaiinulunzide
W31z (eggplant group) (Figure 5) laglungy
wdnusenouludie variant daulngfinuly

Uz UL AN UG Rutgers Lagdl variant9 Run2

=2

\Ju variant v (60.7%) Fauansagnsinataves
clade wona1niud8sdl variant wdnianuei
wuluugdn sameglunguvdnide (Figure 5)
Tnengundndandidousislaenssiu CLVd

'
1 a

Solanum-1 sequence sy Tuveingui 2
(minor clade) AANUFURUSNADUT19U9AU
Aunquuannguusnweaunds taslunguil
Usznaulusie variant nannenuannulu
A 1 [ . o w a

ULLUDLUS1E5UAU variant a1auseenwulu
UgLWeInANUS Rutgers 311474 2 variant (Wan3
LN ANALAY) WAL variant a1rusasnnuly
UgdNIUIU 2 variant (LaRsAI8RNANEYUY)
wanslviiiudn ngundnainana (fomato and
bolo maka group) 131U progeny variant
NALLINAAIANITNAIEWUGIN CLVd Solanum-1
. . a‘ 1% d‘ I [y} LY}
infectious sequence L3UAU LWBLTUNITUITUAD
TungaufunsiinUSUNua el uLLLI BN A
| =3 X P a Aan 1 &
fou sawdinsiulassaimpeginluauysel
Tinduinegluanin rod-ike secondary structure
auUninau antunduldladn Juie variant

Tunz@owaiug Rutgers gniuldidusuwuy

Tun19a%19 variant ndfifiaanumuigausu
uzdeiusz Wiefivendevindu 9) Fadunis
uanslAiuienUs g UBs progeny variant
ffnevfinfinlasendunaln quasi-species
NNAMTIATIN radiation phylogenetic
tree WU11 CLVd Solanum-1 sequence S
(WansdroLAI nuedinasudiniu) i
Tnsaadreionfiflianysalusnadais TR
domain iWeuselasmsaiiu CLVd variant9 Run2
(é’?ﬁ@gjmw‘hLLwﬁqqmﬁQﬂawamaaﬂdmwﬁﬂ) CARTY
progeny variant ﬁﬁﬂ%mmmaﬁq@ wazd SNPs
ai’wmuﬁaaﬁqmﬁm 2 BWNUS (SNPcigon HAY
SNP1720) Wein5alainyu CLVd Solanum-1 master
sequence lufivnaasudu 9 (isaunainly
szazl,'%'ué’usuaamiﬁm%a CLVvd Solanum-1
clone lunzi@aimneniug Rutgers lAANINangiug
FRUAUL SNP 1501 UAZ SNPa; 7oy FOU Lﬁa%\luwu
Tnssasmmegiiliauysalves CLVd Solanum-1
Falilmnzaudensindeuasiiiud3naiies
Winduunegludnwaglassasnsuniveslisesn
Fonanewiuguu CLVd varianty Run2 a1
9991¢e CLVdvariant9 Run2 \Ju template Tu
nsiiaUsinadluiinende ndsaniu progeny
variant Aifaumunsausuriafivefouas
dodefiwargnadistuin wagainn1slnsie
radiation phylogenetic analysis wanalsiuin
AsAALTe CLVd Solanum-1 lunziderusne
(s7ufangdn) sudusesende CLVA progeny
variant AsumzaInduugLdomaiug Rutgers
Fuusn feun1sad s progeny variant fividnzay
dndunzdess Tmadenndedfusenuues

(Tangkanchanapas et al., 2020)
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1806 Runa By

® : Major variants from 1* infected tomato cv Rutgers
_ + Minor variants from 1* infected tomato cv Rutgers
: Variants from tomato cv Seeda 50
: Variants from bolo maka
: Minor variants from bolo maka
@ : Variants from Thai round eggplant
4 : CLVd Solanum-1

Figure 5 Evolution of CLVd Solanum-1 quasi-species within different host species from the
neighbor-joining phylogenetic tree analysis. The major and minor variants from the
first tomato cv. Rutgers are indicated with red dots and circles, respectively.
Progeny variants from tomato cv. Seeda50, bolo maka and Thai round eggplant are
indicated with yellow, purple, green and light blue dots, respectively. The blue
diamond shape indicated the CLVd Solanum-1 original sequence. A tree was
constructed using MEGA version 7.0.21 with 1,000 bootstrap replicates and 50%

cut-off value
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4. anuauzlA3Ia319v99 CLVd Solanum-1
progeny variant

MNNFAATII SNPs UsINQUL CLVd
Solanum-1 progeny #&an (1% prevalence)
719 41 variant WU SNPs dns1uaw 11 fusms
Tavagiiuiaas TR domain $1uau 2 SNPs
P domain WU 6 SNPs lLag base deletion
2 fwe A uShIad TL domain Wu 1 SNPs
Tngusiaz SNPs finnudlunisusingiiunnsng
fu Suegiuviafivnaaoy uanaini SNPs 119
funisdsdenadelassaimisnivonie
CLVd Solanum-1 ¢3¢ (Figure 6) SNPcy1a vJu
nsnatgRuiudnduniafeafinuuu TL
domain Tne SNPs Haznuiamzluifodeluun
yosugBndudl 1 farwdegil 11.7% denayils
loop fiusians TL domain sumasummﬁlmujﬁﬁu
(Figure 6) Yaugfiusiaas P domain wun1s
ﬂaﬂﬂﬁuﬁjﬁﬁﬂ‘ﬁﬂéu 8 AILNUS LAWA SNPa7sc
SNP_73a SNPagic SNPazg7y SNPazgrg SNPy29ga
SNPU30sc bag SNP_s00¢ e?famsﬂmaﬂ’u'ofﬁgwmﬁ
Antulu domain hidswarfulassairmiend

‘U@QL%@ CLvd Solanum-1 uaamnﬁé’aluwu
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Figure 6 Structural consequences of major single-nucleotide polymorphisms (SNPs) of
dominant variants and mutation frequency (in percentage) per individual plant and
plant tissues of CLVd Solanum-1. The table shows the positions and domains where
mutations occurred with mutation frequency in percentage and the secondary
structures. The color scale represents a mutation frequency ranging from grey (0%)
over green and brown to red (100%). 0.0 = <0.1% prevalence, - = not present
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Figure 7 Rod-like secondary structures of four CLVd isolates: (1) Chaipayon-1, Chaipayon-1
variant 1 and Chaipayon-1 variant 3 (GenBank accession KM214216, MN921165 and
MN921167, respectively); (2) Solanum-1 (GenBank accession no. JF742632) and
all variants; (3) LP1-15c4 (GenBank accession no. JF446920); and 93007481 (14A)
(GenBank accession no. AY372392)
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ABSTRACT

Xanthomonas oryzae pv. oryzae (Xoo), the causal organism of bacterial blight,
exhibits genetic diversity and adapts continuously to overcome rice varieties with inherent
resistance to this disease. To effectively manage bacterial blight, rapid and high-throughput
diagnostic tools are essential for monitoring changes in Xoo populations across different
regions. In this study, we aimed to develop molecular SNP markers using data from
housekeeping gene clusters in Xoo. We analyzed 50 Xoo strains collected during 2008 - 2018
from rice cultivation areas in 14 provinces of Thailand. We designed Xoo-SNPs (single
nucleotide polymorphisms) to enable high-throughput multiplex detection based on
MassARRAY technology. Our research successfully developed 9 SNP positions derived from
eight housekeeping genes (Dnak; ¢lus, leuA, pyk, pyrH, RecA, rpoB, and tpiA). These markers
effectively tracked Xoo populations, representing 33 races prevalent in Thailand, within
a remarkable turnaround time of 2 days, excluding the sample preparation step. Furthermore,
our approach allowed the simultaneous examination of up to 45 samples per day. Notably,

the developed Xoo-SNPs MassARRAY-based markers not only differentiated Xoo strains
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based on their pathogenicity toward rice
varieties carrying the xa5 resistance gene
but also identified markers specific to the
geographical origin of the strains in provinces
such as Nakhon Si Thammarat, Buriram,
Roi Et, Sukhothai, and Chiang Rai. However,
no significant correlation was observed
between the SNP markers designed from
housekeeping genes and the race-specific

or disease severity characteristics.

Keywords: bacterial blight disease; housekeeping
genes; MassARRAY; SNP marker; Xanthomonas
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(https://www.biostars.org/p/177363) hagyin
reverse complement a1elUsunsy Seqtk
(https://github.com/th3/seqtk) Maisn15U94
FAN1 wazAy (2565) WWIsuLigudayaddu
thmdlelvavesdulungu housekeeping genes
wArEBIuEo198 SK2-3 Tagld ClustalW waz
MegaX 10.2.6 (Kumar et al., 2018) wiia w1
ANuLanasluasuinalolnealasnsneziily

Tusiazdy dnneenwuuiasamueluana SNP

3. N1SANLAINALILUY SNP

o oA a A '

AntaandunnuAlIuLanma1anlely
asuthndlelnduazninesily irdoyaddu
JandlelnavesdunAndsnuias1aunun
AMUFUITUS (phylogenetic tree) Liiadnngy
dﬁl o Y 6 Y & YV a
W8 Xoo 11U 50 @18UT Lazaneugon99s
SK2-3 waeumazdu #1835 maximum likelihood
AULULAaYDa Tamura-nei model (Tamura et al,
2011) @514 phylogenetic tree A28 MegaX
10.2.6 (Kumar et al., 2018) USuunsnie Figtree
(Schneider et al., 2000) AnLABNEUNAINUITE
WUINaUUTEYINITR Xoo Laraus 2 nauduld
waz1deyadiunie SNP uragA1unUaves

] a aAo oA Y o .

whazdunandenliuadna phylogenetic tree
sall Tag@kyua SNP va98unausawusla
Ags 2 nguIuly YIN100nkUULATBINLNY

laiana SNP

4. MIvaueTamIngluana SNP [iansa
1DAYINALA MassARRAY
o dill ] Y [ dy
U8 Xoo T 50 agiug Uhes
UN8IM1T nutrient agar (NA) UuliNgauugil
30 9. 1w 48 vu. afnsdwelagldyaarin
ALawod1593U Presto mini gDNA bacteria kit
(Geneaid, Taiwan) #339aUUTUILATAUNTN
oL uLeNannlanuIATes nanodrop 8000
spectrophotometer (Thermo scientific, USA)
& Y] Y v a & PN
PNUUUTUAULTNTUVDIALOULEN 10 ng/pl
s } 74 a @ %
MTIVADUANNANYTAIVDUAUFLAULDAEY 0.8%
agarose gel T¥nszualuy 100 Tad 1Jutan
20 W
dayadinuilindlolnavediumnis
SNP mmﬂaq':u housekeeping genes NfnALaDN
wreenuuulnsiues ysznouluaae PCR
amplification primer ke ¢ extension primer
Noonuuunl8lUsunsy MassARRAY Agena
Bioscience Assay Design Suite version 2.0
(Agena Bioscience, USA) $IAIN1599NLUULAY
WATITRATUAILULUIVDIUTEN 1agpDnLUY
extension primer T3 WIzAUSUNTNALAS
Auvila SNP F9ageginaniuagainevoidy
Insiwesusnalaty 3’ uagenafuuanuiiiu
Uane 5’ vaadulnsiwesiieusulmiinluiana
uagasduasginuussnuldila lulewma 91ia
naFeuIATINgliana SNP fisanuwuy
v a a dy o v 6
AUALULBYBNTD X0oo U 50 @neiug Ay
78N15%04 Gabriel et al. (2009) lngldyaien
PCR accessory set (Agena Bioscience) 11
o | a & PN I Y] a
AIDYNIALBULD NAIULVUVU 10 ng/pl tWY
USuauaeLA3ed thermal cycler (Eppendorf,

USA) gl 60 °¢. 3113 50 58U 9INUY
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o w

99 dNTPs Tiwdelunandn PCR daeni159
shrimp alkaline phosphatase (SAP treatment)
dINanan PCR u1vn1UfAsen single-base
extension Imamilﬁmﬁwm iPIEX reagent set
(Agena Bioscience) Fausznauluse ddNTPs
Atlunsneaufizemdsanveteianalelnd
TULiien 1 1 (single-base extension termination)

FuduMIeeIa thermal cycler (Eppendorf,

a

USA) Ngunnil 52 . 91u7u 45 58U U1
extension product udutndulsanng 29 ul
Lazt1§20819013AT ¥R NIARI8LAT B
MassARRAY Taenisiiy clean resin wazeiu
NaUU SpectroCHIP Array ietnruninaves
InsiuefAussgdunis SNP Jufinuansil
(peak) LAazA1lnus SNP 91AN15ILATIZAY
TyperAnalyzer #53980UANYNABINITEY
avesanuiandlalnaainnaiin MassARRAY

funaafutieale meainn1suinuIee LUy

5. X00-SNPs MassARRAY based ti@n5ns23
Uszang

thipTosmuneluiana SNP leanuuy
ﬂﬁﬂﬂa:ugu housekeeping genes A28LNATIA
MassARRAY 11UsegnAldlun1nsaafibnu
Usgrnaide Xoo F1uau 50 anesiug dudu
Funues 33 races ngldyntiien PCR accessory
set karIATIEVTOYALTIEUAUNANITIANGLIN
Fruvts SNP fananvaadie 50 aewusiild

370 Illumina sequence platform

NANISYAABILAZIRTO

1. dayadrduiqadlalnalungudu

housekeeping genes Y29 lua

292

mMalesiilseuiieudduiiandlotng
maa@ulumju housekeeping genes 31uU7U
18 Bu 9ndoyadlumde Xoo $1uru 50 @y
wug Fududunuves 33 races waruvadu

5 nguanuiuuUiseinisiialsaludng

Y

& 1

angiugauda (NILs) $1u3u 11 8u lngndu

A

o [ = 14 1 1
xa5 g4 UUTUNLAIIUATUNIULUUNING D

¥ o

Usgynswardudlng sniuelungui 5
= Y o a ! [ &
anunsaiviategu xas tnvdulvgduiie
= £y . =] [y
91N 2. 4B89318 wagglavie (Figure 1) Wigufiu

v I3

foyadusinanluilunvoude Xoo arewus
91989 SK2-3 WUSALULS SNP #30AULANATS
v99820alolna 91uau 11 8u laun clpA
DnaK gluS glyA GyrB leuA pyk pyrH RecA
rpoB wae toiA Tuwauedlinusiummia SNP 1
7 8u laun Efp FusA Gap GlnA proC rho uag
rpoD d@unisasuwladiudifunsaesiluny
Wiee 6 Bu lawn Dnak ¢luS GyrB pyk rpoB
uaz pyk wusumta SNP gafignituu 14 11
9 LA 6 AUNUIMINAIAU (Table 1)
1N51891UY89 Maiden et al. (1998)
WU N1Na1eRUglu housekeeping genes
fudwadnrurainnansuariTauinisves
aeufide uagthuldlunisnsieaeulaay
#1499 vesaeiufuuaiselulsznnsidone
Tsald edonndasfunisAnwannuin du
GyrB v aLie Xoo luuszimalne dd1umis
SNP 110l 9 funis waslinadenadoaiu
1891UUBY Hajri et al. (2012) fiwuaany
wanenunaelugy GyrB wagihandanguans
#uside Xoo MneLTenazueInIeenaINAY
1§ §98u GyrB danuiisadosiudunaunis

T1aomoue nsnateiugiazauaegly
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fuil 1Asadesfunisiuniudearsufiiug
(Jung et al., 2010) wenaINITImuRILI S
SNP lufu RecA deduiliindrfiiAsafunis
YOULILALDULD N1FTIUAIVBIADULD ¥NTINNT
uanseanlusziugehmtusiuiat 9 nelu
Flunnardu avr anfiunmssudiunslusad
Tonad danaliinisiauvesdudsuly Tnewy
eunateiugneludu RecA avdanananis

AalsAUBILTD Xanthomonas (Rabibhadana

Cluster

et al,,1993; Sukchawalit and Mongkolsuk,
2001) Tuauedt rpoD laimudiunius SNP
\osndusandniianueyinvgs ndhi
Adfinruaunisiadeuiivesuunditse s
FOUAUBIDANINATEA WAZAIINTUKTINIIAB
Tsn msnaneiuguestuiiagdsnanisnonsiad
HaUnG danaseausulssagauamsaly

ASYaneivanad (Xu et al., 2023)
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Figure 1 Dendrogram of 50 Xoo strains based on reaction to 11 NIL lines using neighbor-

joining tree method (highlight boxes = resistance reaction, no highlight = susceptible

reaction)
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Table 1 Number of nucleotide and amino acid variations of housekeeping genes and cluster

analysis based on nucleic acid sequence of individual gene

Gene Size(bp) Product

No. of nucleotide No. of amino acid No. of clusters by

variation variation maximum likelihood

clpA 2211 ATP-dependent Clp protease ATP-binding subunit ClpA
DnaK 1926 chaperone protein DnaK

Efp 552 translation elongation factor P

FusA 2073 translation elongation factor G

Gap 1002 glyceraldehyde-3-phosphate dehydrogenase, typel
GlnA 1404 glutamine synthetase, type |

olus 1404 glutamyl-tRNA synthetase

glyA 1254 serine hydroxymethyltransferase

GyrB 2445 DNA gyrase subunit B

leuA 1476 2-isopropylmalate synthase

proC 861 pyrroline-5-carboxylate reductase

pyk 1401 pyruvate kinase

pyrH 723 uridylate kinase

RecA 1035 protein RecA

rho 1890 transcription termination factor Rho

rpoB 4152 DNA-directed RNA polymerase, beta subunit
rpoD 1890 RNA polymerase sigma-70 factor

tpiA 756 triosephosphate isomerase

1

o

O O O O W
~N O B O O O U1 O O = O U1 O O O O N
W = WL, DN O, N PN W R P, P2 N

O N O~ » O8O~ v~ R

—
—

2. nsAaLtaanAIuvlde SNP 3 nngudy
housekeeping genes
nMsiteyadifuilinilelnives
ﬂﬁjugu housekeeping genes Uuﬁiumaﬂl,%a
Xoo 50 aneufifieuiiu Sk2-3 fifmdenls 11
gu 11@519 phylogenetic tree Wu31 d 10 8u
laun Dnak eluS ¢lyA GyrB leuA pyk pyrH
RecA rpoB wag tpiA @unsakuInguuseInsg
Felddaud 2 nguiuly Tnedauduiusi
yanfienansunasfiunvestonasanuduniy
Tsau1aBu snfudu clpA Alvinanisutangs
Uszannsideliduiudivdde Tnedu pyk Tina
mMsutenguldiunignd i 6 ndu (Table 1)
fu GyrB anunsontadessnidu 4 ngu wut
olunguil 1 uay 4 Huideiinlu 4. glute
wardesidawintu (Figure 2A) d2udu Dnak
ansouvsdeeendu 3 ndu wui Welungu
fi 1 Hudofinulu 1. glute uasdelunduil 3

¥ '

Junquireiunain 2. Weds1e uazidviane

o—

v

WSTNINAEUAIUNIU xa5 161 (Figure 2B) 34

294

deoniie 10 u wasidunis SNP fiwuluus
azdumndmdeniiioldlunsiauied ssuneg
Tana SNP Ingidiumiia SNP fanany 91udu
Tedw 54 fumia 1@ phylogenetic tree
diednnguide Xoo 50 aneiiug

911 SNP 54 #unia fiiiuamaaey
WU 3 SNP L8 991UU 12 A1unue Ty
housekeeping genes 41U 10 BuUsznaunY
1AWA Dnak ¢luS ¢lyA GyrB leuA pyk pyrH
RecA rpoB wag tpiA (Table 2) GRIRED
wlsnguuszainaidedus 2 nduduly 4
auduiusfunendamansunasiinivonde
wazaudulsaueBu liun SNP fishumia
161 ¥898U Dnak @1u13akUsnguLT000n

a

Ju 2 ndu daudelunguil 2 0udoann
3. Jesefidnngvihanednifgudunu xas
(Figure 3AX) 1ufienu SNP Fisumia 511 99
U pyk (Figure 3G) uaz SNP fis e 153 veq
81 RecA (Figure 3)) Tuwausdl SNP Aigumils 659

¥038U eluS (Figure 3B) uaz SNP fisuvis 1962

1138193879 T 42 afuft 3 fusneu - Sunnaw 2567



¥938u GyrB (Figure 3E) @runsandaidoly
Nl 1 7i3nan 4. glavield dau SNP fisumis
1020 9098 glyA (Fisure 3C) waw SNP s
3593 4038U rpoB (Figure 3K) d@1unsaulaie
Tunguit 2 71910 9. y33ud Tuvnigd SNP 9
AU 1602 9998U GyrB (Figure 3D) uay
SNP fisunus 718 weedu pyk (Fisure 3H)
annsouvsdelungudl 2 fianan 1. Soeidald
dnu SNP figuania 144 9038y pyrH (Figure 3l)
waz SNP fisumia 337 vesdu tpiA (Figure 3L)
mmmuﬁm%alumjmﬁ 2 flarann 1. UATAR 53T
Sefmdonsumis SNP anduis 10 Busanan
mﬁeumm%lawmsﬁ,uLaqaﬁm%"ummL%a X00

Aewmala MassArray aaly

3. Lﬂ%’lawmﬂhmqa SNP nnn&a housekeeping
genes Lﬁamﬂm%aﬁwtwﬂﬁﬂ MassARRAY
U93a SNP 91u3u 12 duvis 970
housekeeping genes 91131 10 8u (Table 2)
1uneanwkuu PCR amplification primer Way
extension primer Lﬁaiﬁﬂumimam%a Xoo
AemAllA MassARRAY Wu11 PCR amplification
primer 193U Av0INandn PCR aglutiq
92-140 bp (Table 2) way extension primer
Tdminuasluana mass (Da) fissiu il
thin3eanuieluiana SNP 9 12 Frunia
umnaaufufLEuleveside Xoo $1uIu
50 anoiug nudn Mifissadesmneluana
SNP 113 9 fuvia (Table 3) fig1uriiniin
luanavesualdgnéas lagwu analyte peak
unlnguagliiin extend peak LAaMaNES
PCR 1A (Figure 4A) Liigndosdnuiu 3 diumnis
15U 12 glyA 1020 01 GyrB 1602 uaz 01 GyrB

1962 LAin analyte peak Yu1ALAN LavLin

extend peak vu1alng La3oanangluiana
SNP lalgnansaasawandn PCR 16 (Figure 4B)
Tnanudnd 2 lu 3 duwisilldanunsadiu
dnifnlaanavesvaldluuisge Salidifa
analyte peak taziin extend peak vuAluegY
(Figure 4C) Festsanansdiii tilesarnnasi
inseaneluiana SNP lianunsaadiananan
PCR 16 wagn159uiuLeues primer-primer
dimer (Gabriel et al,, 2009) srsiiludunounis
ganuuulnswesnunsudafeuilnsuesil
ausnguIalagnaes axdllenaliin extend
primer dimer saufulnswesduluseiutonds
Urunans Feanmsdneiinudt nsesnwuy

v o o [

lwuuaﬂﬂu?qaﬁ’mmamiumi‘m multiplex
assay F18LNATA MassARRAY AI51ANLAE4
N15LAA primer-primer dimer A1 Tm S%‘Vﬂf%‘if;j
Iwsiueslialsareiuuinndn 4 °. (Nyasinga
et al, 2019)

wanaliiAudninala MassARRAY
anseinszidoyatmiinluanaveuavos
o Xoo IHegnegniins warldduauminniey
Auluas1atAea (high-throughput multiplex
detection) nsruwalantelu 2 u lutdusiu
Funeunisinleudiuievande lnslude
1 f29819 @aru1sansiageulandouniunu
9 lwsiuod Snnadensaaaaulduinis
45 feg19/5u Mszeziiantdesndn e
Wisuisufumaiiadu o vy nslddan

areiugaunandoslyssasiiaissuu

Y
[

2 LAPU/LTD/A19819 N1SEENANA PCR 7

3

As19aaUlAAsIay 1 INSas wasn15IATIEH

v

Taya SNP 93l uNNADI91AuAIULTE IV 5y

NAUTIFITAUNA  (Waeds, 2552; USAun
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WagAME, 25580; Twsne harAE, 2562; zj%m 4. Xoo-SNPs MassARRAY based Lﬁami

wavAY, 2553; 7Y wavAy, 2564; SAuN A393U3LYINT

waTANY, 2565) fatiu LAsesnuneluana SNP NAN1SATITUTLIING WU ATURI

, o = a v o ¢ o 3
HONITATINNLAL T IUNUTLIINTLTO X00 V84 SNP 1R33NV L AN FUNUTIINIENY

I a & | a Ao ¢
IANA MassARRAY ﬁﬂﬁﬂisﬁ%%quﬂumi LUBAINUNVDIYD LYU V. UATAITITUINY Uﬁillﬂ

) o % 3 @ - o o
ATIAANIUNTUABULAIUTEAIN TR TIUIY Soutdn glaily uazifuesty uasiatemng

a

- & [d ! A !
wanemogansau q Auldluasipeiu Luanaiiansnsausni¥erdu 2 ngu fie ndu

GryB DnaK

A B
Figure 2 Phylogenetic tree clustering based on nucleic acid sequence of selected
housekeeping genes of 50 Thai Xoo strains, (A) Phylogenetic tree of GyrB gene,
(B) Phylogenetic tree of DnaK gene

Table 2 List of twelve SNP primers from housekeeping genes for SNP-Xoo MassARRAY based

primer development

SNP Gene SNP SNP Amplicon
Remark
name name  position (reference/alternate)  size (bp)
Separate members from Chiang Rai and infected IRBB5 (xa5) except 2
03 DnaK_161 DnaK 161 G/A 130
- - isolates (60XOCRCSL5-2, 59XOCRMS1-9)
18 glus_659  slus 659 A/G 92 Separate members from Sukhothai (SK2-3F, SK2-3M, SK2- 3R)
12_glyA 1020 glyA 1020 G/A 114 Separate members from Buriram (3XOBR2-2, 3XOBR5-1, XOBR2-2)
01_GyrB_1602 GryB 1602 G/C 109 Separate members from Roi Et (2XORE1-14, XORE1-1)
01_GyrB_1962 GryB 1962 C/A 133 Separate members from Sukhothai (SK2-3F, SK2-3M, SK2- 3R)
Separate members from Chiang Rai and Sukhothai, infected IRBB5 (xa5)
15 leuA 120 leuA 120 T 115
- - except 2 isolates (60XOCRCSL5-2, 59XOCRMS1-9)
Separate members from Chiang Rai and infected IRBB5 (xa5) except 2
14 pyk 511  pyk 511 G/A 130 )
-0 isolates (60XOCRCSL5-2, 59XOCRMS1-9)
14 pyk 718  pyk 718 C/A 105 Separate members from Roi Et (2XORE1-14, XORE1-1)
17_pyrH_ 144 pyrH 144 AG 93 Separate members from Nakhon Si Thammarat (XONS2-1, XONS3-2)
Separate members from Chiang Rai and infected IRBB5 (xa5) except 2
07_RecA 153  RecA 153 G/C 98
- - isolates (60XOCRCSL5-2, 59XOCRMS1-9)
09_rpoB_3593 rpoB 3593 G/C 100 Separate members from Buriram (XOBR2-2, 3XOBR2-2)
10 _tpiA 337  tpiA 337 T/C 140 Separate members from Nakhon Si Thammarat (XONS2-1, XONS3-2)
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19-sha 688
T

Figure 3 Phylogenetic tree clustering based on nucleic acid sequence of individual SNP
position of 12 selected housekeeping genes of 50 Thai Xoo strain, (A) DnaK at
position 161, (B) gluS at position 659, (C) glyA at position 1020, (D) GryB at position
1602, (E) GryB at position 1962, (F) leuA at position 120, (G) pyk at position 511, (H)
pyk at position 718, (I) PyrH at position 144, (J) RecA at position 153, (K) rpoB at
position 3593, (L) tpiA at position 337
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Figure 4 Types of the difference peak intensities base call of SNP primers in the MassARRAY

assay, (A) Correct base call primer, (B) Miscalls primer, (C) No-call primer

& I o v Aaa v
Wodrulngvina U1 NNBUAIUNIU xa5
- M 1o v Aaa
waznguiediulngluvitanediiniigu
AU xa5 witAeanelulanaraiilig
ANuduRusAvaeiugvendem1vinatuly
aa o = a ¥ U
kUag UNd1599 M98¥UAYDY race doARRBdNU
N15%11 phylogenetic clustering YBIALNUIVDS
v A v .
%a;&a‘mlﬂmﬂ Ilumina sequence platform
(Table 3) wagn1swusngulagld SNP F1uIu
21,181 FUNUS $833 neighbor joining way
PCA (3711 wazay, 2565) agnalsAnuilaniny
WANANAUTIEIIUTDL Aung (2017) NDDALUU
w3oanunelaana SNP nfunuelungy
race uay lineage A9 9 fu tialdRnnIuNgy

a

Usemnaite Xoo luiAUTud nuyalnsiues
PONUUUIANUTUNILAD 3 lineage AN lAwA
PX-A PX-B PX-C oz 4 NQUeaauad PX-A Uag
PX-B 9899U5291n5:88 Xoo AnuluNauTud
waza1utsadnuiltgnsiaasulalainazdns
wuuany (bacterial oozing out) AMNAVEHI4
Tundulsald FslunisWannesomngluana
X00-SNPs MassARRAY based Tudunaumaly
o an v P
21917355 MaNswIuagIINtuM TulsAva U
TUwAILMAEU LNDAATUNDUNITHE NLALLAY
dil’ Y a é 1 v a <
WwaliuTansneunisannmduLe
AsEnEIRwans AU Idne N INYD
X00-SNPs MassARRAY based @1415ulin579

298

a dy !
ANMIUUTEBINTLTD Xoo 158 clone VBIAY

¥
v & A

= ' & A A )

Wudiwenssuiatukiasiiuilunsinfelfiu
a8l AsuAsslauNanIT AT IERa1AU
Tra e IAianIAILIULY SNP wagn1sILASIEA
SNP semefia PCR a84lsAnnu nsialeS e
lutana SNP 198n1kuua1n housekeeping
genes 1 91ANUVIIAATUNITATIVAANIY
U5291n5:70 Xoo NUANUNAINNATIYNI
WugnsTuaaziinsnateiugduuan vinli
aoaldiuiuiaseanuneluiana SNP nane
° ! A v &

puniaiieliaseunguuszvnsiiie Xoo

Y1990

dyUnan1Inaasg

NITAALADAAILAUS SNP 12 A9
310 10 housekeeping genes 1aun Dnak
gluS glyA GyrB leuA pyk pyrH RecA rpoB
waz tpid diteldlumsinauussnside Xoo
aisraelsAvaululie femATla MassARRAY
wulA3eamanelaana SNP §1uau 9 Aums
(75%) fiausnguinidnluanavevald
gnAed Lin analyte peak vunlngiuazliin
extend peak laginalla MassARRAY @14156)
Ansgideyatmiinluanavesuavene
Xoo lagruruuinuarwisuduluasiatien

Tdszazaites awnsansiuwatanielu 2 Ju

1138193879 T 42 afuft 3 fusneu - Sunnaw 2567



Tngliitusmduneunsseniduevents an
Wedtanansansiaaouldunia 45 fheg/u
m’%lammaimaqa X00-SNP MassARRAY based
$1u7U 9 fue flenuuuaIn housekeeping
genes 91U 8 Bu LAWA DnaK gluS leuA
pyk pyrH RecA rpoB Wag tpiA @1d1s0n939
Usz1n3L80 Xoo $1u2 50 maﬁ’ué%uﬂu
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Table 3 Summary results of twelve SNP markers for genotyping 50 Thai Xoo strains based on

MassARRAY technology

Genomic DNA of 50 strains

SNP primer Gene SNP Reference Alternate

Potential of

Miss call ) Remark
name (ref/alt) allele allele SNP primer
A frequency
frequency frequency
8 Separate members from Chiang Rai and infected IRBB5 (xa5)
03 DnaK 161 DnaK G/A G 100% (37/37) A 100% (13/13) / .
- - except 2 isolates (60XOCRCSL5-2, 59XOCRMS1-9)
18 gluS 659 slus A/G A100% (47/47) G 100% (3/3) / Separate members from Sukhothai (SK2-3F, SK2-3M, SK2- 3R)
c Separate members from Buriram (3XOBR2-2, 3XOBR5-1, XOBR2-
12_glyA 1020 glyA G/A G 98% (47/46) A 0% (3/0) 8% (4) - 2)
01_GyrB 1602 GryB G/C G 58% (48/28) C 50% (2/1) 42% (21) Separate members from Roi Et (2XORE1-14, XORE1-1)
01 GyrB 1962 GryB /A CO0% (3/0) A94 % (47/44)  12% (6) Separate members from Sukhothai (SK2-3F, SK2-3M, SK2- 3R)
Separate members from Chiang Rai and Sukhothai, infected
15 leuA 120 leuA /T C100% (16/16) T 100% (34/34) / .
- - IRBB5 (xa5) except 2 isolates (60XOCRCSL5-2, 59XOCRMS1-9)
Separate members from Chiang Rai and infected IRBB5 (xa5)
14 pyk 511 pyk G/A G 100% (37/37) A 100% (13/13) / )
- except 2 isolates (60XOCRCSL5-2, 59XOCRMS1-9)
14 pyk 718 pyk C/A C100% (48/48) A 100% (2/2) / Separate members from Roi Et (2XORE1-14, XORE1-1)
Separate members from Nakhon Si Thammarat (XONS2-1,
17 _pyrH_144 pyrH AG A 100% (48/48) G 100% (2/2) /
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10_tpiA_337 tpiA T/C T 100% (48/48) C 100% (2/2) / XONS3-2)

A: The number of isolates in which a given SNP allele was identified

B: SNP markers can detect Xoo strains and show specific results according to the primer design

C: SNP markers show miscall and no-call results and cannot detect Xoo strains in some positions
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Colour and Odour Characteristics of Local Durian Varieties

in Songkhla Province
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ABSTRACT

The information on colour and odour characteristic of local durian varieties in
Thailand are limited. The objective of this research is to investicate the physical and
chemical characteristics of 7 local durian varieties from Songkhla province, namely
Supnasaen, Phikunklin, Aileuang, Lepyiao, Muktaam, Nomsao, and Nomsod. The study
utilized scientific instruments to collect data that could serve as a basis for promoting and
selecting durian varieties in the future. The flesh of all seven varieties was analyzed for color
using a colorimeter, elemental composition using a CHNS/O analyzer and volatile organic
compounds (VOCs) using headspace solid-phase microextraction (HS-SPME) followed by
GC-MS analysis. Yellow index values were found to effectively and rapidly indicate the initial
differences between each durian variety. In terms of elemental composition, the highest
carbon and hydrogen content were found in Supnasan (44.42+0.20 and 7.04+0.04%,
respectively), the highest nitrogen and sulfur content in Nomsao (1.49+0.02 and 0.11+0.01%,
respectively), and the highest oxygen content in Aileuang (48.12+0.22%). The results of the
odour analysis revealed a total of 52-74 volatile organic compounds (VOCs) which
categorized into 18 functional groups. Specific compounds were unique to certain varieties
such as; Aldehyde was found only in the Aileuang variety, Azine was found only in the
Muktaam variety, Diene was found in the Supnasaen and Lepyiao varieties, Ether was found
in the Nomsao and Nomsod varieties, Oxazole was found in the Muktaam and Nomsao
varieties. Thiazole was found in the Aileuang and Lepyiao varieties, Pyrazine was found, but

volatile sulfur was not found in the Phikunklin variety, Carboxylic acid was not found in

Y driniasesioinenrnanuazmIvagou uminenduamaiunsuns 3‘1/18%%1%1@1‘1/1::1"1' 2.897a1 90110
v Office of Scientific Instrument and Testing, Prince of Songkla University, Hat Yai Campus, Songkhla 90110, Thailand.
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the Lepyiao variety and Terpene was not
found in both the Supnasaen and Nomsao
varieties. Esters and sulfides were the main
functional groups providing odour across all
varieties, but in varying quantities. Results
of this research demonstrated methods of
physical and chemical analyses that can be
used to promote the cultivation of durian
varieties with colour and odour profiles

preferred by consumers.

Keywords: odour; local durian; Songkhla;
chemical compositions; gas chromatography-

mass spectrometry
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wialasunlnns vl (GO u 78908 uag
wiaaUnlnsfites (MS) fu 70000 (exsieiy
FTUUNITAAFITUUYU HS-SPME LUULIUNE
Srluifves PAL RTC 120 N15uenansvedades
GC vzldmaduuviln HP5-ms 30 3. x 0.25 3.
i.d. x 0.25 lulasiums (Agilent technologies)
whadideudunfanidnsiiva 1.0 ua./u1i
gaumgiigeunuulusunsy 13udy 35 *u. A
3 Wi antuiianty 3 /i auld 70 o,
Al 10 Wit Wiy 8w unit auld 200 °w.
AsTl 5 W7 waLinTy 20 */und auld 240 .
anvheasl 2 uil Fhdnasudsiiedadan 1:10
Frgauuglivhdnarsuazdrudoudentng Ms
(transfer line) 230 °%. Way 250 °%. AIUAIAU
duvos MS iiufeyauuaaidnaduilddoud
W7 0 Prauaawnwsuduan 30 d9 500
wiafaUszy nateyanuaanasuusaziia
(peak) unlUiiguiugIudoya Wiley10 waz
NIST14 Lileszyrinansusznauiisefuay
WLBUNINNTT 70% (Stein, 2014)

4.2 MSH3YUE1TAZANYD19DY LAZA20E

iloniFou

NSLASYNANTALANYD1984 (IS) AU
AMILTNTU AALUATIBN199N Aschariyaphotha
et al. (2021) lngWSEUENITALAUIATFIUNTA

M@e3N (valeric acid) CASH: 109-52-4 (Alfa aesar,

306

Massachusetts, USA) A210L3u31 100 Un./a.
U513 2 wa. lufwhavaetunmnnlesey
(O luraenaUsuun 20 U8, LW3eUfIagI9
dmsuiiasedt lnedaidonFouanuruds
wiazsag1aUIu 2.0 0. Tdluvinanaile
dDaadnaunn 20 wa. Neligamgiivionins
Aaszkeniuasazatedneds (1) Telwues
dmSugaduansvila 50/30 lulasiunsDVB/CAR/
PDMS (p/n: SU57298U, Agilent technologies)
galyimnaihinsiesgsianslyinauiialuana
ligaunléd uazanunsogadulifsasiuas
Wifi (Chin et al, 2007)
4.3 msannanslvindu

afnanslindu Tneviedhaidoniou
anutuds (a1nde 4.2) v lsigumgiaunad
35 °g. fiumegaluvinignaiyuu 30 uii 19
Iwiuesunamzquedsduiiogaduaislrnauly
YImenay w1y 30 Wit udnhlvluesiigady
aslumensgaduiihdnansveaados GC-MS
flgumadl 230 *o. 1utaan 2 udt ¥imsuen
paAUIENOUMELIATBY GC Lagseysindig
wiaanesuUIeuiisuivansaraeuInggu
$1989 Wnennadsiiatnaisagsiaruazenn
luesdgaaufeuiiaitauazen
(conditioning port) 15 Wil Vareuwasnds
n15lgau dmFunisAuIuANLTNTUYeY
ansdunIdlinduiiensivTouiiiounauile
wiazaneugAnLUaINIave Ascharlyaphotha

et al. (2021) WAANIAIAUNTS
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AT X Vlsx CIS

Cr-
T A xw

a Y v a aeal 1
Cr A9 ANUITNTUIBIENTDUNSENaula nie un./nn.
Ar A9 NUNTAINIINUDIANTNATIAINU (peak area)

= a ¥ a 1
Vis A USumsansazauenedsluninenails e a.
Cis fip ANMNLNTUANTara188198sluvInLERaLUS WY Un./a.
As Ao NuNlinsmuesaITazaIue198s (peak area)

a 5 o & a g v |
W, Aa Umtinilenseuntd viule nn.

asdunidinmanuifisuiugiudeya
94 Wiley wag NIST aunsaszyioasusynay
Suniduianig q lanruinagiaauimilou
1NN 70% Fadunasinnanilieufivangay
ARanTuNInIFIURaTNALLLAEULTIYR VBl
an3goniing (Stein, 2014) wagthiuiildnsm
yasansfinsanumuasdulsinannududy
o siUSsuieusesaunIsues Aschariyaphotha
et al. (2021) usiazwdndadunisnndasuu

AIENISLTBUAUAITUINTEIUDIDY

NANISYIAABILAZITO

HAN1IANYIAIRE 1T B UN UG UTY
7 g dnaautinienienimuaziaiiveiile

"
NIDUUSLNA P9t

1. fvauiloniey
MNeENdeIganssAtaneslovoiie
YLIEU WU Seuiu§aUuIkay Winandu
ldwmdeuaziaunien filedidesduda
WINNITUGYNNNDT UNaN wazuuan (Figure 1)
=T & = 2 a = 3
FedwidadlullenSeulandaUsnaualsiueed

(Wisutiamonkul et al., 2017) kagusuananyeue

mamwﬁﬁﬁuamﬁﬂu (Charoensumran et al.,
2021) nnmuusle 3 nqu fie i uduves
wudauwnau finandu uagldivdes ndeves
Wuglduinden wazndesdouvosiugynmien
WA UATUNER

v A A

INNNTIATIENAN %ummmaauﬂu

(%
a A

1 =l =l & 4 5
AEY1-AL1a 03 (V) VDINLIYUNUUIUN
7 9ug wudn danusnsvesendeyluyie 4.6-14.2
NASINAIIUATG 61.8 (Table 1) A1 L* daAn
ANUANIUT 0.02-5.8 TANATINAINUAT
10.8 @1uAN a* TAMUANGIUYI9 0.1-4.3 AU
ANNAN 12.2 UagA1 b* A1Adusgegludie
2.6-7.8 HASIUAMUAIG 30.5 1AAIAINUANS
| A aA o % ) a
04A1AN TRl LALNATINAINUAIIA LA LY
1 1 a Y @ 1 & Y1 oA
LAATAE WAASLLIAUIN ASLABNTGANALUU VI
lunmsduunyiseuiiudu tewnlvdeya
1 lﬂlv 1 1 =
ANUUANANTITALAU WazgenIIAELUY b* a*
LAY L* AUEIAU
1 1 1 = d' %3 ¥
ANNATANUAIIVDIAIENTALS LAy
NATAINANNANALA L ULAALANE LanslALIAuLN
= L7 = o a
Arssdanldadwuy Y Tun1sdwunyseu
Wty 1iesan Tdeyannuunnsnsndaiay
WAZgINIANELUL b* a* uag L* aua1diu
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(A) (B)

(E) (F)

© (D)

(©)

Figure 1 Color of ripe durian flesh of 7 local durian varieties from Songkhla province when

observed under stereo microscope (Leica M20) 20X; (A) Supnasaen, (B) Phikunklin,

(Q) Aileuang, (D) Lepyiao, (E) Muktaam, (F) Nomsao, (G) Nomsod

Table 1 Mean+SD (difference) of YI, L*, a* and b* color values obtained from local durians

pulp of 7 varieties

Color Local durian varieties

value  Phikunklin  Supnasaen  Aileuang Lepyiao Nomsao Nomsod Muktaam

vl 93.7+32"  795x34°  728x27  623+18 492437  365x1.0°  31.9+10'
) (14.2) 6.7) (10.5) (13.1) (12.7) (4.6)

L* 721209"  79.73x09°  78.0+1.8°  79.75:51°  82.9:0.7  80.0+3.2°  79.8+1.1°

(5.8) (0.02) (1.8) (0.04) ® (2.9) (0.2)

a* 11.8:0.8  7.5:0.6 5.5£0.6° 1.4+0.1° 1.7+04°  -027+0.06°  -0.32+0.06'
) (4.3) (2.0) (0.3) (3.8) (1.7) (0.05)

b* 463x2.1"  423x19°  378x1.1°  33.6:10°  25.8:21°  18.4x02°  15.8+04'
) (4.0) (4.5) (4.2) (7.8) (7.9) (2.6)

Yl= yellow index, L*= lightness, a*=red-green intensity, b*= blue-yellow intensity

" Different superscript number indicate ranking order of decrease value within the same row

Ad Yl L* a* way b* WJusyuuiednd
AudNRUSAUNITUB LTI Ywd (Martin,
2015) nM3inA1dvesSeunuiIune 7 g

! [ = dy a I
NUIT ANYUSLANISUBIALUBNLITUNAINY

wansneiuluauusasiug s unuinaniu

9 9

fA1 Yl L* a* uag b* geaailaiUSeuiieuiu

q

an 6 Mug LileLiguius1e91uves Tifani et al.

308

= v

(2018) M IvuRuGNeN15AT Lawn Wug
NUBUNDY wazyedl L* 1 71.09 uay 72.98

a* 1A -3.40 kA 2.11 way b* i1 15.88 way

[y v

26.72 aud1su L* Felndimssiuniseuiu

'
a a 1 1 v

Aa v sal
NNANAU Iumﬁu%‘ﬂaﬂ 6 WUIHAT L* g9n31 WU

q 3 U

2CNa, 2N

finandu avuiwau lowmdes 361 a* gand

Y
ISP s

lurauean 4 g a1 a* InalAsaiseuiug

]
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WIBNSAN @UAN b* YaINuUSANanay auunwau

9 9 9

19wmdene Aumdel dA1a9n1 Tuvuenan

ALAUINLIYUNUTNUDUN DY LA

[
v a =1

grdl wanaliiiiud nguiugmsouiudiu

9 9

o

3. @svarnfnerdiulugininuainsvia (L)

& A

A 1 a v
WaLAULRABY (b*) UINNITLTYUNUGLA

]

A15AN

2. Giunasafiilussdusznavvaaiionseu
a v [ = a

NMIBUNUGAUUILEY HUTUI0U510)

Asusu uazlalnsiaugean 44.42 uaz 7.04%

PuERU (Table 2) fuguuamiivsunalulasiau

(1.49%) uazdawles (0.11%) gean Tuvasi
lowdesduTuueanBiaugegn (48.12%) lag
thviin s1mAnSuBLiURIaIATiguazanan
HasauANNA1eRINnIlulaslaukasdailes
1AgINATINAIUAIG 2.90 0.68 wag 0.078
pudIFy a5 UTIINsIAMINI
foyafldnduunyiFou sinasusumazan
Tunisdwunnidou Tuvuzilalasiauuay
pondiauenafinasuniuainaudulusening
N53LAT1EY (Oyinloye and Yoon, 2020) 34l

winnglunisdiunduuniugyiseu

Table 2 Typical data on ultimate analysis of the components in local durian pulp

Durian Percent by dry weight, mean+SD (difference)
varieties Carbon Hydrogen  Nitrogen Sulfur Oxygen CHNS/O
Supnasaen  44.42+0.20 = 7.04+0.04 = 0.87+0.01°  0.033+0.002 45024006  97.38
) ) (0.07) (0.013) (0.21)
Lepyiao 4354+021°  6.66x0.03°  0.94+001°  0.047+0.002° 44.35:004° 9554
(0.88) (0.03) (0.003) (0.67)
Phikunklin 43.44+0.08 > 6.99+0.02° 121x001°  0.050£0.002° 45274029  96.96
(0.10) (0.05) (0.28) (0.002) (1.81)
Muktaam 42.85+0.03 °  6.89+0.08°  0.98+0.03 "  0.089+0.003°  4523+022°  96.04
(0.59) (0.10) (0.023) (0.04)
Nomsao 42.76+0.05°  6.69+0.02 1.49+0.02 0.11x001 '  43.60+0.12  94.65
(0.09) (0.02) ) (0.75)
Nomsod 42.19+0.08 °  6.71x0.01 '  1.00£0.02°  0.052+0.004 *  47.08+0.10°  97.03
(0.57) (0.18) (0.004) (1.04)
Aileuang 4152+0.06 = 657+0.01  0.81x0.02 0.056+0.002°  48.12+022 97.08
(0.67) (0.09) (0.033) )

" Different superscript number indicate ranking order of decrease value within the same column

Waegunuauideues Zhou et al.

s

(2021) A51891u31 Wuswed nzaunos uay
waeudl AmredandudvesUszinalng
JUsuraua1suou lulnsiau wazdaines
939 42.07-44.15 0.66-3.38 way 0.04-0.22%

AUAIAY NANITANYIY WU RN

Owiane TUSUuASUBURINI AB 41.52% uas

guuLauyIIaAIsuougIndt Ao 44.42%

1 A

karUSunudamasaInin Ao 0.034% Tuuazi

an 5 Wug wlasumtinuessinegludiaien

s A

Auateiugiien1sa laadeyaeiAlsenay

9

A ¢ al

as8un3dntaannisfnulndifesiunseu
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v 3

- % = &
Wugien1sAmveslsemealng aenainazidu
Uszlovilunisidugiudeyavesngumsou
WUt e 9. awan Yeyaeiiusenauansdunse
v @ o a I o A
Faudulszlovdlumsduunniseunnuvasida

(Zhou et al,, 2021) vosUsemealneldludosdu

3. aedUsznaUNAY
3.1 wiaasusznauduvidinsiany
peAUTENaUTBINAUMTBURUT LT
7 s sufteusaaiunedusiomaiingaany
Wisuiugiudeyared Wiley uag NIST a11130
szyBoansusznavduniduindig q Juia
asdunidszivednodeuanadnuarvednay
WANAIAUAINNUTILSEUTENING 52-74 viln
Tnesiugauuuau finanau 18wmdes UM
UAANDT ULAT LazuNan WUYTAA1TBUNTd

FELNYI189T1UIU 74 65 60 72 53 52 A

€

72 %ia mudIdu Fednnunauvg e dule
1111 13 12 13 12 uag 12 vgflandu audeu
(Table 3)
3.2 USuauansduvisdnuviianyilendu
ANYULVRINAUNLARNIDBNUIVDIVLTUY
< a Y v .
Wunaanvllauazanududuars (L et al,
2017) oAU N uveaNTdunsdusiaz
a da s o ~ Y Y v
yipniingilandumiouduunuiniuaglaniy
WudusIu (Table 3) UWAAITIUIUTINYBY
a a A 1 & o A v
a159un3 vy fendunilauny (number of
compounds) luusiagviflaiduvessiegns
TnssafravesansdunIdninyileddu
LRBTU UAAISNYAZTOINAUNAAY 9 (U
Lazuanenduiiaisiuile Snyilsddusiaiy

o

(Genva et al, 2019) L@Jawmsmwﬂqﬂ%w

nuamzluniFeunudiue 7 Wug nudn ny

e

Henduwoanlan (aldehyde) ndunoudu

310

(Genva et al., 2019) wutan 1z WugloLnioq
wadu (azine) nduaruanies (Sujang et al,
2023) wutanIzwugynn1e1 ladu (diene)
naureuAa1ad1Ine (Lu et al., 2023) wuly
o & o = = ¢ 1%
uguukau wazidumge 8wmes (ether) i
nduneunazguidntsenuluiuguuand

waruuan aanwlea (oxazole) Tndulung

|
1 o

2023) nuluiugunnIe1 uag

99

(Sujang et al,

a1 eglea (thiazole) NAUAATYLLDENY

(Tao et al, 2014) wuluwuglondes uas

[ a

I3 al' a . a
WuLnBe? w1 (pyrazine) NAUAA1BNTN

v

neIn (Li et al, 2012) wulawizRuginan

- DD
=

a

waliwuriuedu (sulfur) Nindugulufinaniu
NSAANSUBNTAN (carboxylic acid) MYundu
AAeTa (Li et al, 2012) Tinulwiudidumden
woesUu (terpene) Midundunsuslsun
(Sommer et al, 2022) laiwuluiugguuiuay
UAYULEAT

@ P a 5 v & a a 1

Winladseune 7 Wug Jvlinveny

ya _ a

HINTU wazUSUIUWANFNINY ddNalrinau

P 1 s

mduanwuzianig (Figure 2) WU WUTF

]

guuuau finanau 1imdes lEumde ynanen
UNA1Y wazuuan nunyianduvedioaines
USuned 710.1 623.8 336.6 182.9 116.7 94.4
52.8 un./nn. MUEIRU wagnudalnausunn
94.4 120.6 214.9 195.3 109.6 178.6 271.8
un./nn. mudiu Fsaenndesiuauiteves
Soo (2019) wag Osman et al. (2022) 518491U
i myfileituiinaanuinniigaasssusuusnie
wamesaangulvinauvounalsl uazdalldans
ngulnduquadnemen ilefinrsandadau
voanyflardundniisansdedanadondundn

v 3

Wugguuuau inandu lowdes dndiuveny

3

M3TITINTNEAT TN 42 afuN 3 Ausneu - SuAN 2567



[

Handuieamasuinnimyiandudalua Wus

9
U 1 [ L2

WAuwBel Yna1en dndiueawnesiazdalile

TnaAeeiu luvaued Wugunand wasuuan

dndutaamastuasnindalils waztilafa1san

1w ! s U

Adndrueanasnadalidvesnquitugiseu

=1 ¥ a =2 1 1 =
WUUTUVBY 2. d39a1 wﬂamagiuma 5:1 09

1:5 (eawasdalg) FeanuSsuiieuiunisey

Wugiian1san lawn Wudvsd Wuguueunes

LAZWUSATUYNT TdnduLdalnasnadalua

dl 1 o dl ! = U !

Auans1aiufgenituin Ae dadiu 99:1
(Aschariyaphotha et al., 2021) wansliliudi
anvagndwanIgmuny e duvesnguniseu

¥

NUTIUVDI 7. A9V

Table 3 The total concentrations (mg/kg) of organic group found in 7 local durians varieties

Organic Relative concentration group, mg/kg fresh weight (number of compounds)

group Supnasaen  Phikunklin  Aileuang Lepyiao Muktaam Nomsao Nomsod
Alcohol 11.4 (7) 7.8(7) 17.3 (8) 29.0(11) 26.4 (6) 21.4 (8) 50.1 (10)
Aldehyde nf nf 2.1(2) nf nf nf nf
Arene 0.6 (1) 0.4 (1) 1.7.(1) 3.4 (3) 3.1(2) 2.9(1) 0.7 (1)
Azine nf nf nf nf 0.3(2) nf nf
Carboxylic. 18.2 (5) 1.0(1) 3.2(2) nf 2.2(3) 16.4 (1) 13.1(5)
Diene 0.1 (D nf nf 0.1 (D) nf nf nf
Ester 710.1 (43) 623.8 (35) 336.6 (26) 1829 (34)  116.7 (20) 94.4 (23) 52.8 (26)
Ether nf nf nf nf nf 0.3 (1) 0.4 (1)
Ketone 12.6 (2) 5.0(2) 27.1(2) 40.8 (2) 10.7 (1) 50.9 (2) 27.5(4)
Oxazole nf nf nf nf 0.3(1) 1.8(1) nf
Pyrazine nf 0.3(2) nf nf nf nf nf
Sulfide 94.4 (8) 120.6 (10) 214.9 (8) 195.3 (6) 109.6 (7) 178.6 (6) 271.8 (14)
Sulfur 0.3(1) nf 0.2(1) 1.0 (1) 0.5(1) 0.7 (1) 0.3(1)
Terpene nf 0.1(1) 0.1(1) 0.8 (2) 0.5(3) nf 0.1(2)
Thiazole nf nf 0.3(1) 0.7(2) nf nf nf
Thioate 0.1 (D 0.1 (1) 0.6 (2) 0.8(2) 6.2 (3) 10.4 (2) 1.1 (D)
Thiol 14.0 (3) 7.6(2) 32.8 (4) 40.1 (5) 6.7 (2) 23.5(4) 19.0 (4)
Trithiolane 4.1(2) 7.1(3) 7.2(2) 16.0 (3) 1.7(2) 0.6 (2) 7.6 (3)
All 865.9 (74) 773.8 (65) 643.9 (60) 510.8(72) 284.8(53) 401.7(52) 444.3 (72)

Note: nf = Not found, Carboxylic. = Carboxylic acid, (X) = (number of compounds found in each organic group)

TAsENnknsULEAIUS Y butanoic acid,

2-methyl-, ethyl ester voeWi3euRugloma0s

a 1 f

AHUSUIMNINNINAUSIAULMBeY  (Figure 3)

a8 AulaTe YegenndaetunanIsusenIn
a A a Y & A u & v 2
VFoU NN915IAeNYed NNugloindes
anunsaguzRudiaumdeale (suw, 2566)
NN UAUNLS N UGYET MupUNDY uay

AUITIINATANWIUDY Aschariyaphotha et al.

(2021) AnunAunanveIvL e uIEmNUGidY

9

NAULDAWDSNBUNIVUA LANFITUNUTYS B

¥ '
= ¥ ]

IS a 2 (3 1
AUty 3. agvan Alnduarsdaldegly

o U

FIPUAU 9 WA NUTHULTBULANIZLOELAD S
wudauunau finandu uazldindes dnduvew
LOELMBSA1A butanoic acid, 2-methyl-, ethyl
ester Wa¥ butanoic acid, 2-methyl-, propyl

s =)

ester agluUSunagaduRALIN U UNUgYEll

3
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Figure 2 The percentage of odor compounds in each local durian variety
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Figure 3 Concentration of volatile compound of (A) Aileuang and (B) Lebyiao durian samples

analyzed by GC-MS chromatogram

3.3 yilauazdnduvanvasnauyiseu

W93 ASILNANNILALALIALI IAY

Aa

Usunannnluties wasidentansuialanisndl

| v

Uunanniluniunan usaziugindunidu

anwazlanzve syl dy vllnvesasuan

hazUSUNUERAIUNNU LANEINU (Table 4) At

312

i3suiuauuay wundundn 2 ny
flefdu loun eamesnauneunalsiny 4 wile
dndausIn 71.9% uavdaludnauguadie
Paien W 2 vila dadnsan 9.2% fiusinanau
wunaundn 2 nyilsddu leud Leanasny

3 Yn dRdIUTI 72.9% hazdalnany 1 vie
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dndau 7.2% vauginuglomaonuniundn
4 wiyflaridu laun amesnu 2 ¥ila dndiusiu
42.5% wudalna 2 ¥iin dndusn 29.8% Alnu

naunatelelise (Chairat et al, 2022) Wu

'
a

1wl dndau 4.2% uazlneoafiiinduguiss
(Sujang et al,, 2023) wu 1 vin dadIu 4.1%
NiFeuRuSIaUmBmunaundn 5 ny
Wandu lown dalnany 4 ¥l dagiusiy
37.0% LO@EWasNU 4 ¥la dndIUsIU 27.9%
Alnuny 1 vl dagdiu 7.8% neoanu 1 vl
dndu 5.9% uazloanogeanauraudenlnuan
(Chairat et al., 2022) wu 1 ¥ia dndu 2.5%
Yoz Fouiugynaemunauan 4 ileddu

Toun Faliany 2 ¥in a5 35.9% LaLMas

WU 4 ¥ia dadIUsI8 35.0% Laanagnany
2 ¥ln dad1usIN 6.4% warAluny 1 ¥in
indu 3.8%

Nidsuiugunanundundn 5 vy
Wandu lawn dalvany 2 ¥lin dadrusiu
41.1% LoAMeINU 3 ¥in dadIusIy 17.0%
Alvuny 1 vlin dndu 12.7% Wesany 1 via
dndu 5.1% waznsan1suendan 1 v¥lia
dndau 4.1% vuzifusunannundundn
6 nyjilandu lawn dalvany 3 vlia dadiusiu
56.2% Loanageany 2 vin dadiusid 7.9%
ALNDSNU 2 WA dAFIUTIN 7.5% AlNUNU
1 wiln dndu 4.5% Wesanu 1 vwie dadu 3.1%

LALNIAAISUBNTANNY 1 YA dnau 2.1%

Table 4 The main percentage concentrations of volatile organic compounds found in each

local durian variety

Organic Concentrations (%)
Compounds
group SS PK AL LY MA NS ND
Alcohol 1-Butanol, 2-methyl- 25
1-Butanol, 3-methyl- 25 5.4
2,3-Butanediol 3.5
1,3-Butanediol 2.9
Carboxylic. ~ Butanoic acid, 2-ethyl- 4.1
Butanoic acid, 2-methyl- 2.1
Ester Butanoic acid, 2-methyl-, ethyl ester 38.0 46.7 312 105 163 53 24
Butanoic acid, 2-methyl-, propyl ester 250 184 113 123 44 5.1
Butanoic acid, 2-methyl-, methyl ester 53 7.8
Propanoic acid, ethyl ester 3.6 2.8 55 6.6
Acetic acid, ethyl ester 2.3 8.8 5.1
Ketone 2-Butanone, 3-hydroxy- 4.2 7.8 38 127 45
Sulfide Diethyl trisulfide 6.3 16.4 19.0 15.0 20.4
Diethyl disulfide 2.9 7.2 134 130 333 261 256
Methyl ethyl disulfide 26
Disulfide, ethyl 1-methylethyl 1.7 10.2
2-Hydroxyethyl butyl sulfide 3.7
Thiol Ethanethiol 4.1 59 51 3.1
Sum 811 801 806 815 811 800 813

Note: Supnasaen (SS), Phikunklin (PK), Aileuang (AL), Lepyiao (LY), Muktaam (MA), Nomsao (NS),

Nomsod (ND)

Thai Agricultural Research Journal Vol. 42 No. 3 September - December 2024 313



v

NARINNTSIAUSUIUUDIANTDUNS O LA

£ %

NAUNWAAINIBNNTLUS S UL IUAINULTUTUAY
A158¥ANYD19DIRNUAUNISATUIUNAS 19T U
wanaAUdNTunINlaTIaIawa gy ity

ANBVENAVINFUNGUINTEUNUTIY 2. @3VaN

a

#wu diethyl disulfide Usunauunnagludndiu

NAUMAN (2.9-33.39%) uaz wu diethyl trisulfide

s

ynaneiug Wnenuludndrunauman 5 aneiug

(6.3-20.4%) wazdndrunausesluiugynnien
uazinandu (1.0 uag 5.9% AuAFU) UAneng
MNNUITBVDY Aschariyaphotha et al. (2021)
WA Chairat et al (2022) idnw1aN3BUNTE

v [ ¥ [ =

Tindumssunugnisen laun Wugved Wusg

9 9

o

o

U L3

VWUV Uasiugn1uend Alenalia HS-SPME
M372IRALLATEY GC-MS MFIANUI1 diethyl
disulfide SiUSunauting (<0.5%) waglinu diethyl
trisulfide aUSu1uasBUNTaNydalndniny
& [ N P o
Yae9aasasUsznoutlunduaniz i udn
VOINAUNITLURUTANUTIY 3. @987
TusunAnAsiinsAnydnwuEnauYes
IEURIUI LAY 2. d9van nSedanin
o Y  aa = v &
au 9 voalseindlng Mmedsniafeidunag
ansarlSeuisunadiasigiduladng wi
Wnrsredldietviglunisseyrtionay
1A9E 19N ATNTDUNITAIUIUAINULTU Y
a a6 A o 1% a a & v a
a158un3d ey linandasouiudiud
AMNNEITY wingslsiau Teyailaainnig
& Yo oA v & g v
naaesdaiuisaldAmdenaeiugyisoudln
USuuasdunsdlindugeanieainas 39ae

v A

Wudselesilunisanidsnuazdaasunis

a v ed v Aaa a & a
LW']%U@JﬂV‘]LﬁEJUWUﬁWHUWUV]NﬁLLﬁgﬂﬁUL‘Uu‘V]

9

ADIN15VDINAN

314

dyUnan1Inaasg

M3ANWINGUYLTEUNUTAIN 3. A9van

7 Wug AELATRNHRINYIAIENS WUIT FBNIS
v v a = nd! I~
AN MNEANLaglgARvTANLLE BT 9L T
AuananuantISUUTEUTRIISEY A11150
Tdayanuunnaevesugisouiutula
FaLuaan winizaulunsdwuniugnsey
Tudasduagesiasi n3sn1IRT19mIUSUu
P & a s

519 lueIRUsEnNouveasBUNTE LasNanis
asruanaliiiud wlinqueseunugiudiu

3. asvanazdnduanyllang e dunazuTun

a 6 al !

ANTDUNIINLANANNU LADIAUTENBUNAUNEN
ADITUSULIN AD LOALNDS LASTALNA LANAI

s

LY [ Y aa L3 [ [d

AuangiugivenisandesAdsenaunanidu
LRAMBSINEI8E1LAYT Han1sAN WLV LY
ansadwunyiseuiutulaluddn awise
UBNAMNAYB YNty yinvesansndn
wazUSuadndiusesasiinu 1luusslenily
nsinlakagiUSuigunau e s euuUIY
aneiugeng q wazilulsslonilunisAniden

= Y - oA a
suiuiuiensLtuvseduasun1sUgn

v

saaa a & Ay Y a
W‘Hﬁq‘ﬂilﬁ LLa3ﬂaULUuWWaQﬂqﬁmaQQUﬁiﬂﬂ

AUBUAN

YUDUAN AMMITIU WIUNDY LATDUY

LNYATNTIUNIUESN LLazamw%’wmmﬁu'qmau

a

Wutumeld AuAnRAnG Yuna AguNnemans
HATI9d0UTRYA HAaTAMNINIY YYNa

HUSZANLU LAYTRIMEARNTISE 81T LNELIUY

Y

U

Ae1ulenIsaIdniATeIledneimaniuag

ANSNAEDU UNIINYIAEAIVATUATUNT NI

AU N ILUZLN

11381938 N3RS DA 42 auft 3 fupneu - Sunawn 2567



LONE15919D4

93aF3 UIAAS NINY UIAAUDY BUTTAU JuNUIBINRUN
FO5uR SnTUT wazan il vueITITI. 2560
fﬂiaﬂ'ﬂ’]ﬂ']’]llﬂa’]ﬂﬂa’]&]ﬂ’lﬂﬁuqﬂﬁﬁ@iLLaS
Fondenwusnidouiiudinluiunnialdues
Uszelne. wih 1-146. Tu: $1997ulA59M5398
atduauysal 2560. ANENTNEINT TITUYIA
UNTINYISUAIVAIUATUNS INBNVANIA e,
fsuw. 2566. "lowudes" wendid 5 Usznia "Sou
1" a@swan. aswanlnia. uvasdeya: https://
a1a1lnfia.com/news/6425/183LNUATOUI-
aan3n/. JuAu: 10 Aanms 2566.
Aschariyaphotha, W., C. Wongs-Aree, K. Bodhipadma
and S. Noichinda. 2021. Fruit volatile fingerprints
characterized among four commercial cultivars
of Thai durian (Durio zibethinus). Journal of
Food Quality. 2021(1): 1-12.
ASTM. 2021. Standard  test methods  for
determination of carbon, hydrogen and nitrogen
in analysis samples of coal and carbon in
analysis samples of coal and coke. American
Society for Testing and Materials. 1-11.
Chairat, R, S. Lertsiri and K. Tananuwong. 2022.
Volatile compound production and quality
characteristics of durian fruit cv. monthong as
affected by 1-methylcyclopropene and
modified atmosphere storage. International
Journal of Fruit Science. 22(1): 481-494.
Charoensumran, P., K. Pratumyot, T. Vilaivan and
T. Praneenararat. 2021. Investigation of key
chemical species from durian peduncles and
their correlations with durian maturity.
Scientific Reports. 11(1): 1-9.
Chin, S.T., N. Hamid, S.Y. Quek, Y.B. Man, R.A.
Rahman and D. Hashim. 2007. Analysis of
volatile compounds from Malaysian durians

(Durio  zibethinus) using headspace  SPME

coupled to fast GC-MS. Journal of Food
Composition and Analysis. 20: 31-44.

Cullere, L., A. Escudero, J. Cacho and V. Ferreira.
2004. Gas chromatography-olfactometry and
chemical quantitative study of the aroma of
six premium quality spanish aged red wines.
Journal of Agricultural and Food Chemistry.
52: 1653-1660.

De-la-fuente-blanco, A. and V. Ferreira. 2020. Gas
chromatography olfactometry (GC-O) for the
(Semi) quantitative screening of wine aroma.
Foods. 9(12): 1-20.

Firdaus, A., M.A. Samah and K.B. Hamid. 2018.
CHNS analysis towards food waste in
composting. Journal CleanWAS. 2(1): 6-10.

Genva, M., T.K. Kemene, M. Deleu, L. Lins and
M.L. Fauconnier. 2019. Is it possible to
predict the odor of a molecule on the basis
of its structure?. International Journal of
Molecular Sciences. 20(12): 1-16.

Khaksar, G, S. Kasemcholathan and S. Sirikantaramas.
2024. Durian (Durio  zibethinus L.): Nutritional
composition,  pharmacological — implications,
value-added products, and omics-based
investigations. Horticulturae. 10(4): 1-23.

Li, JX., P. Schieberle and M. Steinhaus. 2012.
Characterization of the major odor-active
compounds in Thai durian (Durio zibethinus L.
'Monthong') by aroma extract dilution analysis
and headspace gas chromatography-
olfactometry. Journal of Agricultural and
Food Chemistry. 60(45): 11253-11262.

Li, J-X., P. Schieberle and M. Steinhaus. 2017.
Insights into the key compounds of durian
(Durio zibethinus L. ‘Monthong’) pulp odor
by odorant quantitation and aroma simulation
experiments. Journal of Agricultural and Food

Chemistry. 65(3): 639-647.

Thai Agricultural Research Journal Vol. 42 No. 3 September - December 2024 315



Lu, L, Z Hu, C Fang and X. Hu. 2023.

Characteristic ~ flavor ~ compounds  and
functional components of fragrant rice with
different flavor types. Foods. 12(11): 2185 - 2195.

Martin, A. 2015. 4.4 Lab colour space and delta E
measurements. Available at: https://
opentextbc.ca/graphicdesign/chapter/4-4-lab-
colour-space-and-delta-e-measurements.
Accessed: February 18, 2024.

Osman, C.P., N. Kasim, N.S. Salim and N. Aziz.
2022. Discrimination of 11 Malaysian durian
cultivars based on sulfur-containing volatiles
and esters using multivariate data analysis.
Natural Product Communications 17(1): 1-8.

Oyinloye, T.M. and W.B. Yoon. 2020. Effect of
freeze-drying on quality and grinding process
of food produce: A review. Processes. 8(3): 1-23.

Radchanui, C. and P. Keawvongsri. 2017. Pattern

Saikhao

and production of durian in

community, Kokpho district, Pattani
province. International Journal of Agricultural
Technology. 16(6): 791-812.

Sommer, S., L.M. Lang,

Buchhaupt, M.A. Fraatz and H. Zom. 2022.

L. Drummond, M.

Odor characteristics of novel non-canonical
terpenes. Molecules. 27(12): 1-15.

Soo, J. 2019. Volatile esters and  sulfur
compounds in durians and a suggested
approach to enhancing economic value of
durians. Malaysian Journal of Sustainable
Agriculture. 3: 5-15.

Stein, S.E. 2014. NIST  Standard  Reference
Database 1A. The NIST mass spectrometry
data center. 76 p.

Sujang, G.B., S.D. Ramaiya, N. Saupi and S.Y. Lee.
2023. Profiling of volatile organic compounds

(VOCs) of wild edible durians from Sarawak,

316

Borneo associated with its aroma properties.
Horticulturae. 9(2): 1-17.

Tao, N.-P., R. Wu, P.-G. Zhou, S.-Q. Gu and W. Wu.
2014. Characterization of odor-active compounds
in cooked meat of farmed obscure puffer
(Takifugu obscurus) using gas chromatography-
mass spectrometry—olfactometry. Journal of
Food and Drug Analysis. 22(4): 431-438.

Tifani, KT., L.P.E. Nugroho and N. Purwanti. 2018.
Physicochemical and sensorial properties of
durian jam prepared from fresh and frozen
pulp of various durian cultivars. International
Food Research Journal. 25: 826-834.

Toledo, M. 2023. CHNSO elemental analysis -
sample preparation. Available at: https://
www.mt.com/in/en/home/applications/Labo
ratory_weighing/chnso_elemental_analysis.ht
ml#toverviewaf. Accessed: October 10, 2023.

Wisutiamonkul, A., C. Ampomah-Dwamena, A.C.
Allan and S. Ketsa. 2017. Carotenoid
accumulation and gene expression during
durian (Durio zibethinus) fruit growth and
ripening. Scientia Horticulturae. 220: 233-242.

Wisuwat, S., A. Pichakum, P. Traiperm, E. Rungjangsuwan,
U. Siriwattanakul, N. Leeratsuwan, P. P.
Chareonsap, K. Kulpradit, S. Somsri and S.C.
Swangpol. 2019. Diversity of durian (Durio
zibethinus L.) from Nonthaburi, Thailand
based on morpho-palatability characteristics
and simple markers.

Agriculture and Natural Resources. 53(3): 218-227.
Zhou, X., H. Wu, J. Pan, H. Chen, B. Jin, Z. Yan, L.

sequence repeat

Xie and K Rogers. 2021. Geographical
traceability of south-east Asian durian: A
chemometric study using stable isotopes
and elemental compositions. Journal of

Food Composition and Analysis. 101: 1-8.

11381938 N3RS DA 42 auft 3 fupneu - Sunawn 2567



HavasTHnvioNafaHaNANLATAMNTWIUNKENNUGUIST
Effects of Fruit Bagging Materials on Yield and Fruit Quality of

‘Barhee’ Date Palm
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ABSTRACT

Fruit bagging is an important factor for increasing the quality of date palm yield. This
experiment was conducted to investigate the effects of fruit bagging materials on yield and
fruit quality of date palm variety “Barhee” at farmer's orchard in Fang district, Chiang Mai
province in 2023. The experiment used randomized complete block design with five
replications. Four treatments were investigated: 1) non- bagging, 2) transparent plastic bag,
3) blue plastic bag and 4) brown paper bag. Date palm fruits were thinned and covered with
three different bags at the age of 2 months after pollination. The fruit samples were
investigated for physical and quality changes. We found that using blue plastic bag or brown
paper bag or transparent plastic bag resulted in larger fruit size, weighing 14.03-15.49 g, seed
length 22.04-22.19 mm, seed weight 1.30-1.35 ¢, bunch weight 7.45-8.72 kg, number of fruits
per bunch 561.5-676.5 and pulp weight 12.70-14.14 ¢ which were significantly higher than
non-bagging treatment with fruit weight 11.97 ¢, seed length 20.45 mm, seed weight 1.21 g,
bunch weight 1.1 kg, number of fruits per bunch 74.33 and pulp weight 10.76 g. Bagging with
blue plastic bag or brown paper bag ortransparent plastic bag could similarly decrease
damages caused by disease, insects, fruit cracking and birds better than non-bagging.
Moreover, blue plastic bag and brown paper bag also improved peel color to dark yellow
throughout bunch and extended harvesting period which were better than transparent
plastic bag and non-bagging. There were no differences in TSS and brown seed coloration

between bagging or non-bagging. Overall, blue plastic bag was recommended for Barhee
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v Chiang Mai Agricultural Research and Development Center, 270 Moo 6, Pong Nam Ron, Fang, Chiang Mai 50110, Thailand
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7 Postharvest and Processing Research and Development Division, 50 Phahonyothin Rd., Chatuchak, Bangkok 10900,
Thailand
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date palm fruit bagging because this
treatment could improve fruit quality, reduce
fruit damage, extend harvesting period and

be economical than other bagging treatments.

Keywords: date palm; Barhee; bagging; quality;
yield
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Figure 1 ‘Barhee’ date palm bunch at 90 days after pollination covered with 3 fruit bagging

materials; (a) transparent plastic bag, (b) blue plastic bag, (c) brown paper bag and

(d) non bagging
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Table 1 Mean values of ‘Barhee’ date palm fruit and seed dimensions after covered with
different bags material compared to non-bagging at 170 days after pollination

Fruit
. . . Fruit length Fruit Seed width  Seed length Seed
Bagging material width . .
(mm) weight (g) (mm) (mm) weight (g)

(mm)
Non bagging 24.21 b 32.03b 11.97 b 8.65b 20.45 b 1.21b
Transparent plastic bag ~ 28.48 a 3519 a 15.49 a 10.71 a 22.04 a 1.35a
Blue plastic bag 27.14 a 3530 a 14.43 a 9.95a 22.65a 1.30 a
Brown paper bag 27.07 a 34.12 a 14.03 a 10.10 a 22.19 a 132 a
CV (%) 6.69 4.31 10.43 10.67 5.82 4.88

Means in the same column followed by a common letter are not significantly different at the 5% level by DMRT

Table 2 Mean values of bunch weight, fruit number, pulp weight, pulp percentage of
‘Barhee’ date palm after covered with different bags compared to non-bagging at
170 days after pollination

. . Bunch Fruit number Pulp weight % Pulp
Bagging material . . . Y,
weight (kg) (fruit/bunch) (9) in a fruit
Non bagging 1.10 b 743 b 10.76 b 89.78 b
Transparent plastic bag 8.72 a 617.0 a 14.14 a 91.26 a
Blue plastic bag 7.45 a 561.5 a 13.13 a 90.92 a
Brown paper bag 8.70 a 676.5 a 1270 a 90.53 ab
CV (%) 17.34 21.42 11.18 0.90

Means in the same column followed by a comnmon letter are not significantly different at the 5% level by DMRT

Yo Pulp in a fruit = (pulp weight of a date palm fruit / fruit weight) x 100

Non bagging | Transparent plastic bag  Blue plastic bag ~ Brown paper bag

Figure 2 Characteristic of ‘Barhee’ date palm stalk and fruits at harvesting date (Khalal stage)
after covered with different bag materials compared to non bagging
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Table 3 ‘Barhee’ date palm fruit color after covered with different bags compared to non

bagging at 170 days after pollination

Bagging material L* a* b* Chroma Hue angle
Non bagging 62.96 b 8.39 b 46.42 bc 47.20 ab 78.62 b
Transparent plastic bag 63.68 b 897b 47.70 c 48.71 b 7897 b
Blue plastic bag 67.77 a 591a 43.45 ab 43.46 a 82.31 a
Brown paper bag 68.98 a 692ab 4199 a 42.71 a 81.62 a
CV (%) 2.52 25.41 7.38 7.95 2.54

Means in the same column followed by a common letter are not significantly different at the 5% level by DMRT

Table 4 Seed ‘Barhee’ date palm color measured from four bagging treatments at harvesting

date
Bagging material L* a* b* Chroma Hue angle
Non bagging 64.39 5.55 20.32 21.10 74.92
Transparent plastic bag 55.47 8.66 23.01 24.71 70.32
Blue plastic bag 53.15 6.64 21.23 22.20 73.29
Brown paper bag 60.24 5.28 19.58 20.36 74.75
CV (%) 16.59 33.22 20.34 21.21 4.45

Means in the same column followed by a common letter are not significantly different at the 5% level by DMRT

2. AUNTNUDING

Tanvievenaia 3 viia ludiwase TSS

YINadUNKAY Lasganatadnta gansea1d
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1018 wazgenataandndien 24.03 23.68
LAY 23.31% MUA1AU WaznN1shilvietana

flA1 23.80% (Table 5) vefilutaensiAuLAen
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Table 5 Mean values of total soluble solids (TSS) and harvesting period of ‘Barhee’ date

palm after covered with 3 bagging materials compared to non bagging

Harvesting period

Bagging material TSS (%) (Days after pollination)
Non bagging 23.80 161b
Transparent plastic bag 24.03 161 b
Blue plastic bag 23.31 170 a
Brown paper bag 23.68 172 a

CV (%) 12.26 3.96

Means in the same column followed by a common letter are not significantly different at the 5% level by

DMRT

Table 6 ‘Barhee’ date palm fruits characteristics at harvesting period after covering with

3 types of bagging materials and non bagging including bag price comparison

Bagging material

Fruit characteristic

Price per bag (Baht)

Scratch, fruit drop, crack, rot, bird

Non baggin 0
S8InS damage, fruit fly
. Uneven color, dark yellow,
Transparent plastic bag 7
Yellow-orange, sunburn
Blue plastic bag Even color, dark yellow 8
Brown paper bag Even color, dark yellow 34

5. QUUQH ANMUTUFUINS LazuaIuan
N13vieNaduNNaNMeTannYiinina
! d‘ a dil U v [
AensiUfsuulatgumnil ANuTUFNENG uag
wasuannelugeiedunnedy (Table 7) 93999

Fouludun 23 wwigy 2566 Wui1 gaungll

a

nelugediAtagsening 43.5-48.0 “v. vauel
gaungiineuengaila 40.4-40.7 “%. AUTY

9 Y

duinsmelunaznieuangelialnaifesiune
16.0-25.0 Uaz 20.0-25.0% WarAINTUYDY
waskanlugananadnla ganatafindn uay

nansEAEALtANalia 70,660 7,693 WAy 2,932

)

o s

angy GﬁiJﬁ’]ﬁU LLagﬂ’NllL%MLLﬁQLL@@ﬂ’]EJUE]ﬂQQ
@1 70,970-75,290 ang

326

Frageuuluiuil 14 Favnau 2566

wud gaunilanelugens 3 vila devegsening

31.4-35.5 @. LavguungilnigusngiiiAieg

Y

YU 32.5-33.9 9. ANuTudunnsaeluway
meueangalidrlnaifgeaiuegi 62.0-79.0
AL 60.0-65.0% LALAMULYUVDILAILAR LY

gananainla ganaafindiln uazganszavd

q q

(%
=

Y1m1aii@A1 20,850 2,080 way 2,380 ang i

v

AUEGU Fegananadnlasziliainuidy

waswannelugalnaAssiunigueangnilen
19,350-22,810 and LiAulddndanvionans
3 ila ibigauginelugaiinduluggiou 1lu

ANSABASUNITNAUINALUYIINITALVUIAKE

M3TITINTNEAT TN 42 afuN 3 Ausneu - SuAN 2567



wavimiinne uayiliisnssuumsLUUeATY
Tunisazauinaialunalduiniy winaves
maveaesi wuih msldneanadnlalusmide
viligugiintelugeninfanuinduuds
Taianunsaviilit TSS Wiaa Wesaneruduuas

a0 4 Y U o 14
meueniartdesuazlndiAssiulugguuvinly

Uszansnmussnszuiumsdaaszinadilo
afrsthmamazauinaliwendistu n1sld
Qewanafndih wazgenszarudtiniatiean
AR IRAIARL UG SOU wargaHu vinlu

aa I3 = o ° YRR
FNINALUULNRDUVUAULAUDNIVBES

Table 7 Temperature, relative humidity (RH) and light intensity which observed from

4 bagging treatments in summer and rainy season

Inside bag Outside bag

Bagging material Temperature RH Light intensity Temperature RH Light intensity

(o) (%) (lux) (o) (%) (lux)

April 23, 2023 (Summer)
Non bagging 40.7 20.0 72,030
Transparent plastic bag 47.0 25.0 70,660 40.6 23.0 75,290
Blue plastic bag 48.0 16.0 7,693 40.4 25.0 73,730
Brown paper bag 43.5 19.0 2,932 40.7 20.0 70,970
August 14, 2023 (Rainy season)

Non bagging 33.0 65.0 21,990
Transparent plastic bag 355 62.0 20,850 339 60.0 22,160
Blue plastic bag 31.6 70.0 2,080 32.5 64.0 19,350
Brown paper bag 31.4 79.0 2,380 332 62.0 22,810
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ABSTRACT

Growing pisang mas banana varieties that are suitable for each area is one of the
methods to increase yield and quality. The objectives of this experiment were to compare
and select pisang mas banana mutant clones derived from Gamma irradiation for high yield
and quality suitable for commercial production in southern Thailand. The experiment was
conducted at Trang Horticultural Research Center in Trang province from October 2018 to
September 2020. A completely randomized design of six treatments with three replicates
comprised 5 pisang mas banana mutant clones, KM8-22, KM9-20, KM22-5, KM22-27, KM30-11
and Kamphaeng Phet (commercial variety) was used. Results showed that KM22-27, KM30-11
and Kamphaeng Phet gave closely and consistently higher yield than the others in two
consecutive harvesting seasons. The yield range in the first, second year and average of two
years were between 3,909-4,180, 3,989-4,248 and 3,980-4,149 kg/rai, respectively. For quality,
KM22-27 and KM30-11 had statistically significant less sour taste than that of Kamphaeng
Phet. In addition, the yield components of KM22-27 and KM30-11, i.e., bunch weight, panicle
weight, fruit weight and fruit length had no statistical differences compared to those of
Kamphaeng Phet. Therefore, KM22-27 and KM30-11 were the two new pisang mas banana
clones which had potential for commercial production in Trang province or the southern

region of Thailand in the future.

Keywords: pisang mas banana; quality of yield; mutation
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Table 1 Yield of six pisang mas banana clones/variety cultivated at Trang Horticultural
Research Center during year 2019-2020

Yield (kg/rai)

Clones/variety

2019 2020 Avg.
KM8-22 3,575 ¢ 3,435 d 3,505 bc
KM9-20 3,388 ¢ 3,329 d 3,358 ¢
KM22-5 3,703 bc 3,680 c 3,691 abc
KM22-27 4,051 a 4,248 a 4,149 a
KM30-11 3,909 ab 4,051 b 3,980 ab
Kamphaeng Phet 4,180 a 3,989 b 4,084 a
CV (%) 4.6 2.2 8.1

Means within the same column followed by the same letter are not significantly different at the 5% level by DMRT

Table 2 Bunch weight, number of clusters/bunch and cluster weight of six pisang mas
banana clones/variety cultivated at Trang Horticultural Research Center during year
2019-2020

Number of clusters/
Bunch weight (kg) Cluster weight (kg)

Clones/variety bunch (clusters)

2019 2020 Avg. 2019 2020 Avg. 2019 2020 Avg.

KM8-22 8.94 c 8.59 ¢ 8.76 ¢ 6.50 6.45 6.48 1.26 1.24 bc 1.25ab
KM9-20 8.47 c 832 c 8.40 ¢ 6.69 6.66 6.68 1.18 1.16 c 117b
KM22-5 9.26 bc 9.20 bc 9.23 bc 6.85 6.81 6.83 1.27 1.24 bc 1.26 ab
KM22-27 10.13 a 10.62 a 10.38 a 6.93 6.95 6.94 1.26 137 a 132 a
KM30-11 9.77 ab 10.13 ab 9.95 ab 6.83 6.85 6.84 1.27 1.30 ab 129 a
Kamphaeng Phet 1045 a 9.97 ab 10.21 a 7.22 7.02 7.12 1.35 1.32 ab 1.34 a
Vv (%) 4.8 5.8 4.9 4.1 33 3.5 4.9 4.4 4.2

Means within the same column followed by the same letter are not significantly different at the 5% level by DMRT
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Figure 1 Cluster of five mutant pisang mas banana clones: (A) KM22-5, (B) KM9-20, (C) KM22-27,
(D) KM30-11, (E) KM8-22 and (F) Kamphaeng Phet (commercial variety)

Figure 2 Bunch of five mutant pisang mas banana clones: (A) KM22-5, (B) KM9-20, (C) KM22-27,
(D) KM30-11, (E) KM8-22 and (F) Kamphaeng Phet (commercial variety)
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Table 3 Number of fruits/cluster and fruit weight of six pisang mas banana clones/variety

cultivated at Trang Horticultural Research Center during year 2019-2020

Number of fruits/cluster (fruits)

Fruit weight (g)

Clones/variety

2019 2020 Avg. 2019 2020 Avg.
KM8-22 17.64 17.46 17.55 67.68 63.60 cd 65.64
KM9-20 18.08 18.05 18.06 62.35 61.77d 62.06
KM22-5 18.34 17.68 18.01 66.35 67.14 abc 66.75
KM22-27 17.62 17.62 17.62 70.39 74.29 a 72.34
KM30-11 17.11 17.47 17.29 75.73 70.13 abc 72.93
Kamphaeng Phet 17.92 17.95 17.94 73.20 70.51 ab 71.85
CV (%) 5.50 4.70 4.80 8.70 5.50 5.00

Means within the same column followed by the same letter are not significantly different at the 5% level

by DMRT

Figure 3 Mature and ripening fruit of five mutant pisang mas banana clones: (A) KM22-5, (B) KM9-20,
(O Km22-27, (D) KM30-11, (E) KM8-22 and (F) Kamphaeng Phet (commercial variety)
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Table 4 Titratable acidity (TA), width of fruit and length of fruit of six pisang mas banana

clones/variety cultivated at Trang Horticultural Research Center during year 2019-2020

TA (%) Fruit width (cm) Fruit length (cm)

Clone/variety

2019 2020 Avg. 2019 2020 Avg. 2019 2020  Avg.
KM8-22 055b  0.57c 0.56 b 3.46 3.38c 342 c 9.67 9.50 9.59
KM9-20 0.64de 0.67d 0.66 de  3.44 344 bc  3.44c 10.08 10.32  10.20
KM22-5 0.58 c 0.56 b 0.57 c 3.51 350ab  350bc 931 9.60 9.45
KM22-27 0.60cd 0.62d 0.61d 3.42 353ab 348 bc 10.38 10.68 10.53
KM30-11 0.54 a 0.55a 0.55a 3.61 359 a 3.60 a 10.17  10.15 10.16
Kamphaeng Phet 094 e 092e 093e 3.54 3.53 ab 354ab 997 9.87 9.92
CV (%) 2.50 2.40 1.80 2.50 1.90 1.50 6.80 6.50 6.20

Means within the same column followed by the same letter are not significantly different at the 5% level

by DMRT

Table 5 Fruit peel thickness and fruit pulp thickness of six pisang mas banana clones/variety

cultivated at Trang Horticultural Research Center during year 2019-2020

Fruit peel thickness (cm)

Fruit pulp thickness (cm)

Clones/variety

2019 2020 Avs. 2019 2020 Avs.
KM8-22 0.15d 0.12d 0.14d 2.95 2.86 2.90
KM9-20 0.16 d 0.15 cd 0.16 cd 2.80 2.81 2.80
KM22-5 0.14d 0.17 c 0.16 c 2.96 2.92 2.94
KM22-27 0.19c 0.28 a 0.24 a 2.87 2.85 2.86
KM30-11 0.22b 0.21b 0.22b 2.68 2.89 2.78
Kamphaeng Phet 0.27 a 0.16 c 0.22b 2.68 2.89 2.78
Vv (%) 6.50 9.80 6.50 5.40 3.90 3.30

Means within the same column followed by the same letter are not significantly different at the 5% level

by DMRT
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Table 6 Psuedostem height and psuedostem girth of six pisang mas banana clones/variety

cultivated at Trang Horticulture Research Center during year 2019-2020

Psuedostem height (cm)

Psuedostem girth (cm)

Clone/variety

2019 2020 Ave. 2019 2020 Ave.
KM8-22 21292 216.83 214.88 5533 56.18 55.76
KM9-20 22292 224.72 22382 54.52 54.61 54.57
KM22-5 211.18 21845 21482 55.712 5533 5553
KM22-27 235.33 23824 236.79 54.13 54.96 54.55
KM30-11 224.17 233.72 22894 56.41 56.54 56.48
Kamphaeng Phet 227.58 232.39 229.99 5822 5798 58.10
CV (%) 4.0 56 4.6 4.0 39 38

Means within the same column followed by the same letter are not significantly different at the 5% level by DMRT

Table 7 Growth include canopy width and harvesting period of six pisang mas banana

clones/variety cultivated at Trang Horticulture Research Center during year 2019-2020

Canopy width (cm)

Harvesting period (days)

Clone/variety

2019 2020 Avg. 2019 2020 Avg.
KM8-22 346 204 275 372 377 375
KM9-20 324 225 275 359 379 36.9
KM22-5 328 224 276 359 393 376
KM22-27 343 220 282 398 428 413
KM30-11 324 200 262 36.4 38.1 373
Kamphaeng Phet 341 226 283 40.7 39.8 403
CV (%) 59 135 6.0 76 6.2 59

Means within the same column followed by the same letter are not significantly different at the 5% level by DMRT
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Comparison of Bunch Yield of Five Hybrids and Two Commercial Tenera

Oil Palms in the Young Mature Phase
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ABSTRACT

The young mature phase is a pivotal period for small oil palm plantations, as bunch
harvesting takes about 2-3 years. Our study aimed to evaluate the bunch yields of five
hybrids (H1-H5) and two commercial Tenera oil palms during this crucial phase. The
assessment, conducted over four consecutive years from 2012 to 2015 at the Hong Sila
Agriculture and Industry Company Limited, Krabi, Thailand, revealed some intriguing findings
using a randomized complete block design with four replicates spaced 9 meters in a
triangular pattern. H3 emerged as the best Tenera, delivering the highest fresh fruit bunch
(FFB, 243.90 keg/palm/year) over other hybrids and two commercial varieties. H4
demonstrated the highest bunch number (BNO, 26.04 bunches/palm/year) and the lowest
average bunch weight (ABW, 8.17 kg/bunch) in the young mature phase. The H3 and H5 were
high FFB over checks varieties followed by year. This information was essential in selecting oil
palm parents, which had high potential for crossing to produce new hybrids and recognize to
choose for their genetics to improve oil palm variety. These findings highlichted the potential
benefits of understanding the impact of genetics on the parents of oil palm to produce

Tenera.

Keywords: fresh fruit bunch; bunch number; average bunch weight
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INTRODUCTION

In 2023, the Office of Agricultural
Economics reported that the southern
region of Thailand had the highest ranked
first in terms of oil palm plantation and
fresh fruit bunch (FFB) production, with
about 0.89 million hectares and 19.22 tons
per hectare. The Central, Northeastern, and
Northern regions followed, with about 0.09,
0.04 and 0.01 million hectares and FFB
about 14.66, 9.46 and 7.89 tons per
hectare, respectively (Office of Agricultural
Economics, 2024). The production distribution
information across regions is crucial for
target development strategies for each
area, such as high vyield, high oil vyield,
dwarf palm, and resistance to disease. The
oil palm industry has the potential for
significant development and is well-
positioned to meet the growing demand
for its products. The expansion of oil palm
planting is located in Southeast Asian
countries, especially Malaysia, Indonesia,
and Thailand (Bessou et al, 2017).
Additionally, Lawson et al. (2014) recorded
that the growth of the oil palm area has
been a factor in deforestation and land use
change (LUC), and between 2000 and 2012,
60% of tropical deforestation was due to
commercial agriculture. Promoting high FFB
production by increasing potential variety
to high vyield per area will ensure a

sustainable supply chain, increase farmers’

income, and reduce forest encroachment.
The industry should focus on breeding the
best Tenera variety by estimating the
potential germplasm and selecting superior
parents and progeny for commercial seed
production, paving the way for a promising
future.

The Thailand government has laid
out an action plan for the palm oil and oil
palm sector, demonstrating its commitment.
It also supports the breeding and registering
of oil palm varieties to achieve the plan.
The action plan, entitled “Plan to reform
the oil palm and palm oil sector (2017-
2036),” aims to increase planting area and
fresh fruit bunch yield production by a
minimum of 10% per annum from 2016 (15
tons per hectare) to 21.88 tons per hectare
per year in 2036. This increase corresponds
to an increase in the extraction rate of
palm oil from 17% to 23%, which was
implemented on January 1, 2020, through
the utilization of biodiesel B7, B10, and B20
to completely substitute for petroleum
diesel (Department of Internal Trade, 2017;
Sowcharoensuk, 2020).

The government actively supports
the transition from rubber to oil palm
plantations, a project led by the Rubber
Authority of Thailand (RAOT). The plan is to
replant about one hundred thousand rai
annually, starting in 2015 (Rubber Authority
of Thailand, 2024). This support underscores
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the government’s commitment to the
sector and its smallholders. Nowadays,
both the Thai government and private units
develop high-quality and high-quantity oil
palm varieties to support Thai oil palm
plantations without wusing imported oil
palm varieties.

Therefore, this study is a crucial
breeding project that will significantly
support and drive the palm supply chain of
the action plan. It is essential to have oil
palm seedlings with high quality and
potential for yielding at a young mature
phase at 4-7 years after planting in the field
or steep ascent yield phase by vyield
increase; it would give support to the next
phase which is the mature phase (7-18 years
after plantation) or yield peak. Within the
oil palm production cycle, revenue generation
for cultivators commences during the
immature phase, approximately 2 to 3 years
after field planting (Woittiez et al.,, 2017).
Moreover, by selecting different oil palm
materials, one can tap into the high
potential for bunch yield, thereby boosting
income for oil palm smallholders. This
result should be considered when planting
oil palm seedlings to ensure early high
yields in FFB, BNO, or ABW, thereby
influencing year-round harvesting.

This study compares the performance

of a Tenera oil palm with two commercially
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available oil palms regarding their fresh
fruit bunch yield potential during the young
mature phase. This allows oil palm planters
to earn income earlier after waiting until

3 years to start bunch harvesting.

MATERIALS AND METHOD

Tenera oil palm materials

This experiment involved planting
five improved Tenera oil palm varieties
(H1-H5) and two commercial Tenera
(C1-C2) from Univanich Oil Palm Company
Limited and the Department of Agriculture,
respectively. They were planted in
November 2009 at Hong Sila Agriculture
and Industry Company Limited in Krabi
Province. The H1-H5 were improved Tenera
from Goldentenera Company Limited. The
experiment followed a randomized complete
block design with four replications, each
replication had 15 palms spaced at
triangular distance of 9x9x9 meters. Oil
palm management for fertilizer and weeding
control followed the method of Corley and
Tinker (2016). The plantation was located
at latitude 8°17'41.5'N and longitude
99°05'03.7"FE on sandy, loam-textured soil
with a pH value of 6.49 and an organic
matter content of 1.42%. From 2012 to
2015, the region experienced an average
annual rainfall of 2,395.55 mm (Thai

Meteorological Department, 2021).
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Phenotype recording and data analysis
The data on oil palm yield, which
included the fresh fruit bunch produced
per palm annually in kilograms, the number
of bunches per palm annually, and the
average bunch weight (ABW) from January
2012 to December 2015 (4-7 years after
planting; YAP was a young mature phase),
had been meticulously gcathered. Data
collection was continued after the young
mature phase for 8-12 years. The collection
of oil palm bunches for weighing and
counting was done every 15 to 20 days,
strictly following the standardized guidelines
of the National Bureau of Agricultural
Commodity and Food Standards (2009). The
ABW was then computed using the formula

of Arolu et al. (2017):

FFB
ABW =——
BNO

Where ABW = average bunch weight
(kg¢/bunch), FFB = fresh fruit bunch
(kg/palm/year), and BNO = bunch number
(bunches/palm/year)

Finally, the data were analysed
using Bartlett’s test, analysis of variance
and the means of each factor were
compared using the DMRT method using
the R program (R Core Team, 2021).
Nevertheless, the year factor was calculated
using the Bartlett’s test, then to make a
mean of each trait when the variance test
of each year was not significantly different

or the variance was the same. The two-way

analysis was focused on year and oil palm

varieties without the interaction of year.

RESULTS AND DISCUSSION

The analysis of variance (ANOVA)
conducted on fresh fruit bunch, bunch
number, and average bunch weight is
shown in Table 1. It was found that the
year, oil palm varieties, and interaction
between year and varieties significantly
differed in FFB, BNO, and ABW, except for
the year and varieties in FFB. The results
indicate that the coefficient of variation
was relatively low for FFB, BNO, and ABW,
suggesting a more precise estimation in
these cases. The average of FFB, BNO, and
ABW of all varieties was 220.17 kg/palm/year,
23.34 bunches/palm/year, and 10.30 kg/bunch,
respectively. The effect of the young mature
phase in this experiment was a criterion
from Woittiez et al. (2017), who stated that
the young mature phase was the year after
planting (YAP) in the oil palm field in 4-7
YAP when vyield increased. During this
period, oil palm smallholders experienced
increased yield and income from utilizing
the oil palm variety, which demonstrated
significant potential and became evident
after three years of cultivation. This
observation suggests that the data should
be substantiated by carefully selecting an
appropriate oil palm variety and procuring

seedlings for subsequent plantations.
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Table 1 Mean squares, mean, and coefficient of variation percentage of fresh fruit bunch

yield including fresh fruit bunch, bunch number, and average bunch weight in

Tenera oil palm for four years (2017-2020) in Krabi province

Source of variation Df

Fresh fruit bunch

Bunch number Average bunch weight

(FFB) (BNO) (ABW)
Year 3 11,229 ** 1,024.5  ** 430.8 **
Replication/Year 12 2515 9.90 1.10
Variety 6 3,547 ** 102.1  ** 33.9 **
Year:Variety 18 629 6.35 * 3.26 **
Pooled error 72 459 3.22 0.28
CV (%) 9.73 7.68 5.13
Mean 220.17 23.34 10.30

Df, degrees of freedom; *, significant for p<0.05; **, significant for p<0.01

The response by year to mean FFB

increased each vyear while the BNO
decreased and ABW increased, as shown in
the reliable data in Table 2 and Figure 1-3.
The best yearly performance on FFB and
ABW was observed in Y7, while BNO was in
Y4. This result supported the steep ascent
fresh fruit bunch yield phase, as mentioned
4-7 YAP, and under favorable conditions,
bunch production peaked 6-7 YAP (Ng, 1983;
Donough et al., 2009) shown in Table 2.
The best oil palm performance in FFB was
H3 (243.90 kg/palm/year) and H5 (236.81
kg/palm/year), giving the FFB higher than
the two commercial oil palms, C1 (209.31
kg/palm/year) and C2 (216.62 kg/palm/year).
Additionally, H3 showed the lowest BNO
value of 23.42 bunches/palm/year, while
H4 showed the highest BNO at 26.04

bunches/palm/year, contrasting to the lowest

FFB of 20291 ke¢/palm/year shown in
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Figures 1 and 2. In this study, 5 tenera oil
palms had higher FFB and BNO than the
mean of 34 progenies (24 Deli Dura X 10
Nigerian Pisifera palms) studied by Arolu et al.
(2017) which was FFB 192.93 kg¢/palm/year
and BNO 16.94 bunches/palm/year. The
large bunch or hish ABW found H2 in 12.68
ke/bunch, which was higher than the
average of 9.87 kg/bunch from C1 (10.01
kg/bunch) and C2 (9.73 kg/bunch) displayed
in Table 2 and illustrated the ABW of
different hybrids (Figure 3).

The FFB of 7 oil palm varieties
trialed in this study showed that the
average FFB was over the standard of SIRIM
from Malaysia, which is 170 ke/palm/year
(Department of Standards Malaysia, 2005).
The number of fronds, a key factor in oil
palm production, is significantly influenced
by genetic control. As Fairhurst and Hardter

(2003) observed, oil palm age 4-6 YAP
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produced approximately 18-24 fronds per
year, a difference from the 2-3 YAP with
over 40 fronds production. This result, with
a BNO 18.18-26.04 bunches/palm/year and
an annual average of 7 oil palm varieties
found 16.13-30.12 bunches/palm/year,
supported the data from Fairhurst and
Hardter (2003) who stated that the number
of fronds from the immature phase was 40
fronds/palm, with Y4 giving the highest
average BNO of 30.12 bunches/palm/year.
Some varieties produced over 24 fronds
because of a trait controlled by genetics
and influenced by the environment's effect
on inflorescence by females or males,
depending on the previous 2 years' drought
or water deficiency conditions. These
results supported the preliminary basis for
choosing oil palm varieties, in which H3
showed the highest FFB, H4 for BNO, and
H2, H3 for ABW, more than commercial
varieties in the Krabi area. This information
was essential to support the designation of
oil palm planters in select parent palms for
developing superior new varieties and
enhancing breeding programs. The difference
in oil palm varieties displayed the response
to fresh fruit bunch yield with the potential
trend to give the income shown in Figure 4,
which showed a trend from 4 to 7 YAP (the
result in this study) and continuous from 8
to 12 YAP, which was recorded after this
study period.

nch (kg/palm/year)

Fresh fruit bus

Cc1 c2 H1 H2 H3 Ha H5

O patm variety

Figure 1 Seven oil palm varieties response
to different four years in the young
mature phase period (4-7 years
after planting, 2012-2015) on fresh
fruit bunch

Bunch number (bunches/palm/year)

C1 c2 H1 H2 H3 H4 H5

Figure 2 Seven oil palm varieties response to
different four years in the young
mature phase period (4-7 years after
planting, 2012-2015) on bunch

number

Average bunch weight (kg/bunch)
8

c1 c2 H1 H2 H3 Ha H5

Oil palm variety

Figure 3 Seven oil palm varieties response
to different four years in the young
mature phase period (4-7 years after
planting, 2012-2015) on average
bunch weight
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Table 2 Means of each year and bunch yield (FFB, BNO, and ABW) of seven Tenera varieties

in the young mature phase in Krabi province

Year FFB BNO ABW
(kg/palm/year) (bunches/palm/year) (kg/bunch)
Y4 201.00 c 30.12 a 6.73 d
Y5 210.23 bc 2597 b 8.18 ¢
Y6 22219 b 21.13 c 10.62 b
Y7 247.24 a 16.13 b 15.67 a
Variety

C1 209.31 b 23.09 c 10.01 ¢
C2 216.62 b 24.46 bc 9.73 ¢
H1 219.25b 25.08 ab 9.35 ¢c
H2 21236 b 18.18 d 12.68 a
H3 24390 a 23.42 c 11.22 b
H4 20291 b 26.04 a 8.17d
H5 236.81 a 23.11c 1092 b

Means with different lowercase letters in the same column denote significant differences between oil

palm varieties based on DMRT

CONCLUSION

The young mature phase (4-7 years
after planting) is the critical period of fresh
fruit bunch yield, and the sharp yield curve
showed that H3 exhibited the highest yield
of FFB, 243.90 kg/palm/year, while H4
exhibited the BNO 26.04 bunches/palm/year
and ABW 8.17 kg/bunch. The trend of FFB
and ABW increases with age, while BNO
exhibits a different pattern. After Y7 was
the expected period to know with nearly
the highest fresh fruit bunch yield for
expect extension continue to get fresh fruit
bunch vyield in the future, which the
mature phase or the stable of yield refers

to farmers' income. Therefore, selecting
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superior Tenera is a choice that supports
career stability for farmers and government
policy to expand plantations and replants

for other farmers in the nearby environment.
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