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Design and Development of Sugarcane Leaf Pruning Machine

and Trash Incorporator
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ABSTRACT

The pruning of sugarcane leaves is usually done before harvesting to facilitate human
labor in harvesting and to increase the stalk weight. Besides, sugarcane residue incorporation is
important for increasing soil fertility. There is no equipment that could operate both processes
of leaf pruning and trash incorporation. The objective of this research was to design the
equipment for operating both processes by applying the hydrostatic power transmission to the
sugarcane leaf pruning machine and the mechanical power transmission to the spiral notched
disc. A diameter of the sugarcane leaf pruning roller was 248 mm, which revealed that filling the
grass trimmer line could increase diameters up to 1,054 mm, and a diameter of the spiral notched
disc was 18 inches. It was tested with the DOA Khon Kaen3 sugarcane cultivar at the age of
9 months in Sikhio district, Nakhon Ratchasima province. The average soil cone index was 3.4 MPa.
The soil moisture content and bulk density were 14.20% (db) and 1.64 ¢ cm™, respectively. The
experiments were conducted at a forward speed of 1.95 km h™, gang angles of 36°, disk revolution
speeds of 150 rpm, and roller revolution speeds of 800 rpm. The experimental results showed
that the trash covering efficiency was 92.4%, the pruning of sugarcane leave efficiency was 82.2%,

the effective field capacity or performance was 1.75 rai h'', and the fuel consumption was

Y an1iuideinunsianssy a.valetu a1ne1 9dng nJumne 10900

v Agricultural Engineering Research Institute, Phahonyothin Rd., Lat Yao, Chatuchak, Bangkok 10900, Thailand

7 gudideuasiannnManunsenuIaasey aluulnd o.dles 2.6ma95ey 37000

? Amnat Charoen Agricultural Research and Development Center, Non Pho, Mueang, Amnat Charoen 37000, Thailand

¥ AMEIAINTIUAIENT WININYITUINEATAIENT INEUVAILNILEY 2.uATUZN 73140

¥ Faculty of Engineering at Kamphaeng Saen, Kasetsart University Kamphaeng Saen Campus, Nakhon Pathom 73140, Thailand

* Corresponding author: tinnasit@hotmail.co.th

116 138193 NnenT 37 43 atfufl 2 waennan - Aevnaw 2568



1.65 L rai. The cost of this sugarcane leaf
pruning machine and trash Incorporator was
164,000 Baht. The break-even point was
116.21 rais. The use of this machine can
facilitate workers in harvesting without burning

sugarcane field.

Keywords: sugarcane; sugarcane leaf pruning

machine; trash incorporator
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Figure 1 The isometric drawing of a sugarcane leaf pruning machine and trash incorporator
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Figure 2 The schematic diagram of hydraulic system for installing on a sugarcane leaf pruning

machine and trash incorporator
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Figure 3 (a) The schematic diagram of hydraulic system for a velocity controller of hydraulic cylinder

(b) The schematic diagram of hydraulic system for a velocity controller of hydraulic motor
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Table 1 The relationship of a forward speed, gang angle and revolution of the spiral-notched disk

influent the total power

Gang angle (G)

Revolution of the spiral-notched disk (L)

G-MEAN DIFF

L1 =150 rpm L2 = 180 rpm

Forward speed = 1.95 km/h

G1 = 36° 1217 ¢ 13.25 ¢ 12.71 -1.080"
G2 = 40° 13.23 b 14.23 b 13.73 -1.000"
G3 = 44° 14.08 a 15.13 a 14.60 -1.050"
Forward speed = 2.45 km/h

G1 = 36° 14.75 ¢ 1571 ¢ 15.23 -0.960"
G2 = 40° 15.62 b 16.87 b 16.25 -1.250"
G3 = 44° 16.55 a 17.71 a 17.13 -1.160"
L-MEAN 14.40 15.48 14.94

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

Note: *, ** = significant at 5%, 1% level
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Figure 5 (a) Trash covering efficiency at the conditions of 36°, 40° and 44°

(b) Pruning of sugarcane leaves efficiency at the conditions of 36°, 40° and 44°
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Table 2 Results of testing performance, fuel consumption and slip

Effective field Theoretical field Field Fuel Slip

capacity capacity efficiency consumption
(rai h'") (rai h'") (%) (L rai) (%)
1.75 2.36 74.15 1.65 0.22
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Table 3 Test result of trash covering efficiency, pruning of sugarcane leaves efficiency, fuel

consumption and effective field capacity using the prototype as compared to the

machine
Comparison Trash covering Pruning of Fuel Effective field
efficiency sugarcane leave consumption capacity
(%) efficiency (%) (L rai®) (rai h'%)
prototype 92.4 82.2 1.65 1.75
machine 94.7 81.4 5.85 0.87
T-test 3.07™ 0.60"™ 17.74° 11.52"
Note: * = significant at 5% level, NS = not significant
4500
4000 |
_ 3500 |
é 3000 |
& 2500 L
E 2000 | Expenses
g 1500 | 11621 | eeee- Income
“ 1000 L
500 | mzzmmmm -
0 L L
0 100 200 300 400

Number of rais (rais/year)

Figure 7 The break-even point of a sugarcane leaf pruning machine and trash incorporator
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Figure 8 Response of Khon Kaen3 sugarcane cultivar for the revolution of the rollers compared

with the reference signal
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Infection, Seed Transmission and Sequence Variation of

Pepper chat fruit viroid in Pepper and Eggplant
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ABSTRACT

Pepper chat fruit viroid (PCFVd) is a significant quarantine pest impacting the production
of pepper and tomato crops for exportation. This study aimed to evaluate the pathogenicity,
disease symptoms, seed transmission rate, and nucleotide sequence variation of PCFVd.
Mechanical inoculation was conducted on 13 pepper accessions and 16 eggplant accessions.
Reverse transcription-polymerase chain reaction was used to detect viroid infection. The results
showed 100% infection in all pepper samples, which led to reduced fruit size, though seeds were
still produced. Among the eggplant samples, 12 showed infection rates of 10-100%, while 4
accessions were not infected. Infected leaves and flowers of eggplant exhibited reduced sizes but
still produced viable seeds. Seedlings from infected plants exhibited transmission rates of 48.9
and 2% in pepper accessions CA1181 and CA1220, respectively, and 1.2% in eggplant accessions
SM021B. The RNA from the infected seeds and seedlings was also pathogenic when reinoculated
into a susceptible tomato variety, Seedatip4. The nucleotide sequence comparison of the DNA
products obtained in this study with the database of GenBank confirmed the species as PCFVd.
Nucleotide sequence variation was identified in the terminal right domain, exhibiting 96-99%
sequence identity to the LPng20-11c1 isolate (accession no. JF446893). This study demonstrated
that PCFVd can induce disease and be transmitted through seeds of both pepper and eggplant
plants.

Keywords: reverse transcription-polymerase chain reaction; Pepper chat fruit viroid; seed

transmission; quarantine pest
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W 8 dUMY WU s nsFiaiienn accessions

NANISNAAILAZINTA

WINYI 13 accessions nASlATUNTUGNLTe

NN PCFVd

F4

%30 100% wagnuaINsHaUnG Ae nIndanwge
vosiuanal gandunsyyn waruanugHansn
fuunidnas (Table 1 uaz Figure 1) uaianagey

Seanusasgauladnisfonauaziudnale

Table 1 The infectivity and seed transmission rate of PCFVd on pepper (C. annuum)

PCFVd infection in mother plants

PCFVd infection in seed

No. Accession  Fruit type % Plant 100 seeds by Grow-out test
Symptom bulked /
infection %G°® %G % InfY (Bioassay)
Bioassay ®
1 CA1106 elongate 100 BS, RF +/+ 50 39 0(0/39), ()
2 CA1110 elongate 100 RF +/+ 65 70 0 (0/70), ()
3 CA1113  elongate 100 RF +/+ 90 92 0(0/92), ()
4 CA1168  elongate 100 RF +/+ 65 87 0 (0/87), (-
5 CA1172 elongate 100 NS +/+ 87 65 0 (0/65), (-)
6 CA1179 elongate 100 RF +/+ 87 61 0 (0/61), (-)
7 CA1181 triangular 100 RF +/+ 95 90 48.9 (+44/90), (+)
8 CA1182 blocky 100 RF +/+ 85 73 0(0/73), ()
9 CA1194 blocky 100 RF +/+ 80 51 0(0/51), ()
10 CA1199 blocky 100 RF +/+ 68 72 0(0/72), ()
11 CA1200  elongate 100 RF +/+ 90 72 0(0/72), (-
12 CA1210 blocky 100 RF +/+ 70 15 0(0/15), ()
13 CA1220 blocky 100 RF +/+ 90 50 2 (+1/50), (+)

Remark: BS = Bushy; RF = Reduced fruit size; NS = No symptom
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(+) = PCFVd-infected sample was found by RT-PCR; (-) = PCFVd-infected sample was not found by RT-PCR

? Bioassay as mechanical inoculation on Seedathip4 tomato

® Germination rate of seed from healthy plant = (number of germinated seedling/total seed) x 100

© Germination rate of seed from PCFVd-infected plant = (number of germinated seedling/total seed) x 100

4 PCFVd infected rate = (number of PCFVd-infected seedling /total germinated seedling) x 100

B AR Bt o

Figure 1 Characteristics of C. annuum two
accessions; CA1181 (A, B) and CA1220 (C,
D) and S. melongena accession SM021B
(E, F); Fruits from healthy plants (A, C, E)
and fruits from PCFVd-infected plants

(8, D, F)

137



AUNLIYD 16 accessions WUIN 12 accessions SMO021B e SM112 8 3 accessions N19A51N15AN

189511570 10-100% wazlifinde 4 o 83-85.7% léun SM252-36 SM252-49 uay

accessions UanNa1N4 SamuensaaUnF Taun SM110A i 1 accession i§A51N5AALE D 10%
Tunaznonvesiuiind eflvuinanas winands ¢un SM1038 wawdl 4 accessions 7ighsMsAnde
aunsanmundunavasinudnle lnaidldiegng 0% laun Ugileen7 1 accession Ao SMO57 Lay
wu1ie 8 accessions Ml MsAnLe PCFVA 100% U3 991U 3 accessions A SMA74 SMAT4B way

1gun SM006 SM264 SM244 SM004 SMO13 SM099 SM477 (Table 2, Figure 2-3)

Table 2 The infectivity and seed transmission rate of PCFVd on eggplants (S. melongena)

PCFVd infection in mother plants PCFVd infection in seed
by Grow-out test
No. Accession Fruit type % Plant 100 seeds
Symptom % Inf?,
infection bulked/Bioassay® %G  %G°©

(Bioassay)
1 SMO006 long green 100 RL, RFL +/+ 100 100 0 (0/100), (-)
2 SM252-36 long green 85.7 NS +/+ 80 84 0 (0/84), (-)
3 SM264 long green 100 RL, RFL +/+ 97 93 0(0/93), (-)
4 SMO057 long purple 0 NS /- 90 90 0 (0/90), (-)
5 SM244 long purple 100 ST, RL, RFL +/+ 90 90 0 (0/90), (-)
6  SM252-49  long purple 85.7 ST, RL, RFL /- 100 100 0 (0/100), (-)
7 SM004 round green 100 RL, RFL -/- 100 100 0 (0/100), ()
8 SM013 round green 100 RL, RFL -/- 100 64 0 (0/64), (-)
9 SM099 round green 100 RL, RFL +/+ 32 5 0 (0/5), (-)
10 SM103B round green 10 RL, RFL +/+ 100 96 0 (0/96), (-)
11 SM110A round green 83 RL, RFL +/+ 100 92 0(0/92), (-)
12 SM021B white ribbed 100 RL, RFL +/+ 80 7 1.2 (+1/77), (+)
13 SM112 white ribbed 100 RL, RFL +/+ 92 80 0 (0/80), (-)
14 SMa74 white ribbed 0 NS -/- 80 85 0 (0/85), (-)
15 SM474B white ribbed 0 NS -/- 90 90 0 (0/90), (-)
16 SMaTT7 white ribbed 0 NS -/- 100 98 0(0/98), (-)

Remark: ST = Stunt; RL = Reduced leaf size; RFL = Reduced flower size; NS = No symptom
(+) = PCFVd-infected sample was found by RT-PCR; (-) = PCFVd-infected sample was not found by RT-PCR
? Bioassay as mechanical inoculation on Seedathip4 tomato
® Germination rate of seed from healthy plant = (number of germinated seedling/total seed) x 100
© Germination rate of seed from PCFVd-infected plant = (number of germinated seedling/total seed) x 100

4 PCFVd infected rate = (number of PCFVd-infected seedling /total germinated seedling) x 100

138 sEsnaneas 99 43 atiufl 2 wounaw - Favnan 2568



M BF .P 1 25 3 14 526 0/e 2680810111281 381 4315 S16 11 SRS P20 8215522 M

Figure 2 Results of PCFVd infection detected by RT-PCR technique using PCF-seq primers with
target DNA of 348 bp (PCFVd-infected plant) from RNA extracted from S. melongena, 8
weeks after inoculation; M = 100 bp. Molecular weight marker, BF = buffer, P = PCFVd
positive control, 1-5 = SM006 plant no. 1 to 5, 6-10= SM252-36 plant no. 1 to 5,
11-15 = SM264 plant no. 1 to 5, 16-19 = SM244 plant no. 1 to 4 and 20-22 = SM252-

49 plant no. 1 to 3, respectively

SM004

SM021B

SM112

Figure 3 Comparison on healthy and PCFVd-infected plants of S. melongena three accessions,
SM004 (A1-A4), SM021 (B1-B4) and SM112 (C1-C4): healthy leaves (A1, B1, C1); infected

leaves (A2, B2, C2); healthy flowers (A3, B3, C3) and infected flowers (A4, B4, C4)
nsAnwilaenndaatiu Verhoeven et al. WEATUSMISAW C annuum e C fiutescense L.
(2009: 2011: 2020) Ui 1ie PCFVd @1ansa Afade PCFV To1nsAuLA ouasy NIINY

Waviarglunsnaia C annuum wazdanalv wAUaY W3nuWug lifinsAananaziudniile

NaNINIYUIALANAY Lag Matsushita and Tsuda
(2015) AWV b8 ® PCFVd @1u15asW uUSuNed
Tunsnwila C annuum wagNuINISHALANAY

R N1SANYIYeY Keyata et al (2024) wuin

wWisuiguiusuunaluiugaeniu lagluiugn
AALAANTIANULTD PCFVA L linun1sanenan
& Y v a A a ~ ~
Walddadundinsn wWiotdSeuriieuainislsai

Wina1nwye PCFVd lungidainaiug Money-
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maker (Verhoeven et al., 2009) wazug U BLNe
‘ﬁuﬁi Rutgers (Reanwarakorn et al., 2011) wudl
9111513ATULTINI N Nz Uz Taun laun
suiewasy Turdnangy wnalvndiidulu Aulu
LATEIAUREIITULTT 9NTIna1INTeagUle i
AU ULTIVOIDINITIIANLAAINAITAALY D
PCFVd Tudvwiinnng 9 Yuiunatedade laun
yipuaraneiuiventelisess viauasiuives
A a 124’ v ..
WY JPELIAMIAAYD wazanmInaey (Hadidi
et al,, 2003; Ding, 2009; Hadlidi et al., 2017) ag13ls
13 =2 & & Aa &

AN N13AnwIlNUNEToNAMYe PCFVD wans

a a a 13 v v 1
gn1siaUnfissantes lawa vuinvesly
wazaonanat ag13lsnau ilesainuziloma
a IS < ] ¢ a v v & = &

WIn wavuslaidunalursdineniu delu Fady
- o A ¢« a A v o 1% 1 1Y)
fvandenlisesnvlinilidvhaiels wilisedunis

WNYNa8uane PCFVd Nuanfnany

2. M3devnenlorumaudn
naoudalsesdiazaneglusdanin
Fewmaia RT-PCR wun1sanide PCFVA luwdn
‘17?& 13 accessions laiun CA1106 CA1110 CA1113
CA1168 CA1172 CA1179 CA1181 CA1182 CA1194
CA1199 CA1200 CA1210 way CA1220 (Table 1)
wazlunzifenuwdndinide PCFV 9 accessions
1nN¥aviaa 16 accessions e SM006 SM252-
36 SM264 SM244 SM099 SM103B SM110A
SMO021B tay SM112 (Table 2) Buduauasnsa
Tunsnelsaveade PCFVd annwdnnsnuas
undeildnduinge wuin undemaiage
PCFvd mﬂﬁﬁﬁgumﬁmw%ﬂﬁg\i 13 accessions LLay
uzilawmanade PCFVd anninduudnusiie
$1UIU 12 accessions MNTANUA 16 accessions

(Table 2) uandldifiuinge PCFV finsranuly
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WandinIAuaINIsalunisnalsale waziinny
NUNTUA DANINLIAG DUTLNI WNAITLAULAY
ANAreINIAATUS nan1INaasnlatiaa
d@anAaadnu Verhoeven et al. (2009) 1NUBINTS
vaululng wazvurnvednaanasluuzi o
naalasunsugnie PCFV iienaaaunisidn
YMaNuvaT NTREAUUNINAFDUDIULD kAT
donPReIiu USiwuguazany (2556) Reanwarakom
et al. (2011) wag Kungwon et al. (2022) NIy
o v 4dy % v a a
Anwazonisauiey wdululvll Tulednd wazly
A P = ¢ & |
WagualuLLamA 91NA1SANYIT WU ©1N1S
15ATILARIINNISAAWE PCFVd UuNgWawmANUg
= a 4 [ =3 gj 1 [ [ dill
dnfingdd Funariunaue 14 Tundenisugniae
Tase8datuisarliiineinisdunAszLnsyY
21n15uulU lown Ongiauee Mmﬁﬂamazﬁmgﬂ
N a . I3 aa

81N15:41889% M (chlorosis) 81N15LEARA1YT N
Ay wazidulu naidnasuasiingy Wusu (Flores
et al., 2005)

A1SONENDANIUNINUAAVDILTD PCFVd

I3 a A Ay Y A Yo
YosuAANENwauzeilandunlasun1sUgn
Weo PCFVA wSsurisuduuannlaainduuns
mvAl lngnisugnnegeuluanimlsusauuiy
12 &UA WU WIN 2 accessions lawn CA1181

¥ Y a & ¥ ¥ v o

ASIANUAUNAIRALY D 44 HU INNAUNAINIDN
719%UA 90 AU kaz CA1220 ASIANUAUNARALYD
1 AU INAUNANIDNINUA 50 Fu AnLTuN1T
AENDANIUNILUAAVDI CA1181 LAy CA1220 il
9751 48.9 hay 2% A1Ua1n U (Table 1 way
Figure 4-5) LA¥NUI1 ULll® 1 accession bAA
SM021B AS29NUAUNAFALTD 1 AW INNAUNAN
I9NITINUA 77 FU AALTUSHIINTITONENDANIU

MaLan 1.2% (Table 2 uaz Figure 6)
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MBFPH 1 2 3 45 6 78 921011 1213 1415 1617 1819 2021 M M 22 23 24 25 26 27 28 2% 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 M

M 46 47 48 49 50 51 52 53 54 55 56 57 5859 60 61 62 63 64 65 66 67 63 69 M M OBF P 707172737475 76 77 7879 80 8182 83 84 85 86 87 83 89 90 M

Figure 4 PCFVd detected by RT-PCR using PCF-seq primers with target DNA of 348 bp (PCFVd-
infected seedling) on 12-week-old seedling of C. annuum accession CA1181 from the
Grow-out test; M = 100 bp. molecular weight marker, BF = buffer, P = PCFVd positive
control, H = healthy, lane 1-90 = seedling no.1 to 90 (A, B, C, D)

M BF 1 2 3 4 5 6 T 8 @ 100 P M

<— 500 bp
+— 348 bp

Figure 5 PCFVd detected by RT-PCR using PCF-seq primers with target DNA of 348 bp (PCFVd-
infected seedling) on 12-week-old seedling of C. annuum accession CA1120 from the
Grow-out test; M = 100 bp. molecular weight marker, BF = buffer, 1 = seedling no. 26,
2 = seedling no. 27, 3 = seedling no. 28, 4 = seedling no. 29, 5 = seedling no. 30, 6
= seedling no. 41, 7 = seedling no. 42, 8 = seedling no. 43, 9 = seedling no. 44, 10 =
seedling no. 45 and P = PCFVd positive control

Figure 6 PCFVd detected by RT-PCR using PCF-seq primers with target DNA of 348 bp (PCFVd-
infected seedling) on 12-week-old seedling of S. melongena accession SM021B from
the Grow-out test; lane 1 and 25 = 100 bp. molecular weight marker, 2 = buffer,

3 = PCFVd positive control and 4-24 = seedling no. 1 to 20, respectively
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INUAU N3N 2 accessions NFRLT PCFVd
loun CA1181 Wunsnauie dnseuuwiu Tuidn

158 aaﬂmaﬂlﬁuﬁaaﬁmumﬂ YUIANATULAY

¥
[ % a A

anmdneiunsnYnylszau uay CA1220 1Junsn

Aoy

AdAugauanane nsaiuluse Tulve wagniwaz

—

Tnajaa1ansnuu @aursasylvnandnuas
WwaanugAnle PCFVd fianevanludsdunan
feantuile Fe8udulainde PCFVA @119
1 dy 1 @ a v YV ¥ d'
UL BHIUNINUAANS NLUSIdUnd 1N LTy
N3ENYIATIN 9e13l5ANIL Nan1SENWITLANA
INNTI8UVDT Verhoeven et al. (2020) N91579
WULID PCFVd 21ntu@ansn ualinunisaienan
o PCFV rumawdnludundininileenain
@ a [ dy 1 a [ = = U

WanyaRenfull wunefun1sAnyiigende
LAZNITO1ENDALY @ PCFVA HAUNIUAAUDS
Yanagisawa and Matsushita (2017) Wun1sanevan
Werumawdnlugdundntuninilvasd 65.3-
91.9% waga 18NaAN TUNINNAAlUE A und
wawne (S. lycopersicum) g Yellow Pare 1.4%
welinunIsaNENaANLMNUAANSN (C. annuum)
Wug Miyoki

Uz e et olu accession SM021B LTu

= A v v

U @e91u NdaNvarAUaIUIUNa1e DBNABN
a a a N v i
W NAUNBNEYND NALANYAENANLULLAL LT
guLaNtef1ud19eIna naiadalisesnds
arunsaasylinandanasiudnfinie PCFV

| & o v v o MY e A o
wazatenaaialudisunafeantule J9udiy
a1 Y9 PCFVA @13115001879ANIUNILUAR

A Al =3 g Y] '
1N UN1SANEIASI wazdlunusigau
N1TOENDALY D PCFVA HAUNILE AlULZLY 9300
a
DU 9
= dy Y @ 1 a di{l
AsANYULAAa LU N1SRAe PCFVA

VOIANANY (embryo) Winwarugide eraialaan
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2 ueHa Ao 1) Auwl Ao owazdl $3lY (ovary)
da & v o & ] = = '
Anesiy Waleanselulinsiadeunsening

wad (cell-to-cell) ULV WYARVDIANNL T B

Y

a

[~ v Y a dy & 1
AMeluwazaanluAuNadaLTe ¥3s 2) S¥rIg
AULLINSAA PCFV wagkiladisyuyaannan
uazasINarenas (pollen) NAn1AALTD 18
LAANIINELALDY (self-pollination) azoanasil
a & & v a av Yo Aa &
Antdolisesnaunsanujauslaannsnfne

< v Y da A vy ' &
wazsanidusunaidnaels Fanalnnsaneneni
Bhuvitarkorn and Reanwarakom (2019) 9518414
A15018NDANINUA AVUT © CLVd Tunzld 997
sesrausafaliiuazeaanaswazinanig

Ufauslarnnzindofiaunsansyuazsanidu

funa1ffng elaluensii LANAINNUYUBYN

& A 1 =3 =) = AI a d‘
UTNY 281915AMN AITHNTANWIALLALLND

wagvilhiAnnsdnevenidelisossluganngly
$alale e fudoyaliiAnanuszsiasy Yansld
avoaunasiluinisinide PCFVd lunsuan
\wénsiug 193270 Yanagisawa and Matsushita
(2017) Anwinsanenenveuio PCFVd Tufiyuile
WUTT N15IENDANTUNIUUAALAAINAITHEAL
vpsazeounasind olisesddulyludely way
dwaliidodroneadluludwnzd wasysely
Hudauazsonifudundande PCFVd Tusns

Mgeunnidi 65%

3. NMsAIATZIMaaUlea lalnavawtalisen
aautiiadlelndveyndleg199iiun
= = = %3 o %3 a al L2 dﬁl
Anw danumilaunua1Rutiealalne va e
PCFVd loleian LPng20-11c1 (accession no.
JF446893) 1agdl A N1ANULAL BUN UVDIAIAU
Tralalnail 96% D9 99% (Table 3) waza NS

Wisuiiguawuiiealelneuu multiple sequence
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aligcnment A28 Clustal OMEGA (version 1.2.4)
yoade PCFVd fildannnsn uzide uasuzdome
Fo1d olunsfnwnd TuLd o PCFVd lolwian
LPng20-11c1 (accession no. JF446893) Wu1 &
mM3asunlamesau Tedlolnduraiums
USaEIRuURl 160 8 190 Fedeuianalelng
fanaegluuinalauuilaun (terminal right
domain; TR domain) ¥e9i@e PCFVd Tnemunns

WasukUaswasasuinmalelnavsaiis PCFVd

fiRnwINNA accession CA1181 l¢uA accession
no. PQ872184 (Rndunindinde) s1uau 12
ALY accession no. PQ872186 (mmuﬁmad
WINAAED) 10 FUMLis accession no. PQ872188
(UELUDLNAIINAITNAGD U biological assay)
3 AIWNAUY LaY accession no. PQ872194 (Aunan
winAndeannimmaaeuvgnluanimlsasen)

3 AwnUs (Table 3 way Figure 7)

Table 3 Results of sequence similarity of PCFVd infected plant, whole seeds, biological assay and

Grow-out test seedling of the C. annuum, S. melongena and S. lycopersicum compared

to the isolate LPng20-11c1 (accession no. JF446893)

Plant accession NCBI accession Sample ID Host Score E Value % Identity No. of nucleotide changing at
no. no. (bits) TR-domain
CAl181 PQ872184 SB_Pe_PC1 pepper Infected pepper plant 571 2e-158 96 12
PQ872186 SB_Pe_PC5 pepper 100 whole seeds 588 2e-163 97 10
PQ872188 SB_Pe_PC8 tomato biological assay 627 4e-175 99 3
PQ872194 SB_Pe_PC18 pepper GOT seedling 627 de-175 99 2
CA1220 PQ872185 SB_Pe_PC3 pepper Infected pepper plant 593 de-165 97 7
PQ872187 SB_Pe_PC6 pepper 100 whole seeds 627 de-175 99 3
PQ872189 SB_Pe_PC10 tomato Biological assay 627 4e-175 99 3
PQ872193 SB_Pe_PC17 pepper GOT seedling 621 2e-173 99 3
SM021B pPQ872174 SB_Eg PC28 eggplant  Infected eggplant plant 627 de-175 99 3
PQ872179 SB_Eg PC53 eggplant 100 whole seeds 621 2e-173 99 3
PQ872180 SB_Eg PC76 eggplant  GOT seedling 627 de-175 99 3

Note: Length 348 (nucleotide)

Sununsiasuilamwesdsuiionale s
Y8988 PCFVd $1u2u 3 dunys Adnwnlundn
accession CA1220 lawn accession no. PQ872185
(@INFUNNRAED) $1uI 7 Aumus accession
no. PQ8T2187 (Inuidnuesinfiniie) accession
no. PQ872189 (anuzilainenaaeu biological
assay) Wa¥ accession no. PQ872193 (AUAA1
winAndeannimmageuUgnluanimlsasen)
(Table 3 way Figure 7)

Sununsiasuilamwesdsuiionale s
Y0480 PCFVA $112u 3 suvs fidnwlunzide
accession SM021B e in accession no. PQ872174
(@ ndunzidefinige) accession no. PQ872179
(@1mudauziiofind o) uazide accession no.
PQ872180 (ANFUNE 11T oA ALd 991001

nagauUgniuanmlsasen) (Table 3)
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CLUSTAL OMEGA (1.2.4) multiple sequence alignment

JF446893.1 CCGGATTCTTCTAAGGGTGCCTGTGGTGCCTCCCCCGAAGCCCGCTTAGGGAAAAAGAAA 60
PQ872184 CCGGATTCTTCTAAGGGTGCCTGTGGTGCCTCCCCCGAAGCCCGCTTAGGGAAAAAGAAA 60
PQ872186 CCGGATTCTTCTAAGGGTGCCTGTGGTGCCTCCCCCGAAGCCCGCTTAGGGAAAAAGAAA 60
PQ872188 CCGGATTCTTCTAAGGGTGCCTGTGGTGCCTCCCCCGAAGCCCGCTTAGGGAAAAAGAAA 60
PQ872194 CCGGATTCTTCTAAGGGTGCCTGTGGTGCCTCCCCCGAAGCCCGCTTAGGGAAAAAGAAA 60
PQ872185 CCGGATTCTTCTAAGGGTGCCTGTGGTGCCTCCCCCGAAGCCCGCTTAGGGAAAAAGAAA 60
PQ872187 CCGGATTCTTCTAAGGGTGCCTGTGGTGCCTCCCCCGAAGCCCGCTTAGGGAAAAAGAAA 60
PQ872189 CCGGATTCTTCTAAGGGTGCCTGTGGTGCCTCCCCCGAAGCCCGCTTAGGGAAAAAGAAA 60
PQ872193 CCGGATTCTTCTAAGGGTGCCTGTGGTGCCTCCCCCGAAGCCCGCTTAGGGAAAAAGAAA 60
KA K AKR KA AA KA A I KA A I AAAAA AR I A A I A A AR I AR A A A AR ARk k kA kA Ak ok k ok k ok ok x
JF446893.1 GGGGAAGCAAGCATCTCCTGTTCAGGGATCCCCGGGGAAACCTGAACAGATCGGGCGGAG 120
PQ872184 GGGGAAGCAAGCATCTCCTGTTCAGGGATCCCCGGGGAAACCTGAACAGATCGGGCGGAG 120
PQ872186 GGGGAAGCAAGCATCTCCTGTTCAGGGATCCCCGGGGAAACCTGAACAGATCGGGCGGAG 120
PQ872188 GGGGAAGCAAGCATCTCCTGTTCAGGGATCCCCGGGGAAACCTGAACAGATCGGGCGGAG 120
PQ872194 GGGGAAGCAAGCATCTCCTGTTCAGGGATCCCCGGGGAAACCTGAACAGATCGGGCGGAG 120
PQ872185 GGGGAAGCAAGCATCTCCTGTTCAGGGATCCCCGGGGAAACCTGAACAGATCGGGCGGAG 120
PQ872187 GGGGAAGCAAGCATCTCCTGTTCAGGGATCCCCGGGGAAACCTGAACAGATCGGGCGGAG 120
PQ872189 GGGGAAGCAAGCATCTCCTGTTCAGGGATCCCCGGGGAAACCTGAACAGATCGGGCGGAG 120
PQ872193 GGGGAAGCAAGCATCTCCTGTTCAGGGATCCCCGGGGAAACCTGAACAGATCGGGCGGAG 120
KA K AKR KA A A KRA KA I KA A I AAA A A AR I A A I AA A KNI A A A AR Ak bk kA kA Ak ok k ok ok ok kx
JF446893.1 AAGCGCCGTGCGGGTCCGTCTTCTGACAGGAGTAATCCCAGTAGAAACAGGGTTTTCACC 180
PQ872184 AAGCGCCGTGCGGGTCCGTCTTCTGACAGGAGTAATCCCCGCTCCATCAAAGTCCCCCCC 180
PQ872186 AAGCGCCGTGCGGGTCCGTCTTCTGACAGGAGTAATCCCATCATAAACAATGCCACCACC 180
PQ872188 AAGCGCCGTGCGGGTCCGTCTTCTGACAGGAGTAATCCCCGCTGAAACAGGGTTTTCACC 180
PQ872194 AAGCGCCGTGCGGGTCCGTCTTCTGACAGGAGTAATCCCCGCTGAAACAGGGTTTTCACC 180
PQ872185 AAGCGCCGTGCGGGTCCGTCTTCTGACAGGAGTAATCCCCGCGGAATCAGGGCAGCCACC 180
PQ872187 AAGCGCCGTGCGGGTCCGTCTTCTGACAGGAGTAATCCCCGCTGAAACAGGGTTTTCACC 180
PQ872189 AAGCGCCGTGCGGGTCCGTCTTCTGACAGGAGTAATCCCCGCTGAAACAGGGTTTTCACC 180
PQ872193 AAGCGCCGGGCGGGTCCGTCTTCTGACAGGAGTAATCCCCGCTGAAACAGGGTTTTCACC 180
KA KA I KA AAKRAA I I AIR I A AA KA AR I A AR A A AR I A K h ok k ok K kK * K kK
JF446893.1 CTTCCITTCTTCGGGTTTCCTTCCTCAGTCGACCGGACCGCGTCGGCCTTCTCGCGCACT 240
PQ872184 CTCCCTTTCTTCGGGTTTCCTTCCTCAGTCGACCGGACCGCGTCGGCCTTCTCGCGCACT 240
PQ872186 CTTCCTTTTTTCGGGTTTCCTTCCTCAGTCGACCGGACCGCGTCGGCCTTCTCGCGCACT 240
PQ872188 CTTCCTTTCTTCGGGTTTCCTTCCTCAGTCGACCGGACCGCGTCGGCCTTCTCGCGCACT 240
PQ872194 CTTCCTTTCTTCGGGTTTCCTTCCTCAGTCGACCGGACCGCGTCGGCCTTCTCGCGCACT 240
PQ872185 CTTCCATTCTTCGGGTTTCCTTCCTCAGTCGACCGGACCGCGTCGGCCTTCTCGCGCACT 240
PQ872187 CTTCCTTTCTTCGGGTTTCCTTCCTCAGTCGACCGGACCGCGTCGGCCTTCTCGCGCACT 240
PQ872189 CTTCCTTTCTTCGGGTTTCCTTCCTCAGTCGACCGGACCGCGTCGGCCTTCTCGCGCACT 240
PQ872193 CTTCCTTTCTTCGGGTTTCCTTCCTCAGTCGACCGGACCGCGTCGGCCTTCTCGCGCACT 240

I I R R R e A ]

Figure 7 Multiple sequence aligcnment using Clustal Omega of Pepper chat fruit viroid sequences
from PCFVd-infected plant, whole seeds and GOT seedling of the C. annuum CA1181
and CA1220 and biological assay on S. lycopersicum ‘Seedathipd’ compared to the
isolate LPng20-11c1 (accession no. JF446893.1). Blue highlights show the original sequences

and yellow highlights show the changed sequences
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lasessmaennismaaesiudulsdn e PCFVd vadlawuuuielasessluied Pospiviroidae wa
wardmanuiuideunulelyian LPng20-11cl WU TR domain iwihfAedestunsindend
(accession no. JF446893) 7 96 &4 99% uay voudohsesdnsluwadiwludidundoais
ArauAnasesd iy Taedlelndvenitio PCFVd o190AelUsAue v dnuantAlunsduiy
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ABSTRACT

This study aimed to analyze the service cost of import and bring in-transit permit under
the Plant Quarantine Act B.E. 2507 and amended and to find guidelines for controlling costs of
Technical Groups, Office of Agricultural Regulation, Department of Agriculture. The study followed
a structured approach in the fiscal year 2022, encompassing four main steps: 1) investigation of
general information on import and bring in-transit permit services, 2) analysis of organizational
structure to determine cost units, 3) calculation of unit costs for permit services, and 4) analysis
of approaches to control service unit cost. The results of the study revealed that the unit cost of
import- and bring in-transit permit services for prohibited articles was 248.44 Baht per issue. This
cost was further broken down into direct costs (228.50 Baht) including labor (218.50 Baht) and
material costs (10.01 Baht), and indirect costs (19.94 Baht) including indirect labor (14.16 Baht)
and indirect material costs (5.48 Baht). No investment cost was incurred, as depreciation was
calculated to be 0 Baht. The analysis of cost distribution indicated that total labor costs
constituted the highest proportion, accounting for 93.65% for permits. In contrast, total material
costs made up only 6.35% for the permit. This discrepancy was attributed to the electronic permit
system, which streamlines the process from application submission to receiving the permit. The
findings of this study emphasized the significance of implementing guidelines for controlling labor

costs in service provision. Besides, the fees should be revised to reflect a more reasonable cost.

Keywords: service cost; permit; plant quarantine act
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Table 1 Total direct cost (TDC) of the Office of Agricultural Regulation

Cost unit LC MC CC TDC
(Baht/year) (Baht/year) (Baht/year) (Baht/year)
Functional cost centers
F1 Fertilizer Control Group 4,610,206 660,909 5,271,115
F2 Hazard Substance Control Group 11,894,380 539,450 12,433,830
F3 Plant Variety Control Group 2,047,222 692,280 2,739,502
F4 Agricultural Inspection Group 3,210,793 634,040 3,894,833
F5 Agricultural Export Service Group 12,599,494 975,334 13,574,828
F6 Technical Group 3,422,627 193,310 3,615,937
F7 Plant Quarantine Station 21,762,655 2,810,218 15,983,300 40,556,173
Support cost centers
S1 General Administration Division 9,735,702 3,974,730 13,710,432
S2 Research Project Administration 695,010 32,922 727,932

Group

Note: LC = labor cost, MC = material cost, CC = capital cost, TDC = total direct cost

3.2 Aununedeulnesu (Total indirect
cost: TIDC)
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Table 2 Total indirect cost (TIDC) of the Office of Agricultural Regulation

Cost unit MIC CIC TIDC
(Baht/year) (Baht/year) (Baht/year) (Baht/year)

Functional cost centers

F1 Fertilizer Control Group 333414 136,121 469,535
F2 Hazard Substance Control Group 444,553 181,495 626,047
F3 Plant Variety Control Group 222,276 90,747 313,024
F4 Agricultural Inspection Group 377,870 154,270 532,140
F5 Agricultural Export Service Group 933,560 381,138 1,314,699
F6 Technical Group 222,276 90,747 313,024
F7 Plant Quarantine Station 6,423,785 3,974,730 10,398,515

Note: LIC = labor indirect cost, MIC = material indirect cost, CIC = capital indirect cost, TIDC = total indirect cost

3.4 Aununsiuims

JunsAndumusienievenisliuinig
dnsumiagauduundni i eateaiunig
panluaym It 1-UIHIY A NaUIVINIT
vangdIuuuInsluaugn (F6.1.1) vas
HE1U38N190a N 31991 311,885 U (AU
ATINIATE 297,025 U AUy U TannI1am s
5,049 UM AUNUAILIINIIDBY 6,966 UM g
AUNUAITAANIID DY 2,844 UIN) LAY
Tuaua (F6.5) 31U 980,496 UM (Funu
ATINIATE 839,589 UM AUYUATAANIIRTS

47,000 UIN AUNUAILIINIEBY 66,683 UM

wazAUNUATIANVIEaN 27,224 un) sy
ﬁunusmﬁgwm 1,292,381 U Tug91a9
Anw1 dnasluuiniseantuauginuidi-niu
593 5,202 aUu A155suilenatuay 100 U A
B 520,200 U Feiiu lethdunusiuiavan
Andusuyunsbiuinisdadu 248.43 un/atu
Tnsuunduduyuaiuseitomn 232.65 v1n

Anu 93.65% uagduy U1 TanYiLn 15.78 UM

= 4

Andu 6.35% (Table 4) Faiuyunisliuinig
A aNa 198907 1A 15550 8UT 3 v vaduag
148.43 U A sANWIAINET Fndunisdia

] Uy ugmﬁ%ﬂi 54 (activity-based costing system)

Thai Agricultural Research Journal Vol. 43 No. 2 May - August 2025 155



IS [

ATULLUININUD ﬁﬂﬁ’ﬂmmgmﬂ’ﬁgmaamﬂﬁ

&9

v
a a =< !

(2557) Wagnisdudiuanlydaneiinad wdng

v v [ t%

AANIIUMAEIT0 BIFUAINSNAUAUNY (cost

a = Y =

driver) NiANUAURUSAUAINTTUTAATY LA

a

AWINAUYULINGFINERSUINToUINNS Visedan

ABIN13ANAUNU (cost object) lagldn1studqu

WUURSY (direct allocation method) sTfaLfJumi

Judruliknru89Unanlaenss aUanaIun

TusnseNvulgaunan

Table 3 Total full cost (TFC) of the Office of Agricultural Regulation

Cost unit TDC TIDC TFC
(Baht/year) (Baht/year) (Baht/year)
Functional cost centers
F1 Fertilizer Control Group 5,271,115 469,535 5,740,651
F2 Hazard Substance Control Group 12,433,830 626,047 13,059,877
F3 Plant Variety Control Group 2,739,502 313,024 3,021,223
F4 Agricultural Inspection Group 3,894,833 532,140 4,426,973
F5 Agricultural Export Service Group 13,574,828 1,314,699 14,889,527
F6 Technical Group 3,615,937 313,024 3,928,960
F6.1 Head of Technical Group 963,830 31,302 995,132
F6.1.1 Permit Service 302,074 9,810 311,885
F6.1.2 Others Service 661,756 21,492 683,248
F6.2 Administration Section 460,078 62,605 522,683
F6.3 Secretary Section 647,620 62,605 710,225
F6.4 Technical Section 657,820 62,605 720,425
F6.5 Permit Section 886,589 93,907 980,496
F7 Plant Quarantine Station 40,556,173 10,398,515 50,954,688
Note: TDC = total direct cost, TIDC = total indirect cost, TFC = total full cost
Table 4 Unit cost of permit service cost
Cost type TFC No. of permit Service cost Percentage
(Baht/year) per year (Baht/issue) (%)
Import/Bring in transit permit 5,202
1. Labor cost 1,210,263 232.65 93.65
2. Material cost 82,117 15.78 6.35
3. Capital cost
Total 1,292,381 248.43 100

Note: TFC = total full cost
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ABSTRACT

The demand for vegetable soybean cv. DOA Chiang Mai84-2 has been increasing in the
market. Increasing the yield of this soybean by extending the planting area was not practical due
to the limitation of appropriate planting areas. To increase yield, the effects of spraying growth
reculators at the flowering stage on the yield and quality of vegetable soybean cv. DOA Chiang
Mai84-2 were investigated. The experiment was conducted at the Chiang Mai Field Crops Research
Center in two dry seasons during the years 2022-2023. A randomized complete block design of
six treatments with 4 replications was applied. The treatments were comprised of spraying
soybean at the flowering stage (R1) with different growth regulators: 1) brassinolide 0.01 ppm,
2) gibberellic acids (GAs) 1 ppm, 3) abscisic acid (ABA) 1 ppm, 4) kinetin 5 ppm, 5) naphthalene acetic
acid 10 ppm and 6) spraying water (control). The results showed that spraying all growth regulators
gave a total yield of 1,397-1,511 kg/rai, a marketable yield of 1,335-1,464 kg/rai, and a standard
pod yield (grade A) of 530-623 kg/rai, which were slightly different. The ABA spraying gave the
highest grade A pod yield of 623 ke/rai, which was not different from other growth regulators but
significantly higher than that of GAs spraying. All growth regulator spraying treatments gave higher
yields than that of water spraying, causing marketable yield increases of 19.5-31.1%. Nevertheless,
all growth regulator treatments did not affect other yield components. The benefit-cost ratio of

all spraying treatments was greater than 1, indicating that the investment was worthwhile.
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Therefore, spraying these growth regulators
was recommended as an alternative method
to increase the yield of vegetable soybean

cv. DOA Chiang Maig84-2.

Keywords: growth regulator; yield variance;
vegetable soybean; BCR
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acids, GAs) usnadlulas (brassinolide, BL) laLufy
(kinetin, Kn) nsALUNMIAUW 02TFn (naphthalene
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biphosphate carboxylase oxygenase WazAIUAL
A 9NTIUU8Y sucrose phosphate synthase Tun1s
Fuaswindawaziinia (Yuan and Xu, 2001)
NN UENT GAs 100 ppm ﬁuﬁamﬁaa‘ﬁ'mq 42 u
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Table 1 Total yield, marketable yield and increased marketable yield of vegetable soybean cv.

DOA Chiang Mai84-2 sprayed with different growth regulators at Chiang Mai Field Crops

Research Center in two dry seasons 2021-2023

Total yield Marketable yield Increased marketable yield
Treatment
(kg/rai) (kg/rai) (%)

BL 0.01 ppm 1,438 a 1,368 a 22.5
GAs 1 ppm 1,449 a 1,392 a 24.6
ABA 1 ppm 1,511 a 1,464 a 31.1
Kn 5 ppm 1,478 a 1,436 a 28.6
NAA 10 ppm 1,397 a 1,335 a 19.5
Water (control) 1,149 b 1,117 b -

Mean 1,403 1,352

CV (%) 9.1 9.4

Means in the same column followed by a common letter are not significantly different at P<0.05 by DMRT

Table 2 Standard yield, pod width, pod length and pod thickness of vegetable soybean cv. DOA

Chiang Mai84-2 sprayed with different growth regulators at Chiang Mai Field Crops

Research Center in two dry seasons 2021-2023

Treatment Standard yield (grade A) Pod width  Pod length  Pod thickness

(kg/rai) (cm) (cm) (cm)

BL 0.01 ppm 553 ab 1.47 6.94 0.99
GAs 1 ppm 530 b 1.46 6.86 0.99
ABA 1 ppm 623 a 1.46 6.85 0.99
Kn 5 ppm 595 ab 1.47 6.82 0.99
NAA 10 ppm 553 ab 1.46 6.96 1.01
Water (control) 425 ¢ 1.47 6.86 0.98
Mean 546 1.47 6.88 0.99

CV (%) 14.0 2.5 2.8 3.7

Means in the same column followed by a common letter are not significantly different at P<0.05 by DMRT

DIAUTENOUNAKER WU MInuasAIUAY
nstasgiulavinligIwau Hn/eu Ianunnneng
Aunsanneg9ltudAgy Inen1swu Kn J97u7u

{n/auganian 25.9 dn/mu IndiAgadunisniy

164

ABA N15137U0U 24.8 Hn/A 998931 towA NS
BL GAstaz NAA Ja1uiutlneenu 22.8 22.7
waz 22.7 {n euafu daunssuisaluaul

(%
Y

Snnuiindedutiosiian 21.9 in (Table 3) il
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A3 Kn vilESuuiinfiuanndwiesunain
Huarsifiunumddglunisanusuiunend
wanld@a Wiun1siein (Yashima et al, 2005;
Nonokawa et al., 2007) was@anAaadny Passos
et al. (2011) fiwuin Kn 160 un./l3 Freifissiuon

a a

ANSAMEN 27.1% LU 8991 UUSLANT AINNT

Anduarsomsiudilnuazdnlafvu uazds
donndaiiu Reinoso et al. (2011) il ABA §791
300 me/l fudundesfisses V7 wavszey R2 v
Taunsarinnandndnndesls duesrdsznau

a A 1 [ [3 ! s o
NANARDU LTU IUUAASBEN Wazi1utin 100

wiénan Liflanuuandesiunisadflunnnssuis

Snwagyansinuasdu liun armgs
Srunutesedu druufsiedu lildiunanszny
INNTNUFITAIVANNTATAULA IUNNNTTUTT
fatloradesninszermariuarndussezeen
aondslufinanoanislasgiulaneaisunazlu
IneilAnugaanusEndng 29.0-31.7 au. Suude/fu
5EWine 7.78-7.98 Fo S1unufv/du 2.78-2.86 As
uenNfAunmYesd widoslnanduaTLITY
Luflanuunnedsiuneadalunnnssudsuiu

TReTANLITUSEIIN 11.9-12.8% USND (Table 3)

Table 3 Yield components of vegetable soybean cv. DOA Chiang Mai84-2 sprayed with different
growth regulators at Chiang Mai Field Crops Research Center in two dry seasons 2021-2023

No. of No. of 100 Fresh Plant No. of No. of Sweetness
Treatment pod seed seed wt. height node branch (% Brix)
/plant /pod (g) (cm) /plant /plant
BL 0.01 ppm 22.8 bc 2.47 76.2 29.0 7.78 2.78 11.9
GAs 1 ppm 22.7 bc 2.49 75.5 30.8 7.98 2.81 12.1
ABA 1 ppm 24.8 ab 241 75.5 31.7 7.96 2.86 11.9
Kn 5 ppm 259 a 2.28 75.9 30.6 7.98 2.83 12.1
NAA 10 ppm 22.7 bc 2.53 76.8 30.3 7.85 2.80 12.6
Water (control)  21.9 ¢ 2.56 2.7 29.5 7.91 2.81 12.8
Mean 23.5 2.46 75.4 30.3 7.91 2.82 12.2
CV (%) 11.8 10.7 3.8 8.2 4.9 14.2 16.2

The means in the same column followed by a common letter are not significantly different at P<0.05 by DMRT

N1 UAITAIUANNITIATEYLAUIAluYN
N353 IHANENTIN HaNFnHnUINTFIUNTA A
wazwandniismunelalndifseiy aunsauiy
nanaRluInnIINIsL wissRUsenounanan
snviusuuiln/du luuendeiy 91aiflosain
peAUsEneUNarAntulin v Snne unauny

warIAeEdanuLariule RAUNa, 2542) Lana

T ansemuaumMssRulaTvinaatEanse
WUNARARTDIN WUARIHNARNUE NN LFelny
84-2 19 FearonARaaiu Sarkar et al. (2002) iU
N13U GAs 100 ppm Tudamdeanug BS-3 2 A
Wofwriesany 20 way 42 Junaslgn vinlu
Y A4 o a a - ° 1Y

fandealimssydulauinian Iuuin/mu

Iunde/iln uaznandngsdn vinusuieiv
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Takahashi et al. (1996) 578913101514 ABA 1 g
10 ppm Wuneluneuszes V7 Lazszuzaannon
fredasun1sfnin S1uul nLfy wazLiy
NANA RS ANE 91 T3 Soares et al (2017) 1897

msld Kn fiszoy V6 Tudundesiug NST114RR

MIANARNAMAUTUY 20% UBNINNT SITUWAY
yadnual Wul.) 105189771 NMsnuans NAA 10
ppm Tuimaesiug 49.2 MndUav Fredaasy

NIARHNLAZNISINUNANAAVD LA

Table 4 Marketable yield, total cost, income, increased income and benefit cost ratio (BCR) of

vegetable soybean cv. DOA Chiang Mai84-2 sprayed with different growth regulators at

Chiang Mai Field Crops Research Center in two dry seasons, 2021-2023

Marketable yield Total cost”  Income? Increased
Treatment BCR
(kg/rai) (Baht/rai)  (Baht/rai) income (%)

BL 0.01 ppm 1,368 19,606 27,360 22.5 1.40
GAs 1 ppm 1,392 21,608 27,840 15.7 1.29
ABA 1 ppm 1,464 19,611 29,280 31.0 1.49
Kn 5 ppm 1,436 22,539 28,720 15.4 1.27
NAA 10 ppm 1,335 19,737 26,700 18.9 1.35
Water (control) 1,117 19,605 22,340 - 1.14

Mean 1,352 20,451 27,040 1.32

Y Total costs: plowing and raising furrows=800 Baht/rai, seeds=1,200 Baht/rai, watering=500 Baht/rai, planting=900 Baht/rai,

herbicides application+labor cost=525 Baht/rai (alachlor=125 Bath/rai, fluazifop-P-butyl=122 Baht/rai, fomesafen=128
Baht/rai+labor cost=150 Baht/rai), growth hormones+labor cost=76-3,009 Baht/rai (BL=1 Baht/rai, GA3=2,003 Baht/rai, ABA=6
Baht/rai, Kinetin=2,934 Baht/rai, NAA=132 Baht/rai), insecticide application+labor cost=650 Baht/rai, fertilizer application+labor
cost=11,355 Baht/rai (composed fertilizer=9,000 Baht/rai, 8-24-24=930 Baht/rai, 13-13-21=660 Baht/rai, 46-0-0=690 Baht/rai and

labor cost=75 Baht/rai) and harvesting=3,600 Baht/rai

% Yield price=20 Baht/kg

A3IUANMIAS (AUl NaR BNTEUIUNS
N19E3 53N A ut 1stanzianzasneluiie
Fatu FamstinsAnwndnsuayseznainslei
WEaNYRIENIAIUANNTA TR ulnudaz vl
Wiy Wielausawansunuivmtinfisens

a a ] 14 U (3
Wi Aulavaaiglansnuinguszad
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Wing Morphometrics for Species Diagnosis of Leafminer Flies

(Genus Liriomyza) in Thailand
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ABSTRACT

Leafminer flies of the genus Liriomyza are serious pests that damage a wide range of
vegetable crops. These flies are also significant quarantine pests that exported vegetables must
be inspected to prevent the infestation of these pests in plant materials. Accurate species
identification of the genus Liriomyza using conventional external characters is difficult due to
morphological similarities among Liriomyza species. This study aimed to evaluate the wing
morphometrics in distinguishing among five Liriomyza species: L. brassicae, L. chinensis,
L. huidobrensis, L. sativae and L. trifolii. Sixteen homologous landmarks were digitized on the
wings for geometric morphometric analysis. The results revealed significant differences in centroid
size among species (P<0.05) with L. brassicae exhibiting the smallest wing size (1.58 + 0.03 mm)
and L. huidobrensis the largest (2.34 + 0.05 mm). Canonical variate analysis demonstrated that
L. chinensis and L. huidobrensis could be clearly separated from the remaining three species
based on wing shape, while L. brassicae, L. sativae and L. trifolii exhibited highly similar wing
morphologies, making them more difficult to distinguish. In conclusion, wing morphometrics is an
effective tool for identifying L. chinensis and L. huidobrensis from the remaining three species and
can be applied for plant quarantine inspection for vegetable exports in Thailand. However, due
to overlapping wing shapes among L. brassicae, L. sativae and L. trifolii, further identification using

male genitalia or nucleotides is recommended to improve the accuracy of species discrimination.

Keywords: species diagnosis; wing morphometrics; leafminer; quarantine pest
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Famnugvuluiunandaniideoan azneliie
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WNANARSANAU (quarantine pest) fivaneusye
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L. huidobrensis L. sativae wag L. trifolii WA7d
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(Table 1) tnlUaulug oug aumgfl 40-45%. 1Ju
a7 2 dUansi it eliiinen canada balsam usks uay
9 nesgUluanmauysal 91nduneandn
wiasTuruoureuluf1ENa B anTsALLT 1o
(compound light microscope) Olympus iq'u
CX41RF (Olympus Co., Tokyo, Japan) Uu#in
amaed nuuasTurueureululug duuuves
JPEG lold maﬂguﬂ"mumﬂﬁ’amm (landmark
based data) UuTnusasiunusurerludwszend
3910 Shiao (2004) A 28lUswN3u TPSDIG2 Version
2.17 (Rohlf, 2013) YudinlnalugUuuuves TPS

d wethlUAnudeyauasinunind
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2.1 AnwualgunNIon (centroid sizes)
YasuuasiunueureulunuITN1SUBe Schutze
et al. (2012) 1p83LASIERIUIALTUNTDEA A Y
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TUN U @090 AVRINA AN INUA) WaLUINATIY
7 lau1nens1n7 @09 (Boontop, 2016) ¥11n13

a = (3 IS U
WSHUNYUIUIALGUNTDEAVDIUNLUAIIUNUDY

YaulukAazTIAlAgMIALAAY WALNITILASIEN
ANLUTUTIULUUNILAYD (one-way ANOVA)

Wibuisuaadelagdd Tukey’s post hoc test

Table 1 Leafminer flies, their host plants and collection locations for this study

Number of
Leafminer Host plant Collection location
collected
species species (subdistrict, district, province)

samples

L. brassicae Brassica chinensis L. Nong Prue, Bang Lamung, Chonburi 5

B. juncea (L.) Lat Yao, Chatuchak, Bangkok 2

B. oleracea L. Yang Chum Noi, Yang Chum Noi, Si Sa Ket 5

B. rapa L. Mae Win, Mae Wang, Chiang Mai 5

B. oleracea L. Tha Yang, Tha Yang, Phetchaburi 3

L. chinensis Allium ascalonicum L. Tha Muang, Tha Muang, Kanchanaburi 5

A. sativum L. Ta Ket, Uthumphon Phisai, Si Sa Ket 5

A. cepa L. Long Khot, Phrao, Chiang Mai 5

A. tuberosum Rottl. Nong Ngu Lueam, Mueang, Nakhon Pathom 5

L. huidobrensis Solanum tuberosum L.
S. tuberosum L.
S. tuberosum L.

S. tuberosum L.

L. sativae Vigna unguiculata
Sucumis sativus L.
Cucurbita moschata Decne.
Lycopersicon esculentum Mill.
Lol Ocimum basicum L.

Agium graveolens L.

L. esculentum Mill.

Kong Khaek, Mae Chaem, Chiang Mai 5
Mae Faek Mai, San Sai, Chiang Mai 2
Long Khot, Phrao, Chiang Mai 8
Kong Khaek, Mae Chaem, Chiang Mai 5

Don Cha-em, Tha Maka, Kanchanaburi 5
Thung Thong, Tha Muang, Kanchanaburi 5
Chorakhe Sam Phan, U Thong, Suphan Buri 5
Bo Luang, Hot, Chiang Mai 5
'Si Maha Pho, Nakhon Chai Si, Nakhon Pathom - 0
Sam Khwai Phueak, Mueang, Nakhon Pathom 3
Pang Hin Fon, Mae Chaem, Chiang Mai 7

2.2 @nw Procrustes superimposition i
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N15USUAILIUG D199 U LaEnITUTUBUIALA
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AU UTBUl UL arA2lUSEUUERNR (2D

172

landmark-based analysis) Sﬁagaﬁlﬁﬁﬂﬂﬁﬂm
ruulsiuvesgusUnlagldlusunsu Morphol

23 3LAS1EM HAYDIVUINE RN S50
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LAa o U LARAINWIYIN1S TR 93 nTsNUn
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siamimgauwawmgﬂi'w (Zelditch et al,,
2012) Taglginalanisitasisdunisanney
(regression analysis) Tulusunsu MorphoJ lny

AnuA centroid size (CS) 1uMnUsdaseay
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2.1 YunuNsaenvasin

NTBYAVUIAUNTBEA WU TAIY
WANF19e8NTud Aty NI9Eif (F=1.678; df=4,
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L. brassicae funaunsosilaniian (1.58+0.03)
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(Table 2) Nan"3A N1l @emAd 8aru Tantowijoyo
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Figure 1 Right-hand wing of leafminers showing each of the 16 landmarks used in the morphometric

analysis using TPSDIG2 program (A) L. brassicae (B) L. chinensis (C) L. huidobrensis (D) L. sativae

(E) L. trifolili

Table 2 Mean of wing centroid size and standard error (mean+SE) of five Liriomyza species

examined in this study

Leafminer species

Wing centroid size (meanSE) v/

Significance?

L. brassicae 1.575+0.032 A
L. chinensis 2.070+0.032 B
L. huidobrensis 2.341+0.047 C
L. sativae 1.618+0.012 A
L. trifolili 1.624+0.015 A
Y h=20

? Different capital letters indicate significant differences (P<0.05; determined by Tukey’s post hoc test after

one way ANOVA) between leafminer species

2.2 Procrustes superimposition ¥a4Un
n13fnw3UseUndesedun1siiasien
Procrustes superimposition @dlvideyaluguves

[

NAAASALT 8 (Cartesian coordinates) Taadu
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wnnvosgadunauulnly seuvaeslia (wnu X
waz Y) WUIIANLAA 8N AALlULUIUBULAY
wiREANLLANFANAY Fearunsaltlunissey
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Landmarks Position on wing X Y Landmarks Position on wing X ¥
1 Branching point of C and Sc -0.218 | 0.075 9 Branching point of R2+3 and R4+5 -0.127 | 0.013

Intersection of R1 and C -0.025

0.091

10

Junction of inner cross vein (r-m) and R4+5

-0.061

0.008

Termination of vein R2+3 0.343

0.118

11

Root (basal point) of M

-0.222

-0.005

Termination of vein R4+5 0.455

0.071

12

Branching point of M1+2 and M3+4

-0.136

-0.037

Termi of vein M142 0.509

-0.017

13

Junction of inner cross vein (r-m) and M1+2

-0.128

-0.010

Junction of M3+4 and wing margin 0.233

-0.216

14

Junction of outer cross vein {m-m) and M1+2

-0.010

-0.022

Junction of Scand R -0.228

0.038

15

Junction of outer cross vein (m-m) and M3+4

-0.028

-0.068

09 [~ | (L s o e

Branching point of R1 and Rs (R243, R445} -0.190

0.026

16

Branching point of Cu+A

-0.167

-0.065

Figure 2 The Procrustes superposition illustrates the variation in sixteen landmarks on leafminer

wings across five species. The figure presents the configurations of landmarks after

removing differences in position, scale and orientation
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Figure 3 Regression of wing shape (represented by regression score one) on centroid size

(@ measure of wing size) in leafminers. Each colored dot represents the wing of

a leafminer from one of the listed species
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Table 3 Summary statistics for the canonical variate analysis (CVA) of Liriomyza spp. populations

in this study, including eigenvalues, percentage of variance, and cumulative percentage

explained by each canonical variate (CV)

Canonical variate (CV)

Eigenvalues

Variance (%) Cumulative (%)

cv1 13.40
cvz 10.13
Ccv3 2.96
cva 261

46.05 46.05

34.82 80.88
10.17 91.05
8.95 100.00

2.5 A1 Mahalanobis distance Wa ¥ Procrustes
distance

A1 Mahalanobis distance ¥843U519Un
wuastunuougoulus 5¥ida nudn daay
wansnafuegnalitedfymneadn (P<0.0001) Fe
T Suid Taeuuansnsseninanguaialude
naned i (multivariate distance) 1ae L. chinensis
fanuuansnaanviedu q uindige fdng
fl4 10.5446 il eifiguivuind u vngfnguues
L. brassicae L. sativae Way L. trifolii 1A15283%1
i uansdsnnalndiAsstuveasusnalnluszdud
aravinliiiaanuduaulunisduunviala
(Table 4) @anAd o3y Shiao (2004) 4 alelH35
minimum spanning tree Lﬁ‘laﬁjﬂﬂa;mgﬂilﬁwax‘i
Unuuasiunuauveulu wazwuin L. chinensis
fisUsrelnuansnsednsdaauainaiadu leua
L. trifolii L. brassicae L. sativae L. huidobrensis
way L. bryoniae YagkAEniY NANUB L. trifolii
L. brassicae Wat L. sativae gnintiagluna
ety Tnedinrundendatusiludgsatn
WALA NYUEN T UFIUINYIA18UBN A NYMEY
aananazieuliiiutisdedninvesnislddnuus
NeFugIAngInguentun1sIunvilalungy
fildnvarlndiFesiunn Ssonathlugenuiamans

lunmsitdadevila A9l gr5unsuazauy (2565)

[

FhwWiwin L. brassicae L. sativae way L. trifolii
JanuwarNeueNAAIARINIUBE 1NN ATIATIEN
sUTUnlagldTsuesinumIndsauiu Mahalanobis
distance Faflunumaddaylunsiuemuuwiug
Y99n1591UN ¥ AulasTunuowseuluf 4 A1
AneAdaiugeludedugine
NANISANWISINUIN Llasiurieuyeuly
L. chinensis 13U5 190 nuana1991nLua7Y
vusweuluwindu 9 egudaau 3saennd oty
$576914V84 Supartha and Susila (2018) AN
anwasedugAneuazlinanaves Liiomyza
Tununenluusyinadulatides wuin L. chinensis
fAUuane19vegUselnuazienaanagis
Faauainwuasiunusuveuluvindu o e
NITUIANUFUNUSAUa R UiIndLlalnaLay
ANUFUNUSNISVIRININIS WENWUI L. chinensis
JaruilralemauaranudunusImuInIg
7 wunenot 19t aauainuuasTunueureuly
dn 4 wlim lowA L. brassicae L. huidobrensis
L. sativae way L. trifolii vasfiuasiumewreuly
W a4 fiadidasuiaealelndfilndifsstu aviou
AePudUTS T NS TlnaTadu (Chen et
al, 2018; Liang et al, 2023) sy vumsumsess

ANUUANANYBUSINTUN waze Mahalanobis
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Canonical variate 1
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Figure 4 The first three variates from the canonical variate analysis of geometric morphometric

wing shape data for leafminers. Twenty wings were analyzed per species, with 95%

group confidence ellipses represented. Each colored dot indicates a wing from one of

the listed species

Table 4 Pairwise Mahalanobis distances based on leafminer wing-shape analysis

Leafminer species L. brassicae L. chinensis L. huidobrensis L. sativae L. trifolii
L. brassicae - - - - -
L. chinensis 7.7638 - - - -
L. huidobrensis 8.5248 10.5446 - - -
L. sativae 6.0366 10.4632 8.6375 - -
L. trifolii 5.7039 9.4460 8.7715 5.2605 -

The diagonal shows Mahalanobis distances calculated from canonical variate analysis across all five species. Values in bold are

significant after Bonferroni correction for multiple tests, with an initial P=0.05 and a corrected P<0.0001

distance anunsalduesasiiolunsanunaina
Yaanuariunusuraulule 199910 nwuENIg

o Y
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MsHAILILATugatiuduasdu Lycopene Beta-Cyclase (lcyB)
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SNPs Marker Development for Lycopene Beta-Cyclase (lcyB) Gene

Related to Beta-Carotene Biosynthesis in Cassava
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ABSTRACT

Single nucleotide polymorphisms (SNPs) molecular markers can be effectively applied to
select various traits in plant breeding. The objectives of this study were to develop SNPs markers
for the lycopene beta-cyclase (lcyB) gene, which is related to beta-carotene biosynthesis in
cassava, to examine the genetic variation of SNPs by using the polymerase chain reaction-
restriction fragment length polymorphism technique, and to analyze beta-carotene content in
the fresh root. Twenty cassava cultivars/lines (10 cultivars/lines of yellow fresh root and 10
cultivars/lines of white fresh root) were used in the experiments. The results showed that the
yellow fresh root group had beta-carotene content ranging from <40.00-172.93 pg/100¢, with the
MPER297 variety exhibiting the highest beta-carotene content. In contrast, the white fresh root
group contained beta-carotene levels below 40.00 pg/100g. A total of 44 SNPs in the (cyB gene
were identified, along with 12 restriction enzymes capable of cutting nucleotides at the SNPs
positions. Among these 12 SNPs markers of (cyB, 8 SNPs showed polymorphism while 4 SNPs were
monomorphism. The polymorphic information contents for these SNPs ranged from 0-0.50, with
SNP (cyB ¢.1673969 having the highest. The accuracy of these markers varied from 0-75%, with
SNP (cyB ¢.1674619 demonstrating an accuracy of 75%. This marker can be used for selecting

cassava varieties with high beta-carotene content.

Keywords: SNPs markers; lycopene beta-cyclase gene; beta-carotene biosynthesis; cassava
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ANURULUIMTUGNTTUAMMLS SNPs WU &
8 MILYUS LARIANWUE polymorphism Lazil
4 AIUVUY WARIENEEE monomorphism 9A7
polymorphic information contents 0-0.5 Ta g
SNP (cyB §.1673969 HAaEA duAIULIUE
A1 0-75% ¥4 SNP lcyB ¢.1674619 deNgagn
= g ° %] o A

75% A3 99uunedlatunsainnlgnsafaiden
WugiudgnaaniuTunaasiuaalsiului

anle

182

o o L

AdAeY: vA3 oavneallud; 8u lycopene beta-

cyclase; miﬁ’ameﬁaﬁt,uéhl,miiﬁu; Hudeviaa

UNUI

v

Wugiuduzndsluuszimalnailuiugy

9

lgannsusuugsiugeseiailiedliiinandngs

Y

Wosid wALUaae wazlinauAIlAYUINITEe WA

avus/ameiugiinddnvariivainvarounnsng

[y 1 [ o v

U LUU anwzasu U Aen Layiidsauennig

TudUens il dnunr dveadeuaresduszneu

a

wANE19A Y Fuasuagang (2559) laduwun
warUseL T UA NYMENIIAUATNVBIY LAY

va = a L2 v o U
ﬂmamummﬂmmﬂaﬂamawﬂmum‘dv‘waq

Kddoj

252 ‘W‘LJﬁ WU WUSVliJaﬂ‘Um“ﬂ‘U’PNLUEJW’WN

dvn dasu Amdesdeu uavdmnde waviuiuim
sesiidfyluiianUIunags W s1euman
Y = = = I3 ' =

daned uuenila uazllesrusenaunng o Mg
dmsun1suilanuaznisulssy W YSunw

=

laygnludluboduanei iognsiugensomiles

(%
v

wlege USunauninlege 70 sWug wagWugnilile

s

Awmdes 22 g
TuiTudUrnasilesralsenauiidfey
a 4 A o ~ & & PRy &
UANTIAD FNSUA ALY FaluasNilUselow
1 d' [~ a a I~
ARdUNIN d@usallasuduindue wagiduy
a13n1usyyadase (Munzuroglu et al., 2003)
IMa189UAUANEIUSUIUATIUATLALS AU WAy

[

arstunguualsfiusedluiianiud s naang
o =l dﬁl o 1 U 1 = a A = =

AnwrdLlemans1eniu Wiy d917 dA5Y Jded
LAYd & o (Maziya-Dixon and Dixon, 2015;
Belalcazaret al.,, 2016; Carvalhoetal,,2016)
PUINUA UV 9 EnE dud USINauansiumuAls i
wazuAlsAuDAgININYIAndInG Y AATH Lax

AU pudeU
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nsAnuINskanseanveduiiisadosiu
NITEILATIZY LATAZANULALIVI UD YA LU
sfudUends 23 ud lnswdsmufidorandy
5 nau tagldinaila microarray uag gRT-PCR
wui1 Usunnwelsfiusedlunqudidewianndy
fi19 9 fanuduiusfunsesyiuladud 2
(secondary growth) &videaan wazdunouns
wlaiad (Carvalho et al, 2016) uananti Udoh
et al. (2017) WFnwdudineatunisdaaszi
wAlsAuosa lutud1Usnas 4 8u (crtRB PSY2
leyE wag lcyB) Tusiud1usnas 167 accessions
910 IITA (International Institute of Tropical
Agriculture) lagAiasngBUsunuLALSTI UDYALAY
arsuindlolnavesdu wuin 8 37 SNPs (single
nucleotide polymorphisms) 7 @11150 1137
waunduies esvuneluianalunisdmden
fregruTudUsndsld T8 (/B azvhumiini
Tunswdeuainaisialadu (ycopene) il
ansiuaunalsvulunssuiunisdaasigians
LALST UBeR b Ua1ULUa s (Carvalho et al,
2016)

De Albuquerque et al. (2018) Anw1A3
naNyaIENIINUsNIIHvIud1Usvae 1,580
accessions dunsuidugiuteyanisiugnssulu
Hua1Ugnde uaztUSououauR ULl snig
WugnI5UV09 SNPs uraysunusluiluy 3
A1UNI0NTRLAANUNAINVAIEN NHUINTTUVBS
SNPs snwauLduied ssvaneluianataglunis
daiden iernnlinsaasuuazdaduunngy
fudugndsidarslunguuelsfiuesdfiuansiis
Audmsun1sUTuUTaRug (Esuma et al, 2016;

v 6 o

Luo et al,, 2018) nsUFuUsaugiud U nasly

]

v

Uszinalneladanswewalsiuasdalafinigly

Y

a | v oA =Y
LAT BQVQJ']EJINLﬂflaSU'JEJIUﬂ'WﬁﬂﬂLa B8N LU BDIVN

v

A ~ v oA
JayawnIssningluananausaldlunisfaien

Y

saa v

fugifasiuiualsiugaddeudredidn da
uATeEFf g UsrasdiitewauniaT osmane
luLa n&a SNPsv89 gu lycopene beta-cyclase
(loyB) Fadendasiunsdansziansiuguelsfiy
Tudfuddgnds AnwiAnuduwsn1eiugnssy
UTLIUFIMMUA SNPs Az TiAs1eiUTuaans
waualsAuluandudUenas 20 Wus/aneug
Tnedimuneielding esvunelutana SNPs
lun1sAmdenie-wdwusdvsvaignuay

SiudUgndanidansiusualsiiugs

aUNIalLAZIENTS

1. Wugduduzuas

Tusfuduzndsanuiassune
WugnssududiUendavesgudIdunalisseas
20 ¥uf Tneusadu 2 nda ¥ud nduiidadoan
Andina 10 Wug lawn Wugszees2 Yolk Yellow
root Mentega MPER297 MKU2-151 01-77-1
MBRA311 Golden yellow ke MMAL66 LLay
nauiidAidarandum 10 s WWud Wudvund

W32 Wyaud Yoing Nep Batang MPER179
MPER283 CM3306-4 uag MCOL 1468

2. MIATERUTINUESlUduAl STy
\iudeg19iantudiuzndsi g
8 oy thuenidenuayiududimasugniei
uasog1dliaziduadioini eaun wazussalu
neoadidennesd s 2 #1u uazdingia
ARSI siumalsiuluiian Tngldds
In-house method WI-TMC-11 (Munzuroglu et al.,

2003) MeUURn1T dieLaIoddlianazivenig
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AINEERS A01UUILULATWAUILAIUTINEa Y

LNYATANENS

3. NMsENARLOULD
ilugeusiudlsndananinnouelngly
Yaannf o uedLsagy (Tiangen, China) kaz
° a & A u vy a
ansazanufoueNanalauinsivae vl
WAYAMAINTDIALO ULD AILAS B9 UV-Vis
spectrophotometer bW 8TAAINITAANS ULLA
(optical density : OD) 1AU81IAR ULLES 260

kA 280 wluuns (nm)

4. msfumdayadduilpalalnd

v o Y a

Aurteyadnuiiandlelnd wazaruduy
wUIMaiugNssUUS A uisaiiUdvesBu /B
A sadestunisduasiziarsiudualsfivly
Tudguas anniuled https://phytozome jgi.
doe.gov/pz/portal.ntml (Manes.09G008200)
(Phytozome, 2019) § 4 Manes.09G008200 # o
accession number U838U lycopene beta-cyclase
(o8 fisnumiseguilaslalund 9 voufudUzvas
kaE91NT1891UVBY Carvalho et al. (2016) way
Udoh et al. (2017) 91nifuesnuuulnsiuesli
ATRUARNUTIMEIAUTIAa Ll lnAveIILIUl
SNPs 7l wans1aiu WaLdu forward primer wag
reverse primer lagaanuuuaiauilindlolng
1nvane 5 LU 3’ Taeldlusunsy Primer3
(Primer3, 2019) wagtanauilanalalndvedusase
Insiues wnAuneulatdndmig (restriction
enzymes) fifdduiuasinng wielddnianale
@i sumnia SNP usazsumis neldlusunsy
NEBcutter 2.0 (NEBcutter, 2019) 91ntjud uns1zv
Twstues lnenssuids high affinity purification (HAP)
(Bio Basic Inc., 2019)

184

5. msmnUTuuAdulevesglnsues uas
ATIVHBUANUNULUINISAUTNTTU
naaevanMzvnzaulunmainUIinu
Aduevesn Inswesvesdu lcyB lneldinailn
G915 (PCR: polymerase chain reaction) Tu
UfAsen 20 lulasdns Usenousie green PCR
master mix (2x) 10 Bilasass UltraPure distilled
water 5 lulasdns forward primer (10 pmol/uL)
1 lulpsdnsreverse primer (10 pmol/uL) 1 lulasans

wagALOULAULUY (50-100 ng/uL) 3 lulasans

a

MUATeNT13 Inensuiigamgil 94°y. Wuvia

9 Y

v v
o w

3 Y7 (denaturation) ¥11% 10 WABY denaturation
9a°%. \Jutian 30 3undl annealing 52 54 way
58°%. 1JuL3a1 30 U9 LAy extension 72°%.
e 30 Jun9l 40 5eU uae final extension 72
& = & o oA i ¢l

Juwan 5wl antudndens inswesfianunse
WndSinamdweld lneAnidenaingamgives

. a = Y a a & aa

annealing Mwisngay FeliUSu1uAEUANER
waZlaNIBlINE s uLsazAlnTes uvinsuiy
USHauT uduf o uleum a8 19 udUsnds
v & 1 ¥ aaa aa 6 3

Nugeine 9 Wneldufasemaes antunsivaey
HAKNA AN T 015 UU 6% polyacrylamide gel
electrophoresis aaenszualaii 120V idu
LAWY 30 W LavdasuauRduene3s RedSafe

. . .. o a aa ¢ al v

nucleic acid staining LAz AN AN TD1S7 LAL
fneae 2.5 U vasaulaifndiinizadumis SNP
1 [ ) a LY

Uatuian 3 9alue LN ensI9deuANRULUINNG
Wugnssy lngldinailafidens-ansuanuaai
(polymerase chain reaction-restriction fragment
length polymorphism: PCR-RFLP) #533&@8u

a aa ca o v ¢ o o

NAKA AN T 8157 AnA 8L Ul AN TUNILUL 8%
polyacrylamide gel electrophoresis Tu 1X TBE

buffer 3MNTUATIVADULAVAIENUNALDULDN L9
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e sdesneldnassadsansiilaan fiewas g
A8 (UPV PhotoDoc-t™ Imaging System,

Analytik Jena)

6. NTIATIZAAMUAULYTNIWRUFNTTH
U103 AANUN ULUTN IR UTNTTUVDY
FAUWU S SNPs azau1nUesd Ui Ls uedilaly
WAz RUgUeIAlnTes AIATIBRAUAIETUN
ASuevouiudzvds Usyavnmusaedasmie
Imaqa SNPs 911A1 polymorphic information
contents (PIC) (Anderson et al,, 1993) Felduen
AMNEAINITOIUNITTLUAAIIULANA1IVDS SNP
LHAZATLIUY LAZANNLNUTIVDILFA AT ALY
Tnassuiisuiudnuaensiilulndvesdiie

GG ARG

NANISNAABILAZINTAl

1. YSuraansiudnalsiulunianduaidznag

N33R UTIandud s nas 2 nay

1 1 dy o = I~ = 4 =
NUIT NYULUBDNIAATLVG B Jdansiudualsiu

[

JENIN <40-172.93 lulasnsu/100 n. Tneug
MPER297 1@154uA 1uAls N ua g 172.93
lulAsn3u/100 n. 5898911 AD Mentega Way
01-77-1 Tuveug? Wug MMALGE6 uay Golden
yellow fansiudualsfiudgn dmsungquidl

a A v I ! a t a %
dillavandun wun dansiudualsiuluian

Yeunin 40 TulAsn$u/100 0. viaviaa (Table 1)

a

A9AAADINUTI891UBY Welsch et al. (2010) 7
NUIIUSUUEISUALS T UB A LU UE UL a3
naquiandinaeflansualsfivesnas 6.0-11.5
lulasnfa/n. vosimiinan daunguiandun
farsualsiiusedn 0.5-1.5 lulasnsu/n.
wonanil Codjia et al. (2023) Fanua1UTueu
arsualsAuses i amun (total carotenoid
content: TCC) HAMUAUNUS AUNI9@DA o819l
ﬁaﬁwﬁmﬁﬁuﬁLﬁaﬁaamiuﬁuﬁmwé’q (r=0.88;
p<0.0001)

Table 1 Beta-carotene content in twenty cassava cultivars/lines

No. Cassava Beta-carotene No. Cassava Beta-carotene
cultivars/lines content cultivars/lines content
(yellow storage root) (ug/100g) (white storage root) (ug/100g)
1 Rayong2 68.44 11 Hanatee <40
2 MPER297 172.93 12 Pirun2 <40
3 Yolk 91.55 13 Pirund <40
a4 MMAL66 <40 14 Puifai <40
5 Yellow root 113.55 15 Nep <40
6 Mentega 162.93 16 Batang <40
7 Golden yellow <40 17 MPER179 <40
8 MKU2-151 71.21 18 MPER283 <40
9 01-77-1 118.50 19 CM3306-4 <40
10 MBRA311 104.52 20 MCOL 1468 <40

YLOQ = 40.00 pg/100g; LOQ = limit of quantitation, which means the analyzed sample has a minimum measurable laboratory

test value of less than 40.00 ug/100g according to the analytical method with high accuracy and precision of the test method
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2. AMUNUUYINIIRUTNTIUAIUNY S SNPs

998U (cyB

HANSAUNIToYaveedUNgITRIUNIS
asvasiunualsnulududizvas wagain

7189449 Carvalho et al. (2016) way Udoh et al.

(2017) WUAURULUTNIIRNUTNTTUVBY SNPs
Wanum 44 SNPs (funy ) AnLd onuaziian
Funmieulusddnsumngldiaun 12 SNPs 90ty
sanuuulnswesiinsauaguuI WAL SNPs

I¢iamun 4 g Inswes (Table 2)

Table 2 Primer, sequence, position, PCR product size and restriction enzyme of SNPs (cyB gene

in cassava
Primer Sequence (5 — 3’) Position PCR product Restriction
size (bp) enzyme
lcyBexon2-1up/dw F: AACACATAATAAGCTTGAGTTC 2.1674884 247 Mspl
R: AACCACAAGGCCTTTTGATG g.1674907 BtsiIMutl
¢.1675021 Hpy188|
lcyBexon2-2up/dw F: ACCTGGTCTGGTGCTGTTG g.1674340 325 Bfal
R: GGTGCTCTTCTACCTCTGC g.1674449 Hpy 99!
¢.1674542 HpyCHaV
g.1674619 HpyCHAIV
lcyBexon2-3up/dw F: TTCAGATAGAATATTTCTTGAAG g.1673969 281 Nlialll
R: CTATGGAATTGGCAACTATTG g.1673999 Acil
g.1674161 Hhal
lcyBexon2-4up/dw F: TATACAGAGAAGGAGACAAAG g.1673757 241 FnudH
R: CAAAGGAAGAGTACCCTTTG g.1673758 Msel

Note: F = forward primer, R = reverse primer

3. anreimneanlunmsiiuUs e swugnssy

Alwsiwesvesdu lcyB

Han1sAaauan1EvingaulunsLiy
USunaansiiugnssuginsiuesvesdu (cyB Nla
31NN1598NKUULNINETUT AT T ANR LYY
NaNugNITU 4 Alnsiued lagldufiseidens
ngamgillutuneu annealing 91 52 54 way 58°%.
WU Ngamnil 52°9. Twsiaes loyBexon2-1up/dw

A A o & o v A fa &
anunsaiuUSIIUAB W Tk UA B NUNALD WD

a' a' a o s
NLRANIELINEAN LbaeN qm%q&l 54 "'U.lWﬁLil'E]ﬁ

186

lcyBexon2-3up/dw Wag lcyBexon2-dup/dw
aunsaiiuUSIaAOwe AL U RUNALO WL
o o s oo p
Manzia1eae Tuvuengamnd 58°. Insiwes
lcyBexon2-2up/dw a3t nuI unum Lo ule
Ao v A sa & = ]

AALaUaIgANURALD ULDTILANIZLAIZAY AINTU
WU WUTUIUEITHUEATTUAUAIBEY S

CYK) [

fiudUenas 20 Wug/aneus e 4 glnsies

4. AMUAUUUITNNIWNUENTIUYDY SNPs
SNPs U938 (cyB W 4RUA 12 @ILAUS

WU 8 8 Ul uaasanuwy polymorphism
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Table 3 Genetic variation of twelve SNPs (cyB markers in twenty cassava cultivars/lines by using

PCR-RFLP technique

SNP marker Variation PCR product Restriction Genotype PCR fragment size (bp)
size (bp) enzyme
lcyB ¢.1674884 A/G 247 Mspl AA 247
AG 247,179, 68
GG 179, 68
lcyB ¢.1674907 A/G 247 BtsiMutl AA 247
AG 247, 160, 87
GG 160, 87
lcyB ¢.1675021 T 247 Hpy188I CcC 142, 105
cT 142, 105, 59, 46
T 142, 59, 46
lcyB ¢.1674340 T/C 325 Bfal TT 223
TC 223,62, 21, 19
CcC 62,21, 19
lcyB ¢.1674449 T/G 325 Hpy99! TT 325
TG 325, 196, 129
GG 196, 129
lcyB ¢.1674542 A/G 325 HpyCH4V AA 110, 96, 78, 41
AG 110, 102, 96, 78, 41, 8
GG 102, 96, 78,41, 8
lcyB ¢.1674619 A/G 325 HpyCHA4IV AA 325
AG 325,302, 23
GG 302, 23
lcyB ¢.1673969 T/C 281 Nlalll T 153,74, 54
TC 153, 74, 54, 50, 24
CcC 153, 54, 50, 24
lcyB ¢.1673999 A/C 281 Acil AA 281
AC 281, 201, 80
CcC 201, 80
lcyB ¢.1674161 T/G 281 Hhal T 281
TG 281, 241, 40
GG 241, 40
lcyB ¢.1673757 A/C 241 FnudH| AA 241
AC 241, 151, 90
CcC 151, 90
lcyB ¢.1673758 G/A 241 Msel GG 241
GA 241, 154, 87
AA 154, 87
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Ao nuAMURULUSTRIaRUTanalelng laun
SNPs ¢.1674884 ¢.1675021 ¢1674340
01674449 ¢.1674619 0.1673969 ¢.1673999
war 01674161 Tuausdisl 4 fuvus uansdnvess
monomorphism @8 ldnuaurullsvesafy
d1malelng lawn SNPs ¢.1674907 ¢.1674542
¢.1673757 uag ¢.1673758 Laguauateiunmdue
Tneldoulmifndiny wui idesneluana
SNPs uilazswiya Iiovatefiuifduedid
YUIAUANANATTY (Table 3) Besumis SNPs AiAn
ANURuLUsYsanuiindlelnaamsatiunly
TunsiSeudisusswinnguiideraniiunndng
fuld Tnenquiiddidevandidertusasd
avuimdlelnamilouny
NANITNII9a0UUTLANT AN WUl
\w3oananeluiana SNPs i1 PIC 0-0.50 Tae
SNP (cyB 5.1673969 F183aR 0.50 T9IAIH AB
LYY SNP ¢.1674340 tay .1675021 (Table 4)
Fawes eanune SNP v wes saunenuuY 13 2
2 9ada neuansa nwuglslulaiduasionmelsloia

vinloidien PIC asanlaiiiiu 0.50 (Kawuki et al,

=2

2009) @361 PIC 1a3aavnelaiana SNPs vesdu
leyB TifnwaSedl denadosiuinieamue SNPs
yeafudu q MAsdestunsduasziasngy
walsAuosalulua1Usndy Ao 8u phytoene
synthase (PSY2) 2 suuid wazdu lycopene
epsilon cyclase (lcyF) 4 siunue tagnuan du
PSY2 d@n PIC 0.26 wag 0.30 @nsudu lcyE
e PIC 0.04-0.32 (Udoh et al., 2017) uae
aonndasiuinsaanuneg SNPs MAsdasiunig

AUAs1ENUTIANTAULS 4 LATDINUNE LALNUIN

188

A1 PIC 0.22-0.49 (Codijia et al.,, 2023) aATDamunY
7161 PIC g9 aunsathunldusglevdlunisuen
ANUUANANTENINNUgTUA U nasla
ANNSUNITAATIENAULLUELET WU NS
o U =l dy o = = = =
DILUNDNWULALLDMNIANEV1IDDNAINNFLVADIASY
HANLLUEY 0-75% 1ay SNPs cyB g.1674619
= 1 o = o 1
AU UGIFIEA 75% T9999U1 AD AL
SNP g.1674340 Wag g.1673969 (Table 4) A9ty
LA3 89NN SNPs (cyB ¢.1674619 39811150
o Y < d' [ 1 U o [ d'
anldiduesasmnglunisdanguiudive nas
aa dﬁl %) = = = U v 1 o
fAdlemandvnuasdnasteanainiuls wiue
599457 WATAZAINNI1ITUUUNIATFIUT NS
Fundaniandudilendedodenguinnid
6 waudull a819l5AnIU N1sENYITTIINeT SNP
€.1674619 MUNULAINAAIAMULLUGTINAT
75% Lo budLAS 999U SNP 91 9 A213 Lk Ue
100% %9255 N5d 9 esziamuianalalng
a o & v & v o Y
Y08 U (cyB ¥IWUT /18N ug Tud1Usna i
aNa & 'y ~ v a = = ! )
U810 9VWdnd 1IN UALNA D99 LANM 19N U
~ = ~ Y )
W BLUT U UAMUR URUIN IR UTNTTUVD S
SNPs wazaanuhuulnstuas i owmudu
LA3B9UUNE SNPs LaztuINAdauUsEansnn
LA AU LU UG VDNAT BIUUNY SNPs dnsulalu
nsdnTuunngutudUsnd i lisnwasUTunu

[

asuiualsiiugs dmsuldlunisusudiaiug

TUANUNAILUBUIAMLA LA LN D1 UIUA AL

SNPs WAL UIUAIDY 19N UAIUL WA I7 11NT
d‘ QI 1 o lﬂl

PAFDU LNDMANAINUBLUGIVDILATDINUIY SNPS

lunsAndeniugdudUsnasniiiandmies

wialdlun1susudseiug niliansiuiualsniuas

Tuauren
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Table 4 SNP marker, polymorphic information
content (PIC) and percent accuracy
of twelve SNPs lcyB markers in twenty

cassava cultivars/lines

SNP marker PIC Percent accuracy

lcyB 1674884 0.07 62.00
lcyB ¢.1674907  0.00 0.00
lcyB g.1675021 0.43 62.00
lcyB g.1674340  0.47 69.00
lcyB ¢.1674449 0.12 56.00
lcyB g.1674542  0.00 0.00
lcyB 1674619 0.34 75.00
lcyB ¢.1673969  0.50 63.00
lcyB g.1673999  0.12 53.00
lcyB g.1674161  0.12 53.00
lcyB ¢.1673757  0.00 0.00
lcyB g.1673758 0.10 55.00
dyUnan1Inaasg

NANISANWIAINITONAIUILAS DINUTY
lutana SNPs ¥838u (B la 4 Alnsiuesds
ATBUAAN SNPs 12 funUa vl U NINAdBU

L% [} a = 6
AURUWUINIINUgNssuvestiandlolne lay
THmnatda PCR-RFLP wu31 3 8 SNPs #lLinAI1y
Hunusvesllapalelng 9 SNP (cyB ¢.1673969
@1 PIC Faldnmasuuszans nnlunisakun

AUUANA1IVBIRIRE Nl UNquUUTEYINTNTTER

Y o

udWenasdu 1 AuAmAams 20 Wug/aeiug

b
498 0.50 Wag SNPs (cyB ¢.1674619 dA1AIY

q

wiuasgn 75% Tunswuanguiieg 19iiandvn

'
A

v a A v = Y
AUALKRABNaRNINAU mmmaﬂ%mumiamma

[

lutanalunisAnidendlsgradudUsndaniians

<@ a LY

v =1 (-7
wanualsfiugalalaglidesseiiunandniaan
Judlenas nqududrvsndsndiiandvidd
USuuaisiudwalsnulumianiagnia 40.00

Lulasn3u/100 n. Nnateug/iug Tuvaueingy

v =~

a A = v s v § a
NUNRIARFLNADY 8 wuq/mawuq HUTU AT

LUALALSTIU 29 68.44-172.93 Talasns/100 A.

Wug MPER297 fUSunauansiusualsfiugegn

AUBUAN

V88 UAMEITNNUANENTIUNTA LY
Weneans IWeuavuinnssy (@nal.) Avuide

Tudeudszunn 2565-2566 LagUaUdUAN

fa o A

AudgIdenvliseues an1duiTenylsuaziiv

v a

NALNUNG 91U NTUTVINITENEAT N LA NS

s v

pULATITV A AR U kazTanaUunsal vinlu

LY

a é’
JMUYU

)

WSeaNysal

LBNE15919D4

TN MELATETAY UseNA 20uTey QuIng
N mital INAFNYAL WANIN INTITIN VNI
wazduAT F0ANT. 2559. N1FILUNLarUIELIY
anwagnRunInveviuantRnwadndnd
vosutlauazamanvesviouug lud evus fu
AUy nas. EL“LJ: mamumamuﬁauﬁmmimaEm71"
Auanlasansideuagtaunugfud s nds,
Augidefialssvens anfiddeiivlsuasianaunu
NEWIU ATUIVINITNYAT. 163 'le’l
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Distribution Survey, Plant Growth and Seed Germination of Sumatran Fleabane

(Conyza sumatrensis (Retz.) E. Walker)
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ABSTRACT

Conyza sumatrensis is an invasive weed species found in Thailand and has been increasing
in agricultural areas. Effective Integrated weed management requires an understanding of weed
biology. Therefore, this study aimed to investigate the distribution of C. sumatrensis in agricultural
areas across the country. Surveys were conducted in field crops, vegetable crops, industrial crops,
and fruit orchards in all regions of Thailand during 2022-2023. Plant growth and seed germination
were studied during 2023-2024. The result showed that the spread of C. sumatrensis was found
in all agricultural areas, both open spaces and shaded areas. Approximately two weeks after
germination (WAG), the seedlings developed true leaves, which were simple. Vegetative growth
rate was low from 3-8 WAG, followed by rapid growth during 9-10 WAG. Flowering and seed
maturation began at 13 and 15 WAG, respectively. Maximum seed production was observed
around 18 WAG. By 29 WAG, plant growth had declined, and no additional flowering or seed set
occurred. The seed germination study showed that mature seeds sown on the soil surface had
an average germination rate of 44%, whereas seeds sown at depths of 5, 10, 15, 20 and 25 cm
did not emerge above the soil surface. Therefore, to prevent the spread of C. sumatrensis, deep

soil tillage to a depth of more than 5 cm to completely cover the seeds on the soil surface and
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removal of C. sumatrensis before flowering
are recommended, as a single C. sumatrensis

can produce more than 20,000 seeds.

Keywords: alien plant; weed; vegetative
growth; seed production; biology
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Figure 2 Life cycle of Conyza sumatrensis

Audodoinsgy AUl fuNTlafusfns g

2-3 4. JvuaztdunUnAguvianu (Figure 3A uag
B) TuLf 81 138988 UMUAIRAUY anwuzlULAU
sUnen 813 Uaneluunay veuludnazidun duu
Unagu (Figure 30) nonidutde Tunilsdenanil
ABNYBYBYTINNULUUTBNTLINUUN ANVNLTE

A o . a
AONLUIEUIEEINaNY (Figure 3D) ABNUIUNTEY
15 UMY 89990 FaADNTNUIULSININY DN A
(Figure 3E) uavusiavnangoeasauanla 1 wWan
= PR | P Y a
W3ONA 3871 achene Hdnuwarunsss vun
wan doun (pappus) dvvaeliudauaslusmy
. ¥ v <
a3 (Figure 3F) 90808080DNABNUATES1LUAN
launiigalugie 18 dUavindsson Ussuin
22,440 \wan/fu (Figure 4A) wagnsiasaiaule
999080AY | anadluyie 24 dUainasgen
laifinmsasrslunagiaity (Figure 4B) samvsAM
. o 1 < %,’ v

a4 (Figure 40) Iutenan wan Wniinanuay
WA/ anatagedariies luknuwisassaman

1UnAu 2udIsEey 29 dUnindasan AuLsy

196

Tnsa Tuimdes lifimseensenfiona uazthmin
anuazlitanas (Figure 4D) LUULABIAU Green
(2010) fifnwin1iasaivinvesdodsluneou
wilaveslseinAsaalnsiae wudl n1sugnlu
Uarwgaluliisns sseznisadenen sennen uas
wananuAldiian 13.13 19.05 uay 21.40 dUanm
AUATU S1WIULAR 21,488 wide/su daulugg
Tuldnd szazn1sasnnen oennen uasiudngn
wnltlaan 9.84 14.49 uag 17.05 §Uavi mudwiu
FIULAR 13,712.5 Wwida/fu 13nstindeds
2 agfiuanseify lesananiwenniaiinasients
Wil Jedwmanonisuanuan inlraiuau
v 2 gauansiietu aeandaafun1ssneay
Y94 Xu et al. (2021) WU gaun il AILTULAS
enudunsa-answesiu (oH) fkasienisasasiule
Y04AUIDAD Way Bewley et al. (2012) 518971
11 gaunil HHareNINTIUNWUATTING WAL
NTLUIUN TR INAEYVBINY danarionsiasayiule

=l dl ! U
YBINYNANFHINNU

MIEsITnsineas 97 43 auf 2 woenaN - §9rAN 2568



(D) Inflorescence or head (E) Infructescence

(F) Fruit

Figure 3 Characteristics of Conyza sumatrensis; (A) Plant, (B) Stem, (C) Leaf, (D) Inflorescence or

head, (E) Infructescence, (F) fruit
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Estimation of Plant Nutrient in Fingerroot Grown on Sandy Clay Loam Soil at

Nakhon Pathom Province
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ABSTRACT

General fertilizer application was recommended for fingerroot, which did not align with
the crop’s actual nutrient requirements. This experiment aimed to study crop nutrient
requirements in fingerroot grown on sandy clay loam soil in Nakhon Pathom province. Treatments
were laid out in a randomized complete block design with four replicates. The result revealed
that the plant height and dry weight were not statistically different among treatments. The
concentration of each plant nutrient varied across different parts of the plant. Potassium in leaf
sheaths, nitrogen and calcium in leaves, and magnesium in leaves, leaf sheaths, roots, and shoots
showed the highest concentrations. However, the phosphorus levels in all parts of plants did not
differ. Nitrogen concentration decreased with increasing plant age in all parts except the rhizomes.
Potassium in the leaves and leaf sheaths tended to decrease as the plant age increased, while
no changes of potassium in other parts were observed. Phosphorus, calcium and magnesium in
all plant ages were not different. Fingerroot grown in sandy clay loam sail, in which organic matter
and exchangeable potassium were low but available phosphorus was very high, required fertilizer
applications 2, 3, 4, 5, 6 and 7 months after planting at the rate of 15-6-49, 29-26-256, 289-136-
1,159, 332-187-1,521, 1,239-717-4,709 and 774-674-3,564 mg N-P,OsKO/clump, respectively.
Precise nutrient management according to the requirements of fingerroot in each growth stage
can enhance fertilizer use efficiency. These findings can serve as a guideline for developing site-

specific fertilizer recommendations based on local soil conditions.

Keywords: fingerroot; cow dung; crop nutrient requirement; sandy clay loam soil; nutrient uptake
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Table 1 Plant growth and dry weight of fingerroot at 2 and 5 months after planting (MAP)

Treatment Plant height (cm) Dry weight (g/clump)
2 MAP 5 MAP 2 MAP 5 MAP
Control 18.3 433 0.89 21.45
1.0 RDF 18.1 47.1 0.98 2578
1.0 RDF+CD 16.6 45.6 0.72 24.77
1.0 RDF+CD+AMF 18.3 46.4 0.80 28.78
F-test ns ns ns ns
CV (%) 4.5 10.3 22.4 8.9

Y'1.0 RDF: Chemical fertilizer at a rate of 1.0 time the recommended dosage for Zingiberaceae (24-6-28 kg N-P,0s-K,0O/rai),

1.0 RDF+CD: Chemical fertilizer at a rate of 1.0 time the recommended dosage for Zingiberaceae + cow dung,

1.0 RDF+CD+AMF: Chemical fertilizer at a rate of 1.0 time the recommended dosage for Zingiberaceae + cow dung + mycorrhiza

2. ANUTUTUSINDMT

Tuwazniulu Jeuatu KSN>Ca>Mg>P
(Table 2) lnglunnyate1e Ca Mg wag P IUTu0
InalAgaiu wAAMLLTNTY N Wag K anasniueny
vosfinfifindu wanai1 swmemnavisassgnadu
dufiduasaiuln aenndastu Zhang et al
(1996) AB9WI W 4 1ouusn YFunm K fige
Tunuluidisiasuanuudausedavaduaray
Tanaunuminlun1sasesnaganoInis d@i
Ca WuepsAusEnaudAvenilagas edudes
duazomns Seduwltuiutusouseag 5 o
mnld3u Ca lilismovenssnudonmagati sy
osuasNT Iras e (Tudvisuazanl, 2565) T
nszveTieny 2-3 o 31 N K uaz Mg agluszdud
Wemeidlafisuduanuidudusinenunzluly
viiudy Feogil 1.22-2.75%N 3.66-6.60%K ua
0.61-1.25%Mg AINEIAY LAAULUNUL P (0.28-

0.299%) A1NIANUDUTUR WL Ul U U

=2

Faejfl 0.36-1.27% WANFN$91NTIBIUYBS Singh
etal (1999) AinuiP 7 wineaslulusiiuduey lu
0.2:0.5% vouTrnantiaiiu Ca (1.15-1.23%) qaﬂdmﬁ 9

Wisuiululusiiudu 4 90gl 0.18-0.33% (Kumar

et al,, 2003) uwAran1snaeidenndaeiu Perni
(2005) wui Ca HAegluyae 1.20-1.91%

A1 U U ANLTUT U K>SN>Mg>Ca, P
(Table 2) U3unau N amaammmqﬁﬁ'uﬁu YU
P K Ca Way Mg fialnalAseiu aauianuiuudy
K 6.28-6.64% waw Mg 0.50-0.70% mud sy usidle
arrunane dunin Usua K uag Mg Tuininan
\Ra® 1.27-2.44% way 0.25-0.31% AINEIAU
iesann K lumgngeirllfiiiensiasayiule
YOITINALAUDINT dOAAADIAU Azizah et al.
(2022) du Mg gninlUldiasuasemuuuss
vonawad 1aa oudneut swazdnmansoanay
UfUndsenin K uae Ca

510 4 K>N>Ca>Mg P (Table 2) Ing N
K Cauaz Mg lunnai9e1glusnanu we P 3
wnldindwidssansndusdonisadiesn
uenanil msladeneamnduiudowonlanien
ioledifgniidunsa vildsngald P laATY
wazwAUaymmsgneSeniu Ca la (Elbasiouny et al,,
2020) Fsaenndosriuriinveste N 7lHlunside

g X
ATIY
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Table 2 Nutrient concentration in fingerroot at different growth stages in each month after planting

(MAP)
Growth stage Plant part Nutrient concentration (%)
(MAP) N P K Ca Mg
2 Leaves 2.36 0.28 3.76 1.23 0.71
Leaf sheaths 1.77 0.38 8.03 0.72 0.62
Shoots 1.65 0.37 6.32 0.38 0.50
Roots 1.06 0.16 3.30 0.76 0.56
3 Leaves 2.11 0.29 3.79 1.15 0.64
Leaf sheaths 1.39 0.39 8.08 0.59 0.52
Shoots 1.18 0.37 6.28 0.41 0.70
Roots 1.02 0.21 4.43 0.76 0.65
4 Leaves 1.92 0.30 3.85 1.29 0.75
Leaf sheaths 1.21 0.45 8.44 0.65 0.64
Shoots 1.16 0.37 6.64 0.45 0.69
Roots 1.09 0.23 4.36 0.89 0.63
5 Leaves 1.90 0.25 3.54 1.51 0.64
Leaf sheaths 0.85 0.39 7.90 1.01 0.43
Rhizomes 0.77 0.27 2.44 0.30 0.31
Storage roots 0.92 0.28 4.29 0.12 0.26
6 Leaves 1.85 0.25 2.53 1.30 0.67
Leaf sheaths 0.82 0.30 594 0.85 0.46
Rhizomes 1.31 0.28 1.31 0.25 0.25
Storage roots 0.81 0.27 3.42 0.12 0.27
7 Leaves 1.49 0.18 231 1.57 0.64
Leaf sheaths 0.65 0.21 7.06 0.97 0.44
Rhizomes 1.68 0.34 1.38 0.23 0.25
Storage roots 0.72 0.23 3.41 0.11 0.26
8 Leaves - - - - -
Leaf sheaths - - - - -
Rhizomes 1.87 0.38 1.27 0.30 0.28
Storage roots 0.95 0.28 3.39 0.12 0.25

L9 AT UTY N b UT Un1U8Ie
(Table 2) tadnAiulisugouluggugneaely
donnany Lee et al. (1981) s1eudn N T

| [ = ~ < N A o
Aranog 195 o1l 990 9Y 1A LA INT 871 91Y
8 o wind K Ca wag Mg hisinsiuluyneaseny
T WANH19INUT YT (2563) N518971U31 ¥4

6-8 10U Ca luminnszeiwnliuanad wivle
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winsEyedAududy N P K way Ca ag/lu

a

seduisanaialsuiuanududuine iy
Tum$raiiuty dsegisyiu 0.88-1.509%N 0.20-
0.30%P 1.17-2.51%K wag 0.18-1.28%Ca Aua1su

=Y

WAMULTNTU Mg (0.25-0.31%) geninilaiiey

Aupnuduty Mg lumiaiiutu deegiisziu
0.11-0.19%Mg (Kumar et al., 2000)
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TuwsazyleIy 510 LaLIINALaNINIS
AAMUTUTU N P uag KlnalAseiu waay
Wty Ca waz Mg lusinazauamnsen (Table 2)
Wil Cauay MedTunuinlunisiad eude
Astulawnse (Sanghamithre and Menon, 2014,
Koch et al., 2019) uanuagauuinlulu nulu
LazsInns ed UMl aAuNInnI @ ulA Ay
YoNanN{ SINuaTsINaTaNems K 49n71579)
gmsau enddusienisadsuazindeudne
A1slulalnsnuazfianssuaes starch synthase
enzyme @ 3lais1937n Mg (White and Broadley,
2009)

3. #AFIUANUTNTULATUSTUIINITELENT
IS

Tuwagnmulutipnudugu K>N>Ca>Mg>P
AAuLazindANuINTY K>N>Mg>Ca P uag
N K>Ca Mg P @ud1au d@ausin hagsinazay
91911980 K>N>Ca>Mg>P way K>N>Mg P>Ca
A1Ua1AU (Table 2) Tnelu wazn1ululidndau
N:P:K:Ca:Mg LQfS‘IEJ 8:1:30:5:3 ey 3:1:20:2:1
AINENRU Vs aNd U wd 50 wazsInasay
91113 ﬁﬂ'%agﬁ 4:1:17:1:2 4:1:5:1:1 5:1:20:4:3
way 3:1:13:0.4:1 sUAGU

YnauveInsEmeildndiunu Tty K
waz N @9n31 Ca Mg wae P @annaeiuuide
993 Tania et al. (2021) fafiududonis K uaz
N TuUFungs win1sgeld K dugandn N wasds
aenndesiu elfagauavame (2564) Aiwudn K 4
unulunmsadrenuiiuty waziuiionn K dawa
Tnswsyivlnvessnasaueisnsi wenaini
nnsvermMsaiyiuln nszaedens K unilge
so9a3Ae N d2u P faan1stiesdian (Table 2)

Ysunusgemisluduiliaenndesiuaiiy

#89n1359memnslunsEene 1i0sa1ninuAINS
ldleansianonielesySuoteseiies vilv
fn13anA19989 P ludugeuin dunsedng by
fiush nszefitiseny 2-7 Weundalgn dioenis
K61.8% 5040411 A N 16.6% wag P 4.7%
AN donnnediuITeluleuss Xu et al.
(1993)

N3¥eidnaIuANABINIT N:P,Os:K0
fisver 23 45 6 uag 7 1fou 3:1:9 1:1:10 2:1:9
2:1:8 2:1:5 wag 1:1:5 auadu lngdndiuniny
A89n15 K 89031 N wazdiuunlduanainussey
mMaiasnAulnvesity vaefin1sgeld N P uag K
1A 15-6-49 29-26-256 289-136-1,159 332-
187-1,521 1,239-717-4,709 uay 774-674-3,564
Un. N-P,05-K;0/ne aua ey (Table 2) @7y Ca
war Me Aufiuus i Wisewe Faduluiues
WAEIAUAUIIUIT8984 Karthikeyan et al. (2009)
fnuimiutuiinisgaldlulnsiou eawesa uas

Tnwnaday 2,000 326 wag 3,517 UN./FUNANAS

4. mavFulduaslimuuzimsdansdelunis
a i a L] I
HaANIzYeUanlufusIumleluns e
INFUHUUNIRALTSI9IMTVRINTEYIY
MUseLuil (Table 3) anunsaurunldnaisan
Fravangadlunislade wudn Assee 2-3
A v = ¥
Waunaalan nsseinisaalisineinisly
U3 antdudSinanisgaldiisauses 9
Faluszer 5-6 Waunaslan newedinisgaly
5198 15 tuUTINaE NN taganilnunagyy
wazlulasiau uandsszey 6 wowduduluaiy
AeIn1ssInemsiuuiliuanas uandliiui
nszmedatlasusmemslulinaniisanese
n1silasimandnnousny 5 Weow dagtiuas

danansgnussUTuIunanda e vgaldsn
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9IS LA UUSUIUUNN ALALAUAITDINIT LU
USuuieanesan1sas199u7a 399 1dudaq
T 8fouy N iyAeIn155M e mnslulIuInge
(Jones et al,, 2015) Aetiu ATt anseyned
seey 2-4 Weunaeuan 1ieeaniiseey 3 Loy
naslgnnIsnesuiinisasesInaganems M3
Tidendaseey 4 oy 019a1191lU denndasiu
Kulpapangkorn and Mai-leang, (2012)
N58dANUADINIT K way N TuuSune
dl 1 ra a 1 =
#iaendn P uadudgnnszvrglufusiumileivy
A a A v ~ =~ v |
318 A8unseinguay K Muandvulaeylu
szaum we P Mluuselevvegluszaugsnn vin
Tusuasmemisiufuliasnadasiuniiy
799159030y Mn iy eluiigananiuniiy
Aoan1saeluBniIny o azdwmalnszuunsnanli
o A P va a A o & v o
et nszauliAwfnAdoulnsy Indudead
nstadedunsdiivladngluviesdiu 2.5-4.0 dw/ls
% ) ~ a a a A o ~
nieudunau iinewiuUSudunseinguay N 9
Wudselewd drusunisdanisyelvidenldde
weslanilyadainm (21-0-0) wnudegise (Hasann
futlanudusnng #usu K Avantdasulalufu
TUTUIUMIUIN @105 UAUNAUAEY

¥

aA19A13 500-800 nn./bs w3 elddelnuny

2 =)

AuAIATIEAY drudereainenaldludns
4'7 d‘ v a 1 I+
Aiaasaunasinesluay mnldlddeas
gihlviianisideaunasnemsiunulusses
gle (NSUIWIN1SINENT, 2565%)
AULTUTUVDITIN BN T hUN YU IUBN
JEAUVDITINB ST INDADAIUADINITVRY
Neluurazszonisiasiivle Tneialuusuiu
A a ! A v v v a
51981915 A g lufulinuduius fuusuiu
AN TUYDIIMDIMITIULU A5TAnTsUed

gNADILATLNEIND TEA VAU UTUVDIFI
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v o 1

ownsluluazeglusefuilmngan Favsveniy
fvanansagainsigomisiedusg s §een
anudududildainmsiseanunsaluldeneds
S¥AUY8I51IM BTN LNz andmsun1sUgn
nszelufusumielunsie Jmiauasugy
dietaelvinisdnnistjediussAvsamaniy

fyu mvgnnszglufusiuminumme .
unsUgy AldszezUan 0.15x0.15 1. wugthlild
JeLAlln A AT e RAUE NS UNYIATS 991
18-6-24 nn. N-P,05-K,0/15 ¥1nA13LAs189ina
wilveshueglusyaugazann amsanuTun
nslielidesnidnsfiuugi 85 way 70%
iy usinAiesesieglussduduazsiunn
msiNUTInunslieliunnignsiuugi
115 uag 130% fuandu (naslgiianegn, 2545)
dnutranamslieiivinzan :InnsAnyide
Tupdstl mswdsmslateoanidu s ada leadsd 1
flszoy 2 \Woundaugn Tale 1/3N+P+1/2K ade
fi 2 flsves 3 Houndsugn Tade 1/3N afedl 3 7
sz 4 Waunaaan Tdde 1/3N+1/2K agslsh
i SududesnuvifinnAeiunimmevauss
Aensifiunandnnszmefisumzianzasivans
Wuguazvinvosiuielvldmuugiiinislived

wngdmiunsugnnssmesioll

dyUnan1Inaasg

N15ANYIANUTUTUVDI5IR 01T LU
NSz TEEEe1e 9 wual K lunaulu N way Ca
Tulu Mg Tulu mulu 510 wavaAuianuUuTy
gagn ue P delnafesiulunn o diuveaiy
AuANUNTUYRIEI9R IS UL EE IR AN Y
eid Tuil KoN>Ca>Me>P Usanaswes N ua K anaq

M1NDNE Wel Ca Mg lag P dentnalfesyniiseny
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Table 3 Nutrient uptake in fingerroot at different growth stages in 2-7 months after planting

Month after Dry weight Nutrient uptake (mg/clumb)
. Plant part

planting (g/clump) N P K Ca Mg
2 Leaves 0.341 9.1 1.0 13.7 4.6 3.0
Leaf sheaths 0.180 32 0.7 16.5 1.3 1.0

Shoots 0.184 1.8 0.5 7.4 0.5 0.5

Roots 0.107 1.1 0.2 35 0.8 0.7

Storage roots - - - - - -

3 Leaves 2.409 6.4 55 91.0 28.7 13.2
Leaf sheaths 1.083 15.0 4.0 86.6 6.4 55

Shoots 0.298 3.6 1.0 18.8 1.1 2.1

Roots 0.390 4.0 1.0 17.1 3.0 1.5

Storage roots - - - - - -

4 Leaves 8.470 179.4 25.1 339.6 109.5 61.2
Leaf sheaths 4.870 58.1 225 405.1 31.1 30.6

Shoots 0.817 9.3 3.0 53.8 37 55

Roots 3.834 41.8 8.8 167.1 39.1 24.0

Storage roots - - - - - -

5 Leaves 10.678 202.1 27 376.1 166.6 69
Leaf sheaths 7.047 54.2 30.3 544.5 70.3 30.1

Rhizomes 1.726 133 4.6 45.1 52 5.0

Roots - - - - - -

Storage roots 6.991 62.7 19.8 302.1 8.1 17.8

6 Leaves 25.898 arr.7 69.3 664.6 342.6 179.7
Leaf sheaths 21.640 175.3 755 12435 185.9 98.9

Rhizomes 17.392 191.8 459 225.9 39 474

Roots - - - - - -

Storage roots 51.635 394.4 122.3 1790.5 78.8 146.8

7 Leaves 31.949 233.8 127.3 376.1 248.2 101.0
Leaf sheaths 32.220 93.2 29.4 979.2 143.9 65.7

Rhizomes 31.182 52.8 10.8 43 7.2 7.5

Roots - - - - - -

Storage roots 125.656 394.1 126.8 1571.5 56.3 123.1

=Y

nuludAududusigevisusiasyliavilou
Aululuuas N anasnmeny @ K Tangafidas
4 \ouusn antduanudutuazanas edian
asafuduiy Ca a1dull KsN>Mg>Ca P G4 N
anaspueny drusne sy q IndlAseiy
wid N K>Ca Mg P Tng N ifiufunuany dau
509 9 lidafdunnszey 39108 K>N>CasMg>P
ga P flengelutag 4 1eunsn dwsmdu 9 bl

WANANNAY SINAEaNDITH K>N>Mg, P>Ca &4

s1gemsnnviladiartnaiassiulunnyiseny

- a =
nszenvgnlufusiumieivunsig a.uasugy

Aa a a Y = = a
WNU?NWN@UW?S?WQLL@%IWLLV]ﬁL%EJlW]LLaﬂL‘UaEJu

Ioagluszaun Usunameanesandudsylevi

ogflusziiugann deamsdefiszey 23 4 5 6 uaz
7 19U 15-6-49 29-26-256 289-136-1,159 332-
187-1,521 1,239-717-4,709 wag 774-674-3,564 un.

N-P,0s-K,0/6 sudndu tnedl Ca wae Me Tufu

i a A =
NIUiJﬁlI']ﬂJV]LWENW@
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ABSTRACT

The infestation and outbreak of plant diseases, such as viruses, bacteria, and fungi, is one
of many causes that reduces the quantity and quality of agricultural products and poses a threat
to food security. Plant breeding for disease resistance is one of the essential methods to minimize
crop losses and sustain high productivity. This review gives a brief overview of the biotechnology
used to develop plant disease-resistant crop varieties, including marker-assisted selection,
genomic selection, genetic modification, and genome editing. These modern biotechnologies offer
more precise, efficient, and faster procedures in producing disease-resistant varieties. However,
each technology has its own advantage and limitation. Thus, the selection of biotechnology for
use in the experiment must be based on various aspects, including plant types, regulations,
laboratory readiness, and knowledge. Furthermore, this review also discusses research conducted
by the Department of Agriculture on improving disease-resistant plant varieties using
biotechnology to facilitate selection and development of resistant varieties in economic crops of

Thailand.
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Corventional breeding

| Thousands of years ago |

Quality Quantity

Marker-assisted selaction in plant
Tanksley and Rick {1980)

Genamic selection in plant
Bernardo and Yu {2007)

y

Biotic stress Abiotic stress

1950 2000 resistance tolerance

Genetic maodification in plant CRISPR-Cas based genome editing

Bevan and Chilton (1982) in plant. Li et al. (2013) Plant with desired traits |

Figure 1 Plant breeding has a long history, beginning thousands of years ago with conventional

breeding, with advancements in genetic research, DNA-based technologies were
subsequently developed, leading to more precise breeding methods including marker-

assisted selection, genetic modification, genomic and CRISPR/Cas9 based genome editing
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FJUn1EndsAge dnlusumeaiianuin MAS
v ANy Y A | a a a
WvenosunaUseNIsNdnanausEansnin 919
WU ANSLAANAUINAIIINNATEUIUNITIINAINY
Indn19Wug N353 (recombination) #8431nn13
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uUszaumudiadeslunisAndenanuus

a a P YY) = = =
WalTunandudoudeniuaulanedusesaneduy
(Zhao et al., 2014) 1¥U AITUNUNIUADFNIN
LASEARIN ) FIN1TANLADNDIAADINANTAUNLD
WATADUTLILNZELNT

VoAinUs MAS 8nUszn1snily Ao U1
\A3 0anuglulana N waLINIAINN1TILATIEN
AnwukUTunu (quantitative trait locus, QTL)
= o ' a o ! =
Fududnwui danuuusdunuunoldos
(continuous variation) wagAruUALlAEUTIWILN
nsuANdUNus sz1I193 lulndnuilulnd

= ° | &4 a A
W aszusunisvulasiulesuniedunaiuny
anvaz@alsinalulsennsnnenaunowinis

1 Y v = v Q’J’

palydarunsaldanidendnwasiuluussang
Araunaudduld 1desandanuduniziu
NUFIUNNIRUFNTIUVRIUTEYINTIVIINTNAFDY
AIUUTIRDIUTULUABUITANTHAIUILAT DIUUTY
luanaa1nn1sinsigst QTL udunisiasiei
wAudNRus sruIeAuLUsUTLlusEAu
ALdue (DNA variants) AUSNYENINUINTTY
(traits) unu T AT UNI1TTATIEY marker-trait
. . d‘ [ U L3 1 = 6]
association LiloN1TMANNFUNUS Tz IR lulnd
AU lulnd il 952y AW AIUA N Ny

a aAa o
nen1snwasnaulaludssynsndnugnssy

pannaie lneaundnlulsevnsluianuduius

Thai Agricultural Research Journal Vol. 43 No. 2 May - August 2025 215



MaugNTIUAY AsevilieIemungluanad

WaluIuanusalslanuUsznsivainralenia

o A =
nsAnLEaNIlu
Fluy v30vay AN NUTNITUTIUAYEY

aaa

5451839 Meuwissen et al. (2001) léWaiu1n1s
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infestans 1aan138188UAUNIU (R gene) 3 B
Usenauniedu RB wazdu Roi blb2 21 Solanum
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venturi (Bubolz et al.,, 2022) wana1ni §35M13
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(RNAN) Aifuganisuansoanvasdudmuien g
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anad (Younis et al., 2014) winnssudisioganan
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dwlatde (ussne, 2554) wulaan n1seadunig
A A v YR ~ v |
LA 81709NUNY GM 1AL T LIINDE 191N
LV 9991NTBNIIAAIUANUUABAN NI INTN
ag9lsAinn Jaguumalulagnisuiuusddiuy
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- Yo aa o v ' a
NIV bR B UN TS NWULANABINT b¥U A by
UNNT 997 919N LA LAALIAS 1ULTIN A1UTD
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fruaNUaanfgn19g3n1n, 2559) lesunng
W wlug9uatenelssed 1900 (Carroll,
2017) GEd wismunabnieuledlunquiliniiea
(site-directed nuclease technology: SDN) (Podevin
et al,, 2013) 7 vl LA AN15UE sunUasdu
3 4UU lekA SDN1 (deletion: nMsviavely) SDN2
(substitution: N15WNUT) wag SDN3 (insertion:
n13unsnnl) mefianldlunsusulgeiugivy
19181975 19U 35 clustered regularly interspaced
short palindromic repeats (CRISPR)-CRISPR-
associated protein 9 (Cas9) #3® CRISPR-Cas9
(Mojica et al., 2009) \Juszuuidensiduein
(guide RNA, gRNA) tusinddnluduiudrduiua
vaeLduLastmunekazldlusiy Caso Tunns
L Y a < 1 o 1 a @
ARLdUALIUEANEE 4 FuvisdueLI UMY

= Y a Y] oA aa L.
W aldiAan 1sUsunnadu 75 transcription
activator-like effector nucleases (TALENS) vJu
seuUNIlUsAUMS8n31 TALE Whldsuiudiauy
wavasmduemunewaz IUsiy Fokl Tunns
L Y a < o Y a [ 1A o v aa
FALEUALD ULV IAARNITUSUWAIEY @15 UTD
zinc-finger nucleases (ZFNs) {usyuuilusiu
a ' . . 1% U o o w
38111 zinc-finger LA lUTUAUAIAULUEVBY

<

avouratdrueaslalusiu Fokl Tun1sanwau
a < o Y a [y} 1 [~ ¥
AL ULV AAANSUSUWAITU L UUAY TUUTIAN
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a o 1

azgiuaseanuiunulsaluiale Jedideeig
0o & 1 [ 1A . .
ANELSY LU NISUSUWABU novel cap-binding
protein (NCBP)-1 wagdu nCBP-2 \iNelilAinAa
ANUAIUMIURBlsARILETA1alusTud Usnas
(Gomez et al., 2019) n15USUWASEY Triticum
aestivum MILDEW-RESISTANCE LOCUS (TaMLO)
WornuAunulsaslslug1iad (Wang et al,,
2014) M3UTUWRIB U Powdery Mildew Resistance 4
(PMR4) \Woaanuaunulsasuteluugideine
(Santillan et al.,, 2020) wagn15USULASEU Oryza
sativa ethylene responsive factor (OsERF) 922
Woanuaunulsalulutig (Wang et al., 2016)
@) 4 a al [ 1 1 A 1
WJusu watla GEd dn1simunog1eseLilo
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Tsagamuduussa (heart rot disease)
\AnanLEies Phytophthora spp. (Figure 2A) vili
lugaungansasgiivlanazildsududivies
NAT0lIANRIUILAL T ULUNT LAUA UYL LU
1an3 1 MnJusRudulzsanele (Ratti et al,,
2018) ﬂ%a;ﬁumwiﬂiﬁauﬂqﬂﬁuﬂzsmﬁué MD2

A o ' ) v e aa
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FSnwlugamgiinnseninenisvuds (Figure 2B)
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(I35 1WsuagAMY, 2563; Kansup et al., 2024)
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transcription polymerase chain reaction (RT-PCR)
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